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R E V IE W  ARTICLE

BICONCAVE SHAPE AND ITS TRANSFORMATIONS 
IN HUMAN RED CELLS

I lma S zász , Ma r i a  H a s it z , J u d i t h  H .  B r e u e r , B .  Sa r k a d i  and G. G á rd o s

NATIONAL IN STITU TE O F HAEMATOLOGY AND BLOOD TRA N SFU SIO N , 
BU D A PEST AND IN ST IT U T E  OF E X P E R IM E N T A L  MEDICAL R ESEA R C H , 

H UNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(R ece iv ed  1978— 04— 25)

1. Discovery of the disk-sphere transformation o f red cells

T he sh ap e  tra n s fo rm a tio n  o f b ico n cav e  red  cells via  c re n a te d  “ éch ino 
c y te s”  in to  m icro sp h aero cy tes  w as f ir s t  o b serv ed  in  w ashed red  cell suspensions 
in v e s tig a te d  b e tw een  glass slide an d  coverslip  [15, 9]. P o n d e r  [23] d em o n 
s tra te d  t h a t  — in  ad d itio n  to  th e  glass c a p illa ry  effect — h aem o ly sin s  a n d  the 
e lev a tio n  o f  p H  induce th e  sam e sh ap e  tra n s fo rm a tio n . D e u t ic k e  [10] rep o rted  
th a t  m a n y  an ion ic  or non-ion ic  m e m b ran e -ac tiv e  drugs a re  a lso  ech inocy to - 
genic.

B iconcave disk, how ever, m ay  be tran sfo rm ed  in to  m ic ro sp h ae ro cy te  
in  a n o th e r  w ay , via  cu p -sh ap ed  “ s to m a to c y te s” . I t  w as J o l l y  [16] w ho firs t 
described  cu p -fo rm atio n  o f re d  cells. T h is sh ap e  change w as sh o w n  to  be  in 
du ced  also b y  low pH  [38] an d  a g re a t n u m b e r of p e n e tra t in g  m em brane- 
ac tiv e  ca tio n ic  d rugs [10].

T h u s th e  m ic ro sp h aero cy tic  tra n s fo rm a tio n  o f red  cells m a y  fo llow  tw o 
p a tte rn s :  one is rep re sen ted  b y  th e  ech in o cy tic , th e  o th e r  b y  th e  s to m ato - 
cy tic  ro u te . B o th  processes a re  c h a ra c te r is tic  o f th e  m a jo r ity  o f  m am m alian  
red  cells th e  ovalocy tes o f th e  Cam elidae  (cam el, llam a) b e ing  a n  excep tio n .

2. The steps o f the m icrosphaerocytic transform ation

E ch in o cy tic  an d  s to m a to c y tic  sh ap e  changes w ere in v e s tig a te d  firs t 
u n d e r  o p tic a l m icroscope. R e c e n tly  scan n in g  elec tron  m ic ro sco p y  is u sed  for 
reso lv ing  th e  f in e r  de ta ils o f  th e  su rface . F ig u re  1 d e m o n s tra te s  th e  c h a ra c te r 
is tic  tra n s i to ry  form s o f th e  ech in o cy tic , w hereas Fig. 2 th o se  o f  th e  s to m a to 
cy tic , tra n s fo rm a tio n . T he deg ree  o f tra n s fo rm a tio n  in  a cell su sp en sio n  can 
be e s tim a te d  b y  ca lcu la tin g  m o rp h o lo g ica l ind ices (see legends to  F igs 1 — 2). 
T h e  e lec tro n  m icroscopy o f cell sec tions has revealed  t h a t  th e  sp icu les of 
ech inocy tes undergo  fra g m e n ta tio n  (exocy tosis), w hereas in  s to m a to c y te s

1 Acta Biologica Academiae Scientiarum Hungaricae 29, 1978
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F ig . 1. T ran sito ry  fo rm s of th e  sp h aeroech inocy tic  sh ap e  ch an g es. S canning  e lec tro n  m ic ro 
g ra p h s  ( x  4000). a )  C re n a ted  d isk ; b)  c renated  d iscoid ; c)  c re n a te d  spheroid ; d )  c ren a ted  
sp h e re ; e)  sm ooth sphere  (m ic ro sp h aero cy te). T he m o rp h o lo g ica l index  of th e  ech inocy tic  
sh a p e  change (Im)e w as c a lc u la te d  as follows: n o rm al b ico n cav e  shape  was ch arac te rized  
b y  th e  value 1.0, th e  sh ap es d e s ig n a te d  a —>- e by  0.8, 0 .6, 0 .4 , 0 .2, 0.0, resp. The p e rcen tile  
d is tr ib u tio n  values of th e  in d iv id u a l  shapes were m u ltip lied  b y  th ese  factors. ( Im)e is th e  
su m  of these p roducts . T h u s , a  cell p opu lation  consisting  of hom ogeneous b iconcave d isks 
is ch arac te rized  by an  I m v a lu e  o f  100, w hereas a hom ogeneous m icrosphaerocy te  p o p u la tio n  

b y  0.0. I f  tran s ito ry  fo rm s a re  p re sen t, th e  I m v a lu e  v a rie s  b e tw een  100 and  0 [12]

F ig . 2. T ran sito ry  fo rm s o f  th e  s to m a to c y tic  shape ch anges. S can n in g  e lectron  m icro 
g ra p h s  (X  4000). a)  M o n o co n cav e  d isk; b) s to m a to c y te  I ;  c) s to m ato cy te  I I ;  
d )  m icrosphaerocy te. T h e  m orp h o lo g ica l index of th e  s to m a to c y tic  shape changes 
( I m)s was form ed like th e  ( I m)e, b u t  th e  m ultip ly ing  fa c to rs  o f  th e  shape form s a , 6, 

c, d, w ere  0.75, 0.5, 0.25, 0.0, re sp .
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F ig . 3. T he m ain steps o f  th e  tw o  w ays of m ic rosphaerocy tic  chan g es o f red  cell shape
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m e m b ra n e  vesicles a re  in v a g in a te d  (endocy tosis) [27]. F igu re  3 sc h e m a tic a lly  
d e m o n s tra te s  th e  m ain  s tep s  o f th e  tw o  p rocesses lead ing  to  m ic ro sp h aero - 
c y to s is . So fa r i t  has been  c larified  th a t  genera l m em b ran e  p h en o m en a  (frag 
m e n ta tio n , in v ag in a tio n , fusion) are  in v o lv ed  in  th e  shape ch an g es . T he 
in tr ig u in g  prob lem  is th e  m o lecu lar m echan ism  an d  th e  c o o rd in a tio n  o f  these  
m em b ran e  phenom ena re flec ted  in  cell m orpho logy .

3. Biochem ical changes in the background of the spliaeroechinocytic
transform ation

N akao  e t al. [20, 21] have  rev ea led  th a t  th e  m a in ten an ce  o f  th e  b ico n 
cav e  shape is an  A T P -req u irin g  process. In  th e ir  op in ion  shape is d e te rm in e d  
b y  th e  A TP level and  th e  ech inocy tic  shape  change s ta r ts  w hen  th e  p h y s io 
log ica l A TP co n c e n tra tio n  has decreased  b y  5 0 % .

T he role o f Ca2+ in  th e  sp h ae ro cy tic  sh ap e  changes w as s tre s se d  by  
W e e d  et al. [38, 39]. T h ey  rep o rted  th a t  th e  sh ap e  tra n sfo rm a tio n  o f  glucose- 
d ep le ted  cells in cu b a ted  in  th e  p resence  o f Ca2 + se t in w hen th e  A T P  co n 
c e n tra tio n  h ad  decreased  b y  90% . A t th ese  low  A TP levels Ca2 + -p u m p in g  
becom es in su ffic ien t an d  th u s  cell Ca2+ level increases. W e e d  e t al. assum e 
th a t  — accord ing  to  th e  d is tr ib u tio n  o f th e  Ca2 + -pum p  m olecules — Ca2+-rich 
a n d  Ca2 + -poor regions develop  w ith in  th e  m em b ran e . I t  is th is  in lio m o g en e ity  
in  th e  m em brane th a t  is re flec ted  in  c ren a tio n . T h is e x p lan a tio n  is fa sc in a tin g  
b u t  ou r follow ing fin d in g s seem to  c o n tra d ic t  it :  a )  D uring  A T P -d ep le tio n  
c re n a tio n  develops also in  Ca2 + -free m ed ia ; b j  it  is accelera ted  b y  Ca2+ ad d i
tio n  b u t  s ligh tly  [36]; c)  i t  occurs even  in th e  presence of la n th a n u m , an  in 
h ib ito r  of th e  Ca2 + -pum p  (T able 1). As m en tio n ed  above, th e  r e p o r te d  d a ta

Table 1

Comparison between Cd1 + -induced K +-e fflu x  and echinocytic shape changes

K +-efflux Echinocytosis

A T P-depletion no abso lu te  p recondition

Mg2+-depletion no inducer inducer

M etal ion u p tak e precondition no precondition

Inducer m etal ions Ca2+, Sr2 + , P b 2 + Ca2+, Sr2+, Cd2+, Cu2 +

Inducer drugs
few cationic drugs 

(causing s tom ato - 
cytosis)

m any  anionic o r non-ion ic  
drugs (causing no selec
tive  K +-efflux)

E x trace llu la r
lan th a n u m

inh ib ito ry  (a t low Cap*-) no t inhib itory

pH  dependence no t defin ite very definite

1* Acta Biologica Academiae Scientiarum H ungaricae 29, 1978



4 ILMA SZÁSZ e t al.

as  to  th e  ex ten t o f  A T P  red u c tio n  in d u c in g  sh a p e  changes are  also ra th e r  
c o n tra d ic to ry .

T herefore, w e in v e s tig a te d  the  c o n n ec tio n  b e tw een  ce llu lar A T P an d  
C a2+ levels and  sh a p e  c h a n g e s  in  a m ore d e ta ile d  w ay.

The relationship between changes in  A T P  level and cell morphology

N a k a o  in  his e x p e r im e n ts  used e ith e r  re d  cells tre a te d  w ith  20 m M  N aF , 
o r  re d  cells s to red  in  A C D . W e found th a t  b o th  ex p e rim en ta l con d itio n s have  
d ir e c t  d isad v an tag eo u s  e ffe c t on A T P: m o rp h o lo g y  re la tio n  [12, 32]. H ence, 
w e u sed  ex p erim en ta l sy s te m s  th a t  ex e rte d  no  d ire c t effect on th e  shape: 
fo r  A T P -dep le tion : 8 m M  N a F , 2.5 m M  io d o a c e ta te  or io d o ace tam id e  com bined  
w ith  ag en ts  m odify ing  e n e rg y  m etabolism  o f re d  cells, like inosine, p y ru v a te , 
h y d ro g e n  su lphite , t e t r a th io n a te ,  a rsenate , etc., fo r  A T P  reg en era tio n : glucose, 
in o s in e , adenine or p y r u v a te  [12]. B y in tro d u c in g  th e  m orphological in d ex  
(see leg en d  for Fig. 1) s h a p e  changes could b e  e s tim a te d  q u a n tita tiv e ly . T his 
w a y  we could e s tab lish  t h a t  th e  d is tr ib u tio n  o f  cell shape  is n o t d e te rm in ed  
b y  th e  A TP level itse lf , b u t  shape changes fo llow  A T P changes w ith  a tim e  
d e la y . T h is delay  is s l ig h t in  th e  course o f  th e  sh a p e  reg en era tio n  follow ing 
th e  e lev a tio n  of low A T P  lev e ls , b u t it  is s ig n if ic a n t in  th e  course of th e  sphaero - 
ech in o c y tic  changes fo llo w in g  A TP b reakdow n  [12]. As a consequence, in  th e

----- ACTIVATION

F ig . 4. M etabolic e ffec ts  o f A T P-depletion  an d  in tra c e llu la r  Ca2+ in red  cells

Acta Biologica Academiae Scientiarum  H ungaricae 29, 1978
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co u rse  o f A TP b reak d o w n  or re sy n th e s is , th e  re la tio n sh ip  b e tw een  A T P  level 
a n d  m orphology  is d iffe ren t even in  th e  sam e ex p erim en ta l sy s tem .

T h u s, som e “ tran sm iss io n ”  is to  be  p o s tu la te d  betw een  th e  changes 
o f  A T P  level and  sh ap e  tra n s fo rm a tio n . W e s ta r te d  to  search  fo r th e  “ m issing  
lin k ”  b e tw een  A T P an d  shape ch an g es.

P a r t  of Fig. 4 d em o n stra te s  th e  e ffec ts  o f A T P b reak d o w n  on  th e  m em 
b ra n e  processes. T h e  p u m p s (Ca2 + , K + — N a +-pum p) are  in  th e  s ta n d s til l ,  
th e  p h o sp h o ry la tio n  o f sp ec trin  — th e  f ib r illa r  p ro te in  covering  th e  in n e r 
su rfa c e  o f th e  m em b ran e  — g ra d u a lly  ceases an d  th e  fu n c tio n  o f  th e  Mg- 
p ro te in k in a se s  (p h o sp h o ry la tin g  m e m b ra n e  p ro te in s  b y  A TP) an d  A T P ases 
in  gen era l fall o u t. I n  th e  lip id  m e tab o lism  th e  rcacy la tio n  of ly so p h o sp h a tid e s  
a n d  th e  p h o sp h o ry la tio n  of th e  d ig ly ce rid e  (1 ,2 -d iacy lester o f  g lycero l) are  
a ffec ted .

A T P -d ep en d en t m em brane-lip id  changes and  cell morphology

Since am ong th e  lip id  b rea k d o w n  p ro d u c ts  ly so p h o sp h a tid e s  an d  free 
f a t t y  ac ids w ere fo u n d  to  be p o te n t ech in o cy to g en ic  agen ts [10], we considered  
a t  f i r s t  th e  possible ro le of th e  a c c u m u la tio n  o f ly so p h o sp h a tid es  (-)- free  f a t ty  
ac id s) in  th e  m em b ran e . S h o h e t  a n d  H a l e y  [31] rep o rted  t h a t  in  re d  cells 
in c u b a te d  in  au to logous serum  w ith o u t a d d ed  glucose, A T P -d ep le tio n  — a fte r  
a d e la y  — is follow ed b y  ly so lec ith in  accu m u la tio n . O ur ow n in v e s tig a tio n s  
c o n firm ed  th is  fa c t:  a f te r  A T P -d ep le tio n  o f d e fib rin a ted  b lood b y  4 — 8 m M  
N a F , th e  ly so lec ith in  c o n te n t o f re d  cells increased  to  4 —5 fo ld  w ith in  24 h. 
H o w ev er, in  h e a t- in a c tiv a te d  se ru m  o r c ry s ta llo id  m edium , A T P -d ep le tio n  
an d  sh ap e  changes developed , w h e reas  ly so lec ith in  accu m u la tio n  co u ld  n o t be 
d e te c te d . T his fin d in g  ind ica tes t h a t  ly so lec ith in  is no t p ro d u ced  w ith in  th é  
cell, b u t  is form ed b y  th e  lec ith in -ch o les te ro l acy ltran sfe rase  (LCA T) enzym e 
o f th e  p lasm a, w ith  s im u ltaneous ch o leste ro l e s te r fo rm atio n . T h e  p ro d u ced  
ly so lec ith in  is in co rp o ra ted  in to  th e  m em b ran e  from  o u ts id e  a n d  th e n  i t  
c o n tr ib u te s  to  th e  sp h aero ech in o cy tic  sh ap e  changes.

T h e  enzym e LCAT fu n c tio n s ev en  in  th e  p lasm a o f A C D -b loods, a t  a 
lo w er ra te  co rrespond ing  to  th e  low  te m p e ra tu re  o f storage. A fte r  p ro longed  
s to ra g e , ly so p h o sp h a tid e  re a c y la tio n  becom es defic ien t a n d  ly so lec ith in  
ac c u m u la tes  in  th e  m em b ran e , a lth o u g h  to  a lesser e x te n t th a n  in  e x p e rim e n ts  
p e rfo rm ed  a t 37 °C. T h is explains o u r  o b se rv a tio n  th a t  a f te r  6 — 8-w eck sto rag e , 
A T P  level can  be reg en e ra ted  b y  a d e q u a te  t re a tm e n t (aden ine  -)- in o sin e  -f- 
p h o sp h a te ) , w hereas th e  re g e n e ra tio n  o f th e  b iconcave shape is n o t  com ple te . 
B y  ad d in g  f a t ty  ac id -poor a lb u m in  d u rin g  A T P  reg en era tio n , h o w ev er, th e  
co m p le te  r e s ti tu tio n  of shape co u ld  be  ach ieved  even in  th e se  cells [33]. 
Sa t o ’s [25] w orks h a v e  confirm ed  t h a t  th e  ly so lec ith in  a c c u m u la te d  in  th e  
m e m b ra n e  can be e lim in a ted  b y  a lb u m in .
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O u r o b se rv a tio n  t h a t  in  c rysta llo id  m ed iu m  th e re  is no ly so lec ith in  
a c c u m u la tio n  in red  cells follow ing A T P -d ep le tio n  is in accordance w ith  th e  
s ta te m e n t th a t  h u m a n  re d  cells possess no a c tiv e  phospho lipase  A, c leav ing  
o ff  f a t ty  acids from  p h o sp h a tid e s  [40]. H o w ev er, we h av e  to  consider th e  ro le 
o f  th e  accu m u la tio n  o f  d ig lyceride . T here a re  tw o  w ays for th e  fo rm a tio n  of 
d ig ly ce rid e  in  red  cells. O ne is th e  Ca2 + -d e p e n d e n t phospho lipase C enzym e 
(F ig . 4). Since th is  en zy m e needs very  low Ca2+ co n cen tra tio n s  (Kjyi <  1 //M) 
[3] to  he ac tiv a te d , i t  m a y  becom e a c tiv a te d  ev en  b y  th e  Ca2+ trace s  l ib e ra te d  
fro m  th e  p o ten t Ca2 +-c h e la to r  A TP d u rin g  en e rg y  dep le tion . T he o th e r  w ay  
o f d ig lyceride p ro d u c tio n  is th e  b reakdow n  o f  p h o sp h a tid ic  acid c a ta ly zed  
b y  p h o sp h a tid a te  p h o sp h a ta se . T he re p h o sp h o ry la tio n  o f dig lyceride ca ta ly zed  
b y  th e  d ig lyceride k in a se  is A T P -d ep en d en t. B y  in c u b a tin g  fresh  or A T P - 
d e p le te d  red  cells b y  p u re  1 ,2 -d isteary lg lycero l w e could  no t observe an y  
ech inocy togen ic  effect o f  ev en  high doses o f exogeneous d ig lyceride in c o rp o ra t
ed  in to  th e  m em b ran e . A l l a n  et al. [2], on th e  o th e r  h a n d , re p o rt on a s to m a to - 
c y tic  effect of a n o n -p u rif ie d  e x tra c t c o n ta in in g  d ig lyceride of m ixed  f a t ty  
ac id  com position . T h u s , in  itse lf, th e  a c c u m u la tio n  o f dig lyceride in  th e  m em 
b ra n e  (in  c o n tra s t to  ly so le c ith in  accum ula tion ) is n o t echinocytogenic. E n d o 
genous dig lyceride fo rm a tio n  will be d iscussed  below  in  connection  w ith  th e  
Ca2+-induced  shape ch an g es .

A T P -d ep en d en t changes in  m embrane proteins a n d  in  cell morphology

A fte r th e  in v e s tig a tio n  of th e  lip id  b re a k d o w n  p ro d u c ts  we h ad  to  focus 
o u r in te re s t on th e  c h a n g e s  o f th e  m em brane  p ro te in s . W e estab lished  th a t  
c e r ta in  c ircu m stan ces w h ich  a re  a d v an tag eo u s  fo r  th e  m a in ten an ce  o f th e  
b ico n cav e  shape, e.g. th e  lim ite d  pro teo lysis o f  th e  cell surface, re su lt in  an  
in c rea sed  labelling  o f  th e  p ro te in  frac tio n  in  re d  cells con ta in ing  32P -A T P , 
w h e reas  d isad v an tag eo u s  im p a c ts  (16—32 m M  N a F )  red u ce  p ro te in  labe llin g  
[32]. A v r u c h  and  F a i r b a n k s  [7] d e m o n s tra te d  t h a t  th e  m a jo r p h o sp h o ry la ted  
p ro te in s  o f the  red  cell m em b ran e  are th e  co m p o u n d s  nam ed  sp ec trin  2 an d  
B a n d  3. B ir c h m e ie r  a n d  S in g e r  [8] s tu d ied  th e  ch a ra c te ris tic s  o f th e  p h o s
p h o ry la tio n  of th e  s p e c tr in  2 frac tio n  ca ta ly zed  b y  th e  enzym e sp ec trin  k in ase . 
T h e y  estab lished  t h a t  th e  p h o sp h o ry la tio n  is r a p id , an d  s tead y  s ta te  can  be 
re a c h e d  w ith in  15 — 30 m in . T he d e p h o sp h o ry la tio n  o f th e  p re labelled  g h o st, 
h o w ev er, is in h ib ited  b y  A T P  co n cen tra tio n s m u ch  low er th a n  th e  physio logical 
lev e l. T h is reac tio n  ty p e  re fe rs  to  a s im ila rity  w ith  th e  A T P -dependen t shape  
ch an g es. T herefore, w e p re p a re d  red  cells c o n ta in in g  32P-A T P and  in d u ced  
in  th e m  th e  b reak d o w n  o f  A T P (by  io d o a c e ta te  inosine tre a tm e n t) . A t 
a p p ro p r ia te  tim e in te rv a ls  m em branes w ere iso la te d  from  th e  cells an d  th e  
p h o sp h o ry la tio n  o f th e  p ro te in  frac tions o b ta in e d  w ith  p o lyacry lam ide  gel 
e lec tro p h o res is  w as s tu d ie d  (see Fig. 7). T he d e p h o sp h o ry la tio n  of th e  sp ec trin

Acta Biologien Academiae Scientiarum  Hungaricae 29, 1978



SHAPE TRANSFORMATIONS IN RED CELLS 7

F ig . 5. R ad io a c tiv ity  o f th e  po lypep tide  frac tio n s  o f m em b ran es p rep ared  from  cells c o n ta in in g  
:,2P -A T P  and  se p a ra te d  by  p o ly acry lam ide  gel e lectro p h o resis. M em branes w ere p rep ared  
accord ing  to  W olf  as m odified  by  S chatzmann  [26]. P o ly acry lam id e  gel e lectro p h o resis 
w as perform ed acco rd in g  to  S hapiho  e t al. [28]. 100 /tg o f  m em b ran e  p ro te in  w as ad d ed  to  th e  
gel. R u nn ing  tim e w as 4 h . R ad io a c tiv ity  o f  2-m m  sec tions o f  th e  gel was m easu red  acco rd ing  
to  Gezeliu s  [13]. A :  C ontro l red cells. A T P c o n ce n tra tio n : 2.1 m M . B :  R ed  cells tr e a te d  

w ith  2.5 m M  iodoace tam id e  +  10 m M  inosine  fo r 90 m in . A T P c o n ce n tra tio n  <  10 fiM

2 frac tio n  in in ta c t  cells follow ed th e  b reak d o w n  o f A TP w ith  a s ig n ifican t 
d e lay : a f te r  90 m in  th e  A TP level fell from  2 m M  to  10 /гМ , w hereas sp ec tr in  
p h o sp h o ry la tio n  decreased  only to  one f if th  o f th e  in itia l value (F ig . 5). I t  is 
th e  p h o sp h o sp ec trin  th a t  is assum ed  to  po ly m erize  [8, 30], accord ing  to  som e 
a u th o rs  as a co p o ly m er w ith  ac tin  [22, 37]. I t  is  m ost p ro b ab le  th a t  th e  in 
ta c tn e ss  o f th is  n e tw o rk  o f po lym erized  p ro te in s  covering  th e  in n e r m em b ran e  
su rface  is n ecessary  fo r th e  n o rm al m a in te n a n c e  o f b iconcave sh ap e , an d  th e  
re la tiv e ly  slow d e p h o sp h o ry la tio n  o f sp e c tr in  is accom pan ied  b y  sp h aero - 
ech inocy tic  sh ap e  changes.
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E ffec ts  o f  divalent cations

In  c o n tra s t to  th e  e ffec t o f A T P -d ep le tio n , ra p id  shape changes are 
in d u c e d  b y  p H  a lte ra tio n  o r b y  v a rio u s d ru g s. T h e  shape changes in d u ced  
b y  p H  changes are fu r th e r  in c reased  b y  Ca2+ in  th e  m ed ium  (F ig . 6). T he 
Cu2 + - o r Cd2+-induced  sp h ae ro ech in o cy tic  sh ap e  changes described  b y  us 
[32] c a n  also be m ad e  in s ta n ta n e o u s  i f  th e  p e n e tra tio n  o f th e se  c a tio n s  is 
a c c e le ra te d  b y  th e  d iv a le n t c a tio n  io n o p h o re  A23187. In  a s im ila r m an n e r, 
w ith  A 23187 -j- Ca2+ m ic ro sp h ae ro cy tes  develop  in s ta n ta n e o u s ly  th ro u g h

F ig . 6. E ffe c t o f p H  changes on  th e  sh ap e  of re d  cells. F o r d e fin itions o f ( I m)e a n d  ( I m)s see 
th e  leg e n d s  to  F igs 1 a n d  2. N e u tra l  a n d  a lka line  p H  v a lu es in  th e  red  cell suspensions w ere 

a d ju s te d  b y  T ris-H C l, acid  p H  values b y  ace ta te -N aO H  buffers 
(1) [Ca2+ ]e <  10 ц М ;  (2) [Ca2+ ]e =  5 m M

sp h a e ro e c h in o cy tic  fo rm s. I t  is in te re s tin g  t h a t  Mg2+-dep le tion  o f  cells b y  
A 23187 -)- E D T A  also in d u ces  ra p id  m icro sp h aero cy to sis , w hich  p e rs is ts  even 
a f te r  th e  e lim in a tio n  o f  th e  io n o p h o re  w ith  a lb u m in . C erta in ly , th e re  is an 
in te r a c t io n  betw een  th e  d iv a le n t c a tio n s a n d  th e  n eg a tiv e ly  charged  p h o sp h o 
lip id s  (p h o sp h a tid y lse rin e ) o f  th e  in n e r  su rface  o f th e  m em brane. T h is charge  
n e u tra l iz a t io n , in  tu rn , a lte rs  th e  lip id  s tru c tu re  [40]. H ow ever, th e  s tru c tu re  
o f  th e  m em b ran e  p ro te in s  is also  in flu en ced  b y  d iv a le n t ca tions. H a e s t  e t al. 
[14] ex p erien ced  th a t  on t r e a tm e n t  o f red  cell ghosts w ith  Cu2+ -f- o -phen- 
a n th ro lin e  th e  p ro p o rtio n  o f th e  ag g reg a ted  fra c tio n  n o t p e n e tra tin g  in to  th e  
p o ly a c ry la m id e  gel a f te r  S D S -so lu b iliza tio n  in creased . W e observed  th e  sam e 
p h e n o m e n o n  w ith  A23187 -j- Cu2+, Cd2+, Ca2+ an d  even w ith  L a 3 + . W e 
d e m o n s tra te d  th a t  th e  p h o sp h o ry la tio n  of th e  ag g reg a ted  frac tio n  a f te r  Ca2+,
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or L a3+ t r e a tm e n t is v e ry  d e fin ite , so th a t  th e  p resence  of sp ec trin  2 in  it  
c an  be p o s tu la te d  (F ig . 6). T h ese  dev ia tio n s re fe r to  th e  a lte red  in te rac tio n s  
o f th e  spectrin  (ac tin )  ne tw ork .

E ffects o f  Ca2 +

I t  was W h it e  [41] w ho f ir s t  rep o rted  sph aero ech in o cy to s is  induced  
b y  A23187 Ca2 + . H e, how ever, found  th ese  shape  changes to  be irrev ers ib le .
W e estab lished  t h a t  th e  shape changes w ere fu lly  rev e rs ib le  if  th e  in n e r Ca2 + 
leve l w as no t in c reased  above 3 m M  [24]. In  o rd e r to  in te rp re t  th e  ro le  of 
in trace llu la r  Ca2+, i ts  m anifold  m etab o lic  effects h a v e  to  be  su rv ey ed  (F ig . 4). 
In tra c e llu la r  Ca2 + , by  in h ib itin g  glycolysis, reduces A T P  sy n th esis , w hereas 
i t  increases A T P co n su m p tio n  f i r s t  o f all by  a c tiv a tin g  th e  Ca2 + -pum p. I t  
causes selective К +-p e rm eab ility  increase. T he p h o sp h o lip ase  C enzym e of 
th e  m em brane is s ig n ifican tly  a c tiv a te d , w hich re su lts  in  an  increase  o f d i
g lyceride co n te n t. As m en tio n ed  above, th e  ex is ten ce  of Ca2+-d ep en d en t 
phospho lipase A a n d  В p ro d u c in g  ly so p h o sp h a tid es  is d o u b tfu l in  h u m a n  red  
cells. T he ly so lec ith in  co n ten t o f th e  m em brane  sp icu les fo rm ed  and  frag m en ted  
u n d e r  th e  effect o f  Ca2+ was fo u n d  to  be fo u r tim es  o f t h a t  o f th e  m em b ran e . 
T h is fac t, how ever, can  also be  exp la ined  b y  an  a lte re d  lip id  d is tr ib u tio n  
w ith in  th e  m e m b ra n e  [40].

A ccording to  recen t re su lts , th e  tra n sg lu ta m in a se  enzym e o f th e  m em 
b ra n e  th a t  b u ild s  co v a len t b rid g es  betw een  p ro te in  ch a in s  is a c tiv a te d  by  
re la tiv e ly  high c o n cen tra tio n s  o f  Ca2+ [19]. In  m e m b ra n e  p re p a ra tio n s  Ca2+- 
d ep en d en t p ro te in a se  a c tiv ity  re su ltin g  in  d e g ra d a tio n  o f sp ec trin  w as also 
d e m o n s tra te d  [6, 42 ]. In  co n n ec tio n  w ith  th e  Ca2+-dep en d en ce  o f spectrin - 
k in ase , d ifferen t d a ta  have been  p u b lish ed  [17]. A cco rd ing  to  ou r ow n resu lts , 
th e  spec trin  k in ase  is Mg2 + -d e p e n d e n t and  Ca2+ does n o t d is tu rb  its  a c tiv ity  
u p  to  100 fj,M  c o n c e n tra tio n , h ig h e r Ca2+ c o n c e n tra tio n s  being  p a r tia lly  in 
h ib ito ry . In h ib itio n  o f d ig lyceride k in ase  needs still h ig h e r Ca2+ co n cen tra tio n s  
[5]. T h e  K + —N a +-pum p a c tiv i ty  is v e ry  sen sitiv e  to  Ca2 + . T he red u c tio n  
o f  A T P level in flu en ces  all th e  en erg y -req u irin g  fu n c tio n s  described  in th e  
ab o v e  section.

O f all th ese  effects th e  fu n c tio n  of th e  Ca2 + -a c tiv a te d  tra n sg lu ta m in a se  
seem s to  he th e  m o st p ro b ab le  cause  o f th e  irre v e rs ib le  changes observed  
above  3 m M  in tra c e llu la r  Ca2+ c o n c e n tra tio n . T h is enzym e, how ever, is in h ib 
ite d  b y  u n u su a lly  low  (10 /лМ ) c o n cen tra tio n  o f io d o ace tam id e  [6]. W e 
d e m o n s tra te d  t h a t  d u rin g  in te n s iv e  Ca2+ lo ad in g  o f  red  cells th e  p resence  of 
10— 20 /liM  io d o ace tam id e  is a d v a n ta g e o u s  fo r th e  cell sh ap e , b u t  i t  c an n o t 
fu lly  e lim inate  irrev e rs ib le  sh ap e  tra n s fo rm a tio n . T h is in d ica te s  th a t  o th e r  
e v e n ts  th a n  th e  fo rm a tio n  o f ab n o rm a l co v a len t lin k s b e tw een  p ro te in s  are  
also invo lved  in  th e  irrev ers ib le  sh a p e  changes. A cco rd in g  to  o u r ex p erim en ts ,
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th e  ro le  o f  Ca2+-a c tiv a te d  p ro te a se  in  th e  sh ap e  changes can  be ex c lu d ed , since 
th e s e  l a t t e r  develop even  in  th e  p resence  o f th e  in h ib ito rs  o f th e  p ro tea se  en 
z y m e  (h y d ro g en su lp h ite , te t r a th io n a te )  [6].

T h is  su rvey  clearly  in d ic a te s  th a t  th e  effects o f in tra c e llu la r  Ca2 + are 
m a n ifo ld . Q u a n tita tiv e  re la tio n sh ip  betw een  cell Ca2+ an d  sh ap e  p o s tu la te s  
t h a t  th e  d irec t in te ra c tio n s  b e tw een  Ca2 + -p ro te in  an d  Ca2 + -lip id  p lay  th e  
m o s t dec isive  role in  th e  sh a p e  changes. W h en  search ing  fo r q u a n t i ta t iv e  re la 
t io n s h ip s ,  th e  contro l o f th e  C a2 + -bu ffe r sy stem  (A T P -j- 2 ,3D P G ) o f th e  cell 
is m o s t im p o r ta n t, since i t  is  o n ly  free  Ca2+ th a t  e licits sh ap e  changes. A t n o r
m a l A T P  an d  2,3D PG  levels , h o w ev er, only  30—50%  of th e  in tra c e llu la r  Ca2 + 
is in  th e  ionized form  [11]. U n d e r  s ta n d a rd  co n d itio n s, th e re  is a w ell-rep ro 
d u c ib le  re la tio n sh ip  b e tw een  in tra c e llu la r  Ca2+ level an d  sh ap e . F re sh  cells

— Spectrin 2
— Spectrin 1

1 2  3 4 5

— Aggregated 
fraction

F ig .  7. P o ly acry lam id e  gel e le c tro p h o re to g ra m s of red  cell m em branes t r e a te d  w ith  32P-A T P 
u n d e r  v a r io u s  c ircum stances. R e d  cell m em b ran es w ere p rep ared  acco rd ing  to W olf  as 
m o d if ie d  b y  Schatzmann [26]. T h e  frac tio n s  be tw een  S p ec trin  2 an d  B an d  3 are  p ro te in  
b re a k d o w n  products . The fo rm a tio n  of these  ban d s can  be p rev en ted  if  p ro tea se  a c tiv ity  is 
in h ib i te d  b y  10 /uM N -a -p - to sy l-1 -lysine ch lo rom ethy l ke to n e  HCl (T L C K ) +  300 fiM  
p h e n y lm e th y lsu lp h o n y lflu o rid e  (P M S F ). 32P-A T P  (spec, a c t: 16 C i/m m ole) was ad d ed  a t a final 
c o n c e n tra t io n  of 0.5 fxM. In c u b a tio n  tim e : 30 sec, t :  0 °C, p H : 7.0. In c u b a tio n  system s: 
(1) N o d iv a le n t cation  ad d ed ; (2) 500 f iM  E D T A ; (3) 200 /.iM  Cu2 + ; (4) 200 f iM  Ca2 + ; 
(5) 200 /.iM  L a3 + . F o r so lub iliza tio n  befo re  gel e lectrophoresis 1% SDS +  1%  m erc ap to e th a n o l 
w as u s e d  w ith  th e  excep tion  of sy s te m  3, w here m ercap to e th an o l w as o m itte d . The ra d io 
a c t iv i ty  (co u n ts  10 m in) o f th e  f i r s t  2 m m  gel sections w as: (1) 600, (2) 250, (3) 440, (4) 3500,

(5) 4600
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w ere lo ad ed  to  0 .4—0.6  m M  in tra c e llu la r  Ca2+ level, and  in  th e  co u rse  o f  Ca2+- 
p u m p in g  a t  various t im e  in te rv a ls  th e  chan g es o f  Ca2+ level w ere  s to p p e d  by 
la n th a n u m  ad d itio n , a n d  cell Ca2+ an d  th e  p ro p o rtio n  of v a rio u s  sh a p e  form s 
w ere de te rm in ed . W e h a v e  ca lcu la ted  th e  cell Ca2+ c o n c e n tra tio n  tra n sfo rm in g  
n o rm a l b iconcave sh a p e  in to  tra n s ito ry  sh ap e  an d  i t  w as fo u n d  to  be 49 fiM  
(ran g e  23 —63) on th e  av e rag e , w hereas th e  c o n c e n tra tio n  tra n s fo rm in g  t r a n 
s ito ry  sh ap e  in to  m ic ro sp h aero cy tes  w as 73 f iM  (ran g e  4 8 —94) [35]. T h e  tw o 
v a lu es  a re  v e ry  n ea r to  each  o th e r and  a re  in  good ag reem en t w ith  th e  ra p id ity  
o f Ca2+-induced  sh ap e  changes. T he c o rre la tio n  b e tw een  Ca2+ lev e l an d  cell 
sh ap e  m akes d irec t Ca2+-m em brane  (p ro te in , lip id ) in te ra c tio n s  p ro b ab le . I t  
is w o rth  m en tion ing  t h a t  in  th e  w hole Ca2+ ra n g e  w here  th e  ra p id  sh a p e  changes 
develop  phospho lipase  C (p roducing  d ig lyceride) is unchanged  in  th e  m ax i
m ally  a c tiv a te d  s ta te .

W e have to  em p h asize  again th e  im p o r ta n c e  o f considering  th e  c ircum 
sta n c e s  w hen  search in g  fo r Ca2+-shape  co n n ec tio n s. U n d er th e  ab o v e  condi
tio n s  a t  0 .4 —0.6 m M  in tra c e llu la r  Ca2+ lev e l, th e  d ig lyceride k in a se  enzym e is 
a c tiv e . T h is sensitizes th e  cells to w ard s sh ap e  changes by  p ro d u c in g  pliospha- 
tid ic  acid  (see F ig . 4), w h ich  we have  d e m o n s tra te d  to  be an  ech inocy togen ic  
a g e n t. A bove 2 m M  in tra c e llu la r  Ca2+ level th is  sensitiz ing  e ffec t fa lls  ou t

F ig . 8. T he re la tio n  b e tw ee n  cell Ca2+ an d  ( I m)s in  th e  course o f Ca2+-p u m p in g  from  cells 
loaded  w ith  Ca2+ to  v a rio u s  e x te n t. In itia l  cell co n ce n tra tio n s : S ystem  (1) 0.5 m M  calcium , 
1.2 m M  A T P , 3 m M  2 ,3 -D P G ; system  (2) 2.4 m M  ca lc ium , 0.8 m M  A T P , 3.06 m M  2 ,3-D PG . 

A T P  consum ption  d u rin g  th e  f ir s t  20 m in  o f  Ca2+ -p u m p in g  was 0.8 m M  in  sy s te m  (1),
0.3 m M  in  sy s tem  (2)

(p h o sp h a tid a te  fo rm a tio n  is in h ib ited , A T P co n su m p tio n  is low er), co n se q u e n t
ly , th e  re la tio n sh ip  b e tw e e n  Ca2+ an d  cell sh ap e  changes (h ig h er C a2+ level is 
n eed ed  fo r e lic iting  th e  ech inocy tic  shape) (F ig . 8). W ith in  th e se  co n d itions, 
h o w ev er, th e  Ca2 + : ( I m)e ra tio  is also w ell-rep ro d u c ib le .
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W e failed  to  co n firm  th e  exclusive role o f  d ig ly cerid e  in  Ca2 + -induced  
sp h ae ro ech in o cy to s is  su g g e s te d  b y  A llan e t al. [1 — 5] viz ., t r e a tm e n t  o f  red  
cells w ith  A23187 -f- E G T A  m a d e  dig lyceride d e te c ta b le  am ong m em b ran e  
lip id s , m o s t p robab ly  as a consequence  of in tra c e llu la r  Ca2+ tra n s lo c a tio n ; 
in  s p i te  o f  th is , shape c h a n g e  d id  n o t occur. C o n v erse ly , d ig lyceride  d id  n o t 
f u r th e r  accu m u la te  on A 23187  -f- Ca2+ t r e a tm e n t  b u t  cells w ere tra n s fo rm e d  
in to  p e r fe c t  m ic ro sp h aero cy tes  (F ig . 9). In  la t te r  case  p h o sp h a tid ic  ac id  accu-

Shape changes

1,2 - diacylglycérol

Cholesterol

Unidentified

Phospholipids

F ig . 9. T h in -la y e r ch ro m ato g ram s o f  n e u tra l  lipids e x tra c te d  fro m  w ashed red  cells t re a te d  
w ith  A 23187  -f- EGTA, or Ca2+. In c u b a t io n  system s: (1) N o  a d d itio n ; (2) 10 m M  A23187 +  
500 fj,M  E G T A ; (3) 10 m M  A 23187 +  1.25 m M  Ca2 + . In c u b a tio n  tim e : 1 m in , t :  37 °C. L ip id  
e x tr a c ts  w ere  ch ro m ato g rap h ed  o n  s ilica  gel G layer. S o lv en t: p e tro l  e th e r : 'a c e to n e  (80’ : 25). 

Spots w ere d e v e lo p ed  w ith  50%  H 2S 0 4 (180 °C, 30Jm in)

m u la t io n  w as well d e te c ta b le  (F ig . 10). In  sheep re d  cells A llan a n d  Michell 
[4] c o u ld  n o t induce e c h in o c y tic  shape change b y  A 23187 -j- Ca2+, an d  th e y  
fa ile d  to  d e te c t d ig lyceride fo rm a tio n  e ither. W e saw  in  th e se  cases in co m p le te  
sh a p e  ch an g es  th a t  could  n o t  be  com pleted  b y  a d d itio n  o f d is tea ry lg ly ce ro l. 
I n  o u r  op in ion , if  d ig ly ce rid e  co n tr ib u te s  to  th e  ech in o cy tic  sh ap e  changes, 
th is  m a y  b e  only th e  en d o g en o u sly -fo rm ed  d ig ly ce rid e  in  th e  in n e r lip id  reg ion  
p a r t ic ip a t in g  in  special in te ra c t io n s .  This, as a f a c to r  m a y  p lay  a ro le  in  shape  
c h a n g e s , b u t  is no t th e ir  e x c lu s iv e  cause.

L e w  an d  F erreira  [18] suggest th a t  sp h ae ro ech in o cy tic  sh ap e  changes 
a n d  C a2 + -d ep en d en t К +-p e rm e a h ili ty  increase a re  th e  consequences o f th e  
sam e  m e m b ra n e  s tru c tu re  ch a n g e s . Several o f o u r  co m p a ra tiv e  e x p e rim e n ts
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Fig. 10. T w o-d im ensional th in -la y er ch ro m a to g ram s of phospho lip ids e x tra c te d  fro m  w ashed 

red  cells t re a te d  w ith  A23187 -f- E G T A , or Ca2 + . In c u b a tio n  sy s tem s:
(1) 10 /iM  A23187 - f  500 m M  E G T A ; (2) 10 ц М  A23187 +  1.25 m M  Ca2+. 

In c u b a tio n  tim e: 1 m in , t :  37 °C. L ip id  e x tra c ts  were c h ro m a to g rap h ed  on p re c o a te d  silica gel 
h igh-perform ance  TLC  p la te s  (M erck, D a rm s ta d t) .  So lven t system s: f ir s t  d im ension -ch lo ro fo rm : 
m eth an o l : cone. N H 4O H  (60 : 25 : 4); second  d im ension-ch loroform  : m e th a n o l : acetone: 
ace tic  acid : w a te r  (75 : 15 : 30 : 15 : 7.5). S p o ts  were developed  b y  th e  p h o sp h o m o ly b d en e  
b lue  reac tio n : low er lim it o f d e tec tio n , ~  0.05 ц g phosphorus, (a) P h o sp h a tid y le th a n o la m in e ; 
(b) p h o sp h a tid y lse rin e ; (c) sp h ingom yelin ; (d) p h o sp h a tid y lse rin e ; (e) p h o sp h a tid ic  acid

d isp rove  th is  idea  (T able  1). A l l a n  an d  M ich e ll  [4] in  pig red  cells also ob
served  th e  d iv e rs ity  of th e  tw o p h en o m en a , so fa r  as ra p id  К +- tra n s p o r t  de
ve loped  u n d e r th e  effect of A 23187 +  Ca2+, w hereas sh ap e  ch an g es  d id  n o t. 
Ca2+-induced  K +-perm eability  increase, how ever, re su lts  in  loss o f  cell K +, 
C1“ and  w a te r, an d  th e  co n seq u en t sh rin k in g  p ro m o tes  th e  re d u c tio n  o f cell 
ax is accom pany ing  sphaero ech in o cy to s is .

4. Explanation of the biconcave shape and the m icrosphaerocytic
shape changes

A fte r th e  p re se n ta tio n  o f th e  above ex p e rim en ta l re su lts  le t  u s  t r y  to  
c o n s tru c t a u n ify in g  p ic tu re . F ro m  am ong th e  m an y  th eo ries  e la b o ra te d  for 
th e  ex p lan a tio n  o f sh ap e  an d  sh a p e  changes, we p re fe r th e  “ b ila y e r  cou p le” 
h y p o th es is  o f  S h e e t z  an d  S i n g e r  [29]. T h is th e o ry  assum es th a t  th e  tw o  lip id  
lay e rs  of th e  m em b ran e  are  s tro n g ly  a tta c h e d  a t  ce rta in  p o in ts , b u t  b e tw een  
th e m  th e  in d iv id u a l lay ers  m ay  slide above each  o th e r. A ccord ing  to  o u r view , 
indeed  tw o ha lf-layers can  be h y p o th es ized  in  th e  m em b ran e , th e  o u te r  w ith  
i ts  own lip ids and  im m ersed  p ro te in s  an d  th e  in n e r w ith  its  lip id s, th e  im m ersed  
p ro te in s  and  a tta c h e d  p o lym erized  sp ec trin  (ac tin ) n e tw o rk . T h e  b o rd e rlin e , 
how ever, is n o t b e tw een  th e  tw o  m onom olecu la r lip id  le a fle ts , th e re  a re  r a th e r  
tw o  fu n c tio n a lly  se p a ra te d  h a lf-lay e rs . These tw o  ha lf-layers a re  co n n ec ted  a t 
c e r ta in  p o in ts  stro n g ly , how ever, th e y  m ay  be tra n s lo c a te d  ab o v e  each  o th e r 
elsew here. T he re la tiv e  ex p an sio n  o f  th e  o u te r la y e r  m an ifests  i ts e lf  in  crena- 
tio n  (évag in a tio n ) an d  in th e  fra g m e n ta tio n  o f th e  sp icu les (ech in o sp h aero - 
cy tosis); th e  re la tiv e  ex p an sio n  o f  th e  inner la y e r  in  in v a g in a tio n  a n d  endo-
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c y to s is  (s to m a to sp h ae ro cy to s is ) . T he d y n am ic  c h a ra c te r  o f  th e  b o rd e rlin e  
b e tw e e n  th e  tw o h a lv e s  o f  th e  m em brane is in d ic a te d  b y  th e  fa c t th a t  th e  
f ra g m e n te d  spicules a re  v e r y  rich  in  th e  m a jo r sp a n n in g  p ro te in  o f th e  m em 
b r a n e ,  th e  so-called B a n d  3 [1]. Since p h o sp h a tid y lse r in e , possessing n e t 
n e g a t iv e  charge a t  p h y s io lo g ic a l pH , is lo ca lized  in  th e  in n e r reg ion  of th e  
m e m b ra n e , the  p e rm e a b le  ca tio n ic  drugs are  a lso  en rich ed  here, w hereas th e  
a n io n ic  drugs ac c u m u la te  in  th e  ou te r reg ion . T h e  in c o rp o ra te d  d rugs induce 
th e  re la tiv e  expansion  o f  th e  la y e r  in  questio n . The physio logical expansion  o f  
the in n e r  layer, w hich  resu lts  in  the m aintenance o f  the physio log ical biconcave 
sh a p e , is regulated  b y  a n  in te ra c tio n  w ith  th e  d y n a m ic a lly  chang ing  p o lym er
iz e d  sp ec trin  (actin) n e tw o rk .

In se rtin g  th e  a b o v e -d e sc rib ed  resu lts  in to  th e  fram e  of th is  concep t, 
sp h aero ech in o cy to s is  in d u c e d  b y  A T P -dep le tion  or Ca2+ u p ta k e  can  be in te r 
p r e te d  in  the  follow ing w a y :

D uring  A T P -d e p le tio n  one has to  consider, on  th e  one h an d , th e  t r a n s 
lo c a tio n  of the in tra c e llu la r  Ca2 + and , on th e  o th e r , th e  slow d ep h o sp h o ry la tio n  
o f  sp e c tr in  and th e  c o n s e q u e n t d estru c tio n  of th e  p o ly m erized  sp ec trin  (actin) 
n e tw o rk . (P ro te in  S H -g ro u p  o x id a tio n —a co n seq u en ce  of th e  fa ilu re  of th e  
A T P -d e p e n d e n t g lu ta th io n e  resy n th es is—c o n tr ib u te s  to  th e  d iso rgan iza tion  
o f  th e  p ro te in  netw ork .) I t  is possib le  th a t  th e  en d o g en o u s d ig lyceride fo rm atio n  
a lso  a lte rs  th e  s tru c tu re  o f  th e  in n er lip id  reg ion  and  p ro m o tes  shape changes. 
T h e se  fac to rs in th e m se lv e s  are  suffic ien t fo r th e  in d u c tio n  of th e  sphaero- 
e c h in o c y tic  shape c h a n g e s . T h e  following fa c to rs  m a y  acce lera te  th e  process: 
in  th e  presence of e x te rn a l  Ca2+ th e  changes in d u c e d  b y  e n te rin g  Ca2+, in  
p la s m a  m edium  th e  a c c u m u la te d  ech inocy togen ic  ly so lec ith in . A ccord ing  to  
o u r  ow n experim en ts b a s e d  on th e  tim e  de lay  b e tw een  A T P  b reak d o w n  and  
s h a p e  changes, th e  p ro cess  o f  sp ec trin  d e p h o sp h o ry la tio n  seem s to  be th e  m ost 
im p o r ta n t  factor.

In  th e  course o f Ca2+ uptake  one h as  to  co n sid er, a, th e  d irec t effect of 
C a2+ on m em brane p ro te in s  (po lym erized  sp e c tr in -a c tin  n e tw ork ) an d  m em 
b ra n e  lip ids (p h o sp h a tid y lse rin e , p h o sp h a tid y lin o sito l) , an d  b, th e  m etabo lic  
e ffe c ts  o f Ca2+, i .e .  th e  fo rm a tio n  of d ig lyceride  a n d  accu m u la tio n  o f phos- 
p h a t id ic  acid, th e  in h ib i t io n  of spectrin  p h o sp h o ry la tio n  an d  th e  abn o rm al 
p ro te in  in te rac tio n s b r o u g h t  a b o u t by  th e  Ca2 +-a c tiv a te d  tra n sg lu ta m in a se  
e n z y m e . A ccording to  o u r  ow n ex p erim en ts, u p  to  3 m M  in n e r  Ca2+ level th e  
d i r e c t  in te rac tio n s  o f th e  ce ll m em brane w ith  Ca2+ a re  decisive.

T h e  rap id  shape  c h a n g e s  following p H  alteration  can  be a t t r ib u te d  to  th e  
c h a rg e  sh ifts  of th e  m e m b ra n e  (a t low pH  a p o s itiv e  a n d  a t  h ig h  p H  a n e g a tiv e  
c h a rg e  excess develops). A cco rd in g  to  our in v e s tig a tio n s , m a in ly  a t  alkaline 
p H , A T P - and  Ca2 + -d e p e n d e n t processes also c o n tr ib u te  to  th e  ra p id  sphaero - 
e c h in o c y tic  shape ch an g es . A t alkaline p H , n a m e ly , due  to  th e  a c tiv a tio n  of 
h e x o k in a se  a rap id  A T P  b re a k d o w n  tak es  p lace . I n  a d d itio n , th e  Ca2 + -bind-
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in g  c a p a c ity  of th e  m e m b ra n e  and  th e  p assive  Ca2+ p e rm e a b ility  o f  th e  cell 
in creases  to  a g rea t e x te n t  [34].

In  conclusion, th e  m a in te n a n c e  o f th e  b ico n cav e  shape an d  its  ch an g es in 
th e  ech inocy tic  or s to m a to c y tic  d irec tio n  re su lt  from  in te ra c tio n s  b e tw een  a 
g re a t n u m b er of m e m b ra n e  co m p o n en ts . O u r in v es tig a tio n s  — b o th  in  th e  
f ie ld  of A T P -and  Ca2 + -d e p e n d e n t shape  changes — refer to  th e  p a ra m o u n t 
im p o rta n c e  of p h o sp h o ry la tio n  and  in te ra c tio n s  o f th e  p ro te in  n e tw o rk  cover
ing  th e  in n e r surface o f  th e  m em b ran e .

Note added in  the pro o f:  R e ce n tly  i t  has  been p u b lish ed  (D . Allan , R. H . M i c h e l l  1978: 
B ioch im . B iophys. A cta  508, 277 — 286) th a t  th e  p h o sp h a tid y l inosito l p h o sp h a tes  a re  th e  m ain  
su b s tra te s  o f th e  Ca2+-a c tiv a te d  d ig lyceride  p ro d u c tio n . T his find ing  s tro n g ly  su p p o r ts  our 
v iew  de lin eated  above. V iz., th e  re p la ce m en t o f th e  h ig h ly  charged  su b s tra te  m olecu les w ith  
th e  fusogenic diglyceride m o ie ties p ro m o tes m em b ran e  fusion  — one step  of th e  d isk -sp h ere  
tran s fo rm a tio n .
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(R eceived  1977— 0 8 —23)

Abstract

N ativ e  L D L  are  d eg rad ed  b y  th e  p ro tea se  o f th e  lysosom al e x t r a c t  b u t  th ey  
are  n o t sensitive to  iso la ted  c a th ep s in  D . P ro ta m in e  increases th e  s e n s i t iv i ty  o f LD L  
to  th e  effect o f lysosom al p ro tea se  a n d  m akes th em  sensitive  to th e  e ffec t o f  c a th e p s in  D. 
D e g rad a tio n  of L D L  b y  ly sosom al p ro tease  is m o st in tensive  b e tw een  p H  4.0 a n d  4.5 
b u t  in  case o f L D L  b o u n d  w ith  p ro tam in e  it  is m o st in tensive  a t  p H  4 .5 — 5.0.

Introduction

C hanges in  th e  se n s itiv ity  o f p ro te in s  to  p ro teo ly tic  enzym es d ep en d  on 
ph y sico ch em ica l changes a n d  chem ical m o d ifica tio n  of th e  m olecu les an d  on 
fo rm a tio n  o f in te rm o lecu la r  associa tions.

W e h a v e  show n [10, 11] th a t  L D L  fo rm  so lub le  and  in so lu b le  com plexes 
w ith  p ro ta m in e  and  o th e r  basic  p ro te in s . B u t i t  is n o t know n i f  fo rm a tio n  of 
such  com plexes in fluences th e  r a te  of L D L  d eg rad a tio n . T rac in g  L D L  d eg ra 
d a tio n  in  m ix tu re  w ith  p ro ta m in e  is possib le  on acco u n t of d iffe ren ces in  the  
am ino  acid  c o n te n t o f th e se  p ro te in s , ow ing to  th e  presence of a ro m a tic  am ino 
ac ids in  L D L  and th e ir  la c k  in  p ro ta m in e .

Material and methods

L D L  w as iso lated  from  h u m a n  b lood  serum  [1]. T h e  p ro tam ine  su lp h a te  w as p ro d u ced  
b y  K o ch  L ig h t L ab o ra to ries L T D , E n g lan d . B r i t to n  an d  R obinson  u n iv ersal b u ffe r  o f  p H  2.5 
to  6.0 w as used . Lysosom al e x tr a c t  co n ta in in g  1.6 m g p ro te in /m l w as o b ta in e d  fro m  r a t  
liver [12]. Im m ed ia te ly  before use , th is  e x tra c t  w as a c tiv a te d  w ith  an  equal v o lu m e  o f a c t iv a t
ing m ix tu re  co n ta in in g  10 m M  N aC l, 10 m M  E D T A  an d  250 m M  D L -cyste ine . C a th ep sin  D 
(0.24 m g /m l) w as ob ta in ed  from  b o v ine  sp leen  [16].

T h e  in h ib ito r  o f c a th ep s in  B, (0.3 m g/m l) w as o b ta in e d  from  egg w h ite  [2 ], th a t  of 
ca th ep s in  D (0.6 m g/m l) from  p o ta to e s  [14].

D e g rad a tio n  of L D L  a n d  L D L  —  p ro tam in e  com plexes a t  p H  2.5 to  6.0 w as exam in ed  
in  th e  follow ing system : 0.4 m l b u ffe r  o r p ro tam in e  (10 m g/m l) and  0.2 m l a c t iv a te d  lysosom al 
e x tr a c t  o r  c a th ep s in  D d ilu ted  1 : 2 w ere ad d ed  to  0.4 m l L D L  (20 m g/m l).
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T h e  influence o f in h ib i to rs  on  the  deg rad a tio n  o f  L D L  in  th e  presence o f p ro tam in e  
w as ex am in ed  a t  p H  5.0. 0.1 m l c a th ep s in  B, or D w hen  lyso so m al e x tra c t was u sed  in s tea d  of 
th e  a c tiv a tin g  m ix tu re  w as in tro d u c e d  in to  the  a b o v e -m en tio n ed  system s, w h ereas in  case 
o f  th e  d eg rad a tio n  w ith  c a th e p s in  D 0.1 ml of the  in h ib ito r  w as ad d ed  to  0.1 m l o f th e  u n d ilu te d  
e n zy m e. A fte r 60 m in  in c u b a tio n  a t  37 °C, th e  rem ain ing  p ro te in  was p rec ip ita ted  w ith  2.5 m l 
T C A  (2 0 % ) and  ab so rp tio n  o f  th e  c lear filtra te  was d e te rm in e d  a t  280 nm .

Results

D eg rad a tio n  o f L D L  b y  lysosom al p ro te o ly tic  enzym es is m ost in ten s iv e  
b e tw e e n  p H  4.0 a n d  4 .5  (F ig . 1). A dd itio n  o f  p ro ta m in e  to  L D L  evokes a 
m a rk e d  increase in  L D L  d e g ra d a tio n . B esides, L D L  in  m ix tu re  w ith  p ro ta m in e  
is d e g ra d e d  m ost in te n se ly  a t  p H  4.5 — 5.0.

C athepsin  D does n o t  degrade L D L  (F ig . 2). A dd ition  o f p ro ta m in e  
m a k e s  L D L  sensitive  to  th e  enzym e and  th e  d e g ra d a tio n  is m ost in te n s iv e  a t  
p H  4 .5 — 5.0. The in h ib ito r  o f  ca thepsin  B x fro m  th e  egg w hite  an d  th e  p o ta to

p H

Fig. 1. D e g ra d a tio n  o f  L D L  by lysosom al e x tr a c t  a t  d ifferen t pH s:
(1) L D L  (2) L D L  -f- p ro tam in e  su lp h a te

in h ib i to r  o f ca th ep sin  D  in h ib i t  th e  d e g ra d a tio n  b y  lysosom al e x tra c t  o f th e  
L D L  p re se n t in  m ix tu re  w ith  p ro tam in e . I t  is sh o w n  b y  th e  decrease o f  e x tin c 
t io n  a t  280 nm , w hich  w as 0.240 in  contro ls a n d  0 .035 in  th e  system  w ith  th e  
in h ib i to r  o f ca th ep sin  Bĵ  a n d  0.180 in  th e  sy s te m  w ith  th e  ca th ep sin  in h ib ito r  
D . I t  m ean s a decrease in  th e  L D L  d eg rad a tio n  b y  85 %  and  25% , resp ec tiv e ly .

D eg rad a tio n  o f L D L -p ro ta m in e  com plexes b y  iso la ted  ca th ep sin  D evokes 
a n  in c rease  of e x tin c tio n  decreases to  0.020 t h a t  deno tes in h ib itio n  o f de
g ra d a tio n  by  ab o u t 7 0 % .

I n  a sep ara te  e x p e r im e n t it  was found  t h a t  m ax im u m  L D L  se n s itiv ity  
to  th e  effect o f p ro tea se  w as  observed  a t 10 m g /m l p ro tam in e  c o n c e n tra tio n .
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p H

F ig. 2. D e g rad a tio n  o f L D L  by ca th ep s in  D a t  d iffe ren t p H s : 
(1) L D L  (2) L D L  -f- p ro tam in e  su lp h a te

Discussion

L o w -d en sity  lip o p ro te in s  as well as h ig h -d e n s ity  lip o p ro te in s  are  de
g rad ed  in th e  cell lysosom es [7, 13]. D eg rad a tio n  o f  lip o p ro te in s  hy  lysosom al 
p ro tea se  is m o st in ten s iv e  be tw een  p H  3.8 an d  4.5 [6]. C a th ep sin  B x is m ain ly  
responsib le  for d e g ra d a tio n  o f n a tiv e  p ro te in s , w h ich  are  re s is ta n t to  c a th e p 
sin D.

M any a u th o rs  a t t r ib u te  an  essen tia l role in  th e  en zy m a tic  d eg rad a tio n  
of d iffe ren t p ro te in s  to  fo rm a tio n  of associa tions w ith  basic  p ro te in s  [4, 8, 15].

T he in crease  in  th e  se n s itiv ity  of p ro ta m in -h o u n d  L D L  to  th e  lysosom al 
p ro tease  an d  its  se n s itiv ity  to  ca th ep sin  D seem  to  be due  to  co n fo rm atio n a l 
changes in th e  L D L  m olecule. T he changes d isp lay  sensitive  p e p tid e  bonds 
w hich  are  n o t p re se n t in  n a tiv e  L D L .

R esu lts  o f  ex am in a tio n s  concern ing  th e  in flu en ce  o f specific  ca th ep sin  B x 
an d  D in h ib ito rs  on d e g ra d a tio n  of L D L  p resen t in  th e  m ix tu re  w ith  p ro tam in e  
show  th a t  c a th e p s in  B1 is m a in ly  responsib le  fo r th is  process.

T he ch an g e  o f o p tim u m  effect o f lysosom al p ro tea se  from  p H  4 .0 —4.5 
fo r L D L  a lone  to  p H  4.5 — 5.0 fo r L D L  — p ro ta m in e  com plexes is p ro b ab ly  
evoked  b y  th e  change o f e le c tro s ta tic  charge th a t  m akes in te ra c tio n  betw een  
p ro tease  an d  L D L  m ost in ten s iv e  a t  h igher p H . T h e  m echan ism  o f p H  change 
has been  described  in  th e  try p s in  — haem oglob in  — p o ly acry l ac id  system  [5]. 
An increase in  th e  se n s itiv ity  o f L D L  to  th e  effect o f  lysosom al p ro tea se  evoked 
hy  p ro ta m in e  an d  p e rh ap s  o th e r  basic cell p ro te in s  m ay  p lay  an  essen tia l role 
in  d e g ra d a tio n  o f L D L  in  th e  organism  th ro u g h  th e  change o f  d eg rad a tio n  
o p tim u m  o f L D L  to w ard s  an  in d iffe ren t p H , i.e. to w ard s  co n d itio n s  ex isting  
in th e  cell. I t  seem s th a t  m ore  in ten siv e  d e g ra d a tio n  o f L D L  m a y  ta k e  place
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in  t h e  w alls  of a rte ries c h a n g e d  b y  atherosclerosis. I t  m ay  be evoked  b y  an  
in c re a s e d  level of basic p ro te in s  in  vessels changed  b y  a therosc le rosis  [9] and  
b y  in c re a se d  a c tiv ity  o f  ly so so m a l p ro tease  [3]. T he lip id  fra c tio n  re leased  
a f te r  d e g ra d a tio n  of th e  p ro te in  fra c tio n  loses its  so lu b ility  an d  i t  is dep o sited  
in  a f fe c te d  vessels.
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Abstract

Changes in  th e  oestrogen and  p ro g e ste ro n e  level in the  blood an d  o v a r ia n  tissue 
o f m a tu re  carps fro m  fish  farm s w ere e x am in ed  using  gas ch ro m a to g ra p h ic  m eth o d , 
before  and a f te r  sp aw n in g  as well as u n d e r  w in terin g . Due to th e  h igh in d iv id u a l v a r ia 
tio n  th e  o b se rv a tio n s c an n o t be re g ard e d  as q u a n ti ta t iv e . T he h ig h est o e s tro g en  level 
w as found  before sp aw ning , b o th  in th e  o v a rie s  an d  th e  blood, th is  level w as so m ew hat 
lo w er a fte r spaw ning  and  did no t show  a n y  fu r th e r  change un d er w in terin g . T h e  restin g  
progesterone  level h a d  a low value, b o th  in  th e  o varies and  th e  b lood, b u t  i t  increased  
a f te r  spaw ning. T h e  oestrogen c o n c e n tra tio n  o f blood was som ew hat h ig h e r in  wild 
c a rp s  th a n  in carp s b red  in fish  fa rm s , w h ereas th a t  o f tissues a p p ea red  to  be h igher 
in  th e  la tte r . E ffec t o f  p itu ita ry  e x tra c ts  on  changes o f th e  sex ho rm one c o n ce n tra tio n  
in blood and o v a ry  o f w ild carps w as in v e s tig a te d  too . The results o f th e  h o rm o n e  d e te r 
m in a tio n s , changes in  body  w eights a n d  “ coefficien ts of m a tu r i ty ”  a re  p resen ted .

Introduction

R esearch  on th e  rep ro d u c tio n  o f  f ish  beg an  a fte r  th e  reco g n itio n  th a t  
o v u la tio n  can  be in d u ced  w ith  exogenous g o n ad o tro p  horm ones [5] in  fish  
w ith  m a tu re  ova. S ince th e n  m eth o d s h a v e  been  developed fo r in d u c tio n  of 
o v u la tio n  in  various f ish  species, and  to -d a y  an  ex tensive  l i te ra tu re  is  av a ilab le  
on o v u la tio n -in d u c in g  effect o f ho rm o n es [9]. H ow ever, little  is k n o w n  ab o u t 
th e  b iochem ical m echan ism  of o v u la tio n  in d u c tio n  an d  of th e  s ite  o f  b io s y n th e 
sis o f  sex  horm ones [7, 8 ] .  A ccording to  B each  [1],  th e  th eca  la y e r  o f  th e  fo l
licles is responsib le  fo r oestrogen  sy n th e s is . Ce d a r d  and  N o m ur a  [2] s tu d ie d  
o es tro g en s  in  th e  b lood  o f fishes [3]. T h ese  horm ones w ere d e te c te d  in  th e  
o v aries  o f  sea fish by  Ce d a r d  et al. [3] a n d  G o t t f r ie d  [6]. Ce d a r d  e t  al. [3] 
s tu d ie d  th e  seasonal changes in h o rm o n e  levels  in  th e  blood o f  sa lm o n s. In  
th e se  e a r ly  stud ies an  increased b lood  o es tro g en  level w as o b se rv ed  in  th e  
sp aw n in g  season [3]. T h e  p au c ity  o f  d a ta  is due  to  th e  lack  o f b io ch em ica l 
m e th o d s  fo r assay ing  ac tiv e  horm ones in  b lood  an d  tissues. In  th e  p re se n t 
w ork  (1) we iso la ted  oestrogens from  th e  b lo o d  o f m a tu re  fem ale  c a rp s , an d
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p ro g e s te ro n e  from  th e  o v a ria n  tissues, fu r th e rm o re , th e  s tru c tu re  o f th e se  
h o rm o n e s  w as id e n tif ie d ; (2) we in v e s tig a te d  th e  seasonal changes in  th e  
o e s tro g e n  an d  p ro g este ro n e  co n cen tra tio n s in  th e  b lo o d  and  ovaries o f m a tu re  
c a rp s  b e fo re  and  a f te r  t r e a tm e n t  w ith  exogenous g o n ad o tro p  horm one.

Material and m ethods

M a teria l

S easonal ex am in atio n s w ere perform ed on carp s o f la rg e  b o d y  w eight, bred  in fish  fa rm s . 
In  th e  te m p e ra te  zones, th ese  fish es o v u la te  in g rea t m asses o f  eggs once a y ear (in  spring). T h e  
e ffec t o f  g o n ad o tro p  h o rm ones w as s tu d ied  on w ild -carps w ith  scales. These are  m uch  eas ie r 
to  s u p p ly , an d  o v u la te  severa l tim es  du rin g  th e  n a tu ra l  sp aw ning  season. G o n ad o so m atic  
ra tio  (“ coefficien t o f m a tu r i ty ” ) in d ica tes  th e  w eigh t o f th e  o v a ry  as the  per cen t o f  b o d y  
w e ig h t.

In d u c tio n  o f  ovulation w ith hormones

H o rm o n e  tre a tm e n t w as p e rfo rm ed  w ith  carp  p i tu i ta r y  g lands previously  k e p t in  ace to n e  
fo r 3 X 8 h  an d  dried  a t  room  te m p e ra tu re .

T h e  p itu i ta ry  g lan d s , each  av erag ing  3 m g, w ere d ried , pu lverized  in  a  m o rta r , th e n  
su sp en d e d  in  0 .65%  saline.

F e m a le  carps w ere g iven  tw o  in jec tions; f i r s t  a  h y p o p h y s is  suspension, p re p are d  fro m  
1 g la n d , w as in jec ted  in to  th e  b a c k  m uscles of each  a n d  a f te r  12 h , suspension from  3 m g d ried  
h y p o p h y s is  w as in jec ted  p e r kg  b o d y  w eight.

D eterm ina tion  o f  steroid hormones

T h e  gas ch ro m a to g rap h ic  m eth o d  of F e h é r  e t  al.  [4] w as used w ith  m inor m o d ifica 
tio n s , fo r  th e  iso lation  a n d  q u a n ti ta t iv e  d e te rm in a tio n  o f s te ro id  horm ones from  h ep arin ized  
p la sm a  o f fishes. A fte r  d e p ro te in iz a tio n , th e  p lasm a  w as h y d ro ly zed  in cone. HC1, since th e  
h o rm o n es  w ere generally  p re se n t in  b o th  c o n ju g a ted  a n d  free  fo rm . The h y d ro ly sa te  w as 
n e u tra liz e d  w ith  N aO H  so lu tio n  a n d  th e  stero ids w ere e x tra c te d  w ith  d ie th y l e th e r . T h e  
e x tr a c t  w as p u rified  w ith  8%  N a H C 0 3, th en  th e  o estro g en s w ere ex trac ted  by  sh ak ing  th e  
m ix tu re  w ith  I N  N aO H . T h e  rem a in in g  organic phase  c o n ta in ed  th e  progesterone. H e re a f te r , 
th in - la y e r  ch ro m a to g rap h y  of b o th  e x tra c ts  was p e rfo rm ed  in  benzene-ethanol (95 : 5).

T h e  oestrogens w ere a c e ty la te d  an d  th e  o es tro g en  a ce ta te s  rech ro m ato g rap h ed  in  
c h lo ro fo rm -h ep tan e  (80 : 20) u sin g  reference stero ids. T h e  p u rif ied  e x tra c ts  were gas c h ro m a to 
g ra p h e d  in  a  P ye  U n icam  series 104 gas ch ro m a to g rap h  eq u ip p ed  w ith  a flam e io n iza tio n  
d e te c to r  a n d  a 3%  SE -30 co lu m n , a t  228 °C. H e p ta f lu o ro b u ty ra te  3-enolester o f p ro g estero n e  
w as p re p a re d  an d  gas c h ro m a to g ra p h e d  on a 1% X E -6 0  c o lu m n  a t  212 °C w ith  e le c tro n -c ap tu re  
d e te c to r .

T h e  p lasm a horm one co n ce n tra tio n  was g iven  as ^g/lOO m l p lasm a.
H o rm o n e  d e te rm in a tio n  in  th e  ov arian  tissue  w as p e rfo rm ed  as described by  P o tec z in  

e t  a l. [10]. I n  p rincip le, th e  m e th o d  is sim ilar to  t h a t  u sed  fo r p lasm a. Before e x tra c tio n , th e  
tis su e s  w ere hom ogenized a t  20,000 r.p .m ., lipids w ere re m o v e d  by  freezing th e  h o m o g en a te  
in  a  m e th a n o l-w a te r  m ix tu re  a t  — 20 °C. A fter th in - la y e r  ch ro m a to g rap h y  of th e  s te ro id s , 
gas c h ro m a to g ra p h ic  d e te rm in a tio n  was perfo rm ed  as a b o v e . T h in -lay er and  gas c h ro m a to 
g ra p h ic  p ro p e rtie s  o f th e  s te ro id s w ere checked by  u sin g  re fe ren ce  com pounds. Id e n tif ic a tio n  
o f th e  s te ro id s  w as p e rfo rm ed  b y  iso tope d ilu tion  te c h n iq u e  b y  com paring  th e  rad io -ch em ica l 
p ro p e rt ie s  o f  th e  tra c e r  a n d  of th e  iso la ted  com pound.

A cta  Biologica Academiae Scientiarum Hungaricae 29, 1978



DETERMINATION OF SEX HORMONES IN CARPS 2 5

R esults an d  discussion

L itt le  is k n o w n  o f th e  ste ro id  h o rm o n e  p ro d u c tio n  and m etab o lism  in  
fish . M ost o f  th e  d a ta  availab le  a re  re la te d  to  sea fish  and  are m o s tly  q u a li
ta t iv e  [2, 3, 6 ]. To ou r know ledge, th e  g o n ad a l h o rm o n e  m etabolism  o f  f re sh 
w a te r  fish  h as  n o t been  s tu d ied  in  d e ta il. F u r th e rm o re , i t  is y e t u n k o w n  w h ich  
sex ho rm o n es are  syn thesized  in th e  v a rio u s p h a se s  o f rep roduc tion  b y  th e  o v a 
ries of ca rp s . T he f ir s t  aim  of th e  p re se n t w o rk  w as th e  iso lation  o f sex  h o rm o 
nes an d  th e  d e te rm in a tio n  of th e ir  s tru c tu re . A lth o u g h  th e  iso lated  h o rm o n e s  
w ere assay ed  b y  gas ch ro m a to g rap h y , due  to  th e  low num ber o f sp ec im en s 
s tu d ied  an d  th e  h igh  in d iv id u a l v a r ia tio n , o u r o b se rv a tio n s  can n o t be re g a rd e d  
as q u a n ti ta t iv e .

S ince o b se rv a tio n s o f th is  k in d  are  y e t la c k in g  in  th e  lite ra tu re , i t  seem ed  
to  be o f in te re s t  to  re p o rt them .

17 /З-o estrad io l ( o e s t r a — l,3 ,5(10)-trien-3 ,17 /S -d io l), oestrone (3 -h y d ro x y - 
o es tra -l,3 ,5 ,(1 0 )-trien -1 7 -o n e) an d  p ro g este ro n e  (4-pregnen-3-20-d ione) w ere  
iso la ted  from  th e  p e rip h era l b lood  and  o v a ria n  tissu e  of carps b re d  in  p o n d  
and  of w ild carp s . T he s tru c tu re  o f these  h o rm o n es  w ere dete rm in ed  b y  th in -  
lay e r an d  gas ch ro m ato g rap h ic  te ch n iq u es  b ased  on th e ir  m o b ility  a n d  re 
te n tio n  p ro p e rtie s , fu rth e rm o re  b y  iso to p e  d ilu tio n  techn ique, u s in g  ra d io 
ac tiv e  tra c e rs  [4, 10]. 17«-oestrad io l an d  o es trio l w ere no t d e te c ta b le  in  th e  
b lood an d  o v a ria n  tissu e  o f th e  fish .

T h e  q u a n tit ie s  o f sex ho rm ones fo u n d  in  th e  p e riphera l b lood a n d  o v a ry  
o f ca rp s  w ere in  ag reem en t w ith  levels fo r sea  f ish  as de term ined  b y  h y d ro ly s is  
o f th e  e s te rs  [2, 3, 6]. T he o estrogen  an d  p ro g e s te ro n e  c o n cen tra tio n  in  b lo o d  
an d  tissu e  is m uch  h igher in  fish  th a n  in  m am m als , because m am m alian  b lood  
an d  o v arian  tissu es  are  poor in  ho rm o n e  e s te rs  [1 1 ,1 2 ]. P resu m ab ly , th e  concen-

Table 1

Seasonal changes o f  sex hormone concentration in  the blood and ovary o f mature fem a le  carps

Hormone concentration

Body Weight
Time of m easurem ents weight of ovary “ q ” oestrogens

(g) (g)
m g/ovary

fig/100 ml 
plasma mg/ovary

//g/100 ml 
plasm a

Before 5150 840 16.3 4.70 1.2 < 0 .0 2 3.1
spaw ning 3350 750 22.3 7.50 4.8 0.08 5.9

A fter 4100 360 8.8 1.84 2.5 0.29 6.9
spaw ning 4500 370 8.2 — 0.6 — 5.9

5000 470 9.4 2.59 0.8 0.42 4.5

U nder 4500 430 9.5 1.29 2.0 0.04 5 2
w in tering 3100 310 10.0 2.17 2.3 < 0 .0 2 3.2

“ q”  =  coefficient o f m a tu rity  
— =  n o t m easu red
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t r a t io n  o f b io log ica lly  a c tiv e  (noneste rified ) sex  horm ones in  carp s  is a lso  low er 
th a n  o u r m easu red  v a lu es .

T ab les  1 an d  2 su m m arize  th e  re su lts  o f  ou r horm one d e te rm in a tio n s  
a n d  p re se n t b o d y  w e ig h ts  and  “ co effic ien ts  o f  m a tu r ity ” . R e su lts  o f  b o th  
se a so n a l an d  h o rm o n e  in d u c tio n  s tud ies sh o w ed  a high in d iv id u a l v a r ia t io n  of 
th e  h o rm o n e  levels, re f le c tin g  a te n d e n c y  o f  ch an g es only, n o t c h a ra c te r is tic  
d iffe ren ces. P ro b a b ly  species, age, m o rp h o m e tr ic  and  y e t u n k n o w n  b io 
ch e m ic a l fac to rs  e x is t in  th e  b ack g ro u n d  o f th e  g rea t in d iv id u a l v a r ia t io n . 
O u r o b se rv a tio n s  n e v e rth e le ss  in d ica te  t h a t  th e  oestrogen c o n c e n tra tio n  of 
b lo o d  is so m ew h at h ig h e r in  w ild carps th a n  in  c a rp s  bred  in  fish  fa rm s, w h ereas  
t h a t  o f  tissu es  is h ig h e r in  th e  la t te r ,  in sp ite  o f  th e ir  lower “ q ”  va lues.

Table 2

E ffect o f  p itu ita ry  extracts on sex hormone concentration in  blood and ovary o f  w ild  carps

Tim e of m easurem ents
Body

w eight
(g)

W eight 
of ovary

(g)
“ q”

Hormone

oestrogens

oncentration

progesterone

m g/ o v ary
^g/100 ml 

plasma m g/ovary
^g/100 ml 

plasm a

B efore 715 92.5 12.9 1.27 17.6 0.29 5.5
t r e a tm e n t 508 8 6 16.9 1 .1 0 8.4 0 .1 0 2 .8

437 65.8 15.0 0.49 3.2 0 .1 0 3.9

5 h r  a f te r 770 66.5 8 .6 0.33 5.2 0.09 5.3
th e  f i r s t  dose 670 65.4 9.8 0.23 — 0.04 —

5 h r  a f te r  th e 460 78 16.9 0.76 7.5 0 .0 2 19.5
second  (decisive) 390 80 20.5 0.69 6.5* 0.03 10.4*
dose 570 8 8 15.4 0.89 — 0.13 —

660 1 1 0 16.7 0.47 8 .0 0.15 10.3

10 h r  a f te r 499 1 2 2 24.4 0.73 8.5 0.15 3.2
th e  second  dose 501 94 18.8 0.72 24.2 0.34 1 2 .0

D u rin g 580 1 0 0 17.2 0.35 2 .2 0.04 t r
sp aw n in g 570 1 2 0 2 1 .0 0.23 8 .1 * 0.05 t r

540 1 2 2 2 2 .6 0.65 — 0.06 t r
410 8 8 21.5 1 .0 0 2.7 0 .0 2 5.2

No o v u la tio n 680 140 2 0 .6 0.99 6.9 0.03 7.0
770 160 20.7 1 .2 1 3.6 0.03 3.8
560 145 25.9 0.67 10.3 0 .1 2 6 .2

“ q ”  =  coefficient of m a tu r i ty  
tr  =  trac e s

* =  m u tu a l  a ssay  of two anim als 
— =  n o t m ea su re d
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Abstract

T he H a rd eria n  g land  is a n  exocrine  g land  lo ca ted  in  th e  o rb it  o f th e  chicken. 
In  th e  s tro m a  of th e  folds, a n  e x tre m e  a m o u n t o f p lasm a  cells can  be obse rv ed . E lec tro n - 
m icroscopic obse rv a tio n s rev ea led  t h a t  th e  su rface  ep ith e liu m  over th e  m arg in  of the  
folds is jo in ed  up  to  deeper ep ith e lia l cells w ith  processes rich  in to n o fib rils  a n d  the  
space am ong  th em  is filled  w ith  p lasm a  cells. T he b ase m e n t m em b ran e  se p a ra tin g  the 
surface  ep ith e liu m  from  th e  u n d e rly in g  connective  tissu e  is lack ing  in  th e se  areas, 
there fo re , p lasm a cells a re  in  d irec t c o n ta c t w ith  ep ith e lia l cells. A fin e  n e tw o rk  of 
re ticu la r  fib rils  can  he fo u n d  inside  th e  folds and  re ticu lu m  cell-like e lem en ts  w ith  long 
processes a re  in te rca la te d  am o n g  th e  p lasm a cells. T h is m orpho logy  resem bles 
th a t  o f th e  lym p h o ep ith e lia l o rg an s. B ased on th is  s im ila rity  th e  ly m p h o e p ith e lia l 
ch a ra c te r  and  a possible im m unolog ical fu n c tio n  o f th e  H a rd erian  g lan d  is su p p o sed .

Introduction

T he o rg an iza tio n  o f th e  im m u n e  system  o f th e  fow l d iffers from  t h a t  of 
m am m als in  m an y  aspects . I t  is ch a ra c te riz e d  b y  a low er degree o f  ev o lu tio n ; 
viz., by  to p o g rap h ica l se p a ra tio n  o f  th e  cen tra l ly m p h o id  tissu e  to  th e  th y m u s  
an d  to  th e  b u rsa  o f F ab ric iu s , g en e ra tin g  d iffe ren t ly m p h o cy te  p o p u la tio n s  
d isp lay ing  ce llu la r and  h u m o ra l im m unolog ica l fu n c tio n s , re sp e c tiv e ly . The 
e x tra - th y m ic  lym p h o id  organs o f th e  ch icken  (b u rsa  o f F a b ric iu s , caecal tonsils , 
g u t-a sso c ia ted  lym pho id  tissue) p la y  a fu n d a m e n ta l ro le in  local h u m o ra l 
im m unolog ica l defense an d  th e re fo re , th e y  e x h ib it th e  a b ility  o f loca l an tig en  
recep tio n  an d  recogn ition  [6, 8].

T he d iffe ren tia tio n  o f ly m p h o id  cells to  perfo rm  th e ir  fu n c tio n  needs a 
specialized  tissu e  e n v iro n m en t: th e  ly m p h o re tic u la r  or ly m p h o e p ith e lia l
s tru c tu re . T h e  so-called c e n tra l ly m p h o id  o rg an s, in  w hich  ly m p h o id  cells gain 
th e ir  fu n d a m e n ta l im m unolog ica l com petence , viz .,  th e  th y m u s  a n d  th e  b u rsa  
o f  F ab ric iu s , show  a c h a ra c te r is tic  ly m p h o ep ith e lia l tissu e  a rc h ite c tu re , i.e. 
a th ree -d im en sio n a l m eshw ork  fo rm ed  b y  ep ith e lia l cells and  p o p u la te d  w ith  
cells o f ly m p h o id  origin [9].
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A n o th e r  organ o f th e  ch ic k e n  co n ta in s a co n sid e rab le  n u m b e r o f ly m p h o id  
e le m e n ts :  th e  accessory  la c r im a l g land , i.e. H a rd e r ’s g lan d , a p a ire d  g land  
in  th e  o rb it. I ts  tu b u lo a lv e o la r  s tru c tu re  w as d esc rib ed  in  d e ta il over 100 years  
ago  [1, 4, 5]. In v e s tig a tio n s  o n  th e  o n to g en y  a n d  p h y lo g en y  o f th e  im m une  
s y s te m  w ere focused on th e  p o ssib le  im m unolog ica l ro le of th e  H a rd e r ia n  g land  
in  th e  la s t  decade. T hese  o b se rv a tio n s  h av e  re v e a le d  th a t  th e  ly m p h o id  cells 
p o p u la t in g  th e  H a rd e ria n  g la n d  are p re d o m in a n tly  p lasm a  cells a n d  p lasm a 
ce ll p ro g en ito rs  and th e  m a tu r e  p lasm a cells p ro d u c e  m ain ly  IgA  w h ich  appears 
in  s e c re to ry  form  in  th e  t e a r .  I t  w as show n t h a t  th e  H a rd e ria n  g lan d  ex h ib it 
lo c a l h u m o ra l im m une re sp o n se . B ased u p o n  th e se  fin d in g s, i t  w as suggested  
t h a t  th e  H a rd e rian  g lan d  m a y  a c t as a p e rip h e ra l ly m p h o id  o rg an  [2].

C onsidering th a t  th e  ch ick en ’s p e rip h e ra l ly m p h o id  o rgans are  v e ry  
p r im it iv e  and  th a t  th e  h is to lo g ic a l and  im m u n o lo g ica l f in d in g s a rg u e  fo r th e  
ly m p h o id  n a tu re  of th e  H a rd e r ia n  gland, we a n a ly z e d  its  m o rpho logy  b y  lig h t 
a n d  tran sm iss io n  e lec tro n  m icroscopy . Specia l im p o rta n c e  w as a t ta c h e d  to  
th e  id e n tif ic a tio n  of ly m p h o id  cells and  to  th e  re la tio n sh ip  b e tw een  lym p h o id  
a n d  e p ith e lia l e lem ents. A c c o rd in g  to  th e  re su lts  p re se n te d  in  th is  w o rk , th e re  
is a s tr ik in g  sim ila rity  b e tw e e n  th e  ly m p h o e p ith e lia l s tru c tu re  of th e  H a rd e r
ia n  g la n d  and  th a t  o f th e  c e n tra l  lym pho id  o rg an s  o f th e  ch icken . T h e  origin 
o f  th e  p lasm a  cells in  th e  H a rd e r ia n  g land  re m a in s  u n c lea r  an d  th e  dep en 
d e n c e  o f  th e  fu nc tion  o f  th e s e  cells from  th e  b u rsa  o f F ab ric iu s  needs fu r th e r  
e lu c id a tio n .

Material and m ethods

H r r d s r ia n  glands from  h a tc h in g  and  2- 3- 4- an d  6- w eeks- old chickens w ere in v estig a ted . 
T h e  g la n d s  were reached b y  re m o v in g  th e  bu lbus. F o r  l ig h t  m icroscopy , C arnoy f ix a tio n  was 
e m p lo y e d  an d  the  specim ens w e re  em bed d ed  in to  e s te r  w ax . T he sec tions (3— 4 /xm  th in )  
w e re  s ta in e d  w ith  h e m a to x y lin  a n d  eosin. F o r th e  tra n sm iss io n  e lec tron -m icroscop ic  s tu d ies 
th e  sp ec im en s were fix ed  in  g lu ta ra ld e h y d e  (3.5 m g/100 m l 0.1 M  c aco d y la te  b u ffe r , p H  7.2) 
a n d  a  second  fixation  in  osm ic a c id  (1 g/100 m l) a n d  em b ed d in g  in  a ra ld ite  w ere em ployed. 
T h e  se m i- th in  sections w ere s ta in e d  w ith  a m ix tu re  o f  to lu id in e  blue an d  azure  I I ,  w hile th e  
u l t r a - th in  sections were c o n tr a s te d  b y  u ran y l ace ta te  a n d  lead . A JE M  6C e lec tro n  m icroscope 
w a s  u se d .

Results

T h e  H ard erian  g la n d  c o n ta in s  a c e n tra l  co llec ting  tu b u le  a long  its  
lo n g itu d in a l  axis (F ig . 1). T h e  cross-section  o f  th is  tu b u le  seem s to  be s ta r 
s h a p e d , owing to  severa l lo n g itu d in a l folds b u lg in g  in to  th e  lu m en  (F ig . 2). T he 
tu b u lo a c in a r  u n its  a re  lo c a te d  u n d e r th e  su rro u n d in g  capsu le . T h ey  lead  in to  
th e  c e n tra l  tu b u le  am o n g  th e  fo lds (F ig. 2). T ran sm iss io n  e lec tron-m icroscop ic  
o b se rv a tio n s  show t h a t  t h e  acin i have  a lin in g  o f cy lin d rica l secre to ry  
e p ith e liu m . A n u m b er o f  vacu o les  co n ta in in g  a lip id -lik e  m a te r ia l o f low 
e le c tro n  density  can be  fo u n d  in  th e  ap ical p a r t  o f ep ith e lia l cells. T h e  con-
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Fig. 1. L on g itu d in a l sec tion  of the  H a rd e ria n  g land . T h e  c en tra l collecting tu b u le  (L u) 
F ig . 2. C ross-section of th e  H a rd erian  g lan d . T he fo lds (Fo) filled w ith  ly m p h o id  cells 
in tru d in g  the  lum en (L u). T he tu b u lo a c in a r u n its  a re  u n d e r the  rows of co n n ec tiv e  

tissue (Sp) an d  th e  capsu le  (Cap)

1)

2)
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Fig. 3. Acini w ith  c y lin d rica l lining cells (AEC) w ith  sec re to ry  vacuoles (Sv) over th e  
co n tin u o u s  b asem en t m em b ran e  (BM)
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Fig. 4. Surface  ep ithelial lining cells (SE C ) over th e  fold. N ote the  m icrovilli (MV) 
on  th e ir  ap ical surface . The b asem en t m em b ran e  is lack ing  u n d e r th e  surface  ep ith e lia l 
cell SEC). T h is  cell is in connection w ith  a process o f a deep ep ithelial cell (D E C ). P la sm a  

cells (P) co n tac t w ith  th e  deep ep ith e lia l cell (DEC)
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F ig . 5. Surface e p ith e lia l  cell (SEC) is jo ined  u p  w ith  desm osom es (D) to  th e  deep 
e p ith e lia l cell (D E C ). N o te  th e  rich  to n o fib rilla r a p p a ra tu s  ( tf )  an d  th e  d ifferen t 

m a tu ra t io n  form s of p lasm a  cells (P)
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F ig . 6. T o n o fib rilla r a p p a ra tu s  of a  deep  ep ith e lia l cell (D EC ) am ong  p la sm a  
cells (P ). Inset : D esm osom e (D) jo in in g  u p  a su rface  ep ith e lia l cell (SEC ) to  a  deep

ep ith e lia l cell (D E C )
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F ig . 7. P la sm a  cells (P ) in tru d in g  am ong th e  b asa l p a r ts  o f surface ep ith e lia l cells 
(S E C ) a re  sep a ra ted  fro m  th e  c en tra l lum en (L u) o n ly  b y  th e  ap ical 1— 2 fim  

p a r t  o f th e  su rface  ep ithe lia l cells. R C : re tic u lu m  cell
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Fig. 8. T he su p p o rtin g  a p p a ra tu s  o f the  folds is fo rm ed  by  re ticu la r fib res, b y  h o m o 
geneous (h) a n d  f ib rilla r  (f) e x trace llu la r su b s ta n c e  a n d  by  re ticu lum  cells. N o te  th e  

in v ag in a tio n s c h a ra c te ris tic  o f th e  cy top lasm ic  p rocesses o f re ticu lum  cells (a rro w )
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F ig . 9. C apillary  lu m en  filled  w ith  n u c le a te d  e ry th ro cy te s  (EC) an d  
ly m p h o cy tes . N o te  th e  lym p h o cy tes c ro ssin g  th e  endothelia l w all (E n )

n e c tiv e  tissu e  e lem en ts a re  sep a ra ted  fro m  th e  cells of th e  ac in i b y  th e  
c o n tin u o u s  b asem en t m em b ran e  (F ig. 3).

T h e  fo lds w ere in v e s tig a te d  w ith  p a r t ic u la r  in te re s t because  o f  th e  p re s 
en ce  o f  ly m p h o id  tis su e  (F ig . 2). T he e p ith e lia l cells covering th e  fo ld s  sign if
ic a n t ly  d iffe r from  th e  ep ith e lia l lin ing  o f th e  ac in i in  th e  presence o f m icrov illi 
o n  th e i r  ap ica l su rface  a n d  in  lack ing  o f s e c re to ry  vacuoles (F ig . 4).

Cells w ith  o th e r  cy to log ica l c h a ra c te r is tic s  are  located  in  a deep er la y e r  
o f  th e  ep ith e liu m  an d  are  jo in e d  up  by  desm osom es to  th e  su rface  e p ith e lia l 
ce lls. T h e ir  processes are  d irec ted  to w ard  th e  in s id e  o f th e  folds an d  th e ir  c y to 
p la sm  is c h a ra c te riz e d  b y  a  w ell-developed  to n o fib r illa r  system . P la sm a  cells 
a re  in te rp o s e d  b e tw een  th e m  (F igs 5 an d  6). O ccasionally , p lasm a cells in tru d e
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am o n g  th e  basa l p a r ts  o f  th e  su rface  ep ith e lia l cells, too . In  su ch  a p o sitio n  
o n ly  th e  lu m in a l p a r ts  o f  th e  su rface  ep ith e lia l cells se p a ra te  th e  p la sm a  cells 
fro m  th e  ce n tra l lu m en  (F ig . 7).

T he su p p o rtin g  a p p a ra tu s  o f  th e  fold a re  fo rm ed  b y  re tic u la r  cells and  
b y  co n n ec tiv e  tissue  c o n ta in in g  sm all am o u n ts  o f collagen fib res. T h e  re tic u la r  
cells are  ch a rac te rized  b y  an  endop lasm ic  re tic u lu m  o f v esicu la r ty p e  a n d  a 
n u c leu s  w ith  loose c h ro m a tin  s tru c tu re  an d  a dense nucleo lus. P ro n o u n c e d  
in v a g in a tio n s  o f th e  cell m e m b ra n e  w ere observed . T he in v a g in a tio n s  a n d  th e  
in te rc e llu la r  space are  filled  w ith  a m a te ria l o f m ed ium  e le c tro n  d e n s ity
(F ig . 8).

L y m p h o cy tes  or ly m p h o b la s ts  occur v e ry  ra re ly  in  th e  a lm o s t hom o g e
n eous p o p u la tio n  of p la sm a  cells, m o st f re q u e n tly  in  th e  v ic in ity  o f  cap illa rie s . 
A ll d iffe re n tia tin g  fo rm s, fro m  p la sm o b la s ts  to  m a tu re  p lasm a cells, c a n  be 
ea s ily  d is tin g u ish ed  in  th e  g lan d . R ussell bodies p ro d u ced  b y  th e  c o n c e n tra 
t io n  o f th e  c o n te n t o f th e  ergastop lasm ic  c y s te rn a e  occur f r e q u e n tly . O nly  
a few  b lood  vessels can  be  fo u n d  w ith in  th e  fo lds. L y m p h o c y te  m ig ra tio n  across 
th e  w all o f cap illa ries w as o b serv ed  in  som e cases. Few  ly m p h o cy te s  can  be 
fo u n d  in  th e  p ro x im ity  o f th e  su b en d o th e lia l co n n ec tiv e  tissu e  b u t  n e v e r  in 
fu r th e r  areas (F ig . 9).

D iscussion

A lthough  th e  p la sm a  cell invasio n  ch a rac te rize s  on ly  th e  H a rd e r ia n  
g la n d  o f th e  fowl, an d  ly m p h o id  elem ents a re  n o t a b u n d a n t in  th e  accessory  
la c r im a l g land  of m am m als  [3, 11], th e  ca teg o riza tio n  of th e  H a rd e r ia n  g land  
am o n g  th e  ly m p h o id  o rg a n s  h as  been  p roposed  on ly  re c e n tly  [2, 7, 10]. T he 
p red o m in an ce  of p lasm a  cells in  th e  H a rd e ria n  g land  of th e  ch ick en  h as  been 
ex p la in ed  as a consequence  o f  th e  co n tin u o u s in fec tion  w ith  leucosis v iru s  b u t 
th e  c h a ra c te ris tic  p la sm a  cell in v asio n  develops in  germ -free ch ick en s a n d  in 
o th e r  b ird s , too  [2]. T h e  a p p e a ra n ce  of p laq u e-fo rm in g  cells in  th e  H a rd e r ia n  
g lan d  a f te r  local or sy s tem ic  im m u n iza tio n  w as exam ined  by  Mueller  e t  al. 
[7]. A n tib o d y -p ro d u c in g  cells w ere show n in  th e  H a rd e ria n  g lan d  a f te r  an 
in tro d u c tio n  of sheep e ry th ro c y te s  in to  th e  eye b u t  th e y  w ere a b s e n t a f te r  
sy s tem ic  im m u n iza tio n . O n th e  o th e r  h an d , p laq u e-fo rm in g  cells w ere  also 
fo u n d  a f te r  local im m u n iz a tio n  in  o th e r  p e rip h e ra l ly m p h o id  o rg an s, su g g es t
in g  th e  m ig ra tio n  an d  h o m in g  o f th e  an tig en -sen sitiv e  or a n tib o d y -p ro d u c in g  
cells. Such recep tio n  o f a n tig e n  is a know n fu n c tio n  o f tonsils  in  m a m m a ls  an d  
th e  sam e c a p ac ity  is a t t r ib u te d  to  th e  b u rsa  o f F ab ric iu s  [6, 8, 9]. N o c y to to x ic  
ce llu la r ly m p h o cy te  re sp o n se  w as found  a g a in s t ch icken  ch o rio a llan to ic  m em 
b ra n e  cells and  th is  w as in te rp re te d  as com ple te  absence o f ly m p h o id  cells of 
th y m ic  origin in  th e  H a rd e r ia n  g lan d  [10]. B ased  on th ese  fin d in g s  th e  H ar-
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d e r ia n  g land is th o u g h t  to  b e  a periphera l ly m p h o id  o rgan  p lay in g  a ro le in  the  
lo c a l im m unological d e fen se  [2, 10].

T he to p o g ra p h ic a l p a t te r n  of ep ith e lia l a n d  p lasm a  cells in  th e  H ard er- 
ia n  g lan d  is id e n tic a l w ith  th a t  of th e  e p ith e lia l a n d  ly m p h o id  e lem en ts  of th e  
th y m u s  and  th e  b u rs a  o f  F ab ric iu s. T h e  close re la tio n  betw een  th e se  cell 
ty p e s  is expressed  b y  th e  p e n e tra tio n  o f p la sm a  cells am ong th e  ep ithe lia l 
ce lls . T he th re e -d im e n s io n a l m eshw ork o f th e  ep ith e lia l cells, w h ich  is p ro 
n o u n c e d  by  th e  su rfa c e  a n d  deep ep ith e lia l cells in  th e  H a rd e ria n  g land , 
is a n  essen tia l c h a ra c te r is t ic  of lym phoid  o rg an s p lay in g  a role in  lym p h o id  
cell d iffe ren tia tio n . B a se d  o n  these m orpho log ica l s im ila rities to  th e  s tru c tu re  
o f  th y m u s  and  b u rs a , th e  H ard erian  g lan d  ca n  be reg a rd ed  as one of th e  
ly m p h o e p ith e lia l o rg an s .

I t  seems th a t  th e re  is  a co n trad ic tio n  b e tw e e n  th e  local h u m o ra l im m u 
n o lo g ica l func tion  a n d  th e  ly m p h o ep ith e lia l s t ru c tu re  o f th e  H a rd e ria n  gland. 
T h e  k e y  of th e  so lu tio n  m ig h t be th e  o rig in  a n d  d ependence  of th e  hom o g e
n eo u s  p lasm a cell p o p u la t io n . T he p resence  o f ly m p h o id  follicles h as  been 
sh o w n  in  th e  co n n ec tiv e  tis su e  a round  th e  la c r im a l d u c t o f th e  H a rd e ria n  gland, 
a n d  th e  m ig ra tion  o f  th e i r  cells in to  th e  fo lds, a n d  d iffe ren tia tio n  in to  p lasm a 
ce lls  w ere suggested  [2]. T h e  lack  of ly m p h o c y te s  an d  ly m p h o b la s ts  in  th e  
fo ld s  argues ag a in s t th is  h y p o th es is . The ly m p h o c y te  m ig ra tio n  across cap il
la r y  w alls in to  th e  d e e p e r la y e rs  of th e  fo lds d ire c ts  a t te n tio n  to w ard s  an o th e r 
p o ss ib ility . This p h e n o m e n o n  supports th e  su p p o s itio n  of th e  tra n s p o r t  of 
p la s m a  cell p recu rso rs  f ro m  o th e r lym p h o id  o rg an s  to  th e  g land  via  th e  blood 
c irc u la tio n . O ur u n p u b lis h e d  resu lts  seem  to  p ro v e  th e  ex istence  of a consid
e ra b le  e x te n t of cell w a n d e rin g  to  th e  H a rd e r ia n  g land  from  th e  b u rsa  of 
F a b r ic iu s , and  also fro m  th e  th y m u s. On th e  o th e r  h a n d , su rg ical or chem ical 
re m o v a l of th e  b u rsa  does n o t  influence th e  d ev e lo p m e n t of th e  ly m p h o e p ith e 
lia l s tru c tu re  c h a ra c te r iz in g  th e  H ard e rian  g lan d .

T hese find ings seem  to  be in  acco rdance  w ith  th e  p e r tin e n t d a ta  co n cern 
in g  th e  on togeny  o f th e  В sy s tem , nam ely , t h a t  th e  d iffe re n tia tio n  of В ly m p h o 
c y te s  to  p lasm a cells m a y  h a p p e n  p ara llc lly  in  d iffe re n t p laces o f th e  im m une  
s y s te m  w here th e  fo llow ing  cond itions are  g iven :

( a )  В c o m m itte d  ly m p h o cy tes ,
(b )  T h e lp ,
( c )  ep ithe lia l o r  re t ic u la r  fram ew ork ,
( d )  co n tin u o u s im m u n o g en ic  s tim u lus.
T h e  presence o f  th e s e  cond itions in  th e  H a rd e r ia n  g land  o f th e  chicken 

m a y  serve  as an  e x p la n a tio n  of its  dual n a tu r e  b u t  m u s t be co n firm ed  by  
f u r th e r  d irec t e x p e rim e n ta l evidence.
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EFFECT OF SOME PESTICIDES ON THE 
RHYTHMIC ADDUCTOR MUSCLE ACTIVITY 

OF FRESH-WATER MUSSEL LARVAE

I . V a r a n k a

BIOLOGICAL R E S E A R C H  IN ST IT U T E  OF T H E  H U N G A RIA N  ACADEMY OF SCIEN CES,
TIH A N Y , HUN G ARY

(R eceived  1977— 11— 02)

Abstract

T he effect o f som e pestic ides o n  th e  sp o n tan eo u s  an d  try p ta m in e  (T A )-induced  
a d d u c to r  m uscle a c tiv ity  o f g lochidiae o f th e  fresh -w a te r  m ussel A nodonta  cygnea  was 
ex am in ed  in  sh o rt- te rm  ex p erim en ts . T he p estic id es used  were: Bi-58 E C , N o v en d a , 
M ala th io n , Shcll-D D , D ik o n irt an d  p u re  2,4-D  th e  ac tiv e  ingred ien t of D ik o n ir t.  H igh 
co n cen tra tio n s  10 _1 g/1) o f th e  ex am in ed  su b s ta n c es  have  a sho rt, s lig h t e x c ita to ry  
in fluence  on  th e  sp o n tan eo u s  rh y th m ic  a d d u c to r  a c t iv ity  of larvae, in  a d d it io n  th e ir 
e ffec t re su lts  in la s tin g  c losure of som e specim ens. In  low er co n cen tra tio n s , th e y  in h ib it 
th e  T A -induced  a d d u c to r  a c tiv ity . T he th re sh o ld  of in h ib ito ry  c o n c e n tra tio n s  m ay 
be  low er w ith  p ro longed  exposure  tim e.

Introduction

T h e  to le ran ce  o f  b iv a lv e  m olluscs to  d iffe ren t pesticides a n d  p o llu tin g  
su b s ta n c e s  is v a riab le . F u r th e rm o re , th e  re s is ta n c e  against a g iven  su b s ta n c e  
is ch an g in g  du ring  on togenesis , eggs and  la rv a e  being  generally  m o re  re s is ta n t 
th a n  a d u lt  specim ens [5, 11]. F o r ex am in in g  th e  in fluence of to x ic  su b stan ces  
on th e  b iv a lv e  la rv ae , th e  m o rta lity  h as  been  considered  as an  in d ic a to r  of 
th e  e ffec t in  sh o rt- te rm  ex p e rim en ts , w hile  th e  supression  of la rv a l g ro w th  in 
ch ro n ic  ex p erim en ts  [1, 2, 3, 5]. In  ea rlie r in v es tig a tio n s  w ith  p e s tic id e s  and 
h e a v y  m e ta l sa lts , w e fo u n d  th a t  on ly  v e ry  h ig h  co n cen tra tio n s o f  th e  tox ic  
su b s ta n c e s  h ad  an  e x c ita to ry  effect on th e  sp o n tan eo u s a d d u c to r  a c t iv i ty  of 
la rv a e  [4, 12]. On th e  o th e r  h an d , th e  sp o n ta n e o u s  ad d u c to r a c t iv i ty  o f  la rv ae  
is n o t  su ita b le  for te s tin g  th e  in h ib ito ry  in flu en ces because of its  low  freq u en cy . 
KC1 a n d  try p ta m in e  (TA) h av e  a co n sid erab le  e x c ita to ry  effect on th e  rh y th m ic  
a d d u c to r  a c tiv ity  [8, 9 ], th u s , th e  in h ib itio n  o f  th e  T A -induced  a c t iv i ty  can 
be  considered  a su ita b le  in d ic a to r  o f th e  in h ib ito ry  effect of to x ic  su b stan ces .

W e h av e  described  th e  effect o f  som e pestic id es  on th e T A -in d u c e d  a c tiv 
i ty  o f  th e  la rv ae  o f  fre sh -w a te r  m ussel A n o d o n ta  cygnea [12]. T h e  a im  o f the  
p re se n t e x am in a tio n s  w as to  o b ta in  s im ila r ty p e  o f in fo rm ation  fo r  o th e r  p e s ti
cides w h ich  can  e n te r  s tream s an d  s ta g n a n t w a te rs .
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Material and m ethods

E x p e rim en ts  w ere  p e rfo rm ed  on glochidiae o f  fre sh -w a te r  m ussel A nodonla  cygnea  L 
in  th e  m o n th s  N o v em b er to  M arch , a t  room  te m p e ra tu re  (20— 23 °C). Before th e  ex p erim en ts , 
g lo ch id iae  w ere d iv id ed  in to  g ro ups, each  of th em  c o n ta in e d  25 specim ens, a n d  w ere allow ed 
to  s ta y  fo r 30 m in  u n d e r  b in o cu la r m icroscope, fo r a ssu r in g  th e  a d ap ta tio n  to  te m p e ra tu re  
a n d  lig h t. Follow ing th is , th e  sp o n tan eo u s a d d u c to r c o n tra c t io n s  in  th e  f irs t g roup  w ere co u n ted  
in  e v e ry  m in u tes  d u rin g  5 m in , th en , a fte r  an  a p p lic a tio n  o f 100 mg/1 TA  so lu tio n , th e  TA- 
in d u ce d  c o n trac tio n s  w ere  c o u n te d  for 30 m in  in th e  sam e w ay . The nu m b er o f la rv a e  show ing 
la s tin g  closure  was n o ted , to o . I n  case o f th e  o th e r g ro u p s , th e  TA  solution co n ta in ed  th e  given 
c o n c e n tra tio n  of th e  p e s tic id e  to  be te s ted . T hus, e ach  c o n ce n tra tio n  was te s te d  on  200— 300 
la rv a e  a t  le a s t [12].

F o r  e stim a tio n  o f th e  re su lts  th e  co n trac tio n s o f  100 la rv a e  per m inute  (а /m in ) a n d  th e  
v a lu e  o f  la s tin g  closures in  p e r  cen t of th e  to ta l  n u m b e r  o f  la rv ae  (C % ) were c a lcu la te d  an d  
g ra p h ic a lly  p resen ted . T h e  n u m b e r  of co n trac tio n s p e r  30 m in  (whole ex p erim en ta l period ) 
w as a lso  ca lcu la ted  ( Z  a ) , a n d  th e  p ercen tage  in h ib itio n  o f T A -in d u ced  a c tiv ity  b y  th e  pestic ides 
w as g ra p h ic a lly  p re sen te d  as a  fu n c tio n  of p estic ide  co n ce n tra tio n . The co n ce n tra tio n  th a t  
re su lte d  in  50%  in h ib itio n  of T A -induced  a c tiv ity  w as g ra p h ica lly  estim a ted  fro m  th is  curve.

I n  case of th e  e x a m in a tio n  of influence of th e  e x p o su re  tim e on th e  T A -induced  a c tiv ity  
e ach  g ro u p  of la rv ae  w as in c u b a te d  in  pesticide so lu tio n  o f  d ifferen t co n ce n tra tio n  fo r 24 h
a t  + 4 ------ [-5 °C, th e re a f te r  th e  pestic ide  so lu tion  w as ch an g e d  for 100 mg/1 T A  so lu tion , and
th e  T A -a c tiv a tio n  w as m easu red . T he d a ta  ob ta in ed  w ere e v a lu a te d  as described above.

T h e  so lu tions w ere  fresh ly  p rep ared  in  f i lte re d  B a la to n -w ate r . T he w a ter-in so lub le  
c o m p o u n d s were used  as su sp en sio n  or colloid. T he ch em ica ls  used  were, as follow s: 
Insecticides : Bi-58 ЕС  (У Е В  C hem ie-K om binat, B itte r fe ld , D D R ), N ovenda  (N itrochem ie

In d u s try ,  Fűzfő , H u n g a ry ) , M alath ion  (Shell C hem icals L td ., E ngland).
N em a to cid e : Shell-D D  (S h e ll- In t. P e tr . Co. L td ., E n g la n d ).
H erbicide : D ik o n irt (N itro ch em ie  In d u s try , Fűzfő , H u n g a ry )  an d  its  active  in g red ien t 2,4-D .

T h e  p H  of B a la to n -w a te r  was 8.45, while t h a t  o f th e  solutions v a ried  b e tw een  7.9 
an d  8.45.

Results

T h e  own effect o f  th e  in sectic ide Bi-58 EC on th e  spon taneous a d d u c to r  
m uscle  a c tiv ity  an d  on  th e  la s tin g  co n trac tio n  o f  th e  glochidiae re q u ire d  a co n 
c e n tra t io n  of 5 x l 0 _1 m l/1  o r m ore. I t  w as a s h o rt- tim e , w eak e x c ita to ry  e f
fec t. T h e  to ta l  c o n tra c tio n  n u m b e r evoked w as a low  as 1 — 2%  o f th e  T A -in 
d u ced  c o n tra c tio n s . T h e re a f te r  a g rea t p e rc e n ta g e  (50%  a t  5 х Ю -1  m l/1 
8 0 — 9 0 %  a t  1 m l/1) o f  la rv a e  show ed la s tin g  c lo su re .

M ore th a n  10 -1  ml/1 o f  Bi-58 in h ib ited  th e  T A -induced  a d d u c to r  a c tiv 
i ty  o f  g lochid iae (F ig . 1), a n d  a c o n cen tra tio n  o f  1 ml/1 com pletely  p re v e n te d  
i t .  T h e  in it ia l  sh o rt- te rm , w eak  ex c ita tio n  as w ell as th e  lastin g  closure o bserved  
on m o s t o f th e  la rv a e  seem s to  be th e  own e ffec t o f  B i-58. F igure  2 show s th e  
in h ib itio n  of T A -a c tiv a tio n  b y  various c o n c e n tra tio n s  of Bi-58, consid erin g  
th e  t o ta l  c o n tra c tio n  n u m b e r  p er 30 m in. O n th e  basis  of th is  cu rv e  th e  50%  
in h ib itio n  w as caused  b y  4 x l 0 " 2 ml/1 B i-58, i.e. 10~2 g/1 ac tive  in g re d ie n t, 
D im e th o a te .

N o v en d a  in  c o n c e n tra tio n s  low er th a n  1 g/1 d id  n o t show an y  ow n e x c it
a to ry  e ffec t on th e  a d d u c to r  m uscle a c tiv ity  o f  g loch id iae . O ver 1 0 _4 g/1 co n 
c e n tra t io n  i t  in h ib ite d  th e  T A -induced  a c tiv ity  (F ig . 3). The in h ib itio n  reach ed  
50 %  a t  2 х Ю -1 g/1 a n d  w as a lm o st com plete  a t  1 g/1, i.e. 5 x l 0 " 2 g/1 ac tiv e  
in g re d ie n t DNOC (F ig . 4).
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M ala th io n  w as u sed  as em ulsion in  w a te r . In  co n cen tra tio n s 1 0 -1  ml/1 
or h ig h er i t  h a d  a s h o r t- te rm , s ligh t ow n e x c ita to ry  effect on th e  sp o n ta n e o u s  
a d d u c to r  m uscle a c t iv i ty  o f g lochidiae, an d  la s tin g  closure o f 2 0 — 3 0 %  of 
la rv a e  occu rred . A c o n c e n tra tio n  as low as 10 ~5 ml/1 in h ib ited  th e  T A -in d u ced  
a d d u c to r  m uscle a c t iv i ty  considerab ly  (F ig . 5), an d  th e  e x c ita to ry  e ffec t of 
TA  w as co m p le te ly  b lo ck ed  b y  a 1 0 _1 ml/1 M a la th io n , an d  only th e  ow n effec t 
o f th is  in sec tic id e  w as m an ifested . T he 50%  in h ib itio n  w as reached  a t  1.8 X 1 0 -3  
ml/1 (F ig . 6).

T h e  n em a to c id e  Shell-D D  w as used  as em ulsion , too . In  c o n c e n tra tio n s  
o f 1 0 _1 ml/1 or m ore  i t  h a d  a sligh t ow n e x c ita to ry  effect, an d  re su lte d  in  a 
la s tin g  c losure of 3 0 — 70 %  of la rv ae . O ver 1 0 _4 ml/1 an  in h ib ito n  o f  T A -in 
duced  a c tiv i ty  w as o b se rv ed . In  1 0 -1  ml/1 c o n c e n tra tio n  th e  ow n e ffec t of 
Shell-D D  w as rea lized , th o u g h  th is  c o n c e n tra tio n  d id  n o t com ple te ly  p re v e n t 
th e  T A -in d u ced  a c tiv i ty  (F ig . 7). A co m p le te  b lo ck ad e  req u ired  1 ml/1 con
c e n tra tio n . T he 50%  in h ib itio n  of th e  T A -in d u ced  ad d u c to r m uscle  a c t iv i ty  
w as cau sed  b y  a c o n c e n tra tio n  of 2 x  10~2 m l/I, i.e. 10~2 ml/1 ac tiv e  in g re d ie n t 
1 ,3 -d ich lo rp ropene +  1,2 -d ich lo rp ro p an e  (F ig . 8).

T h e  herb ic ide  D ik o n ir t in  c o n c e n tra tio n s  o f 5 x l 0 _1 or m ore  h a d  an  
ow n e x c ita to ry  effect on  th e  sp o n tan eo u s a d d u c to r  a c tiv ity  o f g loch id iae  
la s tin g  5 — 7 m in. O n m o st (70—90% ) of th e  la rv a e  i t  caused im m e d ia te ly  a 
la s tin g  c losure, w h ich  w as qu ick ly  e lim in a ted  in  th e  f irs t  10 m in , th e n  th e  
e lim in a tio n  p rocess w as slow ed dow n. T h is l a t t e r  effect w as m a n ife s te d  even  
in  th e  p resence  of TA  (F ig . 9). O ver 10 ~2 g/1 c o n c e n tra tio n  D ik o n irt in h ib ite d  
th e  T A -in d u ced  a d d u c to r  m uscle a c tiv ity  o f  g loch id iae . A com plete  in h ib itio n  
n eeded  5 g/1 c o n c e n tra tio n , w hile th e  50%  in h ib itio n  w as evoked b y  3.5 X 1 0 _1 
g/1 D ik o n irt (F ig . 10), i.e. 2.5 X Ю -1 g/1 ac tiv e  in g re d ie n t 2,4-D .

T h e  in h ib ito ry  e ffec t of p u re  2,4-D  a c tiv e  in g red ien t w as ex am in ed  
se p a ra te ly . I t  h ad  som e s lig h t ow n e x c ita to ry  effect on th e  sp o n ta n e o u s  a d 
d u c to r  a c t iv i ty  o f g loch id iae  over 5 g/1 c o n c e n tra tio n . T his la t te r  e ffec t la s te d  
10— 15 m in ., an d  fo llow ing  a 5 m in  t r e a tm e n t  th e  n u m b er o f c lo sed  la rv a e  
in c reased  u p  to  9 0 % . T h is own effect w as m a in ta in e d  even in  th e  p re sen ce  of 
TA  (F ig . 11). T h e  T A -in d u ced  a d d u c to r  a c t iv i ty  w as in h ib ite d  o n ly  b y  
c o n c e n tra tio n s  as h ig h  as 1 g/1 or m ore; 5 0 %  in h ib itio n  req u ired  7 g/1 2 ,4-D  
(F ig . 12).

T h e  effect o f M a la th io n  w as ex am in ed  also  follow ing 24 h  p r e tr e a tm e n t  
o f g loch id iae w ith  so lu tio n s  of d iffe ren t c o n c e n tra tio n s , th e re a f te r  th e  T A -in- 
duced  a c tiv i ty  w as te s te d . T he T A -induced  a c tiv i ty  of g lochidiae p re tr e a te d  
in  th is  w ay  w as in h ib ite d  b y  as a low  c o n c e n tra tio n  of M ala th ion  as 10 ~ 8 ml/1 
(F ig . 13). T he c o n c e n tra tio n  dependence  o f  th e  in h ib itio n  of T A -in d u ced  a d 
d u c to r  a c t iv i ty  is d e m o n s tra te d  in  F ig . 14. T h e  50%  in h ib itio n  w as o b se rv ed  
a t  a c o n c e n tra tio n  o f 7.5 X 1 0 ~6 ml/1.
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D iscussion

T he g lochidiae e x h ib it tw o  ty p es of sp o n ta n e o u s  m o v em en t a c tiv ity . 
O ne o f  these  is th e  rh y th m ic  a d d u c to r  m uscle  a c t iv i ty , w hich co nsists  o f th e  
fa s t, phasic  c o n tra c tio n  an d  re lax a tio n  o f th e  la rv a l  a d d u c to r m uscle . T h e  
o th e r  is th e  la s tin g  c lo su re , w hich is a re su lt o f th e  to n ic  c o n trac tio n  o f th e  a d 
d u c to r  m uscle. T he fre q u e n c y  o f th e  rh y th m ic  a d d u c to r  m uscle a c t iv i ty  is 
g en era lly  v e ry  low  (0— 0.02 cpm ), th e re fo re , i t  seem s only to  be su ita b le  fo r 
ex am in in g  e x c ita to ry  effec ts. T he su b stan ces in v e s tig a te d  in  th e  p re se n t e x p e r
im e n ts  caused  e x c ita to ry  effect only  in  h ig h  c o n cen tra tio n s  lO -1  ml/1 of 
M ala th io n  or Shell-D D , 5 x  Ю -1 ml/1 of B i-58 o r D ik o n irt and  10 g/I or h ig h e r 
o f 2 ,4-D . N ovenda  h a d  no  such  effect up  to  as h ig h  as 1 g/1 c o n c e n tra tio n . 
T h is  e x c ita to ry  effect on  th e  rh y th m ic  a d d u c to r  a c tiv ity  u su a lly  w as s lig h t 
a n d  la s te d  only  a few  m in u te s  (3 — 5 m in), e x c e p t fo r 2 ,4-D , w h ich  h a d  an  
effect o f 15 m in  d u ra tio n . T he n u m b er o f c o n tra c tio n s  evoked  b y  d iffe ren t 
su b stan ces  w as n o t m ore  th a n  1 — 3%  of th e  T A -in d u ced  ones. T h e  s lig h t ex 
c i ta to ry  effect o f th e  ab o v e  su b stan ces on th e  sp o n tan eo u s a c t iv i ty  w as 
co n n ec ted  w ith  p ro d u c in g  la s tin g  closure o f th e  la rv a e . T his la t te r  e ffec t w as 
in d u ced  in ab o u t 2 0 — 30 %  of la rv ae  b y  M a la th io n , 30— 70%  of la rv a e  b y  
S hcll-D D , an d  50— 90 %  o f la rv a e  b y  B i-58, D ik o n ir t and 2,4-D .

C onsidering th a t  in  th e  g lochidiae TA  h as  a fu n c tio n a l s ign ificance  in  
physio log ica l co n d itio n  [6, 9, 10], th e  T A -in d u ced  a d d u c to r m uscle a c t iv i ty  
m ay  be a su itab le  p a ra m e te r  fo r tox ico log ical ex a m in a tio n s . T he c o n c e n tra tio n  
red u c in g  th e  T A -in d u ced  a d d u c to r  a c tiv ity  to  50 %  seem s to  be a good in d e x  
fo r th e  to x ic ity . F o r  th e  pestic id es  exam in ed , th e se  co n cen tra tio n s  w ere  as 
follow s: M ala th io n : 1 . 8 х Ю - 3, Shell-D D  2 0 x l 0 - 3, B i-58 ЕС 4 0 x l 0 ~ 3, N o 
v e n d a  2 0 0 x l O -3 , D ik o n ir t  3 5 0 x l O -3 g/1.

T he T A -a c tiv a tio n  o f g lochidiae is kn o w n  to  be m ore p ro n o u n ced  in  an  
a lk a lin e  m ed ium  th a n  in  a n e u tra l  one. In  th e  l a t t e r  co n d itions th e  n u m b e r  o f  
c o n tra c tio n s  p er m in . a n d  th e  p e rcen tag e  o f la rv a e  ensuring  to n ic  c o n tra c tio n  
decreases, an d  th e  d u ra tio n  of th e  a c tiv a tio n  is d im in ish ed  in  th e  f ir s t  few  m in 
u te s  follow ing TA  a p p lic a tio n  [7]. In  th e  p re se n t ex p erim en ts , B i-58 in  
1 ml/1 c o n cen tra tio n  w as th e  le a s t a lkaline so lu tio n . I n  th is  so lu tio n , a s h o r t
te rm  T A -ac tiv a tio n  w as o b served , w hich  can  o n ly  be  a t tr ib u te d  to  th e  su b 
s tan ce , n o t to  a p H  effec t, because  of th e  la s tin g  c losure of m o st o f th e  la rv a e . 
T h e  s itu a tio n  is th e  sam e in  case of M ala th io n , D ik o n ir t  and  2 ,4-D . C oncern ing  
S hell-D D , th e  co n sid e rab le  d u ra tio n  of T A -a c tiv a tio n  is in co n sis ten t w ith  th e  
su p p o sitio n  of a p H -e ffe c t. F in a lly , th e  p H  o f th e  so lu tions o f each  c o n c e n tra 
tio n  o f  N ovenda  w as 8.45.

T he above c o n c e n tra tio n s  o f pestic ides a re  to o  h igh, to  occur in  n a tu ra l  
w a te rs . N everth e less , i t  m u s t be  ta k e n  in to  c o n s id e ra tio n  th a t  w e ca rried  o u t 
m o s tly  sh o rt- te rm  ex p e rim e n ts , th e  la rv a e  w ere  exposed to  to x ic  e ffec t o f
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p e s tic id e s  for 30 m in. E a r l ie r  w e supposed  t h a t  an  increase in  th e  exposu re  
t im e  sh o u ld  decrease th e  th re sh o ld  o f to x ic  co n cen tra tio n s . I n  th e  p re se n t 
w o rk , th is  w as e x p e rim e n ta lly  d e m o n s tra te d  fo r M ala th ion . In  th is  case an 
in c re a s e  in  th e  exposure  t im e  from  30 m in  to  24 h led  to  a d ec rea se  in  th e  
c o n c e n tra t io n  resu lting  in  5 0 %  in h ib itio n  from  1.8 X 1 0 “ 3 ml/1 to  7.5 X 10 ~G ml/1. 
A  s im ila r  decrease in  th e  e ffec tiv e  c o n c e n tra tio n  w ith  increasing  th e  ex posu re  
t im e  is  p ro b ab le  in  th e  case  o f  o th e r  pestic id es , to o . I t  m ay  be su p p o se d  th a t  
in  n a t u r a l  w ate rs g loch id iae  m a y  be exposed  to  p estic ides fo r s till lo n g e r tim es, 
a n d  th u s  a fu r th e r  d im in u tio n  o f th e  e ffec tive  in h ib ito ry  c o n c e n tra tio n s  m ay  
d im in is h  fu rth e r .

2 ,4 -D , th e  ac tive  in g re d ie n t o f D ik o n ir t w as exam ined  se p a ra te ly . W hile  
5 0 %  in h ib itio n  of th e  T A -in d u c e d  a d d u c to r  m uscle a c tiv ity  req u ired  350 X 1 0~ 3 
g/1 D ik o n ir t ,  th e  co rre sp o n d in g  c o n c e n tra tio n  fo r th e  pu re  2 ,4-D  s a lt  w as 
700 X 10 _3 g/1. Since p e s tic id e s  o ften  c o n ta in  a c tiv a to rs  an d  sy n e rg is ts  in  a d 
d i t io n  to  th e ir  active in g re d ie n t(s )  th e  p re se n t ex p e rim en ta l d a ta  su g g est th a t  
in  to x ic o lo g ic a l te s ts  th e  p u re  ac tiv e  in g re d ie n t c a n n o t s u b s ti tu te  th e  given 
p r e p a r a t io n .  The a d d itio n a l co m p o u n d s p o te n tia t in g  th e  to x ic  e ffec t o f th e  
a c t iv e  in g re d ie n t m ay  also e n te r  s tream s an d  s ta g n a n t w a te rs , n e v e rth e le ss  in  
th e  c o u rse  o f a chem ical a n a ly s is  o f th e  p e s tic id e -p o llu ted  w a te r  u su a lly  th e  
p re se n c e  a n d  co n cen tra tio n  o f  th e  ac tiv e  in g re d ie n t are only ex am in ed , th o u g h  
a t  a  g iv e n  co n cen tra tio n  o f  th e  ac tiv e  in g re d ie n t th e  presence o f an  a c tiv a to r  
m a y  m u lt ip ly  to x ic ity .

A cco rd in g  to  th e  d a ta  o f  D avis  an d  H m u  [2], th e  v a lu e  o f 14 d a y ’s 
T L m fo r  Crassostrea virg in ica  la rv a e  is 2 .6 6 х Ю _3 ml/1, a va lue  close to  1 .8 x  
X 1 0 ~ 3 ml/1 o b ta ined  in  o u r s h o r t- te rm  ex p e rim en ts . U sing th is  c o n c e n tra tio n , 
th e  5 0 %  in h ib itio n  of T A -in d u ced  a d d u c to r  c o n tra c tio n s  could be o b se rv ed  in  
30 m in . T h e  14 d ay ’s T L m v a lu e  o f  2,4-D  sa lt on o y ste r  la rv ae  has b e e n  re p o r te d  
to  b e  6 4 .2 9  X 10_3 g/1, w hile  th e  c o n c e n tra tio n  decreasing  th e  T A -a c tiv a tio n  of 
A n o d o n ta  la rv ae  to  50%  p ro v e d  to  be 7 0 0 0 X 10 ~ 3 g/1 in  our e x p e rim e n ts .
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CHANGES IN ACTIVITY OF THE ORGANON 
VASCULOSUM LAMINAE TERMINÁLIS IN THE  

ANNUAL CYCLE IN RANA TEMPORARIA

S t . K h a w c z y k , K .  D z i u b e k  and H . L a c h *

DEPARTM ENT OF ANIM A L PHYSIOLOGY, T E A C H ER ’S T R A IN IN G  COLLEGE, K R A K Ó W , POLAND

(R ece iv ed  1978— 01— 24)

Abstract

In  70 sex u a lly  m atu re  m ale a n d  fem ale R ana  lem poraria  frogs c a p tu re d  in  n a tu ra l 
h a b ita t,  m ean  n u c le a r  volum es fo r th e  cells o f th e  p a rs  ep en d y m alis  an d  p a rs  parenchy- 
m alis of th e  o rg a n o n  vasculosum  lam in ae  te rm in ális  (OY LT) w ere d e te rm in e d  in  seven 
ch arac te ris tic  s tag es  in  life. The m e a n  nuclear vo lum e for th e  cells o f th e  p a rs  ependy
m alis and p a rs  p a ren ch y m a lis  o f th e  OY LT show ed d is tin c t a n n u a l f lu c tu a tio n . M axim um  
nuclear volum e o f th e  cells in b o th  in v es tig a te d  p a r ts  o f th e  OV LT w ere obse rv ed  during  
th e  breeding p e rio d  (1st decade o f  A pril), a n d  m in im um  vo lum e of th e  nuclei o f the  
p a rs  ependym alis a t  th e  beg inn ing  o f h ib e rn a tio n  ( I l l r d  decade  of O cto b er), a n d  in 
th e  pars p a ren ch y m a lis  n ear th e  e n d  of active  life (1st decade of S ep tem b er).

Introduction

T he th ird  a n d  fo u r th  c e re b ra l v en tric le s , c o n ta in in g  ep en d y m a l and  
su b ep en d y m al a rea s  o f  special c e llu la r  s tru c tu re , a re  o f  special in te re s t .  These 
a re  th e  subforn ica l o rg an , subco m m issu ra l o rgan , p a ra v e n tr ic u la r  o rg an  and 
a re a  p o strem a  [3, 4 , 7, 19, 25, 35, 36], an d  th e  o rg an o n  v ascu lo su m  lam inae  
te rm in á lis  (OVLT) [7, 15, 22, 23].

T he OVLT is com m only  p re se n t in  v e r te b ra te s  [13]. I t s  m o rp h o lo g y  and  
s t ru c tu re  have b een  in v e s tig a te d  th o ro u g h ly  in  fishes, a m p h ib ia n s , rep tiles, 
b ird s  an d  m am m als [32]. The s t ru c tu ra l  m odel is s im ila r in  all in v e s tig a te d  
v e r te b ra te s . I t  co n sis ts  o f th ree  p a r t s :  pars epen d y m alis , p a rs  p a ren ch y m a lis  
a n d  p a rs  duralis [32, 33]. The ep en d y m a l p a r t  co n ta in s  ty p ic a l ep en d y m a l cells 
a n d  ta n y c y te s  [6, 15, 17]. The p a re n c h y m a l p a r t  is b u il t  o f lo o se ly -a rran g ed  
p a re n c h y m a l cells, w h ich  d o m in a te  am ong th e  cells of th e  O V LT. T he pars 
d u ra lis , w hich is r ic h ly  v ascu la rized , is be lieved  to  su p p ly  th e  O V LT w ith  
b lo o d  [33]. The O V LT in  R ana tem poraria  L . is in te re s tin g  b ecau se  of th e  
h ig h  degree of v a c u o liz a tio n  an d  p resence  o f ca tech o lin erg ic  cells an d  nerve 
f ib re s  an d  cy to p lasm ic  au to flu o re sc e n t g ran u la tio n s  [13]. T h e  fu n c tio n  of th is  
o rg an  is unknow n. In  v iew  of its  p o s itio n  an d  rich  v a sc u la r ity  i t  is h y p o th e ti
ca lly  assum ed to  p la y  an  im p o r ta n t  ro le  in  th e  fo rm a tio n  o f th e  b lo o d  cerebro-

* T he paper w as su p p o rted  b y  sc ien tific  p ro g ram  R — I I I — 14 c o o rd in a te d  by  the  
Ja g ie llo n ia n  U n iv ersity , K rak o w , P o land .
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sp in a l f lu id  (CSF) b a rr ie r  [14 , 22, 23, 32, 33]. D esp ite  n u m ero u s d a ta  on th e  
m o rp h o lo g y  and  s tru c tu re  o f  th e  O V LT, l i ttle  is k n o w n  as y e t a b o u t th e  seasonal 
c h a n g e s  in  th e  a c tiv ity  o f th is  o rg a n  in  am ph ib ians.

T h e  aim  of th e  p re s e n t s tu d y  was an  in v e s tig a tio n  of th e  a c tiv ity  of 
th is  o rg a n  in  th e  an n u a l cy c le  in  R . temporaria  L ., a species w ith  an  in te re s tin g  
life  c y c le  ch arac terized  b y  a  ch an g e  from  aq u eo u s e n v iro n m e n t d u rin g  the  
p e r io d  o f  h ib e rn a tio n  an d  b re e d in g  period to  te r re s tr ia l  en v iro n m en t during  
a c t iv e  life .

M aterials and methods

T h ir ty - f iv e  sexually m a tu re  m ale  an d  35 fem ale R . tem poraria  L. frogs w ere s tu d ied  in 
sev en  s ta g e s  o f the  an n u al cycle, i.e. : I l l r d  decade of J a n u a ry  (m idd le  o f h ib e rn a tio n ), 1st 
d e ca d e  o f  M arch  (end of h ib e rn a tio n ) , 1st decade of A pril (b reed in g  p e riod ), I l l r d  decade of 
M ay  (a c t iv e  life), U n d  decade o f J u ly  (m iddle  period  of a c tiv e  life), 1st decade  of S ep tem ber 
(e n d  o f  th e  period  of ac tive  life ), a n d  I l l r d  decade of O c to b er (beg inn ing  of h ib ern a tio n ). 
T h ese  p e r io d s  rep resen t th e  m o s t im p o r ta n t  phases in  th e  life o f a m p h ib ian s  in  th e  an n u al 
cy cle , a n d  w ere adopted  acco rd in g  to  J uszczyk  [16].

F ro g s  from  each p eriod  w ere  c a p tu re d  in th e  v ic in ity  o f  C racow  (50°04 N , 200— 220 m 
a b o v e  sea  level), five m ales a n d  f iv e  fem ales d irectly  fro m  th e ir  n a tu ra l  h a b ita t ,  a n d  killed 
in  th e  la b o ra to ry  by d e c a p ita tio n , a lw ay s  in the  a fte rn o o n  ho u rs . T h e  b ra in s  w ere f ix ed  in 
B o u in  f lu id ,  im bedded in  p a ra f f in , a n d  sta in ed  w ith  G o m o r i’s chrom e h e m a to x y lin  a n d  floxin  
as m o d if ie d  b y  B a r g m a n n  [27]. A ll sec tions from  each  b ra in  w ere s ta in e d  an d  changes in 
n u c le a r  v o lu m e in th e  p a rs e p e n d y m a lis  an d  p a rs p a ren ch y m a lis  w ere d e te rm in ed  (F ig . 1.).

N u c le a r  v o lu m e  was calcu la ted  b y  th e  eq u a tio n  of P a l k o v it z  [26]: Y =  L  B 2, w here L  is th e
6

lo n g  a x is ,  a n d  В the  sh o rt ax is o f  th e  nucleus. T his m eth o d  w as chosen because , as show n, 
c h a n g e s  in  nuclear volum e re fle c t ce ll a c tiv ity  [1, 2, 5, 20, 24, 30, 31]. A rith m e tic  m eans and 
s t a n d a r d  d e v ia tio n  of the  n u c lea r v o lu m e s  were calcu la ted . S ign ificance of differences in  nuclear 
v o lu m e  in  cells of the  OYLT b e tw e e n  m ales and fem ales in  d iffe ren t seasons w ere calcu la ted  
fro m  th e s e  values. D ifferences w ere  co n sid ered  significant a t  P <  0.01. T he re su lts  are assem bled 
in  T a b le  1 a n d  illu stra ted  in  F ig . 2.

F ig . 1. S chem e of the o rganon  v a sc u lo su m  lam inae te rm in á lis  in  R a n a  tem poraria  L. according 
to  G o o s s e n s  e t al. (1973) a n d  W e n g e r  an d  T örk (1968), m odified . E C  =  ep en d y m al cells, 
TC =  ta n y c y te s ,  PC =  p a re n c h y m a l cells, P E  =  p a rs ep en d y m alis , P D  =  p a rs  du ra lis , 

P P  =  p a rs  p a ren ch y m a lis , CO =  o p tic  ch iasm a
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R esults

P ars ependym alis

T he d a ta  p e r ta in in g  to  th e  p a rs  ep en d y m alis  are  assem bled in  T ab le  1 
an d  illu s tra te d  in  F ig . 2.

In  fem ales (136.464 ^ m 3) a n d  m ales (136.864 /im 5) h ighest n u c lea r  v o l
um e in  th is  o f th e  OVLT w as o b serv ed  in  th e  b re e d in g  period  (1st decade  of 
A pril), follow ed b y  a s te a d y  d ro p  to  m in im u m  m ean  vo lum es in  fem ales 
(93.412 fi,m 3) a n d  m ales (97.339 /im 3) a t  th e  b e g in n in g  of h ib e rn a tio n  ( I l l r d  
decade of O cto b er), follow ed b y  a rise in  n u c lea r  v o lu m es u n til  th e  m ax im u m  
m ean  volum es in  th e  b reed ing  p e rio d  w ere reach ed .

C om parison o f a d ja c e n t p e rio d s  in  fem ales show s s ta tis tic a lly  s ig n if ican t 
d ifferences on ly  be tw een  th e  1st decade o f A pril a n d  I l l r d  decade o f M ay; a n d

Table 1

Changes in  mean nuclear volume o f  cells in  the pars ependym alis and pars parenchym alis o f  the 
organon vasculosum laminae term inális in  the brain o f  R a n a  temporaria L. in  the annual cycle

Group Period investigated Sex

N uclear volume 
in cells of the 

pars ependym alis

Nuclear volume 
in cells of the 

pars parenchym alis

m ean ± S D mean ±  SD

I I l l r d  decade of Ja n u a ry ? 104.978 ±  11.37 147.006 ±  6.55

<? 100.239 ±  7.11 122.634 ±  10.17

h 1st decade of M arch ? 126.453 ±  23.25 176.224 ±  18.02

3 129.714 ±  26.49 175.395 ±  21.67

h i 1st decade o f April $ 136.464 ±  28.92 189.783 ±  37.57

3 136.864 ±  11.73 200.411 ±  9.00

IV I l l r d  decade of M ay 9 104.902 ±  16.05 172.200 ±  10.63

3 111.513 ±  9.74 165.940 ±  14.09

V U n d  decade of Ju ly $ 101.582 ±  7.64 170.945 ±  14.06

3 106.275 ±  13.07 162.835 ±  13.50

VI 1st decade of S ep tem ber ? 95.266 ±  17.57 159.333 ±  2.35

3 101.400 ±  16.42 147.745 ±  6.48*

V II I l l r d  decade of O ctober $ 93.412 ±  15.13 175.509 ±  15.76

3 97.339 ±  7.55 175.524 ±  17.79

E ach  group consisted  of 5 m ales and  5 females 
* P  <  0.01 was com pared w ith  fem ales o f the  sam e group
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in  m ales betw een  th e  I l l r d  decade of J a n u a r y  a n d  1st decade o f M arch , an d  
b e tw een  th e  1st decade  o f  A pril and  I l l r d  decade  o f  M ay. In  th e  v a s t  m a jo r
i ty ,  n u c le a r  volum es o f  ep en d y m al cells w ere h ig h e r in  m ales, th a n  in  fem ales.

Pars parenchym alis

T h e  d a ta  p e r ta in in g  to  th e  pars p a re n c h y m a lis  a re  assem bled  in  T ab le  1 
an d  F ig . 2.

Tabic 2

Statistical com parison o f  results (t)  between d ifferent periods o f  investigation  
in  the organon vasculosum  laminae term inális o f  R ana  temporaria L. in  the

annual cycle

Period
investigated

P ars ependymalis
OVLT

Pars parenchymalis
OVLT

? s ? 3

I l l r d  decade o f J a n u a ry  
1st decade of M arch 4.15 5.33* 7.63* 11.04*

1st decade of M a rch — 
1st decade of A pril 1.35 1.23 1.63 5.33*

1st decade of A pril 
I l l r d  decade o f M ay 4.78* 8.34* 2.26 9.12*

I l l r d  decade of M ay 
U n d  decade o f J u ly 0.94 1.61 0.36 0.80

l in d  decade of J u ly
1st decade o f S ep tem b er 1.51 1.16 4.06 4.93*

1st decade of S ep tem b er — 
I l l r d  decade o f O ctober 0.37 1.12 5.05* 7.25*

I l l r d  decade o f O c to b er 
I l l r d  decade of J a n u a ry 3.06 1.35 8.36* 12.93*

* S ta tistica lly  sign ifican t a t  P  <  0.01

T h e  highest m ean  nu c lea r vo lum e in  p e ren ch y m a l cells in  fem ales 
(189.783 jum3) and  m ales  (200.411 p,m3) w ere o b se rv ed  in  th e  b reed in g  period  
(1st decade  of A pril) a n d  th e  low est va lu es  in  fem ales (159.333 jam3) a n d  m ales 
(147.745 jum3) in  th e  l a s t  p h ase  of ac tiv e  life (1st decade  o f S ep tem b er). F ro m  
th e n  on w ard  a sligh t in c re a se  in  n uclear vo lum e o ccu rred  in  b o th  sexes in  th e  
b eg in n in g  o f h ib e rn a tio n  ( I l l r d  decade o f  O cto b er), follow ed b y  a d ro p  in  th e  
m idd le  o f  h ib e rn a tio n  ( I l l r d  decade o f  J a n u a ry )  an d  a renew ed  rise  to o k  
p lace  u n ti l  the  m ax im a l m ean  values w ere a t ta in e d  in  th e  b reed in g  period  
(1st decade  of A pril).

Acta Binlogica Academiae Scienliarum Hungaricae 29, 1978



6 2 ST. KRAWCZYK et al.

C om parison  o f  a d ja c e n t  periods show ed s ta tis t ic a lly  s ig n if ican t d iffe r
en ces  in  fem ales b e tw een  th e  I l l r d  decade o f  J a n u a r y  an d  1st decade  o f M arch, 
b e tw e e n  th e  1st decade o f  S ep tem b er an d  I l l r d  decade of O c to b er, an d  b e 
tw e e n  th e  I l l r d  decade o f O c to b e r an d  I l l r d  decad e  o f J a n u a ry ;  a n d  in  m ales 
th e  d ifferences w ere s ta t is t ic a l ly  n o n sig n ifican t, ex cep t be tw een  th e  I l l r d  
d e c a d e  o f M ay and  U n d  d e c a d e  o f Ju ly .

Discussion

I t  is a p p a re n t from  th e  f in d in g s th a t  th e  m ean  nu c lea r vo lu m e in  OYLT 
cells  in  R a n a  tem poraria  L . undergoes seaso n a l f lu c tu a tio n . C hanges w ere 
o b s e rv e d  in  th e  m ean  n u c le a r  vo lum es o f ep en d y m a l and  p a re n c h y m a l cells. 
A  p a r t ic u la r ly  p ro n o u n ced  r ise  o f th e  m ean  n u c le a r  vo lum es o f th e  cells w as 
o b s e rv e d  du ring  th e  b re e d in g  p e rio d  (1st decad e  o f  A pril). T h is w as follow ed 
b y  a  g ra d u a l decrease in  th e  a c t iv i ty  of th e  o rg an , la s tin g  u n til  th e  en d  of th e  
a c t iv e  perio d  of life (1st d e c a d e  o f  S ep tem ber) in  case of p a rs  p a re n c h y m a lis  
a n d  u n t i l  th e  in itia l p e rio d  o f  h ib e rn a tio n  ( I l l r d  decade of O ctober) in  case o f 
p a r s  ependym alis . A fte r  b e g in n in g  of h ib e rn a tio n , th e  p a rs  ep en d y m alis  in 
c re a se s  in  a c tiv ity  u n til  a m a x im u m  in th e  b reed in g  period . O n th e  o th e r  h an d , 
th e  a c t iv i ty  of th e  p a rs  p a re n c h y m a lis  increases s lig h tly  a t  th e  b eg in n in g  o f h i
b e rn a t io n , decreases ag a in  in  th e  m iddle of h ib e rn a tio n  to  th e  m in im u m  y ea rly  
v a lu e s , a n d  th e n  increases su d d e n ly  u n til  a m a x im u m  is reach ed  in  th e  b reed in g  
p e r io d . T h e  course o f th e  ch an g es  of m ax im u m  an d  m in im um  v a lu e s  in  p a rs  
p a re n c h y m a lis  and  in  p a rs  ep en d y m alis  a re  s im ila r in  b o th  sexes.

B ecause  of th e  s t ru c tu ra l  system  o f th is  o rg an  an d  its  r ich  v a sc u la r ity , 
i t  is  su p p o sed  to  p lay  p a r t  in  fo rm a tio n  of th e  C SF-blood  b a rr ie r  [14, 22, 23, 33], 
a n d  d ire c t exchange of c o m p o n e n ts  b e tw een  b lo o d  an d  th e  C SF is th o u g h t to  
ta k e  p lace  in  th is  o rg an  [34], w ith o u t ex c lu d in g  a re c e p to r fu n c tio n  of th e  
o rg a n , p a r tic u la r ly  osm o-chem o- an d  th e rm o re c ep to r. T hese a ssu m p tio n s , how 
e v e r , a re  d ifficu lt to  p ro v e  because  th e  d a ta  a b o u t th e  n e rv o u s co n n ec tio n s 
o f  th is  o rg an  w ith  th e  h y p o th a la m u s  and  o th e r  p a r ts  o f th e  b ra in  a re  in co m 
p le te . I n  th e  lig h t o f th e se  fin d in g s  and  th e  ab o v e-m en tio n ed  su p p o sitio n s , i t  
m a y  b e  concluded  th a t  an  in te n se  exchange o f co m p o n en ts  b e tw een  b lood  an d  
C S F  in  th e  OYLT occurs d u r in g  th e  b reed ing  p e rio d , an d  is m in im al in  th e  end  
o f  th e  perio d  of ac tiv e  life , b u t  th e  a c tiv ity  o f p a rs  p a ren ch y m alis  increases a t  
th e  b eg in n in g  of h ib e rn a tio n  ( I l l r d  decade o f  O ctober), to o , w h en  R a n a  
tem p o ra ria  changes i ts  h a b i t a t  from  lan d  to  w a te r , w h ich  is co n n ec ted , am ong 
o th e r s ,  w ith  th e  change o f  o sm o tic  and  te m p e ra tu re  cond itions.

I t  is o f in te re s t t h a t  G o o s s e n s  e t al. [13] fo u n d  cells c o n ta in in g  c a te c h o 
la m in e s  an d  m onoam inerg ic  fib re s  in  th is  o rg an  in  R an a  tem poraria  L ., i.e. 
f ib re s  w h ich  p lay  an  e sse n tia l ro le in  re g u la tio n  o f  th e  a n te rio r  p i tu i ta r y  lobe
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b y  re leasing  h y p o th a la m ic  h y p o p h y sio tro p ic  ho rm ones from  th e  n eu ro secre
to ry  end ings to  th e  v a sc u la r  p o rta l sy s tem  [18]. T hese fa c to rs  a re  p ro d u ced  in  
th e  nucleus in fu n d ib u la ris  v en tra lis  in  am p h ib ian s  [9, 10] an d  ta k e  p a r t  in 
re g u la tio n  of g o n ad o tro p ic  a c tiv ity  in  am p h ib ian s . T he w ork  o f Srebro  e t ah , 
[29] h as  show n t h a t  th e  nucleus in fu n d ib u la ris  v e n tra lis  in  R a n a  esculenta  
L . show s th e  h ig h est a c t iv i ty  d u rin g  th e  b reed in g  period , i.e. a t  th e  tim e  
w hen  OVLT a c tiv ity  is also th e  h ig h es t. In  rh esu s m onkeys Zimmerman an d  
A n t u n e s  [38] found  O V LT G n-R H  (g o n ad o tro p ic  rea lesing  ho rm one) as w ell as 
v aso p ressin  and o x y to c in . R ecen t s tu d ie s  b y  P elletier  e t al. [28] confirm  
th e  p resence  of L H -R H  in  OVLT in  r a ts ,  besides earlie r s tu d ies  b y  Zimmerman 
e t al. [37], D ube e t al. [11]. I f  one assum es th a t  L H -R H  is p ro d u c e d  in  th is  
o rg an  in  am ph ib ians, th e n  its  high a c tiv i ty  in  th e  b reed in g  perio d  w o u ld  in d i
c a te  t h a t  i t  takes p a r t  in  reg u la tin g  o v u la tio n . A ccord ing  to  P ell e t ie r  e t al. 
[28], p a rtic ip a tio n  in  th e  reg u la tio n  o f o v u la tio n  is b ased  on re lease  o f  L H -R H  
from  th is  organ in to  th e  c ircu la tion . A  fu r th e r  a rg u m en t fo r p a r tic ip a tio n  of 
O V LT in  rep ro d u c tiv e  processes is t h a t  in  am p h ib ian s  th e  O V LT an d  th e  
su b fo rn ica l organ a re  m orpho log ica lly  s im ila r [8]. M oreover, th e  h ig h e s t a c tiv 
i ty  in  th e  subforn ical o rg an  was show n in  R ana  esculenta  L . in  th e  sam e period  
o f th e  y e a r  [12, 21]. A ccord ing  to  th e se  a u th o rs , th e  su b fo rn ica l o rg an  is in  
som e w ay  involved  in  re p ro d u c tiv e  p rocesses in  am p h ib ian s. In  v iew  o f th e  
m orphological s im ila rity  an d  sim ilar a c t iv i ty  in  th e  an n u a l cycle o f th e  OVLT 
an d  subforn ica l o rgan , i t  is reasonab le  to  assum e th a t  th e y  h av e  a s im ila r p h y s
io logical function , n am e ly , reg u la tion  o f  g o n ado trop ic  a c tiv ity .
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A bstract

L -form s of P seudom onas aeruginosa  w ere in duced  and  c u ltu red  o n  a  m edium  
su p p lem en ted  w ith  carben ic illin . M orphological s tu d ies  of th e  passaged  v a r ia n t  revea led  
th e  p resence of a tr ip le -la y e re d  cell w all sim ilar to  th a t  fo u n d  in  th e  p a re n t  species. 
F u rth e rm o re , th e  L -fo rm  w as fo u n d  to  be m ore suscep tib le  to  g en tam ic in , k an am y cin , 
te trac y c lin e  an d  co listin  su lp h a te . Chem ical analysis o f th e  lip o p o ly sacch arid e  frac tio n  
show ed a d ifference in  phosp h o ru s c o n ten t, and  changes in cell w all en v elo p e  fa tty  
acid  c o n te n t were also ex h ib ited . I t  is suggested  th a t  these  differences m ay  influence 
th e  t r a n s p o r t  o f c e rta in  a n tib io tic s  th ro u g h  th e  cell wall.

In tro d u c tio n

Successful ch em o th e ra p eu tic  tre a tm e n t o f a n u m b e r o f b a c te ra e m ia s  asso
c ia ted  w ith  Pseudom onas aeruginosa  [5, 17] h av e  been o b ta in e d  u s in g  th e  
sem i-sy n th e tic  pen ic illin , ca rben ic illin  (d isod ium  a -ca rb o x y l b en zy l pen ic illin ). 
U n fo rtu n a te ly , such  th e ra p y  has been shadow ed b y  th e  em ergence o f  c a rb e n i
cillin r e s is ta n t s tra in s  [16]. M oreover, m orphological s tud ies h a v e  recognised  
these  v a r ia n t  species as ty p ic a l L -form s [12]. L -fo rm s of P seudom onas aeru
ginosa  h a v e  been  p ro d u ced  in  vitro  b y  co n tin u ed  p assage  of th e  m icro -o rgan ism  
in th e  p resence  o f ca rb en ic illin  [2]. Since re la tiv e ly  l i t t le  is kn o w n  o f th e  cell 
w all s tru c tu re  of L -fo rm s, th is  s tu d y  w as u n d e rta k e n  to  com pare  u l t r a s t r u c tu r 
al an d  c e r ta in  chem ical ch a ra c te ris tic s  of th e  n a tiv e  b a c te r iu m  w ith  carbe- 
n ic illin -induced  L-form s.

M aterials an d  m ethods

Pseudom onas aeruginosa , se ro ty p e  6 (N P6) was iso la ted  a t  th e  D e p a rtm e n t o f P a th o lo g y , 
R adcliffe  In f irm a ry , O xford . T he organ ism  w as grow n a t  37 °C in a m ed iu m  co n sistin g  of: 
3 .75%  b ra in -h e a r t  in fusion  b ro th  (O xoid  L td ) 3 .0%  NaCl supp lem en ted  w ith  10%  h orse  serum  
as an  osm otic  s tab iliser. L -form s w ere in duced  b y  cu ltu rin g  N P 6  in th e  above  m ed iu m  supp le
m en ted  w ith  carben icillin , u p  to  200 jUg/ml. B ac te ria  w ere h a rv este d  d u rin g  th e  e x p o n en tia l 
phase  by  cen trifu g a tio n  a t  5000 X g.
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A n tib io tic  Sensitivity  and P ig m en t Production

Ino cu la tio n s from  N P 6  a n d  P 6  cu ltu res w ere e v en ly  sp read  on an  agar surface and 
M u lto d isk s  (Oxoid L td ) c o n ta in in g  d ifferen t co m b in a tio n s an d  c o n cen tra tio n s  o f an tib io tic s  
w e re  a p p lied  to the  agar su rfa ce . Zones of inh ib itio n  w ere co m p ared  a fte r  a 24 h in cu b a tio n  
p e r io d  a t  37 °C. F luorescein  a n d  p y o cy an in  p igm en t p ro d u c tio n  w ere de te rm in ed  as described 
p re v io u s ly  [12].

Cell W all and Lipopolysaccharide Iso la tion

Suspensions of w ash ed  b a c te r ia  were tre a te d  w ith  u ltra so n ic s  and cell walls iso lated  by 
d if fe re n tia l  cen trifugation  [19]. T h e  lipopolysaccharide  m o ie ty  o f b o th  N P 6  and  P6 species 
w a s  iso la te d  by suspending sa m p le s  (ab o u t 25 mg) in 4 6 %  aq u eo u s phenol an d  h ea tin g  to 70 °C 
fo r  15 m in . The aqueous la y e r  w as rem o v ed  and th e  lip id  A frac tio n  was rem oved  by  hydro lysis 
w i th  1%  acetic  acid [10].

A n a ly t ic a l  Procedures

F o r  hexosam ine e s t im a tio n , sam ples were h y d ro ly zed  in  constan t-b o ilin g  HCl (1 m g/m l) 
a t  100 °C under n itrogen  fo r v a r io u s  tim e in te rv a ls  a n d  to ta l  hexosam ine de te rm in ed  by  a 
d is t i l la t io n  procedure [6]. L ip o p o ly sacch a rid e  sam ples (0 .2  m l) w ere h e a ted  w ith  co n cen tra ted  
H 2S 0 4 (5 m l) a t 100 °C fo r 15 m in . P hosphorus, glucose, h e p to se  an d  rham nose  co n cen tra tio n s 
w e re  d e te rm in ed  by c o lo rim e tric  p rocedures [1, 9, 14]. L ip id s w ere e x tra c te d  from  th e  cell 
w a ll f ra c t io n  by f irs t h y d ro ly z in g  cell wall sam ples (ap p ro x . 50 m g) w ith  5 ml co n stan t-bo iling  
HC1 a t  100 °C for 4 h  u n d e r  v a c u u m . L ip id -con ta in ing  m a te r ia l  w as rem oved  b y  rep ea ted  
e x tr a c t io n  w ith  ether. D ried  e th e r  e x tra c ts  were sap on ified  in  5%  ethano lic  K O H  fo r 40 m in. 
a t  100 °C an d  the so lu tion  a d ju s te d  to  p H  2, w ith  HC1. F re e d  f a t ty  acids w ere th e n  e x tra c te d  
w ith  p e tro leu m  ether an d  d r ie d  in  a slow stream  of n itro g e n  to  p re v e n t ox id a tio n . M eth y la ted  
f a t t y  acid  derivatives w ere o b ta in e d  using a d iazo m eth an e  re ag e n t w hich was g en era ted  by 
m ix in g  e q u a l volum es of 80%  K O H  in e ther w ith  1 m g /m l N -m e th y l-N -n itro su rea  so lu tion . 
T h e  m e th y l  esters were d e te rm in e d  b y  gas liquid c h ro m a to g ra p h y  on a 20%  d ie th y len e  glycol 
su c c in a te  colum n co n ta in in g  C hrom osorb  N HM DS (80— 100 m esh, P e rk in  E lm er F  II).

E lectron  Microscopy

T h e  bacteria  were p ro cessed  [13] and a fte r em b ed d in g  in A ra ld itè , u l tr a th in  sections 
w e re  c u t  on an LK B  U ltro to m e  I I I ,  an d  collected on  u n c o a te d  grids. T hey were sta in ed  w ith  
u r a n y l  a c e ta te  (2%  in  40%  e th a n o l)  and lead  c itra te  [15]. P h o to g ra p h s ' were ta k e n  a t  se t 
m a g n if ic a tio n s  using a P h illip s  E M 301 electron  m icroscope.

R esults

T h e  n a tiv e  (N P6) fo rm  o f Pseudomonas aeruginosa  (F igs 1 and  2) show s 
th e  ty p ic a l  cylindrical s p h e ro id  shape, w hereas th e  L -form  (Fig. 2) p rep ared  
d u r in g  th is  s tu d y  had  a la rg e r  cell volum e (a p p ro x im a te ly  five-fo ld  th a t  o f th e  
n a t iv e  bac te riu m ). I t  is a lso  a p p a re n t from  o u r e le c tro n  m icrog raphs th a t  b o th  
th e  ce ll m em brane a n d  cell w all c o n stitu en ts  a re  p re se n t in  th e  n a tiv e  and  
L -fo rm  v a r ia n t of P seudom onas aeruginosa.

A n tib io tic  s e n s itiv ity  te s ts  on a range o f re a g e n ts  d e m o n s tra te d  th a t  th e  
L -fo rm  w as more sen s itiv e  to  g en tam ic in , k a n a m y c in , te tra c y c lin e  an d  colistin  
s u lp h a te  (Table 1). R e s is ta n c e  to  am picillin , cep h a lo rid in e , na lid ix ic  acid, 
n i t ro fu ra n to in  and su lp h a fu ra z o le  was e x h ib ite d  b y  b o th  N P 6  and  P 6  form s. 
F u r th e rm o re , inclusion o f  in a c tiv a te d  horse se ru m  in  th e  m ed ium , w hich  is 
e s s e n tia l  for grow th o f th e  L -fo rm , had  no o b se rv ab le  effect on th e  a n tib io tic  
s e n s i t iv i ty .
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INDUCED L-FOKM OF PSEUDOMONAS AERUGINOSA 69

Fig. 1. Pseudomonas aeruginosa  p a re n t (N P6) form . T he e x te rn a l trip le  lay e r o f th e  cell w all 
(cw) is ty p ica l o f g ram -n eg a tiv e  o rgan ism s. The in n er p lasm a m em b ran e  (pm ) can  also be seen.

C alib ration  ba r =  0.2 fim
Fig. 2. Pseudomonas aeruginosa  L -form . T rip le-layered  cell wall an d  p lasm a m em brane are

visible. C alibration  b a r  =  0.2 fim
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Table 1

Comparison o f  sensitivities o f  N P 6  and the P6 variant fo rm  o f  
Pseudom onas aeruginosa to a range o f  antibiotics

A ntibiotic

Carbeniciliin
Colistin
sulphate Gentamicin K anam ycin Tetracycline

Disc. cone, (/tg) 100 10 10 30 50

N P6 8 ±  1.0 4 ±  0.6 4 ±  0.5 0 3 ±  0.4
D iam eter of Inhib i- ** * * ** ** * *

tion  zone (mm) 
P6 0 9 ±  1.1 11 ±  1.4 8 ±  0.9 9 ±  1.0

* N o observable differences in  overall zones of in h ib itio n  w ere ob ta in ed  a fte r a fu rth er 
24 h  in cu b a tio n , a p a r t from  te tra c y c lin e  w hich showed a 10%  increase in sensitiv ity .
T h e  v a lu e s  given are the  m eans a n d  s ta n d a rd  errors of th e  m eans (S.E .M .), n  =  10.

** P  <  0.001.

A g a r cu ltu res of th e  in d u c e d  v a r ia n t did show  som e co lour v a r ia tio n  for 
f lu o re sc e in  and  p y o cy an in  p ig m e n t fo rm atio n . A b so rp tio n  m ax im a  o f 475 nm  
fo r  N P 6  an d  498 nm  for P 6  w ere  observed  w hen th e  o rgan ism s w ere grow n on 
p y o c y a n in  p roducing  m ed ia . S tu d ie s  w ith  fluo resce in  show ed th a t  N P 6  p ro 
d u c e d  a p ig m en t a t  570 n m  w h e re a s  th e  p ig m en t p ro d u c e d  b y  th e  v a r ia n t  h ad  a 
m a x im u m  abso rp tio n  a t  580 n m .

T o ta l  lip id  co n ten ts  o f  N P 6  and  P6 w ere fo u n d  to  m ak e  u p  25 .2%  and  
2 4 .8 %  o f th e  dry  cell w all f r a c t io n  respec tive ly . T h e  f a t ty  acid com position  of 
th e  m e th y l  ester using d ia z o m e th a n e  is show n (F ig . 3). W ith  th e  ex cep tio n  of 
Сц , C2„ a n d  C22 chain  le n g th  f a t t y  acids, b o th  p assag ed  an d  non-passaged  
sp ec ie s  ap p e a re d  to  have s im ila r  f a t ty  acid co m p o n en ts . H ow ever, th e  re la tiv e  
c o n c e n tra t io n s  of in d iv id u a l f a t t y  acids d id  v a ry  b e tw een  th e  tw o  b ac te ria l 
fo rm s . T h e  m a jo rity  of f a t ty  ac id s  (78% ) assoc ia ted  w ith  th e  n a tiv e  species w ere 
o f  th e  C 8, C10 and  C14 ty p e , w h ile  C10, C14 and  C16 f a t ty  ac ids m ad e  u p  84%  of 
th e  p a s sa g e d  v a rian t.

Table 2

Composition o f  the m a jor components o f  lipid-free lipopolysaccharide

Glucose
H exosam ine

(G lucosam ine
and

G alactosam ine)

Rhamnose Heptose Phosphorus

N P 6 10.2 ±  1-2 1.2 ±  0.2 5.3 ±  0.6 1.1 ±  0.1 3.7 ±  0.3

P 6 10.4 ±  1.4 1.2 ±  0.1 5.1 ±  0.4 1.0 ±  0.1 6.7 ±  0.5

R e su lts  are expressed as m e a n  percen tages (dr S.E .M .) o f lipopolysaccharide  (n  =  10) 
a n d  h a v e  b een  ex trapo lated  to  zero tim e  o f hydrolysis.

* G lucosam ine and ga lacto sam in e  w ere separated  on an  am ino acid  analyzer.
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INDUCED L-FOHM OF PSEUDOMONAS AEHUGINOSA 71

F ig. 3. F a t ty  acid  com position  of th e  cell w all envelope frac tion  of N P 6  a n d  P 6

T h e m a jo r  com ponen ts of th e  lip o p o ly sacch arid e  frac tio n  fo r b o th  b a c te 
rial ty p e s  a re  re p o rte d  (Table 2). In d iv id u a l c a rb o h y d ra tes  and  am in o  sugars 
w ere e s tim a te d  a f te r  th e y  h ad  been  re leased  in to  so lu tion  b y  ac id  h y d ro ly s is . 
O p tim u m  v a lu e s  fo r b o th  th e  N P 6  an d  P 6  fo rm s w ere o b ta in ed  a f te r  h y d ro 
lyzing  fo r 9 h . A 70%  decrease in  to ta l  c a rb o h y d ra te  co n ten t was o b se rv e d  a fte r  
a 24h ac id  tr e a tm e n t .  B o th  the  passaged  a n d  non-passaged  b a c te r ia  show ed 
li ttle  v a r ia t io n  in  chem ical com position  a p a r t  from  a higher p h o sp h o ru s  con
te n t  e x h ib ite d  b y  th e  P6 frac tion .

D iscussion

G ross s t ru c tu ra l  changes in  th e  m o rp h o lo g y  of b ac te ria l L -fo rm s h av e  
been  re p o r te d . H ow ever, depend ing  on th e  b a c te r ia l species an d  m o d e  o f  in 
d u c tio n , in te rp re ta t io n s  o f such changes h a v e  been  questioned  [8]. A p rev io u s  
s tu d y  on a ca rb en ic illin -in d u ced  L -fo rm  P seudom onas aeruginosa  h a s  su g g ested
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t h a t  a t  le a s t six m orp h o lo g ica l changes are  e v id e n t [12]. These w orkers fo u n d  
t h a t  one  p a re n t b a c te r ia l fo rm  has b o th  cell w all a n d  p lasm a m em brane tr ip le  
la y e rs , th e  L -form  b e ing  dev o id  of all cell w all c o m p o n en ts . In  th is  s tu d y  b o th  
N P 6  a n d  P 6  c o n ta in e d  a tr ip le -lay e red  cell w all s tru c tu re , d ifferences in  cell 
w all m o rp h o lo g y  m a y  be a t t r ib u te d  to  v a r ia t io n  w ith in  ca rben ic illin -induced  
L -fo rm  species. I t  cou ld  be p o s tu la te d  th a t ,  as th e  chan g es in  cell w all s t ru c tu re  
o c c u r b y  th e  co n tin u in g  p assag in g  w ith  ca rb en ic illin , a p o in t is reached  w h ere  
th e  r e p a ir  m echan ism  n ecessa ry  for co m p le te  re v e rs io n  back  to  th e  n a tiv e  
spec ies is n o t possib le . A t th is  stage  th e  b a c te r iu m  is th u s  co m m itted  to  th e  
new  fo rm  w hich n eed  n o t in v o lv e  a com plete  loss o f  cell w all m ate ria l.

C arben ic illin , like  all o th e r  penicillins, in te r fe re s  w ith  b ac te ria l cell w all 
p e p tid o g ly c a n  sy n th es is . T h e  f in a l stage o f c o m p le te  pep tid o g ly can  sy n th e s is  
in v o lv e s  a cross-link ing  re a c tio n  w ith  th e  re m o v a l o f a te rm in a l D -a la n in e  
re s id u e  [20]. H o w ev er, th e  ex istence  of a n u m b e r  o f  pen ic illin -b ind ing  ty p e  
p ro te in s  w ith in  th e  b a c te r iu m  m ay  be an  a l te rn a t iv e  m echanism  to  t h a t  p re 
v io u s ly  o u tlin ed  [11].

R e c e n t s tu d ies  in  o u r la b o ra to ry  ( B r a n f o r d  W h i t e , personal o b se rv a 
tio n s )  h a v e  show n l i t t le  a lte ra tio n  in  th e  ch em ica l com position  of th is  f ra c tio n  
in  th e  n a tiv e  an d  L -fo rm  species. I t  w ould  a p p e a r  t h a t  changes in  th e  m acro - 
m o le c u la r  o rg a n isa tio n  o f  th is  m a trix  cou ld  c o n tr ib u te  to  one of th e  fa c to rs  
in f lu e n c in g  th e  o v era ll chan g es in  m orphology  as o b serv ed  in  th e  P6 b a c te r iu m .

A nalyses of th e  lip id  c o n te n t of P seudom onas aeruginosa  have  b een  p re 
v io u s ly  a t te m p te d  [3], A fte r  e x trac tio n  w ith  e th e r  an d  acetone, th e  e x t r a c t  
a c c o u n te d  for a b o u t 16%  o f th e  to ta l  d ry  w e ig h t o f  cell walls. F u r th e rm o re , 
Cle a n d  C18 ch a in  le n g th  f a t ty  acids w ere fo u n d  to  be  th e  m ost a b u n d a n t w ith  
r e la t iv e ly  low  y ie ld s  o f  C10, C12 and  C18 f a t t y  ac id s . Since our an a ly sis  w as 
d o n e  on  th e  to ta l  cell w all envelope w hich  w o u ld  inc lude  possible c o n ta m i
n a n ts  from  in n e r (cy to p lasm ic ) an d  o u te r  m e m b ra n e s , care m ust be ta k e n  in  
m a k in g  a too  e x a c tin g  co m p ariso n  a t th is  tim e .

I t  has been  show n th a t  tre a tm e n t o f  Pseudom onas aeruginosa  w ith  
c h e la tin g  agen ts re leases lip o p o ly sacch arid es  f ro m  cell walls, an d  th is  can  
p o te n t ia te  th e  a c tio n  o f m a n y  a n tib a c te r ia l a g e n ts  [18]. In  ad d itio n , iso la tio n  
o f  a m u ta n t  s tra in  o f  Pseudom onas aeruginosa  la ck in g  a lip o p o ly sacch arid e  
p o ly m e r  co n ta in in g  m an n o se , rham ose an d  g lu co sam in e  was found  to  be p a r t ic 
u la r ly  sen sitive  to  c e r ta in  an tib io tic s  [10].

T h e  m ajo r co m p o n e n ts  o f th e  lip o p o ly sacch a rid e  m oiety  for th e  p a ssa g e d  
a n d  n o n -p assag ed  v a r ia n t  a re  co n sis ten t to  th o se  fo r o th e r  sero types o f P seudo
m onas aeruginosa  [7]. P seudom onas  species c o n ta in in g  re la tiv e ly  h igh c o n c e n tra 
t io n s  o f  p h o sp h o ru s a sso c ia ted  w ith  th e  cell w a ll w ere found  to  be su scep tib le  
to  a n tib io tic s  [4]. I n  th is  s tu d y , th e  L -form  v a r ia n t  w as found  to  c o n ta in  m ore  
p h o sp h o ru s-c o n ta in in g  m a te r ia l  in  th e  lip o p o ly sacch a rid e  frac tio n , w h ich  m a y  
a c c o u n t for an  in crease  in  a n tib io tic  se n s itiv ity .
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In  conclusion  th is  s tu d y  has show n th a t  fo rm atio n  o f a s ta b le  L -form  
species by  passag in g  w ith  ca rben ic illin  n o t on ly  a ffec ts  th e  overa ll m o rpho logy  
o f th e  organ ism  w ith o u t a p p a re n t rem o v a l o f th e  cell w all, b u t  a lso  induces 
som e changes in  th e  chem ical co m position  o f  th e  cell wall. S uch  ch an g es  in 
s tru c tu re , e ith e r  m orpho log ica l o r ch em ica lly  in duced , a p p ea r to  in fluence  
c e r ta in  tra n s p o r t  p h en o m en o n  th ro u g h  th e  cell w all envelope.
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A bstract

C om parison o f co n tro l an d  androgenized  r a ts  h a s  rev ea led  th a t  m an y  nerve 
te rm in a ls  end ing  on  a rc u a te  nerve  cells o f r a ts  t r e a te d  n e o n a ta lly  w ith  te s to s te ro n e  
p h en y lp ro p io n a te  show  a decrease  in dense-core vesicles, a n d  a n  increase  in  th e  n u m b er 
o f c lear vesicles a n d  o f vesicles th a t  ex h ib it v a rio u s  degrees o f e lec tro n  d en sity . The 
sam e changes w ere o bserved  in  nerve  te rm in als  end ing  on p re o p tic  neu ro n s of ra ts  
androgen ized  n e o n a ta lly . T hese find ings are d iscussed  in view  of th e  in tra ce re b ra l locus 
fo r an d ro g en iza tio n  o f fem ale  ra ts .

In troduction

B arr acl o ug h  an d  G o r sk i  [1] w ere th e  f irs t  to  suggest th a t  th e  p reo p tic  
L H  tr ig g e r w as d e ran g ed  in  th e  and rog en -ste rilized  fem ale  r a t .  O estrogen- 
sen sitiv e  p reo p tic  a n d  a n te r io r  h y p o th a lam ic  n eu ro n s seem ed to  be  in d isp en 
sab le  in  th e  n eu ro h o rm o n a l feedback  m echanism s c o n tro llin g  th e  secre tion  of 
g o n ad o tro p h ic  ho rm o n es (G TH ) [6]. In a c tiv i ty , o r a t  le a s t red u ced  fu n c tio n a l 
c a p a c ity , of th e se  n eu ro n s  w as th e  re su lt o f  th e  ea rly  p o s tn a ta l  an d ro g en  ac tion  
b o th  in  m ale [18] an d  fem ale  [19] ra ts . R educed  o es trad io l-b in d in g  c a p a c ity  of 
th e  p reo p tic  an d  a n te r io r  h y p o th a lam ic  oestro g en -sen sitiv e  n eu ro n s follow ing 
ea rly  p o s tn a ta l  an d ro g en  t r e a tm e n t  w as fo u n d  to  ac c o u n t fo r th e  in a c tiv ity  
o r red u ced  fu n c tio n a l c a p a c ity  of th e se  neu rons [8, 9 ]. I t  w as close a t  h a n d  to  
assum e, th e re fo re , t h a t  th e  loss o f h y p o th a la m ic  n e u ro h o rm o n a l feedback  
m ig h t acco u n t fo r th e  e s ta b lish m e n t of th e  m ascu lin e , i.e. non-cyclic  an d  n o n 
o v u la to ry , p a t te rn  o f g o n ad o tro p h in  secre tion  in  th e  n e o n a ta lly  an d ro g en 
ized  r a t  [7].

O n th e  o th e r h a n d , s ig n ifican t s tru c tu ra l changes o f th e  p re o p tic -a n te rio r  
h y p o th a la m ic  a rea  (P A H A ) w ere d e m o n s tra te d  in  n e o n a ta lly -c a s tra te d  and  
a n d ro g e n -tre a te d  m ale  r a ts  [4]. F u rth e rm o re , a re la tio n  b e tw een  th e  ac tio n  of 
s te ro id  horm ones an d  th e  v a r ia tio n  o f th e  av erag e  cell n u c le a r  size in  th e  m edial 
p re o p tic  nucleus d u rin g  p re p u b e r ta l  life w as assum ed  from  th e  com p ariso n  of 
ce ll-n u c lear vo lum e in  n e o n a ta lly  c a s tra te d  m ales, in ta c t  fem ales, androgen-
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iz ed  fe m a le s  and in ta c t m ale  r a t s  [3]. Ma r t y n  [15] used  a Q u a n tim e t 720 im age 
a n a ly z in g  com p u ter to  m e a su re  th e  cross-sec tional areas o f cell n u c lea r  profiles 
f ro m  se le c te d  p a r ts  of th e  r a t  b ra in . The freq u en cy  d is tr ib u tio n  o f th e se  areas 
w as  fo u n d  to  be very  s im ila r  in  th e  m ale and  fem ale b ra in  reg ions stu d ied . 
I n  th e  m ed ia l p reop tic  a rea  a n d  in  th e  su p ra c h ia sm a tic  n u c leu s, how ever, th e  
f r e q u e n c y  d is tr ib u tio n  o f th e  n u c le a r  areas o f th e  an d ro g en ized  r a t  w as m ark 
ed ly  d iffe re n t. R a ism an  a n d  F i e l d  [21] found  sex d ifferences in  th e  m ode of 
te r m in a t io n  of th e  a ffe ren t f ib re s  to  th e  p reo p tic  a rea . I t  is possib le , there fo re  
t h a t  th e  fu n c tio n a l d ifferences in  th e  b ra in -cyc le  m echan ism  b e tw een  m ale and 
fe m a le  r a t s ,  especially  th o se  o f  th e  p reo p tic  L H  tr ig g e r, m a y  be  due in  p a r t  
to  so m e  d ifference in th e  n e u ra l  connec tion  w ith  lim b ic  a ffe re n t fib res . I t  has 
r e c e n t ly  b een  rep o rted  b y  G o r s k i  et al. [10] t h a t  in  ra ts  th e re  ex ists  a gross 
sex  d iffe ren ce  in th e  v o lu m e  o f a d a rk ly -s ta in in g  ce llu la r g roup  w ith in  th e  
m e d ia l p re o p tic  area. All th e s e  suggest th a t  th e  p rim a ry  s ite  o f  ac tio n  o f th e  
n e o n a ta l  te s to s te ro n e  w ould  b e  th e  PA H A .

N a d l e r  [16] found  t h a t  d ev e lo p m en t o f th e  a n o v u la to ry , p e rs is ten t 
v a g in a l  co rn ifica tio n  sy n d ro m e  (PVCS) o ccu rred  m ost c o n s is te n tly  follow ing 
im p la n ta t io n  of te s to s te ro n e  p ro p io n a te  (T P) m icrope lle ts  in  th e  ven tro m ed ia l- 
a r c u a te  nu c leu s (VM-ARC) a re a  o f  th e  r a t  b ra in . F u r th e rm o re , im p la n ts  in  th e  
sam e  a re a  w ere assoc ia ted  w ith  th e  earliest ages a t  o n se t o f PVCS. O n th e  
b as is  o f  th e  above fin d in g s, i t  h a s  been assum ed  b y  N a d l e r  [16] t h a t  the  
p r im a ry  ac tio n  of early  a n d ro g e n ic  s tim u la tio n  in  th e  r a t ,  w ith  re sp ec t to  
s e x u a l d iffe re n tia tio n  o f g o n a d o tro p h in  re g u la tio n , occurs a t  th e  VM-ARC 
a re a  o f  th e  b ra in  ra th e r  th a n  in  th e  PA H A . T h is a ssu m p tio n  seem ed to  be 
s u p p o r te d  b y  th e  o b se rv a tio n  o f  R a t n e r  and  A dam o  [21],  w ho fo u n d  th a t  
n e rv e  te rm in a ls  ending on a rc u a te  neu rons in  r a ts  t re a te d  w ith  T P  ea rly  post- 
n a ta l ly  e x h ib ite d  a decrease in  d ense-co re  vesicles (7 0 0 — 1200 Â ), an  increase  in 
th e  n u m b e r  o f clear vesicles, a n d  o f  vesicles th a t  e x h ib ite d  v a rio u s  degrees of 
e le c tro n  d e n s ity . Since th e  la rg e r  c lea r vesicles w ere s im ila r in  size to  th e  dense- 
co re  v e s ic le s  seen in  co n tro l r a t s ,  i t  is believed  th a t  th e  la rg e r  c lear vesicles 
m ig h t re p re s e n t  g ran u la ted  v esic les  th a t  h ad  lost th e ir  dense core. T he resu lts  
su g g e s t t h a t  th e  n a tu re  o f th e  vesicles in nerve  te rm in a ls  en d in g  on a rcu a te  
n e u ro n s  is m odified a fte r  n e o n a ta l  and rogen  tre a tm e n t. T h e  p o ssib ility  exists 
t h a t  a l te r a t io n  in th e  vesicles o f  axonal endings occurs in  te rm in a ls  from  
n e u ro n s  w ith in  the  a rc u a te -v e n tro m e d ia l area  itse lf. I f  so, th e  a lte ra tio n  o f the  
v esic les  in  n eo n a ta lly -an d ro g en ized  ra ts  m ay  su p p o rt th e  a ssu m p tio n  of an 
a rc u a te -v e n tro m e d ia l locus fo r  an d ro g en iza tio n . A lte rn a tiv e ly , as m en tioned  
b y  R a t n e r  and  A damo [21],  th e  changes in  th e  ax o n a l end ings seen in  the  
a r c u a te  n u c leu s  m ight be a re f le x io n  o f changes th a t  occur in a n o th e r  area  th a t  
h as  f ib r e  connections w ith  th e  a rc u a te  nucleus, since no n e u ro n a l changes were 
o b se rv e d  b y  th em  w ith in  th e  a rc u a te  nucleus itse lf. Such an  a rea  m ay  be  th e  
m ed ia l p re o p tic  area (M PA) w h ich  has been im p lica ted  as th e  a rea  invo lved  in
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th e  trig g e rin g  o f o v u la tio n  [2, 5, 12, 14] an d  in d ica ted  to  be th e  locu s o f ac tio n  
o f ea rly  p o s tn a ta l an d ro g en  tre a tm e n t [1]. S ince R a t n e r  an d  A d a m o  [22] 
d id  n o t in v es tig a te  th is  a rea , we decided to  explore  th e  M PA  o f and rogen - 
ste rilized  ra ts  u n d e r th e  e lec tron  m icroscope.

Material and m ethods

N ew born  fem ale  ra ts  fro m  o ur inb red  s tra in , deriv ed  from  a W is ta r  s to c k , received  a 
single in jec tio n  of 1250 //g o f te s to s te ro n e  p h e n y lp ro p io n a te  (R e ta n d ro l, G ed eo n  R ich te r  
C hem ical W orks, R u d a p es t)  d issolved in 0,05 m l sesam e oil tw o d ay s a f te r  b ir th .  L it te rm a te  
co n tro l ra ts  recived 0.05 m l sesam e oil a t  th e  sam e age. A ll r a ts  w ere m a in ta in e d  in a  lig h t 
(14 h  l ig h t and  10 h  d a rk ) a n d  tem p era tu re -co n tro lled  room , and  were fed a s ta n d a rd  pe lle t d ie t 
a f te r  w eaning. B esides 6 co n tro l ra ts ,  h av in g  no rm al o e s tro u s  cycles of fo u r d a y s , w e em ployed  
fo r e lectron  m icroscopy o n ly  androgenized  ra ts  w hich  rev ea led  p e rs is ten t v ag in a l co rn ifica tion  
a t  lea s t for a period of one m o n th  before killing, an d  h a d  po lyfo llicu lar ovaries w ith o u t corpus 
lu te u m  a t  killing. C ontro l an d  androgenized  ra ts  w ere an es th e tized  w ith  h e x o b a rb ita l  (V E B  
A rzen e im itte lw erk , D resden ; 100 m g/kg  bod y  w e ig h t) a t  100 days of age, a n d  p e rfu sed  w ith  
a  fix a tiv e  co n ta in ing  1%  p a ra fo rm ald eh y d e , 1%  g lu ta ra ld e h y d e , % p o ly v in y lp y rro lid o n e  in 0,1 
M  p h o sp h a te  b u ffe r  (pH  7.4 a t  20 °C). A fte r  a p e rfu s io n  o f 10 m in , th e  an im a ls  w ere killed  
b y  d e cap ita tio n , th e  b ra in s  w ere rem oved , and th e  a rea s  o f b ra in s  to  be s tu d ied  (a rc u a te  nucleus 
a n d  m edial p reo p tic  a rea ) w ere rem oved  as sm all b locks an d  k e p t in th e  f ix a tiv e  fo r  2 h . T h en  
th e  b locks were w ashed  w ith  0.1 M  p h o sp h a te  buffer an d  post-fixed  in 1%  p h o sp h a te -b u ffe red  
osm ic acid  so lu tion  fo r 2 h . A fte r w ash ing  w ith  0.1 M  p h o sp h a te  b u ffe r, th e  b locks w ere de
h y d ra te d  in alcohol series an d  em bedded  in D urcu p an  (F lu k a ). Sections were c u t  w ith  th e  L K B  
U ltram icro to m e I I I .  S em ith ick  sections w ere sta in ed  w ith  to lu id in e  b lu e , th e  u l tr a th in  sections 
w ere c o n tra s ted  w ith  u ra n y l a c e ta te  and  lead  c itra te . T he b ra in  a reas to  be s tu d ie d  fro m  six 
co n tro l and  six and ro g en ized  ra ts  were exam ined  w ith  a T E S L A  BS 242 e le c tro n  m icroscope.

Results and discussion

In  acco rdance  w ith  th e  find ings of R a t n e r  and  A d a m o  [22], com parison  
o f co n tro l and  and ro g en ized  ra ts  revealed  th a t  m any  nerve  te rm in a ls  ending  
on a rc u a te  n e rv e  cells o f r a ts  tre a te d  n e o n a ta lly  w ith  T P  show ed a decrease  in 
dense-core vesicles, an d  an  increase  in th e  n u m b e r o f c lear vesicles an d  of 
vesicles th a t  e x h ib ite d  v a rio u s degrees o f  e lec tro n  d en sity  (F ig . l a  and  b). 
T h e  sam e changes w ere observed  in  nerve te rm in a ls  end ing  on p re o p tic  neu rons 
o f  ra ts  and rogen ized  n e o n a ta lly  (F ig . lc  an d  d). T h is fin d in g  in d ic a te s  th a t  a l
te ra tio n  of th e  vesicles in  th e  nerve  te rm in a ls  o f androgen ized  ra ts  described  
b y  R a t n e r  an d  A d a m o  [22] is n o t c h a ra c te r is tic  exclusively  o f th e  te rm in a ls  
end ing  on a rc u a te  n eu ro n s. C onsequen tly , th is  a lte ra tio n  c a n n o t be considered  
a s tru c tu ra l ev idence su p p o rtin g  th e  idea  t h a t  th e  VM -ARC a rea  o f  th e  r a t  
b ra in  w ould be th e  s ite  o f  th e  p rim a ry  ac tio n  o f ea rly  and rogen ic  s tim u la tio n  
in  th e  r a t  w ith  re sp ec t to  sexual d iffe re n tia tio n  o f g o n ad o tro p h in  re g u la tio n . 
F u rth e rm o re , i t  is also possib le th a t  th e  v esicu la r changes in  c e r ta in  nerve 
endings of an d ro g en -ste rilized  ra ts  occur as a re su lt of an  in d ire c t e ffect of 
p e rs is te n t oestrogen  ac tio n  on th e  b ra in  as i t  h as  a lread y  been  s tre ssed  b y  
R a t n e r  and  A d a m o  [22], an d  n o t as a d ire c t e ffect o f th e  n e o n a ta l  te s to 
s te rone .
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F ig . 1. D ense-core  and sm all c lear vesicles in an  ax o n  te rm in a l (T) in th e  (a) a rcu a te  a n d  in 
th e  (c) m ed ia l p reoptic  nucleus o f a  co n tro l ra t.  X 12,500. A x o n  te rm in a l (T) in th e  (b) a rcu a te  
a n d  (d ) m ed ia l p reoptic  nucleus o f  a  T P - tre a te d  r a t .  T he te rm in a ls  co n ta in  sm all an d  larg e r 

c le a r  vesicles and a few  la rg e r vesicles th a t  ex h ib it v a rio u s  degrees o f e lectron  d e n s ity .
X 12,500
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N a d l e r  [17] could  be co rrec t in  sug g estin g  th a t  i t  is eq u a lly  p lau sib le  
to  describe  th e  an d ro g en -in d u ced  PV CS in  te rm s  o f a re la tiv e ly  re fra c to ry  
co n d itio n  of th e  lu te in iz in g  h o rm o n e-re leasin g  h o rm o n e -(L H -R H )-p ro d u c in g  
n e u ro n s , th e  system  th a t  resp o n d s to  th e  s tim u la tio n  o f th e  L H  tr ig g e r . I t  is 
conce iv ab le  th a t ,  w h en  th e  L H -R H  sy n th es iz in g  or re leasing  c a p a c ity  o f  th e  
L H -R H  n eu ron  sy stem  is reduced  b y  th e  local n eo n a ta l te s to s te ro n e  ac tio n , 
th e  L H -trig g er c a n n o t re lease L H -R H  an d , hence , L H  su ffic ien t in  a m o u n t 
to  in d u ce  ovu la tio n . H ow ever, i t  w o u ld  be m ore  d ifficu lt to  a c c e p t N a d l e r ’s 
[17] a rg u m en t th a t  th e  n eu ra l locus, w hich  is sexua lly  d iffe re n tia te d  in  the  
r a t  w ith  resp ec t to  th e  co n tro l o f g o n a d o tro p h in  secre tion , w ould  be  in  th e  v ic in 
i ty  o f th e  a rcu a te  nu c leu s ra th e r  th a n  in  th a t  o f  th e  P A H A .

T h e  axons o f th e  L H -R H -p ro d u c in g  n eu ro n s are  v e ry  d en se ly -p ack ed  
in  th e  p e riv e n tr ic u la r  an d  especially  in  th e  su p ra c h ia sm a tic -a rc u a te  reg io n  and 
in  th e  m ed ian  em inence [23, 24]. H en ce , a considerab le  p a r t  o f th e  n e rv e  fib res  
o f  th e  L H -R H  n eu ro n  system  a re  exposed  to  th e  ac tion  of T P  m icro p e lle ts  
lo c a te d  in  th e  YM -ARC area  [16 ,17]. I n  c o n tra s t , th e  oestro g en -sen sitiv e  neurons 
c o n tr ib u tin g  to  th e  L H -trig g e r m echan ism  are  d iffusely  sc a tte re d  in  th e  P A H A , 
as rev ea led  b y  ra d io a u to g ra p h ic  s tu d ie s  [20, 25]. I t  ap p ears  v e ry  lik e ly , th e re 
fo re , t h a t  only a v e ry  lim ited  n u m b e r  of th e  neurons c o n tr ib u tin g  to  th e  
L H -tr ig g e r  w ere exposed  to  te s to s te ro n e  ac tio n  w hen  N a d l e r ’s T P  m icrope l
le ts  w ere lo ca ted  in  th e  P A H A . T h is  m a y  ex p la in  th e  fa ilu re  to  in d u c e  PVCS 
w ith  sm all T P  in icro p e lle ts  im p la n te d  in to  th is  area . H ow ever, w h en  te s to s te 
ro n e  w as infused in to  th e  PA H A  [26] or te s to s te ro n e  m icrope lle ts  la rg e r  th a n  
th o se  used  b y  N a d l e r  [16] w ere im p la n te d  in  th e  sam e reg ion  [13], te s to s te 
ro n e  reach ed  a considerab le  n u m b e r o f  th e  n e u ro n s  of th e  L H -tr ig g e r  a n d  was 
successfu l in  in d u c in g  PVCS by  local a c tio n  e x e rte d  in  the  P A H A . T h e  s itu a 
t io n  ap p ears  to  be analogous to  t h a t  described  b y  H illa rp  [11] in  conn ec tio n  
w ith  e lec tro ly tic  lesions in d uc ing  PV CS in th e  r a t .  W hereas v e ry  sm a ll, b i la t
e ra l, b asa l lesions b e tw een  th e  p a ra v e n tr ic u la r  nuclei an d  th e  o ra l p a r t  o f the 
p i tu i ta ry  s ta lk  in v a ria b ly  induced  th e  PVCS in  ra ts , th e  sam e sy n d ro m e  could 
b e  p roduced  on ly  b y  v e ry  large lesions in  th e  P A H A  im m e d ia te ly  a n te rio r  
a n d  v e n tra l  to  th e  p a ra v e n tr ic u la r  nuclei.
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Abstract

T his p a p e r  b riefly  exam ines th e  e x p e rim e n ta lly  observed effects in , a n d  sy m m etry  
a rg u m en ts  for, th e  co n stitu en ts  o f b o n e  w h ich  lead  to  a transverse ly  iso tro p ic  co n fig u ra 
tio n  for the  e lastic  b ehav io r of bone. B a se d  on  th is , a  regim e for co m p u tin g  th e  an iso tro p 
ic elastic c o n s ta n ts  is considered in  te rm s  of u ltra so n ic  tra n s it  tim e  m easu rem en ts . 
To ex ten d  th e  usefu lness of u ltra so n ic  te c h n iq u es  to  a n  in vivo s itu a tio n , a  m a th e m a tic a l 
m odel fo r bone is developed  in o u tlin e  fo rm  a n d  num erica l resu lts  for th e  c h a ra c te ris tic  
frequency  e q u a tio n  discussed.

Introduction

T he m echan ica l p roperties o f  b o n e  h av e  been a su b jec t o f  sc ien tific  
in v e s tig a tio n  for o v e r a hu n d red  a n d  th i r ty  y ea rs , b u t only in  1954 d id  D e m p 
s t e r  an d  L i d d ic o a t  [1] reveal t h a t  c o m p a c t bone is an iso tro p ic  in  n a tu re . 
T h is  asp ec t of bone b eh av io r has, h o w ev e r, been  e ith e r overlooked  o r igno red  
in  m o s t stud ies since th e n  and few  p a p e rs  h av e  a tte m p te d  to  e s ta b lis h  an  ef
fe c tiv e  c ry sta l s tru c tu re  fo r bone in  o rd e r  to  s tu d y  th e  n a tu re  o f a n iso tro p y  in  
b o n e . To d a te , th e  s tu d y  by  La n g  [7] on th e  u ltra so n ic  d e te rm in a tio n  o f th e  
an iso tro p ic  e lastic  c o n s ta n ts  o f b o n e  co n sid e rin g  i t  as a h ex ag o n a l m a te r ia l, 
h as  b een  th e  on ly  d e fin itiv e  s tu d y  o f  th is  a sp ec t. A few recen t p a p e rs  have  
ex am in ed  p iezoelectric  effects in  b o n e  [5, 9, 10]. T he ra th e r  e x te n s iv e  stud ies 
re p o r te d  b y  E v a n s  [2] an d  Y a m a d a  [12] are  n o t ap p ro p ria te  to  th e  w o rk  de
sc rib ed  in th is  p a p e r . S ince the  u l t im a te  a im  o f m ost s tud ies on b one  p ro p e rtie s  
is to  be  able to  m easu re  such p ro p e rtie s  in  vivo, i t  appears th a t  n o n -d e s tru c tiv e  
lo w -in te n s ity  u ltra so u n d  m ethods w ill c o n tin u e  to  be a m ajo r form  o f te s tin g  on 
b o n e  b o th  in  vivo  an d  in  vitro. A few  o f th e  b en efits  th a t  m ig h t a c c ru e  from  
su ch  an  app ro ach  inc lu d e : a)  a fu lle r  u n d e rs ta n d in g  of bone u l t r a s t r u c tu r e  in 
te rm s  of its  in d iv id u a l c o n s titu e n ts , b)  th e  dev e lo p m en t of p ro s th e tic  m a te ria ls  
w ith  a b e tte r  m ech an ica l m atch  to  b o n e  th a n  those  cu rre n tly  e m p lo y ed  and

6 Acta Biologica Academiae Scientiurum Hungaricae 29, 1978



82 A. AMBARDAR and C. D. FERRIS

c )  a q u a n tif ic a tio n  o f  s tu d ie s  on bone fra c tu re s , f ra c tu re  healing  an d  p a th o 
lo g ica l bone d iso rders.

In  th e  h ig h er v e r te b ra te s , bone com prises 1) a p ro te in  fram ew o rk  o f 
co llagenous fib res fo rm in g  th e  m ain  b u lk  o f b o n a , 2) th e  c rysta lline  b one  m in 
e ra l, m o s tly  calcium  h y d ro x y a p a ti te , w hich g ives s tre n g th  to  th e  bone m a tr ix , 
3) th e  g ro u n d  su b s ta n c e  (cem en t), an  a p p a re n tly  s tru c tu re le ss  m a te ria l, w h ich  
en v e lo p s an d  p e rm e a te s  th e  collagenous m a tr ix  a n d  4) th e  o steocy tes ( th e  b o n e  
in h a b it in g  cells) each o f  w h ich  occupies i ts  ow n c a v ity  or lacu n a  w ith in  th e  
m a tr ix . C om pact b o n e  tis su e  encloses on ly  sp a rse , sm all v ascu la r ch an n e ls  
w h ile  spongy  bone c o n ta in s  la rge  v ascu la r sp aces  w ith  an  agg regate  v o lu m e  
e q u a llin g  or even ex ceed in g  th a t  o f the  bone m a tr ix  itse lf. A ty p ica l long  b one  
m a y  be  considered  to  be  a th ick -w alled , tw o -la y e re d  cy linder m ade u p  o f  a 
th in  la y e r  of cancellous b o n e  and  a th ick  o u te r  la y e r  of com pact bone. T h e  
sp o n g y  la y e r  increases  in  th ick n ess  to w ard s th e  f la re d  ends of bone an d  is 
n eg lig ib le  to w ard  th e  m id d le  th ird  p o rtio n  (d iap h y sis) .

B one has b een  show n to  be p y ro e lec tric  in  n a tu re  [6]. H y d ro x y a p a tite , 
w h ich  belongs to  th e  c ry s ta llo g ra p h ic  p o in t g ro u p  6/m  (a sixfold ax is o f sy m 
m e try  p e rp en d icu la r  to  a m irro r  p lane) can, b y  v i r tu e  o f its  possessing a c e n te r  
o f sy m m e try , e x h ib it n e ith e r  th e  p y ro e lec tric  n o r  th e  p iezoelectric  effects. 
T h e  m echan ism  p ro d u c in g  p y ro e lec tric ity  in  b o n e  m ig h t th erefo re  o rig in a te  
in  th e  o rganic  p h ase  o f  b o n e  i.e. collagen. T h e  co llag en  m olecule d isp lays b o th  
p y ro e le c tr ic  and  p iezo e lec tric  effects. P y ro e lec tr ic  b eh av io r in  collagen is asso 
c ia te d  w ith  an  e lec trica l m o m en t in  th e  d ire c tio n  o f  th e  lo n g itu d in a l ax is o f 
th e  co llagen  fib res w h ich  co rresponds, m ore o r less , to  th e  long axis o f b o n e  
itse lf . I n  a s tu d y  on te n d o n , w hich  is essen tia lly  p u re  collagen fib re , F u k a d a  
a n d  Y a s u d a  [3] e v a lu a te d  th e  p iezoelectric m a tr ix  to  be of th e  form

0 0 0 d14 d15 0~
0 0 0 di5 -d14 0 (1)

-^31 dsl *̂ 33 0 0 0

T h is  fo rm  o f th e  m a tr ix  is co n s is ten t w ith  the  l in e a r  te x tu re  of ten d o n  an d  co r
re sp o n d s  to  th e  c ry s ta l  c lass 6 — a hex ag o n al m a te r ia l . Collagen is a lin e a r  
m o lecu le  an d  in  b o th  b o n e  a n d  ten d o n  th e  co llag en  fib re s  lie in  p a ra lle l a long  
th e  lo n g  ax is of bone. S ince  th e  m olecules a re  ra n d o m ly  ro ta te d  a b o u t th e ir  
th re e fo ld  axis o f sy m m e try , th is  p roduces a p la n e  o f  tra n sv e rse  iso tro p y  p e r 
p e n d ic u la r  to  th e  ax is. T h e  h y d ro x y a p a tite  c ry s ta ls  a re  closely p ack ed , e p i
ta x ia l ly  overgrow n fo rm a tio n s , p ara lle l to  each  o th e r  a n d  lie along th e  collagen  
fib res . T h e  resu ltin g  s y m m e try  axis for bone, th e re fo re , becom es in fin ite fo ld . 
T h e  e ffec tiv e  c ry s ta l s t ru c tu re  o f bone m ay  th u s  b e  assigned  th e  p o in t g roup  
»о/m , i.e. an  in fin ite fo ld  ax is  w ith  a m irro r p la n e  n o rm a l to  i t .  T hus, bone  m a y  
be  re g a rd e d  as a tra n s v e rs e ly  iso trop ic  m a te r ia l, w ith  th e  p lane of iso tro p y  
p e rp e n d ic u la r  to  th e  lo n g  ax is o f bone, and  hen ce  ch a rac te rized  be f iv e  inde-
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"  C „ c n C 13 0 0 0

C 13 c 13 C 33 0 0 0

c u  = 0 0 0 c 44 0 0 ( 2 )

0 0 0 0 C 4 4 0

_  0 0 0 0 0 c e e  -

where c G0 =  2 (cu  — c12).

Material and m ethods

Ultrasonic determ ination o f  the elastic constan ts: T he p ro p ag atio n  of a co u s tic  w aves 
e n ta ils  th e  considera tion  o f th ree  d is tin c t ty p e s  o f p lan e  w aves th a t  can  be t r a n s m it te d  in  a 
m ed iu m . In  iso tropic  so lids these  com prise a  lo n g itu d in a l w ave w ith  p a rtic le  m o tio n  a lo n g  the 
d ire c tio n  of p ro p a g a tio n  an d  tw o shear w a v es  w ith  p a rtic le  m otions p e rp e n d ic u la r  to  the  
d ire c tio n  of p ro p ag atio n . I n  an iso trop ic  m ed ia , no w ave  is s tr ic tly  long itu d in a l o r tran sv e rse , 
b u t ,  b a se d  on sy m m etry  considerations, i t  is  possib le  to  e x tra c t  special d irec tio n s  fo r w hich 
p a r tic le  m otions a re  in  fa c t  perpen d icu la r to  o r a long  th e  d irec tion  of w ave m o tio n . Such 
d irec tio n s  form  th e  basis fo r m easurem ent o f e la s tic  c o n s ta n ts  in  c ry sta ls. I t  m u st b e  em p h asized  
h ere  t h a t  (1) hone is n o t p e rfec tly  p o ly -cry s ta llin e  a n d  possesses im perfections to  b lu r  som ew hat 
th e  c ry s ta llin ity  an d  (2) a  defin itive  se t o f m ea su re m e n ts  of acoustic  w aves a lo n g  d iffe ren t 
d irec tio n s  m u st ensu re  t h a t  an  axis of sy m m e try  is a lread y  know n. These p ro b lem s can  be 
re ad ily  overcom e by using  d iaphyses from  lo n g  bo n es such  as th e  tib ia  an d  fem u r, since these 
a re  reg io n s of cortical bo n e  where the  s t ru c tu ra l  u n ifo rm ity , reg u la rity  and  ax ia l d ire c tio n  are 
well defin ed . Since te s tin g  m u st he acco m plished  in v a rio u s  d irections an d  o r ie n ta t io n s  w ith  
re sp e c t to  th e  bone ax is , re c tan g u la r  p a ra lle lep ip e d s  o f bone  c u t along k n o w n  d irec tio n s  are 
b e s t su ite d  for th is  p u rpose .

K now ing  th e  m easu red  shear a n d  lo n g itu d in a l w ave velocities in  th e  a p p ro p ria te  
d irec tio n s , the  five e la stic  co n stan ts  for b o n e  m ay  be ev a lu a te d  th ro u g h  th e  fo llow ing  e q u a 
tio n s  [8], where th e  d irec tio n  (001) co rresponds to  th e  long axis o f bone:

c33 —  QV L ( 3 )

w here V L is a lo n g itu d in a l w ave along (001)

C n  =  q V  t (4)

w here V j  is a lo n g itu d in a l w ave p e rp en d icu la r to  th e  (001) axis

C44 =  QVsi ( 5 )

w here V s4 is a shear w ave  along (001)

Ci 2 —1 Сц 2^ g ( 6 )

w here V s is a shear w ave p e rp end icu lar to  th e  (001) axis

> 1
C13 =  [(cll +  c44 2 p F q s)(c44 - f -  c33 2 o F q s)]2 0 )

w here  K?s is a q u asi-sh ear w ave a t  an  ang le  o f 45° to  th e  (001) axis. These e q u a tio n s  in d ica te  
t h a t  lo n g itu d in a l w ave p ro p ag atio n  will d e te rm in e  tw o  of th e  elastic  c o n s ta n ts  e33 a n d  cn , 
th e  r e s t  being d e te rm in ed  using  shear w aves. F u r th e r ,  th e  f irs t  four c o n stan ts  c33, ca , c , ,  and 
e12 m ay  be m easured  on  th e  sam e sam ple p ro v id e d  it  is c u t in  th e  form  of a  re c ta n g u la r  p a ra lle l
ep ip ed  as shown in F ig . 1. The las t m ea su re m e n t req u ire s  a sam ple cu t a t  a n  a n g le  o f  45° to 
th e  b o n e  axis.

6 * A cta  Riologica A cadem iae Scientiarum  H ungaricae 2 9 , 1978

p e n d e n t elastic c o n s ta n ts , ak in  to  a h e x a g o n a l m a te ria l. T he m a tr ix  o f  e lastic  
c o n s ta n ts  of bone m a y  be now  d e n o ted  b y :
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F ig . 1. D iag ram  show ing lo ca tio n  from  w hich specim ens w ere^m achined from" bone a n d ^ th e
c o o rd in a te  system  for m e a su re m e n t

In stru m en ta tio n : T h e  tw o m o st com m only u sed  tec h n iq u es  for th e  d e te rm in a tio n  of 
th e  u ltra so n ic  velocity  o f p ro p a g a tio n  are th e  tra n s it  tim e  tec h n iq u e  and  th e  pulse echo m e th o d . 
In  essence , b o th  consist in  th e  g en era tio n  of sh o rt p u lse s  o f  u ltra so u n d  in  th e  te s t  sa m p le , 
u s in g  p iezo elec tric  tra n sd u c e rs , w ith  subsequen t m e a su re m e n t o f th e  delay (p ro p ag a tio n ) t im e  
of th e se  p u lses th ro u g h  a f ix e d  d is tan ce . T he v e loc ity  o f so u n d  in  th e  sam ple is o b ta in e d  by  
d iv id in g  th e  m easu red  v a lu e  o f th e  acoustic  p a th  len g th  b y  th e  d e lay  tim e th ro u g h  th e  sam p le .

F o r  o u r m easu rem en ts , we used  a com m ercially  a v a ilab le  d iagnostic  u n it, th e  M e tr ix  
E c h o -T ra c e ®  I I .  T his is a n  echo -ran g in g  device w hich we m od i! ied so th a t  sep ara te  tran sm i 1 t in g  
a n d  re ce iv in g  tran sd u ce rs  cou ld  be used. T he E ch o -T race  ca th o d e-ray  tu b e  d isp lay  w as b y 
p a sse d  a n d  connected , in s te a d , to  a  T ek tro n ix  564 В s to ra g e  oscilloscope w ith  ex p an d e d  tim e  
b ase . T h e  564 В tim e  base  w as ca lib ra ted  against a  tim e  s ta n d a rd  to  insure  u ltra so n ic  pu lse  
t r a n s i t  tim e  m easu rem en ts  a c c u ra te  to  0 .1% .

Sa m p le  P repara tion: N o t  m a n y  stu d ies on  th e  m ech a n ica l properties o f  b o n e  h a v e  
d e ta ile d  th e  p rep aration  m e th o d s  fo r  th e  sam ples u sed  in  su ch  stu d ies. To h a v e  a b a sis  for  
co m p a r iso n  w ith  th e  o n ly  p r e v io u s ly  p u b lish ed  stu d y  b y  L a n g  [7] on an isotrop ic  u ltr a so n ic a lly  
d e te r m in e d  e la s tic  c o n s ta n ts , th e  sam p les w ere p rep ared  in  th e  m anner im p lied  b y  L a n g .

W hole  ovine an d  b o v in e  tib ia e  and  fem ora w ere o b ta in e d . A ttac h ed  tissue w as rem o v ed  
fro m  th ese  bones an d  th e  m id sh a ft  saw ed  aw ay from  th e  r e s t  o f th e  whole bone. R e c ta n g u la r  
p a ra lle le p ip e d  sam ples o f th e  la rg e s t possible d im ensions w ere  m achined  from  th e  m id sh a ft, 
th ese  d im en sio n s being  d ic ta te d  by  th e  fa c t th a t  th e  bone  h a d  to  be reasonab ly  f la t  th ro u g h o u t 
th is  le n g th  an d  th e  th ick n ess  h a d  to  be as large an d  u n ifo rm  as possible. U p to  fo u r sam p les 
cou ld  b e  o b ta in e d  from  one bone. T h e  bone specim ens w ere  th o ro u g h ly  degreased b y  s e ttin g  
th e m  as id e , p rio r to  m easu rem en ts , in  tr ich lo ro e th y len e . T h e  to ta l  tim e ta k e n  from  th e  m o m e n t 
o f o b ta in in g  th e  bones to  t h a t  o f in it ia l  te s tin g  was five  to  s ix  w eeks. M easurem ents to  d e te rm in e  
in  vitro  ag ing  effects w ere m ad e  on th e  sam e sam ples a f te r  a p e rio d  of e igh t to  n ine  m o n th s . 
S h ea r w av e  m easu rem en ts  w ere also con d u cted  on th e  ag ed  specim ens.

M ethod o f  m easurem ent: L o n g itu d in a l w ave m e a su re m e n ts  were m ade using  M etrix  
U ST-224 tran sd u ce rs . T h e  d ia m e te r  o f th e  c ry sta ls w as 1 cm  an d  th e  o p era tin g  freq u en cy  
2 M H z. T h e  bone specim en  w as co u p led  to  th e  tra n sd u c e r  th ro u g h  К —Y  Je lley  w hich  p ro v ed  
q u ite  a d e q u a te  as a coupling  m ed iu m . D ue to  th e  viscous n a tu re  o f К —Y  Jelley  i t  w as possib le , 
u sing  s lig h t p ressure  on  e ith e r  end , to  have  th e  spec im en  free  o f an y  la te ra l stresses d u rin g  
th e  cou rse  o f m easu rem en t.

T o m ak e  shear w ave  m easu rem en ts , 1 cm2 ceram ic  w afers , c u t and  polarized  to  em it 
shear w av es a t  2 M H z w ere u sed . T ran sd u ce rs  were fa b ric a te d  from  th e  w afers by  f i r s t  c o a tin g  
th e  tw o  su rfaces w ith  c o n d u c tin g  silv er p a in t to  fo rm  th e  e lectro d es and th en  a tta c h in g  th e  
leads u s in g  co n d ucting  ep o x y  re sin  cu red  a t  room  te m p e ra tu re .  T his m eth o d  of fa b ric a tio n  
w as ch o sen  because th e  C urie te m p e ra tu re  o f th e  p iezo ceram ic  w as qu ite  low and  co n v en tio n al 
so ldering  m ig h t hav e  ra ised  th e  te m p e ra tu re  to  a p o in t w h ere  th e  p o lariza tion  van ished . In  th e  
absence  o f coupling  m ed ia  com m o n ly  used  for sh ea r w av e  m easu rem en ts such as N o n aq  
sto p o ck  g rease , i t  was decided  to  use  conducting  epoxy  i ts e lf  as th e  coupling m edium . T h is
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gave good resu lts , b u t  d u e  to  th e  adhesive n a tu re  o f  th is  com pound , the tran sd u ce rs  h a d  to  he 
d e ta ch e d  from  the  hone specim en  by im m ersing  in  a so lv en t such as tr ich lo ro e th y len e , a n d  a 
few tran sd u ce rs  were d am ag ed  in the  process. T h e  n u m b e r  o f shear wave m easu rem en ts  m ade 
w as m u ch  less th an  th e  correspond ing  lo n g itu d in a l w ave  m easurem ents.

F o r each sam ple  te s te d , th e  leng th  or th e  a p p ro p ria te  d im ension along w hich  u ltra so n ic  
tran sm iss io n  took p lace w as accurate ly  m easu red . D en sity  was de term ined  b y  s ta n d a rd  
m eth o d s.

R esu lts

L o n g itu d in a l w av e  m easu rem en ts  w ere  m ade on m ore th a n  a h u n d re d  
sam ples. O f these , a b o u t h a lf  were u sed  a g a in  a f te r  e igh t m on ths a n d  th e  v e lo c
ities rem easu red , to  e s tab lish  in  vitro  ag in g  effects, if  any . T ab le  1 show s

T ab le  1

Measured velocities fo r  bone

A n im a l T y p e A g e
(m o .)

VL(m 8-‘) Vx(m g-i)

64 BF 18 3757 2610

324 BF 18 3769 2465
244 BF 18 3821 2691

H I B F 36 3780 2467

H2 B F 36 3726 2430

H3 BF 36 3810 2428

SI B F 36 3769 2435

S2 BF 36 3659 2534

S3 BF 36 3731 2503

S4 BF 36 3726 2531

E l B F 36 3703 2501

E 2 B F 36 3756 2593

E3 BF 36 3706 2531

64 ВТ 18 3580 2545

324 ВТ 18 3361 2908
344 ВТ 18 3308 2739

A1 ОТ 10 3251 1941

A2 ОТ 10 3343 1972

A3 ОТ 10 3322 1970
A4 ОТ 10 3381 1982

L a n g ’ s  V alues B F 4060 3420

T he following abbrev ia tio n s have been used: 
B F : Bovine fem ur 
ОТ: Ovine tib ia
VT: Velocity perpend icu lar to axis
В Т: Bovine tib ia
VL: Velocity along axis
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r e s u lts  o f  m easu rem en ts  o f th e  velocities o f lo n g itu d in a l w aves a long  th e  ax is  
o f b o n e  an d  p e rp e n d ic u la r  to  i t ,  w hile T ab le  2 lis ts  th e  com puted  v a lu es  o f  th e  
tw o  e la s tic  c o n s ta n ts  c33 a n d  cn  using  th e  m e a su re d  densities of each  sp ec im en  
a n d  th e  a p p ro p ria te  m easu red  velocities. E a c h  v a lu e  is th e  average  o f u p  to  
fo u r  v a lu es  reco rd ed  for u p  to  fo u r spec im ens ta k e n  from  th e  sam e b o n e . 
E a c h  se t of m easu rem en ts  in  one row  co rre sp o n d s  to  th e  an im al w hose id e n t i 
fy in g  n u m b e r  ap p ea rs  in  th e  f ir s t  colum n.

T a b le  1 show s th a t  th e  m easured  v e lo c ity  in  th e  lo n g itu d in a l d ire c tio n  
(V l) is a lw ays g re a te r  th a n  th a t  m easured  p e rp e n d ic u la r  to  i t  (VT) a n d  c o n 
s e q u e n tly  c33 is a lw ays g re a te r  th a n  cu  fo r b o n e . A  com parison  w ith  th e  v a lu e s  
o b ta in e d  b y  L a n g  [7] fo r V L of dried  b o v in e  fe m u r (4 ,060 m sec-1 ) in d ic a te s  
an  a v e ra g e  d ifference of a b o u t 8 per c e n t fro m  th o se  recorded  in  T a b le  1. 
T h e re  is , th u s , fa ir  a g reem en t b e tw een  th e  tw o , especially  in  view  o f th e  w ide  
v a r ia b i l i ty  in  re su lts  of m a n y  s tu d ies  on b o n e  p ro p e rtie s . The d ifference in  th e  
a v e ra g e  v a lu e  of V t fo r d ried  bov ine  fe m u r is, how ever, 27 p er cen t a n d  is 
p ro b a b ly  sig n ifican t. In  th is  c o n te x t th e  fo llow ing  fac ts  need be m e n tio n e d . 
F i r s t ,  L a n g ’s ex p e rim en ts  w ere  p erfo rm ed  on  an im a ls  of unspecified  age. I t  is 
n o t  c le a r  if  specim ens of d iffe ren t age g roups w ere  m ixed  to g e th er. T h is f a c to r  
is im p o r ta n t  because  th e  age an d  d ie t o f th e  a n im a l can  cause v a ria tio n s  in  th e  
o b se rv e d  m ech an ica l p ro p e rtie s  of bone. S econd , L a n g ’s m easu rem en ts  w ere  
m a d e  m o re  th a n  six  m o n th s  a f te r  th e  specim ens w ere ob ta ined . As he p o in ts  
o u t, d u rin g  th is  in te rv a l, b o n e  m ay  have a c q u ire d  a m oistu re  c o n te n t. I t  is 
q u e s tio n a b le  w h e th e r h is sam ples of “ d ry ”  b o v in e  fem u r can be re g a rd e d  as 
p e rfe c tly  d ry  or in c lu d e  a h y d ra tio n  c o n te n t b a se d  on th e  e n v iro n m e n t in  
w h ich  th e  sam ples w ere s to re d  fo r th e  s ix -m o n th  in te rv a l. This a spec t in v o lv es  
tw o  co n sid e ra tio n s . O ne is t h a t  m o istu re  c o n te n t  can  d rastica lly  a l te r  th e  
m e c h a n ic a l c h a ra c te r is tic s  o f bone. T he o th e r  is th e  effect of in  vitro  ag in g  on 
th e  p ro p e r tie s  o f b one  an d  i t  is show n la te r  in  th is  p a p e r  th a t  aging does in d e e d  
p ro d u c e  a d e fin ite  in crease  in  th e  values o f e la s tic  co n stan ts . A n o th e r f a c to r  
w h ich  m u s t be considered  w here  d y n am ic  m e a su re m e n ts  are co n cern ed  is 
s t r a in  r a te .  L a n g ’s m easu rem en ts  w ere c o n d u c te d  a t  a h igher freq u en cy  th a n  
ours a n d  co n seq u en tly  a t  a h ig h e r s tra in  r a te  w h ich  w ould  lead  to  in c rea sed  
v a lu e s  o f  b o th  th e  m easu red  v e loc ities an d  th e  e la s tic  co n stan ts . E v en  allow ing  
fo r a ll th e se  co n sid e ra tio n s, th e  difference o f 27 p e r  c en t in  th e  m easu red  v a lu e s  
o f Y T b e tw e e n  his re su lts  an d  ours is s ig n ifican t.

T a b le  2, w hich  gives th e  va lu es  of c33 a n d  cu , show s average v a lu es  fo r 
d rie d  b o v in e  fem u r as 2.94 an d  1.31, re sp e c tiv e ly , all values being  in  1010 
N  m -2 . T hese  d iffer from  L a n g ’s figures b y  a b o u t  15 p e r cen t an d  45 p e r  c e n t 
re sp e c tiv e ly . T hese p e rc e n ta g e  d ifferences a re  a lm o s t tw ice as la rge  as th o se  
fo r th e  v e lo c itie s  h u t  th is  is n o t  su rp rising  d u e  to  th e  n a tu re  of th e  e q u a tio n s  
g o v e rn in g  th e  re la tio n s  b e tw een  th e  Cjj an d  v e lo c itie s  w hich involve sq u a re s  
o f th e  l a t t e r  q u a n ti ty .
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T ab le s  1 and  2 also  co n ta in  va lu es  o f  V l , V t , c33 an d  cn  fo r b o v in e  an d  
ovine t ib ia e . V alues fo r  th e se  typ es h a v e  n o t  b een  pub lished  in  th e  l i te r a tu r e  
and  m u s t  th e re fo re  be  considered  to  b e  th e  m o st re p re se n ta tiv e  to  d a te . O ne 
p u b lish ed  s tu d y  on b o v in e  tib ia  b y  S i m k i n  a n d  R o b in  [11] lis ts  th e  Y o u n g ’s 
M odulus o f  th is  ty p e  as 2.38 in  tension . I f  th is  v a lu e  is ta k e n  to  im p ly  th e  e la stic  
m odu lus in  th e  ax ia l d irec tio n , i.e. c33, i t  w o u ld  differ from  th e  av e ra g e  v a lu e  
o f 2.28 o f  th e  p re se n t s tu d y  by  less t h a n  5 p e rc e n t. T hough  th is  p e rc e n ta g e  
d ifference  is sm all, i t  m u s t be po in ted  o u t  t h a t  such  a com parison  m a y  n o t  be 
v a lid  since, to  m e n tio n  ju s t  one fa c to r , S i m k i n  an d  R o b in  used  w e t sam ples 
for th e ir  s tu d ies , w h ich  w ere conduc ted  u n d e r  s ta t ic  conditions.

F ro m  T able 2, i t  is observed th a t  v a lu e s  o f c33 for bovine tib ia e  a re  co n 
s id e rab ly  low er th a n  th o se  for th e ir  fe m o ra l c o u n te rp a r ts . T his p o in ts  to  th e  
fa c t t h a t  bovine t ib ia  is m echanically  w e a k e r  th a n  bovine fem ur. O n th e  o th e r

T able  2

D ensities and computed elastic constants fo r  bone

A n im a l T y p e D e n s ity  
(g  c m “ »)

с и ( Х  10“ N m - » ) c n ( X  10loN  m -* )

64 B F 2.06 2.90 1.33

324 B F 2.04 2.91 1.25

344 B F 1.91 2.80 1.25

H I B F 2.06 2.96 1.26

H 2 B F 2.21 3.07 1.31

H 3 B F 2.11 3.07 1.25

SI B F 2.01 2.86 1.19

S2 B F 2.02 2.70 1.29

S3 B F 2.27 3.18 1.41

S4 B F 2.08 2.90 1.33

E l B F 2.15 2.96 1.36

E2 B F 2.08 2.94 1.40

E 3 B F 2.17 2.98 1.39

64 ВТ 1.95 2.51 1.41

324 ВТ 1.94 2.19 1.64

344 ВТ 2.02 2.15 1.54

A1 ОТ 1.91 2.04 0.72

A2 ОТ 1.79 1.99 0.69

A3 ОТ 1.88 2.03 0.73

A4 ОТ 2.13 2.06 0.77

L a n g ’ s  values (B F) 2.02 3.34 2.38

B F , ВТ and ОТ s ta n d  for bovine fem u r, b o v ine  tib ia  and ovine tib ia  respec tive ly .
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h a n d , va lu es  of cu  fo r b o v in e  tib ia  are c o n s is te n tly  la rg e r com pared  to  b o v in e  
fe m u r. W h e th e r  th is  has a n y  biological s ig n ifican ce  is n o t know n.

O ne d is tin c t fa c t  t h a t  em erges from  th e  re su lts  of T ables 1 an d  2 is t h a t  
th e  ra t io  of c33/cu  is m uch  g re a te r  th a n  th a t  fo r  L a n g ’s values. Since th is  ra t io  
is a lso  a m easu re  o f a n iso tro p y , i t  leads to  th e  im p o r ta n t  conclusion th a t  b o n e  
m a y  be  m uch m ore an iso tro p ic  th a n  p rev io u sly  believed .

A s m en tio n ed  ea rlie r, on ly  a lim ited  n u m b e r  o f m easu rem en ts w ere m a d e  
fo r  th e  d e te rm in a tio n  o f  velocities o f th e  s h e a r  w aves in  bone spec im en s. 
R e su lts  o f  th ese  m e a su re m e n ts  are in d ic a te d  in  T ab le  3. T he specim ens u se d  
fo r  m easu rin g  c13 w ere  c u t in  th e  p roper o r ie n ta tio n  from  th e  orig inal sam p les . 
V alues o f th e  e la stic  m odu li c12, c13 and  c 44 all fa ll  w ith in  20 p er cen t o f L a n g ’s 
v a lu e s  b u t  i t  m u s t be  reem p h asized  th a t  th e  m easu rem en ts  for sh ea r w av es  
h ere  w ere  p erfo rm ed  on aged  specim ens.

D iscussion

O nly  fem oral specim ens w ere used fo r m easu rem en ts  to  s tu d y  in  v itro  
ag ing  effects. R esu lts  o f th e se  m easu rem en ts  in v o lv in g  th e  velocities an d  co m 
p u te d  e lastic  c o n s ta n ts  are  lis ted  in  T ab les 3 a n d  4. T he resu lts  im m e d ia te ly  
re v e a l t h a t  th e re  is a sm all b u t  con sis ten t in c rea se  (6.5 percen t) in th e  v a lu e s  
o f c33 a n d  a s lig h tly  g re a te r  increase (12 p e r c e n t)  in  those o f cu  a f te r  ag ing . 
S ince no  changes in  e ith e r  th e  m easu rem en t te c h n iq u e  or th e  e x p e rim e n ta l 
se t-u p  w ere  m ade fo r th e  ag ing  ex p erim en ts  a n d  since no o th e r p a ra m e te rs  e.g. 
te m p e ra tu re , w ere v a rie d , th e  d ifference in  th e  v a lu e s  of the  orig inal an d  ag ed  
v a lu e s  o f  th e  e lastic  c o n s ta n ts  c learly  in d ica tes  t h a t  as th e  specim ens a re  ag ed , 
th e y  becom e m ech an ica lly  s tiffe r. F u r th e r , th e  r e s u lts  of aging reduce th e  d if 
fe ren ces in  c33 an d  cu  b e tw een  th e  p resen t m e a su re d  values and  tho se  o f L a n g  
b y  n e a r ly  a fac to r  o f th re e  an d  b rin g  our v a lu es  m u c h  closer to  his.

I t h  as been  fo u n d  th a t  p a r t  o f th e  bone m in e ra l ex ists in am orphous fo rm  
an d  re p la c e m en t o f th is  am o rp h o u s co m p o n en t w ith  c rysta lline  m inera l ta k e s  
p lace  w ith  age [4]. T h is  im plies th a t  th e  m ech an ica l p ro p erties  of bone m a y

Table 3

Shear wave measurements

Sample V,(m s >) E lastic constan t
(X  10loN m -*)

F3 1773 c41 =  0.66
S4 1860 О II О <1

64 F 1810 с, 2 =  0.86
64F 1833 c i3 =  0.96
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change a fte r  d e a th  especially  if  all th e  am o rp h o u s  ph ase  g radually  re v e r ts  to  
th e  c ry s ta llin e  form . T h is h y po thesis  w ould  seem  to  be borne o u t b y  th e  p re s 
e n t s tu d y . I t  also seem s ce rta in  th a t  th e se  p ro p e rtie s  should s tab ilize  a f te r  a 
long e lapse o f tim e .

Table 4

Regional variations in  bone properties

S a m p le L o ca tio n
vL v T c*-33 Cl! Q

(m s -‘) (m s - ‘) ( X  10>”N  m -> ) ( X  10 loN  m  *) (g  c m - * )

l A 3796 2692 3.34 1.68 2.32

l В 3596 2500 2.61 1.26 2.02

l C 4008 2001 3.55 1.49 2.21
l D 3684 2700 2.92 1.57 2.15
2 A 3833 2500 3.11 1.32 2.12

2 В 3889 2800 2.95 1.82 1.95
2 C 4067 2826 3.51 1.69 2.12

2 D 3903 2800 3.02 1.55 1.98

3 A 3936 2818 3.41 1.75 2.20
3 В 4014 2600 3.34 1.40 2.07

3 C 3935 2700 3.19 1.50 2.06

3 D 3894 2857 2.99 1.61 1.97
4 A 3472 2549 2.44 1.31 2.02
4 В 3462 2685 2.49 1.50 2.08
4 C 3688 2391 2.81 1.18 2.06
4 D 3416 2500 2.14 1.15 1.84

Table 5

Computed elastic constants fo r  bone after aging

A n im a l c3j ( X  1 0 - " N  m - * ) c „ ( X  10" “ N  m - » )

E l 3.20 1.49
E2 3.13 1.62

E3 3.25 1.64

H I 3.13 1.44

H2 3.29 1.45

H3 3.17 1.50

SI 2.98 1.20

S2 2.99 1.55

S3 3.34 1.63

S4 3.02 1.41
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F ig . 2 . P o s itio n  of sam ples (in  cross-section) in  bo n e , u sed  for m easu rem en ts  on  reg ional
v a r ia tio n  of m ech an ica l p ro p e rtie s

R egional differences in  the same bone: F ig u re  2 shows, in  c ross-sec tion , 
th e  v a r io u s  lo ca tions from  w hich  sam ples w ere  ta k e n  to  c o n d u c t te s ts  on re 
g io n a l d ifferences in  th e  e la s tic  c o n s ta n ts  in  th e  sam e bone. T h e  re su lts , lis ted  
in  T a b le  6, reveal a v a r ia tio n  in  d en sity , e la s tic  co n stan ts  an d  w av e  v e lo c itie s

Table 6

M easured velocities fo r  bone after aging

Animal VL (m 8-1) VT (m s_1)

E l 3842 2628

E 2 3877 2789

E 3 3865 2748

H I 3893 2647

H 2 3856 2594

H 3 3869 2654

S I 3845 2440

S2 3853 2772

S3 3825 2684

S4 3794 2590

b u t  do  n o t  len d  th em selv es  to  a n y  specific conclusions as to  s ta t is t ic a l  o r q u a n 
t i t a t i v e  re la tio n sh ip s  b e tw een  th e  p o sitio n  o f  th e  specim en in  b o n e  an d  its  
m e c h a n ic a l p ro p ertie s . In  th re e  o f  th e  fo u r cases, how ever, lo ca tio n  C is asso 
c ia te d  w ith  th e  la rg es t v a lu e  o f c33 an d  lo c a tio n  A w ith  th e  la rg e s t v a lu e  o f 
d e n s i ty .  I t  is w ell know n  t h a t  bone d ep o sitio n  an d  ab so rp tio n  ta k e s  p lace  in  
r e la t io n  to  th e  stresses in d u ced . S uch  s tre sses  w ould  th e n  c o n tr ib u te  to  denser
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or s tiffe r p o rtio n s  on  one face of b o n e  a n d  m ak e  th e  o th e r face d iffe r in  its  
m echan ical c h a ra c te ris tic s . To e s tab lish  a q u a n ti ta t iv e  re la tio n sh ip , i f  an y , 
be tw een  in d u ced  stre sses  an d  reg ional v a r ia tio n s , how ever, m an y  m o re  sim i
la r  m easu rem en ts  m u s t be perfo rm ed .

To su m m arize , re su lts  o f m easu red  v e lo c itie s  of w ave p ro p a g a tio n  in  
ovine an d  b o v in e  fe m u r and  tib ia  a n d  th e  c o m p u te d  values of th e  e la s tic  co n 
s ta n ts  from  th ese  velocities ind ica te  t h a t :

(1) B one m ay  be a m uch m ore  a n iso tro p ic  m ateria l th a n  h ith e r to  
assum ed.

(2) A ging in  vitro  has th e  e ffec t o f m a k in g  bone m echan ically  s tiffe r.
(3) T here  a re  reg ional v a ria tio n s  in  th e  m echan ical p ro p e rtie s  w ith in  

th e  sam e bone, b u t  no s ta tis tic a l re la tio n sh ip s  can  be ex trac ted .

Appendix

N um erica l results o f  a m athem atical m odel: I f  n o n d estru c tiv e  or n o n tra u -  
m a tic  u ltra so n ic  te s tin g  is to  be app lied  to  an  in  vivo  s itu a tio n  it  m u st be  e m p h a 
sized th a t  such te s tin g  m u st be p e rfo rm ed  on  w hole bone and  n o t on  sm all 
sam ples c u t in  p re fe rred  o rien ta tio n s . A m a th e m a tic a l m odel w as th e re fo re  
developed  to  s tu d y  th e  n a tu re  of w av e  p ro p a g a tio n  in  in  vivo  bone co n sid e rin g  
i t  as an  in fin ite  tw o  lay e red  cy lin d er o f  tra n sv e rse ly  iso trop ic , p iezo e lec tric  
m a te ria ls . T he m odel h as  been d iscussed  e lsew here  ( A m b a r d a r , 1976 u n p u b 
lished) b u t  som e o f th e  re su lts  of a n u m e ric a l e v a lu a tio n  will be d iscussed  here . 
I t  tu rn s  o u t t h a t  th e  ch a rac te ris tic  fre q u e n c y  eq u a tio n  involves a s ix te e n th  
o rd er d e te rm in a n t eq u a llin g  zero. T h e  n o n ze ro  te rm s  of th is  d e te rm in a n t in 
vo lve  Bessel fu n c tio n s  and  th e ir  d e r iv a tiv e s . T h e  vario u s p a ra m e te rs  in v o lv ed  
in  th e  c h a ra c te r is tic  freq u en cy  eq u a tio n  in c lu d e : 

th e  freq u en cy  со
th e  w a v en u m b er «  an d  hence th e  w a v e  le n g th  L ( =  2я:/а)
th e  d im ensions o f  th e  m odel (o u te r  ra d iu s  r(2 ), in n e r rad ius r ( l ) )
th e  e lastic  c o n s ta n ts  cq
th e  p iezoelectric  c o n s ta n t eq, a n d
th e  d ie lec tric  c o n s ta n ts  Хц
T he freq u en cy  eq u a tio n  is t ra n s c e n d e n ta l  in  n a tu re  and for each  va lu e  

o f  a  th e re  w ill be  an  in f in ite  n um ber o f  ro o ts  co rresp o n d in g  to  th e  fre q u e n c y  со 
w here  th e  d e te rm in a n t becom es zero. A freq u en cy -w av e len g th  g rap h  c a n  th u s  
rev ea l th e  sa lien t fe a tu re s  of th e  freq u en cy  e q u a tio n .

In  th e  tw o la y e re d  m odel the  in n e r  la y e r  is assum ed to  com prise  sp o n g y  
bone. T he e lastic  c o n s ta n ts  o f spongy  b one  h a v e  n o t been m easu red  to  an y  
degree o f accu racy . F u th e r , even th o u g h  b o n e  h as  been show n to  be  p iezo 
e lec tric  in  n a tu re , v a rio u s  in v es tig a to rs  h a v e  a rr iv e d  a t  d ifferen t co n fig u ra -
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t io n s  fo r  th e  p iezoelectric  m a tr ix  o f bone (W illiam s, 1974). T he d ie le c tr ic  
c o n s ta n ts  fo r bone a re  n o t re a d ily  av a ilab le . T h is  leads to  the  conclusion  th a t  
a n u m e ric a l s tu d y  o f  th e  g enera l m odel is n o t  w orth -w hile  a t  p re sen t. I t  w as 
d e c id e d  to  o b ta in  re su lts  b y  n u m erica l e v a lu a tio n  of th e  s ix th  o rd e r d e te r 
m in a n t  o b ta in e d  as th e  freq u en cy  eq u a tio n  fo r  th e  single layered  m odel in  th e  
a b se n c e  o f  b o th  th e  in n e r sp o n g y  lay e r a n d  o f  th e  p iezoelectric effec t. S ince 
th e  e q u a tio n  is t ra n sc e n d e n ta l in  n a tu re , i t  h a s  an  in fin ite  n u m b er o f  so lu tio n s  
o r m o d es . R esu lts  o f th e  n u m erica l a p p ro ach  a re  p resen ted  in  Figs 3 — 5 w h ich  
sho w  c u rv e s  o f th e  f ir s t  six m odes fo r n o rm a lized  frequency  versus n o rm a liz e d  
w a v e n u m b e r  fo r v a rio u s  d im ensions an d  o rd e rs  o f axial in v a rian ce  n . T he 
v a lu e s  o f  R  are  chosen  so as to  co rrespond  to  physica lly  rea listic  v a lu e s  fo r 
b o n e  a n d  th e  p a ra m e te rs  a re  no rm alized  as fo llow s:

F ig . 3. P lo t o f  freq u en cy  vs. w a v e len g th  for th e  f i r s t  six  roo ts, w ith  n  =  0 a n d  R  =  2

F ig . 4. P lo t o f freq u en cy  vs. w av elen g th  for th e  f i r s t  six  roo ts, w ith  n =  0 an d  R  =  4
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Fig. 5. P lo t o f  frequency  vs. w a v e len g th  for th e  f i r s t  six  ro o ts, w ith  n  =  1 an d  R  =  2

Q  =
coh

/here  h =  r ( 2) r ( l ) = l  fo r convenience

4 1/2
в

.  2nh ,
о = --------- =  hx  =  X

L

r ( l)  +  r( 2)
R  = ---------------  =  av erag e  ra d iu s  o f cy linder.

(A l)

(A2)

(A3)

(A4)

T ho u g h  th e  resu lts  c a n n o t be co m p ared  w ith  an y  ex p e rim en ta lly  know n 
d a ta , a few re m a rk s  are  in  o rd e r fo r va lu es  o f  n  =  0 (i.e. th e  case o f ax isym - 
m etric  m o tion ). T h e  value Ü  =  q w as found  to  be a sim ple ro o t o f th e  freq u en cy  
eq u a tio n  an d  in d ep en d en t of R . T h e  g rap h s also  rev ea l th e  p o ssib ility  o f co u 
pling betw een  som e of the  m odes e.g. 5 an d  6 in  F ig . 3. To ensure  th a t  such  
coupling  does in d eed  occur, th e  re su lt m u s t be s u b s titu te d  in to  th e  so lu tions 
for th e  v a rio u s  d isp lacem en ts a n d  th e  n a tu re  o f th e se  so lu tions s tu d ie d  in  d e ta il. 
W ith  in c reas in g  R , th e  m odes te n d  to  d r if t  fu r th e r  a p a r t  an d , fo r th e  sam e 
w av elen g th , th e  frequency  o f p ro p a g a tio n  is seen to  be h igher. W ith  increasin g  
n, how ever, th e  f irs t few m odes are  b u n ch ed  closer to g e th e r. F o r n =  0, node 
2 rep resen ts  th e  low er to rs io n a l m ode and  m ode 1 th e  ax i-sy m m etric  shell 
flex u ra l m ode, w hile m ode 3 co rresp o n d s to  th e  “ b re a th in g  m ode” . All m odes 
h igher th a n  th e  th ird  are e ith e r  th ick n ess-sh ea r or th ic k n e ss -s tre tc h  v ib ra tio n s .
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RECENSIONES

N eurobiology o í In v e rteb ra te s . G astropoda B ra in

E d . Sa l á n k i J .,  A k ad ém iai K iad ó , B u d a p es t (1976), p p . 656. £  23.

T h is book is th e  p roceed ings o f th e  th ird  In te rn a tio n a l Sym posium  on In v e rte b ra te  
N eurob io logy  held a t  th e  B iological R esearch  In s t i tu te  in  T ih a n y , H u n g a ry . T he to p ic , G astro 
p o d a  b ra in , was selected  b ecau se  th is  g roup  o f  M ollusca  possesses c e n tra l  g ia n t neu ro n s su itab le  
fo r  in  vivo  iden tifica tio n , fu r th e r ,  on  th e  re g u la tio n  o f b o th  sim ple  a n d  m ore co m plica ted  be 
h a v io u r  can  be stu d ied  a t  ce llu la r level.

T he book d iv ides in to  th e  following c h ap te rs : 1. F u n c tio n a l id en tif ic a tio n  a n d  m app ing  
in  th e  cen tra l nervous sy s te m . 2. M onoam ine m etabolism , u p ta k e  a n d  loca lization . 3. R ecep to r 
p h a rm aco lo g y . 4. E le c tr ic a l p ro p erties  a n d  m echanism s of e x c ita tio n . 5. Sensory  p a th w ay s 
a n d  c en tra l p ro jection . 6. In p u t-o u tp u t  re la tio n s  and  co n tro l o f b e h av io u r.

E ac h  of th e  to p ic s  is p resen ted  b y  w ell-know n spec ia lis ts  a rriv in g  from  15 countries . 
A lto g e th e r 41 papers a re  p u b lish ed  each  o f  w hich  is co m p le ted  by  a su m m ary  a n d  follow ed 
b y  th e  essence of the  d iscussion  conducted  a t  th e  m eeting . Such ty p e  o f m ate ria l c an  be in te re s t
ing  a n d  in form ative  fo r th e  specia lists . B esides th e  new  re su lts , th e  vo lu m e refers to  th e  m ain  
u n so lv ed  problem s of in v e r te b ra te  neurob io logy . An a t te m p t  is m ad e  to  generalize th e  resu lts  
o b ta in e d  a t  d ifferent Gastropoda  species a n d  to  accep t com m on  p rin c ip les  in  th e  id en tif ic a tio n  
o f  th e  cells as well as in  u n d e rs tan d in g  a n d  in te rp re tin g  basic  n e u ro n a l functions.

T he book is w e ll- illu s tra te d  an d  co m p le ted  w ith  a  su b je c t in d ex .
T he volum e can  b e  recom m ended  to  th o se  who are  w o rk in g  in  th e  field  o f b iophysics, 

neurophysio logy , n e u ro ch e m is try , neu rom orpho logy , b e h av io u r a n d  in  e x p erim en ta l and 
th e o re tic a l neurosciences in  general.

K a t a l in  S.-R ózsa (T ihany)

N euron concept today

E d . Szentágothai J . ,  H á m o r i J . ,  and  V iz i E . S. A kadém iai K iad ó , B u d a p es t (1977). 
Proceedings o f  a S ym p o siu m , T ih an y  (H u n g a ry )
A u g u s t 26—28, 1976. p p . 310. IS B N  963 05 1331 5

T he discrete n e u ro n a l o rg an iza tio n  a s  th e  basic s tru c tu re  o f th e  n ervous sy s tem  in  all 
re p re se n ta tiv e s  of th e  a n im a l k ingdom  c a n n o t be q u estio n ed  to d a y . T he tit le  o f th is  V olum e 
re fe rs  m o stly  to  th e  h e a v y  discussions co n d u c ted  be tw een  th e  su p p o rte rs  o f th e  n eu ro n  and 
re tic u lu m  theory  in th e  f i r s t  p a r t  o f th is  c e n tu ry . N everthe less , th e re  are  n u m ero u s an d  ex 
tre m e ly  im p o rta n t p ro b lem s w hich  have  a risen  a  consequence o f  th e  n eu ro n  co n cep t, an d  have 
b een  solved only p a r tly  o r  h a v e  rem ain ed  u n so lv ed  up  to  th e  re c e n t  y ea rs . T he p a p ers  p resen ted  
a t  th e  Sym posium  w ere d ea lin g  w ith  p re sen t ideas an d  basic re su lts  concern ing  th e  m ain  ques
t io n  o f th e  neuron co n cep t: w h a t is th e  a c tu a l s tru c tu re  a n d  m ode o f th e  fu n c tio n in g  of th e  n e r
v o u s  sy s tem  a t n eu ro n al a n d  in te rn eu ro n a l level, as well as in  th e  n e u ro n a l ne tw o rk s.

T he book co n ta in s  20 fu ll papers a n d  o v er 50 a b s tra c ts  d ealin g  w ith  m orpho logy , physio l
ogy , b iochem istry , p h a rm aco lo g y  an d  m odelling  of th e  n e rv o u s e lem en ts , co n n ections and  
c ircu its . A ra th e r w ide f ie ld  o f questions is discussed a p p ro ac h in g  th e  n eu ro n  co n cep t from  
d iffe re n t aspects, in c lu d in g  th e  d ev elo p m en t of nerve  e lem en ts , tro p h ic a l fu n c tio n s  an d
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t r a n s p o r t  m echanism s, th e  a c c e p ta b il i ty  o f D a l e ’s p rincip le , re ce n t p ro b lem s concern ing  tra n s 
m i t t e r  sy n th esis  and release, sign ifican ce  of d en d rites and  in  general o f th e  co n n ec tio n  o f neurons 
in  th e  d e te rm in a tio n  of th e  n e u ro n a l fu n c tio n in g , e lem en ta ry  processes o f lea rn in g  an d  princi
p les  o f  n eu ro n al o rgan ization .

T h e  in te rn a tio n a l a ssem b lin g  o f th e  sym posium  (12 co u n tries  w ere rep re se n ted ) gave 
a  f u r th e r  v a lu e  to  th e  m ee tin g : e m in e n t specia lists o f re ce n t neurob io logy  gave  a n  acco u n t on 
th e i r  o w n  cu rren t research . A lth o u g h  fo r th e  u n d e rs tan d in g  of th e  n e u ra l fu n c tio n s  new  and 
m o re  e x a c t  discoveries an d  in te rp re ta tio n s  hav e  been  e la b o ra te d  an d  are  re q u ire d  in  th e  fu tu re , 
th e  c o n tr ib u to rs  agreed  u p o n , as i t  w as stressed  by  th e  ch a irm a n  ( J .  S zE N T Á G O T H A l) of th e  
S y m p o s iu m , th a t  for th e  tim e  b e in g  th e re  is no reaso n  to  m o d ify  or re je c t a n y  of th e  fu n d am en 
t a l  a ssu m p tio n s  upon  w hich  th e  n e u ro n  concep t h as been  based .

A lto g eth e r, th e  boo k  can  b e  w arm ly  recom m ended  to  physio log ists , m o rp h o lo g ists and 
all th e  specialists w orking in  neu ro b io lo g ica l re sea rch  or teach in g  in  ad v an c ed  courses a t  
u n iv e rs it ie s .

J .  Sa l á n k i (T ihany)

H ypothalam ic P ep tid e  H orm ones and P itu ita ry  R eg u la tio n

E d .  J .  C. P o r ter . In  A dvances in  E xp erim en ta l M edicine and  B iology, Vol 73, P len u m  Press, 
N ew  Y o rk — L ondon (1977), p p . 366. F igs. 139, $39.

T h e  proceedings o f  a w o rk sh o p  h e ld  in  B e th esd a , M d., 1— 2 N o v em b er 1976 —  th e  
th i r d  in  a series of sym posia on  neuro en d o crin o lo g y  sponsored  b y  N IH .

T h is  book concisely rev iew s c ritica lly  analyses th e  c u rre n t s ta te  o f b asic  an d  clinical 
r e se a rc h  o n  th e  h y p o th a lam ic  h y p o p h y s io tro p h ic  h o rm ones a n d  th e ir  in flu en ce  on  an te rio r 
p i tu i t a r y  reg u la tio n . I t  c o n ta in s  15 p a p e rs  covering  a w ide v a r ie ty  o f  to p ics , am ong others 
b io c h e m is try , physiology, p h a rm a co lo g y  a n d  cellu lar b io logy of L H -R H ,T R H  a n d  so m a to s ta 
t in ,  a s  w ell as agonistic  a n d  a n ta g o n is t ic  analogues o f th ese  th ree  p e p tid e s . I t  s ta r ts  w ith  
“ T h e  endocrino logy  of th e  n e u ro n  a n d  th e  neu ro n al o rig in  o f endocrine  cells”  (b y  R . Gu il l e - 
m in ). T h is  lec tu re  rev ea led  th e  p e r tin e n c e  of tw o new  co n cep ts  to  n eu ro en d o crin e  research  
( th e  p o ss ib ility  of in te rn e u ro n a l co m m u n ica tio n  b y  m u ltip le  c o n ta c ts  o f com plex  dendritic  
a rb o riz a tio n s ; all p ep tid e -h o rm o n e -p ro d u c in g  cells are d e riv ed  from  th e  n e u ra l ec to d erm  as are 
a ll n e u ro n s ) . S. Ochs rev iew s c u r re n t  know ledge o n  ax op lasm ic  t ra n s p o r t  (m a in ly  o rth o g rad e) 
in  p e r ip h e ra l  nerve and  h y p o th a la m o -n e u ro h y p o p h y se a l system s. M. J .  B r o w n st e in  deals 
w ith  th e  d is tr ib u tio n  of b io log ically  a c tiv e  pep tid es in  th e  b ra in . A. B a r n e a  e t al. describe 
s tu d ie s  o n  th e  subcellu lar c o m p a r tm e n ta liz a tio n  of h y p o th a la m ic  p ep tid e s. T h e  n e x t au th o r 
( J .  F .  M cK e l v y ) sum m arizes c u r re n t  know ledge on th e  b io sy n th es is  o f h y p o th a la m ic  pep tides. 
A . V . S ch a lly  and D. H . Coy  d iscu ss th e  re la tio n sh ip  b e tw een  th e  s tru c tu re  o f  L H -R H  and  
i ts  b io lo g ica l a c tiv ity  an d  th e  d e v e lo p m e n t of a g re a t n u m b er of s t im u la to ry  an d  inh ib ito ry  
a n a lo g u e s , po in ting  ou t t h a t  th e  in h ib i to ry  analogues m ig h t ev en tu a lly  fo rm  th e  basis of a 
new  b i r th  con tro l m eth o d . W . Y a l e  a n d  associates d eal w ith  th e  p h a rm a co lo g y  of T R H , 
L H -R H , so m a to s ta tin  an d  th e ir  s y n th e tic  analogues. F . L a b r ie  e t al. su m m arize  th e  role of 
a d en o s in e  3,5 — m o n o p h o sp h a te  in  th e  ac tio n  of T R H . L H -R H  an d  so m a to s ta tin  a n d  th e  m od
u la t io n  b y  peripheral h o rm o n es  o f  th e  p itu ita ry  responses to  th e  re leas in g  horm ones.
J .  C. P o r t e r  e t al. c o n ce n tra te  o n  th e  re lease  of h y p o th a la m ic  ho rm o n es u n d e r  in-vivo  and 
in -v itro  cond itions. A u th o rs  d e m o n s tra te d , am ong o th ers , th e  cause-effec t re la tio n sh ip  be tw een  
th e  in c re a se d  co n cen tra tio n  o f L H -R H  in  th e  p o rta l b lood  an d  th e  in creased  re lease  o f LH 
fro m  th e  p itu ita ry  a fte r  e lec tro ch em ica l s tim u la tio n  of th e  h y p o th a la m u s  in  p ro e s tru s  ra ts , 
a n d  p re s e n t  d a ta  co n sisten t w ith  a  re tro g ra d e  tra n s p o r t  o f p i tu i ta ry  h o rm o n es a n d  re tro g rad e  
b lo o d  flo w  in  th e  p itu ita ry  s ta lk . J .  D . N e il l  e t al. re p o rte d  on  th e  L H -R H  sec re tio n  in  the  
m o n k e y . M . Sa ffra n  rev iew s th e  c u r re n t  s ta tu s  of h y p o th a la m ic  ho rm o n es t h a t  co n tro l M SH 
a n d  A C T H  release. R ecen t k n o w led g e  on  th e  facto rs a ffec tin g  p ro lac tin  re lease  is sum m arized  
b y  A . A r im é r a  and  A. Y. S c h a l l y . D a ta  suggesting  th a t  th e  g o n a d o tro p h in s  ex is t in  two 
fu n c tio n a l  pools in  th e  p i tu i ta ry  g o n a d o tro p h s  in  w om en w ith  reg u la r  cycle, one t h a t  is rap id ly  
re le a sa b le , th e  o th er req u irin g  p ro lo n g ed  stim u lu s in p u t a re  p re sen te d  (by  S. S. C. Y e n  e t al.). 
A f u r th e r  qu estio n  to  he d iscussed  (b y  A. G. F rantz) was th e  effect o f T R H  in  m an . J .  E . Ge - 
r ic h  r e p o r ts  on th e  use o f s o m a to s ta t in  in  th e  s tu d y  of c a rb o h y d ra te  ho m o eo stasis in  m an. 
S u m m a ry  an d  concluding c o m m e n ts  (b y  R . A. G o r sk i) offered  a new  c lass ifica tio n  of the  
re le a s in g  horm one neurons (c lassical n eu ro n s, neuroendocrine  tran sd u ce rs  an d  neuroendocrine  
in te g r a to r  cells).
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All papers a re  p re sen te d  clearly . T he w ell-p roduced  book  prov ides a  v a s t  a m o u n t of 
im p o rta n t new  in fo rm a tio n  a n d  s tim u la tin g  ideas o f m an y  of th e  p resen tly  h o t fie ld s  o f neu ro 
endocrinology (b o th  basic  a n d  clinical). I t  w ill be o f p a r tic u la r  in te re s t to  n eu ro en d o crin o lo 
g ists, an d  all those in te re s ted  in b io reg u la to ry  m echanism s can  b en efit from  it.

B. H a l á s z  (B u d ap es t)

Intercellular Communication

E d . W a l m o r  C. d e  M e l l o . P len u m  Press, N ew  Y o rk — L o ndon  (1977), pp. 251 -f- 3, 9 ch ap ters , 
63 figs, 5 tab les , $ 30.

L iv ing  organ ism  co n ta in  a system  o f co m m u n ica tin g  cells. D a ta  a cc u m u la te d  in  the  
la s t tw o  decades u n eq u iv o cally  d em o n s tra te  th e  o u ts tan d in g  im p o rtan ce  o f in te rce llu la r  com 
m u n ica tio n  in  th e  fu n c tio n in g  o f d ifferen t o rgans.

T his vo lum e p ro v id es a n  excellent re p o rt  on th e  m o st re ce n t find ings in  t h a t  fie ld  and 
a t  th e  sam e tim e an  u n b iassed  critica l e v a lu a tio n  of th e  su b jec t. T he h igh  sc ien tific  leve l o f the 
book  can  be an tic ip a te d  by  th e  f ir s t  look a t  th e  list o f c o n trib u to rs .

A lthough , th e  n ine  c h ap te rs  in th e  boo k  deal w ith  q u ite  d iv erg en t a sp ec ts  o f  in te rce l
lu la r  co m m unica tion  in  v a rio u s tissues, th e  ed ito r an d  th e  co n trib u to rs  h av e  succeed ed  in 
rev ea lin g  ideas for a g en era l t r e a tm e n t o f  d iffe ren t fo rm s of cell-to-cell c o m m u n ica tio n . Thus, 
th e y  should  challenge o th e r  fields of re sea rch , no t m en tio n ed  in  th e  book, by  d e m o n s tra tin g  
th a t  in te rce llu la r co m m u n ica tio n  is a general phenom enon  an d  p lays a p ro m in en t ro le  in  every  
tissue. T he leading idea is concerned  to  th e  im p o rtan ce  o r surface  phenom ena in  fo rm in g  gap 
ju n c tio n s  as m orphological en titie s  specialized fo r th e  p e rfo rm an ce  o f cell-to-cell co m m u n ica tio n .

H ow ever, th e  re ad e r  h a s  som etim es th e  feeling t h a t  cell-to-cell in te rco n n e c tio n s  pe r
form ed by  a long-d istance signalization  sy s tem  of chem ica l tra n sm itte rs  betw een  d iffe re n t cells 
a re  neglected . Also, w hen  read in g  C h ap te r 7 on  “ Cell in te ra c tio n s  in  n e u ro b la s to m a ”  one m ight 
ask  w by th e  ed ito r o m itte d  dealing  w ith  p ro b lem s o f  g lia l-n eu ro n a l or g lia -to -g lia  co m m uni
ca tion .

N everthe less , th e  boo k  prov ides a n  ex ce llen t su rv ey  o f th e  sub jec t. C h a p te r  1, “ Gap 
ju n c tio n s  in  d evelopm en t” , an d  also th e  la s t  c h ap te r , “ In te r-ce llu la r  co m m u n ica tio n  in  the  
early  em b ry o ”  ren d er ev idences for th e  significance o f  cell in te rac tio n s  in th e  d iffe re n tia tio n  
of any  tissue and  in th e  develo p m en t o f an y  organ.

C h ap te r 2. “ Cell c o n ta c t p henom ena and  th e ir  im p lica tio n  in cell co m m u n ica tio n ” 
an d  C h ap te r 3, “ Ju n c tio n a l p e rm eab ility  a n d  its  consequences”  deal w ith  g en era l phenom ena 
in cell-to-cell coupling .

C h ap te r 4, “ In te rc e llu la r  co m m u n ica tio n  in h e a r t  m uscle”  and  C h a p te r  5, “ P ro te in  
sem iconduction : an  a lte rn a tiv e  e x p lan a tio n  o f e lectrical coup ling”  give a fa sc in a tin g  discussion 
in  find ings concerned  to  th e  p rob lem  of e lec trica l coupling  of th e  cells.

C h ap te r 6, “ In te rc e l lu la r  co m m u n ica tio n  and  can c er” ,
C h ap te r 7, “ Cell in te rac tio n s  in n e u ro b la s to m a ” , and
C h ap te r 8, “ Cell co m m u n ica tio n  in  th e  im m une response”  p rov ide  e x am p les  fo r the 

o u ts ta n d in g  im p o rtan ce  o f cell coupling  in th e  reg u la tio n  of basic  biological p rocesses.

O. F e h é r  & L. L a t z k o v it s  (Szeged)

Advances in General and Cellular Pharmacology. Vol. 1.

E d s T . N a r a h a s h i a n d  C. P . B l a n c h i, P le n u m  P ress N ew  Y o rk  an d  L o ndon  (1976), pp . 252, 
F igs 66, T ab les 16, $ 29.40.

T he book is a successful a tte m p t to  sum m arize  th e  p re sen t know ledge a b o u t  th e  m echa
nism  of action  of d rugs a t  cellu lar, su b ce llu lar an d  m o lecu la r levels w ith  th e  a id  to  c o n trib u te  
to  th e  im proving  of ex is tin g  d rugs an d  g iv ing  th e  basis o f th e ra p e u tic  a p p lica tio n . A v a r ie ty  of 
co n cep ts u tiliz ing  th e  m eth o d s  of physics, ch em istry , b iophysics , b io ch em istry  a n d  physiology 
is sy n th e tized  in th is  boo k  fo r clearing u p  th e  m echanism  o f a c tio n  resu ltin g  in  a new  dim ension 
of pharm acolog ical re sea rch . T he f irs t  vo lu m e in th is  series offers d e ta iled  s tu d ie s  in  (1) car
d iac  a u to m a tic ity , (2) o p ia te s  an d  th e ir  an ta g o n is ts , (3) d ru g  actions on  d ev elo p in g  card iac  
tissues, (4) dose-response re la tio n  an d  (5) ganglionic  tran sm iss io n .

7 Acta Biologica Academiae Scientiarum Hungaricae 29, 1978



9 8 R E C E N S IO N E S

I n  th e  Volum e th e  a p p lic a t io n  of in trace llu la r m ic ro e lec tro d e  techn ics is well p resen ted  
in  th e  ca rd iac  p h arm aco logy . T h e  n a tu re  of cholinergic a n d  ad ren erg ic  re ce p to rs  in  p o stsy n ap - 
t ic  m em b ran e s  is an alyzed  in  d e ta il.

E a c h  chap ter is w r i t te n  b y  o u ts tan d in g  ex p erts  f ro m  th e ir  ow n p o in t o f  view , resu ltin g  
in  n e w e r  approaches an d  te c h n iq u e s  w ith  solid th eo re tic a l a n d  e x p erim en ta l bases.

T h e  s tan d ard  of th e  b o o k  is excellent, and  th e  re fe ren ces follow ing each  c h a p te r  will 
b e  v e ry  v a luab le  for th e  re a d e rs .

T h e  sub ject index  g ives a  goo d  basis for o r ien ta tio n  in  th e  topics.
T h e  book can be  re co m m e n d e d  fo r biophysics, b io ch em is ts , physio log ists a n d  p h a rm a 

c o lo g is ts  alike. The re sea rch  w o rk e rs  an d  stu d en ts  w ill b e n e f i t  from  th is  vo lum e a n d  can  use 
i t  a s  a  m an u a l for th e  to d a y ’s g e n e ra l an d  cellular p h a rm aco lo g y .

K a t a l in  S.- R ó zsa  (T ihany)

Comparative pathobiology, Vol. 1.

B io lo g y  o f the  M icrosporidia  E d .:  L e e  A. B u l l a , J r ., T h o m a s  C. Ch e n g . P le n u m  Press, 
N ew  Y o rk  and  L ondon (1976), p . 371, 136 fig., —  IS B N  0-306-38121-4 , § 45.

M icrosporidia  c o n s t itu te  o n e  o f th e  largest g ro u p  o f p a rasitic  an im als . N early  all 
m a jo r  an im a l groups suffer fro m  th e ir  parasitism . T h ey  a re  ex trem e ly  com m on am ong  Insecta  
a n d  Crustacea. These fa c ts  c re a te  o p p o rtu n ities  fo r d e ta ile d  tax o n o m ic  s tu d ies  in  zoology. 
T h e re  a re  o th e r o b se rv a tio n s e v o k in g  general in te res t: e.g. th e re  a re  few  re p o rts  a b o u t th e  
o c c u rre n c e  of M icrosporidia  in  m a n , infections caused b y  th e se  p a ras ite s  in h ib it  th e  develop
m e n t  o f  va rio u s k inds o f can c er in  m ice.

T h is  volum e p re sen ts  a  c r it ic a l  review  on th e  s t ru c tu re ,  d ev elopm en t, physio logy  and 
e x tra c o rp o re a l  ecology of M icrosporid ia . The n a tu re  o f  h o s t-p a ra s ite  re la tio n  in  V e rteb ra te s  
a n d  In v e rte b ra te s  and  d a ta  on  th e i r  occurrence in  m a m m a lia n  tu m o u rs  a re  also sum m arized . 
T h e  b o o k  contains a sh o rt p a ra g ra p h  of m ethodology a n d  rev iew s in te rn a tio n a l ty p e  collections. 
A  g lo ssa ry , and  indexes a re  a t ta c h e d .

F o r  biologists o f g en era l in te re s t  th e  f irs t p a ra g ra p h , th e  s tru c tu re  o f th is  sm allest 
e u k a ry o te  cell, w ritten  b y  J i i í l  V á v r a  is ra th e r  suggestive. E lectron -m icroscop ic  s tu d ies  show 
a G o lg i-like  p rim itive  a p p a ra tu s ,  m issing  m itochondria , spec ia lly -developed  nucleus a n d  m od
u la t io n s  o f  th e  cell m em b ran e  so m e w h a t in to  a cell w all s tru c tu re .  S im ilarly , th e  d ev elopm en t 
o f  sp o ru la tio n  is qu ite  special. T h e re  a re  also in te res tin g  e x am p les o f p a ra s itic  in v as io n  and  
c y to p a th o g e n ic ity . F o r re se a rc h  w o rk e rs  in  the  fie ld  o f  onco logy  th e  in te rferen ce  be tw een  
M icro sp o rid ia  and  t ra n s p la n te d  tu m o u rs  has an u tm o s t sign ificance.

I. K É T Y I  (Pécs)

H u m a n  gene m apping  3.

B e r g s m a , D . (E d) Baltim ore C onference , 1975. Th ird  In terna tiona l W orkshop on H u m a n  Gene 
M a p p in g .  — . Birth Defects: O rig ina l A rticle  Series, Vol. X I I ,  N o. 7. T he N a tio n a l F o u n d a tio n , 
N ew  Y o rk . —  S. K arger, B ase l —  M ü n ch en  — Paris —  L o n d o n  —  N ew  Y o rk  —  S idney , 1976. 
p p . 452 . S F r  110.—

T h is  volum e su rveys one o f  th e  m ost dynam ically  d ev elop ing  fields o f h u m an  genetic: 
h u m a n  gene  m apping, b a sed  o n  th e  Proceedings of th e  T h ird  In te rn a tio n a l W o rkshop , B a lti
m o re  1975; w ith  an  In tro d u c tio n  b y  V . A. M cK u s ic k . (T he  f i r s t  o f these  w orkshops w as held  
in  1973 a t  th e  Yale U n iv e rs ity , N ew  H av en , USA ( th e  second  one in  1974 a t  th e  E rasm u s 
U n iv e rs i ty ,  R o tte rd am , T he N e th e r lan d s ) .

T h e  p rincipal aim  o f th e se  conferences was to  co llect n ew  in fo rm a tio n  o n  th e  h u m a n  gene 
m a p , w i th  special in te re s t in v e s te d  in  som atic cell h y b r id iz a tio n  a n d  linkage s tu d ies  in  fam i
lies. T h e  su m m ary  of la b o ra to ry  re s u lts  ob ta ined  in  d iffe re n t p a r ts  o f th e  w orld a n d  th e  com 
p a r is o n  o f  th e  same p ro v ed  m o re  th a n  useful.

I n  th is  volum e one c an  f in d  th e  m o st recent m ap  o f th e  h u m an  chrom osom es. D efin ite  
in fo rm a tio n  on  specific a u to so m a l lo ca tio n  is available fo r o v e r  70 loci an d  te n ta tiv e  in fo rm a
t io n  o n  a b o u t  40 others. (F o r  co m p ariso n : th e  co rresponding  fig u res were 24 a n d  23 a f te r  th e  
N ew  H a v e n  conference 1973, a n d  39 a n d  29 after th e  R o t te rd a m  conference 1974.) A p a rticu -
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la rly  im p o r ta n t  re su lt in  B a ltim o re  Conference w as th e  A B O  linkage group to  ch ro m o so m e 9. 
The m ap p in g  o f chrom osom es 1 a n d  6 p rovides f in e  e x am p les : th e  R h  blood-group lo cu s is on 
chrom osom e 1, an d  th e  m a jo r h is to co m p a tib ility  c o m p le x  (H L A , etc.) is on  ch ro m o so m e 6. 
T he C onference p a id  p a r tic u la r  a tte n tio n  to  th e  X  ch ro m o so m e.

T he f i r s t  p a r t  o f th e  v o lu m e contains th e  c o m m itte e  re p o rts  sum m ariz ing  th e  genetic  
c o n s titu tio n  of th e  1st an d  2nd , th e  6 th , and  o f th e  f u r th e r  au tosom al chrom osom es, as well 
as of th e  X  a n d  Y  chrom osom es, dealing w ith  such  im p o r ta n t  problem s as n o m en c la tu re , com 
p a ra tiv e  m ap p in g , etc.

T h e  m a jo r  p a r t  of th e  b o o k  com prises sh o rt r e p o r ts  p re sen ted  a t  the  C onference. F o r ty -  
four p a p ers  d ea l w ith  th e  chrom osom e a ssig n m en ts  a n d  reg ional m apping of gene loci by  
u tilizing  so m a tic  cell m eth o d s. T h ir ty  studies d iscuss th e  chrom osom e and  regional a ss ig n m en ts  
o f gene loci via  linkage analysis o f fam ilies or via  s tu d ie s  o f  su b jec ts  w ith  chrom osom e an o m alies. 
Some p a p e rs  in v estig a te  th e  loca lization  of genes v ia  h y b r id iz a tio n  in  situ, o thers th e  new  gen
eral som atic  cell genetic  a n d  m ap p in g  m ethods, a g a in  o th e rs  th e  com parative  m a p p in g  of 
gene loci.

T h e  com m on  ch a ra c te ris tic s  of these s tu d ies  a re  concise o b jec tiv ity , v e ry  in fo rm a tiv e  
w ord ing  a n d  th e  in te rp re ta tio n  o f th e  m ost im p o r ta n t  re su lts .  T he nine com m ittee  re p o r ts  an d  
th e  a lm o st 100 sh o rt s tu d ies  o u tlin e  a very  im p o sin g  p ic tu re : our recen t know ledge o f th e  
co n stitu tio n  of h u m an  chrom osom es. T his is th e  re a so n  w h y  every  biologist, cy to lo g ist, h u m a n  
g en etist, p h y sica l an th ro p o lo g ist, c linician etc. w ill f re q u e n tly  consu lt th is book.

0 .  G. E i b e n  (B u d a p e s t)

P o llina tion  M echanism s, R ep ro d u ctio n  a n d  P lan t Breeding

F  k a n k e l  R . ,  G a l u n  Б .:
Springer Y erlag  B erlin— H eid e lb e rg —New Y o rk  (1977), p p . 281, Figs 77,

T he b o o k  is th e  second vo lum e of th e  series: M on o g rap h s on  T heoretical a n d  A pp lied  
G enetics (E d ite d  b y  R . F h a n k e l , B e t  D a c a n , G. A . E . G a l l , D a v is , M. G r o s s m a n n , U rb a n a , 
H . F . L in s k e n s , N ijm egen , D . d e  Ze e u w , W ag en in g en ). T h e  au th o rs  fu rn ish  a c o m p re h en 
sive, y e t  h ig h ly  d e ta iled , a n a ly tic a l tre a tm e n t o f th e  re p ro d u c tiv e  processes of th e  sp e rm a to - 
phy  tes— m ain ly  angiosperm e as w ell as of the  g en etica l a n d  breed ing-m ethodolog ical a sp e c ts  of 
these processes. T hey  give a n  e x h au s tiv e  desc rip tio n  o f  p o llin a tio n  m echanism s a n d  i llu s tra te  
them , w hen ev er p rac ticab le , b y  exam ples of c u ltiv a te d  p la n ts .  T he book is based on  a n  ad v an c ed  
course in  p lan t-b reed in g  ta u g h t  a t  th e  H ebrew  U n iv e rs ity  o f Jerusa lem . T he t e x t  is d iv id ed  
in to  th ree  m a in  p a r ts . T he f i r s t  p a r t  s ta r ts  w ith  a n  e v a lu a tio n  of th e  po llina tion  m ech an ism s 
sign ifican t fo r  p la n t  b reed ing  a n d  crop p ro d u c tio n . I t  is fo llow ed by  a discussion o f  th e  re p ro 
ductive  processes in  h ig h er p la n ts  an d  th e  ecology a n d  dy n am ics o f po llination . T h e  second 
p a r t  deals w ith  c rops p ro p a g a te d  by  self po llin a tio n  a n d  describes breeding p ro ced u res fo r such  
p lan ts . T he th ird  p a r t  is d e v o te d  to  allogam y. I t  h a n d le s  th e  m echanism s in v o lv ed  in  th e  
p rev en tio n  o f  se lf p o llin a tio n  a n d  th e ir  u tiliza tio n  in  p la n t  b reeding. The m echan ism s con sid 
ered  are : sex  expression , in co m p a tib ility  and m ale s te r il i ty .  T he book is to  be re co m m e n d e d  to 
biology a n d  ag ricu ltu re  s tu d e n ts , b u t  to  spec ia lis ts  w o rk in g  in these fields as w ell, since it 
reveals h ig h ly  s ign ifican t re la tio n sh ip s  betw een  b o ta n y ,  genetics, p lan t b reed ing  a n d  a g ri
cu ltu re .

L. F r id v a l s z k y  (B u d a p e s t)

Pesticides in  A quatic  E n v iro n m e n t

E d . K h a n , M. A. Q. P len u m  P re ss , New Y ork (1 9 7 7 ) ,  IS B N  0-306-36310-0
Proceedings o f  a Sym p o siu m  fo r  the International Congress o f  Entomology. W ash in g to n , D . D ., 
A ugust 22, 1976. pp . 257, F ig s 46, T ables 68. P rice  $ 35.40

T he in creas in g  in te re s t in  en v iro n m en ta l p o llu tio n  cau sed  b y  th e  extensive  u se  o f  p e s ti
cides in  a g r ic u ltu re  d em ands d e ta iled  in v es tig a tio n s o n  th e  fa te  and  role of these  su b s ta n c es  
in  th e  ecosystem s and  p a r tic u la r ly  in  w aters, w a te r  p la n ts  a n d  anim als. T hough  te n d e n c y  to  
p roduce su b s tan ces  w hich a re  s tr ic t ly  specific to w a rd s  ta r g e t  organism s (insects, fu n g i, w eed, 
etc.) or w h ich  und erg o  fa s t d e g rad a tio n  a fte r use is v e ry  s tro n g  in  recen t y ears, m o st o f th e  po 
te n t  chem icals do n o t m ee t th ese  requ irem en ts.
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T h e  book contains se lec ted  p a p ers  dealing w ith  th e  dynam ics of some p estic id es  s t a r t 
in g  fro m  th e  p lace of th e ir  use  u p  to  th e  w a te r  o rg an ism s includ ing  th e ir b io d eg rad a tio n .

T h e  vo lum e is d iv ided  in to  th ree  sections. T h e  f ir s t ,  including th ree  p ap ers , g iv es im 
p o r t a n t  a n d  basic q u a n tita tiv e  in fo rm a tio n  a b o u t th e  o rig in  o f pesticides in w a te rs , o n  th e ir  
so lu b ili ty ,  s ta b ility  and p e rsis ten ce  in  sed im en t, w a te r  a n d  w a te r organism s. D a ta  o n  o rgano- 
c h lo rin e s , o rg an o p h o sp h ate s , c a rb a m a te s , and  also th e  no n p estic id e  p o ly ch lo rinated  b ip h en y ls  
(P C B s) a re  re co u n t in th is  c h ap te r .

T h e  fo u r papers o f th e  second  section  deal w ith  th e  dynam ics of pestic ides in  a q u a tic  
o rg a n ism s . T he dependence of a cc u m u la tio n  on  v a r io u s  fac to rs , deposition an d  d is tr ib u tio n  
in  d if fe re n t  organs and  also th e  m etab o lism  of p e s tic id es  m ain ly  in  anim als are  d iscu ssed  in  
d e ta i l  fo r  several substances. T h e  q u estio n  of a c c u m u la tio n  in fishes and  s tu d ies  in  m odel 
e co sy s tem s  deserves special a tte n tio n .

T h e  th ird  section, c o n ta in in g  also four pap ers , is fo cused  on the d eg rad a tio n  o f  p e s tic id es  
b y  b a c te r ia ,  algae, m ussels, c ru s tac ea n s  an d  fishes. V a rio u s p a th w ay s of b io d e g ra d a tio n  are  
d e sc rib e d  fo r several, w idely u sed , substances and  also  th e  role of specific enzym es a n d  th e ir  
lo c a liz a tio n  are  discussed.

E a c h  p ap er is follow ed by  re la te d  lite ra tu re , a n d  su b je c t index is added  a t  th e  e n d  of 
th e  V o lu m e.

T h e  book can be reco m m en d ed  for b io logists, c h em ists  and  engineers w ork ing  in te re s te d  
in  q u e s tio n s  of en v iro n m en ta l p ro te c tio n  and /o r as re sea rch ers , teachers an d /o r e x p e r ts  in  
th e  p ra c tic e . I t  can be v e ry  u sefu l also for specia lists d ea lin g  w ith  ag ricu ltu ra l c h e m is try  an d  
w a te r  m an a g em e n t.

J .  Sa l á n k i (T ih a n y )
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Second International Congress of Systematic and Evolutionary
Biology (I CSEB-II)

T he second in te rn a tio n a l congress of sy s te m a tic  and  ev o lu tio n ary  b io logy  
(I C S E B -II) "will be held  a t The U n iv e rs ity  o f  B ritish  C olum bia, V an co u v e r, 
C anada, 1 7 - 2 4  J u ly  1980.

T he p rov is io n a l lis t o f sym posia  to p ics  in c lu d e :
1. A rc tic  réfug ia  and  th e  evo lu tion  o f  a rc tic  b io ta
2. O rig ins and  evo lu tion  o f th e  n o r th  P a c if ic  m arine bio ta
3. E v o lu tio n  o f rep ro d u c tiv e  s tra teg ies
4 . E v o lu tio n a ry  epigenetics
5. E v o lu tio n  o f co m m u n ity  s tru c tu re
6. G reen  algae an d  lan d  p la n t origins
7. M acrom olecular m echanism s in  ev o lu tio n
8. A llozym es an d  evo lu tion
9. C oevo lu tion  an d  forag ing  s tra teg y

10. E v o lu tio n  o f colonizing species
11. R a re  species and  th e  m a in ten an ce  o f  gene pools
12. P a leob io logy  o f th e  P acific  rim  
A d d itio n  sym posia  m ay  be inc luded .
Sessions fo r c o n tr ib u te d  papers an d  fo r  p ap ers  in specialized  fie ld s, 

taxonom ic  as well as m ethodological will also be organized.
T hose in te re s te d  in receiv ing  an  in fo rm a tio n  circu lar in th e  sp rin g  of 

1979, shou ld  w rite  to  th e  follow ing:

D r . G. G. E . S c u d d e r  
D e p artm en t o f  Zoology 
T he U n iv e rs ity  o f B ritish  C olum bia 
2075 W esbrook  Mall 
V ancouver, B. C. V6T 1W5 
C anada.
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Atlas der Biochemie
Übersichten zum Intermediärstoffwechsel

Von Dr. med. R A IN E R  LASEK
Medizinisch-poliklinisches In s titu t d er K arl-M arx-U niversität, Leipzig 
M it einem G eleitw ort von MR Prof. D r. sc. med, W OLFGANG ROTZSCH, 
Leipzig
1976. 16 Seiten, 8 T afeln  (4 Tafeln 61 X 86 cm, 4 Tafeln 43 X 61 cm)
In  P lastm appe (34 X 26 cm) 24,50 M • Bestell-N r. 793 308 6

A ufgliederung des Stoffwechsels: K ohlenhydrat-, L ipid-, Am inosäurern-, E iw eiß- und 
N ukleinstoffw echsel, Eisen- u n d  K alzium stoffw echsel, biologische O xydation  und  
P h o to sy n th ese . Ihren  Zusam m enhang finden die einzelnen Gebiete in einer G esam t
ü b ersich t. Die Stoffwechselwege sind in kurzen A nleitungen zu den einzelnen Tafeln 
e r lä u te r t .

Bestellungen an den Buchhandel erbeten

J O H A N N  A M B R O S I U S  B A R T H  L E I P Z I G
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Leopoldina-Symposium

Secondary Metabolism and Coevolution
Cellular, intercellular, and interorganismic aspects

E d ited  by M artin Luckner, K u rt M othes an d  L utz Nover 
(Nova Acta Leopoldina. Neue Folge. Suppl. N r. 7)

1976. 614 Seiten, zahlreiche A bbildungen und  Tabellen, 35 B ild tafeln  
In  englischer Sprache 
K unstleder 80,— M

Das Buch behandelt Problem e der Coevolution u n d  der koordinierten R ealisierung 
von Prozessen des Sekundärstoffwechsels m it an d eren  Bereichen des M etabolism us. 
Besprochen w erden die K oordination  der Synthese sekundärer N aturstoffe m it der 
Ausbildung zytologischer S tru k tu ren  zu ihrer Speicherung, sowie die Coevolution von 
R ezep to rstruk tu ren  m it der B ildung sekundärer N aturstoffe, die als physiologische 
oder ökologische Effektoren wirken. D arüber h inaus befaßt sich das B uch m it d er Or
ganisation von Genexpressionsprogrammen, d ie  die molekulare G rundlage fü r die 
Koordinierung darstellen.

Bestellungen an den Buchhandel erbeten

J O H A N N A M B R O S I U S B A R T H L E I P Z I G
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D I R E C T I O N S  T O  C O N T R I B U T O R S

ACTA B IO L O G IC A  A C A D E M IA E  SC IE N T IA R U M  H U N G A R IC A E  p u b lish es 
o rig in a l w orks in th e  f ie ld  o f  e x p e rim e n ta l bio logy.’

M an u scrip ts sh o u ld  b e  addressed  to  D r . J á n o s  Sa e â n k i , E d ito r , ACTA B IO L O G IC A , 
H -8 2 3 7  T ih a n y , H u n g a ry .

T h e  m an u scrip ts  sh o u ld  no t exceed 16 ty p e d  pages in g e n e ra l. T h e  m an u sc rip ts  sh o u ld  
be ty p e d  doub le-spaced , o n  one side o f th e  p a p e r . In  o rder to  a ssu re  ra p id  p u b lic a tio n , co n 
tr ib u to rs  a re  req u ested  to  su b m it two cop ies o f  th e  m an u scrip t in c lu d in g  an  a b s tra c t  (m ax . 200 
w ords), tab le s  and fig u res . E ac h  tab le  sh o u ld  be ty p ed  on a  s e p a ra te  shee t, n u m b e re d  and  
p ro v id ed  w ith  a title . A ll fig u res , e ith e r p h o to g ra p h s  or d raw in g s o r g rap h s, sh o u ld  be  n u m 
bered  consecu tively . P h o to g ra p h s  should  b e  lab e lled  no t d irec tly , b u t  o n  a t ra n s p a re n t  sh e e t of 
p a p e r  co vering  the  p h o to . F igu re  legends sh o u ld  be ty p ed  in  seq u en ce  on  a s e p a ra te  sh ee t.

P a p e rs  should b e  h e a d e d  w ith th e  t i t l e  o f th e  paper, th e  n a m e s of th e  a u th o rs  (m ale  
a u th o rs  use  in itia ls , fem ale  a u th o rs  use one  g iv e n  nam e in full), d e p a r tm e n t ,  in s t i tu te  a n d  to w n  
w here th e  w o rk  was p e rfo rm e d .

T h e  f u l l  paper sh o u ld  be divided in to  th e  following p a r ts  in  th e  o rd er in d ic a te d :
1. Abstract
2. Introduction
3. M aterial and m ethod
4. Results
5. D iscussion
6. References. P a p e rs  the  e sse n tia l  ones only — c ite d  in  th e  m an u sc rip t sh o u ld  be 

lis ted  on  a sep ara te  sh e e t in  a lp h ab etica l o rd e r  according to  th e  f i r s t  a u th o r’s su rn a m e . The 
re fe ren ces should  be n u m b e re d  so th a t  e a c h  m a y  be referred  to  in  th e  te x t  by  its  n u m b e r  on ly . 
E x am p les :

1. B o a s , N. F . (1953) M ethod fo r d e te rm in a tio n  of h e x o sam in e  in tissue. J .  biol. Chem.
204, 553 - 5 6 3 .

2. D e  D u v e , C. L ysosom es, a new  g ro u p  of cy top lasm ic  p a rtic le s . H a y a s h i, T . (ed.)
S ubcellu lar P a rtic les . R o n a ld  P ress , N. Y. 1959.

3. U m b r e it , W . E .,  B u r r is , R . H .,  S t a u f f e r , I. F . M a n o m etric  T ech n iq u es. B urgess
P ub lish ing  C o., M inneapolis 1957.

Short com m unication . M anuscrip ts , in  E nglish , should n o t  ex ceed  1 000 w ords (4 ty p e d  
pages) in c lud ing  re fe ren ces. T he te x t  o f  m a n u sc r ip ts  co n ta in in g  ta b le s  an d /o r f ig u re s  m u st 
be co rrespond ing ly  sh o r te r .  A ccepted s h o r t  com m unica tions w ill be p ub lished  w ith in  six 
m o n th s  a f te r  subm ission  o f  m an u scrip ts . I n  o rd e r to  speed u p  p u b lic a tio n , no p ro o f  w ill be 
sen t to  a u th o rs .

A u th o rs  will he  fu rn ish e d , free o f  c h a rg e , w ith  100 re p rin ts . A d d itio n a l re p r in ts  m ay  he 
o b ta in e d  a t  cost.
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R E V I E W  A R T I C L E

MEMBRANE FUNCTION ALTERATIONS OF 
RED BLOOD CELL IN NEUROPSYCHIATRIC 

DISORDERS

I. S Z E N T IST V Á N Y I
D E P A R T M E N T  O F  N E U R O L O G Y  A N D  P S Y C H I A T R Y , U N I V E R S I T Y  

M E D IC A L  S C H O O L , S Z E G E D , H U N G A R Y

(R e c e iv e d  1978 — 06 — 11)

R ecen t re su lts  in  neurob io logy  su g g est t h a t  changes in  p e rm e a b ility  of 
th e  cell m em brane p lay  an essen tia l ro le in b o th  physiological a n d  path o lo g ica l 
a c t iv i ty  of th e  ex c itab le  tissues. T hese  t r a n s p o r t  processes are  o f  p ro found  
sign ificance in th e  m a in ten an ce  o f  re s tin g  p o te n tia l  and in b o th  in i t ia t io n  and 
p ro p a g a tio n  of n e u ro n a l d ischarge. M oreover, num erous t r a n s p o r t  processes 
p la y  a p ro m in en t role in th e  s to rage , re lease  an d  re -u p tak e  of th e  n e u ro tra n s m it
te rs , i. e. in  neurochem ical tra n sm iss io n . M em brane ex c itab ility  b y  recep to r 
s tim u la tio n  is also com bined  w ith  th e  o p tim u m  function  of spec ia lized  m em 
b ra n e  devices. I t  is ev id en t th a t  th e  b ra in  b a rr ie r  system , co n sis tin g  o f  highly  
o rgan ized  m em brane  s tru c tu re s , p ro v id es  specia l m em branological problem s 
[6, 27]. C onsequen tly , de tailed  s tu d ie s  on patho log ica lly  a lte re d  m em b ran e  
tra n s p o r t  processes h av e  an  o u ts ta n d in g  im p o rta n c e  in the  analy sis  o f  several 
n eu ro p sy ch ia trie  d iseases in  te rm s o f  b o th  g enera l pa thology  an d  n e u ro p a th o l
ogy  [11, 60, 121]. R ecen tly , a g re a t n u m b e r  o f  d a ta  have been  accu m u la ted  
su ggesting  th a t  q u ite  a general d is tu rb a n c e  o f  tra n sp o rt processes shou ld  be 
ta k e n  in to  considera tion  w hen c e r ta in  n eu ro p sy ch ia tr ie  d isorders a re  analysed ; 
n o t  on ly  d is tu rb an ces o f specific n e u ra l t r a n s p o r t  m echanism s sh o u ld  be an a 
ly sed  for revealing  th e  cellular b a c k g ro u n d  o f som e n eu ro p sy ch ia trie  phen o m 
ena.

One of th e  g enera l problem s in  n eu ro p a th o lo g ica l research  is t h a t  in  th e  
case o f m ost n eu ro p sy ch ia trie  d iseases th e re  is no su itab le  e x p e rim e n ta l model 
a t  h a n d . T here are  to x ic  su b stan ces, d ru g s , w h ich  m ay produce  ex p erim en ta l 
p sychosis or deg en era tiv e  neuro log ica l d iseases in  anim als. H o w ev er, th e se  are, 
in  sp ite  of th e  fa c t th a t  th e ir  sy m p to m a to lo g y  sim ulate  th e  h u m a n  disease, 
to ta l ly  d ifferen t reg a rd in g  th e  p a th o lo g ic a l fac to rs . So the  possib ilities  to  get 
liv in g  tissues or cells from  the  d iseased  o rg an ism  w hich can be u sed  fo r in  vitro 
ex p erim en ts  are v e ry  lim ited . T his is one o f th e  reasons w hy h u m a n  red  blood 
cells (RBCs) and  p la te le ts , w hich a re  easy  to  o b ta in , are th e  p re fe ra b le  m odels 
fo r th e  ex am in a tio n  o f cellular m e m b ra n e  fu n c tio n s and t r a n s p o r t  processes

1 Acta Biologien Academiae Scientiarum H ungaricae 29, 1978



1 0 2 I. SZENTISTVÁNYI

in  n e u ro p sy c h ia tr ie  d iseases [18, 80, 82, 83, 110]. O n th e  o ther h an d , th e  R B C  
is an  espec ia lly  su itab le  m odel fo r th e  s tu d y  o f  th e  e lem entary  m e m b ra n e  
fu n c tio n s  u n d e r b o th  n o rm a l an d  patho log ica l co n d itio n s. M oreover, a lo t of 
d a ta  su g g e s t th a t  fac to rs  a lte r in g  m em brane fu n c tio n s  affect RBCs in  th e  
sam e w a y  as th e y  do w ith  th e  o th e r  tissues in th e  o rgan ism  [40, 13, 20, 39, 53]. 
T he s tu d y  o f th e  change in  io n  tra n sp o r t  o f R B C s has co n trib u ted  to  th e  u n d e r 
s ta n d in g  o f th e  p a th o m ech an ism s in  the  m ost d iffe re n t pa thological s ta te s , su ch  
as u ra e m ia , shock, m y o ca rd ia l in fa rc tion , co llagénoses, cancer and  h y p e r th y 
ro id ism  [3, 4 , 28, 89, 111, 112, 124, 127]. I t  is also  know n th a t  th e  m em b ran e  
t r a n s p o r t  func tions an d  th e  specific  fea tu res o f th e  m em brane-A T P ase sy s tem  
in  th e  R B C  show  a q u a lita tiv e ly  s ign ifican t a g re e m e n t w ith  the  co rresp o n d in g  
m e m b ra n e  functions o f n e rv e  cells [10, 13, 20, 39, 53, 114]. C ertain  d rugs of 
m e m b ra n e  effect, m etab o lic  su b s tra te s  an d  to x ic  substances cause th e  sam e 
m e m b ra n e  b iochem ical a lte ra tio n s  in  RBCs as in  th e  n eu ron  [9, 36, 62].

C e rta in  a u th o rs , a ssu m in g  a “ generalized  m em b ran e  d is tu rb a n c e ”  in  
m y o p a th ia  an d  affective p sychoses, use th e  te rm  “ m em brane d isease”  [45, 
74, 79, 110]. F o r th e  tim e  b e in g , in  sp ite  of th e  a c c u m u la ted  d a ta , i t  is d ifficu lt 
to  fo rm  an  opinion ab o u t th e  defin itiveness o f th e  new  m em brane th e o ry  on 
th e  p a th o g en esis  of som e n eu ro p sy ch ia trie  d iseases. B u t on the  basis o f th e  
p u b lish e d  d a ta  th is  d irec tio n  o f research  seems to  be  prom ising and  its  re su lt 
m ay  a t t r a c t  th e  in te re s t o f th e  n e u ro p sy c h ia tr is t a n d  of th e  m em b ran o lo g is t 
alike.

D isturbances in  the fu n c tio n  o f  R B C  membrane 
in  neurom uscular diseases

T h e  id ea  th a t  in  m y o p a th ic  diseases th e  p e rm e a b ility  of the  m uscle tissu e  
m e m b ra n e  is a lte red  arose fro m  th e  c lin ical-chem ical observation  th a t  enzym es 
o f th e  m uscle  tissue a p p ea r in  th e  serum  in g rea t q u a n t i ty  [31]. Corsini an d  
Cacciari [25] supposed  a lte ra tio n  in  the  ion t r a n s p o r t  o f th e  muscle m em b ran e . 
The p o ss ib ility  th a t ,  p a ra lle l w ith  ion tra n s p o r t  d is tu rb an ces  on th e  p la sm a  
m e m b ra n e  o f m uscle tissu e , th e  ion tra n sp o r t  o f  th e  RBC m em brane m a y  be 
a lte re d , a rose  on th e  basis o f  th e  observ a tio n  t h a t  th e  N a + -K + -A TPase a c tiv 
i ty  o f  th e  sarco p lasm atic  re tic u lu m  of th e  h e a r t  m uscle  of m y o p a th ic  d uck  
an d  t h a t  o f  th e  p lasm a m em b ran e  p rep a ra tio n  o f  th e ir  RBCs were n o t in h ib 
ite d , ev en  s tim u la te d , b y  o u a b a in  in  10-4 M  c o n c e n tra tio n  [17]. B rown e t  al. 
[16] p u b lish e d  th a t  in  D u ch en n e -ty p e  progressive  m uscu la r d y s tro p h y , th e  
ghost A T P ase  a c tiv ity  o f th e  RBC sig n ifican tly  increased  on the  effect o f 
10-4  M  o u ab a in . This o b se rv a tio n  was su p p o rte d  b y  P eter e t al. [93] an d  
A raki [2] a n d  Mavatari, w hile  d isproved  b y  K la ssen  and B lostein  [67] 
and  P ro bsfield  et al. [94]. С но and  Meltzer [21] ex p la in ed  the  c o n tra d ic to ry  
d a ta  b y  assum ing  th a t  A T P ase  a c tiv ity  w as m e asu red  b y  d ifferent m e th o d s
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(in presence  of o u a b a in  th e  increase o f  th e  g h o st A T Pase a c tiv ity  o f th e  R B C s 
o f d y s tro p h ic  p a tie n ts  w as observed in  a m ed iu m  o f unusual ion co m p o sitio n : 
1 m M  N aCl, 2 m M  KC1, Im M  MgCl2). As P robsfield  e t al. [94] p o in te d  o u t, 
in  su ch  a m edium  i t  is n o t the  N a+-K  ! -A T P ase  a c tiv ity  w hich was m easu red . 
T his is su p p o rted  b y  th e  exam ination  o f  K lassen  and  B lostein [67], w ho , 
m easu ring  th e  a c t iv i ty  o f  N a+-K + -A T P ase  o f th e  RBCs in a m edium  o f u su a l 
ion com position , d id  n o t find  any a l te ra tio n  in  th e  in h ib itio n  of o u ab a in  on th e  
RBCs o f dy s tro p h ic  p a tie n ts . A ccording to  th e  re su lts  o f P robsfield  e t  al. [94], 
in th e  case of D u ch en n e  m uscular d y s tro p h y , th e  80R h + u p ta k e  o f th e  R B C  
show s no a lte ra tio n  com pared  to th e  c o n tro l. A ccord ing  to  H ull an d  R oses 
[58] th e  N a + an d  К  ' tra n sp o rt o f th e  R B C  show s d ifferen t s to ic h io m e try  in  
m y o to n ic  d y s tro p h y . I t  is w orth  to  u n d e rlin e  th a t  in  th is  form  o f m y o p a th y  
n one  o f  th e  m en tio n ed  au tho rs observed  d is tu rb a n c e s  in A TPase a c tiv ity .

O n th e  basis o f  all these o b se rv a tio n s , i t  can  be s ta te d  th a t  th e  d a ta  
reg a rd in g  th e  tran sp o rt-A T P ase  a c t iv i ty  o f  th e  R BC and  th e  ac tiv e  t r a n s 
p o rt o f ca tions are  c o n trad ic to ry . B u t i t  can  be supposed  th a t  th is  “ p a ra d o x ic a l 
e ffec t”  o f o uaba in  h as  an  influence on  som e M g+ + -d ep en d en t A T Pase as i t  is 
u n d e rlin ed  b y  Cho a n d  Meltzer [21]. I t  is also  u n q u estio n ab le  th a t  th e  “ p a r a 
doxical e ffect”  o f o u ab a in  increasing th e  A T P ase  a c tiv ity  was u n a n im o u s ly  
observed  b y  th ree  re sea rch  team s. M oreover, th e  au th o rs  who did n o t  ac c e p t 
th is  re su lt have n e v e r  tr ie d  to  rep roduce  i t  on  th e  sam e exp erim en ta l m a te r ia l. 
T hese d a ta  seem to  su p p o rt the op in ion  o f R oses and  A ppel [97] t h a t  m y o 
p a th ic  diseases m ean  th e  “ diffuse d e fe c t”  o f  th e  RBC m em brane. T h is s ta te 
m en t has been p ro v e d  m ain ly  by th e  d a ta  o f  R oses e t al. [96, 99, 100], w ho 
d e m o n s tra te d  th e  s ig n ifican t and im p o r ta n t  a lte ra tio n  o f th e  p h o sp h o ry la tio n  
o f th e  R BC m em b ran e  in  different d iseases o f  th e  m uscle. A ccordingly , th e  p ro 
te in -k in ase  a c tiv ity  o f  th e  RBC, being  responsib le  for th e  m em brane p ro te in  
p h o sp h o ry la tio n , is su ita b le  for the id e n tif ic a tio n  o f th e  carriers. A cco rd ing  to  
th e ir  ex tensive  in v es tig a tio n s , the m e m b ra n e  p h o sp h o ry la tio n  is m u ch  m ore  
su itab le  for th e  c lin ica l te s t  of the c a r r ie r  th a n  th e  p rev iously  used  h u m a n - 
g enetica l, clinical a n d  o th e r m ethods, in c lu d in g  scanning  e lec tron  m ic ro 
scopy . R oses et al. d em o n stra ted  p a ra lle lism  b e tw een  th e  p h o sp h o ry la tio n  o f  
c e r ta in  p ro te in  fra c tio n s  o f the RBC m e m b ra n e  [96, 99] and  th e  m e m b ra n e  
f lu id ity , w ith  sp in -lab e l technique [18, 97]. T h e ir  resu lts  show th a t  in  m y o 
to n ic  m uscu la r d y s tro p h y  bo th  the RBC a n d  th e  m uscle tissue p lasm a m e m b ra n e  
f lu id ity  increased . O n th e  effect of p h e n y to in  tre a tm e n t, w hich is u sed  th e r a 
p e u tic a lly  in  th is  illness, th e  m em brane f lu id ity  o f  th e  “ diseased R B C s”  d e 
creased  to  th e  n o rm a l v a lu e  [98].

A n u m b er o f a u th o rs  [68, 73, 74] h a v e  d ea lt w ith  shape a lte ra tio n s  o f  
th e  R B C s o f m y o p a th ic  p a tien ts . D romgoole e t al. [32] p roduced  m y o to n ic  
d ev ia tio n s  by  d iazacho les tero l in an im als . B esides th e  shape a lte ra tio n s  o f  th e  
R B C s, d ev e lo p m en t o f  c a ta ra c t was fo u n d  to  s im u la te  hum an  m y o to n ia .
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In  D u ch en n e  m u scu la r d y s tro p h y , th e  decreased  p las tic ity  of th e  R BC 
m em b ran e  an d  th e  change in the  m em b ran e  e la s tic ity  have also been d e m o n 
s tr a te d  b y  d iffe re n t e las to m etric  m e th o d s  [92]. T he change in  shape  o f  th e  
R B C s re flec ts  a c h a ra c te ris tic  m em b ran e  fu n c tio n  [41, 42] in  w h ich  th e  
specific  d is tr ib u tio n  o f th e  m em brane p ro te in s  a n d  lipids and  th e ir  in te ra c tio n s  
p la y  th e  m ain  ro le . T he role of C a++ is im p o r ta n t  in th is  process. App e l  an d  
R oses [1] re p o r te d  a d e ta iled  s tu d y  on th e  p a th o lo g ica l m em b ran e  b io c h e m i
cal changes w h ich  can  be observed  in  m y o to n ic  m u scu la r d y s tro p h y . W e e x 
am in ed  th e  C a+ + -d ep e n d e n t rap id  K  + e fflu x  [40, 115] in  vitro on th e  R B C s o f 
9 p a tie n ts  w ith  D u ch en n e -ty p e  p rog ressive  m u scu la r  d y stro p h y . I t  w as fo u n d  
th a t  th e  C a+ + -p ro m o ted  K + efflux  w as s ig n if ican tly  low er in  th e  d iseased  
g ro u p  th a n  in  h e a lth y  con tro l persons [119]. T he sign ifican t increase  o f th e  
К + e fflu x  w as d e m o n s tra te d  in  th e  m uscle  tis su e  of d y stro p h ic  m ouse an d  
ch ick en  s tra in s  a n d  in  RBCs of p a tie n ts  w ith  m uscu lar d y s tro p h y  [1, 57]. 
In c re a se d  K + u p ta k e  was observed  in  th e  R B C s of d y stro p h ic  ch ickens an d  
h u m a n  p a tie n ts  b y  Sa ’afi e t al. [109] w ith  an  increased  m icrov isco sity  of 
R B C  p lasm a m em b ran e . S tru c tu ra l d e v ia tio n s  o f th e  sarcolem m a in D u ch en n e- 
ty p e  m u scu la r  d y s tro p h y  w ere rep o rted  b y  Schotland e t al. [103].

T h e  ch an g ed  lip id  m etabo lism  o b se rv ed  in  neu ro m u scu la r d iseases a n d  in  
e x p e rim e n ta l m u sc u la r  d y s tro p h y  is su g g estiv e  o f  differences in  th e  co m p o si
tio n  o f ce rta in  m em b ran e  lip ids of m uscle tissu es  an d  o th e r organs. T he in crease  
o f th e  cho leste ro l/p h o sp h o lip id  ra tio  seem s to  be one of th e  ch a ra c te ris tic s  o f 
th e  d y s tro p h ic  m em b ran e  disease [51, 66, 69].

A ltera tions in  the ion transport and  A T P  metabolism  
in  endogenous psychoses

T here  is considerab le  evidence th a t  ab n o rm alitie s  of th e  e lec tro ly te  m e
ta b o lism  occur in  a ffec tive  (m an ic-depressive) d iso rders [59, 75, 81, 125, 126]. 
E x te n s iv e  e x p e rim e n ts  h av e  been s ta r te d  to  e lu c id a te  th e  d is tu rb a n c e s  o f 
N a + an d  K + ion -househo ld . I t  has b een  s ta te d  th a t  N a + re te n tio n  occurs 
m a in ly  in  th e  d ep ressive  phase o f psychosis  w hile  a t  “ m ood-sw ing”  to  m an ic  
p h ase  N a + d iu resis  s ta r ts  [26]. R e c e n t e x am in a tio n s , m odern  tec h n iq u e s  
(m e tab o lic  “ b a la n c e ”  m eth o d , iso tope  d ilu tio n  tech n iq u e) have co n firm ed  th is  
o b se rv a tio n , a n d  i t  is w idely  accep ted  n o w ad ay s  th a t  in  endogenous d e p re s 
sion  N a + re te n tio n  occurs w hich is ab o lish ed  b y  im provem en t [7, 22, 23, 24, 
44 , 101, 106]. T he p a th o m ech an ism  o f th e  m en tio n ed  e lec tro ly tic  a l te ra t io n s  
is g en era lly  in te rp re te d  as a consequence o f  d is tu rb e d  neuro-endocrine  re g u 
la tio n  [7, 75]. S tu d ie s  w ith  iso to p e-d ilu tio n  te c h n iq u e  suggest th a t  th e  N a + 
re te n tio n , w hich  can  be d em o n stra ted  in  endog en o u s depression, re la te s  to  th e  
in tra c e llu la r  space. B u t th e  in tra c e llu la r  e le c tro ly te  con cen tra tio n s re g u la te d  
w ell-defined  ion tr a n s p o r t  processes [41].
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D urin g  clin ical experim en ts som e o b se rv a tio n s  ab o u t th e  p sy c h o p h a r-  
m acological e ffec t o f Li + , and m ore re c e n tly  R b  ! ions, have called a t te n t io n  
to  th e  th e o re tic a l an d  p rac tica l im p o rtan ce  o f  th e  ex am in a tio n  of th e  t r a n s p o r t  
processes ta k in g  place a t cellu lar level. T h e  an tim an ic , p h ase -p ro p h y lac tic  
and  a n tid e p re ssa n t effects of L i+ in flu en ce  th e  ou tcom e of affective p sy choses 
in  a fav o u rab le  w ay  [19, 43, 65, 104]. As th e  re su lt  of L i+ th e ra p y  th e  course 
o f th e  phases o f  affective an d  cyclo id  p sy choses becom es favourab le . A ll over 
th e  w orld , as in o u r co u n try , th e  ad m ission  o f p a tie n ts  w ith  th is  illn ess , th e  
n u m b er o f n u rs in g  days (h o sp ita liza tio n  tim e) an d  th e  frequency  o f  re lap ses  
have s ig n if ican tly  decreased. D u rin g  L i+ th e ra p y  th e  affective episodes (m an ic  
an d  depressive  phases) ap p ear w ith  m ild er sy m p to m s, w hich can  be  so lved  
w ith  a m b u la n t tre a tm e n t. The p sy ch o p h arm aco lo g ica l effect of R b  4 h as  also 
been know n fo r a long tim e [35, 78]. Meltzer  an d  F ieve  [76] h a v e  re c e n tly  
rep o rted  on th e  reaso n ab ility  of p sy c h ia tr ic  ap p lic a tio n  of R b + .

As to  th e  L i+ th e rap y , in v es tig a tio n s  o f  th e  cellu lar ion tr a n s p o r t  re g u la 
tio n  led to  th e  m em brane  th eo ry  o f  a ffec tive  psychoses [79, 80]. A lo t o f  e x p e ri
m en ts w ere ca rr ied  ou t para lle l w ith  th e  c lin ica l course of th e  d isease  on p a 
tie n ts  w ith  a ffec tiv e  psychoses reg a rd in g  th e  e lec tro ly te  co n cen tra tio n  o f  RBC 
and  p lasm a [36, 79], th e  N a + -K  + -A T P ase  a c tiv i ty  o f th e  RBCs, th e  o u ab a in - 
sensitive К  1 in flu x  and  th e  N a + -p u m p  a c t iv i ty  of RBCs in  c o n n ec tio n  w ith  
L i+ th e ra p y . D ick e t al. [29] ca rried  o u t e x p e rim e n ts  fo r 20 weeks on  a p a tie n t  
w ith  m an ic-dep ressive  psychosis h a v in g  f re q u e n t phase changes. T h e  N a + - 
K  + -A T Pase a c tiv i ty  of th e  RBC m e m b ra n e  decreased  in every  case in  d ep re s
sive phase a n d  change of the  o u ab a in -sen sitiv e  К  4 -in flux  para lle led  w ith  th e  
changes o f th e  m ood during  clin ical o b se rv a tio n . L a te r  N aylor e t al. [86] 
d e m o n s tra te d  in  a g rea t num ber o f  p a tie n ts  w ith  endogenous d ep ressio n  th a t  
th e  N a + -K  ' -A T P ase a c tiv ity  o f th e ir  R B C  m em brane  and  th e ir  o u ab a in - 
sensitive K  + -in flu x  were s ig n ifican tly  d im in ish ed . N aylor e t a l. [84, 85] 
pub lished  also t h a t  during  L i+ th e ra p y  th e  N a + K  + -A TPase a c t iv i ty  o f  th e  
RBC m em b ran e  increases s ig n ifican tly  as co m p ared  to  th e  p laceb o  group . 
R ecen tly  H o k in -N eaverson e t al. [55] h a v e  observed  decreased N a  + -p u m p  
a c tiv ity  o f R B C s in  depressive psychoses. T h e y  also s ta te d  th a t  d u r in g  chronic  
L i+ th e ra p y  th e  o uaba in -sensitive  N a + -e fflu x  o f th e  RBCs and  th e  o u ab a in - 
sensitive  A T P ase  a c tiv ity  o f th e  R B C  m e m b ra n e  increased  [52, 54].

W e d e m o n s tra te d  these  a lte ra tio n s  also  u n d e r physio logical co n d itio n s 
in  in  vitro  ex p e rim en ts  carried  o u t in in ta c t  R B C s o f b o th  b ipo lar a n d  u n ip o la r 
p a tie n ts , ta k in g  th e  nosological su b g ro u p s in to  considera tion  [118].

T he th e ra p e u tic  dose of L i+ is close to  its  to x ic  dose (0.8— 1.5, 2.0  inEq/1 
serum , re sp ec tiv e ly ). E x ten siv e  clin ical la b o ra to ry  experim en ts h a v e  been  
carried  o u t to  f in d  th e  o p tim um  dosage a n d  to  p rev en t tox ic  sy m p to m s . In  
an im al ex p e rim en ts  F razer e t al. [36] fo u n d  th e  L i+ c o n c e n tra tio n  in  th e  
b ra in  to  be in  a closer co rre la tion  w ith  th e  L i+ level o f RBCs th a n  w ith  t h a t  of
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p la sm a . So th e y  suggested  to  follow -up th e  L i+ co n cen tra tio n  of th e  R B C s, to o , 
d u r in g  lith iu m  th e ra p y . B ased  on an analy sis  o f  a g rea t num ber of c lin ica l d a ta  
th e y  s ta te d  th a t  th e  R B C /p lasm a ra tio  o f L i+ p o in ts  to  th e  th e ra p e u tic  p ro g 
n o sis , th u s  c o n tr ib u tin g  to  th e  e stim a tio n  o f  th e  an tid ep ressan t e ffec t of 
L i+ [43]. A m ong H u n g a ria n  a u th o rs , S zű cs  h as  confirm ed  th a t  th e  R B C /p la s
m a  L i+ ra tio  does p ro v id e  prognostic  in fo rm a tio n  on th e  p ro p h y lac tic  effec
tiv e n e s s  o f L i+ t r e a tm e n t [120].

T h e  in  vitro  an d  in  vivo  experim en ts c a rr ie d  o u t in  RBCs for th e  gene tic  
d e te rm in a tio n  o f th e  d is tr ib u tio n  of th e  L i+ [30]  su p p o rt th e  th e o ry  o f  M e n 
d e l s  a n d  F razer  [79, 80] t h a t  th e  d is tu rb a n c e  o f  th e  elem enta l m em b ran e  
io n  t r a n s p o r t  processes in  affective psychoses is a patho log ically  s ig n ifican t 
fa c to r .

C linical and  p h a rm aco k in e tica l e x a m in a tio n  have revealed  c o rre la tio n  
b e tw e e n  th e  effectiveness o f  lith iu m  th e ra p y  a n d  th e  in  vivo  R B C /p lasm a  
L i+ ra t io .  On th e  o th e r  h a n d , a close c o rre la tio n  rep o rted  betw een  th e  v a lu e  
o f  th e  R B C /p lasm a L i+ ra tio  an d  th e  change a n d  ch arac teris tics  o f th e  clin ica l 
p a t te r n s ,  an d  betw een  th e  freq u en cy  an d  s e v e r ity  o f th e  side-effects a n d  th e  
e ffec tiv en ess  of th e  t r e a tm e n t  of ra re  to x ic  sy m p to m s [34, 87]. T hese s tu d ie s  
s u p p o r t  th e  p rac tica l im p o rta n c e  of th e  e x a m in a tio n  of th e  L i+ t r a n s p o r t  
p a th w a y s  responsib le  fo r th e  in  vivo  s te a d y -s ta te  in trace llu la r L i+ levels 
d u r in g  L i+ th e ra p y . T he la b o ra to ry  and  e x p e rim e n ta l studies p erfo rm ed  d u rin g  
L i+ th e r a p y  have  u n an im o u s ly  p roved  th a t  u n d e r  physiological co n d itio n s th e  
s te a d y - s ta te  in tra -  a n d  ex tra c e llu la r  d is tr ib u tio n  o f L i+ is un eq u a l, th e  L i+ 
c o n c e n tra tio n  ra tio  o f in tra /e x tra c e llu la r -s ta te  is less th a n  1, n o t o n ly  in  th e  
b lo o d , b u t  also in  o th e r  tissu es . This fac t is o f  g re a t  im p o rtan ce  from  m em b ran e - 
b io ch em ica l aspects, viz . in  th e  ex ac t u n d e rs ta n d in g  of th e  basic physio log ica l 
m e c h a n ism s  concern ing  th e  in  vivo  in tra -  a n d  e x tra c e llu la r  ca tion  d is tr ib u tio n , 
a n d  also  in  u n d e rs ta n d in g  th e  m echanism  o f a c tio n  o f L i+ th e ra p y . F u r th e r 
m o re , i t  m a y  have a p a th o lo g ica l im p o rtan ce  in  th e  research  o f th e  a ffec tiv e  
p sy ch o ses  from  th e  b io logical p o in t o f view .

T h e  classical, basic , m em b ran e  tr a n s p o r t  ex am in a tio n s o f th e  ac tiv e  ion  
t r a n s p o r t  an d  th e  u n d e rs ta n d in g  o f its  e n zy m a tic  m echan ism  and  th e  fu n c tio n 
in g  o f  th e  N a + -K + -A T Pase h av e  d e m o n s tra te d  t h a t  un d er physio logical c ir 
c u m s ta n c e s  th e  tra n s p o r t  A T P ase  does n o t ta k e  p a r t ,  or its  role can be n eg lec ted  
in  th e  a c tiv e  tra n s p o r t  o f L i+ . F rom  th e  th e o re tic a l  p o in t of view , a ll th e se  
s u p p o r t  th e  im p o rtan ce  o f th e  L i+ tra n sp o r t  m echan ism s. In v es tig a tio n s  c a r 
r ie d  o u t  in  th e  la s t th re e  y ea rs  led  to  s ig n ifican t re su lt  in  th e  cogn ition  o f  th e  
L i+ t r a n s p o r t  m echanism s [33, 38, 48, 90, 102]. D eta iled  stud ies as to  th e  
p rin c ip le s  o f Li+ tr a n s p o r t  o f RBCs were c a rr ie d  o u t b y  the  team s o f T o ste- 
so n ; D u h m  an d  F u n d ea r  a n d  W ieth  (rev iew ed in  [12]).

I t  h as  been d e m o n s tra te d  th a t  th e re  a re  4 p a thw ays in  th e  li th iu m  
t r a n s p o r t :
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Fig. 1. E ffect of 20 m M  H C 0 3 on Li+  u p ta k e  in to  th e  h u m an  red  blood cells. T he w ashed  
red  blood cells w ere in cu b a te d  in N a-R in g er o r N a -R in g er -f- 20 m M  HCOjf m edia  su p p le m e n t
ed w ith  1.5 m M  L iC l a n d  d ifferen t t r a n s p o r t  in h ib ito rs , p H  7.4, 37 °C. H a em a to c rit, 10% . 
S am ples were ta k e n  in  20-m in  periods for tw o  h o u rs  a n d  in tra ce llu la r  I,i+  co n ce n tra tio n  w as 
d e te rm in ed  by  w ash ing  th e  cells in  ice-cold iso ton ic  M gCl2 so lu tio n  and  m easu red  b y  a tom ic

abso rp tio n  sp e c tro p h o to m e try

1. b ic a rb o n a te -s tim u la te d  d iffusion  w h ich  can  be in h ib ited  b y  th e  t r a n s 
p o rt b lo ck er, d ipy ridam ol;

2. N a + -d ep en d en t flo re tin -sen sitiv e  L i+ c o u n te r tra n sp o rt;
3. K  + - an d  ouab a in -sen sitiv e  L i+ -u p ta k e  th ro u g h  th e  N a + -K  + -p u m p ;
4. passive d iffusion .
W e have ex am in ed  th e  role o f  tr a n s p o r t  p a th w a y s  ta k in g  place in  th e  

fo rm atio n  of th e  s te a d y -s ta te  in tra c e llu la r  L i+ level w hich can  be observed  
w hile lith ium  is ad m in is te red  u n d e r physio log ica l c ircum stances. In  in  vitro  
experim en ts  w ith  R B C s, we d e m o n s tra te d  [117] th a t  u n d e r physio log ical c ir
cum stances th e  b ic a rb o n a te -s tim u la te d  d iffusion  p lays a s ign ifican t role in th e  
d e te rm in a tio n  o f  th e  in trace llu la r L i+ level a t  s te a d y -s ta te . I t  increases th e  
Li + -u p tak e  to  its  doub le  w hen 20 m M  b ic a rb o n a te  is app lied  e x trace llu la rly  
(F ig . 1). Besides N a + -K  + -pum p, th e  N a + -d e p e n d e n t flo re tin -sen sitiv e  L i+ 
tra n s p o r t  and  th e  passive diffusion also p a r tic ip a te  in  th e  L i+ -u p tak e . In  de
te rm in in g  th e  В В С /p lasm a  Li ra tio  a t  s te a d y -s ta te , th e  N a + d ep en d en t f lo re 
tin -sen sitiv e  L i+ c o u n te r tra n sp o rt sy stem  has th e  p rim ary  role [33, 48, 117, 
118].

Studies on the phosphate transport and  A T P  metabolism o f  the 
R B C  in endogenous psychoses

T here are few  d a ta  in  th e  l i te ra tu re  reg a rd in g  th e  A T P m etab o lism  in 
m an ic-depressive psychosis. J en n er  found  [63] a close co rre la tion  betw een  th e  
blood A TP level a n d  th e  “ em otiona l life”  o f  som e p a tie n ts  w ith  affec tive  
psychosis. T he su rp ris in g  findings o f  H a n se n  [49] an d  H a n sen  an d  D im it-
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R A K O U D i  [50] th a t  in endog en o u s depression th e  A T P co n cen tra tio n  o f th e  blood 
ta k e n  from  finger tip  is 5 0 %  low er th a n  th e  co n tro l, has no t been con firm ed  
so f a r  [64].

A s to  th e  o th e r form  o f  endogenous psychoses, th e  sch izophren ia , i t  was 
p ro p o se d  a few decades ago th a t  energy  househo ld  of th e  o rgan ism  is d is
tu r b e d .  A ccording to  th is  h y p o th e s is , severa l au th o rs  an d  team s h av e  exam ined  
th e  A T P  m etabolism  o f th e  R B C s in  vitro [5, 14, 15, 46, 47, 56, 88]. T he changes 
in  p h o sp h a te  in co rp o ra tio n  an d  in  th e  c o n cen tra tio n  of d iffe ren t in tra c e l
lu la r  p h o sp h a te  frac tions w ere  s tu d ied  in RBCs in cu b a ted  in own p la sm a  con
ta in in g  32P -labelled  p h o sp h a te . Gottlieb e t al. [47] an d  H onda  [56] observed  
t h a t  th e  specific a c tiv ity  o f th e  A T P  of RBCs ta k e n  from  sch izophren ic  p a tie n ts  
w as 2— 3 tim es h igher th a n  th a t  o f th e  co n tro l red  cells. A rnold an d  H of
m a n n  [5] failed to  observe th is  d ev ia tio n  in  sim ilar exp erim en ts . A t th e  sam e 
tim e  th e y  found a sig n ifican t d ifference in  th e  A T P /A D P  ra tio , w hich w as low 
in  th e  R B C s of sch izophren ic  p a tie n ts . M ost of th e  m en tio n ed  a u th o rs  [5, 14, 
15, 4 6 , 47, 56] observed in  su c h  ex p erim en ts  a s im ila r change in  th e  A T P  level, 
a n d  also  in  th e  p h o sp h a te  in c o rp o ra tio n  in to  A TP a fte r  in  vivo  a d m in is tra tio n  
o f  in su lin  or succinate  (in su lin  an d  su cc in a te  are  m en tio n ed  as “ m etab o lic  
s tre s s o rs ” ). As th e  re su lt o f  b o th  effects, th e  specific a c tiv ity  o f A T P  in  th e  
R B C s o f p a tie n ts  w ith  ch ro n ic  sch izophren ia  decreased , while an  in c rease  was 
o b se rv e d  in  the  contro ls.

T h e  cited  au th o rs  d id  n o t  s tu d y  th e  ino rgan ic  p h o sp h a te  u p ta k e  o f  th e  
R B C s sim u ltan eo u sly  w ith  th e  in co rp o ra tio n  o f p h o sp h a te  in to  A T P . S uch  
in v e s tig a tio n s  were carried  o u t  b y  U suno ff  e t al. [122, 123], w ho fo u n d  th a t  
th e  R B C s o f schizophrenic p a tie n ts  to o k  u p  inorgan ic  p h o sp h a te  in  vitro  a t  a 
lo w e r r a te  th a n  th e  con tro ls . H ow ever, th ese  au th o rs  d isregarded  th e  close con
n e c tio n  betw een  th e  p h o sp h a te  tra n s p o r t  an d  th e  m etabo lism . N one o f  th e  
a u th o r s  h av e  defined th e  k in e tic  curves of p h o sp h a te  in co rp o ra tio n : th e y  gave 
th e  v a lu e s  o f specific a c t iv i ty  o n ly  fo r a single p o in t o f tim e . No v a lu a b le  d a ta  
can  b e  fo u n d  in l ite ra tu re  re g a rd in g  th e  g lyco ly tic  m etabo lism  o f R B C s of 
sc h iz o p h re n ic  p a tien ts , e ith e r .

S eem an  and  O’B r ien  [107] described  an  increased  N a + -K  + -A T P ase 
a c t iv i ty  o f  th e  RBCs of sch izo p h ren ic  p a tie n ts . In  c o n tra s t w ith  th is , P arker  
a n d  H offman  [91] fa iled  to  f in d  an y  d ifference in  th e  N a + -K + -A T P ase 
a c t iv i ty .  Cho and  Meltzer [21] observed  sig n ifican t increase in  th e  o u ab a in - 
in s e n s it iv e  A TPase a c tiv ity  in  th e  RBC m em b ran e  o f sch izophren ic  p a tie n ts .

O n th e  basis of th e  c ite d  l i te ra tu re  d is tu rb an ces  in  th e  p h o sp h a te  m e ta b 
o lism  o f  RBCs of sch izo p h ren ic  p a tie n ts  is p resu m ab le . B u t i t  has rem ain ed  
fo r b e  c la rified , w heth er th e  A T P  syn th esis  o r th e  ra te  of con su m p tio n  is d is
tu r b e d .  T h e  lite ra ry  d a ta  a re  also c o n tra d ic to ry  concern ing  th e  d esc rip tio n  of 
th e  a l te ra t io n  of the  p h o sp h a te  m e tab o lism , f irs t  o f all reg a rd in g  th e  e x p la n a 
tio n  o f  th e  observed d ev ia tio n s .
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O ur own ex p e rim en ts  carried  ou t in th is  fie ld  h av e  aim ed a t  s im u lta 
neous ex am in a tio n  o f th e  p h o sp h a te  u p ta k e  an d  th e  A T P m etaho lism  o f th e  
R BC. W e w ished to  p re se n t d a ta  ab o u t th e  possib le  a lte ra tio n s  in  A T P m e ta b 
olism  w hich are  in  conn ec tio n  w ith  the  d is tu rb a n c e s  o f th e  in  vitro  ac tive  
ouab a in -sen sitiv e  N a + an d  K + tra n sp o r t  o f RB C  observed  in  affec tive  p sy 
chosis; fu r th e r  we m ad e  effo rts  to  show w h e th e r th e  p h o sp h a te  tra n s p o r t  of 
RBCs is a lte red  in  endogenous psychoses.

T he A TP m etab o lism  o f in ta c t RBCs c a n n o t be exam ined  se p a ra te ly  
from  th e  p h o sp h a te  tra n s p o r t  on th e  basis o f in c o rp o ra tio n  ex p erim en ts  w ith  
32P -labelled  p h o sp h a te  [61, 70]. T hus, our ex p e rim en ts  w ere carried  o u t in th e  
follow ing w ay: w ashed  R B C s from  h ea lth y  co n tro l donors k e p t on s ta n d a rd  
d ie t w ith o u t m ed ica tio n , an d  those  of p a tie n ts  w ith  chronic  sch izophren ia  and  
b ip o la r and  u n ip o la r  depression , were in c u b a te d  a t  37°C in  K re b s -R in g e r  
p h o sp h a te  m ed ium  o f ino rg an ic  p h o sp h a te  c o n c e n tra tio n  0.6— 1.0 m M ,  w hich 
equals th e  ino rg an ic  p h o sp h a te  co n cen tra tio n  o f th e  p lasm a; in  s im u ltaneous 
ex p erim en ts , ow n p lasm a  w ith  20%  h a e m a to c rit w as used  as m ed ium . The 
p h o sp h a te  w as lab e lled  w ith  32P in b o th  m edia. T hese tw o  k inds o f e x tra c e l
lu la r (incu b a tio n ) m ed ia  w ere used in o rder to  s tu d y  th e  role o f th e  p lasm a fac 
to rs . Sam ples w ere ta k e n  a t  d ifferen t in te rv a ls  o f  in c u b a tio n , th e  p lasm a and  
th e  m edium , re sp ec tiv e ly , w as sep ara ted  an d  th e  cells w ere w ashed  th re e  
tim es in  ice-cold physio log ica l saline. The fo llow ing p h o sp h a te  frac tio n s w ere 
iso la ted  from  th e  sam ples, th e ir  co n cen tra tio n  w as d e te rm in ed , an d  th e  values 
o f th e  specific a c t iv i ty  w ere coun ted .

1. In o rg an ic  p h o sp h a te  in K re b s -R in g e r  p h o sp h a te  m ed ium  an d  in 
p lasm a (pool A );

2. ino rgan ic  p h o sp h a te  in  th e  RBC (pool B );
3. acid-lab ile  p h o sp h a te  (pool C);
4. a c id -re s is ta n t p h o sp h a te  (pool D ).
T he m a te ria ls  an d  m eth o d s applied  in th ese  ex p erim en ts  w ere described  

earlie r [116]. G lucose an d  lac tic  acid w ere d e te rm in ed  accord ing  to  Seifert  
e t al. [108] an d  B arker  an d  Summerson [8], re sp ec tiv e ly . T he k in e tic  curves 
o f th e  specific a c t iv i ty  o f p h o sp h a te  frac tio n s w ere an a ly sed  b y  tra c e r-k in e tic  
m eth o d . W e h a d  developed  an  iso tope-k inetic  m odel o f fou r c o m p artm en ts  [71] 
w hich enables us to  s e p a ra te  th e  p h o spha te  u p ta k e  by  th e  RBCs in to  tw o sim u l
tan eo u s processes, th e se  m ay  be ch arac terized  b y  tra n s p o r t  ra te s . T he tra n sp o r t  
ra te s  can  be d e te rm in ed  b y  app ly ing  th e  tra c e r-d is tr ib u tio n  eq u a tio n s (F ig . 2). 
One o f th e  ra te  va lues (W ac) refers to  th e  A TP sy n th es is  ta k in g  p lace on th e  
m em b ran e , th e  o th e r  (W a b) to  th e  d irect p h o sp h a te  u p ta k e  w hich  avoids th e  
m em b ran e  A T P  sy n th es is . F u rth e rm o re  W bc a n d  W Bd are  su itab le  fo r th e  
rep re se n ta tio n  o f  th e  in tra c e llu la r  p h o sp h a te  e s te r  syn th esis . T he m odel a n a l
ysis was p erfo rm ed  to  a t te m p t  an ap p ro ach  to  th e  m echan ism  o f p h o sp h a te  
u p ta k e  and  to  decide w hich  p a th w ay s o f p h o sp h a te  tra n s p o r t  are  a lte red .
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* Ж sa = w a b (5a- s b )._w b c (Sc - s b ) . w b d ( s d - s b ) 

-  w a c <s a- s c ) . w b c (s b - s c ) .w c d (s d- s c > 

-j P  = WA p (Sa - s d )*Wb o (Sb - S d ) * w CO(SC_S D)

F ig . 2 . Schem e of iso to p e-k in e tic  m odel fo r th e  u p tak e  an d  d is tr ib u tio n  of p h o sp h a te  in  red  
b lo o d  cells. A bbrev iations: A , В , C an d  D  are th e  am o u n ts  o f p h o sp h a te  o f th e  p a r ticu la r  
p o o ls  (fi  m ole phosphorus p e r m l w ash ed  b lood  cell or 4 m l K re b s-R in g e r so lu tio n ) l A, l B, I c 
a n d  1д  a re  to ta l  ac tiv ities o f poo ls (cpm  per m l w ashed b lood  cell or pe r 4 m l K re b s-R in g e r  
so lu tio n )  \VA у is th e  ra te  o f e x ch an g e  b e tw een  th e  tw o pools d en o ted  b y  th e  ind ices (//m ole 

phosp h o ru s pe r m in  p e r m l w ash ed  b lood cell or 4 m l K re b s-R in g e r  so lu tion )

T h e  m ost im p o r ta n t re su lts  o f  o u r ex perim en ts ca rried  o u t s im u ltan eo u sly  
on  th e  p h o sp h a te  tr a n s p o r t  a n d  A T P  m etabo lism  o f th e  RBCs o f p a tie n ts  w ith  
en d o g en o u s  psychosis [116] a re  sum m arized  as follows.

F ig s  3, 4, 5 and  6 show  th e  tim e  curves of th e  to ta l  a c tiv ity  a n d  specific 
a c t iv i ty  o f inorganic p h o sp h a te  go t d u ring  th e  in cu b a tio n  of th e  RBCs in 
K re b s —R in g er p h o sp h a te  m ed iu m  in th e  fou r g roups of p a tie n ts . I t  is shown 
t h a t  th e  to ta l  and  specific  a c t iv i ty  o f th e  m ed ium  decreases a t  a slow er ra te  
in  th e  in  vitro  experim en ts  c a rr ie d  o u t w ith  RBCs o f depressive p a tie n ts . A c
c o rd in g ly  th e  slope o f th e  k in e tic  curves o f th e  to ta l  an d  specific  a c tiv ity  of 
in o rg a n ic  p h o spha te  of th e  R B C  is o f low er value . T he tim e  curves o f  th e  to ta l  
a n d  specific  a c tiv ity  o f th e  o rg an ic  p h o sp h a te  frac tio n s of th e  R BC are  show n 
in  F ig s  5 and  6. The k in e tic  cu rves o f th e  to ta l  an d  specific a c tiv itie s  of th e  
a c id -la b ile  phosphate  ru n  f la t te r  in  b o th  subgroups o f affec tive  psychosis. 
A c c o rd in g  to  th e  tim e  cu rves o f  th e  specific a c tiv ity  (Figs 5 an d  6) th e  re su lt 
o f  th e  iso tope-k inetic  m odel an a ly s is  is p red ic tab le : th e  W Ab an d  W Ac values 
fo r p a t ie n ts  w ith  u n ip o la r a n d  b ip o la r  depression are  s ig n ifican tly  (P  < 0 .0 1 )  
lo w er th o se  for h ea lth y  c o n tro l donors or chronic sch izophren ics (F ig. 7). 
T h e re  is no difference in  th e  W gc an d  W bd ra te  values b e tw een  th e  four 
g ro u p s . F igu re  8 shows th a t  th e re  is no d ifference in  glucose c o n su m p tio n  and  
la c t ic  ac id  p roduction  am o n g  th e  fo u r groups d u rin g  th e  in c u b a tio n  o f 120 m in.

T h e  inco rp o ra tio n  o f 32P -p h o sp h a te  in  ce rta in  in tra c e llu la r  p h o sp h a te  
f ra c tio n s  was exam ined  in  vitro  in  p lasm a m edium . F igu re  9 show s th a t ,  also
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10*cpm

Fig. 3. ChangeÇin to ta l  a c t iv ity  o f th e  inorgan ic  p h o sp h a te  pools in d ifferen t d iagnostic  g roups. 
Solid lines: ex trace llu la r P , poo l (cpm  per 4 m l K re b s -R in g e r  solu tion). D o tted  lines: in tra c e l
lu la r  Р / pools (cpm  p e r m l red  blood cell). E ach  p o in t o f th e  curves rep resen ts th e  m ean  v a lue  
for th e  experim en ts  in  d iffe ren t d iagnostic  g roups. S ta n d a rd  dev ia tions are w ith in  10%

10* cpm

O C on tro l (n = 15)

■ S c h iz o p h re n ia  ( n = 16 )

Fig. 4. C hange in  to ta l  a c t iv ity  o f th e  organic p h o sp h a te  pools in d ifferen t d iagnostic  g roups. 
Solid lines: acid-labile  p h o sp h a te  pools (cpm  per m l red  b lood cell). D o tted  lines: a c id -res is ta n t 
p h o sp h a te  pool (cpm  p e r  m l red  blood cell). E ach  p o in t o f  th e  curves rep resen ts  th e  m ean  va lue  

fo r th e  ex p erim en ts in  d iffe ren t d iagnostic  g roups. S ta n d a rd  dev ia tions are w ith in  10%
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103cpm / /MP

15 30 60 90 120 min

F ig . 5. Specific a c tiv ity  cu rves o f  th e  inorgan ic  p h o sp h a te  pools. Solid lines: e x tra c e llu la r  P , 
p o o ls . D o tte d  lines: in trace llu la r P , pools. E ach  p o in t of th e  curves rep resen ts th e  m e a n  va lue  
fo r  th e  ex p erim en ts  in  d iffe re n t d iagnostic  g roups. S ta n d a rd  dev ia tions are w ith in  10%

103cpm //uMP
О Control (n=15)

^ ■ Schizophrenia (n=16)
0.2 i V Oepressio unipol (n =1A )

F ig . 6. Specific  a c tiv ity  curves o f  th e  o rgan ic  p h o sp h a te  pools. Solid lines: acid-labile  p h o sp h a te  
p oo ls. D o tte d  lines: a c id -res is tan t p h o sp h a te  pool. E a c h  p o in t o f th e  curves re p re se n ts  th e  

m e a n  v a lu e  for th e  e x p erim en ts  in  d ifferen t d iag n o stic  g roups. S ta n d ard  d e v ia tio n s  are
w ith in  10%
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□  C o n tro l (n=15)

□  S c h iz o p h re n ia  (n=16)

□  D e p re s s io  u n ip o l (n  = 1A) 

i ]] D e p re ss io  b ip o l. (n = 1 6  )

JMJk

F ig . 7. E xchange  ra te  va lues betw een  th e  p h o sp h a te  pools (show n in F ig . 2) in  d ifferen t 
d iagnostic  groups. R a te  v a lu es w ere c a lcu la ted  from  th e  kinetic  curves in  F ig s 3 — 6

E
о

E

□  C o n tro l (n = 15)

I S c h iz o p h re n ia  (n  = 16)

□  D e p re ss io  un ipo l (n=14) 

^  D e p re s s io  b ip o l (n=16 )

L a c to te  p ro d u c tio n  G lucose  consum p tion

F ig. 8. Glucose co n su m p tio n  an d  la c ta te  p ro d u c tio n  d u rin g  incu b a tio n  in  d iffe re n t d iagnostic
groups

in  th e  case o f chronic sch izophren ia , a sig n ifican t decrease o f th e  p ass iv e  phos
p h a te  u p ta k e  w as d e m o n s tra te d  in  p lasm a m edium  (P  0.01). A t th e  sam e 
tim e , th e re  w as no d ifference in  th e  in co rp o ra tio n  of 32P -p h o sp h a te  in to  the 
acid-lab ile  p h o sp h a te  frac tio n  o f R B C s. In  th e  case of u n ip o la r  a n d  b ipo lar 
depression , th e  values o f  th e  p h o sp h a te  u p ta k e  were s ig n ifican tly  lo w er in  bo th  
p a th w a y s , even th e  ex p erim en ts  ca rr ied  o u t in  p lasm a m edium .

A ccording to  o u r ex p e rim en ta l resu lts  on th e  p h o sp h a te  u p ta k e  in to  the 
RBCs o f p a tien ts  w ith  endogenous depression , th e  decreased p h o sp h a te  u p tak e  
a n d /o r inco rp o ra tio n  in to  ac id -lab ile  p h o sp h a te  fractions re p re se n tin g  the  
A T P , can n o t be assoc ia ted  w ith  th e  decrease o f th e  A TP tu rn o v e r . In  th is  case 
th e  ra te  of glycolysis an d , th e re fo re , th e  in te n s ity  of lactic  acid  p ro d u c tio n  and
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I
In t r a c e l lu la r  R

□  C o n tro l (n=15)

□  S c h iz o p h re n ia  (n=16)

□  D e p re s s io  u n ip o l.(n = 1 4 )

[ ] D e p re s s io  b ipo l. (n=16)

A c id - la b ile  P A c id - r e s is ta n t  P

F ig . 9. In co rp o ra tio n  of th e  e x tra c e llu la r  32P  in to  in tra c e llu la r  p h o sp h a te  pools du rin g  in cu b a 
tio n  in  p lasm a m ed iu m

of the loss of glucose would have to change, unless we suppose the more or less 
isolated damage of a certain partial process of the glycolysis.

In connection with this problem, the compartmentalization of the en
zymes within RBC arises: decrease in the quantity of the inorganic phosphate 
in the intramembrane compartment may result in decreased activity of the 
glyceraldehyde-3-phosphate-dehydrogenase phospho-glycerate-kinase enzyme 
system localized to the membrane [37, 72, 95, 105, 113]. This leads to slowing- 
down of the ATP synthesis taking place on the membrane in the RBCs of pa
tients with endogenous depression. The results of our experiments carried out 
in Krebs-Ringer phosphate medium with washed RBCs of patients suffering 
from unipolar and bipolar affective psychoses suggest the disturbance of the 
membrane function affecting the anion transport mechanism. Thus, our results 
are in line with the literary data, v i z . ,  in psychotic phases of affective psy
choses disturbances can be observed in the “ generalized membrane defect”
[45, 79, 80].

In patients with chronic schizophrenia, decreased passive phosphate 
uptake could be demonstrated only in plasma medium. This is an agreement 
wtih the results of U s u n o f f  et al. [123], that the RBCs of schizophrenic pa
tients take up iorganic phosphate at a lower rate. This deviation cannot be 
demonstrated in Krebs-Ringer phosphate medium, suggesting the contribu
tion of plasma factors in the changed membrane transport processes.

Literary data and our experimental results suggest that studies on patho
logical aspects of membrane research may open new perspectives in the better 
understanding of the pathomechanism of several neuropsychiatrie diseases.
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EFFECTS OF FEREBRAIN ABLATION ON 
GROWTH IN TELEOST FISHES

S . S z é k e l y  a n d  У. C s á n y i

D E P A R T M E N T  O P  B E H A V I O U R  G E N E T I C S  E Ö T V Ö S  L . U N I V E R S I T Y , G Ö D

(R eceived  1978 — 01 — 30)

Abstract

T he effect o f fo reb ra in  e x tirp a t io n  on  food u p ta k e  and  g row th  w as s tu d ie d  in  
d iffe ren t te leo st species. In  th e  case o f  w ild  species such  as Carassius aura tus gibelio  an d  
M acropodus opercularis concolor, a  p ro lo n g ed  en h an cem en t o f food u p ta k e  a n d  b o d y  
g ro w th  was fo u n d  follow ing fo reb ra in  a b la tio n . In  th e  case o f d o m estica ted  species such  
as th e  com m on go ldfish  (Carassius a u ra tu s)  a n d  M acropodus opercularis, th e re  w as no 
effect o f fo reb ra in  e x tirp a tio n  on e ith e r  food u p ta k e  or grow th.

Introduction

A blation  o f th e  fo reb ra in  in  v a rio u s  species o f te leosts has b e e n  show n 
to  re su lt in  m ark ed  defic its in  av o id an ce  co n d ition ing , rep ro d u c tiv e  b e h a v io u r , 
p a re n ta l  ac tiv ities , aggressive b e h a v io u r  an d  schooling. In  som e cases th e  
effects o f fo rebra in  ab la tio n  are u n c lea r. W a r r e n  [7] rep o rted  th a t  f ish  w ith o u t 
fo reb ra in  produce  m ore errors th a n  n o rm a ls  d u rin g  reversal lea rn in g . H ow ever, 
I n g l e  [4] found  ju s t  th e  opposite , w ith  fo reb ra in -ab la ted  fish  le a rn in g  m ore 
q u ick ly  th a n  n o rm a l fish  in a Y -m aze  d u rin g  successive reveals. T h e  ro le  of 
th e  fo reb ra in  in  feed ing  b eh av io u r also needs fu r th e r  c larify ing . T h e re  was 
no effect o f fo reb ra in  ab la tio n  on feed in g  in  experim en ts m ade b y  S e e g a r  [6], 
w hile du ring  e lectrophysio logical s t im u la tio n  o f ce rta in  fo reb ra in  a re a s , th e  
com plete  feeding response was o b se rv ed  b y  B e r n s t e i n  [2]. P r i v a t  [5] also 
fo u n d  a change in  th e  feeding resp o n se , depend ing  on th e  l ig h t in te n s ity  
a f te r  fo reb ra in  ab la tio n .

In  th e  p re se n t ex p erim en ts , w e found  th a t  th e  effect o f  fo reb ra in  
e x tirp a tio n  on feed ing  was also ex p ressed  in  an  enhanced  g ro w th  o f  th e  fish .

M ateria ls and  M ethods

A n im a ls

T he follow ing species of fish  w ere  u sed : com m on  goldfish (C arassius a u ra lu s) , six 
m o n th s  old from  th e  s tock  of our la b o ra to ry , tr ip lo id  clonal goldfish (C arassius a u ra tu s gibelio) , 
six  m o n th s  old. T he s to ck  w as based u p o n  th e  p ro g en y  of one fem ale c au g h t in  th e  D an u b e
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n e a r  E rcsi in  H u n g ary  sev e ra l y e a rs  ago and p ro p ag a ted  ev ery  sub seq u en t y ea r b y  gynogenesis 
u s in g  carp  sperm . O nly  one  fem a le  was used as m o th e r  in  e v e ry  year. The in d iv id u a ls o f th is  
s to c k  a re  genetically  id e n tic a l s iste rs.

P a rad ise  fish (M acropodus opercularis L inné), 3 m o n th s  old from  th e  12 th  gen era tio n  
o f  a  closely inbred  la b o ra to ry  s tra in . B lack p a rad ise  fish  ( M acropodus opercularis concolor), 
s ix  m o n th s  old. The o rig in a l s to c k  was ob tained  fro m  th e  F a r  E a s t and m ain ta in ed  in  our 
la b o ra to ry  by  random  b re ed in g . T e n  fish were used in  each  e x p erim en ta l group.

Su rg ica l procedures

F o re b ra in  a b la tio n  w as p e rfo rm ed  in th e  fo llow ing w ay . A fter an es th e tiza tio n  in  0.5%  
M S so lu tio n , th e  fish  w as p u t  on  a  w e t sponge and a 2m m  d ia m e te r  hole was bored  in  th e  skull 
b y  a  d e n ta l drill. T he f a t t y  tis su e  overlaying th e  fo re b ra in  w as sucked th ro u g h t a  glass tu b e  
p ro b e . F o r fish  in  th e  sh a m  o p e ra tio n  group no a d d itio n a l tis su e  was rem oved, for fish  in  th e  
a b la t io n  group b o th  lobes o f th e  fo reb ra in  were also re m o v ed . A fte r th e  ap p ro p ria te  tissu es had  
b e e n  rem oved  th e  hole in  th e  sk u ll w as filled w ith gel fo am  a n d  th e  fish  was p u t b ack  in w a ter. 
T h e  w hole  operation  w as f in ish e d  w ith in  40 sec. T he m o r ta l i ty  ra te  was below 10%  .

U pon  com pletion  o f a ll e x p erim en ta l p rocedures, th e  fish  was again an esth e tized  and  
th e n  sacrificed  to  allow  v e r if ic a t io n  of th e  surgical p ro ced u re s . The operations w ere v e ry  
c o n s is te n t , resu lting  in a b o u t  9 0 %  telencephalic  e x tirp a t io n , leav ing  only a sm all am o u n t of 
t is su e  in  th e  region of th e  p re o p tic  nucleus. D uring  th e  e x p e rim e n ta l period , no sign of reg en 
e ra t io n  of th e  fo reb ra in  t is su e  w as observed m acroscopica lly . In  som e cases, th e  rem o v a l of 
th e  o lfac to ry  ep ithelium  w as p e rfo rm e d  by burn ing  o u t th e  n a sa l cav ity  w ith  an  e lectric  device, 
u n d e r  anesthesia. F o r v isu a l d e p riv a tio n  in some an im als  b o th  eyeballs were rem oved , u n d e r 
a n es th e s ia .

Postoperative care and m easurem ent

T he operated  an d  th e  c o n tro l anim als were m a in ta in e d  in  groups in 40 1 ta n k s  or in d i
v id u a lly  in  4 1 tanks. E a c h  t a n k  w as provided w ith  an  a ir  s to n e  an d  an  inner filte r. T he ta n k s  
w ere  filled  w ith  tap  w a te r , c h a n g e d  weekly, and m a in ta in e d  a t  room  tem p e ra tu re , an d  were 
l i t  w ith  fluorescen t lig h t fo r 12 h /d a y . The fish were fed  live  tu b ife x  worm s ad lib itu m . In  som e 
cases we collected and m ea su re d  th e  worm s th a t  h ad  re m a in e d  in  th e  ta n k  a fte r  th e  illu m in a 
t io n  p eriod  to  calculate th e  t o ta l  a m o u n t consum ed. A t re g u la r  in te rv a ls , body  w eigh t was 
m ea su re d  separa tely  in th e  m o rn in g  before feeding h a d  s ta r te d .

Results

T h e  food u p ta k e  o f  fo reb ra in -ab la ted  c lo n a l goldfish w as g rea tly  
e n h a n c e d  a fte r o p e ra tio n  (F ig . 1). Also, th e re  w as a g rea t increase in  body  
w e ig h t of the  o p e ra ted  g ro u p  (Fig. 2). As th e  food  u p ta k e  of th e  fishes corre-

food u p ta k e  (g)
la te s  w ith  body w eigh t, i t  is m eaningfu l to  co m p are  t h e -------------- ;-------------------

body w eight (g )-d a y
v a lu e s , w hich were s ig n if ic a n tly  higher fo r th e  o p e ra te d  group th a n  for th e  
c o n tro l group in ev e ry  d a y  d u rin g  th e  e x p e rim e n ta l period  (x =  0.088 ^  0.01 
vs. 0 .058 ^  0.02; P  <  0 .05). E xperim en ts in  p ro longed  periods fo r up  to  
one  y e a r  have show n t h a t  fo reb ra in  ab la tio n  p e rm a n e n tly  changed th e  g row th  
p a t t e r n  o f th e  clonal g o ld fish , ra te  of g ro w th  b e in g  co n stan tly  ab o u t 30%  
h ig h e r  com pared  to  th e  c o n tro l.

W e perform ed e x p e rim e n ts  to  find  e x p la n a tio n s  for th is effect. C onsid
e r in g  th a t  e x tirp a tio n  o f  th e  fo rebra in  d estro y s o lfac tio n  ab ility , we rem oved  
th e  o lfac to ry  ep ith e liu m  o f a group of fish  b y  b u rn in g  and com pared  th e ir
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F ig . 1. T he effect of fo reb ra in  e x tirp a tio n  of food u p ta k e  of clonal goldfish. T he su m  o f food 
u p ta k e  was m easured  in  tw o  g ro u p s of clonal go ldfish  h oused  sep ara te ly . T he co n tro l group  
(d o tte d  line) consisted  of te n  sh am -o p era ted  fish  (m ean  w e igh t in th e  f irs t d a y  a f te r  th e  su r
gery : 13.8 g). T he o th er g roup  (con tinuous line) co n sisted  of te n  fo reb ra in -ex tirp a ted  in d i

v id u als  (m ean w eigh t: 12.1 g)

F ig . 2. T he effect of fo reb ra in  e x tirp a tio n  on bod y  g ro w th  of clonal goldfish. T h e  changes in 
bo d y  w eigh t/fish  o f th e  sam e tw o g ro u p s o f c lonal goldfish as in  F ig . 1

g ro w th  to  th e  u n tre a te d  con tro ls (F ig . 3). G ro w th  was n o t a lte re d  b y  the 
cessa tion  o f o lfaction  in  th e  presence o f th e  fo reb ra in . D uring  th e  e x p e rim en ta l 
p e rio d , no regenera tion  o f th e  o lfac to ry  ep ith e liu m  was observed .

The clonal goldfish is a very  shy  an im al an d  reac ts  e x trem e ly  fearfu lly  
to  ev e ry  u n fam ilia r v isu a l s tim u lus. I f  th e  in c reased  food u p ta k e  w ere a re su lt 
o f  som e dam age to  th e  o p tic  t r a c t  h av in g  o ccu rred  du ring  th e  fo reb ra in  
e x tirp a tio n , rem oval o f b o th  eyes also w ould  enhance grow th . E x p e rim e n ts  
w ith  en u c lea ted  fishes exc luded  th is  p o ss ib ility  (F ig. 4).
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F ig . 3. T he effect of th e  re m o v a l o f th e  o lfactory  e p ith e liu m  on  th e  g row th  of c lonal goldfish. 
T h e  o lfac to ry  ep ithe lium  o f te n  c lonal goldfish w ere  re m o v e d  (con tinuous line) a n d  th e  group  
w as m ix e d  w ith  ten  u n tre a te d  c o n tro ls  (d o tted  line), a n d  th e  b o d y  w eights w ere m easu red

20

о»

F ig . 4. T he effect of e n u c lea tio n  on  th e  grow th  of c lonal goldfish . T en  clonal go ldfish  w ere 
e n u c le a te d  (con tinuous line), th e  g roup  was m ix ed  w ith  a g roup  of te n  u n tre a te d  con tro ls 

(d o tted  line) a n d  th e  b o d y  w eights w ere m ea su re d

W h en  we w a n te d  to  check  the  g en e ra lity  o f  th ese  find ings on d iffe ren t 
species we found som e u n e x p e c te d  resu lts w h ich  m a y  be th e  k ey  to  th e  w hole 
p ro b lem .

C om m on goldfish  ( C arassius aura tus)  is th e  closest re la tiv e  o f  th e  
c lo n a l goldfish, b o th  o r ig in a tin g  from  a com m on d ip lo id  ancesto r. W e te s te d  
th e  e ffec t of fo rebra in  e x tirp a tio n  on th e  g ro w th  in  a stock  of com m on go ld 
f ish . T h e  opera ted  an im als  w ere p a ired  w ith  th e  con tro l ones an d  k e p t  in  
s e p a ra te d  4-1 ta n k s  (F ig . 5). T here was no  e ffec t follow ing th e  fo reb ra in  
rem o v a l on th e  g row th  o f  com m on goldfish, in  c o n tra s t  to  th e  clonal go ldfish .
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Fig. 5. E ffect o f fo reb ra in  ex tirp a tio n  o n  th e  g row th  of clonal goldfish an d  co m m o n  goldfish . 
P a irs  o f fo reb ra in -ex tirp a ted  (co n tin u o u s line) and  sh am e-operated  fish  (d o tte d  line) o f  th e  
sam e w eight were h oused  separa tely . C lonal goldfish (A) and  com m on go ldfish  (B ). T h e  bo d y

w e ig h ts  w ere m easured

Fig. 6. E ffect o f fo reb ra in  e x tirp a tio n  on  th e  g ro w th  of M acropodus opercu laris a n d  M acropodus 
opercu laris concolor. P a irs  of fo reb ra in -ex tirp a ted  (con tinuous line) an d  sh a m e-o p e ra te d  fish 
(d o tte d  line) o f th e  sam e in itial w eigh t w ere housed  sep ara te ly . M acropodus opercularis concolor 

(A) an d  M acropodus opercularis (B ). T he body  w eights were m easu red

W e looked  fo r an o th e r p a ir  o f w ild ty p e  —  do m estica ted  ty p e  o f  fish  
an d  choose M acropodus opercularis  L . aq u a riu m -b red  in  E u ro p e  fo r  one and  
a h a lf  c e n tu ry ; an d  a subspecies M acropodus opercularis concolor, a recen t 
im p o rt from  th e  F a r  E as t. E x tirp a tio n  o f fo reb ra in  d id  en h an ce  g ro w th  in 
th e  w ild form  b u t  had  no e ffec t on th e  d om estica ted  one as w as th e  case 
w ith  th e  go ldfish  (Fig. 6).
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D iscussion

T he forebrain  o f  te le o s ts  is a su b jec t o f  in ten s iv e  research . A role of 
in te g ra tio n  of senso ry  s tim u li and d iffe ren t m o tiv a tio n a l processes re su ltin g  
in  sm o o th  tu n in g  o f  o v e r t  behav iou r has been  suggested  [1, 3]. W e have 
fo u n d  th a t  a p ro longed  en h an cem en t of food u p ta k e  followed b y  in tensive  
g ro w th  are the  re su lts  o f  th e  ex tirp a tio n  o f th e  f ish  fo reb ra in . Such a ch a rac 
te r is t ic  response to  fo re b ra in  rem oval w as o b se rv ed  on ly  in  th e  case of wild- 
ty p e  anim als (C arassius auratus gibelio, M acropodus opercularis concolor). 
I n  d o m estica ted  species ( Carassius auratus, M acropodus opercularis)  th e re  
Avas no  effect follow ing fo re b ra in  ab la tio n  e ith e r  on food u p tak e  or on grow th .

I t  seems th a t  th e  fo reb ra in  has a p ro n o u n c e d  in h ib ito ry  fu n c tio n  in 
th e  com plex re g u la to ry  sy s tem  of food u p ta k e . I f  th e  fo reb ra in  is rem oved 
su rg ica lly , th is sy stem  w ill be  free of its  in h ib itio n  an d  th e  daily  food u p ta k e  
w ill rise up  by 30% . T h is  in c rem en t in  food  u p ta k e  is followed b y  enhanced  
g ro w th .

T he en h an cem en t o f  food u p tak e  is n o t th e  re su lt of som e sensory  
d e p riv a tio n , for in  e x p e rim e n ts  w here e ith e r  o lfac tio n  or vision have been 
e lim in a te d  there  w as no  change in food u p ta k e .

T he m ost cu rious re s u lt  is th a t  th e  in h ib ito ry  fu n c tio n  of th e  fo rebra in  
seem s to  be non fu n c tio n a l in  th e  case of d o m e s tic a te d  species. T he e x tirp a tio n  
o f  th e  fo rebrain  caused  no  changes in th e  level o f  food u p ta k e , w hich is n o r
m a lly  h igher th a n  in  w ild  ty p e  species.

P erh ap s the  in h ib ito ry  function  of th e  fo re b ra in  was lost due to  genetic  
ch an g es  occurring d u r in g  d om estica tion . T hose genes or gene groups w hich 
a re  invo lved  in th e  in h ib ito ry  function  of th e  fish  fo reb ra in  m ay  be discovered 
b y  a p p ro p ria te  b reed in g  ex p erim en ts  of th e  M acropodus  species. This w ould 
be  th e  w ay  to  rev ea l th e  e x a c t physio logical m echan ism s o f th e  in h ib ito ry  
fu n c tio n , too. O ur fu tu re  w o rk  will follow th is  line of investig a tio n .

A know ledgem ent

W e w ish  to  th an k  M r s  E d i t h  S o m o g y i and M iss  I l d ik ó  S im o n  for tech n ica l help.
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A b strac t

Caffeine c o n tra c tu re s  w ere re g is te red  on  f ib re  bundle  p re p a ra tio n s  o f  frog  
m . sem itend inosus. T h e  d rug  was ap p lied  to  m uscles in  norm al R inger for 30 m in  in  co n 
cen tra tio n s  o f 3 — 40 m M .  B iphasic c o n tra c tu re s  w ere found  in  all cases above  m ec h an i
cal th resh o ld  c o n ce n tra tio n  of caffe ine  (2.35 m M .  ca lcu la ted  value). P a ra m e te r  v a lu e s  
belonging to  th e  tw o  co n trac tu re  p h ases  (a m p litu d e , zllx 12; tim e, t x t 2) w ere an a ly se d  
b y  co m p u te r p ro g ram m es in co rre la tio n  w ith  caffe ine  co n cen tra tio n . I t  w as fo u n d  th a t
1. b o th  c o n tra c tu re  phases hav e  th e  sam e co n cen tra tio n  th resh o ld  o f caffe in e ;
2. a  caffe ine-b ind ing  site w ith  K j =  24.6 m M  c an  be  supposed  in th e  surface  m em b ran e  
being  responsib le  fo r th e  in duction  o f th e  f i r s t  c o n tra c tu re  phase  of caffe ine  in  th e  
m uscle; 3. caffe ine  has a c o n ce n tra tio n -d e p en d e n t ac tio n  on th e  surface  m em b ran e  
b in d in g  site w ith  a  ten d en cy  of m uscles to  c o n tra c t  to  zero len g th  a t  in fin ite  caffe ine  
co n cen tra tio n ; 4. th e  speed of caffeine a c tio n  is p ra c tic a lly  equal to  th e  so lu tio n  ex ch an g e  
em phasizing  th e  ac tio n  site a t  th e  su rface  m em b ran e  of th e  m uscle (sa rco lem m a  an d  
T -tu b u le  m em b ran e ); 5. th e  second caffe ine  c o n tra c tu re  phase  develops w ith  m ax im a l 
a m p litu d e  above  c o n tra c tu re  th re sh o ld  c o n c e n tra tio n , du ring  w hich m uscles c o n tra c t 
to  ab o u t 40%  of th e ir  slack len g th ; th is  co rresp o n d s to  a sarcom ere le n g th  less th a n  
th a t  o f th e  m y o sin  filam en t, co n seq u en tly , a sh o rten in g  of th is  filam en t m u s t  also  ta k e  
p lace; 6. th e  c o n ce n tra tio n  dependence of th e  second  c o n trac tu re  phase  re su lts  in  a  m o 
no to n ie  decrease  o f  t 2 w ith  increasing  caffe ine  co n cen tra tio n .

A p o ss ib ility  fo r th e  m echanism  o f caffe ine  a c tio n  th ro u g h  b in d in g  to  p ro te in s  
invo lved  in th e  re g u la tio n  of in tra ce llu la r  calc ium  level is discussed.

In tro d u c tio n

T he effect o f  caffeine on th e  m ech an ica l response of sk e le ta l m uscle  
depends on th e  caffeine c o n c e n tra tio n , on  th e  tim e  for w hich caffe ine  is 
allow ed to  ac t, on th e  ty p e  of m uscle  p re p a ra tio n  (single or m u ltif ib re ) , and  
also on th e  m ode o f  reg is tra tio n  ( iso m etric  o r iso tonic), etc.

T he th re sh o ld  co n cen tra tio n  o f  caffeine to  elicit m uscle c o n tra c tu re  
p ro v ed  to  be 2— 3 m M  in d iffe ren t ex p e rim e n ts . A bove th is  c o n c e n tra tio n , 
th e  caffeine ac tio n  is graded , th e  m easu re  o f  ten sio n  developm ent o r th e  size 
o f c o n tra c tu re  a m p litu d e  increases w ith  in c reasin g  caffeine c o n c e n tra tio n  [2].

Caffeine c o n tra c tu re s  of m uscle  show  a tim e-dependence . O n single 
fib re  p re p a ra tio n s , th e  tension  o r th e  c o n tra c tu re  am p litu d e  h as  ir re g u la r

A d a  Biologica Acaderniae Scientiarum Hungaricae 29, 1978



130 L . K Ó N Y A  e t  a l .

a lte ra tio n s  [11]. O n w hole m uscles or m u ltif ib re  p rep ara tio n s , how ever, in 
sp ite  of th e  d ep en d en ce  of caffeine e ffec t on diffusion, th e  a lte ra tio n  o f 
c o n tra c tu re  phases  w ith  tim e was fo u n d  to  be m ore sy s tem a tic : th e re  has 
been  described  an  in itia l rap id  phase [4] as w ell as a f irs t and  a second phase  
[12, 14] of caffeine co n trac tu res  sep a rab le  b y  th e ir  pharm aco log ical sensi
t iv i ty  and  re v e rs ib ility , too .

In  our ea rlie r ex perim en ts on f ib re  b u n d le  p rep a ra tio n  o f frog  sem i- 
ten d in o su s  m uscle depo la rized  in p o tass iu m  so lu tio n , som e changes w ere fo u n d  
in  th e  course o f d ev e lo p m en t of caffeine c o n tra c tu re s  com pared  to  t h a t  o f 
c o n tro l m uscle. T hese  changes depended  on  th e  an ion  species in  th e  so lu tio n , 
an d  on th e  tim e  o f d ep o la riza tio n ; th e y  w ere also observed for severa l m in u tes  
a f te r  re p o la riza tio n  o f th e  m uscle in  n o rm a l R in g er [9].

In  th e  ex p e rim en ts  to  be described  h ere  i t  was also found  th a t  caffe
ine c o n tra c tu res  are  alw ays b iphasic on m u ltif ib re  p rep ara tio n s if  th e  caffe
ine is le ft on th e  m uscles for enough tim e . C o n cen tra tio n  and  tim e  d e p e n d 
ence o f the caffeine effect on m uscles w ere de te rm ined  by  m a th e m a tic a l 
analy sis  o f va lues o f p a ram e te rs , se lec ted  fo r ch arac teriz in g  th e  phases of 
caffeine c o n tra c tu re s . T hese values w ere m easu red  in several ex p erim en ts  and  
th e  expec ted  v a lu es  o f th em  were ca lcu la ted  as th e  function  of caffeine con
c e n tra tio n  b y  c u rv e -f it t in g  m ethod.

M aterials and M ethods

F ib re -b u n d le  p re p a ra tio n s  of frog (R a n a  esculenta) m uscle con tain ing  100 — 200 fib res 
w ere  d issected  fro m  m . sem itend inosus. T hey  w ere m o u n te d  in S arto rius vessels, th e ir  u p p e r 
ends being  fixed  to  a  to rs io n  lev e r arm . T he slack  le n g th  w as m easured  on m uscles su sp en d ed  
in  so lu tion . T hey  w ere th e n  s tre tc h ed  to  125 —130%  o f th e ir  slack len g th  by  increasing  to rsio n  
force. M echanical re sp o n ses w ere recorded on sm oked  d ru m  using  a kym ograph . T he speed  of 
re g is tra tio n  as w ell as c h an g es  in  m uscle len g th  a n d  te n s io n  w ere contro lled  rep ea ted ly .

R estin g  ten s io n  o f s tre tc h e d  m uscles was a b o u t  1 g /m m 2 and  did no t change m ore th a n  
3fold  du ring  m ax im al c o n tra c tu re  (a t  35 — 40%  o f slack  m uscle leng th), re g is tra tio n  co n d i
tio n s  were th ere fo re  re g a rd e d  isotonic.

N orm al R in g er w as fresh ly  p rep ared  from  su b s ta n c es  of analy tica l g rad e  (R ean a l, 
B u d a p es t)  in th e  fo llow ing com position : NaCl 115 m M , KC1 2.5 m M , CaCl2 1.8 m M , a n d  h is
t id in e  5 m M , pH  =  7.2. C affeine w as dissolved in  R in g e r  in  co n cen tra tio n s be tw een  3 — 10 m M . 
A bove  10 m M  caffeine c o n c e n tra tio n  osm otically  e q u iv a le n t am o u n t of NaCl was o m itted .

So lu tion  ex ch an g e  in  th e  S arto riu s  vessel w as e ffec ted  by  flushing so lu tio n  in  5 fold 
v o lu m e of th e  vessel w ith  a  syringe from  below w ith in  5 sec. E xcess of so lu tion  w as d ra in e d  
fro m  above. In  th is  w ay , m ech an ica l a rtifac t of th e  so lu tio n  exchange w as e ffec tive ly  d i
m in ish ed . C affeine-contain ing  so lu tions were left on  e ach  m uscle un iform ly  for 30 m in.

To be able to  co m p are  th e  resu lts  gained on  d iffe re n t m uscles as well as fo r th e  sake  of 
ca lcu la tio n  process, we chose ch arac te ris tic  p a ram e te rs  (F ig . 1) and  de term ined  th e ir  n o rm a l
ized  v a lu es in th e  in d iv id u a l ex p erim en ts. These p a ra m e te rs  were: th e  tim e necessary  to  th e  
fu ll d evelopm en t of each  ph ase  of th e  co n trac tu re  ( t t a n d  t 2) and  th e  am plitude  of th e m  (zllt 
a n d  12*. In  o rder to  f in d  p rin c ip a l corre lations, v a lu e s  o f th e  p a ram ete rs  were p lo tte d  ag a in st 
caffe ine  co n cen tra tio n s a n d  sim ple (cone section  a n d  e x p o n en tia l)  functions in  d iffe ren t a n a ly t-

* D ifferen t d im ensions fo r th e  am p litu d e  o f th e  f i r s t  and  second c o n tra c tu re  ph ase  
( le n g th  change =  zllt , o r  ab so lu te  len g th  =  12) can  be  re a so n e d  b y  th e ir  d ifferen t dependence  
on  caffe ine  co n ce n tra tio n  (see below ).
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Fig. 1. P a ra m e te rs  of caffeine co n trac tu res  o f m uscles in d ica tin g  th e  am p litu d e  ( /I I ,, 12) an d  
tim e  of dev elo p m en t ( t , ,  t 2) of th e  f ir s t  an d  second co n trac tu re  phases

ical fo rm s w ere f itte d  to  th em  using least-sq u are  an d  m axim um -likelihood  m eth o d s. C alcu la
tions were done by c o m p u ta tio n , using f i t t in g  an d  e rro r function  calcu la ting  p ro g ram m e. 
G oodness o f f i tt in g  was co n tro lled  by the  c a lcu la te d  v a lu es of erro r function . To red u ce  th e  
sc a tte rin g  of th e  m easured  va lues regard ing  th e  sam e p a ram ete r and caffeine c o n c e n tra tio n , 
th e ir  se lection  was carried  o u t using a n o th e r c o m p u ta tio n  program m e based  on  a r ith m e tic  
m ean an d  s ta n d a rd  d ev ia tio n . Som e stages o f th is  stepw ise  process are som etim es in d ic a te d  in 
th e  figures.

S ta r tin g  p o p u la tio n s o f p a ram ete r v a lu es w ere co llected  in  experim en ts c a rr ied  o u t on 
113 d iffe ren t m uscles. Caffeine co n cen tra tio n s ap p lied  an d  th e  num ber of m uscles (in  b ra ck e ts )  
used  a t  th e  g iven caffeine co n cen tra tio n  w ere as follow s: 3 m M  (4), 4 m M  (9), 5 m M  (5), 
6 m M  (9), 8 m M  (15), 10 m M  (13), 13 m M  (13), 16 m M  (15), 20 m M  (10), 25 m M  (6), 30 m M  (9), 
40 m M  (5).

U sing p a ram ete r va lues ind icated  by  th e  w ell-fittin g  functions, c o n tra c tu re  cu rves 
m odelling  caffeine effect w ere constru c ted  b y  p ro jec tin g  ch arac te ris tic  in d iv id u a l cu rv es to  
th e  p a ra m e te r  values (F igs 1 and  2).

%

Fig. 2. M odel caffeine c o n tra c tu re  curves ga in ed  on th e  effect of d ifferen t caffe ine  c o n ce n tra 
tions. E x p ec te d  values (see F ig . 1) of c o n tra c tu re  p a ra m e te rs  were calcu la ted  b y  c u rv e -f ittin g  
m eth o d . T im e course o f th e  developm ent o f cu rv es belonging  to  d ifferen t caffe ine  c o n ce n tra 
tio n s w ere red raw n  by  p ro jec tio n  of c h a ra c te ris tic  in d iv id u a l curves to  th e  c a lcu la te d  values 

o f th e  param ete rs  (n o t in d ic a te d  in th e  figure)
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R esults

B ip h a sic  character o f  caffeine contractures

O n m odelled curves (F ig . 2) c h a ra c te ris tic s  o f caffeine effect are  v isu a l
ized . S ep ara tio n  o f  th e  c o n tra c tu re  cu rves in to  tw o  phases is w ell seen on 
th e  cu rv e  belonging to  5 m M  caffeine. T he f i r s t  phase  develops q u ick ly , th e n  
a  te n d e n c y  for re la x a tio n  can  he observed. T h e  second phase s ta r ts  to  develop  
in  th is  case w ith  som e la te n c y  b u t i t  is co m p le ted  re la tiv e ly  q u ick ly  a f te r 
w a rd s . On curves b e lo n g in g  to  10 and  20 m M  caffeine th is  la te n c y  perio d  
is s h o r te r  and  th e  te n d e n c y  for re la x a tio n  decreases. T ran sitio n  b e tw een  
th e s e  tw o  phases can  be  assigned , how ever, a t  th e  h ig h er caffeine c o n c e n tra tio n  
as w ell.

Concentration dependence o f  tx 

T h e  t x values an d  th e  f i t te d

t j  =  A x -f- В (1)

fu n c tio n  are show n in  F ig . 3, w ith  ca lcu la ted  c o n s ta n ts  A =  0.329 an d  В =  
=  6 .16  sec. The large s c a tte r in g  of t x v a lues can  be exp la ined  b y  th e  re la tiv e ly  
low  tim e-reso lu tio n  o f th e  reg is tra tio n  ap p lied , an d  b y  th e  v a r ia tio n  in  th e  
d ia m e te r  and  se n s itiv ity  o f  th e  m uscle p re p a ra tio n s . In  sp ite  o f th is , th e  
c o n s ta n t  6.16 sec in d ica te s  a fa s t  deve lopm en t o f  th e  f irs t caffeine c o n tra c tu re  
p h a s e  p rac tica lly  eq u a l to  th e  tim e of so lu tio n  exchange in  th e  S a rto r iu s  
v esse l. T his fa c t s tro n g ly  suggests a site  o f  caffe ine  ac tion  in  or n e a r to  th e  
s t r u c tu r a l  elem ents o f  th e  surface m em b ran e .

F ig . 3 . C o n cen tra tio n  dep en d en ce  o f t t . Sym bols in d ic a te  tw o  d ifferen t stages o f d a ta  se lection . 
T h e  o p e n  a n d  filled circles to g e th e r  in d ica te  an  early , w hile  filled  circles only th e  f in a l s tage  of 

se lec tion . C alcu lated  v a lu es o f  th e  co n stan ts an d  b e s t- f it t in g  curve are also in d ica ted
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Concentration dependence o f  A lx

B y  c u rv e -f ittin g  ca lcu la tions a hyp erb o lic  co rre la tio n  described  as

A h  =  — +  C (2)
X — В

was found  to  f i t  w ith  h igh  p ro b ab ility  to  th e  va lu es  of th e  am p litu d e  o f  th e  
f irs t c o n tra c tu re  ph ase  p lo tte d  aga in st ca ffe ine  co n cen tra tion  (F ig . 4). I t

Fig. 4. C o n cen tra tio n  dep en d en ce  of P o in ts  re p re se n t d a ta  a fte r  selection. Crosses in d ic a te  
do u b led  va lues. C o n stan ts  and  f i t te d  cu rv es  are  also ind ica ted

o ccu rred  th a t  d e fin ite  p h ysica l m eaning  can  be a ttr ib u te d  to  th e  d iffe ren t 
c o n s ta n ts . В =  — 20.4 m M  has an  “ a p p a re n t”  M ichaelis c o n s tan t c h a ra c te r  
[10], w hile C =  116%  in d ica tes  a m ax im al c o n tra c tu re  of m uscle a t  in f in ite  
caffeine c o n c e n tra tio n . T he la t te r  v a lue  is q u ite  close to  th e  s tre tc h e d  m uscle  
len g th  (125— 130% ), th e re fo re  i t  shows as if  m uscles could c o n tra c t p ra c tic 
a lly  to  zero le n g th  a t  h igh  caffeine c o n cen tra tio n s .

D a ta  a re  a c c u m u la tin g  ab o u t th e  b in d in g  o f caffeine to  p ro te in s  [1], 
th e re fo re , i t  seem ed reasonab le  to  suppose a b in d in g  site  for caffeine in  th e  
surface m em b ran e  o f  th e  m uscle, w here its  b in d in g  m ay  follow th e  m ass 
law . Caffeine effect is supposed  to  be p ro p o rtio n a l to  th e  c o n c e n tra tio n  of 
th e  b in d ing  s ite  —  caffeine com plex: A \1 ~  [PC] w here [PC] is th e  con
c e n tra tio n  o f p ro te in -caffe in e  com plex. T h e  d issocia tion  c o n s ta n t o f  th e  
b in d in g  site  can  be expressed  as

K d = (3)
( [ P , ] - [ P C ] ) ( [ C 0] -  [PC ])

[PC]
w here [P n] an d  [C0] are th e  con cen tra tio n s o f  th e  b ind ing  site an d  caffeine, 
re sp ec tiv e ly . F u r th e r ,

rpd _ [Po]([C0]^JPC])
K d +  ([C0] -  [PC ])
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if  [P 0] <= [C0] an d  [PC ] <§ [C0], th e n

n  [ P q ]  [ C o ]
K d +  [C0]

( 5)

a p p e a rs  to  be a p ro p er ap p ro x im a tio n . W ith  ap p ro p ria te  n o rm a liz a tio n  and  
ta k in g  in to  acco u n t a m echan ical th re sh o ld  co n cen tra tio n  o f caffeine Cm 
(su b th re sh o ld  caffeine co n cen tra tio n s  m a y  p o te n tia te  m uscle tw itc h  on elec
tr ic a l ly  s tim u la te d  m uscles while th e y  do n o t  cause co n trac tu re  th em se lv es , 
see e.g. R ef. [11])

A \  =  A [ C o ]  -  [ C m ]
K d +  ([C0] [Cm])

( 6)

F ig . 5. C o n cen tra tio n  dependence  of d ip  f i tt in g  o f a  fu n c tio n  w hich con ta ins K,; a n d  c o n s ta n t 
o f  th re s h o ld  co n ce n tra tio n  Cm. P o p u la tio n  of p o in ts  w ere  gained a fte r m o d e ra te  selection

c o rre la tio n  is gained . I t  w as also successfu lly  f i t te d  to  th e  Zllx v a lu es  (F ig. 5) 
a n d  c o n s ta n ts  o f th e  fu n c tio n  were on th e  one side sim ilar to  those  d e te rm in ed  
b y  th e  h yperbo lic  co rre la tio n  (A =  121%  is r a th e r  close to  В =  116%  in eq. 
(2 ), a n d  its  m ean ing  can be th e  sam e), on th e  o th e r  side th e ir  ph y sica l m ean ing  
occu rs to  be m ore clear: K d =  24.6 m M , a n d  Cm =  2.37 m M .

I t  can  be concluded  from  these  d a ta  t h a t  a t  the  m echanical th re sh o ld  
less th a n  5%  o f th e  re c e p to r sites are o ccu p ied  b y  caffeine, w hile th e ir  full 
s a tu r a t io n  induces th e o re tic a lly  a m ax im al m uscle  co n trac tu re  (to zero leng th ).

Concentration dependence o f  t 2

A  h yperbo le  o f (2) ty p e  f i t te d  w ell to  th e  po in ts of t 2 va lues b u t  w ith  
in c re a s in g  caffeine co n cen tra tio n s  tim e  v a lu es  decreased m o n o to n ica lly  (Fig. 
6). I n  th is  case В =  2.35 m M  can be re g a rd e d  a n o th e r d e te rm in a tio n  o f th e  
Cm, n a tu ra l ly  fo r th e  second  caffeine c o n tra c tu re  phase. Several ex p e rim en ts
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Fig. 6. C o n cen tra tio n  dependence of t 2. Sym bols as in  F igs 3 and  4. F it te d  curve a n d  ca lcu la ted
co n stan ts  a re  in d ica ted

prove , how ever, t h a t  th resh o ld  caffeine co n cen tra tio n  for b o th  p h ases  is th e  
sam e. T h is is n ice ly  p roved  b y  th e  close values o f Cm and  B.

As th e  C =  3.1 m in value show s, th e re  is a lim it of tim e  w h ich  is needed  
to  th e  fu ll d ev e lo p m en t of th e  second c o n tra c tu re  phase. This inv o lv es  th e  
d iffusion  o f caffeine to  th e  site  o f ac tio n , th e  lib era tio n  o f ca lc iu m  in an  
a m o u n t w hich  is enough for th e  fu ll a c tiv a tio n  of th e  co n trac tile  e lem en ts, 
an d  th e  d ev e lo p m en t of m uscle c o n tra c tu re  itself. In  th e  lack  o f  d e ta iled  
in fo rm a tio n , th e  ra te -lim itin g  step  o f th e  process can n o t be p re d ic te d  as y e t.

Concentration dependence o f  l 2

T he second phase of caffeine c o n tra c tu re  develops p ra c tic a lly  w ith  
m ax im al a m p litu d e  above th resh o ld  caffeine co n cen tra tio n  (F ig . 7). T he

Fig. 7. C o n cen tra tio n  dependence  of 12
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le n g th  of m uscle a t  m ax im a lly  c o n trac ted  s ta te  (40%  of th e  slack  len g th ) 
ch a rac te rize s  a n o n -physio log ica l m echanism  fo r c o n trac tio n  a t  w hich  sa rco 
m ere  le n g th  can on ly  be a frac tio n  of th a t  o f th e  m yosin  f ilam en t, t h a t  is, 
m y osin  f ila m e n t m u s t also be sh o rtened  [8].

Discussion

Caffeine ex e rts  its  e ffec t on m uscle b y  a c tiv a tin g  its m echan ical m a 
c h in e ry  th ro u g h  an  e lev a tio n  o f in te rm y o fib r illa r  calcium  level. T here  are  
m o rpho log ica l proofs t h a t  i t  causes sw elling o f  th e  S R 1 [7, 15]. I ts  e ffect 
is m ore  p ronounced  on a h ea v y  frac tio n  o f F S R 2 [6, 13] in w hich e lem ents 
o f th e  T — TC3 ju n c tio n  a re  enriched.

A lth o u g h  caffeine is c la im ed  to  ac t th ro u g h  th e  sen sitiza tio n  of calcium - 
in d u c e d  calcium  release [5], th e re  has n o t  been  observed  an y  in h ib itio n  o f 
ca lc iu m -lib e ra tin g  ac tio n  o f  caffeine in th e  absence  of calcium  (bu ffering  
th e  F S R  m edium  b y  h ig h  E G T A 4 co n cen tra tio n ).

S im ilarly  to  B SA 5 6, cafte ine  is b ind ing  to  sev e ra l ty p es of p ro te in s  an d  
m ore  effec tively  to  F S R  as p roved  b y  P M R e in v es tig a tio n s  ( K ó n y a  e t al. 
u n p u b lish e d  resu lts). T he m echan ism  of its  in te ra c tio n  w ith  p ro te in s , an d  
d e ta ils  o f its  ca lc iu m -lib e ra tin g  effect has n o t  been p roved  y e t. I ts  
c o m b in a tio n  w ith  ca lc iu m -b in d in g  ca lseq u estrin  has been p roved  on ly  
in d ire c tly  (e.g. b y  th e  m en tio n ed  m orpho log ical observa tions). I ts  a c tio n  is 
less c lear on th e  su rface  m em b ran e . I t  seem s to  in d u ce  a coupling m echan ism  
w ith o u t d ep o la riza tio n  o f th e  surface m em b ran e  [2]. C om bination  of caffeine 
w ith  in tr in s ic  p ro te in s  o f  th e  surface m em b ran e  o f  m uscles w ith  co n seq u en t 
ca lc iu m  lib e ra tio n  from  m em b ran e  b in d ing  sites (S an d  R calcium , see R ef. 
[3]) as w ell as an  in it ia tio n  o f a ca lc ium -induced  ca lcium  release m echan ism  
o f th e  ju n c tio n a l su rface  o f  th e  te rm in a l c is te rn ae  needs fu r th e r  p ro o f a b o u t 
th e  ex is ten ce  and  c h a ra c te r is tic s  of such ca lc ium  sto res [9].

1 =  sarcoplasm ic re ticu lu m
2 =  b iochem ically  p re p a re d  frag m en ted  SR  c o n ta in in g  S R  vesicles w ith  w ell-preserved 

s t ru c tu re  a n d  fu n c tio n ,
3 =  ju n c tio n a l s tru c tu re  c o n s titu te d  w ith  th e  p a r tic ip a tio n  of th e  tran sv ersa l-(T )-tu - 

b u les  a n d  th e  te rm in a l c is te rn ae  (TC) of th e  long itu d in a l (L ) e lem en ts  of th e  sa rco tu b u la r  sys
te m . L -elem en ts includ ing  TC com pose th e  so-called SR .

4 =  e th y le n eg ly co l-b is -^ -a m in o e th y l e ther) N , N ’- te tra a c e tic  acid,
5 =  bovine  serum  a lb u m in ,
6 =  p ro to n  m ag n e tic  re so n an ce  spectroscopy.
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ULTRASTRUCTURE OF SYNAPSES IN THE 
CENTRAL NERVOUS SYSTEM OF 
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BIOLOGICAL RESEA R C H  IN ST IT U T E  O F T H E  H UN G ARIA N  ACADEMY OF 
SCIENCES, T IH A N Y

(R eceived  1 9 7 8 - 0 3 - 1 3 )

A bstrac t

F in e -s tru c tu ra l ch a ra c te ris tic s  o f  sy n a p tic  c o n ta c ts  were in v e s tig a te d  in  th e  
c en tra l nervous system  o f d iffe ren t species o f lam e llib ran ch  m olluscs. N eu ro p ile  o f  th e  
gang lia  is charac te rized  b y  re g u la r  occurrence  o f u ltra s tru c tu ra lly  w ell-defined  po larized  
chem ical synapses resem bling  those  d escribed  in  o th e r  in v erteb ra te  species a n d  v e r
te b ra te s . In  ad d itio n  to  th e  g enerally  obse rv ed  m em b ran e  th icken ings, en h an c ed  d en sity  
o f sy n ap tic  m em branes, c le ft m a te ria l a n d  vesicle c luste ring  on th e  p re sy n a p tic  m em 
b ra n e , synapses are occasionally  ch arac te rized  by  o th e r  pre- and p o s tsy n a p tic  spec ia li
za tio n s, like su b sy n ap tic  c is te rn , axon  spine an d  p in o cy to tic  in v ag in a tio n s. S y n a p tic  
con n ec tio n s w ere d is tin g u ish ed  on  th e  basis  o f th e  vesicle co n ten t o f  th e  p re sy n a p tic  
te rm in a l. D ifferen t fo rm s o f sy n a p tic  c o n fig u ra tio n s  (divergence, co n v erg en ce , p re 
sy n a p tic  m odification) w ere  observed  in  th e  ganglia .

In tro d u c tio n

B iochem ical [21, 22, 23, 39, 42, 43] an d  fluorescence h is to ch em ica l [24, 
38, 40, 47] investig a tio n s h av e  show n th a t  biogenic m onoam ines occu r in 
h igh  co n cen tra tio n s  an d  can  be considered  tra n s m itte r  su b stan ces  in  th e  
gang lia  o f  lam ellib ranch  m olluscs. T h e  role o f biogenic m onoam ines in  th e  
ce n tra l reg u la tio n  o f period ic  a c tiv ity  [23, 35] an d  in th e  reg u la tio n  o f  o th e r  
physio logical processes, like gill m o v em en t or sm o o th  muscle c o n tra c tio n  seem s 
to  be o f g rea t significance [1, 5, 20,].

T h ere  is little  in fo rm a tio n  concern ing  th e  m orphological basis o f  chem ical 
tran sm iss io n  in th e  lam ellib ran ch  CNS [7, 24, 48]. Several in v e s tig a tio n s  on 
th e  m olluscan  CNS u n d erlin ed  th e  v e ry  ra re  occurrence, or lack , o f  tru e , 
u l tra s tru c tu ra l ly  w ell-defined , p o la rized  chem ical synapses [7, 8, 12, 14, 32, 
33]. I t  w as suggested  th a t  chem ical tran sm iss io n  in  m olluscan CNS is rea lized  
a t  ax o n  varicosities possessing no pre- an d  p o s tsy n ap tic  m em b ran e  sp ec ia li
za tions [2].

T ak in g  in to  acco u n t th e  above fin d in g s, we have u n d e rta k e n  th e  p re sen t 
w ork  in  o rd e r ( i )  to  in v e s tig a te  th e  f in e  s tru c tu ra l  ch a rac teristics o f  sy n a p tic  
connections in  th e  CNS o f lam ellib ran ch  m olluscs; ( i i )  to  p rov ide  f in e  s tru c -
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tu r a l  d a ta  for tra n sm iss io n  processes ta k in g  p lace  in  the  ganglia; f i i i )  to  
co m p are  the  fine s t r u c tu r a l  ch arac teris tics  o f  sy n a p tic  connections found  
b y  us w ith  find ings in  d iffe re n t phyla.

M aterials and  M ethods

T he following species w e re  exam ined: Anodonta  cygnea L ., M acira stultorum  L ., Glyci- 
m eris p ilosa  L., Solen vag ina  L ., Venerupis decussata L . T h e  la t te r  four species w ere  collected  
in  th e  B ay  of N aples.

G anglia of th e  f re s h -w a te r  b ivalve  Anodonta cygnea L . w ere fixed  for 2h a t  room  te m p e r
a tu re  in  3%  g lu ta ra ld eh y d e  d ilu te d  in  Ma rczynsky’s [28] physio log ical solu tion , o r som etim es 
in  A nodonta  haem olym ph . A f te r  b rie f  w ashing, th e  g an g lia  w ere postfixed  for 30 m in  a t  4 °C 
in  2 %  O s 0 4 buffered w ith  s-co llid ine. A fter d e h y d ra tio n  in  g ra d ed  e thano l and p ro p y len e  oxide, 
g a n g lia  w ere em bedded  in  A ra ld ite  (D urcupan , ACM, F lu k a ) .

Som etim es, A nodonta  g a n g lia  were fixed  on ly  in  2 .5 %  g lu ta ra ld eh y d e  for 2 h  a t  room  
te m p e ra tu re  or o v e rn ig h t a t  4 °C.

I n  th e  case of m arin e  species, th e  ganglia w ere in  m o st cases fixed  in  2 .5%  g lu ta ra l
d e h y d e  buffered  w ith  0.1 M  c a c o d y la te  [29] for 2 h  a t  ro o m  tem p e ra tu re  or o v e rn ig h t a t  4 °C. 
T h en , follow ing sh o rt w ash in g  in  th e  sam e buffer, gang lia  w ere p o stfix ed  in  2%  O sO 4 b u ffered  
a lso  w ith  0.1 M  c aco d y la te  fo r  30 — 60 m in a t 4 °C. S o m etim es, ganglia  were fix ed  on ly  in  2%  
O s 0 4 fo r 1 — 2 h  a t 4 °C. I n  th e  course of d eh y d ra tio n  in  g ra d ed  e th an o l and p ro p y len e  oxide, 
b lo c k  sta in in g  was p e rfo rm e d  w ith  sa tu ra ted  u ra n y la c e ta te  in  abso lu te  e th an o l fo r 30 m in . 
A f te r  d eh y d ra tio n  gang lia  w e re  em bed d ed  in  epoxy  re sin  [37].

U ltra th in  sections, c u t  o n  L K B  U ltro tom e I I I  o r R e ic h e rt  OM U2 u ltra m ic ro to m e  an d  
c o n tra s te d  w ith  u ra n y la c e ta te  a n d  lead  c itra te  [34] or o n ly  w ith  lead  c itra te  [46], w ere in v es ti
g a te d  in  TESLA  BS 413A , T E S L A  BS 500 and  P h ilip s 200 e lec tro n  m icroscopes.

R esults

U ltrastructura l characteristics o f  syn a p tic  connections

S ynap tic  c o n ta c ts  in  th e  ganglia can  w ell be  seen a t  low m ag n ifica tio n , 
s ince  th e  enhanced  d e n s ity  m akes these  s ite s  p ro m in en t as co m p ared  to  
o th e r  p a r ts  of n eu rop ile  (F ig . 1). Follow ing g lu ta ra ld e h y d e -o sm iu m  f ix a tio n , 
th e  sy n ap tic  connec tions in  the  neuropile o f  g an g lia  o f b o th  A nodonta  and  
m a rin e  species are  c h a ra c te r iz e d  by th e  en h a n c e d  d en sity  of th e  p re- and  
p o s tsy n a p tic  m em b ran es (F ig . 2). In  A n o d on ta , dense appositions c h a ra c 
te r iz in g  sy nap tic  m e m b ra n e s  can be o bserved  m ain ly  on th e  p re sy n a p tic  
s id e  (F ig . 2a, b). T he p re s y n a p tic  appositions m a y  be as wide as th e  sy n a p tic  
c le ft (F ig . 2b). P o s ts y n a p tic  m em brane th ic k e n in g s  are  never as p ro n o u n ced  
as th e  p resy n ap tic  ones. I n  m arine species, th e  sy n ap tic  m em branes are , 
in  genera l, sim ilar to  e a c h  o th e r in f in e -s tru c tu ra l appearance  (F ig . 2c); 
m e m b ra n e  th icken ings a n d  appositions m ay  n o t  be pronounced  (F ig . 2d).

T he 18— 20-nm  w id e  sy n ap tic  cleft is a lw ay s filled  w ith  f in e ly  g ra n 
u la te d  m ateria l o f in te rm e d ia te  density  an d  is, in  m ost cases, b isec ted  b y  a 
d en se  line (Fig. 2a, c).
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Fig. 1. L ow -pow er e lectron  m icrograph  tak e n  from  th e  neuropile  of th e  p e d a l gang lion  
of A nodon ta  cygnea. A rrow s ind ica te  sites o f sy n a p tic  connections. G lu ta ra ld e h y d e — 

osm ium  fix ation . B ar re p re se n ts  1 fim
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F ig . 2. U ltra s tr i ic tu re  of sy n a p tic  co n tac ts  in th e  CNS o f fresh -w ater and m arine  b ivalves, 
a) A n o d o n ta  cygnea. N ote  th e  in creased  density  of p re- a n d  p o stsy n ap tic  m em brane  a n d  th e  
c h a ra c te r is tic  a rran g em en t o f th e  in te rsy n a p tic  c left m a te ria l,  b) Anodonta cygnea. A p p o sitio n  
o f th ic k e n e d  dense m ate ria l a long  th e  to ta l len g th  of th e  p re sy n ap tic  m em brane. T h e  w id th  
o f th e  den se  ap p osition  is a p p ro x im a te ly  equal to  t h a t  o f th e  sy n ap tic  cleft, c) Glycim eris 
pilosa . S y n a p se  sim ilar in  u l tr a s t ru c tu re  to  th a t  in  F ig . 2a. N o te  th e  dense line b isec tin g  th e  
c le ft, d ) Solen  vagina. Synapse  ch arac te rized  by  in creased  p re - and  p o stsy n ap tic  m em b ran e  
d e n s ity  a n d  f in e ly -g ran u la ted  c le ft m ate ria l. Som e p o s tsy n a p tic  apposition  can  on ly  be  ob 
se rv ed . e) A nodon ta  cygnea. D ense p ro jec tio n s (arrow s) a re  localized  on th e  p re sy n ap tic  m em 
b ra n e , a n d  m u ch  th in n e r, c o n tin u o u s  dense ap p osition  is c o n n ec ted  to  th e  p o s tsy n a p tic  m em 
b ra n e . N o te  th e  inverse a rra n g e m e n t o f  in te rsy n ap tic  c le ft m a te ria l com pared to  F igs 2a  an d  c. 
F ig . 2 a  — d g lu ta rlad e h y d e-o sm iu m  f ix a tio n , 2e g lu ta ra ld e h y d e  fix a tio n . B ars rep re sen t 0.1 fin i
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Fig. 3. Tw o ty p ic a l p re sy n a p tic  vesicle po p u la tio n s, a) A nodonta  cygnea. M ix tu re  o f 
sphero id  c lear sy n a p tic  (50 70 nm ), dense core (8 0 — 100 nm ) and  eccentric  dense  core
(arrow s, 120 140 nm ) vesicles, b) Glycimeris p ilo sa . T erm in al con ta in ing  a lm o st
exclusively  neu rosec re to ry -lik e  granules (100 200 n m ) w ith  variab le  form  and  fin e ly
g ra n u la te d  in tra g ra n u la r  co n te n t. N ote  th a t  along th e  p re sy n ap tic  m em brane  on ly  
n eu rosecre to ry -like  g ran u les  are s itu a te d . G lu ta ra ld e h y d e -o sm iu in  fix a tio n . B ars

rep resen t 0.25 ^ m
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Fig. 4. a) A xon spine (asterisk ) as a ch arac te ris tic  p o stsy n ap tic  specia lization . M actra stultorum . b) Cross sectioned 
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In  A nodonta  ganglia , f in e -s tru c tu ra l c h a ra c te ris tic s  of sy n ap tic  c o n ta c ts  
are  even  b e t te r  revea led  b y  sim ple g lu ta ra ld e h y d e  fix a tio n  (Fig. 2e). E le c tro n - 
dense p ro jec tio n s o f  th e  p resy n ap tic  m e m b ra n e  ap p eared  to  be v e ry  co n 
sp icuous. P o s tsy n a p tic  p a ram em b ran o u s d e n s ity  is p resen t, b u t  i t  is v e ry  
th in . T he s tru c tu re  o f  th e  sy n ap tic  cleft m a te r ia l  is d ifferen t from  t h a t  seen 
a f te r  g lu ta ra ld e h y d e -o sm iu m  fix a tio n . D ense m a te r ia l  a lte rn a tin g  w ith  e lec tro n - 
t ra n s p a re n t  p a r ts  ap p ears  to  be a rran g ed  tra n sv e rsa lly  betw een p re -  an d  
p o s tsy n a p tic  m em branes.

Tw o ty p e s  o f synapses can be d is tin g u ish ed  accord ing  to  th e  com position  
o f  the presynap tic  vesicle popu la tion :  1. S y n ap ses  w ith  hom ogeneous vesicle  
p o p u la tio n , th a t  is, only  one ty p e  o f vesicle  is p resen t in th e  te rm in a l;
2. synapses w ith  heterogeneous p re sy n a p tic  vesicle popu la tion  co n sis tin g  o f 
tw o o r m ore d iffe ren t ty p es  of vesicle.

P re sy n a p tic  te rm in a ls  w ith  hom ogeneous vesicle p o pu la tion  w ere  re la 
tiv e ly  ra re ly  seen. In  A nodonta , so-called eccen tr ic  dense-core vesicles [9] and  
sp h ero id  clear sy n ap tic  vesicles occur, w hile in  m arine  species p leo m o rp h o u s 
sy n a p tic  vesicles as well as n eu rosecre to ry -like  g ranu les (Fig. 3b) are  o b se rv ed  
as th e  exclusive com ponen ts o f p re sy n a p tic  vesicle popu la tions. H o w ev er, 
th e  gang lia  o f th e  in v es tig a ted  lam e llib ran ch  species are genera lly  c h a ra c 
te riz e d  b y  p re sy n a p tic  te rm in a ls  c o n ta in in g  tw o  d ifferen t typ es o f  vesicles. 
C lear sy n a p tic  vesicles are seen to g e th e r  w ith  dense-core vesicles o r  n e u ro 
sec re to ry -lik e  granu les (F ig . 5b). In  A n o d o n ta , d ifferen t typ es o f dense-core  
vesicles m ixed  w ith  each o th e r in  th e  sam e te rm in a l are also observed  (F ig . 3a).

A m ong the, fu r th er  f in e  structural specia liza tions o f  the synaptic connections  
o b serv ed  in  th e  neu rop ile , coa ted  p its  o f  th e  p o stsy n ap tic  m e m b ra n e  are  
fre q u e n tly  en co u n te red . H ow ever, such fo rm a tio n s  also occur o u ts id e  th e  
ju n c tio n a l p a r t  o f th e  p re- and  p o s tsy n a p tic  pro files. S m oo th -su rfaced  in v a g 
in a tio n s  o f th e  p re sy n a p tic  m em brane a re  also  seen.

A ty p ic a l p o s tsy n a p tic  specia liza tion  is th e  axon  spine (F ig . 4 a  a n d  b), 
w hich  is a deep in v ag in a tio n  of th e  p o s tsy n a p tic  process in to  th e  p re sy n a p tic  
te rm in a l. T h e  spines are tig h tly  su rro u n d ed  b y  th e  vesicles of th e  p re sy n a p tic  
te rm in a l.

A su b sy n a p tic  c is te rn  is som etim es seen  a t  sy n ap tic  c o n tac ts  (F ig . 5). 
I t  is s i tu a te d  along th e  to ta l  len g th  of th e  p o s tsy n a p tic  m em brane. T h e  fine- 
s tru c tu ra l  ap p ea ran ce  o f th e  cisterns resem bles th e  sm ooth  en d o p lasm ic  
re tic u lu m  e lem en ts seen in  o th e r p a r ts  o f th e  axon . O ccasionally , a m a te r ia l 
s im ila r in  d e n s ity  and  ap p earan ce  to  th a t  o b se rv ed  in  th e  sy n ap tic  c le ft can  
be seen b e tw een  th e  p o s tsy n a p tic  m em b ran e  an d  th e  su b sy n a p tic  c is te rn  
(F ig . 5).
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F ig. 5. S u b sy n ap tic  c is te rn  (Ci). N ote  th e  presence of den se  m ate ria l betw een th e  su b sy n a p tic  
c is te rn  a n d  p o stsy n a p tic  m em b ran e , being sim ilar in  a p p ea ran c e  to  the  in te rsy n ap tic  c le ft m a 
te r ia l .  G lycim eris pilosa . G — glial process. G lu ta ra ld e h y d e -o sm iu m  fixation . B ar re p re se n ts

0.25 /мп
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Fig. 6. D ifferen t ty p es  o f sy n ap tic  convergence, a) C onvergence of p re sy n ap tic  te rm in als  (P re) co n ta in in g  sim ilar vesicle 
p o p u la tio n  on one p o stsy n ap tic  e lem en t (Po). M acira stultorum . b) C onvergence of te rm in als  (P re ) co n ta in in g  d ifferen t 

vesicle popu lations. Anodonta cygnea. G lu tara ld eh y d e -o sm iu m  fixation . B ars rep resen t 0.25 fim
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F orm s o f  synaptic  configurations

I n  all of the  ganglia in v e s tig a te d  th e  m ain  fo rm  of sy n ap tic  in te ra c tio n  
p ro v e d  to  be th e  sim ple co n n ec tio n  (i.e. sy n a p tic  c o n ta c t be tw een  a pre- 
s y n a p t ic  an d  a p o s tsy n a p tic  e lem ent). H ow ever, d iffe ren t form s o f  sy n a p tic  
c o n fig u ra tio n s  are also fo u n d , less fre q u e n tly  th a n  th e  sim ple co nnec tion . 
T h e  fo llow ing form s m ay  be d isting u ish ed :

S y n a p tic  convergence

T w o or m ore p re sy n a p tic  e lem ents te rm in a te  on one p o s tsy n a p tic  
p ro f ile  (F igs 6 and 7), su g g estin g  th e  convergence o f d iffe ren t a ffe ren t ro u tes . 
T h e  vesic le  p o pu la tion  m a y  be d iffe ren t (F ig . 6b) or sim ilar (Fig. 6a) in  th e  
p re s y n a p tic  profiles.

S y n a p tic  divergence

O ne p resy n ap tic  e le m e n t te rm in a te s  on tw o  or m ore p o s tsy n a p tic  
p ro file s . In  the  ex trem e case , 6— 9 sy n ap tic  ju n c tio n s  w ere o bserved  in  a 
s in g le  te rm in a l and its  p re te rm in a l segm ent (F ig . 8).

P resyn a p tic  jnodification

A  p resy n ap tic  te rm in a l can  be th e  p o s tsy n a p tic  e lem ent in  a n o th e r  
s y n a p t ic  engagem ent (F ig . 9).

T h ese  th ree  ty p es o f sy n a p tic  con fig u ra tio n s m ay  be observed  to g e th e r  
w ith in  a sm all area of th e  n eu ro p ile  in  th e  ganglia , suggesting  th e  ex istence  
o f  a co m p lex  fu n c tiona l u n i t  (F ig . 9).

D iscussion

A ccord ing  to  recen t e le c tro n  m icroscopic fin d in g s o b ta in ed  from  in v e s ti
g a tio n s  on th e  m olluscan  CNS [7, 8, 12, 14, 32, 33], po larized  chem ical 
sy n a p s e s  o f  th e  v e r te b ra te  ty p e  are  v e ry  ra re  an d  th e  chem ical tran sm iss io n  
is re a liz e d  a t  axon varico sities  rich  in  vesicles. T his k in d  of ju n c tio n  resem bles 
n e u ro m u sc u la r  ju n c tio n s  o f th e  au to n o m ic  n ervous sy stem  o f v e r te b ra te s  [2]. 
H o w e v e r , ou r p resen t f in d in g s show  th a t  in  th e  CNS o f lam ellib ran ch  m olluscs 
s t r u c tu r a l ly  w ell-defined sy n a p tic  connections reg u la rly  occur. T hese  are 
s im ila r  to  th o se  described  in  th e  CNS of o th e r  in v e r te b ra te  species [6, 12, 17, 
25 , 27 , 30], and  m ay re p re se n t th e  s tru c tu ra l  basis fo r chem ical tran sm iss io n . 
M a n y  o f  th e m  resem ble th e  v e r te b ra te  chem ical synapse  Г16, 31]. H ow ever,
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F ig . 8. P o ly sy n ap tic  te rm in a l as a n  extrem e case o f sy n a p tic  divergence seen in b ivalve  ganglia . 
G lycim eris pilosa . Po  — p o s tsy n a p tic  elem ent a t  th e  leve l o f th e  p resy n ap tic  te rm in a l, P o ’ — 
p o s tsy n a p tic  e lem en t a t  th e  leve l o f th e  p re te rm in a l seg m en t. Osm ium  fix a tio n . B a r  re p re 

sents 1 /in 1.
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F ig. 9. O ccurrence of com plex  sy n ap tic  c o n fig u ra tio n s  in  a  sm all area  of th e  n eu ro p ile . S y n ap tic  
convergence  (Co), d ivergence (D i) an d  p re sy n a p tic  m o d ificatio n  (P re-P o) a re  seen  to g eth e r. 
A rrow s in d ica te  th e  d irec tio n  of th e  sy n a p tic  tran sm iss io n . Anodonta cygnea. G lu ta ra ld e h y d e -

osm ium . B ar re p re se n ts  0.5 /im

th e  p o ss ib ility  of a n o n -sy n ap tic  chem ical transm ission  c a n n o t com plete ly  
he ru le d  o u t a t  th e  p re sen t level o f in v es tig a tio n s  for th e  fo llow ing  reasons:
(1) in  th e  neuropile  o f th e  ganglia v a rico s itie s  con ta in ing  a n u m b e r o f  vesicles 
can  also  be seen w ith o u t an y  sy n ap tic  specia liza tio n ; (2) m icroe lec trophysio - 
log ical in v estig a tio n s perfo rm ed  on g as tro p o d  CNS and  concern ing  th e  sy n ap tic  
tra n sm iss io n  processes [33] are  lack in g  in  th e  case o f la m e llib ra n c h  CNS.

P o s tsy n a p tic  axon  spine seen in  th e  ganglia of lam ellib ran ch  m olluscs 
resem bles th e  s tru c tu re  described  as “ finger-like  b ran ch in g ”  in  m olluscan  
CNS [10, 13, 25]. On th e  o th e r  h a n d , i t  is com pletely  hom ologous w ith  th e  
axon  spines found  in  th e  c rab  op tic  la m in a  [19] and , fina lly , i t  m a y  be consid-
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e red  as an  analogous s tru c tu re  w ith  the  d e n d ritic  sp ine  of v e rte b ra te  CNS [15, 
18]. T ak in g  in to  c o n sid e ra tio n  th a t  b ivalve c e n tra l  neurons are a lm ost ex c lu 
s iv e ly  u n ip o la r  [4], th e  p o s tsy n a p tic  axon sp ine  m a y  p lay  th e  sam e ro le as 
th e  d e n d ritic  spines in  v e r te b ra te s .

T h e  d ifferen t form s o f  sy n ap tic  c o n fig u ra tio n s  can unequ ivocally  be 
co m p ared  w ith  s tru c tu re s  described  in o th e r  in v e rte b ra te s . The occurrence  
o f  d iv e rg e n t an d  c o n v e rg en t connections are su g g estiv e  o f in teg ra tiv e  processes 
ta k in g  p lace in  th e  n eu ro p ile  o f lam ellib ran ch  gang lia . S im ilar s tru c tu re s  
h a v e  a lre a d y  been fo u n d  in  low er in v e rte b ra te s  [3, 26]. A t th e  sam e tim e , 
th e se  com plex  connections m a y  p resum ab ly  be re la te d  to  sy n ap tic  g lom eruli 
d esc rib ed  in  th e  in sec t b ra in  [11, 36, 41] a n d  in  th e  v e r te b ra te  CNS [44]. 
F in a lly , th e  p re sy n a p tic  m od ifica tio n  m igh t p la y  an  im p o rta n t role in  th e  
in te g ra tiv e  processes o f  th e  lam ellib ran ch  CNS, as i t  has a lready  been supposed  
in  g as tro p o d s  on th e  basis o f e lec trophysio logical [45] an d  u ltra s tru c tu ra l [25] 
d a ta .

P a r t  o f th e  re su lts  w as p re sen te d  on th e  “ N eu ro n  C o n cep t T o d ay ”  Sym posium  h e ld  in  
T ih a n y , 1976.

P a r t  o f th is  w ork  w as done  in  N aples, 1975, w ith in  th e  fram ew o rk  of an  ag reem en t fo r 
th e  ex ch an g e  of sc ien tific  re sea rch ers  be tw een  th e  H u n g a r ia n  an d  I ta lia n  M in istries o f 
F o re ig n  A ffairs.
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CYTOCHEMICAL LOCALIZATION OF 
EXOGENOUS PEROXIDASE IN ADRENAL 

MEDULLARY CELLS OF HAMSTER
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BIOLOGICAL RESEA R C H  IN ST IT U T E  OF T H E  H U N G A R IA N  ACADEMY OF SCIENCES,

TIHANY, H U N G ARY

(R eceived 1 9 7 8 - 0 3 - 2 1 )

A bstract

T he endocy tosis in  h a m s te r  ad renal m e d u lla ry  cells has been s tu d ied  b y  in tr a 
ven o u sly  a d m in is te red  h o rse rad ish  perox idase , w h ich  w as th e n  de tected  w ith  th e  G ra- 
h a m -K a rn o v sk y  m e th o d . T h e  p ro te in  u p ta k e  w as in v es tig a te d  30, 60, an d  120 m in  
a f te r  th e  perox idase  in je c tio n . T he exogenous p ro te in  w as accu m u la ted  m o stly  in th e  
lu m en  of th e  sinusoids, a ro u n d  th e  capillaries as w ell as a t  th e  apical pole o f ch ro m affin  
cells 30 m in  a fte r  th e  p e ro x id ase  injection. A fte r  a n o th e r  30 m in , a large a m o u n t o f  th e  
reac tio n  p ro d u c t w as d e te c ta b le  also in  th e  c h ro m a ffin  cells. T he p ro te in  u p ta k e  w as 
v e ry  in tensive  beside  th e  p lasm a m em b ran e , b o th  ap ica lly  and la te ra lly , th ro u g h  
coated - and  sm o o th -su rfaced  vesicles. Tw o h o u rs  a f te r  perox idase  in jec tion , th e  m a jo r
i ty  o f th e  reac tio n  p ro d u c t  w as present in  m u ltiv e s ic u la r  bodies. I t  is supposed  th a t  
th e  p rim ary  en d o cy to tic  vesicles were ta k e n  u p  b y  m u ltiv es icu la r  bodies an d  d igested  
b y  lysosom al enzym es. T h e  u ltim a te  fa te  o f  th e  in co rp o ra te d  granu le’s m em b ran es 
seem s to  be d ig es tio n  b y  lysosom al en zym es, th u s  th e y  are no t reu tilized  d u rin g  
granulogenesis in  th e  c h ro m affin  cells.

In tro d u c tio n

I t  has been g en era lly  accepted t h a t  th e  endocrine , as well as a g rea t 
n u m b e r o f exocrine, cells re lease the ir se c re to ry  m a te r ia l b y  exocytosis from  
granu les [1, 2, 3, 4, 5, 8 ]. H ow ever, th e  re lease  o f secre to ry  m a te r ia l b y  
exocy tosis requires sec re tio n  p roduc t p re se n t in  m em b ran e-b o u n d ed  sec re to ry  
g ranu les in  th e  c y to p la sm . I t  is no t su rp ris in g , th e re fo re , th a t  exocy tosis 
has n o t y e t been o b se rv ed  in  s te ro id -p ro d u c in g  ad ren o co rtica l cells, w here 
cy to p lasm ic  sto rage  o f  s te ro id s  is negligible. D u rin g  exocytosis, th e  m em b ran e- 
b o u n d ed  secre to ry  g ran u le s  are closely a t ta c h e d  to  th e  p lasm a m em b ran e , 
th e re a f te r  th e  tw o m em b ran es , nam ely  th e  m e m b ra n e  of granules an d  th e  
p lasm a m em brane, fuse . A fte r  the  m em b ran e  fu sion , th e  apical p a r t  o f th e  
cell m em b ran e  opens, a n d  th u s  the  se c re to ry  m a te r ia l can diffuse in to  th e  
e x tra c e llu la r  space [1, 3, 5, 8].

T he p henom ena o f  th e  exocytosis h a v e  been  th o ro u g h ly  s tu d ie d  b y  
b iochem ical, physio log ica l and  m orpho log ica l m eth o d s. S everal questio n s 
h av e  been clarified , h o w ev er, th e  fa te  o f th e  g ra n u le ’s m em branes d isso lved
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in  th e  p lasm a m em b ran e  du ring  exocy tosis  has rem ained  u n k n o w n . I t  is 
o b v io u s  th a t  d u ring  re p e a te d  exocytosis th e  p lasm a m em b ran e  s ig n if ic a n tly  
in c reases  in  vo lum e an d , ow ing to  th e  in co rp o ra tio n  o f excessive am o u n ts  
o f  g ra n u le ’s m em b ran e , its  chem ical com position , m olecu lar o rg an iza tio n  
a n d  physicochem ical c h a ra c te r  are  a lte re d . T he question  arises: does th e  
p la s m a  m em brane reo rg an ize  its fine  s tru c tu re  a f te r  exocytosis, a n d  if  i t  does, 
w h a t  k in d  of m echan ism  can  p rov ide  th e  process of re c o n s tru c tio n ?

M orphological s tu d ie s  [1, 2, 3, 5, 8] have  suggested  th a t  th e re  ex is ts  a 
re o rg a n iz a tio n  process in  th e  p lasm a m em b ran e  a fte r exocy tosis , an d  th is  
ta k e s  p lace  b y  endocy tosis . U n fo rtu n a te ly , th e  ex o cy to sis-en d o cy to sis  coup ling  
h as  b een  s tud ied  m a in ly  in  ra ts  [1, 9] w here  th e  m orphological fe a tu re s  of 
th e  exocytosis are poor.

Since exocytosis is com m on in  th e  h a m s te r  ad ren a l m ed u lla  an d  its  
cy to ch em ica l p ro p erties  h a v e  n o t been  s tu d ie d , i t  w as reasonab le  to  in v e s tig a te  
th e  ex o cy to sis-en d o cy to sis  coupling  in  th is  species. H o rserad ish  p e ro x id ase  
w as in je c te d  in to  h a m s te rs  to  s tu d y  th e  endocy tosis a c tiv ity  o f th e  p la sm a  
m e m b ra n e  in ad ren o m ed u lla ry  cells.

M ateria ls an d  M ethods

A d u lt  golden h a m ste rs  (1 0 0 — 120 g) o f b o th  sexes w ere used . B efore th e  in je c tio n  of 
h o rse ra d ish  pero x id ase , th e  an im als  w ere a n ae sth e tize d  w ith  1 m l, 3 .5%  c h lo ra lh y d ra te  b y  
th e  i. p . ro u te . T w e n ty  m g h o rse rad ish  pero x id ase  (Schw arz, N ew  Y o rk ) w as d isso lved  in  0.5 m  
sa lin e  a n d  w as in jec ted  in to  th e  v en a  ju g u la ris . C ontro l an im als were in je c te d  w ith  0.5 m l 
sa lin e . T h e  u p tak e  of p e ro x id a se  w as stu d ied  30, 60 a n d  120 m in  a fte r th e  in jec tio n . B efore  
f ix a t io n , th e  anim als w ere p e rfu sed  w ith  saline fo r 2 m in  to  rem ove th e  red  b lood  cells. P e r fu 
sio n  f lu id  (and  la te r  th e  f ix a tiv e , to o ) was in tro d u c ed  v ia  a needle in to  th e  le ft v e n tric le  o f th e  
h e a r t ,  a n d  w as allow ed to  escape  th ro u g h  a c u t in  th e  r ig h t auricle. The f ix a tiv e  c o n ta in ed  
2 .5 %  g lu ta ra ld e h y d e  and  4 %  fo rm a lin  in  c aco d y la te  b u ffer (pH  7.4). T he d u ra tio n  o f p e rfu 
s io n  f ix a t io n  was 25 m in , a n d  1 h  m ore im m ersio n  in  th e  sam e fix a tiv e . F o r cy to c h em ica l 
in c u b a t io n  70 — 100 fun  sec tions w ere m ade  fro m  th e  a d ren a l b y  a S m ith -F a rq u h a r  tis su e  sec- 
t io n e r .  T hese  sections w ere th o ro u g h ly  w ashed  fo r 1 h  in  0.05 M  T ris-H C l b u ffe r  (p H  7.65). 
C y to ch e m ic a l de tectio n  o f p e ro x id ase  w as c a rried  o u t as described by  G b a h a m  a n d  K a r - 
NOVSKY [7]. A fter in cu b a tio n , th e  sections w ere w ash ed  in  T ris-H C l buffer fo r 5 m in  a n d  p o st- 
f ix e d  in  O s 0 4 for 1 h . B locks w ere d e h y d ra te d  in  a  series o f alcohol and em b ed d ed  in  D u rcu - 
p a n  ACM  (F lu k a). U ltra th in  sec tions were cu t w ith  L K B  U ltro to m  and w ere s ta in e d  w ith  s a t 
u r a te d  aq u eo u s so lu tion  of u ra n y l  ace ta te  for 30 m in , follow ed b y  R ey n o ld ’s le a d  c itra te  fo r 
2 m in . T h e  sections were ex am in ed  in  a JE M  100 В e lec tro n  m icroscope.

R esu lts

S ince 30 m in a f te r  p e rox idase  in jec tio n , we found  only sm all a m o u n ts  
o f  th e  perox idase  reac tio n  p ro d u c t in  ch ro m affin  cells, m icro g rap h s w ere  
ta k e n  fro m  blocks w h ich  h a d  been  in c u b a te d  fo r 1 an d  2 h  a f te r  in je c tio n . 
A  la rg e  a m o u n t of th e  e lec tron -dense  p re c ip ita te  (w hich rep resen ts  th e  p re s 
en ce  a n d  rough ly  th e  a m o u n t)  of th e  in je c te d  h o rserad ish  p e ro x id ase  w as
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found  a t  the  ap ical pole o f th e  ch rom affin  cells (F igs 1, 2) a round  th e  cap illaries 
(F ig . 2) as well as be tw een  the  la te ra l  p lasm a m em branes (F ig. 1). B esides 
th e  ex trace llu la r h o rse rad ish  pero x id ase , a co n siderab le  am o u n t o f pero x id ase  
reac tio n  p ro d u c t w as p resen t in tra c e llu la rly . P e ro x id ase  a c tiv ity  w as as
socia ted  w ith  cell organelles only in th e  cy to p lasm  o f ch rom affin  cells (F igs 1,
3, 4 , 5).

T he d is tr ib u tio n  of p e ro x id ase -co n ta in in g  cell organelles is ra th e r  
hom ogeneous in  th e  ad ren o m ed u lla ry  cells; p ero x id ase  reac tio n  p ro d u c t 
ap p eared  beside th e  nucleus, in th e  Golgi a rea , as w ell as a t th e  p e rip h era l 
p a r t  o f the  c y to p la sm  (Fig. 5). T he u p ta k e  o f  h o rserad ish  p e rox idase  to o k  
p lace anyw here on  th e  cell su rface , m o st f re q u e n tly  a t  th e  ap ica l poles of 
ch rom affin  cells, n e a r  or beside th e  cap illa ries (F ig . 2). A g rea t n u m b e r of 
d eep ly -in v ag in a ted  p lasm a m em brane p o rtio n s  w ere found  a t  th e  ap ica l 
poles o f g lan d u la r cells (Fig. 2) rich  in  th e  re a c tio n  p ro d u c t; m oreover, a t  
th e  in n er surface o f  th ese  in v ag in a tio n s co a ted  p its  an d  vesicles w ith  e lec tron- 
dense reaction  p ro d u c t were o ften  seen. E x ogenous p e ro x id ase -co n ta in in g  
co a ted  vesicles o ccu rred  n o t only beside th e  ap ica l p lasm a m em b ran e , b u t  
also in  the  deep er p a r t  o f th e  cy to p lasm  (F ig . 4) as well as n e a r th e  la te ra l 
p lasm a m em b ran e  (F igs 2, 3).

P erox idase  w as ta k e n  up n o t o n ly  b y  co a ted  vesicles, b u t  fre q u e n tly  
b y  sm oo th -su rface  vesicles and  vacu o les , to o  (F igs 2, 4). T hese organelles 
can  be found n e a r  th e  p lasm a m em b ran e , som etim es also in  th e  Golgi a p p a ra tu s
(F ig . 5).

The e lec tron -dense  reaction  p ro d u c t o f p ero x id ase  was m ost fre q u e n tly  
found  in th e  m u ltiv e s icu la r bodies o f ch ro m affin  cells. These bodies m a y  be 
p resen t anyw here  in  th e  cy top lasm  (F ig . 5), m ost o ften  n e a r th e  p lasm a 
m em brane (Figs 2, 4). The m u ltiv e s icu la r bod ies m ay  be filled  w ith  th e  
e lectron-dense re a c tio n  p ro d u c t (F ig . 5), b u t  som etim es i t  is possib le to  
id en tify  th e  in d iv id u a l p ero x id ase-co n ta in in g  vesicles in  th em  (F ig . 1). In  a 
few  cases, sm o o th - an d  coated -su rface  vesicles an d  saccules w ith  pero x id ase  
reac tio n  p ro d u c t in  th e ir  lum ina w ere p re sen t beside  th e  m u ltiv esicu la r bodies 
(F ig . 5). W e h a v e  n ev er observed  e lec tro n -d en se  reac tio n  p ro d u c t in  th e  
lam ellae of th e  G olgi a p p a ra tu s  (F ig . 4), in  m ito ch o n d ria , in sec re to ry  g ranu les 
an d  in th e  ro u g h -su rfaced  endop lasm ic  re ticu lu m . H ow ever, Golgi vesicles 
(b o th  coated  an d  u n co a ted ) occasionally  a c c u m u la ted  th e  in jec ted  h o rse rad ish  
perox idase  (F ig . 5).
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F ig . 1. C hrom affin  cells, 1 h  a f te r  h o rse rad ish  p e ro x id ase  in jection . A large  am o u n t 
e le c tro n -d e n se  reac tion  p ro d u c t is seen  a t  th e  cell surface  b o th  ap ically  (I) and  la te ra lly  (L). 
M u ltiv e s ic u la r  bodies (M B) a n d  v acuo les (V) also co n ta in  perox idase  reac tio n  p ro d u c t. In  

m ultivesicu lar bod ies sm all vesicles a re  conspicuous. X 24,000 
F ig . 2 . R e ac tio n  p ro d u c t is d e te c ta b le  n e ith e r in  th e  cap illa ry  (C) nor in th e  en d o th e lia l 
ce ll (E )  tw o  hours a fte r p e ro x id ase  in jec tio n . N o te  th e  perox idase  co n ta in ing  c o a ted  p its  

(c p )  a n d  vesicles (cv) b e n e a th  th e  cell m em b ran e  (Cm ) of ch rom affin  cell. X 36,000
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Fig. 3. Large vacuoles (V) o ften  co n ta in  e lectron -dense  re ac tio n  p ro d u c t 2 li a f te r  th e  
perox idase  in jec tio n  in ch rom affin  cell (Ch). 1 =  In te rc e llu la r  space. X 36,000
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F ig . 4. Two hours a fte r  h o rse rad ish  peroxidase  in jec tio n , th e  m a jo rity  o f th e  enzym e was 
p re s e n t  in m ultivesicu lar bod ies  (M B) and vacuoles (V). Golgi a p p a ra tu s  (G) is free from

re ac tio n  p ro d u c t. X 24,000
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Fig. 5. The occurrence of peroxidase in  cell organelles m ay  be n ea rly  hom ogeneous in th e  
ch rom affin  cell. A p ically , a m u ltiv es icu lar body (M B) can  be seen, w hich is fu ll w ith  
enzym es and beside i t  occurs a p e ro x id ase  co n ta in ing  vesicle (v) and  a sacculus (S) inclose  
c o n ta c t w ith th e  m u ltiv es icu lar body. N o te  th e  “ cup-like”  body  (CL) a t  th e  left side o f th e  
m icrograph  and  th e  p e ro x id ase -co n ta in in g  m ultiv es icu lar body  (M B) and  vesicle (v) in 
th e  Golgi a p p a ra tu s  (G). R igh t, no t fa r  from  th e  Golgi area , th e re  are several p erox idase- 
co n ta in in g  vacuoles (V) and vesicles (v ) in close m orpholog ical c o n ta c t to  each  o th er.

X 36,000
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Discussion

The endocy tosis  o f r a t  ad ren a l m ed u lla  w as s tu d ied  as ea rly  as in  1968 
b y  H oltzman an d  D ominitz [9] using  h o rse rad ish  pero x id ase  as tra c e r  
m olecule. These a u th o rs  es tab lish ed  th a t  in jec ted  h o rse rad ish  perox idase 
w as ta k e n  up f irs t  o f  all b y  vesicles, tu b u le s  and  “ cu p -lik e”  bodies, w hich 
im m e d ia te ly  w ere tra n s fo rm e d  to  m u ltiv es icu la r bodies. In  t h a t  p a p e r [9], 
H oltzman and  D ominitz did  n o t associa te  th e  e n d o cy to tic  a c tiv ity  of the  
g la n d  w ith  exocy tosis since th e  ex istence  o f exocytosis w as n o t u n am b ig 
u o u s ly  accepted  a t  th a t  tim e . The connec tion  betw een  exo- and endo
c y to s is  was re -in v e s tig a te d  b y  Abrahams a n d  H oltzman [1] in  1973, a fte r 
in su lin  tre a tm e n t. A lth o u g h  th e ir  o b serv a tio n s concern ing  exocy tosis are  no t 
co n v inc ing , th e y  succeeded  in  co rro b o ra tin g  th e ir  p rev ious re su lts , am ong 
th e m , th e  in tensive  p e ro x id ase  u p ta k e  b y  ch rom affin  cells a f te r  insu lin  t r e a t 
m e n t. A ccording to  Abraham s and  H oltzman [ l ] ,o n e  g roup  o f th e  peroxidase- 
c o n ta in in g  s tru c tu re s  p ro v e d  to  be lysosom e, th e  o thers a f te r  th e  u p ta k e  fuse 
w ith  lysosom e, in  w hich  th e  exogenous p ro te in  is d igested  b y  lysosom al enzym es. 
I t  w as suggested  [1] t h a t  th e  m em brane  o f ch rom affin  g ranu les, w hich  has 
b een  re c a p tu red  b y  c o a te d  vesicles from  th e  p lasm a  m em b ran e , will be 
e lim in a te d  b y  a s im ila r p rocess, a f te r  th e  ho rm one has been  released .

As regards th e  co n n ec tio n  betw een  exo- an d  endocy tosis severa l au th o rs  
su p p o se d  a close coup ling  b e tw een  th em . F ir s t ,  P alade [10] supposed  th a t  
th e  in ta c t  m em brane seg m en ts  o f th e  e x tru d e d  zym ogen g ranu les can he 
re u tiliz e d  in th e  course o f granulogenesis in  th e  Golgi a p p a ra tu s . In  c o n tra s t 
to  th is , F awcett [6] s ta te d  th a t  th e  m em b ran e  of th e  se c re to ry  granules 
d eg rad es  a fte r th e  se c re to ry  m a te ria l has been  released . T he ho rm one lib e ra 
tio n  process o f ad re n a l m ed u lla  had  been exp la ined  sim ila rly  to  o th e r 
en d o c rin e  glands u n til  1967, w hen D in er  [4] p roposed  a new  horm one 
e x tru s io n  process, ca lled  exocy tosis . On th e  om ega-shaped  m em b ran e  in v ag 
in a tio n s  of th e  exocy tosis D in e r  [4] often  observed  co a ted  p its  an d  vesicles, 
b u t  th e n , she d id  n o t  ex p la in  th e ir  role in  th e  secre tion . On th e  basis o f our 
e le c tro n  m icroscopic s tu d ies  [2, 3] we supposed  th a t  th e  co a ted  vesicles m igh t 
p la y  a role in  th e  re tr ie v a l o f  th e  g ran u le ’s m em b ran es, w hich  d issolved in 
th e  p lasm a  m em b ran e  d u rin g  exocytosis. T he th o ro tra s t  u p ta k e , w hich 
re f le c ts  th e  en d o cy to tic  a c t iv i ty  of coated  vesicles, w as p ro v ed  b y  D ouglas 
e t al. [5] b o th  in th e  h y p o p h y sis  and  in th e  r a t  ad ren a l m edu lla . N o t m uch 
la te r ,  Abrahams an d  H oltzman [1] p u b lish ed  cy tochem ical observa tions 
co n ce rn in g  th e  pero x id ase  u p ta k e  b y  r a t  ad ren a l m ed u lla , how ever, the  
e n d o c y to tic  a c tiv ity  o f  th e  h a m s te r  ad ren a l m ed u lla  rem ain ed  s till obscure. 
S ince th e  adrenal m ed u lla  o f  th e  h am ste r has been accep ted  as th e  classical 
t e s t  o b je c t of exocy tosis, we supposed  i t  is b asica lly  im p o r ta n t to  s tu d y  th e  
m o rpho log ica l response o f th e  ch rom affin  cells on th e  in jec ted  horserad ish
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perox idase . W e found th a t  b o th  co a ted - and  sm ooth-su rfaced  vesicles are  
able to  tak e  up  an d  sto re  th e  exogenous p ro te in . Since th e  n u m b e r o f  p e r
ox id ase-co n ta in in g  cell organelles w as ra th e r  h igh in th e  a d re n o m e d u lla ry  
cell o f th e  h a m ste r , it can he s ta te d  th a t  th e  endo cy to tic  c a p a c ity  o f  th e  
ch rom affin  cells is ra th e r  h igh. In  th e  ch rom affin  cells no t on ly  th e  en d o 
cy to tic  c a p a c ity  is high, h u t th e  p ro te in  tra n s p o r t ,  too ; 1 h a f te r  th e  p e r 
oxidase in jec tio n , th e  p ro te in  w as p re se n t everyw here  in th e  cy to p la sm . 
T he fa c t on th e  o th e r h an d , t h a t  2 h a f te r  perox idase  in jec tion , th e  m a jo rity  
of th e  p ro te in  w as found in th e  m u ltiv e s ic u la r  bodies suggests th a t  th e  u lt im a te  
fa te  o f exogenous p ro te in  is ly sosom al d igestion  in  ch rom affin  cells. B ased  
on th is  ex p erim en t we suppose th a t  th e  fa te  of g ran u le ’s m em brane is s im ila r 
d u rin g  ca techo lam ine  secre tio n , n am e ly  it  w ill be d igested  b y  ly sosom al 
enzym es. T his is su p p o rted  b y  our n eg a tiv e  cy tochem ical re su lts . W e have 
n ev e r found  e lectron-dense re a c tio n  p ro d u c t in  th e  Golgi’s lam ellae ; th is  
m eans th a t  th e  elem ents of th e  d eg rad ed  g ran u le ’s m em branes are  n o t re u tiliz e d  
d u rin g  de novo  granulogenesis.

Since th e  resu lts  of our e x p e rim e n t are co n sis ten t w ith  th o se  o f  A b r a 
hams and  H oltzman [1], we can  s ta te  th a t  th o u g h  exocytosis is d iffe re n t 
in  m an y  aspec ts  in th e  ad ren a l m ed u lla  of h a m s te r  and  ra t ,  th e  m orp h o lo g ica l 
fea tu re s  of endocytosis are  p ra c tic a lly  th e  sam e in  th e  tw o species.
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S T R E P T O M Y C I N - P R O D U C I N G  A N D  N O N - P R O D U C I N G  

S T R A I N S  O F  STREPTOMYCES GRISEUS,  
S T U D I E D  B Y  M E A N S  O F  D N A - D N A  

H Y B R I D I Z A T I O N

Zs. F e h é r  an d  G. S z a b ó

D E P A R T M E N T  O F  B IO L O G Y , U N I V E R S I T Y  M E D IC A L  SC H O O L , 

D E B R E C E N , H U N G A R Y

(R eceived 1978 — 04 — 10)

Abstract

D N A -D N A  h y b rid iza tio n  w as s tu d ied  in  o rd e r to  determ ine th e  g e n e tic  re la te d 
ness b e tw een  a s trep to m y cin -p ro d u c in g  a n d  a non-p ro d u cin g  m u ta n t  o f Streptom yces  
griseus. T h e  la t te r  s tra in  of sho rt v eg e ta tiv e  life  cycle h ad  been d ev elo p ed  fro m  th e  
s tre p to m y c in -p ro d u c in g  s tra in  by  m eans of n itro g e n  m u sta rd  t re a tm e n t. S ince  th e  tw o 
s tra in s  d iffer in  severa l fea tu res , we w ere p ro m p te d  to  exam ine th e  seq u en ce  hom ology  
b e tw een  th e ir  D N A s. H y b rid iza tio n  ex p erim e n ts  carried  ou t w ith  th e  m e m b ra n e  f ilte r 
m e th o d  y ie ld ed  73 .8%  an d  67.3%  D N A  hom o lo g y  values, re spec tive ly . T h e  re su lts  
in d ic a te  th a t  th e re  is a  sign ifican t, b u t  n o t v e ry  close, re la tedness b e tw ee n  th e  DN A  
sequences t h a t  co rresponds to  th e  s im ila rities a n d  differences o bserved  b e tw e e n  th e  
p h e n o ty p e s  o f th e  tw o  stra ins . F u r th e r  a sp ec ts  o f  estab lished  hom ology a re  also dis
cussed.

Introduction

In  o rd e r to  u n d e rs ta n d  th e ir  b io logical significance an d  th e  fu n c tio n  
a n tib io tic s  have  in  th e  life of th e  p ro duc ing  s tr a in ,  tw o m u tan ts  of Streptom yces  
griseus  h a v e  been  in v es tig a ted  in  ou r In s t i tu te .  S . griseus N o. 52-1, a s tr e p to 
m y c in -p ro d u c in g  (SM -producing) m u ta n t , w h ich  is closely re la te d  to  in d u s tr ia l 
s tra in s , does n o t sp o ru la te  in  subm erged  c u ltu re , i. e. its  d e v e lo p m e n t is 
b locked . S . griseus  N o. 45-H , a s trep to m y c in -n o n -p ro d u c in g  (SM -non-producing) 
m u ta n t ,  h as  com plete  life cycle; i t  sp o ru la te s  w ell in  subm erged  fe rm e n ta tio n  
[20]. T he la t te r  s tra in  has been o b ta in ed  fro m  th e  SM -producing one b y  n itro 
gen m u s ta rd  t r e a tm e n t [16].

C om parison  o f th e  tw o s tra in s  rev ea ls  t h a t  th e y  differ s ig n if ic a n tly  in 
th e ir  life cycle [22], th e  p en to se-h ex o se  ra tio  in  th e  cell wall [1, 3], th e  q u a n ti ty  
of th e  cell w all in  th e  v eg e ta tiv e  m ycelia  [3], th e  am ino acid co m p o sitio n  of 
th e ir  m u co p ep tid e  [4], th e  h ea t re s is tan ce  o f  th e ir  spores [7, 23] a n d  th e ir  
c a p a b ility  to  g e rm in a te  on and  u tilize d iffe re n t carbon  sources [16]. A t the  
sam e tim e  th e  fa c t t h a t  s trep tid in e , a c o m p o n en t of th e  SM m olecu le , can  be 
iso la ted  from  th e  cell w all o f th e  S M -non-producing  s tra in  in d ic a te s  ce rta in  
re la ted n ess  be tw een  th e  tw o s tra in s  [2, 3].
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A  fu r th e r  in d ica tio n  o f  som e re la ted n ess  is assum ed  because th e  fe rm e n 
ta t io n  liq u id  of s tra in  N o. 4 5 -H  contains a su b s ta n c e  w hich, if  a d d e d  to  th e  
c u ltu re  m ed ium  of s tra in  N o. 52-1, causes th e  la t te r  s tra in  to  p ro d u ce  coni- 
d ia  [17, 18, 21].

T h e  ex isting  d ifferences betw een  th e  tw o  s tra in s , how ever, ra ise d  th e  
q u e s tio n  w h e th e r s tra in  N o . 45-H  could o r ig in a te  from  th e  S M -producing  one 
b y  a sing le  m u ta tio n a l e v e n t o r i t  is a re su lt o f  a lab o ra to ry  co n ta m in a tio n . 
O u r s tu d ie s  w ere b ased  on  th e  com parison  o f  th e  D N A s iso la ted  fro m  th e  
tw o  s tr a in s .

E a r l ie r  V alu  an d  Szabó [19] s tu d ied  th e  b ase  com position o f D N A  in 
th e  tw o  s tra in s  b y  m eans o f  chem ical h y d ro ly s is  an d  therm al d é n a tu ra tio n . 
T h e  re su lts  in d ica ted  th a t  th e  tw o s tra in s w ere id e n tic a l in  th is  re sp ec t.

T h e  genom e size e s tim a te d  from  th e  D N A  c o n te n t of single spores was 
also  fo u n d  to  be id en tica l in  th e  tw o s tra in s , i. e. 1.32 X 10-14 g D N A  p e r  spore 
[15]. T h is  v a lue  is in  good ag reem en t w ith  th e  re su lts  described for S . coelicolor 
a n d  S . rim osus  spores [5].

H o w ev er, th e  degree o f  genetic hom ology  b e tw een  th e  tw o s tra in s  can  
be b e s t  e v a lu a te d  b y  m eans o f  D N A -D N A  h y b r id iz a tio n  experim en ts. A p p ly in g  
th is  te c h n iq u e  we a t te m p te d  to  m easure th e  p e rc e n ta g e  of sequences id e n tic a l 
in  th e  tw o  genom es. T h is v a lu e  was co n sid e red  to  rep resen t th e  com m on 
f ra c tio n  o f th e  gene sets o f th e  tw o stra ins.

Materials and M ethods

S tra in s  and their cultivation . T h e  SM -producing s t r a in  N o. 52-1 and its  n o n -p ro d u c in g  
m u ta n t  N o . 45-H  were c u lt iv a te d  in  liqu id , filte red  so y -b e an  m edium . In c u b a tio n  w as p e r 
fo rm ed  in  a  ro ta to ry  sh ak e r a t  27 °C. V egeta tive  m y ce lia  w ere h a rv ested  in  th e  e x p o n en tia l 
p h a se  o f  g ro w th . T he s tra in s  a n d  th e ir  cu ltiv a tio n  w ere d esc rib e d  earlier [16, 20].

F o r  D N A  iso lation  [11, 12, 14] 20 — 25 g of w e t m y ce lia  w as harv ested , w ash ed  th ree  
tim e s  w ith  0.15 M  NaCl, 0.01 M  E D T A  (pH  8.0) so lu tio n , th e n  suspended in  0.033 M  T ris- 
HC1 (p H  8 .0), 0.01 M  E D T A  b u ffer. A fte rw ard s lysozym e (c ry s ta llin e , from  egg w h ite , R e a n a l, 
H u n g a ry )  w as ad ded  in  500 /rg /m l f in a l  co n cen tra tio n  a n d  th e  m ix tu re  was in cu b a ted  a t  37 °C 
fo r 30 — 60 m in . A fter ad d in g  0.5 v o lu m e of 0.1 M  T ris -H C l (p H  9.0), 0.1 M  NaCl b u ffe r  th e  
SD S c o n c e n tra t io n  w as a d ju s te d  to  1%  and  th e  m ix tu re  w as in cu b a ted  a t  60 °C fo r 10 m in , 
th e n  c o o led  qu ick ly . D e p ro te in iz a tio n  w as achieved b y  se v e ra l tre a tm e n ts  w ith  an  e q u a l v o l
um e o f  f re sh ly  d istilled  phenol s a tu ra te d  w ith  T ris-SD S b u ffe r  (0.1 M  T ris-H Cl, p H  9.0; 0.1 M  
N aC l, 1 %  SD S) a t  4 °C. T he p H  o f th e  sa tu ra ted  p h eno l w as a d ju s te d  to  9.0 w ith  10 JV N aO H . 
T he e m u ls io n  th u s  o b ta in ed  w as se p a ra te d  by  c e n tr ifu g a tio n , a n d  th e  u p p e r aqueous p h ase  
w as c a re fu lly  p ip e tted . A fte r th e  la s t  p h en o l e x tra c tio n  D N A  w as p rec ip ita ted  from  th e  a q u eo u s  
f ra c t io n  w ith  2 volum es of cold  ( — 20 °C) e thanol. T he p re c ip ita te d  DN A  w as co llected  on  a 
glass ro d  a n d  dissolved in  O .lx S S C  ( lx S S C  =  0.15 M  N aC l -f- 0.015 M  sodium  c it ra te ,  
p H  7 .0). R N a se  tre a tm e n t w as c a rr ie d  o u t w ith  50 //g m l p a n c re a tic  R N ase (c ry s ta llin e , from  
b o v in e  p a n c re a s , R ean a l, H u n g a ry )  a n d  100 u n its  p e r m l T x R N ase  (from  A sperg illus orizae, 
S e rv a , F R G )  a t  37 °C for 1 h . R efore  i ts  app lication , th e  p a n c re a tic  R N ase was d e p riv e d  of 
D N ase  a c t iv i ty  b y  h ea tin g  a t  100 °C in  a  w a ter b a th  fo r 10 m in . A fterw ards, P ro te in a se  К  
(fu n g al, M erck , F R G ) was ad d ed  in  50 ,ug/ml final c o n c e n tra tio n  an d  incu b a ted  a t  37 °C fo r 
60 m in  in  th e  presence of 0 .5%  SD S [8]. T hen th e  sa lt  c o n c e n tra tio n  was ra ised  to  1 x S S C  
a d d in g  0.1 v o lu m e of 10 xS S C . T h is  w a s  followed b y  sev e ra l p h en o l t re a tm e n ts  an d  p re c ip i ta 
tio n  w ith  e th a n o l. The p re c ip ita te  w as dissolved in  0.1 X SSC, a n d  0.1 volum e of 3 M  N a -ace -
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tä te ,  0.001 M  E D T A , pH  7.0 so lu tio n  w as added . T he D N A  was p rec ip ita ted  w ith  0.54 volum e 
of isopropanol, and  dissolved in  0.1 X SSC. T his step  w as rep ea ted  once or tw ice  as requ ired . 
T he DN A  w as s to red  e ither as p re c ip ita te  on a glass ro d  in e th an o l a t  20 °C, o r in  concen
t r a te d  so lu tion  w ith  several d ro p s o f ch loroform  a t 4 °C.

T he p u r i ty  o f DN A  p re p a ra tio n s  was ch arac te rized  by  UV a b so rb an c e  ra tio s . The 
A 26o/A o8o an(l th e  A 255/A 230 r a t *os w ere above 1.9 and  2.1, respectively .

L abelled  D N A  was p re p a re d  b y  add ing  5 — 10 ^C i/m l 32P-labelled  N a -o rth o p h o sp h a te  
(carrier-free , Iso to p e  In s ti tu te  o f  th e  H u n g a rian  A cadem y of Sciences) to  th e  c u ltu re  m edium  
a f te r  ino cu la tio n . T he 32P -labelled  D N A  h a d  a specific a c tiv ity  of 5 — 7 X lO 3 c p m /^g .

F o r D N A - D N A  hybrid ization  experim ents  we u sed  a m em brane  filte r  te c h n iq u e  described 
b y  L e g a u l t - D é m a r e  and m od ified  b y  D e  L e y  an d  T i j t g a t  [6, 10]. S o lu tio n s  co n ta in ing  
150 fig  of D N A  p e r ml in 0.1 X SSC, w ere d en a tu red  fo r 15 m in  a t 100 °C, th e n  ch illed  quickly 
in  an  ice -b a th , an d  ad ju s ted  to  6 X SSC co n cen tra tio n . 8.3 m l of D N A  so lu tio n  (A 260 =  1.0) 
w as passed  th ro u g h  a m em brane  f i lte r  (Selectron  F ilte r , ty p e : BA 83/6, d ia m e te r : 50 m m , pore 
size: 0.2 /г, Schleicher and  S chuell, D assel, FR G ) p reso ak ed  and w ashed w ith  6 x S S C . The 
f ilte rs  w ere w ashed  again w ith  100 m l o f 6 x S S C , d ried  a t  room  te m p e ra tu re  o v e rn ig h t, th en  
discs of a b o u t 10 m m  d iam ete r, e ach  co n ta in in g  a b o u t 25 fig  o f D N A , w ere p u n c h ed  from  it. 
D ry in g  w as co n tin u ed  for 2 h a t  80 °C in a v acuum  oven . T he am o u n t o f D N A  fix e d  w as d e te r
m in e d  sp ec tro p h o to m etrica lly  b o th  b efo re  and a fte r  f i ltra tio n .

H y b rid iza tio n s  were carried  o u t  a t  65 °C for 18 h  in 1.0 ml of 2 x S S C  so lu tio n  co n ta in 
ing 30%  d im eth y lsu lp h o x id e  (2 X SSC-DM SO). 1 fig  (5-7000 cpm ) of d e n a tu re d  hom ologous 
32P-labelled  D N A  was h ybrid ized  to  filte r-fix ed  D N A  (1), in  th e  presence of hom ologous com 
p e tit iv e  D N A , (2), in  th e  p resence  o f he tero logous co m p e titiv e  DN A  and  (3) in  th e  absence of 
co m p e titiv e  D N A .

B o th  th e  labelled  and  th e  u n lab e lled  co m p etitiv e  D N A s w ere d eg rad ed  b y  u ltra so n ic  
tre a tm e n t in  an  u ltrason ic  d is in te g ra to r  (M SE L td ., P ow er U n it No. 3000) a t  1 .4 — 1.5 A A m 
m ete r po sitio n  for six tim es 15 sec w ith  45 sec in te rv a ls  in ice-bath . B efore th e ir  a p p lica tio n  
th e  DN A  sam ples were d e n a tu red  a t  100 °C for 15 m in  an d  cooled qu ickly . A fte r  h y b rid iz a tio n  
th e  filte rs  w ere w ashed th ree  tim es  w ith  10 m l of 2 X SSC-DM SO by  sh ak in g  fo r 5 m in , th en  
once w ith  10 m l of 2 x S S C . T he f i lte rs  w ere d ried  a n d  th e ir  ra d io a c tiv ity  w as m ea su re d  in  a 
N uclear Chicago Isocap L iqu id  S c in tilla tio n  System . T he sc in tilla tio n  flu id  c o n ta in e d  5 g of 
P P O , 100 m g of P O P O P  in 1000 m l o f to luene.

Results

In  a p a r t  o f our e x p e rim e n ts  1 gg  o f 32P -labe lled  D N A  fro m  S . griseus 
N o. 52-1 w as hybrid ized  to  filte r-fix ed  un labelled  hom ologous D N A , in the  
presence o f 250 fig of hom ologous and  250 fig o f hetero logous D N A  (from  S . gri-

T able  1

Hybridization o f 32P -D N A  fro m  S. griseus 52-1 to filter-fixed  homologous 
D N A  in  the presence o f  homologous and heterologous competitive D N A s

F ilte r - f ix e d  D N A

R e lu t iv e  a m o u n t o f  32P -D N A  fr o m  S', griseus  52  1 h y b r id iz e d

w ith o u t
c o m p e t i t iv e  D N A

(A)

in  th e  p resen c  

h o m o lo g o u s  
c o m p e t it iv e  D N A

(B)

o f  2 50  fig o f
h e te r o lo g o u s  

c o m p e t it iv e  D N A
(C)

S. griseus 52 — 1 100.0 (1444)* 15.0 37.3
B lan k  filter (22)

T o ta l 32P-D NA (7000)

* cpm  values are in p a ren theses
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Table 2

Hybridization o f  32P - D N A  fro m  S. griseus 45 -H  to filte r -fix ed  homologous 
D N A  in the presence o f  homologous and heterologous (S. griseus 52-1) D N A s

F ilter -fix ed  D N A

R e la t iv e  a m o u n t o f  82P -D N A  fr o m  S .  griseus 4 5 -H  h y b r id iz e d

w ith o u t
c o m p e t it iv e  D N A

(A)

in  t h e  p r e s e n c  

h o m o lo g o u s  
c o m p e t it iv e  D N A

(B)

o f  2 50  [xg o f

h ete ro lo g o u s  
c o m p e t it iv e  D N A

(C)

S . griseus 45-H 100.0 (752)* 16.2 43.6

B lank filter (19)

T o ta l 32P-DNA (4711)

* cpm values are in p a ren th ese s

seus  N o . 45-H ), re sp e c tiv e ly . T he results we o b ta in e d  are show n in T ab le  1. 
T h e  p ercen tag e  of D N A  re la te d n e s s  betw een th e  tw o  o rganism s w as ca lcu la ted  
as  fo llow s:

H o m o lo g y  in d ex  (% ) =  100 X
A -  C 

A В

In  th is  experim en t th e  d e g re e  o f hom ology b e tw een  th e  tw o  D N A s w as 73 .8% .
I n  th e  reciprocal e x p e r im e n t 1 fig o f  32P -la b e lle d  D N A  from  S . griseus 

N o . 4 5 -H  was h y b rid ized  to  filte r-fixed  u n lab e lled  hom ologous D N A  in th e  
p re se n c e  of 250 fig o f hom o lo g o u s and 250 gtg o f  hetero logous D N A  (from
S . g riseus  No. 52-1), re sp e c tiv e ly . R esults o b ta in e d  a re  p resen ted  in  T ab le  2.

/jg  competitive DNA

F ig . 1. E ffec t of th e  c o n c e n tra t io n  o f com petitive  D N A  on  th e  e x te n t  o f h y b rid iza tio n : co n tin 
u o u s  line : hom ologous c o m p e tit io n ;  d o tte d  line: he te ro lo g o u s co m p etitio n . E ac h  p o in t rep re 

sents th e  a v e ra g e  o f  tw o parallels. F o r  d e ta ils , see th e  te x t

Acta Biologica Academiae Scien tiarum  Hungaricae 29, 1978



D N A  H O M O L O G Y  B E T W E E N  S T R E P T O M Y C E S  S T R A I N S 169

In  th e  rec ip rocal ex p erim en t th e  hom ology  in d ex  was 67 .3% . In  th e  la t te r  
ty p e  o f ex p erim en ts  we s tu d ied  h y b r id iz a tio n  a t  various c o n c e n tra tio n s  of 
co m p e titiv e  D N A s (F ig . 1). 1.0 p g o f 32P -lab e lled  D N A  from  S. griseus  No. 
52-1 w as h ybrid ized  to  25 fig o f f ilte r-f ix e d  hom ologous D N A  in th e  presence  
o f  increasing  am o u n ts  of hom ologous an d  he tero logous D N A ’s. T h e  h e te ro lo 
gous D N A  o rig in a ted  from  S . griseus  N o. 45-H .

Discussion

T he values o f  genetic  hom ology in d ic a te  considerab le  s im ila r ity  b e tw een  
th e  tw o  S . griseus s tra in s  regard ing  th e ir  b ase  sequences, th o u g h  th is  r e la te d 
ness is n o t ex trem e ly  close. The re su lts  o f  th e  rec ip rocal ex p erim en ts  do n o t 
d iffer s ig n ifican tly , th u s  su p p o rtin g  th e  re lia b ility  of th e  m ethod .

A similar degree o f hom ology (75% ) w as measured by K oike et al. [9] 
betw een two tetracycline producing S. aureofaciens strains o f  identical 
m orphology, i. e. such a degree o f relatedness does not exclude belonging to 
th e  sam e species.

O k a n is h i e t al. [13] found  66— 71 %  hom ology betw een  th e  SM -pro- 
duc ing  S . griseus s tra in s  and  th e  g rise in -p ro d u c in g  S . griseinus  s tra in s , w hich  
w as considered  h igh  enough to  c lassify  th e  la t te r  s tra in s  to g e th e r  w ith  th e  
SM -producing  ones to  th e  griseus g roup .

O n th e  basis o f ou r ex perim en ts concern ing  genetic  hom ology, we c a n n o t 
as y e t give a d efin ite  answ er to  th e  q u es tio n  w h e th e r s tra in  No. 4 5 -H  h a d  o rig
in a te d  from  th e  SM -producing one as a re su lt  o f m utagen ic  t r e a tm e n t .  I t  is 
u n lik e ly  th a t  a single m u ta tio n  m ay  a lte r  th e  s tru c tu re  of th e  genom e to  such 
an  e x te n t. T herefo re , th e  possib ility  arises t h a t  th e  S M -non-producing  s tra in  
w as selec ted  from  a genetically  inhom ogenous s tra in  b y  n itro g en  m u s ta rd  
tr e a tm e n t .

T his w ell-spo ru la ting  Streptom yces o f  co m p le te  life cycle is m ore  s im ila r 
to  com m only  occu rring  (w ild-type) s tra in s  th a n  th e  SM -producing one. T h e re 
fo re , th e  possib ility  th a t  s tra in  N o. 45 -H  o rig in a tes  from  a la b o ra to ry  c o n ta m i
n a tio n  c a n n o t be excluded .

T he values o f D N A  hom ology d e te rm in e d  in  our ex p erim en ts  in d ica te  
t h a t  th e  tw o genom es co n ta in  co n siderab le  am o u n ts  of com m on sequences. 
H o w ev er, th e  genetic  differences ex is tin g  betAveen th e  tw o s tra in s  m a y  w ell he 
resp o n sib le  for th e  s tab le  differences fo u n d  in  th e ir  p h eno types, i. e. th e  c a r
b o h y d ra te  and  am ino  acid com positions o f th e  cell w all, th e  h e a t re s is ta n c e  of 
th e  spores, th e  carb o n  source u tiliz a tio n , etc.
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Abstract

T he effect o f th e  insecticides H u n g á ria  L-7, D im ecron-50, T h im e t-1 0  G and  
S a to x  20 WSC co n ta in in g  lindane, p h o sp h a m id o n , p h o ra te  an d  tr ich lo rfo n , resp ec tiv e ly , 
as active  in g red ien t w as in v es tig a ted  on  th e  su rv iv a l and  p u m p in g  b e h a v io u r  o f th e  
fresh -w ate r m ussel A nodonta cygnea L . T he sho rten in g  of ac tiv e  periods w as used  as 
in d ica to r of th e  su b le th a l effects. H u n g á ria  L-7, T him et-10  G an d  S a to x  20 W SC caused 
sign ifican t in h ib itio n  of th e  f ilte rin g  ac tiv ity , w hile D im ecron-50 w as less effective. 
F if ty  pe r cen t sh o rten in g  of active  p e rio d s req u ired  6 X 10-3  g/1 H u n g á ria  L -7, 8 X 10~3 
g/1 T h im et-10  G a n d  2 x l 0 ~ 2 ml/1 S a to x  20 W SC. T h im et an d  S a to x  w ere  le th a l a t  
10 -1 g/1 and 1 ml/1 co n cen tra tio n s , re sp ec tiv e ly . A lthough  th e  m ech an ism  o f  th e  effect 
can  be d ifferen t w ith  va rio u s su b s tan ces , th e  re su lts  have  show n, t h a t  m o n ito rin g  of 
th e  a c tiv ity  o f m ussels can  be a su ita b le  te s t  fo r th e  biological in d ic a tio n  o f w a ter 
po llu tion .

Introduction

T he general sp read  and  grow ing use of specific  p la n t p ro te c tin g  su b stan ces 
h as  called a tte n tio n  to  th e ir  in flu en ce  on w a te r  o rganism s b o th  in  o rd e r to  
c lear up  th e  d irec t to x ic  effect and  fo r  d e te rm in in g  th e  possib le  ch ron ic  dam age 
th e y  can  cause w hen reach ing  su rface  w aters [3, 7, 12]. A cco rd ing  to  prev ious 
in v es tig a tio n s , m ussels, w hich are filte r-feed in g  an im als, re a c t v e ry  sen sitiv e ly  
to  low ering of th e  0 2 c o n te n t o f w a te rs  [14] an d  to  som e chem icals [8, 18]. 
T h e  a c tiv ity  of m ussels a lte rn a te s  p e rio d ica lly  w ith  re s t, b o th  la s tin g  fo r sev 
e ra l hours. A ctive periods are ch a rac te rized  b y  fa s t p u m p in g  m o v em en ts  o f th e  
shells, w hich are closed during  re s t  [1]. T he reac tio n  o f  th e se  an im als  to  u n 
fav o u rab le  sub stan ces is th e  change o f ac tiv e  f ilte rin g  b eh av io u r, w hich  can 
be m on ito red  by  reco rd in g  th e  p o sitio n  an d  m o v em en t o f  th e  v a lv es  [16]. 
B esides th e  filte rin g  a c tiv ity , o th e r  physio logical processes, like g ro w th  of 
an im als [4, 10], a c t iv i ty  o f gonads [11], and  fo rm atio n  o f b y ssa l th re a d s  [12], 
h av e  been used as m ark ers  of su b le th a l effects caused b y  e n v iro n m e n ta l fac
to rs . T hese app roaches have  led to  d e fin ite  resu lts  as concerned  th e  in h ib ito ry  
effect o f various p o llu ta n ts . A t th e  sam e tim e , i t  was fo u n d  th a t ,  considering  
th e  le th a l doses, m ussels show  a r a th e r  g rea t to le ran ce  a n d  a h igh  a c c u m u la tio n  
c a p a c ity  to  a n u m b e r o f to x ic  ag en ts  [2, 19].
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In  th e  p resen t e x p e r im e n ts , we analysed  th e  su rv iv a l an d  th e  m otoric 
a c t iv i ty  o f mussels in  o rd e r  to  (a) estim a te  th e  le th a l co n cen tra tio n s  o f some 
in sec tic id e s  con ta in ing  lin d a n e , p h ospham idon , p h o ra te  or trich lo rfo n  as active 
c o m p o n e n t and, (b) u s in g  s u b le th a l co n cen tra tio n s , we w ished  to  de te rm ine  
th e  degree of th e ir  in flu e n c e  on  th e  filte rin g  b eh av io u r, co n n ec ted  b o th  w ith  
fe e d in g  an d  w ith  th e  w a te r-c le a n in g  fu n c tio n  o f m ussels.

Materials and Methods

E x p e rim en ts  were c a r r ie d  o u t  on  10 — 12-cm -long specim ens of A nodonta  cygnea  L. in 
sp r in g , sum m er and au tu m n . A n im a ls  w ere p laced se p a ra te ly  in  3 l itre s  o f w a te r  ta k e n  d irec tly  
f ro m  L ak e  B alaton . A c tiv ity  w as  p e rm a n en tly  reco rded  b y  a  m usse l a c to g rap h  [15]. The 
w a te r  w as changed every  d a y , in  th e  m orn ing . W a te r te m p e ra tu re  v a rie d  du ring  th e  experi
m e n ta l  period  betw een 17 a n d  27 °C.

B efore s ta rtin g  w ith  th e  a p p lic a tio n  of su bstances, th e  n o rm al a c tiv ity  of m ussels was 
re c o rd e d  for a week. A fte r th is  p e r io d , th e  desired a m o u n t o f in sectic ide  w as added  to  th e  w ater. 
T h e  ex p o su re  lasted  for a w eek . D u r in g  th is  period  th e  in sectic ide  co n ce n tra tio n  was k e p t  con
s t a n t  b y  renew ing daily , w h en  th e  w a te r  was changed. P a ra lle l ex p erim e n ts  were c a rried  ou t 
o n  6 — 10 anim als.

E v a lu a tio n  of th e  re su lts  w a s  m ad e  sep ara te ly  for each  an im al. T he d u ra tio n  o f active  
p e r io d s  w as m easured  a n d  m e a n  v a lu es for th e  co n tro l period  a n d  fo r th e  period  follow
in g  t r e a tm e n t  were d e te rm in ed . T h e  a c tiv ity  in  th e  p resence  of in sectic ide  was expressed  as 
p e r  c e n t  o f th e  contro l a c tiv ity . T h e  m ea n  of these  p e rcen tu a l v a lu es o b ta in e d  fo r each  co n ce n tra 
t io n  a t  le a s t in  6 anim als w ere p lo t te d  aga in st th e  in secticide  co n ce n tra tio n . T he co n cen tra tio n  
n e ce ssa ry  fo r a 50%  in h ib itio n  o f  a c t iv ity  was d e te rm in ed  from  th e  cu rv e  b y  in te rp o la tio n . 
B esid es th e  co ncen tra tion  of th e  c o m p le te  insecticide th e  c o n c e n tra tio n  of its  active  com pound 
is a lso  g iven  in  th e  g raphs.

T h e  following su b s tan ces  w e re  u sed  in  th e  p re sen t ex p erim e n ts : H u n g á ria  L-7, c o n ta in 
in g  7 .8 %  lindane as ac tiv e  c o m p o n e n t, D im ecron-50 (p h o sp h am id o n , 5 0% ), S a to x  20 WSC 
( tr ic h lo rfo n , 20% ) and  T h im e t-1 0  G  (p h o ra te , 10% ). T he su b s tan ces w ere dissolved or su sp en d 
e d  in  B a la to n  w a ter; p H  v a lu e s  v a r ie d  betw een  8.0 and  8.4 T he p H  of B a la to n  w a te r  is no r
m a lly  a t  8.4.

Results

T h e effect of H u n g á r ia  L-7 was in v es tig a ted  w ith in  th e  co n cen tra tio n  
ra n g e  10“ 6 to  10-1  g/1. S h o rte n in g  of ac tive  periods o ccu rred  a t  10-4  g/1 and 
h ig h e r  concen tra tions (F ig . 1). P lo ttin g  o f m ean d u ra tio n  o f a c tiv ity  expressed

hours
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4^V"-»4;'VVvvr,-~,

Г

r \

F ig . 1. E ffec t of 10-2 g/1 H u n g á r ia  L-7 on  th e  a c tiv ity  o f A nodonta . C ontinuous record ing . 
A rro w  m a rk s  th e  add ing  of th e  ch em ica l. D uring  active  p e rio d  w h en  th e  shells are open, rh y th 
m ic  v a lv e  m ovem ents are  p re se n t . C losed position  of th e  shells (res t) is rep re sen ted  b y  th e  

s tra ig h t lin es o f th e  record  close to  th e  tim e  scale
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Fig. 2. D ependence  of th e  d u ra tio n  o f ac tive  periods on th e  co n ce n tra tio n  of H u n g á ria  L-7 
an d  its  active  in g red ien t, expressed  in pe r cen t o f th e  co n tro l d u ra tio n

in  p er cen t o f th e  contro l a g a in s t th e  d rug  co n cen tra tio n  re su lted  in  an  S -shaped  
curve (F ig. 2). A t 10-1  g/1, th e  m ean  d u ra tio n  o f ac tiv e  periods was as s h o r t  as 
a b o u t 15%  o f th e  contro l. F ro m  th e  curve, th e  c o n c e n tra tio n  n ecessa ry  for 
50%  in h ib itio n  was e s tim a te d . I t  was 6 х Ю ~ 3 g/1 H u n g á ria  L-7, w h ich  is 
eq u iv a len t to  4 X 10~4 g/1 lin d a n e . All th e  m ussels su rv iv ed  th e  one-w eek  ex 
p erim en t. R eco v ery  of co n tro l a c tiv ity  occurred  in  2— 10 days a f te r  rem o v in g  
o f th e  d rug  from  th e  w a te r.

I---------------- 1 

10~4 10"3
— I--------------- 1-----------------------

10 2 101 m l/l Dimecron-50

10'7 10‘6 10‘5 10"‘ 10'3 10'2 10"’ ml/l phosphamidon

Fig. 3. D ependence  of th e  d u ra tio n  of active  periods on th e  co n ce n tra tio n  of D im ecron-50  and
its  active  ing red ien t
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F ig . 4. D ependence of th e  d u ra t io n  of active  periods on  th e  c o n ce n tra tio n  of T h im et-10  G and
its  active  in g red ien t

o|w

F ig . 5. E ffe c t of 10 1 g/1 T h im e t-1 0  G on th e  a c tiv ity  o f A nodonta . a — C o n tro l a n d  ad d ing  of 
th e  insecticide  (a t a rrow ); b  — a f te r  18 h; c — re s to ra tio n  of a c tiv ity  a f te r  w ash in g  ou t

A c ta  Biologica Academiae Scientiarum  Hungaricae 29, 1978

T h e effect o f D iin ecro n -5 0  was in v e s tig a te d  in  th e  sam e ran g e  of con
c e n tra tio n s . A t 10-e  ml/1, th e  m ean  d u ra tio n  o f ac tiv e  periods w as 78%  o f the 
c o n tro l,  while a t 10-1  ml/1 i t  w as 57% . So th e  cu rve  (F ig. 3) is r a th e r  f la t ,  and  
th e  in h ib itio n  does n o t  r e a c h  50%  w ith in  th e  in v e s tig a te d  c o n c e n tra tio n  range. 
N o  perish in g  occurred .

T h im et-10  G w as a p p lie d  in c o n c e n tra tio n s  from  10-5  to  1 0 ~ x g/1. The 
m e a n  len g th  of a c tiv ity  w as 8 6 %  of th e  c o n tro l a t  10~5 g/1 an d  4 7 %  a t 10-2  g/1 
(F ig . 4). F ifty  per c en t in h ib itio n  req u ired  8 x l 0 - 3  g/1 T h im et-1 0  G, i .  e. 

8 x  1 0 ~ 4 g/1 ph o ra te . T h im e t-1 0  G proved  to  be le th a l for m ussels in  i o - :1 g/1, 
th e  m ean  su rv ival tim e  b e in g  113 h . B efore d e a th  th e  rh y th m ic  a c tiv ity  of 
a n im a ls  increased, a lo n g  a c tiv e  period o ccu rred  an d , as a re s u lt  o f th e  decay 
o f  m u sc le  tone, th e  shells o p ened . In  cases, w h en  th e  m ussel h a d  n o t  died  by
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Fig. 6. D ependence of th e  d u ra tio n  of ac tiv e  p e rio d s on  th e  c o n cen tra tio n  of S a to x  20 W SC
and  its  a c tiv e  in g red ien t

th e  en d  o f  th e  f irs t  w eek , th e  contro l a c t iv i ty  re tu rn e d  w ith in  a few d a y s  a f te r  
th e  insectic ide  h ad  b een  w ashed off (F ig . 5).

T he effect o f S a to x  20 WSC w as te s te d  a t  10 4— 10° ml/1 c o n c e n tra 
tio n s. 1 ml/1 p roved  to  he le thal, th e  m ean  su rv iv a l tim e  being 209 h . T he 
s tro n g  effect o f th is  co n cen tra tio n  cou ld  n o t  be e lim in a ted  b y  w ash in g  even  
a f te r  a 120-h ap p lica tio n  tim e . The an im als  p e rish ed  as a rule a fte r a lo n g  ac tiv e  
p e rio d , in  closed s ta te . As a resu lt o f  th e  t r e a tm e n t  th e  sho rten in g  o f  ac tiv e  
periods is c h a ra c te ris tic , being d ep en d en t on th e  d ru g  co n cen tra tio n  (F ig . 6). 
F if ty  p e r  cen t in h ib itio n  of th e  d u ra tio n  o f  ac tiv e  periods requ ires 2 х Ю -2 
ml/1 S a to x , i. e. 4 x  10-3  ml/1 trich lo rfo n .

E lim in a tio n  o f  th e  effect of 10~ 1 ml/1 S a to x  la s te d  ra th e r  long, i t  re q u ire d  
8— 10 d ay s. Low er co n cen tra tio n s re q u ire d  4 — 5 day s to  be e lim in a ted .

S a to x  20 W SC o v er 10^ 3 ml/1 c o n c e n tra tio n  decreased  th e  a b ili ty  o f  th e  
a d d u c to rs  fo r to n ic  c o n trac tio n , th u s  p re v e n tin g  th e  to ta l  closure o f  th e  shells 
d u rin g  re s t. In  th e  p resence  of 10_1 ml/1 c o n c e n tra tio n  of th e  d ru g , th e  shell 
m arg ins w ere 8— 15 m m  a p a rt from  each  o th e r , th e  foo t was o u t o f  th e  shell 
c a v ity , h u t  no rh y th m ic  a c tiv ity  was p re se n t.

Discussion

T he resu lts  o f  th e  p re sen ted  e x p e rim e n ts  show  th a t ,  d epend ing  on co n 
c e n tra tio n , H u n g ária  L-7, T him et-10 G an d  S a to x  W SC sig n ifican tly  in flu en ce  
th e  a c t iv i ty  of th e  fre sh -w a te r m ussel. T h im e t an d  S a to x  even can k ill th e  a n i
m als. D im ecron-50, on  th e  o ther h a n d , e x e r ts  a s lig h t effect on th e  a c t iv i ty  of
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A n o d o n ta . T he  in h ib ito ry  effect is m an ife s ted  f i r s t  of all in  th e  sh o rte n in g  o f 
a c tiv e  perio d s, w hile th e  frequency  of rh y th m ic  pum ping  a c tiv i ty  show s no 
c h a ra c te r is tic  change. T he co n cen tra tio n s o f  th e  ac tive  com ponen ts n ecessa ry  
fo r 5 0 %  in h ib itio n  are  considerab ly  h igh , f a r  h ig h er th a n  th e  c o n c e n tra tio n s  
p o ss ib ly  reach ed  in  h ig h ly  po llu ted  n a tu ra l  w a te rs . H ow ever, th ese  va lu es  
sh o u ld  be e v a lu a te d  o therw ise  i f  tak in g  in to  co nsidera tion  th e  slow  d eco m p o 
s itio n  ra te  o f th e se  su b stan ces and , also, th e ir  presence in  th e  sed im en t a n d  in  
low er o rgan ism s from  w here  m ussels can  a c c u m u la te  th em  fu r th e r .

T h ere  are  a lo t of d a ta  ab o u t a c c u m u la tio n  o f substances in  m ussels [12]; 
V a l i e l a  e t  al. [2 0 ]  re p o rte d  on th e  a c c u m u la tio n  of h eav y  m e ta ls , w hile 
B e d f o r d  e t al. [2] fo u n d  th e  accu m u la tio n  o f  D D T  and its m e tab o lite s  to  be 
tim e -d e p e n d e n t in  A nodonta  up  to  a g iven  c o n cen tra tio n  g rad ien t. T h is p o s
s ib ility  c a n n o t be exc luded  in  th e  case o f  th e  substances used in  o u r e x p e ri
m e n ts . R e s to ra tio n  o f th e  an im als’ a c t iv i ty  in  fresh  w a te r re q u ire d  sev era l 
d ay s , su g g estin g  th a t  th e  accu m u la tio n  o f  d ru g s was sign ifican t an d  th e ir  
w ash in g  o u t dem ands a considerab le  tim e .

D u rin g  th e  ex p e rim en ta l period  m a rk e d  perish ing  of an im als w as ob 
se rv ed  a t  10-1  g/1 c o n c e n tra tio n  of T h im et-10  G a n d  1 ml/1 S atox . A nim als died  
u su a lly  w ith o u t p reced in g  red u c tio n  o f  a c tiv e  periods; on th e  c o n tra ry , 
a t  th e  te rm in a l s tag e  of life th e  a d d u c to r m uscles re laxed  and  f re q u e n t p u m p 
ing  rh y th m ic  a c tiv ity  o f va lv es  occurred  fo r sev e ra l hours.

I t  is know n th a t  th e  m o to r a c tiv ity  o f  m ussels m ay  be in flu en ced  b y  a 
v a r ie ty  o f  e x te rn a l fac to rs , like oxygen c o n te n t o f  th e  w a te r [14] or te m p e ra 
tu re  [9] w hile in  th e  in te rn a l reg u la tio n  o f  a c t iv i ty  th e  m onoam ines o f  th e  
n e rv o u s  sy s tem  p la y  th e  m ain  role [17]. B y  in fluenc ing  th e  m e tab o lism  o f 
se ro to n in  and  ca techo lam ines w itli specific p h arm aco n s th e  a c tiv ity  o f  A n o 
donta  c an  be m od ified  [6], how ever, little  is k n o w n  ab o u t th e  effect o f e x te rn a l 
fa c to rs  on  th e  m onoam ine m etabo lism  in  m ussels . I t  is very  p ro b ab le  t h a t  
h e a v y  m e ta ls  (H g, Cs, Cu) w hich  also in h ib it  th e  a c tiv ity  of m ussels [13, 18] 
evoke th e ir  effect b y  b lock ing  enzym es im p o r ta n t  in  cell resp ira tio n .

T h e  in sectic ides we in v es tig a ted  re c e n tly  m u s t influence also th e  in te rn a l 
re g u la to ry  sy stem . P h o ra te , p hospham idon  a n d  trich lo rfo n  are cho lin este rase  
in h ib ito rs  [5], b u t  th e  g rea t difference b e tw een  th e  effect o f T h im et, S a to x  a n d  
D im ecro n  m akes q u es tio n ab le  w h e th e r th e ir  e ffec t realizes th ro u g h  th e  ch o 
lin e s te ra se  sy stem . N everth e less , th e y  can  in flu en ce  in  some w ay  th e  n e u ra l 
re g u la tio n  or can  cause th e  in h ib itio n  of a c t iv i ty  b y  d is tu rb in g  th e  re s p ira to ry  
sy s tem  e ith e r  a t  th e  level o f  th e  ex te rn a l m ech an ism  or in  th e  tissues. S im ila r 
m ech an ism  can  be supposed  fo r lindane.

T h e  change o f p u m p in g  a c tiv ity  u n d e r th e  in fluence of p estic ides h av e  
been  d esc rib ed  p rev io u sly  b y  B utler  e t al. [4], how ever, these  a u th o rs  co n 
c lu d ed  th a t ,  because  of th e  s ligh t effect an d  th e  g re a t v a ria tio n  o f re su lts , th is  
m e th o d  c a n n o t be used  in  sh o rt- tim e  e x p e rim e n ts  for te s tin g  of th e  bio logical
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effect o f  pesticides. O ur re su lt show th a t  th e  effect o f th e  used chem icals  can  
be well d e tec ted  in severa l days long e x p e rim e n ts  if  th e  sho rten in g  o f  ac tiv e  
periods occurring  a f te r  pesticide ap p lic a tio n  is ta k e n  in to  c o n sid e ra tio n . As 
in v es tig a tio n  o f g row th  o f  anim als, of g o n ad  a c tiv ity  and  of byssal a t ta c h m e n t  
req u ire  m uch longer ex p erim en ta l p e rio d , i t  can  be s ta te d  th a t  th e  m o n ito r in g  
and  analysis o f th e  len g th  o f active p e rio d s  in  m ussels can be used as a good 
te s t  fo r d e tec tin g  th e  h a rm fu l effect o f  v a rio u s  p o llu tan ts  b o th  in  sh o r t- te rm  
and  in  ch ron ic  ex p erim en ts .
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EFFECT OF HERMAPHRODITIC GLAND 
HOMOGENATE ON THE REGELATION 

OF THE GAMETOGENESIS IN H E L I X  Р О М А Н А  
(GASTROPODA, PLLMONATA)

J . B ie r b a u e r
D E P A R T M E N T  O F  B I O L O G Y , S E M M E L W E IS  M E D IC A L  U N I V E R S I T Y ,

B U D A P E S T
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Abstract

O n th e  effect of o v o tes tis  (g landu la  h e rm a p h ro d itic a )  hom ogenate  th e  n u m b er 
o f th e  o v o cy tes  o f 1st and  2nd  o rd e r an d  of th e  eggs increased  v e ry  s ig n ifican tly , while 
sp e rm io cy tes  o f 1st o rder a n d  sperm s sign ifican tly  decreased  in num ber. W hen  snails 
w ith  e x tirp a te d  ten tacles w ere in jec ted  w ith  o v o tes tis  ho m o g en a te  th e  ovogenesis w as 
a c tiv a te d  w hich  was p roved  by  a  sign ifican t increase  in th e  n u m b er o f ova.

Introduction

T he n u m b e r  of cells b e long ing  to  cell ty p e s  ch a rac te ris tic  o f ovogenesis 
was found  b y  us h igh ly  e lev a ted  in edible sna ils  1— 2 weeks a fte r  e x tirp a tio n  
o f th e  o p tic  te n tac le s  during  h ib e rn a tio n  or d u rin g  the  period of aw ak en in g  in 
sp ring , o r befo re  egg-laying. A t th e  sam e tim e , in jec tio n  o f op tic  te n ta c le  h o 
m ogenate  in to  in ta c t anim als h ad  a very  s tro n g  effect —  a lready  a f te r  a w eek 
—  on th e  sperm iogenesis h a v in g  increased  th e  n u m b e r o f its cell ty p e s . T he 
co tro lling  role o f th e  optic te n ta c le s  in the  sperm iogenesis has been p ro v e d  b y  
our earlie r exam in a tio n s, to o  [1— 9, 22]. F u r th e rm o re , we have  p ro v e d  th e  
role of th e  ce reb ra l ganglion in  th e  con tro l o f gam etogenesis [7]. In  o u r p re se n t 
w ork we h a v e  a tte m p te d  to  c lea r up  th e  role o f  th e  h e rm ap h ro d itic  g lan d  (g lan 
d u la  h e rm a p h ro d itic a  seu o v o testis)  in the  co n tro l o f gam etogenesis.

Materials and Methods

O ur e x p erim en ts  were p e rfo rm ed  on edible snails ( H elix  pom atia )  being  before  th e  pe
riod of th e  egg-lay ing . In  th e  f irs t  g ro u p , 40 in ta c t co n tro l snails a n d  40 ex p e rim e n ta l snails 
in jec ted  w ith  herm ap h ro d itic  g lan d  hom ogenate  w ere in v es tig a ted .

In  th e  second group, 40 sna ils  w ith  e x tirp a te d  ten ta c le s  served  as con tro ls a n d  40 ex 
p e rim en ta l sna ils  w ith  e x tirp a te d  ten ta c le s  were in je c te d  i. m . w ith  h e rm a p h ro d itic  g land  
hom ogenate.

H e rm ap h ro d itic  g lands w ere  hom ogenized in  g lass P o tte r  hom ogen izato r, th e n  c en tr i
fuged  a t  4 °C. T he hom ogenate  s e p a ra te d  from  th e  s u p e rn a ta n t  w as weighed in fresh  s ta te  and
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d isp e rse d , th e re a f te r , in  b id is tilled  w ater. T he so lu tio n  got by  th is  w ay  co n ta in ed  0.5 m g 
s u b s ta n c e  p e r m l and  each  a n im a l w as in jec ted  w ith  one m l o f th is  so lu tion .

A f te r  a  w eek, th e  an im a ls  w ere d e c a p ita te d , a n d  th e  h e rm a p h ro d itic  g lan d s were 
p re p a re d  a n d  fixed  in  B ou in  so lu tio n . The m a te ria ls  w ere  serially  cu t, s ta in ed  w ith  h em a to x y lin  
a n d  eo sin  a n d , finally , an a ly sed  a n d  ev a lu a te d  re g a rd in g  th e  d ifferen t d ev e lo p m en ta l form s of 
g a m e to c y te s . In  th is  w ay , th e  fo llow ing  phases o f  gam etogenesis were q u a n ti ta t iv e ly  ev a lu a te d  
in  in d iv id u a l  follicles: ov o cy tes  o f  1st and  2nd o rd e r, ova, fu rth e rm o re , sp e rm io cy tes  o f 1st 
a n d  2 n d  o rd er and  sperm s, an d  f in a lly  if th e y  w ere a t  all, th e  “ m an y  sp erm s”  p e r  follicle. 
( “ M a n y  sp erm s”  m eans t h a t  th e  n u m b er o f sperm s p e r  follicle was six tim es  or m ore  th a n  th e  
c o n tro l  v a lu e ). On th e  basis o f th e  ab so lu te  n u m erica l v a lues o b ta in ed  b y  m icroscopic  obser
v a t io n  p e rce n ta g e  va lues w ere ca lcu la te d  w hich  show  t h a t  in  how  m an y  p e r c en t o f th e  follicles 
c o u n te d  w as th e  cell ty p e  in  q u e s tio n  found . T he cell ty p e s  m en tio n ed  w ere in v e s tig a te d  a t 
le a s t  in  1000 —1500 follicles in  e v e ry  ex p erim en ta l g ro u p . T he m a th e m a tic a l an a ly sis  o f  th e  
n u m e r ic a l va lues was p e rfo rm ed  b y  th e  D e p a r tm e n t o f N um erical M ethod  a n d  C o m p u te r 
S c ien ce  (E ö tv ö s  L oránd  U n iv e rs ity , B u d ap es t)  an d  b y  th e  C om puting  G roup of th e  Sem m elw eis 
M ed ica l U n iv ersity .

R esults

In  th e  f irs t  e x p e rim e n ta l g roup , snails w ith  in ta c t ten tac le s  w ere  in jec ted  
w ith  h e rm a p h ro d itic  g land  hom ogenate . C om pared  to  th e  n o rm al con tro l 
g ro u p , th e  n u m b er of th e  o v a  an d  ovocy tes o f  1st an d  2nd o rd e r v e ry  sig n ifi
c a n t ly  in creased  in  th e  follicles of th e  h e rm a p h ro d itic  g land  u p o n  th e  effect 
o f th e  h o m o g en ate  (F ig . 1).

In  th is  ex p e rim en ta l g roup , th e  n u m b e r o f sperm iocy tes o f 1st o rder 
as w ell as th e  n u m b er o f sp e rm s s ig n ifican tly  d ecreased , com pared  to  th e  con
tro l  (F ig . 2).

I n  th e  second g roup  snails w ith o u t te n ta c le s  w ere in jec ted  w ith  h er
m a p h ro d it ic  g land  h o m o g en a te . As a re su lt, ovocy tes of 1st o rd e r s ig n ifican tly

100°/o

F ig . 1. O vogenesis. 8 —15 J u n e , 1975. W h ite  co lum ns =  in ta c t,  u n tre a te d  snails n o t in jec ted  
w ith  o v o te s tis  hom ogenate. H a tc h e d  co lum n =  in ta c t  ex p erim en ta l g roup  in je c te d  w ith  

o v o te s tis  hom ogenate . 1st О =  o v o cy te  o f 1st o rd e r; 2 n d  О =  ovocy te  o f 2nd  o rd er
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1 0 0 ° / o

Fig. 2. Sperm iogenesis 8 — 15 Ju n e , 1975. W hite  colum ns — g roup  of in ta c t  snails n o t in jec ted  
w ith  o v o tes tis  h o m ogenate . H a tc h e d  colum ns =  e x p e rim e n ta l g roup  in jec ted  w ith  ovotestis 
h o m ogenate . 1st S P  =  sp erm io cy te  o f 1st o rder; 2nd  S P  =  sp erm io cy te  o f 2nd  order; S P  =

=  sperm

1 0 0  °/o

F ig. 3. O vogenesis. 8 — 15 J u n e , 1975. W h ite  colum ns =  g ro u p  of co n tro l snails , a f te r  e x tirp a 
tio n  of th e  op tic  te n ta c le  h u t  w ith o u t in jec ting  o v o tes tis  h o m ogenate . H a tc h e d  colum ns =  
=  e x p erim en ta l g roup  in je c te d  w ith  ovotestis h o m o g en a te  follow ing e x tirp a tio n  of th e  optic  

ten ta c le . 1st О =  ovocyte  o f 1st o rder; 2nd О =  o v o cy te  o f 2nd o rd er
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F ig . 4. Sperm iogenesis. 8 —15 J u n e  1975. W h ite  co lum ns =  co n tro l g ro u p , o v o tes tis  hom oge
n a te  w as n o t  in jec ted  fo llow ing  th e  e x tirp a tio n  of th e  op tic  ten ta c le . H a tc h e d  co lum ns =  
e x p e r im e n ta l  group in jec ted  w ith  o v o te s tis  hom ogenate  follow ing th e  e x tirp a tio n  of th e  optic  

ten tac le . 1st S P  =  sp e rm io c y te  o f 1st o rder; 2nd S P  =  sp erm iocy te  o f 2nd  o rder

in c re a s e d  in  num ber, co m p ared  to  th e  co rrespond ing  co n tro l g roup  (F ig . 3). 
T h e  n u m b e r  of th e  ova also s ig n if ic a n tly  increased  (F ig . 3). In  th is  ex p erim en 
t a l  g ro u p , too , th e  sp e rm io cy tes  o f 1st o rder sig n ifican tly  decreased  in  n u m b er, 
c o m p a re d  to  th e  con tro l. T h e  m ean  num ber/fo llic le  o f sp e rm io c y te s  o f 2nd 
o rd e r  a n d  th a t  of sperm s d id  n o t  show  an y  s ig n ifican t a lte ra tio n  (F ig . 4).

O th e r  p a r t  of th e  re su lts  is show n in th e  T ab les 1, 2, 3 a n d  4.

Table 1

Absolute number and  p er  cent o f  different cells fo u n d  in the follicles

T o ta l num ber of
Number of the follicles per group

follicles Ovocyte of 1st order Ovocyte of 2nd order Ovum

E C E c E c E c

1137 1596 271 149 380 144 896 480

C om parative m athem atical method

100% 100% 181.88% 100% 263.88% 100% 186.66% 100%

C =  C o n tro l group: anim als w ith  in ta c t  op tic  ten tacle  in jec ted  w ith  ovotestis (g landu la  h e r-  
m ap h ro d itic a )  hom ogenate

E  =  E x p e rim e n ta l group: anim als w ith  in ta c t  op tic  ten tacle  in jec ted  w ith  ovotestis hom ogenate
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Table 2

Absolute number and per cent o f  cells fo u n d  in  the follicles

N um ber of the  follicles per group
Total num ber of 

follicles Sperm iocyte of 
2nd order

Spermiocyte of 
2nd order Sperm M any sperm

E C E c E c E c E C

1137 1596 917 1490 838 1230 6 8 8 1248 0 0

Comparative m athem atical m ethod

100% 100% 61.54% 100% 68.13% 100% 55% 100%

C =  Control group: anim als w ith  in ta c t optic ten tac les  and  no t in jec ted  w ith  o v o testis  h o 
m ogenate

E  =  E x perim en tal g roup: an im als w ith  in tac t opti;’ te n ta c lts  and  in jec ted  w ith  o v o testis  ho
m ogenate

Table 3

Absolute number and per cent o f  cells fo u n d  in  the follicles

Total num ber of 
follicles

N um ber of follicles per group

Ovocyte of 1st order O vocyte of 2nd order Ovium

E C E c E c E c

1316 1585 265 629 232 368 839 663

Comparative m athem atical m ethod

100% 42.13% 63.04% I  100% i  126.55% 100%

C =  Control group: an im als n o t in jec ted  w ith  ovotestis hom ogenate following th e  ex tirp a tio n  
of the  optic ten tacle

E  =  E x p erim en tal g roup: an im als in jected  w ith  o vo testis  hom ogenate following th e  ex tirp a 
tio n  of the  op tic  ten tac le

Table 4

Absolute number and per cent o f  cells fo u n d  in  the follicles

Total num ber of 
follicles

N um ber of follicles per group

Spermiocyte of 
1st order

Spermiocyte of 
2nd order Sperm M any sperm

E C E C E c E c E C

1316 1585 1100 1485 1027 1315 876 1110 0 0

100% 100% 74.1%

Comparative m athem atical m ethod

100% j 78.1% I 100% ; 78.92% ! 100%

C =  Control group: anim als no t in jected  w ith ovotestis hom ogenate following th e  ex tirp a tio n  
of the  optic ten tacle

E  =  E xperim ental g roup: anim als injected w ith o vo testis  hom ogenate following th e  ex tirp a 
tion  of the  op tic  ten tac le
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D iscussion

M any papers h av e  d e a lt  w ith  the  neu ro sec re tio n  of M olluscs [10, 11, 18, 
19, 20 , 21] and  also w ith  th e  prob lem  o f gam etogenesis [12, 13, 14, 15, 16, 
17, 21].

In  earlier ex p e rim en ts  we found ova an d  ovocy tes o f 1st and  2nd  o rder 
in  h ig h ly  elevated  n u m b e rs  in  follicles of H e lix  pom atia  a f te r  e x tirp a tio n  of 
th e  o p tic  ten tac les  d u rin g  h ib e rn a tio n , being th e  m ain  life period  o f p u lm o n a te  
sn a ils , or in  th e  perio d  o f  aw ak ing  in  sp ring  o r la te r , before egg-lay ing  [5, 
6, 8 ]. O p tic  te n ta c le  h o m o g e n a te  a d m in is te red  to  snails h av in g  in ta c t  te n 
ta c le s  a c tiv a te d  th e  sperm iogenesis. A ccord ing  to  our p re se n t in v es tig a tio n , 
o v a  a n d  ovocytes o f 1st a n d  2nd  order p er fo llicle v e ry  s ig n ifican tly  in creased  
in  th e  h e rm ap h ro d itic  g la n d  on th e  effect o f h e rm a p h ro d itic  g land  hom oge
n a te .  T he num ber of th e  sp e rm io cy tes  of 1st o rd e r an d  of th e  sperm s sig n ifi
c a n t ly  decreased, co m p ared  to  th e  contro l. T h e  sperm iogenesis w as in h ib ite d  
to  som e ex ten t. In  snails w ith o u t ten tac les  in je c tio n  of h e rm ap h ro d itic  g land 
h o m o g e n a te  was follow ed b y  a s ign ifican t increase  in th e  n u m b er of th e  ova, 
w hile  th e  sperm iocytes o f 1 st o rd e r s ig n ifican tly  decreased  in n u m b er.

I t  m ay  be conc luded  th a t  th e  ovo testis  possesses effective su b stan ces 
p la y in g  an  im p o rta n t role in  th e  con tro l o f gam etogenesis.
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(R eceived 1977- 09 — 23; revised  1978 — 04 — 30)

Abstract

T he /J-exot ox in , th u rin g ien sin  A , from  B acillus thuringiensis  va r. th u ring iensis  
has been fo u n d  to  be C -m ito tic  in th e  bone m arro w  cells o f R attus norvegicus. T h is 
ex o tox in  th ere fo re  ap p ears to  be a p o te n tia l  tool fo r m e tap h ase  a rrest in ka ry o lo g ica l 
stud ies. T h e  б-en d o to x in  p ro te in  h as no sim ilar a c tiv ity .

B acillus thuringiensis  v a r. thuring iensis  p roduces an  endo tox in  [1] th e  
p ro te in  su b u n it o f w hich is know n to  be in sectic idal and  an tin eo p lastic  in  som e 
system s [6]. Som e s tra in s  of th is  b a c te riu m  p ro d u ce  a /З-exo tox in , i. e. t h u 
ring iensin  A, w hich  is an  adenosine m o n o p h o sp h a te  d e riv a tiv e  an d  to x ic  to  
in sec t, n em a to d e  an d  m am m alian  system s [1, 4 , 5]. The exo tox in  h as  been  
recen tly  re p o rte d  to  be C -m ito tic  in  th e  A lliu m  te s t  in  co m p ara tiv e ly  low 
co n cen tra tio n s [9]. H erew ith  we reco rd  a s im ila r a c tiv ity  for ex o to x in , a n d  a 
n eg a tiv e  response  fo r endo tox in  p ro te in , in  th e  bone m arrow  of R a ttu s  nor
vegicus.

The en d o to x in  p ro te in  was e x tra c te d  from  th e  cu ltu res of B acillu s  th u 
ringiensis v a r . thuringiensis  accord ing  to  an  e s tab lish ed  m ethod  [5]. I t  is of 
ab o u t 90%  p u r ity . The exo tox in  had  been supp lied  b y  th e  S ittin g b o u rn e  
R esearch  C en tre , K e n t, U. K . A queous so lu tio n s of 100— 1000 fig /m l en d o 
to x in  p ro te in  an d  o f 5— 50 /xg/ml ex o to x in  w ere used . T he d ifferen t c o n c e n tra 
tions w ere i.p . ad m in is te red  for 1— 3 in s e p a ra te  experim en ts to  a lb ino  ra ts , 
R attus norvegicus, follow ing th e  c u s to m a ry  dosage p a tte rn  i.e. 1 m l/100  g 
bo d y  w eight. R a ts  ad m in is te red  w ith  100 R g/m l colchicine served as po sitiv e  
contro ls. In  n o rm al contro ls, no chem ical is ad m in is te red . The a ir-d ried  p re p 
ara tio n s from  th e  bone m arrow , s ta in ed  in  G iem sa, w ere m ade fo llow ing th e  
co n v en tiona l m e th o d s [2]. D eta iled  ex p erim en ts  could n o t be co n d u c ted  ow ing 
to  d ifficu lties in  e x tra c tin g  or o b ta in in g  m ore exo to x in .
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F ig . 1

T h e  observ a tio n s are  p re sen ted  in  F ig . 1 an d  Tables 1 and  2. T h e  en d o 
to x in  p ro te in  is fo u n d  to  be ineffec tive, in  acco rdance  w ith  its  kn o w n  to x ic ity  
d a ta  [1]. In  th e  e x o to x in - tre a te d  ra ts ,  m e ta p h a se s  accum ula te  w ith  c o n c e n tra 
t io n  s im ila r  to  colchicine; th o u g h  n o t to  th e  sam e e x te n t. H ow ever, th e  s tre n g th  
o f  e x o to x in  needed  to  a rre s t m e tap h ases  in  th e  hone m arrow  is less th a n  th a t  
r e q u ire d  in  p la n t sy stem s [9] an d  i t  ap p ea rs  t h a t  v e ry  few o th e r  chem icals 
ca u se  m e tap h ase  a rre s t a t  su ch  low co n c e n tra tio n s  [3, 8]. H ow ever, th e  d y 
n a m ic s  o f exo tox in  ac tio n  on d iv id ing  cells c a n n o t be un d ersto o d  from  a p ilo t 
s tu d y  lik e  th is  an d  needs m u ch  d e ta iled  in v e s tig a tio n .

T ab le  1

Metaphase indices fo r  the bone marrow o f  R a ttu s  norvegicus treated 
w ith exotoxin fo r  two hours

T reatm ent,
/ig/ml

T otal dividing 
cells

T otal
m etaphases

Metaphase cells, 
per cent

Control 6400 89 1.38 +  0.09
Colchicine

100
^-exo tox in

6400 800 12.53 ±  0.36

10 6400 582 9.10 +  0.21
25 6400 589 9.24 +  0.23
50 6400 602 9.40 +  0.20

D a ta  a re  from  the  ran d o m ized  slides from  th e  bone  m arrow  of five ra ts
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T able  2

Ranges o f  C-milotic concentrations o f  ß-exotoxin ( in  fig/nil)

S y s te m /?-exotoxin (5-endotoxin colchicine*

A lliu m  сера
root m eriste ins 25 — 100 and  more — 250 1000

Rattus norvegicus
bone m arrow 10 — 50 an d  more 1 0 0 -5 0 0

* L ab o ra to ry  practice

S urprising ly , th e  re su lts  from  m am m alian  c u ltu re s  are  conflic ting . W hile 
10 jMg/ml exo toxin  b ro u g h t ab o u t m e tap h ase  a r re s t  in  V E R O  cell lines o f th e  
A frican  Green M onkey  and  h u m an  ly m p h o c y te  c u ltu re s , no such effect has 
been  no ticed  in Н е -L a  cells even a t h igher c o n c e n tra tio n s  [7].

T he C -m itotic  a c tiv ity , w hich is in  c o n firm ity  w ith  ou r earlier re p o rt on 
p la n t  system s [9] has p ro b a b ly  re su lted  from  an  in te rfe ren ce  w ith  th e  p ro te in  
sy n th es is  in th e  sp in d le  m ic ro tu b u la r  sy stem s. T h e  p re se n t s tu d y  in d ica tes  
t h a t  th e  exo tox in  is y e t  a n o th e r C -m ito tic  ag en t co m p arin g  well w ith  colchicine 
in  m am m alian  chrom osom e p rep a ra tio n s . H ow ever, i t  m ay  c o n s titu te  an  en 
v iro n m en ta l h aza rd  o n ly  a t  th e  un lik e ly  ev en ts  o f  n o n ta rg e t system s g e ttin g  
exposed  to  it.
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Relations between Structure and Function in the Prokaryotic Cell. E d . St a n ie r , R. Y., 
R o g e r s , H. J . ,  W a r d , J .  B .: Cam bridge U n iv e rsity  P ress , C am bridge — L o ndon  N ew  Y o rk  — 
M elbourne (1978), pp . 369, F igs 75, £ 17.50

T his is the  28 th  m em b er of the  series o f Sym posia  o f  the Society fo r  General M icrobiology , 
G rea t B rita in . The a n n u a lly  published books of th e  Society  a re  a lm ost a lw ays th e  m o st en 
jo y ab le  an d  useful read in g s for m icrobiologists of any  in te re s t (unless th ey  lim it th em selves to  
to o  n a rrow  topics). T h e  c o n trib u tio n s  an d  prob lem s of th e  Sym posia are v e ry  w ell-selected 
an d  th e  d istingu ished  a u th o rs , who belong to  excellen t lab o ra to rie s  an d  who th em se lv es are 
ac tiv e ly  pursu ing  re sea rch  in  the  field th e y  are w ritin g  a b o u t, sum m arize  th e  s ta te  of affairs 
o f th e ir  problem s c learly  a n d  au th en tica lly .

T he problem s d e a lt  w ith  are very d iverse  in  th e ir  n a tu re , b u t  all o f th em  are  ab o u t life 
processes in p ro k a ry o te s  (no viruses, no eu k a ry o tic  m icroorgan ism s !). A lth o u g h  th e  analysis, 
th e  descrip tion  of c e r ta in  s tru c tu re s  and  processes a re  a t  th e  m olecu lar level, th e y  are ab o u t 
re la tiv e ly  com plex s tru c tu re s  and functions, like: b ac te ria l ribosom e; th e  tra n s la t io n  m ach in 
ery ; G ram -negative  b a c te r ia l  cell envelope; s tru c tu re  and  g ro w th  of th e  walls o f G rain-posi
tiv e  b a c te ria ; s tru c tu re  a n d  im m u n o stim u lan t p ro p e rtie s  o f m y co b acte ria l cell w alls; plasm a 
m em b ran es; th e  p u rp le  m em b ran e  of h a lo b ac te ria ; p h o sp h o lip o p ro te in s in enzym e excre tion  
b y  b ac te ria ; th e  rev ersio n  o f b acteria l p ro to p la s ts  an d  L fo rm s; bac teria l flage lla ; lep to sp ira l 
m o b ility ; spore-specific s tru c tu re s  and th e ir  fu n c tio n  an d  th e  gas vesicles o f a q u a tic  p ro 
k a ry o te s .

R eading , e. g ., th e  fu n d am en ta l p rogress a b o u t th e  ribosom es or th e  e leg an t and  m any- 
sided ap p ro ach  in flag e lla  research  one surely  feels th e  t r u th  in w h a t th e  e d ito rs  say : “  . . . our 
colleagues who have  d e se rte d  th e  m icrobes to  s tu d y  h ig h er th in g s . . . m ay  see th e  erro r of 
th e ir  w ays and realize t h a t  for m any  re le v an t p rob lem s b a c te ria  m ay  still be th e  necessary  and 
m o st expeditious m odel organism s to  u se .”

N evertheless, I am  sure th a t  som e are  also h a p p y  w ith  eu k ary o tes .

G. Szabó (D ebrecen)

D ’A m ato , F.: Nuclear Cytology in Relation to Development. C am bridge U n iv e rs ity  Press, 
C am bridge (1977), pp . 283, Figs 83, T ab les 40, £ 15.00

T he original p u rp o se  of th is book is to  give a su m m ary  on th e  role o f th e  nucleus in 
developm en t. The se lec ted  top ics (life cycle, cell cycle, m eiosis, m osaics, ch rom osom e com ple
m en t, d ifferen tia l D N A  rep lica tion , gene expression  d u rin g  d ev elo p m en t, re g u la tio n  of gene 
a c tiv ity , regeneration  a n d  to tip o ten cy ) are  carefu lly  chosen  an d  th e  d a ta  on p la n t  system s well 
p resen ted .

T he a u th o r is a w ell-know n re p re se n ta tiv e  of p la n t  cy to logy , hav in g  in te re s t in fields 
o f m olecu lar biology. I n  sp ite  of th is , th e  in te rp re ta tio n  of c e rta in  top ics (m eiosis, cell cycle, 
gene expression) is lo s t in  descrip tive  d e ta ils  and  n o t c o n ce n tra ted  on  th eo re tic a l approaches 
o f developm ent. T h ere  are  m any  co m m en ts  on d iffe ren t ty p es  of m eiosis a n d  pecu liarities 
a b o u t th e  fe rtiliza tio n  process, b u t th e  b io ch em istry  an d  genetics of these  e v en ts  a re  very 
superficially  to u ch ed , u sin g  old references.
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I t  is very  d ifficu lt to  su m m arize  th e  role o f d iffe ren tia l gene a c tiv ity  in  dev elo p m en t 
f ro m  th e  p o in t of view  of a cy to lo g is t. H ow ever, i t  is n e a rly  im possible n o t to  m en tio n  th e  
f in d in g s  o f R. K o rnberg  on  h is to n e s  a n d  D N A  s tru c tu re , th ese  find ings hav e  u p  a larg e  p a r t  
o f  co n tra d ic tio n s  caused  b y  “ c h ro m a tin  resea rch ” . I t  w ou ld  be also ex trem e ly  im p o r ta n t  to  
t a k e  in to  account th e  re ce n t re s u lts  o f J .  Gu rd o n  an d  his co-w orkers w ith  th e  in je c tio n  of p u ri
f ie d  m R N A s and  th e  th e o re tic a l consequences of these  ex p erim en ts . T he m o st serious se tb ack  
o f th e  book is th e  to ta l  lack  o f  g en etica l d a ta  on  th e  w ell-know n d ev elo p m en ta l system s 
( D rosoph ila , axolo tl, X en o p u s )  w h ere  a t  least th e re  a re  ex am p les a b o u t th e  im p o rta n ce  of the  
“ m a te rn a l  effect”  genes in  re g u la tin g  eu k ary o tic  d ev elopm en t.

P e rh ap s th e  b est p a r t  o f  th e  w o rk  is th e  c h ap te r  on d iffe ren tia l D N A  rep lica tio n  w here 
a ll th e  d a ta  on ribosom al genes in  d iffe ren t system s are care fu lly  collected  an d  c ritica lly  a n a 
ly se d .

J .  Ga usz  (Szeged)

M a r t in , S. J .:  The Biochemistry of Viruses ( Cambridge T exts in  Chemistry and B iochem istry)  
C am b rid g e  U niversity  P ress , C am b rid g e , L ondon, N ew  Y o rk  an d  M elbourne, (1978), pp. 
145, F ig s 78, Tables 6, A p p e n d ix  fo r V irus classification .

A ccording to  th e  a u th o r ,  th e  book  is “ designed to  p ro v id e  a  ra p id  o verall p ic tu re  of 
v iro lo g y  a t  th e  m olecular lev e l” .

I t  con ta ins seven c h a p te rs . In  th e  f irs t c h ap te r  a b rie f  h is to ry  of v iro logy is g iven. The 
seco n d  c h ap te r  deals w ith  th e  p rin c ip les  o f v irus c lassifica tion , describes th e  c ry p to g ra m s su m 
m a r iz in g  th e  ch arac te ris tics  o f th e  d iffe re n t viruses. T h is c h a p te r  is com pleted  b y  an  A pp en d ix  
fo r  v iru s  classification a t  th e  e n d  o f th e  book. In  C h ap te r 3 th e  a u th o r  o u tlines th e  m eth o d s 
o f a ssay in g  viruses, while in  C h a p te r  4 he sum m arizes th e  p rincip les o f v iru s-p u rific a tio n . C hap
te r s  4 a n d  6 con ta in  th e  essence o f  th e  bo o k  describ ing  th e  a rch ite c tu re  of d iffe ren t v iru ses and 
th e  “ s tra te g y  of v irus in fec tio n ”  in  ly tic , tran sfo rm in g  an d  p e rs is ten t in fections. F in a lly , in 
C h a p te r  7 th e  re la tionsh ips o f v iru se s  a n d  b iosphere, in c lu d in g  th e  ro le o f v iruses in  ev o lu tion , 
th e  f ig h t  ag a in st v irus diseases w i th  vacc ines and ch em o th era p eu tic  ag en ts , a re  d e a lt  w ith .

T h is booklet does n o t g ive  d e ta iled  in fo rm a tio n  fo r th e  v iro log ist dealing  w ith  special 
p ro b le m s of virology, even  a u th o r  d id  n o t in ten d  to  do th is . A s th e  book is w r i t te n  in  a m ost 
in g en io u s  sty le  and fu lfilled  i ts  o rig in a l in te n tio n , i. e. to  give a n  u p -to -d a te  p ic tu re  of v iro logy 
a t  th e  m olecu lar level, i t  can  be  reco m m en d ed  to  m edical a n d  v e te r in a ry  s tu d e n ts , to  s tu d e n ts  
o f  b io ch e m is try  and b io logy a n d  to  all w ishing to  get a su rv ey  of m olecu lar v iro logy  w ith o u t 
c o n s id e ra b le  efforts.

I. F ö ld es  (B u d ap es t)

Integration of Activity in the Higher Plant S y m p . Soc. E x p . B io l. N o. 31. E d . J e n n in g s , 
D . H . C am bridge U n iv ersity  P re ss , C am bridge, (1977), p p . 539, F igs 118, T ables 18, £  20

T h e  volum e co n ta in s th e  le c tu re s  delivered  a t  th e  31st S ym p o siu m  o f  the Society fo r  
E xe rp im e n ta l B otany , d ev o ted  to  th e  p rob lem  how  a h ig h er p la n t  is able to  fu n c tio n  in  a 
c o o rd in a te d  m anner. C learly, b u t  a  few  aspects of th is  u p - to -d a te  and  d ifficu lt to p ic  cou ld  be 
c o v e re d  a n d  th e  selection m ig h t seem  so m ew h at a rb itra ry . H o w ev er, i t  is m o st w elcom e th a t  
in  a d d it io n  to  th e  “ fash io n ab le”  re g u la to ry  prob lem s, e. g . “ R eg u la tio n  of c a rb o n  d ioxide 
f ix a t io n  in  p lan ts”  (M. K l u g e ) a n d  “ G ro w th  su bstances a n d  in te g ra tio n  in th e  w hole p la n t” 
(P . F . W a r e in g ) some a reas w h ic h  u su a lly  receive less a tte n tio n  hav e  also been  discussed  like 
“ G ra v i ty  an d  light-sensing  g u id an c e  sy s tem s in p rim a ry  ro o ts  an d  sh o o ts” (M. B . W il k in s ), 
“ S to m a ta l  function  in re la tio n  to  le a f  m etab o lism  an d  e n v iro n m en t (I. E . Covan  and  G. D. 
F a b q u h a r ) and  a m a th e m a tic a l a p p ro a c h  to  “ R o o t: shoo t in te ra c tio n s”  J . H . M. T h o r n l e y ). 
G re a t  em p h asis has been la id  o n  th e  re g u la tio n  of t r a n s p o r t  processes and  on th e ir  ro le in  
“ w h o le -p la n t”  in teg ra tio n : “ R e g u la tio n  of so lu te  t r a n s p o r t  a t  th e  cell level” (J . A. R a v e n ), 
“ C ell tu rg o r  pressure re g u la tio n  a n d  tu rg o r  p re ssu re -m ed ia ted  t r a n s p o r t  processes”  (V. Z im 
m e r m a n n ), “ The role of n u tr it io n  in  ap ica l d o m in an ce”  (G. I. M cI n t y r e ), “ R eg u la tio n  of ion 
c o n te n t  in  whole p lan ts”  (M. G. P it t m a n n  and  W . J .  Cram ), “ In te g ra tio n  an d  re g u la tio n  o^ 
t ra n s lo c a t io n  w ith in  th e  w hole p l a n t ”  (J . M o orby ), “ R e g u la tio n  of w a te r  m o v em en t in  w hole 
p la n ts ”  ( J .  S. B o y er). Som e se lec ted , ty p ic a l a reas of b iochem ical reg u la tio n  h av e  also been  
c o v ered : “ C onservation  of c a rb o h y d ra te  b y  th e  n o n -p h o to sy n th e tic  cells o f h ig h er p la n ts ” 
(T. R e e s ), “ F ac to rs  d e te rm in in g  nucle ic  acid an d  p ro te in  sy n th esis  in  th e  early  h o u rs  of
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g e rm in atio n ”  (D . J .  Osb o r n e , M. D o brza n k a  and S. Se n ), “ T he greening of leaves”  ( J .  W. 
B r a d b e e r , G. P. A rro n , A. H e r r e r a , K. J .  K e m b l e , G. Mo n t e s , D. Sh er r a tt  an d  O. W a r a - 
A sw a pa t i). T he old problem s of th e  “ M olecular basis of physio logical rh y th m s”  (E . W a g n e r ). 
“ T he con tro l o f cell en la rg em en t”  (R . E . Cl e l a n d ), and th e  “ In te ra c tin g  processes in  v e g e ta 
tiv e  d evelopm en t an d  in the  tra n s it io n  to  flow ering  a t  th e  shoo t a p ex ”  (R . F . L y n d o n ) are 
described in  new  perspectives.

I ’lie vo lum e can  he reco m m en d ed  to  all p lan t physio log ists, irresp ec tiv e  o f th e ir  focus 
o f in te re s t (m olecu lar or w ho le-p lan t) because  th e  tre a tm e n t o f th e  su b jec t is ty p ic a lly  in te r 
d isc ip linary  in  n a tu re .

G. L. F a rka s  (Szeged)
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DIRECTIONS TO CONTRIBUTORS

A C TA  B IO L O G IC A  A C A D E M IA E  S C IE N T IA R U M  H U N G A R IC A E  p u b lish es  
o rig ina l w orks in  th e  f ie ld  o f  ex p erim en ta l b io lo g y .

M an u sc rip ts  shou ld  b e  addressed  to  D r .  J á n o s  Sa lá n k i, E d ito r ,  ACTA B IO L O G IC A , 
H -8237 T ih a n y , H u n g a ry .

T h e  m an u scrip ts  sh o u ld  n o t exceed 16 ty p e d  pages in g en era l. T h e  m an u scrip ts  sh o u ld  
he ty p e d  doub le-spaced , on  one  side o f th e  p a p e r .  In  o rder to  a ssu re  ra p id  p u b lic a tio n , c o n 
t r ib u to r s  a re  req u ested  to  su b m it two copies o f  th e  m an u scrip t in c lu d in g  a n  a b s tra c t (m ax . 200 
w ords), ta b le s  and  figu res . E a c h  table  sh o u ld  b e  ty p e d  on a se p a ra te  sheet, n u m b ere d  an d  
p ro v id ed  w ith  a title . A ll fig u res , cither p h o to g ra p h s  or d raw ings or g rap h s, shou ld  b e  n u m 
bered  co n secu tive ly . P h o to g ra p h s  should b e  lab e lle d  n o t d irec tly , b u t  on  a  t ra n s p a re n t  s h e e t of 
p a p e r co v erin g  the  p h o to . F ig u re  legends sh o u ld  be  ty p ed  in  seq u en ce  on  a se p a ra te  sh e e t.

P a p e rs  should  be h e a d e d  w ith th e  t i t l e  o f  th e  p ap er, th e  n a m e s of th e  a u th o rs  (m ale  
a u th o rs  use in itia ls , fem ale  a u th o rs  use one g iv e n  n am e  in full), d e p a r tm e n t,  in s titu te  a n d  to w n  
w here  th e  w o rk  was p e rfo rm e d .

T h e f u l l  paper  sh o u ld  b e  divided in to  th e  follow ing p a r ts  in  th e  o rd er in d ica ted :
1. A bstract
2. Introduction
3. M ateria l and method
4. R esults
5. D iscussion
6. References. P a p e rs  —  th e  essen tia l ones on ly  — c ited  in  th e  m an u scrip t sh o u ld  be 

lis ted  on  a sep a ra te  sh ee t in  a lphabetical o rd e r  acco rd ing  to  th e  f i r s t  a u th o r’s su rn a m e . T h e  
references should  be n u m b ere d  so th a t e ach  m a y  be re ferred  to  in  th e  te x t  b y  its  n u m b e r  o n ly . 
E x am p les :

1. B oas , N. F . (1953) M ethod for d e te rm in a tio n  of h ex o sam ine  in  tissue. J .  biol. Chem.
204, 553— 563.

2. D e  D u v e , C. L ysosom es, a new  g ro u p  o f cy top lasm ic  p a rtic le s . H a y a s h i, T . (e d .)
S ubcellu lar P a rtic les . R o n a ld  P re ss , N . Y . 1959.

3. U m b r e i t , W . E .,  B u r r is , R . H .,  S t a u f f e r , I. F . M an o m etric  T echniques. B u rg ess
P u b lish in g  C o., M inneapolis 1957.

Short com m unication. M anuscrip ts, in  E n g lish , should n o t  ex ceed  1 000 w ords (4  ty p e d  
pages) inc lu d in g  references. T he te x t o f m a n u s c r ip ts  co n ta in in g  ta b le s  an d /o r f ig u res  m u s t  
be  co rresp o n d in g ly  sh o rte r . A ccepted s h o r t  co m m u n ica tio n s w ill b e  published  w ith in  six  
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REVIEW ARTICLE

THE MOLECULAR STRUCTURE OF THE 
INTERFIBRILEAR MATRIX IN CONNECTIVE TISSUE

L. MÓDis
INSTITUTE OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 

MEDICAL UNIVERSITY,
D EB R EC EN

In tro d u c tio n

T he bio logy o f  th e  m a tr ix  deals w ith  th e  s tru c tu re  and fu n c tio n  o f  th e  
m a te ria l com posed o f  o rganic  and  inorganic  co m p o n en ts  occupying th e  e x tra -  
vasa l an d  e x tra c e llu la r  spaces in  m u ltice llu la r o rganism s. T he e x tra c e llu la r  
m a tr ix  is m ade u p  o f th e  glycocalyx (cell c o a t)  connected  closely w ith  th e  
cell m em b ran e , an d  o f connective  tissue m a tr ix  filling  th e  in te rce llu la r spaces.

T he o rganic  s tru c tu re  o f th e  in te rce llu la r  m a tr ix  consists o f f ib re s  and  
o f th e  in te rf ib r illa r  m a tr ix  (ground su b stan ce ). T he fibrous c o m p o n e n t is 
rep resen ted  by  h igh ly -o rgan ized  collagen a n d , in  ce rta in  sites, b y  e la s tic  and  
re ticu la r  fib res . T h e  in te rf ib r illa r  m a trix  is com posed  of d ifferen t com plexes 
o f  non-collagenous s tru c tu ra l p ro te in s and  c a rb o h y d ra te s . The c a rb o h y d ra te  
com ponen ts o f p ro teo g ly can s are po lyan ion ic  g lycosam inoglycan  (m u co p o ly 
saccharide) m olecules o f  h igh fu n c tio n a l im p o rta n c e , while th e  c a rb o h y d ra te  
com ponen ts of g lycopro te in s are o ligosaccharides com posed of n e u tra l  sugars 
an d  n eu ram in ic  acid . T he physicochem ical s ta te  an d  biological fu n c tio n  of 
th e  m a tr ix  are d e te rm in ed  b y  th e  q u a n ti ty , th e  p rim ary  s tru c tu re  a n d  th e  
co n fo rm atio n  o f its  o rgan ic  com ponen ts, a n d  b y  th e  in te rac tio n  o f  th ese  
co m ponen ts.

T he in te rce llu la r  m a tr ix  c o n stitu te s  a s ig n ifican t p a rt o f th e  h u m a n  
organism . I ts  b u lk  co rresponds rough ly  to  th e  e x tra c e llu la r-e x tra v a sa l w a te r  
c o n te n t o f th e  b o d y . M ore im p o rta n t is th e  fa c t th a t  th e  m a trix  is in  c o n ta c t 
w ith  th e  large b o rd e rin g  surface o f th e  to ta l i ty  o f cells. Cell su rfaces c o n ta c t 
one a n o th e r  and  th e  cap illa ry  walls th ro u g h  an  in te rp o sed  th in n e r  o f  th ic k e r  
m a tr ix  space. T h u s, in all m ultice llu lar a n im a l organism s su p race llu la r biologi- 
ical u n its  (tissues, o rg an s, organ  system s) a re  co nnec ted  by  th e  m a tr ix , w hich , 
in th is  w ay , p rov ides th e  m orphological in te g r i ty  o f  th e  organism , th e  a p p ro p r i
ate  cond itions for specific  ac tiv ities o f d iffe re n t tissues and o rg an s, an d  th e  
functional in te g rity  o f  th e  organism .

In  m u ltice llu la r an im als, life processes a re  b ound  to  c o n tin u o u s  in te r 
ac tions b e tw een  cells an d  th e  su rro u n d in g  m a tr ix .

Acta Biologica'Academiae Scienliarurn Ilungaricae 29, 1978
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T h is  is i llu s tra te d  in  Fig. 1, w hich  is a sch em a tic  re p re se n ta tio n  of som e sa lie n t fe a tu res  
o f th e  m a t r ix  fu n c tio n . A b lood cap illa ry  is su rro u n d e d  b y  connective tissue cells o f  d ifferen t 
d eg rees o f  d iffe ren tia tio n . T hese  cells syn thesize  a n d  sec re te  th e  organic c o m p o n en ts  o f th e  
m a tr ix  in  com pliance w ith  th e ir  degree of d iffe re n tia tio n  (a rrow s w ith  circles). Spaces o f  v a ry 
in g  e x te n t  be tw een  th e  cap illa ry  an d  th e  cells are o ccu p ied  by  th e  m atrix . T he d is tan c e  be
tw e en  c ap illa rie s  an d  cells m ay  v a ry  from  a few n a n o m e te rs  to  hundreds o f m ic ro m ete rs , and 
in  som e co n n ec tiv e  tissues th e  gap m ay  a tta in  ev en  th e  m agn itude  of a few  c en tim e te rs . 
W ith in  th e  sam e an im al species th e  q u a n tity , co m p o sitio n , a n d  s tru c tu re  of th e  m a tr ix  depend  
on  th e  ty p e  an d  degree of d iffe re n tia tio n  of th e  c o n n ec tiv e  tissue , on th e  eq u ilib riu m  betw een  
th e  sy n th e s is  an d  d e g rad a tio n  of th e  m a trix  by  th e  cells (sh o rt, dense arrow s), on th e  hum oral 
fa c to rs  re g u la tin g  cellu lar a c t iv ity  (d o tte d  arrow s), on  m echan ical facto rs, an d  on v a rio u s  
p a th o lo g ica l c ircum stances. T he q u a n ti ty , com position , a n d  s tru c tu re  of th e  m a tr ix  influence 
a series o f  m e tab o lic  processes in clud ing  th e  an abo lic  t r a n s p o r t  betw een cap illa ries a n d  cells, 
th e  d iffu sio n  of n u tr it iv e  m a te ria ls  an d  oxygen (e m p ty  arrow s), and th e  ca tab o lic  t r a n s p o r t  
b e tw ee n  cells an d  cap illaries (long, dense arrow s). T hese  effec ts on cell m etabo lism  are  e x erted  
b y  th e  m a tr ix  in co n fo rm ity  w ith  th e  q u a n tity , w ith  th e  p rim ary  s tru c tu re , a n d  w ith  th e  
c o n fo rm a tio n  of its  m acro m o lecu la r com ponents. T h e  co m p o n en ts  released  b y  cells in to  th e  
e x tra c e l lu la r  space in te ra c t an d  b u ild  u p  th e  s tru c tu re  o f th e  o rganic m a trix ; a t  th e  sam e tim e, 
th e  c o m p o n e n ts  affec t th e  sy n th esiz in g  a c tiv ity  o f th e  cells. This feedback  k n o w n  only in 
o u tlin e s , m a y  be positive  or n e g a tiv e  (arrow s w ith  tr ia n g les ). F igure 1. show s th e  effec t of 
in d u c tiv e  fa c to rs  (h a tch ed  arrow s) involved in  d iffe re n tia tio n . The m a tr ix  h as, o f course, 
im p o r ta n t  m ech an ica l fu n c tio n s w h ich  ensures th e  sh a p e , th e  e lastic ity , an d  th e  fram e  of 
v a ry in g  s ta b ili ty  of tissues an d  organs.

F ig . 1. S c h e m a tic  d iag ram  illu s tra tin g  some selected fu n c tio n s  o f th e  connective tis su e  m a tr ix . 
In  th e  c e n tre , a blood cap illa ry  can  be seen. A ro u n d  th e  cap illa ry , connective tis su e  cells o f 
v a ry in g  degree  of d iffe ren tia tio n  are  show n (from  le ft to  r ig h t:  u n d ifferen tia ted , d if fe re n tia t
ing, m a tu re  a n d  ageing cells). T he space betw een  th e  cells a n d  th e  cap illary  is occupied  by  th e  
m a tr ix  ( th e  f ib rilla r  co m ponen ts a re  m ark ed  by  a few  fin e  lines). E m p ty  arrow s =  an ab o lic  
t r a n s p o r t;  d o tte d  arrow s =  h u m o ra l reg u la tin g  fa c to rs ; a rro w s filled w ith  circles =  a c t iv ity  
o f  cells sy n th e s iz in g  an d  secre ting  m a tr ix  com ponents; a rro w s filled w ith  triang les =  fe ed b a ck  

b e tw e e n  m a tr ix  an d  cell; dense arrow s =  m a tr ix  d e g ra d a tio n  and catabo lic  t r a n s p o r t

A cta  Biologica Academiae Scientiarurn Hungaricae 29, 1978
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Table 1

S u m m a ry  o f  repeating  un its  o f  glycosam inoglycans present in  vertebrates

R ig h t p a r t  o f  Table is based  on d a ta  published  b y  N i e d u s z y n s k i  and  A t k i n s  [75J, P h e l p s  and  A t k i n s  [79]. W o o d -

H e a d - G a l l o w a y  and  H u k i n s  [117].

* =  —O H  groups m ay  be su lp h a te d  if th e  u ro n ic  acid  co m ponen t is L -idu ron ic  acid  [51]. 
** =  here th e  “ h e p a ra n  su lp h a te”  co n ta in s no su lp h a te .
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T h e  app rec ia tion  o f  th e  v ita l im p o rtan ce  o f  th e  connective  tissu e  m a trix  
h a s  g iv en  in sp ira tio n  to  m a n y  in v estig a to rs  to  exp lo re  f in e r  an d  f in e r  s tru c tu ra l 
d e ta ils .  I n  th e  la s t 20 y e a rs  th e  increasing  in te re s t  in  m a tr ix  b io logy  an d  th e  
d y n a m ic  grow th of th is  f ie ld  led  to  th e  p u b lica tio n  o f  m ore th a n  tw o  h u n d red  
te x tb o o k s  and  in n u m erab le  p a p e rs  on th is  su b je c t. I t  is now  a challenging  ta sk  
fo r  th e  investig a to rs  to  q u e s tio n  K a r l  M a y e r ’s s ta te m e n t w hich  th e  g rea t 
p io n e e r  o f  th e  m olecular b io lo g y  of th e  m a tr ix  ad v a n c e d  in  1970: “ C om pared 
to  p ro te in  or nucleic ac id  b io ch em is try , th e  g lycosam inog lycans an d  re la ted  
c o m p o u n d s  are still v e ry  m u c h  th e  poor re la tiv e s .” I t  is hoped  th a t  th e  p resen t 
re v ie w  can  convincingly  sh o w  th a t  th e  m a tr ix  co m p o n en ts  are , in  th e ir  b io log
ic a l sign ificance , equal c o u n te rp a r ts  of p ro te in s  an d  nucleic acids.

1. G lycosam inoglycans (m ucopo lysaccharides)

P rim ary  structure

T h e  following g lycosam inog lycans (GAGs) a re  en co u n te red  in  v e r te b ra 
te s :  h y a lu ro n ic  acid (H A ), ch o n d ro itin  (Ch), c h o n d ro itin  4 -su lp h a te  (Ch4S), 
c h o n d ro itin  6-su lphate  (C h6S), d e rm a tan  su lp h a te  (D S), co rneal k e ra ta n  su l
p h a te  (K S  1), skeletal k e r a ta n  su lp h a te  (K S I I ) ,  h e p a ra n  su lp h a te  (H S) and 
h e p a r in  (II). All of th e m  a re  lin ea r  p o lye lec tro ly tes o f  v a ry in g  anionic ch a rac 
te r .  T h e ir  m olecular w e ig h ts  are in  th e  ran g e  o f  4 x l 0 3— 1 5 x lO e da lto n s, 
K S  I ,  K S II and II h a v in g  th e  sm allest m o lecu la r w eigh ts. M olecular w eight 
m a y  v a r y  even w ith  th e  sam e  GAG, as i t  dep en d s on th e  tech n iq u e  o f p re p a r
a t io n  a n d  m ethod  o f d e te rm in a tio n  on th e  species, tissu e , an d  age. I t  m ay  
e v e n  ch an g e  w ith in  th e  sam e  tissue .

T h e  basic GAG s tru c tu re  has no t ch an g ed , o r has changed v e ry  little , 
d u r in g  th e  evolution  o f  th e  an im al w orld. M ost GAGs consist o f rep ea tin g  
d isa c c h a rid e  un its, e x c e p t H S  and  H , w hich are  com posed  o f te tra sa c ch a rid e  
u n its  (T ab le  1). The re p e a tin g  u n its  are com posed o f hexosam ine an d  hexuron ic  
ac id . T h e  tw o types o f K S  c o n ta in  no hexuron ic  ac id ; D -galac tose  an d  D -glucos- 
a m in e  c o n s titu te  th e ir  re p e a tin g  u n its . As ch a in  te rm in a ls , or side chains, N- 
ac e ty ln e u ram in ic  acid a n d  n e u tra l  m onosaccharides (fucose, galactose, m a n 
nose) can  be found in b o th  ty p e s  o f K S [15, 43, 61]. KS I I  has a b ran ch ed  
s t r u c tu r e  conta in ing  m ore  n e u tra l  m onosaccharides th a n  KS 1. T herefo re , th e  
s t r u c tu r a l  features o f  K S  I I  resem ble g ly co p ro te in s  m ore th a n  GAGs [60]. 
In  th e  H A , Ch, Ch4S a n d  Ch6S m olecules h ex u ro n ic  ac id  is p resen t in  th e  form  
o f  D -g lu cu ro n ic  acid. In  D S , th e  hexuronic  acid  co m p o n en t is L -iduronic  acid, 
w h ile  th e  HS and H  m olecu les co n ta in  b o th  g lucu ron ic  acid an d  id u ron ic  acid 
in  v a ry in g  p roportions. I n  H  p rep a ra tio n s  th e  m a jo r u ron ic  acid co m p o n en t is 
L -id u ro n ic  acid [51]. W ith  th e  excep tion  o f H A , th e  hexosam ine co m ponen t 
is s u lp h a te d  in all G A G s. T h e  degree of su lp h a tio n  an d  th e  position  o f th e
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su lpho  groups v a ry  accord ing  to  th e  ty p e  o f GAG. H ep arin  w ith  i ts  5— 6 
su lpho  groups b o u n d  to  each  te tra sa c ch a rid e  u n it , has th e  h ig h e s t anionic 
charge  density . T h e  low est degree of su lp h a tio n  is show n b y  ch o n d ro itin , 
w hich  is th e  n o n -su lp h a tc d , or low -su lp h a ted  p recu rso r o f Ch4S an d  Ch6S. 
T he average degree o f su lp h a tio n  in Ch4S, Ch6S, DS, KS I , an d  K S  II is 
s im ila r: each d isacch arid e  has a b o u t one e s te r  su lp h a te  group . K S  I I  is over- 
su lp h a te d  in  th e  ag ing  h y a lin e  cartilage . T he s tru c tu re  o f HS is less know n, 
its  degree o f su lp h a tio n  is low er th a n  th a t  o f h eparin .

T he m ost im p o r ta n t  com m on fea tu re  o f  GAG m olecules is th e i r  anionic 
c h a ra c te r , w hich is due to  th e  ca rb o x y l g roups o f hexuron ic  acid  a n d  to  th e  
su lp h o  groups o f  h exosam ine . T he w eakest po lyan ion  is th e  p o ly c a rb o x y la te d  
IIA , w hile th e  s tro n g e s t is th e  p o ly su lp h a ted -p o ly ca rb o x y la ted  H . T h e  anionic 
charges show  dense an d  reg u la r  localiza tions on th e  surface o f th e  G A G  m ole
cule. T he g re a te s t d is tan ce  th a t  can  be observed  betw een  th e  an io n ic  groups 
(a b o u t 1.0 nm ), is on th e  su rface o f  H A  [6, 7, 8], an d  th e  d is tr ib u tio n  o f  charges 
is th e  m ost dense on th e  su rface o f H . In  th is  m olecule, th e  su lpho  g roups are 
spaced  a t  a d is tan ce  o f a b o u t 0.3 nm  from  each  o th e r [6, 73, 75].

Owing to  th e ir  po lyan ion ic  ch a ra c te r , th e  GAG m olecules are  cap ab le  of 
perfo rm in g  m a n y  physiological an d  in  vitro  in te rac tio n s. G A G  m olecules 
w ith  d iffe ren t p o lyan ion ic  c h a ra c te r  differ also in th e ir  in te ra c tio n s . The 
fo rm ulae  show n in  T ab le  1 are  on ly  of ap p ro x im a tiv e  value in  e s tim a tin g  
th e  po lyan ion ic  c h a ra c te r  of GAGs. D ue to  th e ir  h e te ro g en e ity , v a r ia b ility  
a n d  p o ly d isp e rs ity , th e  s tu c tu re  of GAG m olecules is m ore co m p lica ted  [61].

B y  h e te ro g en e ity , or h y b rid iza tio n , we m ean  th a t  w ith in  a G A G  chain  
th e  m onosaccharide  sequence is n o t e n tire ly  reg u la r as one o r m ore  m ono
sacch arid e  species a re  rep laced  b y  o thers. V ariab ility  resu lts  from  differences 
in  th e  n u m b er a n d  position  of exo-groups (neu ram in ic  acid , fucose, su lp h a te ) . 
V a ria b ility  can be  d e m o n s tra te d  betw een  d iffe ren t chains of th e  sam e G A G  ty p e , 
an d  even betw een  d iffe ren t segm ents o f th e  sam e chain . F o r ex am p le , in  th e  
ca rtilag e  m a trix  th e  degree o f su lp h a tio n  o f  th e  ch o n d ro itin  su lp h a te  an d  of 
th e  k e ra ta n  su lp h a te  I I  changes w ith  age [61]. I t  has also been show n  th a t  the  
d is tr ib u tio n  o f e s te r  su lp h a te  groups is n o t un ifo rm  w ith in  c h o n d ro itin  su l
p h a te  and  h ep a rin  chains. As i t  w ill be show n below , GAG chains a re  lin k ed  to  
p ro te in  core th ro u g h  th e  so-called linkage region. The degree o f  su lp h a tio n  of 
ch o n d ro itin  su lp h a te  increases w ith  th e  d is tan ce  from  th e  linkage reg io n  [114]. 
H e te ro g en e ity  a n d  v a r ia b ility  are ch a rac te ris tic  p roperties o f all GAGs excep t 
hya lu ro n ic  acid .

P o ly d isp e rs ity  m eans th e  dispersion o f th e  m olecular w eig h t. T h is is an 
in h e re n t p ro p e rty  o f all GAG ty p e s . I t  is clear th a t  we have  to  reck o n  w ith  
a m u ltitu d e  o f f in e r  s tru c tu ra l d ifferences w ith in  th e  d ifferen t G A G  m olecules 
b u ilt  on th e  sam e basic s tru c tu ra l p rinc ip le . So fa r  we do n o t know  th e  ex ac t 
chem ical b ack g ro u n d  o f GAG h e te ro g en e ity , v a ria b ility , an d  p o ly d isp e rs ity
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d e p e n d e n t on species, tis su e , a n d  age. This is th e  m a in  reason  w hy  we t r y  to  
e x p la in  m ost GAG fu n c tio n s  on th e  basis o f  an  id ea lized  fo rm ula  of th e  co v a 
le n t  s tru c tu re . W hile th is  is he lp fu l in  ex p la in in g  som e basic in te rac tio n s  (e.g. 
io n  b in d in g ), it  deprives us o f  th e  possib ility  o f  in te rp re tin g  fin e r de ta ils  of 
th e  e x trem e ly  v a riab le  m a tr ix  functions. T h is s i tu a tio n  underlines th e  im p o r t
ance  o f  in v estig a tio n s o f  G A G  p rim ary  s tru c tu re s .

As to  th e  loca lization  of G A G  m olecules, h e p a rin  occu rs  in trace llu la rly  (in  th e  g ranu les 
o f  m a s t  cells and blood baso p h ils ). E x trace llu la r  occurrence  o f  h e p a rin  can  be n o ted  only w hen  
th e se  cells d eg ran u late , b u t  e v en  so h ep arin  does n o t c o n tr ib u te  to  th e  m a tr ix  s tru c tu re . T he 
r e s t  o f  GAGs are en co u n tered  b o th  in tra - , and  e x tra ce llu la rly : th e y  are fo rm ed in  cells an d  
re le a sed  in to  th e  in te rce llu la r sp ace  w here  th ey  becom e in c o rp o ra te d  in  th e  h ierarch ic  s tru c tu re  
o f th e  m a tr ix . GAG m olecules a re  d ifferen tly  d is tr ib u te d  in  d iffe ren t tissues. In  m am m als, 
a  ty p ic a l  occurrence of GAG m olecu les involved in  m a tr ix  com p o sitio n  is as follows:

GAG Tissue

HA sy n ov ia , vitreous body , um b ilica l cord , em bry
onic tissues, skin, a r te r ia l  w all, cartilage

Ch4S cartilag e , cornea, bone, a r te r ia l  w all, skin

Ch6S c a rtilag e , skin, a rte ria l w all, h e a r t  valve

DS sk in , ten d o n , a rteria l w all, sc lera , h e a rt valve

KS I co rn ea

KS II cartilag e

(F o r  d e ta ils  see [1, 14, 17, 50, 61, 68, 107]).

T h e  com position  a n d  c o n te n ts  o f GAGs in th e  v a rio u s  connective  tissue  m atrices  d iffer 
co n sid e ra b ly  according to  species a n d  age. GAG co m p o sitio n  a n d  c o n te n t m ay  v a ry  even  
w ith in  th e  sam e tissue. T h u s, th e  m a tr ix  stru c tu re , m ere ly  o n  th e  basis o f GAG d is tr ib u tio n , 
show s a n  incredib le d iv e rs ity , w h ic h  becom es a p p a re n t in  th e  m u ltifariousness of th e  m a tr ix . 
I n  v iew  of our lim ited  know ledge o f th e  species, tissue- a n d  ag e-d ep en d en t d ifferences o f GAG 
s tru c tu re s ,  we u n d e rs tan d  v e ry  l i t t le  o f th e  m atrix  fu n c tio n .

F u n c tio n a l and methodological im plications o f  the p r im a ry  structure o f  GAGs

T h e physiological fu n c tio n s  of GAGs in th e  m a tr ix  can be ex p la ined  b y  
th e ir  in te rac tio n s . The fo llow ing  typ es of in te ra c tio n s  are  su ffic ien tly  u n d e r
s to o d : e lec tro sta tic  in te ra c tio n s  w ith  ca tions; n o n -e lec tro s ta tic  in te rac tio n s  
w ith  o th e r  m acrom olecules (s te ric  exclusion); c o v a le n t in te rac tio n s  w ith  p ro 
te in s  re su ltin g  in p ro teo g ly can s .

( a )  Electrostatic interactions o f  different GAGs

U n d er physio logical co n d itions, in te ra c tio n s  occur betw een  an ionic  
g ro u p s o f  GAG m olecules on  th e  one h and  an d  m icro - an d  p o lycations on th e  
o th e r . T he in te rac tio n s w ith  po lycations are  d iscussed  in  P a r t  4.
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M icrocation  b in d in g  is d ep en d en t on th e  ch a rg e  in te n s ity  o f th e  anionic 
g roups o f GAGs, an d  on m icroca tion  affin ity . T h e  w hole e lec tro s ta tic  fie ld  of 
th e  GAG m olecule ta k e s  p a r t  in  th e  in te ra c tio n , w hich  is, th ere fo re , a n o n 
specific b in d in g  [19, 49, 94]. T he cation  a ff in ity  o f  d iffe ren t GAG m olecules 
was estab lished  b y  D u n s t o n e  [19] in m odel ex p e rim en ts . T he o rd er o f ca tio n  
a ff in ity  of ch o n d ro itin  4 -su lp h a te  is: Ba2+ Sr2+ Ca2 + >  Mg2+ 7> N a + 7> 

K ‘ ; of d e rm a ta n  su lp h a te : B a2 ^  Sr2 ív  C a2 -v  Mg2+ >  N a + ^ > K + ; 
o f  h ep a rin : Ca2 ' >  B a2+ >  Sr2 1 Mg2 ' >  K + _ > N a + .

M odel ex p erim en ts  are  also ad eq u a te  to  d e te rm in e  th e  o rd er o f a ff in ity  
o f  m icrocations to  d iffe ren t GAG m olecules. T he o rd e r o f  a ff in ity  of Ca2+ is: 
H  DS >  Ch4S H A  [55]. In  these  m odel ex p erim en ts , how ever, th e  
physio logical cond itions w ere poo rly  m a in ta in ed , since no a tte n tio n  w as p a id  
to  in te rac tio n s  b e tw een  p o lyan ions and o th e r m acrom olecules. M icrohetero 
gen e ity , p o ly d isp e rs ity  an d  con fo rm ation  o f p o lyan ions w ere also d isregarded . 
M oreover, as o rders o f a ff in ity  in d ica te , ca tions e ith e r  ab sen t, or p resen t on ly  
in  trace s  (B a2 1 , Sr2 1 ) u n d e r physio logical cond itions, h av e  also been considered  
in these  ex p erim en ts . I t  is supposed  th a t  th e  physio log ica l coun te rion  is Ca2+, 
th e n  th e  Ca2+ m ay  connect tw o or m ore a d ja c e n t GAG chains [61]. B y  th e ir  
d iffe ren tia l io n -b ind ing  c ap ac ity , GAG m olecules h av e  a ca tion -exchang ing  
effect and , in  th is  w ay , th e y  are  involved  in th e  ex tra c e llu la r  ion tra n s p o r t  
in fluencing  th e  hom oeostasis o f d ifferen t m icroca tions. T he e lec tro ly te  con
c e n tra tio n , on th e  o th e r  h a n d , influences th e  co n fig u ra tio n  o f GAG m olecules: 
increased  m icro ca tio n  c o n c e n tra tio n  reduces th e  ex ten d ed  shape o f GAG 
m olecules an d  p ro m o tes  th e ir  coiling [55, 57].

T riv a len t m e ta l c a tio n s show  a g rea t a f f in ity  to  GAGs. W e know  th e  
biological im p o rtan ce  of th is  fin d in g  since th e  p u b lic a tio n  o f So k o lo ff’s [103] 
re su lts . In  his in  vitro  ex p erim en ts  Sokoloff o b serv ed  th a t  in  th e  presence of 
tr iv a le n t ca tio n s (A l3+, L a 3+, F e 3 + , Co(NH.s) e3+) ca rtilag e  defo rm ation  occu r
red  m ore m ark ed ly  th a n  in  th e  presence of m ono-, or d iv a len t ca tions. Ma t 
h e w s  [55] w as ab le  to  d e m o n s tra te  th e  s tro n g  b in d in g  o f C o(N H 3)36L to  GAG 
m olecules in th e  follow ing o rd er o f a ffin ity : H  DS >  Ch4S >  Ch6S >  K S. 
In  recen t e lectron-m icroscop ic  in v estiga tions we h av e  verified  th e  b in d ing  o f 
C o(N H 3)3e! in  th e  ca rtilag e  tissue  (Fig. 2). I t  is know n th a t  GAG m olecules 
are p rec ip ita ted  b y  L a3+ [54]. F rom  these  o b se rv a tio n s , i t  m ay  be supposed  
th a t  tr iv a le n t ca tio n s b y  th e ir  s trong  e lec tro v a len t in te rac tio n s  are capab le  
o f  m odifying or abo lish ing  th e  ex ten d ed  co n fig u ra tio n  o f GAG m olecules (th is 
is seen in  Fig. 2), an d  m ake these  m olecules collapse. T h is reduces th e  e la s tic ity  
o f  th e  G A G -contain ing  m a tr ix , changes its  p e rm e a b ility  to  d ifferen t so lu tes, 
re su ltin g  in  th e  d eg en era tio n  o f th e  m a trix . A s im ila r phenom enon  can  be 
n o ted  in haem ophiliacs suffering  from  h aem arth ro s is  and  from  su b seq u en t 
ca rtilage  d eg en era tio n . T he cartilage  degenera tion  is caused  b y  th e  p re c ip ita 
tio n  o f GAGs b y  F e3+, w hich  gets in to  th e  a r tic u la r  ca rtilag e  from  th e  de te rio -
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ra tin g  haem oglob in . T he synov ia l flu id  co n ta in s  increased  am o u n ts  o f  F e 3+ 
an d  A l3+ in  rh e u m a to id  a r th r it is  [74], and  th is  m a y  enhance th e  im p a irm e n t 
o f  ca rtilag e  hy  th e  fo rm er m echanism .

W ater binding  of GAGs is g rea tly  in flu en ced  b y  th e  electric field  g e n e ra te d  
b y  th e  an ion ic  groups o f  GAG m olecules. T he G A G  m olecules are p re se n t in  a 
h y d ra te d  s ta te  in  tissues. T hey  are able to  b in d  w a te r 103— 104 tim es  th e ir  
ow n vo lum es [48]. The GAG chains are  su rro u n d ed  h y  cylinders of w a te r  1.6 nm  
in  d iam e te r  [47]. A good corre la tion  ex ists b e tw een  GAG co n ten t, w a te r  b in d 
ing  an d  e la s tic ity  of co nnective  tissues. These p ro p e rtie s  decrease w ith  age [16], 
because th e  b io syn thesis  o f GAGs, w hich  are th e  m a jo r w a te r b in d in g  co m p o 
n e n ts , becom es reduced  in  th e  ag ing  co nnective  tissue .

(b )  Steric exclusion

In  so lu tions, large GAG m olecules are ab le  to  in te rac t w ith  o th e r  la rg e  
m olecules, m ain ly  w ith  p ro te in s . T h e  basis o f  th is  in te rac tio n  is th e  fa c t th a t  
tw o or m ore m olecules c a n n o t occupy th e  sam e position  a t th e  sam e tim e  an d  
th e y  th e re fo re  m u tu a lly  exclude each  o th e r from  th e  dom ains th e y  o ccupy . 
S teric  exclusion  is d irec tly  re la ted  to  th e  size o f  th e  GAG m olecule, to  th e  
degree o f a sy m m etry  in  its  shape , and  to  i ts  co n cen tra tio n  [48, 49]. T h u s , 
th e  re su lt of steric  exclusion  is p re c ip ita tio n  o f  m acrom olecules p e n e tra tin g  
th e  GAG in te rp h ase . T h is p h enom enon  has im p o r ta n t  physio logical im p lica 
tio n s . F o r  th e  sake o f sim p lic ity , th e  m a tr ix  m a y  be considered as a th re e -  
co m p o n en t sy stem : a GAG phase o f  gel s ta te  in  w hich  GAG m olecules are  k e p t 
in  p lace b y  linkages to  p ro te in s , a so lv en t p h ase , an d  a m obile m acro m o lecu la r 
ph ase . T h e  GAG phase reduces th e  so lu b ility  o f  m obile m acrom olecules in  th e  
fu n c tio n  o f th e  size an d  shape of GAG m olecules, and  of th e  GAG c o n c e n tra 
tio n , an d  leads to  p re c ip ita tio n  of th e se  m acrom olecules. T hus, s te ric  exclusion  
m ay  be invo lved  in  th e  fo rm atio n  o f  collagen fib res  (tropocollagen  m olecules 
are  re leased  b y  th e  cell p re c ip ita te  an d  form  fib rils  in  th e  e x tra c e llu la r  GAG 
p hase), in  im m une p re c ip ita tio n  processes (an tig en -an tib o d y  com plexes are  
p re c ip ita te d  in  th e  GAG phase) w hich m ay  ex p la in  th e  connective tis su e  sy m p 
tom s o f d iffe ren t im m unolog ica l diseases, a n d  in  th e  fo rm ation  o f  pa th o lo g ic  
deposits  (e.g. lip o p ro te in  deposition  in  th e  a r te r ia l  wall).

F ig. 2. E lec tro n  m ic rograph  ta k e n  f rom  the  femora l  a r t icu la r  cartilage of a n ew b o rn  ra t .  
F ix a t io n  in 5%  g lu ta ra ld e h y d e  (0.2 M  cacodyla te  buffer ,  p H  7.4), c o u n te rs ta in in g  in block 
w ith  cobal t  hexam ine  (a) a n d  ru th en iu m  red  (b), a n d  e m b e d d ed  in D urcupan .  N o  c o n tra s t in g  
w ith  o th e r  heavy  m eta ls  w as m ade .  Scale: 0.5 /on. (M o m s  a n d  L é v a i , unpub l ished  o b se rv a t io n .)  
(a )  Carti lage slices were in cu b a ted  in 3 %  [C o(NH3)„]Cl3 solution in 0.2 M  c aco d y la te  buffer,  
p H  7.4. Afte r  r insing in buffer ,  the  bound  cobalt  was p rec ip i ta ted  with H 2S dissolved in buffer. 
The m ate r ia l  was th en  em b e d d ed  and  sectioned, a n d  th e  th in  sections were t r e a te d  w i th  a 
physical developer to in tens ify  th e  cobaltous  su lphide  precip ita te  [108]. On th e  surface  of 
n o n -co n tra s ted  collagen fibrils small m a t r ix  granules a re  seen. The granules re p re se n t  collapsed 
and  p rec ip i ta ted  glycosaminoglycans.  Some granu les  are m arked  w ith  a rrows, (b )  After  
c o un te rs ta in ing  w i th  r u th e n iu m  red, larger m a t r ix  g ranu les  are seen. This m e th o d  also serves

for the  v isua lizat ion  o f  the  close connection  b e tw ee n  granules and collagen fibrils
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( c )  E xp lo ita tion  o f  the p o lya n io n ic  character o f  GAGs in morphological 
m ethodology

N u m e ro u s  morphological m e th o d s  make use o f  t h e  ca t ionbinding c ap ac i ty  o f  GAGs. 
T h e  in te n se  negative field of th e se  polyanions a t t r a c t s  posi t ive ly  charged cat ionic  dyes  (thia- 
z ines,  acr id ines ,  p h tha locyan ins ,  etc), m e ta l  ions, a n d  colloids. W ith  the  aid of ap p ro p r ia te  
se lec t io n  o f  cationic  reagen ts  a n d  s ta in ing  condit ions,  t h e  different GAG c o m p o n en ts  of  the  
m a t r i x  c a n  be studied in  situ . E specia l ly ,  cationic  dyes  a re  used in large n u m b e r  for these 
“ G A G -spec if ic”  h is tochem is try ,  a n d  th e  stainings a re  v e ry  o f ten  regarded  as “ specific”  reac t 
ions.  I t  m u s t  be, however, k e p t  in  m ind  t h a t  th e re  a re  no  specific GAG stains. Specif ic  GAG 
s ta in in g  d epends  entirely o n  s ta in in g  conditions inc lud ing  p H ,  “ crit ical e lectro ly te  co n ce n tra 
t i o n ”  [62, 95, 97], etc. The  fa ilure  in  recognizing th is  f a c t  m a y  h ave  resulted  in t h e  countless 
m e th o d s  o f  “ specific”  GAG sta in in g s  based  on em pir ica l  g rounds,  and  tu rn e d  GA G  histo 
c h e m is t r y  in to  a v a s t  i r ra t iona l  jung le .

W i th  th e  aid of c rys ta l lo id  a n d  colloid so lu t ions o f  m eta ls  of higher a to m ic  num ber ,  
or  u s in g  cat ion ic  dyes c o n ta in in g  th ese  m eta ls ,  th e  loca l iza t ion  of GAGs in the  t is sues  can  be 
s t u d i e d  w i th  the  electron m ic roscope  [24, 38, 63, 89, 90, 95, 96, 99, 118]. The specificity  of 
th e se  m e th o d s  is also con tes tab le  w i th o u t  the  use o f  p ro p e r  control.  The co n tra d ic t io n  in the 
i n c r e a s in g  s tr iv ing  for u l t r a s t r u c tu r a l  localization w i th o u t  a  theoretical b a c k g ro u n d  in the 
m e t h o d s ,  is p resen t  in GAG e lec t ro n  h is tochem is try  as well. F o r  the  i llustra tion  o f  th is  opinion, 
we re fe r  t o  tw o  allegedly specific m e th o d s  by  S h e p a r d  a n d  M i t c h e l l  [101, 102]. These  au thors  
u se d  tw o  dyes:  toluidine blue (in w h ich  su lphur  has th e  h ig h es t  a tom ic  num ber)  a n d  sa fran in  0 
( in  w h ic h  n i trogen  has th e  h ig h es t  a tom ic  num ber) ,  for th e  s tu d y  of e lectron-microscopic 
lo c a l iz a t io n  o f  GAG-containing pro teog lycans.  O bviously ,  b o th  su lphur  and n i t ro g en  are too 
l ig h t  t o  be  show n w ith  the  e lec t ro n  microscope, a n d  th e  e lectron  densi ty  seen in th e i r  p h o to 
g r a p h s  m u s t  h ave  been caused b y  heavy-m eta l  c o n ta m in a t io n  presen t  in the  dyes.

C onform ation o f  glycosam inoglycans

T h e  exp lo ra tion  o f th e  specific  co n fo rm atio n  o f  GAG m olecules b y  m eans 
o f  d if fe re n t physical m e th o d s  (CD, O R D , X -ra y  d iffrac tion , N M R ) opened  
a n ew  e ra  in m atrix  b io logy . T hese in v e s tig a tio n s  w ere carried o u t on pure 
sy s te m s  (iso la ted  GAG p re p a ra tio n s ) ; th e y  s till c o n tr ib u te  to  th e  u n d e rs ta n d 
in g  o f  m acrom olecu lar in te ra c tio n s  in  th e  co n n ec tiv e  tissue. A t th is  c ritica l 
p o in t  o f  po lysaccharide  c h e m is try  R ees [83] r ig h tly  w ro te: “ The u g ly  d u ck 
lings h a v e  begun to look a l i t t le  m ore like sw ans. In  th is  sense, po lysaccharides 
b eg in  to  a p p e a r a ttra c tiv e  m olecules, sh ap e ly  m olecules.”

T h e  f irs t  exam in a tio n s w ere p erfo rm ed  on G A G  solutions to  w hich  c a tio n 
ic d y es o f  p la n a r c h a ra c te r  (m eth y len e  b lue , o r acrid ine  orange) w ere ad d ed . 
T h e  h e lica l s tru c tu re  o f G A G  m olecules w as deduced  from  th e  ch iro p tica l 
sp e c tro sc o p ic  p a ram ete rs  (CD , O R D ) of th e  G A G  —  dye com plex [104, 105, 
106]. B y  m eans of th is  m e th o d , N émeth— Csóka [70, 71] and  N ém eth—- 
Csóka  e t  al. [72, 73] e s ta b lish e d  several s t ru c tu ra l  p recond itions of th e  helical 
c o n fo rm a tio n  of GAG m olecules an d  clarified  th e  role p layed  b y  th e  helical 
s t r u c tu r e  in fibrillogenesis. T h e  chem ical p reco n d itio n s  o f GAG co n fo rm atio n  
a re  as follow s:

(a) T h e  g lycopyranose rings of GAG m o nosaccharides are n o t f la t ,  b u t 
a re  in  c h a ir  form , m ost o f th e m  show ing C -l co n fo rm atio n  (Table 1). T h e  side 
g ro u p s  o ccu p y  eq u a to ria l po sitio n s in  th is en e rg e tica lly  advan tageous co n fo r
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m atio n . T he ch a ir  con fo rm atio n  renders possib le th e  fo rm atio n  o f  H -bonds 
s tab iliz in g  th e  seco n d ary  s tru c tu re .

(b) P e rio d ic ity  of th e  p rim a ry  s tru c tu re  (rep ea tin g  m ono-, di-, an d  te tra -  
saccharide  u n its ) .

(c) T he m in im um  len g th  o f th e  GAG chain  sh o u ld  be a t least com posed 
o f  4 — 6 d isaccharides [72, 73].

(d) A p p ro p ria te  degree o f su lp h a tio n  o f th e  GAG chain . A t least one 
su lp h o  g roup  is req u ired  fo r each d isaccharide  u n it in  th e  case o f ch o n d ro itin  
su lp h a te  [72].

(e) A p p ro p ria te  h u m id ity , ionic s tre n g th , p H  an d  ionic q u a lity  o f th e  
en v iro n m en t.

B y m eans o f  X -ra y  d iffrac tio n  m eth o d , it w as d e m o n s tra te d  th a t  th e  
p o lysaccharides o f seaw eeds (carrag een an , agarose) have a double-helical 
s tru c tu re  [2, 4, 83]. T he ex p erim en ts  have show n th a t  a co rre la tio n  ex ists 
b e tw een  th e  con fo rm ation  of po lysaccharides an d  th e ir  colloidal s ta te . W hen  
seaw eed po lysaccharides assum e a double-helical s tru c tu re , th e  po lysaccharide  
so lu tio n  tu rn s  in to  gel. T he gel s tru c tu re  develops on ly  a t  a ce rta in  len g th  
o f he lix  segm en ts. A t th is  c r itica l leng th  double helices also m ay  assum e th e  
gel fo rm , p ro v id ed  th e y  in te ra c t w ith  a n o th e r ty p e  o f  po lysaccharides an d  form  
q u a te rn a ry  s tru c tu re s  w ith  th em . I t  is no t clear w h a t changes in  co n fo rm atio n  
m a y  cause th e  an im al po lysaccharides tra n sfo rm  in to  gel s ta te . A  sim ilar 
m echan ism  m ay  be assum ed in  th is  case as well.

X -ra y  d iffrac tio n  e x am in a tio n s  have  in d ica ted  th a t  GAG m olecules 
e x tra c te d  from  an im al organism s have also helical con fo rm ations. T he chem ical 
s im ila rities am ong  th e  GAGs resu lts  in  co n fo rm atio n a l s im ila rities : an  ele
m e n ta ry  “ cell” , th a t  is, one tu rn  o f th e  helix , is b u ilt  u p  o f tw o or th re e  r e p e a t
ing  d isaccharide  u n its . T h u s, m ost GAG m olecules are  tw ofo ld  or th ree fo ld  
helices. GAG helices are a lm o st en tire ly  ex ten d ed , as show n b y  th e  re la tiv e ly  
long ax ia l tra n s la tio n  o f one d isaccharide  u n it  ( =  h 0.93 to  0.97 nm ). 
W ith in  th e  in d iv id u a l GAG ty p es  th e  helical p a ra m e te rs  are  in flu en ced  b y  th e  
re la tiv e  h u m id ity  o f  th e  GAG p re p a ra tio n , by  its  ion  co n te n t, an d  b y  th e  q u a lity  
o f  th e  c o u n te r  ions.

Salts  of  th e  hyaluronic acid  fo rm ed  w ith  b iva len t  cat ions  (e.g. Ca'-’ + ) show a le f t -handed  
threefold  single-helical character .  The  p i tch  ( =  a rise per t u r n  =  axial period) of th is  ex te n d ed  
helix  is 2.8 n m ,  a n d  the  axial periodic i ty  per d isaccharide  (h) is 0.95 nm  [6, 7]. A d jacen t  a n t i 
parallel  chains ru n n in g  in the  e lem en ta ry  cells are l inked to g e th e r  b y  C O O -  . . . Ca2+ . . . OOC 
bridges [6]. Twofold single helices were also observed u n d e r  acid condit ions [7J. In  th e  presence 
of m o n o v a len t  cat ions,  compressed fourfold single helices w ith  h  =  0.85 n m  were o b ta in ed  [28]. 
This  h value o f  the  fourfold helix  is similar to  the low va lues  of h  m easured  in double  helices 
of polysaccharides e x tr a c te d  from  seaweeds (agarose, carrag een an )  [2, 4]. Fo r  th is  reason ,  a 
coaxial double-helical s t ru c tu re  has been proposed for all sy s tem s  w ith  low va lues of h  [2, 3, 
4, 18, 83].

The double  helix models proposed earlier for  hya lu ron ic  acid [3, 18] are no t  generally  
accep ted  a n y  m ore  [28, 100, 117]. R ecen tly  S h e e h a n  e t  al. [100] proposed an  an tipa ra l le l  
double-helical s t ru c tu re  for hya luron ic  acid in the  presence of cations K  + , N H [ ,  R b + and
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Cs + . I n  th e i r  model, each  ch a in  fo rm s a c o n tra c te d  le f t -handed  fourfold helix  (h =  0.82 nm), 
a n d  t h e  t e t rag o n a l  e lem en ta ry  cell is passed  by  tw o  double  helices. The  double-helical  s t a te  is 
p r e s u m a b l y  m etas tab le  [100]. A single to  double t r a n s i t io n  of the  helical s t ru c tu re  m a y  occur 
d y n a m ic a l ly  under  the  influence of sa l t  a n d  w a te r  c o n ten t ,  an d  of the  e n v iro n m en ta l  p H  [8].

C hondroitin-4-sulphate  is a  s imple  two-, or th reefo ld  helix, th e  len g th  of i ts  axial  per iod  
is 2.0 —2.9 nm , and  th e  axia l  t r a n s la t io n  of one d isaccharide  is 0.93 — 0.98 n m  [ 6 ,1 1 ,4 5 ,7 9 ] .

C hondroilin-6-sulphate  can  fo rm  twofold ( h = 0 .9 3  nm ),  threefold  ( h = 0 .9 5  nm ) and  e igh t
fo ld  ( h = 0 .9 8  nm) helixes. T he  twofo ld  helixes have  been  ob ta ined  only u n d e r  acidic condi
t io n s  [6]. The  average axia l  periodicit ies for  the  three- a n d  eightfold helixes are 2.86 and  
7.8 n m ,  respectively [3, 6, 79]. T h e  s t ru tu res  of chondro it in -4-su lphate  a n d -6 -s u lp h a te  differ 
m o s t  n o t iceab ly  in the  d isposition o f  the ir  su lpha te  groups,  those  in  the  -6 -su lphate  being a t  a 
g r e a t e r  rad ica l  distance (0.8 nm ) f ro m  th e  f ibre  axis t h a n  th e  -4-isomer (0.6 n m )  [73, 79].

D erm atan sulphate has  a le f t -h an d e d  single helical s t ru c tu re  [9, 10, 79], a n d  its  id u ro n a te  
re s id u e  is in  C-l confo rm ation  [6, 9]. Three  different  conform ations  for d e r m a ta n  su lpha te  
h a v e  b e e n  described: e ightfold he lix  (h  =  0.93 nm), th reefo ld  helix (h =  0.95 nm), and  tw o 
fold  h e l ix  w i th  h  =  0.97 n m  [9]. M ost  p robab ly ,  i ts  confo rm ation  is an  8 /—3 helix, t h a t  is, 
8 r e p e a t in g  disaccharide u n i ts  c o n s t i tu te  3 comple te  tu rn s ,  an d  the  axial  per iod  is 7.44 n m  [9, 
10].

K era tan  sulphate is a  tw ofo ld  helix, i ts  e lem en ta ry  cell is 1.89 n m  high, t h e  axia l  period  
p e r  d isacchar ide  is 0.94 n m  [5, 6].

One  t u r n  of the  heparin  tw ofo ld  helix  con ta ins  a  te t rasacch ar id e  u n i t ,  th e  h e ig h t  of  th e  
e le m e n ta r y  cell is 1.59 — 1.65 n m ,  a n d  five su lpha te  groups on the  average  are s i tu a te d  in the  
cell [6, 75]. I t  m eans t h a t  in th is  m olecule  the  su lpho groups re p ea t  them selves in th e  d irec tion  
of t h e  helical axis a t  0.34 n m  d is tance .  I n  chondro it in  su lpha te ,  on  the  o th e r  h a n d ,  th e re  is 
a  d i s t a n c e  of abou t  1.0 n m  b e tw e e n  these  groups.

W e have no d irec t ev idence  as to  w h a t e x te n t th e  in  vitro  o b se rv a tio n  
on  c o n fo rm a tio n  are ap p licab le  to  in  situ  physio logical c ircu m stan ces . A ccord
in g  to  A t k i i n s  e t al. [11] i t  is v e ry  likely  t h a t  in  m a tr ix  w ith  h igh  GAG co n ten t 
th e  G A G s are p resen t in  a c ry s ta llin e  form . X -ra y  d iffrac tio n  s tu d ies  o f  p ro teo 
g ly can s  an d  p ro teog lycan  ag g reg a tes  h av e  p ro v en  th a t  th e  GAG co n fo rm atio n  
is s im ila r  b o th  in  iso la ted  fo rm s an d  in  com plexes ex isting  in  vivo  [6, 11, 79]. 
F ro m  ab n o rm a l d ispersion  o f  in d u ced  b irefringence observed  in  tissu e  section  
s ta in e d  w ith  cationic dye , V i d a l  [111, 112] cam e to  th e  conclusion th a t  GAGs 
h a v e  h e lica l con fo rm ation  also  w hen  b u ilt  u p  in  th e  connective  tissu e  m a tr ix .

W e know  only som e asp ec ts  of t h о fu n c tio n a l im plications  o f  GAG con
fo rm a tio n . As a lread y  m e n tio n e d , th e  helix  c o n te n t increases in  th e  gel s ta te . 
T h e  gel-fo rm ing  p o ly sacch arid es  ex is t u n d e r bio logical cond itions in  th e  form  
o f  a sw ollen  th ree -d im en sio n a l n e tw o rk  o f  h y d ra te d  chains. T he in te rs tices  
o f  th e  n e tw o rk  are occup ied  b y  w a te r  a n d  o th e r  sm all m olecules a n d  ions. 
S om e p ro p e rtie s  inc lu d in g  th e  g rea t cap ac ity  in  ho ld ing  its  ow n sh ap e  th e  
e la s tic  response to  ap p lied  s tre s s , derive from  th e  helica l s tru c tu re  o f  th e  gel 
[1, 83, 100].

T h e re  is a sp a tia l ch an g e  in  th e  d is tr ib u tio n  of charges on th e  surface 
o f  th e  G A G  w hen a helical co n fo rm atio n  is assum ed . T he in te ra c tio n s  o f GAGs 
w ith  m icro - and  m acrom olecu les are  d e te rm in ed  b y  th is  specific charge  d is tr i
b u tio n , w hich  m ay  p la y  an  im p o r ta n t  role in  collagen-G A G  in te ra c tio n , th a t  
is, in  fib rillogenesis. I t  is k n o w n  th a t  d e rm a ta n  su lp h a te  b inds m ore stro n g ly  
to  co llag en  and  to  o th e r  p o ly ca tio n s  th a n  do o th e r  GAGs [22, 110]. I t  is also 
k n o w n  t h a t  in  d e rm a ta n  su lp h a te  th e  ca rb o x y l group o f idu ron ic  acid  residue
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has a C -l co n fo rm atio n , a n d  th u s  it  is ax ia lly -p o sitio n ed . On th e  o th e r  h a n d , 
in  ch o n d ro itin  su lp h a te  and  h ya lu ron ic  acid th e  c a rb o x y l group o f D -g lucu ron ic  
acid residue, th o u g h  h a v in g  a C -l co n fo rm atio n , is in  an  eq u a to ria l p o sitio n  [19]. 
T h is stereo-chem ical d ifference m ay exp la in  th e  s tro n g  polycation  a f f in i ty  of 
d e rm a ta n  su lp h a te  in  com parison  w ith  c h o n d ro itin  su lp h a te  [9].

N émeth— Csóka e t al. [72, 73] called  a t te n tio n  to  a co rre la tio n  e x is t
ing  betw een  th e  helical s tru c tu re  o f GAG an d  its  effect on fib rillogenesis . 
H ep a rin , w ith  its  h igh  charge  d ensity  an d  low  value  of axial p e rio d ic ity , 
in h ib its  collagen fib re  fo rm atio n , w hile c h o n d ro itin  su lp h a te  w ith  sp a rse r  
d is tr ib u tio n  o f su lp h a te s , an d  w ith  longer e le m e n ta ry  cell of its helix , s tim u la te s  
fibrillogenesis.

2. Proteoglycans

S tructura l princip les o f  proteoglycans

U nder physio log ica l cond itions, th e  g re a t m a jo r ity  of GAG m olecules 
are  b ound  to  p o ly p e p tid e  chains in  conn ec tiv e  tissues. The linkage is o f  th e  
co v a len t connective  tissu es . T he linkage is o f  th e  co v a len t ty p e  and  i t  is fo rm ed  
in trace llu la rly . T his p ro te in -p o ly sacch arid e  com plex  w ith  a m olecu lar w eigh t 
o f  105— 10® d a lto n  ran g e  is te rm ed  p ro teo g ly can  (PG). The P G  m olecu la r 
com plex  consist o f GAG m olecules v a ry in g  in n u m b e r and  q u a lity , o f  a non- 
collagcnous p o ly p e p tid e  backbone (core p ro te in ) , an d  o f th e  so-called linkage 
region connecting  th e  GAG m olecules w ith  th e  core p ro te in  (F ig . 3). The 
n u m b e r o f GAG m olecules varies b y  species an d  b y  th e  ty p e  of th e  tissu e  and  
i t  changes w ith  age. T h u s , P G  m olecules v a ry  in  size, th a t  is, th e y  a re  poly- 
d isperse. M oreover, P G  m olecules show  a h igh  degree o f h e te ro g en e ity  d u e  to  
th e  v a ria tio n s  in  th e  p r im a ry  s tru c tu re  o f  th e  P G  com ponents, m a in ly  of 
GAGs. PG  m olecules m a y  co n ta in  one or tw o  ty p e s  o f GAG. Those c o n ta in in g  
tw o  ty p es are  th e  so-called  h y b rid  PG s. H y b rid  PG s are, for exam ple , p ro teo - 
k e ra ta n  ch o n d ro itin -4 -su lp h a te  and  p ro te o c h o n d ro itin  d e rm a ta n  su lp h a te . 
T h e  f irs t is p re se n t in  th e  aging hyaline ca rtilag e , an d  th e  second can  be  found  
in th e  a o rta  w all. M ost PG  m olecules in  th e  h y a lin e  cartilage  form  ag g reg a tes  
(see P a r t  3). T hese ty p e s  o f PGs are v e ry  o ften  te rm ed  p ro teo g ly can  su b 
u n its  (PG s).

The structure o f  core protein

Core p ro te in  is a 100— 400 nm  long, a p resu m ab ly  linear p o ly p ep tid e  
com posed o f sev era l h u n d re d s , or a few th o u sa n d s , am ino acid re s id u es . I t  is 
suggested  th a t  in  c e r ta in  PG  m olecules th e  core p ro te in  is a d o u b le -s tra n d  
p o ly p ep tid e  [36, 61]. T h e  d o u b le-s tran d  s t ru c tu re  seem s to  be due to  th e  lin ear 
ag g rega tion  o f p o ly p e p tid e  su b u n its  com posing  th e  core p ro te in  [98].
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T h e  am ino acid sequence o f th e  core p ro te in  differs b y  species a n d  tissu e . 
M ost o f  th e  in fo rm ation  av a ilab le  re la tes to  th e  core p ro te in  s tru c tu re  o f  th e  
P G s o f  th e  cartilage  m a tr ix . A p p ro x im a te ly  3 0 %  o f th e  am ino acids b u ild in g  
u p  th e  core are charged . T h e  ra tio  of acidic to  basic  groups is a b o u t 2:1 [58]. 
On th e  b asis  of period ical b in d in g  of GAG ch a in s  to  th e  core, th e  la t te r  has been

c) b)

CL
CD
<
X

F ig. 3. S c h e m a t ic  rep resen ta t ion  o f  t h e  shape  and size o f  p ro teog lycan  subun i t  (PG S) p re sen t  
in c a r t i la g e  t issue  (ref.: [29, 39, 40, 42, 52, 58]). A .  D ra w in g  showing the  steric  s t ru c tu re  o f  
PG S. T h e  long  line in the  m iddle  is t h e  core pro te in  w h ic h  has  a globular configura tion  a t  one 
end (d e n se  oval).  Core p rote in  b in d s  th e  longer ch o n d ro i t in  su lphate  chains and  th e  sh o r te r  
k e r a t a n  su l fa te  chains.  The  l a t te r s  b in d  preferentia lly  to  th e  core port ion  n ex t  to  t h e  g lobula r  
region. C h o n d ro i t in  su lphate  and  k e r a t a n  su lpha te  m olecu les  are arranged  p e rpend icu la r ly  to  
the  core p ro te in .  The  spa t ia l  s t ru c tu re  of PG S rem in d s  a b o t t le  brush. B . Scheme i l lu s t ra t in g  
the  d i f f e re n t  p a r t s  of PGS. In  e x tre m e  r igh t,  th e  p a r t s  o f  th e  core protein  are show n g lobula r  
h y a lu ro n ic  acid  b inding region (H A  B R ),  l inear k e r a t a n  su lp h a te  b inding region (K S  B R ) ,  
and  l in e a r  chondro it in  su lpha te  b in d in g  region (ChS B R ) .  Chondroitin  su lpha te  (ChS) a n d  
k e r a t a n  s u lp h a te  (KS) chains are b o u n d  periodically  to  core protein.  The len g th  of a ChS 
cha in  in d ic a te s  50 nm. C. The en f ra m ed  p o r t io n  of В  a t  h ig h e r  m agnifica tion  showing a possible 
r e p e a t in g  p e r io d  ( =  P R P )  of the  core p ro te in  and th e  l inkage  region ( =  LR). LS =  th e  long 
sequence  o f  core p ro te in  ShS: the  sh o r t  sequence of core  p ro te in  D =  chondro it in  su lp h a te  
(ChS) d o u b le t  b ound  to  ShS. D o ts  on  th e  ShS port ion  re p re se n t  b inding amino acids t o  w h ich  
GAG c h a in s  are b o u n d  th ro u g h  tr isacch a r id es  m a rk e d  w i th  hexagons.  The  len g th  of a GAG

chain  indicates 50 n m
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d iv ided  in to  re p e a tin g  u n its . A cco rd in g  to  Mathew s [58], each perio d  consists  
o f  a long and  a sh o rt sequence (F ig . 3). T he long  sequence is u su a lly  com posed  
o f  35, and  th e  sh o rt sequence o f  10, o r less, am ino  acids. T he long seq u en ce  is 
sensitive  to  p ro teo ly tic  enzym es, w hereas th e  sh o rt one is re s is ta n t to  enzym es 
ex cep t p a p a in  an d  p ronase. In  th e  so-called d o u b le ts , tw o GAG ch a in s  a re  
b o u n d  to  th e  sh o rt sequences. Core periods c o n ta in in g  m ore GAG ch a in s  m ay  
also ex ist [13].

On th e  basis o f th e ir  am ino  ac id  com position  an d  p a r tic ip a tio n  in  in te r 
ac tions, th re e  d ifferen t segm en ts can  be d is tin g u ish ed  in  th e  core p ro te in  o f  
P G  (PG s) e x tra c te d  from  d iffe re n tia te d  hyaline  cartilage  [29, 39, 40 , 42] (F ig. 
3). The longest p a r t  o f th e  core is th e  chondroitin sulphate-binding region  (F ig. 
3 =  ChS B R ). T his p a r t  o f p o ly p e p tid e  is o f v a rio u s leng ths, has an  e x te n d e d  
co n fig u ra tio n  and  is rich in  se rin e , th reo n in e  an d  glycine. T he serine  residues 
o f  th is  region b in d  th e  ChS ch a in s , a to ta l  of a b o u t 100. T he th re o n in e  residues 
o f  th e  region b in d  ab o u t 20 %  o f  all K S chains to  be found  in  P G S . ChS B R  
is th e  m ost v a ria b le  p a r t  o f th e  core, being  liab le  to  change w ith  species, tissu e  
an d  age.

T he second, sh o rte r p a r t  o f  th e  core is th e  so-called keratan sulphate  
linkage region (F ig . 3 =  K S B R ). T his p a r t  of p o ly p ep tid e  has an  ex te n d e d  
con fig u ra tio n  and  is rich in  g lu tam ic  acid an d  p ro line. I t  b inds a b o u t 50%  
o f th e  K S chains p resen t in  P G . T he KS chains are  linked  b y  a lk a li-s ta b le  
b o nds to  th e  g lu tam ic  acid or g lu ta m in e  p resen t in  th e  core. T he K S ch a in s  are 
sh o rte r  and  h av e  low er m o lecu la r w eights th a n  th e  ChS chains. ChS B R  and  
K S  B R  co n ta in  d ifferen t an tig en ic  d e te rm in a n ts  [46]. The an tig en ic  d e te rm i
n a n ts  o f th e  core p ro te in  lo ca ted  in th e  v ic in ity  o f  th e  link p re sen t b e tw een  
GAGs an d  core p ro te in  (= lin k ag e  region) rep re sen t th e  so-called  species- 
com m on an tigen ic  d e te rm in a n ts  o f th e  connective  tissues [91]. A  s t ru c tu ra l  
s im ila rity  in  th e  sh o rt sequence o f  th e  core p ro te in  o f all an im al species s tu d ie d  
m ay  accoun t fo r th e  species-com m on an tig en ic ity  of th is  region [58, 60]. 
T he an tig en ic ity  o f core p ro te in  m ad e  possible to  p erfo rm  im m une h is to ch em ica l 
in v estig a tio n s on non-collagenous p ro te in s . R ecen tly , core p ro te in  f ila m e n ts  
h av e  been d em o n stra ted  in  th e  ca rtilag e  m a tr ix  b y  m eans of im m u n e  e lec tro n  
h istochem ical m eth o d s in our I n s t i tu te  [26] (Fig. 4). T his m ethod , or its  ad v a n c e d  
form  by  using  m ore specific an tib o d ie s , offers new  possib ilities in th e  in v e s t i
g a tio n  of th e  m a tr ix  s tru c tu re . T h e  m eth o d  seem s to  be prom ising  in  th e  f in e r  
localiza tion  o f th e  core p ro te in  re la tiv e  to  o th e r  com ponen ts o f th e  m a tr ix .

T he th ird  p a r t  o f th e  core  p ro te in  is sy n th esized  only by  c a rtila g e  cells. 
T h is is a region w ith  a m o lecu la r w eigh t o f 9 x l 0 4 daltons, and i t  is rich  in 
a sp a rtic  acid , m eth ion ine  an d  cy ste in e , and  has a g lobu lar co n fig u ra tio n . No 
ch o n d ro itin  su lp h a te  and  only  a sm all am o u n t o f k e ra ta n  su lp h a te  is b o u n d  to  
th is  p a r t  o f th e  po lypep tide  b a c k b o n e . T he m o st im p o rta n t p ro p e r ty  o f  th is  
reg ion  is its  h igh  a ffin ity  and  n o n -co v a len t linkage to  a d ecasaccharide  u n it  of

A d a  liiologica Academiae Scientiarum Hungaricae 29, 1978



212 L . M Ó D IS

th e  filam en to u s  h y a lu ro n ic  ac id  p resen t in  c a rtila g e  m a trix  [31, 33, 34]. The 
te rm  hyaluronic acid-binding region refers to  th is  p ro p e r ty  (Fig. 3 =  H A  B R ). 
T h e  linkage  to  h y a lu ro n ic  acid  is higly specific . No b ind ing  to  o th e r  GAG 
m olecu les tak es  p lace ev en  i f  these are v e ry  s im ila r  to  H E  in s tru c tu re . In  
sp ec ific  b ind ing , w hen  th e  co rresponding  seg m en t of H A  is recognized , a r 
g in in e , t ry p to p h a n , ty ro s in e  residues, and  ly sine  e-am ino groups are  involved . 
F o r  th is  “ recognizing”  a n d  b in d in g  fu n c tio n  an  in ta c t  te r t ia ry  s tru c tu re  of 
th is  reg ion  is also re q u ire d . T his s tru c tu re  is s tab ilized  b y  5 to  7 d isu lph ide 
b r id g e s .

T h e re  are few d a ta  on  th e  conformation o f  PG core protein. E y r i n g  and  
Y a n g  [20] suggested  th a t  th e  p o lypep tide  core h as  no secondary  s tru c tu re . 
O n  th e  basis o f X -ra y  d iffrac tio n  p ic tu res o f  P G  m olecules [6, 11, 79], th e  
o n ly  conclusions t h a t  can  b e  d raw n is th a t  th e  helica l con fo rm ation  o f GAG 
c h a in s  in  P G is  id en tica l w itli th e  conform ation  o b serv ed  in  pu re  GAG p re p a ra 
t io n s . On th e  basis o f CD m easu rem en ts , G e l m a n  et al. [23] h av e  fo u n d  th a t  
in  th e  case o f PG  in te ra c tio n  w ith  p o ly (L -arg in ine), or po ly(L -lysine) alpha- 
h e lic a l conform ation  is in d u c e d  in  ab o u t 4 0 %  o f  th e  core p ro te in . T hese in 
v e s tig a tio n s  are o f p a r t ic u la r  in te res t because  th e  in te rac tio n  b e tw een  PG  
a n d  th e se  basic h o m o p o ly p ep tid e s  is v e ry  s im ila r  to  th e  P G -collagen in te r 
a c tio n  occurring  in  th e  m a tr ix  un d er physio lo g ica l conditions.

S tructure o f the linkage region

GAG chains fo rm  co v a le n t bonds w ith  p re fe re n tia l am ino acid  residues 
(b in d in g  am ino acids) o f  th e  core p ro te in  th ro u g h  an  oligosaccharide s tru c tu re . 
T h e  am ino  acid residue  a n d  th e  oligosaccharide to g e th e r  c o n s titu te  th e  linkage 
re g io n  (F ig. 3 =  L R ). T h e  o rd e red  sequence o f  th is  region in  th e  case o f  Ch4S, 
C h6S , DS and  H  m olecu les is: serine-D -xy lose-D -galac tose-D -galac tose  [52, 
84 ]. Som e au th o rs  su g g est t h a t  in  th e  case o f  G A G  m olecules c o n ta in in g  D- 
g lu cu ro n ic  acid, th e  f i r s t  g lucuron ic  acid re s id u e  o f th e  GAG is also involved  
in  th e  s tru c tu re  o f t in 1 lin k a g e  region. This f ir s t  u ro n ic  acid residue is a tta ch ed  
to  D -ga lac tose  b y  a g lucosy l uronic  tran sfe ra se  th a t  differs from  th e  one res
p o n s ib le  for th e  ad d itio n  o f  th e  subsequen t g lu cu ro n ic  acid residue in th e  GAG 
c h a in . O n account o f th is  b io sy n th e tic  d is tin c tio n , th e  f irs t uronic acid residue 
is ta k e n  to g e th e r w ith  th e  n e u tra l sugar seq u en ce  to  com prise th e  linkage 
re g io n  o f th e  p ro teo g ly can  [52, 60].

O th e r  s truc tures  o f  l inkage  region are also kno w n .  I n  th e  case of hya lu ron ic  acid the  
fo l low ing  sequence of th e  l inkage  region was supposed:  serine  or threonine-arabinose-glucose- 
g lucose  [113]. I t  is an  u n se t t le d  quest ion ,  however, w h e th e r  hya luron ic  acid does or does not 
e x is t  in  p roteoglycan form. T h e  linkage region of cornea l  k e r a t a n  su lphate  is composed of 
a sp a ra g in e  or g lu tam ate-N -ace ty lg lu co sam in e -m an n o se -m an n o se  [12]. The skeletal  k e ra tan  
s u lp h a te  is bound  to th e  core p r o t e in  th ro u g h  a l inkage reg io n  w ith  b ranched  s t ru c tu re .  Avail
able  d a t a  suggest the  following sequence:  serine or th reo n in e  or g lu tam ate-N -ace ty lga lac tosa -  
m in em an n o se .  As a  side cha in ,  a  ga lactose-N -ace ty lneurarn in ic  acid sequence is l inked  to  the  
N -ace ty lga lac tosam ine  [43].
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T h e linkage reg ion  a n d  its  im m ed ia te  e n v iro n m e n t have th ree  b io log ica l 
fu n c tions. F irs t , i t  connects th e  p a rts  o f  th e  P G  m olecule. The second fu n c tio n  
is th e  role in  GAG b io sy n th esis . W hile th e  b io sy n th esis  o f core p ro te in  is 
gene tica lly  coded, th e  b io sy n th esis  o f p o ly sacch arid e  chains is no t. A ssem bly  
o f th e  m onosaccharide  residues o f th e  lin k ag e  reg ion  an d  a tta c h m e n t o f  th e  
GAG chain  requ ires th e  seq u en tia l action  o f d iffe ren t glycosyl tran sfe ra se s , 
in  th e  case o f  ChS, for ex am p le , th e  im m ed ia te  v ic in ity  of th e  b in d in g  am ino  
acid (e.g. serine) on th e  core p ro te in  is “ recogn ized”  by  xylosyl tra n s fe ra se , 
w hich b inds th e  f irs t  m onosaccharide  (xylose) to  th e  serine. I t  is fo llow ed 
by  th e  ad d itio n  o f su b se q u e n t sugar residues in  p ro p e r  sequence. T he accep to r 
specific ity  of th e  grow ing po lysaccharide  c h a in  fo r th e  n ex t g lycosyl t r a n s 
ferase is d e te rm in ed  b y  th e  n a tu re  o f th e  te rm in a l su g ar residue. T h u s , th e  
linkage region serves a s ite  o f in itia tio n  fo r GAG b iosyn thesis  [58, 60, 84]. 
T he th ird  fu n c tio n  of th e  linkage region is th a t  th e  core sequence in  its  im m e d i
a te  v ic in ity , w hich is a phy lo g en e tica lly  a n c ie n t p o rtio n , rep resen ts th e  species- 
com m on an tig en ic  d e te rm in a n t o f co nnec tive  tissu es .

Size  and shape o f  proteoglycans

T h e d im ensions o f p ro teog lycans h av e  been  deduced  from  b iochem ica l 
assays o f  p ro teo g ly can  com ponen ts (th e  av e rag e  dim ensions are show n  in 
F ig . 3). O n th e  basis o f  th e se  d a ta , severa l h y p o th ese s  have heen b u ilt . T h ey  
o b ta in ed  su p p o rt from  p h y sica l an d  electron-m icroscop ic  in v estiga tions ca rr ied  
ou t on iso la ted  p ro teo g ly can  p rep a ra tio n s . T h e  p ro teog lycan  m olecule h a s  a 
h o ttle -h ru sh  like form  (F ig . 3, p a r t  a). T he b r is tle s  o f th e  b rush  are  th e  GAG 
chains w ith  an  ex te n d e d  con figu ra tion  a n d  helical conform ation  a rra n g e d  
p e rp en d icu la rly  to  th e  axis of th e  b ru sh , w h ich  is th e  core p ro te in . W e do n o t 
know  how  th is  m o lecu lar shape can be m od ified  in  th e  m a trix  b y  v a rio u s  
in te ra c tio n s . B y d e te rm in a tio n  o f e lec tric  b irefringence  (KERR-cffect) of 
p ro teo g ly can  so lu tio n s, F oweraker e t al. [21] concluded th a t  th e  h y a lin e  
ca rtilag e  PG  m olecules are p ro la te  ellipsoids o f 380 (Jz20) nm  le n g th  a n d  of 
40 nm sem im inor axes. T he len g th  o f th e  ellipsoid  is consisten t w ith  o th e r  d a ta  
on th e  len g th  o f th e  core p ro te in , an d  th e  h a lf  o f th e  sh o rte r ax is c o rre 
sponds to  th e  average  len g th  o f a ChS cha in . W ith  electron-m icroscopic  in v e s t i
g a tions o f a m onom olecu lar lay er m ade from  a m ix tu re  of iso lated  P G  m olecules 
and  cy toch rom e-C -oxydase, th e  shape  a n d  size o f PG  m olecules cou ld  be 
d irec tly  s tu d ied  [88]. T he m ost im p o r ta n t d a ta  are  sum m arized  in  T ab le  2. 
T h e  b o ttle -b ru sh -lik e  sh ap e  supposed  on th e  basis o f  b iochem ical an d  p h y sica l 
d a ta , has been con firm ed  by  elec tron  m icroscopic in v estiga tions. T h e  e lec tro n  
m icrog raphs show ed c lu s te r  fo rm a tio n  o f GAG ch a in s , each c lu s te r co n sis tin g  
o f  fo u r GAG chains [41, 109]. T his p h en o m en o n  is illu s tra ted  in  F ig . 3, p a r t  b. 
I t  is c lear th a t  th e  n u m b e r o f GAG side ch a in s  in  T ab le  2 refers to  th e  n u m b e r
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Table 2

D im en sio n s o f  isolated proteoglycan molecules on the basis o f  electron microscopic investigations

Core length GAG side chains
Heferences( ini)

num ber lengi h (nm)

Bovine nasal cartilage
(BNC) 203 340 19 30 48 54 R o se n b e r g  et al. [8 8 ]

BNC 170 340 20 24 52 -54 W E L I.A l ER et al. 1115]

BNC
Bovine t rachea l  cartilage 
Guinea pig costal  cartilage

240 360 23 45 T h y b e r c  [109]

BNC 170 - 3 7 0 2 3 39 46 L o h m a n d e r  [53]

o f c lu s te rs  ra th e r  th a n  th e  real q u a n ti ty  o f  GAGs. The occurrence o f c lu sters  
seem s to  su p p o rt th e  concept th a t th e  core p ro te in  m ay  be d iv ided  in to  periods 
acco rd in g  to  th e  period ic  GAG b ind ing  (F ig . 3, p a r t  c).

T he  electron  m ic rographs  m ay  also he used for th e  te n ta t iv e  est im ation  of th e  m olecular  
w e ig h t  of th e  whole P G  molecule and  t h a t  of its c o m p o n e n ts .  In  the calculation, an  am ino  acid 
res idue  was considered  to be 0.25 nm  long w ith  a m olecu lar  weight of 100 da l tons ,  an d  a 
d isacchar ide  was ta k e n  to be 1.0 nm long h av in g  a m olecular  weight of 500 d a l to n s  [53]. 
S ta r t in g  from  these  d a ta ,  a 300 nm long PG molecule w i th  100 GAG chains each  45 n m  long, 
has  a m olecu lar  weight in the  o rder  of 2.4 X 10° d a l to n s  [53]. This is in good corre la t ion  w ith  the  
b iochem ical  m olecular  weight range:  0 .7 -  3.8 X 106 d a l to n s  [37]. On the  basis of  th is  principle,  
th e  n u m b e r  of anionic  charges of a PG molecule w as  calcu la ted  to be 9 X 103.

PG  m olecules, ow ing to  th e ir  h e te ro g e n e ity  and p o ly d isp e rs ity , show  
g rea t v a r ia tio n s  in sh ap e  an d  size, even w ith in  th e  sam e tissue. T he s tru c tu ra l

Table 3
I n  the course o f  evolution o f  vertebrates the fo llo w in g  princ ip les can be recognized 

in the structure o f C h S— PG.

Constant s truc tu ra l features V ariant s tructural features

1. Molecular arch itec tu re 1. T he  leng th  6f ChS binding region in the
(bottle-brush-like  a t t a c h m e n t  of GAG to a core pro te in
core)

2. T he  len g th  of the  HA- an d  KS-hintling 2. T h e  am ino  acid sequence of th e  long
regions in the  core pro te in sequence

3. T he  “ d o u b le t”  chain subs truc tu re 3. T he  n u m b er  of GAG chains bound  to  the
core

4. The  am ino  acid sequence and the  length of 4. T h e  leng th  of GAG chain
the  shor t  sequence

5. T he  len g th  of the long sequence 5. Degree of sulphation of GAGs

6. The  b ind ing  amino acid residue and neutra l 6. Microheterogeneity  of GAG chains
sugar  sequence on the linkage region

7. S u b s t i tu t io n  of other glycosaminoglycans
(e.g. KS) for polypeptide
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p rincip les have  h a rd ly  c h an g ed  du ring  ev o lu tio n , h u t  num erous v a r ia n ts  on 
th e  com position  and  size can  he found . W hen f in e r  d a ta  will he o b ta in e d , th is 
s tru c tu ra l v a r ia b ility  m ay  help  to  explain  c e r ta in  fu n c tio n a l d ifferences of 
connective  tissue m atrices . F o r illu s tra tio n  o f th is  concep t, we have  sum m arized  
th e  s tru c tu ra l p rinc ip les, w h ich  are c o n s ta n t o r chang ing  d u rin g  evo lu tion , 
in p ro teo ch o n d ro itin  s u lp h a te , w hich is th e  m ost f re q u e n t p ro teo g ly can  
m olecule in v e rteb ra tes  [29, 59] (T able 3).

3. Proteoglycan aggregates

In  cartilage  tissu e  m a tr ix , th e  m a jo rity  o f p ro teog lycans a re  p resen t 
in th e  form  o f m u ltim o lecu la r aggregates. P rev io u sly  it was supposed  th a t  th e  
aggregates arise from  th e  a t ta c h m e n t of PG  m olecules and g ly co p ro te in  [35]

Fig. 4. Im m u n e  electron h is tochem ical  reaction  of non collagenous prote ins in  bov ine  nasal 
cartilage m atr ix ,  modified from  G l a n t  et al. [26] .  Im m u n e  peroxidase  reac tion  was carried 
o u t  af te r  hyaluron idase  d iges tion ,  no counte rs ta in ing  w i th  heavy  m eta l,  sa l ts  was applied. 
Non collagenous p rote ins a p p e a r  as fine granules a n d  fi lam en ts  (arrows) on th e  collagen fibrils 

and  in their  vicinity. Scale: 0.5 /mi

2* Acta Biologica Acadetniae Scientiarum Hungarian' JO, 197H



2 1 6 L . M Ó D IS

H a r d i n g h a m  and  M űm  [30] h av e  d e m o n s tra te d  th a t  th e  agg rega te  resu lts 
f ro m  in te ra c tio n  of P G  m olecu les and filam en to u s  hy a lu ro n ic  acid m olecules. 
U sin g  equ ilib rium  d e n s ity -g ra d ie n t u ltra c e n tr ifu g a tio n  u n d e r assoc ia tive  and 
d isso c ia tiv e  conditions, i t  w as d em o n stra ted  t h a t  th e  agg reates consist of 
th r e e  p a r ts :  PG ( =  PG S), H A , and  the  so-called  p ro te in  link  [30, 31, 32, 33, 
34, 40 , 67]. As described  in  P a r t  2, a region o f th e  core p ro te in  w ith  a special

-  12000 Â

HA

MW- ю 7-  108

I

F ig. 5. Two-d im ensional  scheme of p ro teo g ly can  aggregate p re se n t  in cartilage m a t r ix  composed 
on th e  ba s is  o f  references [29, 30, 31, 33, 34, 67]. In  the  u p p e r  par t  of  the  figure, a f i lam en to u s  
h y a lu r o n ic  acid (HA) molecule, a b o u t  1200 nm  long, w i th  24 p ro teog lycans ,  each ab o u t  300 nm 
long, a re  delineated. The core p r o te in s  of  proteoglycan m olecules are bound  to  PIA by the ir  
ends  o f  g lo b u la r  configuration  (h y a lu ro n ic  acid-binding reg ion  - H A  B R ) a t  a d is tance  of 
a b o u t  30 n m  from  each o ther .  T he  m o lecu la r  weight of th e  aggrega te  is in the  o rder  of 10" 10H.
T he  f r a m e d  port ion  of the  a g g reg a te  is show n with  h igher m agn if ica t ion  in th e  lower p a r t  of 
th e  f igu re .  H ere ,  we can see a p o r t io n  of H A  w ith  3 p ro teog lycans  a t t a c h e d  by  m eans  of PIA BR 
w i th  g lo b u la r  configuration. T he  g lo b u la r  region passes to  th e  l inear p a r t  of th e  core p ro te in  
w hich  b in d s  k e ra ta n  su lpha te  (K S )  molecules.  The in te rac t io n  be tw een  hyaluron ic  acid and  
PIA B R  reg ion  of core p ro te in  occupies  an  area  ab o u t  5 n m  long  on the  H A  chain. The  linkage 

between H A  a n d  PIA B R  is stabil ized b y  l ink  p ro te in  (LP)
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s tru c tu re  is responsib le fo r HA b in d ing  in th e  PG  m olecule. W ith in  th e  h y a lu 
ronic  acid m olecule, h av in g  a m olecu lar w eigh t o f  5 x l 0 5 daltons an d  a len g th  
o f 1200 nm  (400—4000 nm ), a d ecasacch arid e  p a r t  is the  m in im um  len g th  
(4— 5 nm ) w hich can b ind  PGS (F ig  5, low er p a r t) .  This b in d in g  is h igh ly  
specific , it does n o t occur if  HA is rep laced  b y  chondro itin  in th e  sy s tem , 
th o u g h  these  tw o GAGs differ only in th e  co n fo rm atio n  of hcxosam inc C4— O H . 
T h e  in te rac tio n  is n o t co v a len t bu t p a r t ly  H -b o n d , and p a rtly  ion ic  b in d in g . 
O ne H A  m olecule can  b ind 30 to  40 P G S  an d  th e  d istance  betw een  th e  PG S 
m olecules bound is a p p ro x im a te ly  30 n m  (F ig . 5). The bond is s tab iliz ed  b y  
one or tw o p ro te in s p resu m ab ly  o f  g ly co p ro te in  in n a tu re  (p ro te in  links) 
[29, 33, 34, 67]. T he m olecular w eigh ts of link  pro te ins are: 4 5 x l 0 ' ! an d  
6 5 х Ю :! d a ltons, re sp ec tiv e ly  [33, 67]. One p a r t  of these  p ro te in s  b in d s  to  
th e  g lobu la r region o f PG S, th e  o th e r  p a r t  to  a p o rtio n  of th e  H A  m olecule 
(F ig . 5, low er p a r t) . T he n a tu re  of th is  linkage is n o t know n.

F rom  th e  in te rac tio n s  m en tioned  ab o v e , a g ian t su p ram olecu la r com plex  
arises w ith  a m olecular w eigh t o f th e  o rd e r  107— 10s daltons. I ts  s te ric  s tru c tu re  
m ay  be im agined as a long strin g  (H A ) to w hich  30—40 b o ttleb ru sh es  (PG S) 
a re  a tta c h e d  a t reg u la r d is tan ce  from  each  o th e r , an d  in a lte rn a tin g  d irec tio n . 
T h is s tru c tu re  is i llu s tra te d  in a tw o -d im en sio n a l schem e in Fig. 5. E lec tro n - 
m icroscopic in v estig a tio n s of iso la ted  P G -aggrega tes have su p p o rte d  th is  
a ssu m p tio n  (37]. M orphological ev idence  has been  o b ta ined  th a t  h y a lu ro n ic  
ac id -p ro teog lycan  in te ra c tio n  rep re sen ts  a phenom enon  occurring  p h y sio lo g i
ca lly  in th e  cartilage  b o th  in tra - an d  e x tra c e llu la r ly  [82].

The function  o f aggregates is n o t  fu lly  u n d ersto o d . P re su m a b ly , th e  
h ierarch ic  s tru c tu re  o f  th e  aggregate  h as  an  im m obiliz ing  effect on P G  m olecu 
les in  th e  cartilage  m a tr ix , and  red u ces th e  se n s itiv ity  of PG  m olecu les to  
p ro teo ly tic  enzym es [67]. E lastic ity , one o f th e  essen tia l m echanical p ro p e rtie s  
o f th e  cartilage  m a tr ix  is due to  th is  h ig h ly -o rien ted  s tru c tu re . In  n o rm al 
ca rtilag e  m a trix , on ly  a m ino r p a r t  o f  PG s is no il-aggregated . T h e  p ro p o r
tio n  betw een  th e  ag g reg a ted  and п о п -ag g reg a ted  form s changes w ith  age. 
U n d e r pa th o lo g ica l cond itions, e.g. in  o s te o a rth r itis , th e  q u a n t i ty  o f PG- 
agg regates dim inishes [67], and  th is  m a y  ex p la in  th e  severe d y sfu n c tio n s  o b 
served  in th is d isease. I t  m ay  be n o te d  th a t  m inera liza tion  of th e  ca rtilag e  
m a tr ix  is p receded  b y  a m ark ed  re d u c tio n  in agg rega ted  PG [44]. I t  is su p p o sed  
th a t  aggregated  PG  in h ib its  ca lc ifica tion , w hile non -aggregated  P G  m a y  form  
th e  organic m a tr ix  req u ired  for th e  d ep o sitio n  o f calcium  cry sta ls .

I t  m ay  be also supposed  th a t  th e  agg rega tes p lay  a role in th e  fo rm a tio n  
o f  collagen s tru c tu re  ch a rac te ris tic  o f  h y a line  cartilage . I t  rem a in s  to  be 
in v e s tig a te d  w h e th e r th is  cartilage-specific  sup ram olecu la r s tru c tu re  has 
a n y  specific fu n c tion .
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4. Proteoglycan-collagen interaction

T he in  vitro a n d  in  vivo  in te rac tio n s o f  co llagen  and  g lycosam inog lycans 
a rc  know n since' long . T h e  in te rac tio n  d ep en d s on the  pH , ionic com position  
an d  ionic s tre n g th  o f  th e  env ironm en t, a n d  i t  is th o u g h t to  be e le c tro s ta tic  
in  n a tu re  [56, 60, 77, 78]. E xcluded  vo lum e effec ts  and  hydrogen  bon d in g  a re  
also  im p o r ta n t an d  o p e ra te  s im u ltaneously  w ith  e lec tro sta tic  fac to rs in GAG- 
co llagen  in te ra c tio n s  [49, 60].

T he e le c tro s ta tic  in te ra c tio n  occurs b e tw een  th e  anionic g roups o f 
GAG chains and  th e  p ro to n a te d  n itrogen  o f  ly sin e , hydroxy lysine  an d  arg in ine 
resid u es of th e  co llagen . D ue  to  th is  in te ra c tio n , b o th  th e  nu c léa tio n  an d  th e  
g ro w th  phases o f fib rillogenesis are in fluenced  b y  GAGs [77, 78]. T h e  re ta rd 
ing  o r accelera ting  in flu en ce  of diffent GAGs on fibrillogenesis is d ep en d en t 
u p o n  th e  ty p e , th e  ch a rg e  density , th e  le n g th , an d  th e  con fo rm ation  o f th e  
G AG m olecule. As c o m p a re d  to  o ther GAGs, d e rm a ta n  su lpha te  and  its p ro teo 
g lycans in te ra c t m ore effec tively  w ith  co llagen  [22, 110]. This s tro n g  reac tio n  
is p ro b a b ly  due to  th e  spec ia l conform ation  o f  D S (see P a r t  1). A ccord ing  to  
re c e n t stud ies, th e  in te ra c tin g  capacity  o f  GAGs w ith  collagen is d e te rm in ed  
by  th e  degree o f su lp h a tio n  of th e  GAG m olecu le  [70, 71, 72, 73]. As a conse
quence  o f th e  s im ila r d irec tio n  of ro ta tio n  o f th e ir  helices, GAGs o f h igh  su l
p h a te  co n te n t are lin k ed  s tro n g ly  to  collagen [73]. i n  view  of th e ir  h igh  charge 
d e n s ity , these  com plexes rep e l each o ther an d  in h ib it fibrillogenesis. C h ondro itin  
su lp h a te  w ith  m ore e x te n d e d  helical s tru c tu re  a n d  low er degree o f su lp h a tio n , 
on the  o th e r h an d , p lay s a decisive role in fib rillogenesis. A m in im al leng th  
o f  15— 20 nm  in th e  ch o n d ro itin  su lp h a te  ch a in  is requ ired  to  b in d  tro p o - 
c o llagen m olecules [73].

P ro teog lycans in te r a c t  w ith collagen s tro n g e r  th a n  th e ir  iso la ted  g lycos
am inog lycans [60]. A cco rd in g  to  m odel e x p e rim e n ts , th e  GAG side chains of 
th e  P G  can hind 25— 30 tropoco llagen  m olecules [76]. It teas su p p o sed  th a t  
linkages develop also b e tw een  core p ro te in  an d  collagen during  co llagen-P G  
in te ra c tio n  [76]. E lec tro n  m icrographs p re p a re d  in  th e  course o f im m u n o 
h is to ch em ica l assays o f non-collagenous p ro te in  also show close in te rco n n ec 
tio n s  betw een  these  p ro te in s  and  collagen fib rils  (F ig . 4). This ty p e  o f  in te r 
a c tio n , how ever, rem a in s  to  he verified .

T he p re d o m in a n t ion ic  ch a rac te r of G A G -collagen in te rac tio n  w as p roven  
b y  th e  com peting  effects o f  m icro-ions. In c re a s in g  th e  ionic s tre n g th  d im in ishes 
or b locks the G A G -collagen in te rac tion  in  m odel experim en ts [1, 56, 57, 77, 
78, 92]. P ro b ab ly , th e  in  vivo  G A G-collagen in te ra c tio n  is also d ep e n d e n t on 
th e  ionic s tre n g th  a n d  com position  of th e  e x tra c e llu la r  env ironm en t.

Accepting  th is  sup p o s i t io n ,  we m ay  speculate  on th e  problem  of ageing of t h e  m a t r ix  
s t ru c tu re .  W ith  the  aid o f  X - r a y  microanalysis P i e r i  et al. [80, 81], Zs.- N a g y  e t  al. [119] 
h a v e  d em o n s tra ted  a m a rk e d ly  increased m icroca tion  co n ce n tra t io n  in nuclei of ageing cells.
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According to  these  au thors ,  this process inh ib i ts  D N A -p ro te in  in te rac t ion  an d  r e su l ts  in an  
a l te ra t io n  o f  p ro te in  synthesis of  the  cell. A similar process o p e ra t in g  in the m a t r ix  m a y  reduce  
th e  GAG-collagen in teract ion . Such a m echan ism  m ay  exp la in  the  phenom enon  t h a t  a  s t ru c tu re  
com posed  o f  coarse aggregated f ib rous  collagen develops in t h e  extracellular  m a t r ix  o f  c e r ta in  
ty p es  o f  connective  tissue w ith  a d v an c in g  age. I t  should  no t  he forgotten  t h a t  a possible in 
crease in th e  ex trace l lu la r  electrolyte  co n ce n tra t io n  m a y  he o idy  one aspect in t h e  i n t e r p r e t a 
tion of changes in extracellular  m acrom olecu la r  in te rac t io n s  associated with  age; th e  b i o s y n th e 
t ic  a n d  d e g rad a t io n  activit ies of cells change  also in the  ageing connective tissue.

As a re su lt o f G A G -collagen in te ra c tio n , th e  tw o com ponen ts becom e 
sp a tia lly  o rien ted  in  re la tio n  to  one a n o th e r. B iochem ists have su rm ised  for 
a long tim e  th a t  collagen fib rils  an d  GAG chains show  a para lle l o r ie n ta tio n  
[56, 60, 93]. T he supposition  has been  verified  b y  m orphologists w ith  p o la ri
zation-m icroscop ic  m ethods [64, 65, 66, 69, 85, 86]. A ccording to  m a n y  obser
v a tio n s , th e  GAG m olecules are n o t am o rp h o u s com ponents o f th e  m a tr ix , 
h u t th e y  form  a m icellar s tru c tu re  along th e  collagen fibres. T he p h y sio log ica l 
im p o rta n c e  o f th e  organized  GAG s tru e tu re  is n o t fu lly  u n d ersto o d . I t  m a y  be 
su p p o sed  th a t  th e  o rien ted  GAG s tru c tu re  p lays a role in  the  fo rm a tio n  o f  th e  
reg u la r  collagen s tru c tu re . T h is p o ssib ility  has been  raised by  sev era l a u th o rs  
[27 61, 116]. In  connection  w ith  th is , W e i s s  [116] expressed  th e  fo llow ing 
o p in ion : “ . . . hyaline  g round  su b stan ce  in re a lity  possesses d e fin ite  s t ru c tu ra l  
o rd e r analogous to  c ry s ta llin ity ” . M e y e r  [61] has suggested  th a t  th e  GAG 
m olecules “ arc  a code o f e x tra c e llu la r  in fo rm a tio n  for the a r ra n g e m e n t of 
o rg an iza tio n  o f th e  f ib rilla r p ro te in s , ch iefly  collagen fib rils” . T h is  “ code 
fu n c tio n ”  p resupposes th e  ex istence  o f o rgan ized  GAG m olecules. B y  m eans 
o f th e  to p o -o p tica l m ethod , we succeeded  in v e rify in g  these  a ssu m p tio n s . W e 
h av e  also d em o n stra ted  th a t  th e  o rgan ized  GAG s tru e tu re  w as th e  f i r s t  to  
a p p e a r  in th e  course of em bryon ic  d iffe re n tia tio n  of th e  cartilage  m a tr ix  [62, 
65] (F ig . 6a, b). This is follow ed b y  th e  ap p e a ra n ce  o f  o rien ted  co llagen  s tru c 
tu re . As a resu lt o f G A G -collagen in te ra c tio n , th e  degree of GAG o r ie n ta tio n  
increases a t  th is  tim e  (F ig. 6 c,d).

T h e  o rien ted  GAG s tru c tu re  is p ro b a b ly  in v o lved  in anabo lic  a n d  c a ta 
bolic p rocesses o f the  cartilag e  m a tr ix . W e h av e  d em o n stra ted  th a t  th e  so- 
ca lled  o steo cy te  capsule su rro u n d in g  th e  bone cell and its p rocesses has a 
su b m icroscop ica lly -o rien ted  GAG s tru c tu re , and  th e  GAG chains a re  a rran g ed  
p a ra lle l to  th e  cell m em b ran e  [62, 66] (F ig . 7a). T he tra n sp o r t  o f  m a te ria ls  
be tw een  th e  p eriv ascu la r spaces an d  cells ta k e s  p lace  in th e  o s teo cy te  capsu le . 
Im m u n o h isto ch em ica l in v es tig a tio n s  carried  o u t in  th is  I n s t i tu te  in d ica te  
t h a t  th is  o rien ted  GAG s tru c tu re  is b o u n d  to  th e  core p ro te in  t h a t  ca rrie s  the  
a n tig en ic  d e te rm in an ts  of hone tissu e  [25] (F ig . 7b). E x p e rim e n ta lly  in d u ced  
in ju ries  slacken  or abolish th e  o rien ted  s tru c tu re  o f th e  osteocyte  c ap su le  [66].

T he in te ra c tio n  betw een  p ro teo g ly can s  an d  collagen has, th e re fo re , th ree  
consequences: it induces fo rm atio n  o f  f ib r illa r  collagen, stabilizes th e  o rien ted  
collagen  s tru c tu re , and  increases th e  degree o f  o rien ta tio n  o f G A G  cha ins.

Aclu lliologica Acadcmiae Scientiururn Hungaricae 29, 1978



2 2 0 L. MÓDI S

A cta  Biologica Academiae Scien tiarum  Hungaricae 29, 1978



S T R U C T U R E  O F  C O N N E C T I V E  T I S S U E  M A T R IX 221

Fig. 7. P h o to m ic ro g rap h s  showing the  s t ru c tu re  of o s téo cy te  capsule (OC). (a )  P o r t io n  of 
cortical hone f rom  a d u l t  r a t  p h o to g rap h e d  in polarized  light after  fixation, déca lc if icat ion ,  
and  staining w i th  N ,N-d iethy lpseudoisocyan ine.  S tro n g  ind u ced  birefringence of OC shows 
the  or ien ta t ion  of the  sta ined  GAG molecules.  Scale: 10 //in. b) Por t ion  of bovine  cortical  
bone. Fluorescence-microscopic p ic tu re  d e m o n s tra t in g  in d ire c t  imm unohistochem ical  reac t ion  
performed af te r  f ix a t io n  of the  m ate ria l  in cold ace tone ,  E D T A  décalcification and  hy a lu ro n id -  
ase digestion (m odif ied  from  G l a n t  e t  al. [25]). In d u c e d  fluorescence verifies th e  p resence  of 

non-collagenous proteins.  Scale: 20 /mi

Fig. 6. D e m o n s t ra t io n  of oriented g lycosam inoglycan  s t ru c tu re  in hum an  em bryon ic  car t i lage  
m atr ix  by  to p o -o p tica l  reactions, (a )  Carti laginous b la s te m a  of the posterior l im b  anlage 
from 4-week e m b ry o  af te r  N ,N -d ie thy lpseudo isocyan ine  s ta in ing  for g lycosam inoglycans .  
On common l ig h t  pho tom icrograph  th e  g lycosam inoglycans are m arked  by v io le t  m e ta ch ro -  
masia. (b )  T he  sam e  visual field p h o to g rap h e d  in po lar ized  light.  Induced b irefr ingence  ind i
cates the’o r ien ta t io n  of g lycosaminoglycan molecules. In  t his area ,  no oriented collagen s t ru c tu re  
could be d e m o n s tra ted .  Scale: 50 /zm. (c )  Section from  a knee- jo in t  of an 8-week e b ry o  after 
a selective topo-op tica l  reaction  for collagen p h o to g ra p h e d  in polarized light. T h e  s t rong  
induced b irefringence indicates the  o r ien ted  collagen s t r u c tu r e  of the cartilage m a t r ix .  Scale: 
50 //m. (d )  A r t icu la r  cartilage (deep zone) of a 6 -m on th -o ld  h u m an  embryonic  f e m u r  p h o to 
graphed in po lar ized  light after s ta in ing  w ith  toluidine b lue  a t  pH  3.5. The in d u ced  optical 
act iv ity  of g lycosam inoglycans is co m pensa ted  by  a 13 n m  re ta rd a t io n  value ( th e  slow axis 
of  the c o m p en sa to r  p late  is m arked =  C). Parallel to th e  slow axis of the plate e x t in c t io n  of the 
birefringence ( blue sub trac t ive  anom alous  colour), in  pe rpendicu la r  direction in ten s if ica 
tion of the  b irefringence  ( - orange ad d i t iv e  anom alous  colour)  is seen. The d i rec t io n -d ep en d en t  
d is tr ibu t ion  of the  anom alous colours suggests an  o rd e red  netw ork  of GAGs in t h e  cart i lage  
m atrix .  The sam e  o r ien ta t io n  p a t t e rn  of collagen suggests  the  parallel orienta t ion  of these  two

com ponents .  Scale: 50 /rnn
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T h is  in te ra c tio n  is th e  f in a l s te p  in th e  d ev e lo p m en t of the  h ie ra rch ic  s tru c tu re  
o f th e  m a tr ix . The a ssu m p tio n  th a t  o rd e red  G A G  s tru c tu re  is th e  p reco n d itio n  
o f  th e  fo rm a tio n  o f o rien ted  collagen s tru c tu re  has been verified  in cartilage  
tis su e . T h e  general v a lid ity  o f  th is  s ta te m e n t rem ains to  be in v e s tig a te d .
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Abstract

The behav iour  o f  sialic acids an d  aminohexoses was exam ined  in subacu te  
in tox ica t ion  of 60 guinea pigs w i th  “ E lo c ro n  50 W P ” . Elocron 50 W P  was adm in is te red  
in soy-bean  oil emulsion by m eans  of a  s to m ach  tu b e  for 28 and  85 days.  T h e  da ily  dose 
was 1/3 LD50. F u r th e r  an im als  were k e p t  for 28 days on food sp ray ed  w i th  “ E locron 
50 W P ” . These animals were k e p t  in q u a ra n t in e  during  the period of t r e a tm e n t .  The  
sialic acid level was found to be increased in the  liver a n d  in the o ther  e x a m in e d  organs 
(h e a r t ,  bra in ,  kidney, lung) a n d  slightly  decreased in the  serum. The  am in o h ex o se  level 
was increased in the  h e a r t ,  k idney a n d  bra in ,  and  decreased in the  liver a n d  lungs,  in 
the  early  stage of in tox ica t ion  (28 days)  and  in the  group of th e  so-called “ fodder”  
an im als .  In  the  late  s tage of the  in to x ica t io n  (85 days) an increased c o n te n t  o f  amino- 
hexoses was observed in the  b ra in  and  in the  k idney ,  the  increase was v e ry  sl ight in 
the  h e a r t  and brain,  whereas in the  lung  tissue th e  aminohexose level w as subnorm al.

Introduction

O w ing to  th e ir  sh o rt p ers is ten ce  in  th e  en v iro n m en t and  th e ir  low  to x ic ity  
fo r ho m o io th erm s ca rb a m a tes  have  been  used w idely . H ow ever, c a rb a m a te s  
are  n o t q u ite  safe because th e y  are  s tro n g  in h ib ito rs  o f enzym es, evoke  changes 
in  th e  p ro te in  b iosyn thesis and im p a ir  th e  liver |1 , 3].

T his p a p e r  p resen ts re su lts  o f ex am in a tio n s on th e  in fluence o f  “ E locron  
50 W P  ’, a pu rified  c a rb a m a te  p re p a ra tio n  on th e  tu rn o v e r  of g ly co p ro te in s .

M aterials an d  M ethods

E x p er im en ts  were carr ied  ou t  o n  60 m ale  guinea pigs weighing 350 400 g, aged 6
8 m o n th s ,  k e p t  in the  same condit ions an d  on the  sam e diet.  The  animals were d iv id ed  in to  
5 groups:

Group 1 included 20 an im als  which were given a b o u t  1/3 LI)50/day of “ E locron  50 W P ” 
in so y -b ean  oil suspension by m eans  of a tu b e  for 28 days.

Group 2  included 20 gu inea  pigs which  were given “ Elocron 50 W P ”  for 85 days.  The 
daily  dose was as in group 1.

Group 3 included 10 guinea  pigs fed for 28 days d u r in g  four m orning hours  on  food  sp ra y 
ed w i th  “ E locron 50 W P ” . The  anim als  were k ep t  in q u a ra n t in e  in the  period o f  t r e a tm e n t .  

Group 4 included 5 guinea  pigs which were given only  soy-bean oil by m ean s  o f  a  s to m ach
tube .
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T h e  animals in g roup  5 w ere  given ne ither soy -bean  oil nor “ Elocron 50 W P ” .
G roups  4 and 5 were  considered  as control groups.
A h u n d re d  grams of “ E lo c ro n  50 W P ” was d i lu te d  in 150 ml of e thy l  e the r  a n d  left 

for 15h a t  room  tem p e ra tu re .  T h e n  the  e ther  was e v a p o r a te d  a t  40 °C, and th e  res t  was again 
r in se d  tw ice  with  ether.  40 g a c t iv e  substance d io x ac a rb  (2-( l ,3-dioxolate-2-yl)-phenyl-  
m e th y lc a rb a m a te )  was o b ta in e d  from  100 g of th e  c o m m erc ia l  p rap ara t io n .  600 m g  d ioxa 
ca rb  w as  suspended in 10 m l so y -b e an  oil p rew arm ed to  30 °C and  given to  the  an im als  of 
g ro u p s  1 and  2, 30 m g/kg b o d y  weight/day. Blood was t a k e n  from  the  h e ar t  of in to x ica ted  
a n d  co n tro l  guinea pigs a f te r  28 d a y s  (groups 1 and  3) a n d  85 days  (group 2) of the  a d m in is t ra 
t io n  o f  d ioxacarb .  Then  the  a n im a ls  were decap ita ted  a n d  th e i r  in te rna l  organs a n d  tissues 
were t a k e n  for biochemical ex am in a t io n s .

Aminohexoses were d e te rm in e d  in the liver, h ea r t ,  b r a in ,  lung  and k idney  tissues. Fo r  
th is  p u rp o se ,  the  organs were h y d ro ly sed  in hydroch lor ic  acid,  and  th en  aminohexoses were 
d e te r m in e d  by means of the  E l s e n  —  M o r g a n  m eth o d  a f te r  an  init ial purif icat ion  of th e  h y d ro 
ly sa te s  accord ing  to S p i r o  on co lu m n s  w ith  Dovex 50 x 4  (200 x 4 0 0  mesh) in the  h y drogen  
f ro m  [12, 13].

T h e  extinc tion  was re ad  o n  sp ec tro p h o to m ete r  “ Specol”  a t  535 nm. The  resu lt  was read 
f rom  th e  cal ibra t ion  curve  a n d  ca lcu la ted  per one g ra m  w e t  tissue.

Sialic acids were d e te rm in e d  according to the  m e th o d  o f  W a r r en  [15] in the  sam e t issues 
as am ino h ex o ses  and  in th e  se ru m ;  tissue hydrolysis was car r ied  o u t  in 0.2 N  su lphuric  acid. 
T h e  coefficient of ex t in c t io n  w as  read  im m edia te ly  a f te r  d e c a n ta t io n  in sp ec tro p h o to m ete r  
“ Speco l”  a t  549 nm agains t  th e  re ag e n t  test  including 0.2 ml distil led w a te r  instead  of h y d ro ly s 
ate .  T h e  result  was read  from  a s t a n d a r d  curve co n s t ru c ted  f rom  sy n th e t ic  N -ace ty lneuram in ic  
ac id  a n d  calcula ted for th e  n u m b e r  of //g/g wet tissue or m g/100  ml. Serum aminohexose  was 
n o t  d e te rm in e d  because of t ech n ica l  reasons.

T h e  results were e v a lu a te d  sta tis t ica l ly  [4, 6, 11].

Table 1

S ia lic  acids and aminohexoses in  the k id n ey , lung and brain tissues o f  guinea p igs intoxicated
w ith  “Elocron 50 W P ”

G r o u p  o f  a n im a ls
K id n e y L u n g B ra in

S.A. 11.A . S.A. H .A . S.A. 11.A.

Controls 669 ± 2 4 5 5.32 ±  65 1251 ± 2 7 6 762 ± 1 6 2 1640±665 4 0 3 ± 1 0 2

In to x ic a te d  for
28 d ays 1180 ± 3 6 8 950 ± 1 1 9 1690 ± 5 5 5 745 ± 1 2 4 2520±840 735 ± 2 6 5

t 5.2 14.0 3.16 0.52 4.16 4.8

p < 0 .001 < 0 .0 0 1 0.01>0.001 0 .7 0 > 0 .6 0 < 0 .0 0 1 < 0 .0 0 1

In to x ic a te d  for
85 days 1 0 4 0 ± 3 2 4 6 7 0 ±  85 1690 ± 5 4 0 6 6 4 ± 1 1 0 1750±718 6 0 6 ± 1 7 0

t 4.84 7.04 3.56 3.52 0.66 5.27

p < 0 .0 0 1 < 0 .0 0 1 0.01>0.001 0 .01>0 .001 0 .6 > 0 .5 < 0 .0 0 1

So-called “ fod
d e r”  an im als  in
to x ic a te d  for 28 
days

f.

1 2 0 8 ± 3 7 0 816 ± 103 1714 ± 5 6 0 680 ± 1 0 5 2 6 14±850 580 ± 1 5 5

t 6.16 1 1.88 3.60 3.38 4.84 4.84

p < 0 .0 0 1 < 0 .0 0 1 o .o ia > o .o o i 0 .0 l> 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1

S. A. 
H . A.

=  sialic acids ] ,
=  aminohexoses J 1̂  f
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Results

Tables 1 and 2 present the sialic acid and aminohexose concentrations 
in pg/g wet tissue in particular tissues and in serum of guinea pigs intoxicated 
with “Elocron 50 WP” for different periods.

Table  2

S ia lic  acids and aminohexoses in  the heart and liver tissues and sialic acids in  serum  o f  gu inea  
p ig s intoxicated with  44Elocron 50 II I* "

G rou p  o f  a n im a ls

H e art Li or S e r u m

S .A . II .A . S .A . H .A .
S .A .

m g / 100 m l

Controls 328±  43 4 7 7 ± 1 13 435 1 175 814 ± 2 6 0 87 ± 7 .9

In to x ic a te d  for 28 days 1400 ± 4 6 4 960 ± 3 2 0 690 1:168 585± 146 82 ± 9 .0

t 9.2 6.0 6.0 6.28 1.98

p < 0 .0 0 1 < 0 .0 0 1 < 0 .001 <0.001 0 .1 0 > 0 .0 5

In to x ica ted  for 85 days 6 7 0 ±  92 591 ± 2 4 3 455 ±120 880 ± 285 82 ± 8 .2

t 11.44 1.76 0.70 1.012 2.64

p < 0 .001 0.10j>0.05 0 .5 > 0 .4 0 .4 > 0 .3 0.02^-0.01

So called “ fodder”  animals in
tox ica ted  for 28 days 832 ±112 680 ± 2 6 0 582 ±135 548 4=152 68 ± 8 .5

t 19.80 3.08 4.75 6.60 9.68

p < 0.001 0 .01>0.001 <0.001 < 0 .0 0 1 < 0 .0 0 1

S. A. =  sialic acids I  ,
H .  A. =  aminohexoses p  r,' r'

In group 1, the highest sialic acid concentration was found in the brain, 
and an elevated concentration was found in each of the heart, kidney and liver. 
A small increase was demonstrated in the lungs, hut in the serum the sialic 
acid concentration was not increased. The aminohexose concentrations were 
increased in the kidney, brain and heart, being the highest in the kidney and 
heart. The liver showed a significant decrease in aminohexoses, while in the 
lungs the decrease was small.

Group 2 showed increased sialic acid level in the kidney, lung and heart. 
A distinct decrease was observed in the brain and liver, but the serum did not 
show any changes. The aminohexose concentration was increased in the kidney 
and brain. An increasing tendency, less evident than in group 1, was shown 
by the heart and liver. A distinct decrease in aminohexoses content was 
observed in the lungs.

In the so-called “fodder” group (group 3), the sialic acid level was re
markably increased in all the examined tissues, while it was decreased in the
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serum; a phenomenon difficult to explain. Perhaps it was caused by absorp
tion of the preparation through routes other than the alimentary tract. Prob
ably, the dose of the preparation was not under control, and the decrease 
might be due to contaminations in the preparation. The aminohexose levels 
were nearly identical to those in group 1 (i.e. animals intoxicated for 28 days). 
Increase in aminohexoses was observed in the kidney, brain and heart tissues, 
and a decrease was observed in lungs and liver.

Discussion

Both the sialic acid and aminohexose levels were significantly increased 
in the majority of the examined organs of intoxicated guinea pigs. The level 
of sialic acids remained unchanged. This may suggest that dioxacarb acceler
ated the biosynthesis of the carbohydrate part of glycoproteins. The increased 
glycoprotein production may be explained by the hypothesis of K oj et al. [7, 
8] suggesting that release of lysosomal enzymes results in an increased forma
tion of specific glycoproteins which inhibit the acid hydrolysis of lysosomes, 
thus preventing further impairment of the cell. The increase in the glyco
protein level in the course of dioxacarb intoxication might be attributed to 
an immunological reaction against toxic impairment of organs, a phenomenon, 
similar to that shown in connection with DNOC [10] intoxication.

Some authors [2, 9] regard the increase of the level of sialic acids as a 
nonspecific reaction of the organism against the effect of the pathological 
factor.

K o s s m a n  [9], examining the behaviour of glycoproteins in the course 
of experimental mercurialism, found significantly increased aminohexose and 
sialic acid level, in the serum and liver of animals. The aminohexose levels 
tended to decrease after a prolonged period of intoxication and the level of 
sialic acids showed a tendency to increase during the whole period of the 
experiment. In our experiments both levels showed a tendency to normalize. 
The changes observed in the levels of sialic acids and aminohexoses may be 
explained by a direct effect of dioxacarb on cell.

There are no reports in the literature on the behaviour of phosphogluco- 
mutase and phosphohexose-aminotransferase under the influence of carba
mates. If we assume that the enzyme activity is not inhibited, then glucose-6-P 
is isomerized to fructose-6-P. Fructose-6-P is transaminated to glucosamine- 
6-P in the presence of phosphohexose aminotransferase, thus evoking an in
crease in aminohexoses [5, 14].

The present results suggest that this mechanism may also be valid for 
carbamates because the level of aminohexoses in the liver was significantly 
lower then in the control group. Yet, on account of the marked chemical
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plasticity of aminohexoses, interpretation of their level changes is difficult, 
the more so in that different pathological factors such as liver anoxia, X-ray 
irradiation, intoxication with carbon tetrachloride [12] e t c .  evoke more or less 
regular changes in the level and activity of phosphohexose-aminotransferase
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that undoubtedly could influence the level of aminohexose.
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A bstract

T he  fine s t ru c tu re  of epithelial  cells, su p p o r t in g  cells and  the  sensory d e n d r i te s  
ru n n in g  to w ard  the  surface be tw een  th e  fo rm er tw o  was inves tiga ted  in th e  ep ide rm is  
of th e  foot of  H elix  pom atia . Cilia or ienting in regu la r  lines and possessing 9 +  2 t u b u la r  
s t ru c tu re  occur on th e  surface of the  cylindrical epithelial  cells lying on t h e  b asa l  
lam ina .  T he  cilia t e rm in a te  in basal bodies. The  epithe lial  cells can  first  of all be c h a r a c 
te r ized  by a well-developed Golg i-apparatus an d  endop lasm ic  re ticu lum  sy s te m  as well 
as a developed tonofibril lar  system. T h e  su p p o r t in g  cells differ from the  ep ithe lia l  cells 
m ain ly  in the  poorly-developed tonofibri l la r  sys tem  a n d  small  num ber  of cilia. S e p ta te  
desm osom e and  zonula adherens  are th e  c om m on connecting  s t ruc tu res  b e tw ee n  th e  
cells composing th e  ep ithe l ium . According to  the  surface  specialization, tw o  ty p e s  of 
sensory  dendri tes  ru n n in g  to w ard  the  surface were dis tinguished: dendri tes  w i th  an d  
d endr i tes  w i th o u t  cilia. On the  surface of the  fo rm er cilia w ith  9 +  2 t u b u la r  s t r u c 
tu re  are ran d o m ly  d is t r ib u ted  and are p resen t  in v a ry in g  num ber.  In  the ir  c y to p la sm  
there  are m a n y  m itochondr ia ,  few clear vesicles an d  m ult ives icu lar  bodies. F ro m  the  
surface  of the  dendri tes  w i th o u t  cilia, microvilli of  different d iam eter  o r ig ina te  an d  
som etim es  a centriole was observed below th e  d is ta l  m em brane .  Their  c y to p la sm  
con ta ins  m a n y  clear vesicles, a well developed sm o o th  endoplasmic re t icu lu m  sy s te m  
a n d  few m itochondria .  C om paring our results  w i th  l i te ra ry  da ta ,  we suppose t h a t  the  
differences be tw een  th e  two dendrite  ty p es  in th e  presence and nu m b er  o f  cilia as well 
as in th e  d iam ete r  of  th e  microvilli  show different  fo rm s of appearance  of one ty p e  
of dendr i t ic  term inal .

In tro d u c tio n

In v e s tig a tio n  o f th e  p erip h era l n ervous system  of snails s ta r te d  in  th e  
la s t c e n tu ry . U sing th e  Golgi te ch n iq u e , re c e p to r  cells in  th e  ep iderm is an d  
a su h ep ith e lia l n e t of nerve  fib res w ere show n b y  R e t z i u s  [27], V e r a t t i  [39], 
S c h m i d t  [38] an d  S c h u l t z  [35]. F o u r ty p es  o f  re c e p to r cells w ere d is tin g u ish ed  
b y  S c h u l t z  [35] in  th e  ep iderm is o f H elix  p o m atia . On th e  basis o f  e lec tro n  
m icroscopic in v estig a tio n s tw o ty p es  o f sen so ry  dendrites ru n n in g  to w a rd  
th e  su rface  o f  th e  ep iderm is betw een  th e  e p ith e lia l cells have been describ ed : 
d en d rite s  w ith  and  d en rites  w ith o u t cilia [12, 17, 43, 45, 47]. W ith in  th e se  
tw o  ty p e s  fu r th e r  d iffe ren tia tio n  w as m ade on th e  basis o f d iffe ren t fine- 
s tru c tu ra l  ch a rac te ris tic s  (n u m b er an d  d iam e te r  o f  cilia and  m icrovilli, len g lit, 
s tr ia tin g  an d  b ran ch in g  o f th e  ro o ts , surface o f  th e  dendritic  te rm in a ls ) . In
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s n a ils , a considerab le p a r t  o f  th e  ep iderm is is c o n s titu te d  by  th e  foo t, w hich 
in  th e  case of an ac tiv e  an im al co n ta c ts  w ith  th e  largest su rface  w ith  th e  
su rro u n d in g s  rich  in  s tim u li. A m ong th e  ce llu la r elem ents com posing  th e  foo t, 
o n ly  ep ithe lia l, su p p o rtin g  an d  g lan d u la r cells have  been ex am in ed  fo r th e ir  
f in e -s tru c tu ra l  and  e n d o c y to tic  fea tu res  [1 2 ,3 2 , 33, 47]. As a p a r t o f  th e  u ltra - 
s t r u c tu r a l  analysis o f  th e  en tire  ep iderm is, th e  n eu ra l elem ents o f  th e  foot 
w e re  in v es tig a ted  by  C r i s p  [12] and Z y l s t r a  [47], while earlier K o s h t o y a n t z  

a n d  R ó z s a  [22] p e rfo rm e d  e lec trophysio log ica l experim en ts in  connec tion  
w ith  th e  o sm oregu la tion  o f  th e  H elix  fo o t. A p a rt from  a w ork  concern ing  
th e  su rface  sp ec ia liza tio n s o f th e  ep ith e lia l cells [29], e lectron m icroscopic 
in v e s tig a tio n s  have n o t b een  done on H e lix  species. T herefore, we analysed  
th e  u ltra s tru c tu re  o f th e  d is ta l processes o f  th e  sensory  cells s i tu a te d  in  th e  
fo o t o f  H elix  pom atia , a n d  o u r find ings w ere com pared  w ith  d a ta  o b ta in ed  
on  o th e r  species.

M ateria ls and  m ethods

A d u l t  specimens o f  H . p o m a tia  collected in sp r in g  a n d  a u tu m n  were used .  T he  foo t  of 
t h e  a c t iv e  animal was c u t  a n d  sam ples  were t a k e n  b y  us ing  a  blade from th e  d if fe ren t  regions 
o f  t h e  foot .  The samples were im m e d ia t ly  p laced in to  f ixat ive .

F o r  l ight microscopy r a p id  Golgi-method [30] was employed. Materials were m a in ta in ed  
in  t h e  f ix a t iv e  for 7 — 10 d a y s  a t  20 °C, th e n  af te r  a  b r ie f  w ash ing  in distil led w a te r  t h e y  were 
p l a c e d  in to  0.75% A g N 0 3 so lu t io n  for 24 h  a t  20 °C. F ina lly ,  m ateria ls  were d e h y d r a t e d  in 
g r a d e d  e th an o l  and  af te r  m e th y lb e n z o a te  t r e a tm e n t  e m b e d d ed  in paraff in  w ax .  I n  th e  l ight 
m ic ro sco p e  30 fim  th ick  sec tions were inves tiga ted .

F o r  th e  electron m ic ro sco p y  two m ethods  o f  f ix a t io n  were employed:
a) F ix a t io n  in 1 .5% O s 0 4 (0.2 M  p h o sp h a te  buffer ,  p H  7.4) a t  4 °C for 3 h.
b) F ix a t io n  in a  m ix tu re  o f  2 %  0 s 0 4 and  4 %  g lu ta ra ld eh y d e  (0.1 M  s-collidine buffer ,  

p H  7.2), followed by  a b r ie f  r in s in g  in  th e  buffer,  a n d  p o s t f ix a t io n  in 1.5% 0 s 0 4 (01. M  s-collidine, 
p H  7.2) a t  4 °C for 2 h.

T h e  f ixed p rep ara t io n s  w ere  d e h y d ra ted  in  g ra d e d  e thanol ,  block sta in ing  w as  done in 
7 5 %  e th a n o l  w i th  s a tu ra te d  u r a n y l  ace ta te .  M ater ia ls  were em bedded  in  D u r c u p a n  ACM. 
U l t r a t h i n  sections cut  on a n  L K B  U l t ra to m e  a n d  s ta in e d  w i th  lead c itra te  [28] were exam ined  
in  a  T E S L A  BS 413A e lec tron  microscope.

R esults

O n th e  basis o f th e  ligh t-m icroscop ic  in v e s tig a tio n s , i t  can be s ta te d  th a t  
th e  re c e p to r  cells be long  to  th e  p rim ary  ty p e  o f  th e  sensory  cells on th e  basis 
o f  t h e i r  m orphological c h a ra c te r is tic s  (F ig. l a ,  b , c). T heir den d rites  ru n  to  th e  
su rfa c e  an d  before re a c h in g  i t  th e y  are w id en ed  (F ig. la ) . T heir ax o n  goes to  
th e  c e n tre  and  m akes co n n ec tio n s w ith  th e  su b ep ith e lia l nerve n e t  (F ig . lc ).

A ccord ing  to  th e  e lec tro n  m icroscopic observ a tio n s, th e  ep ith e liu m  
c o n s is ts  o f  one lay e r o f c y lin d ric  ep ith e lia l cells, su p p o rtin g  cells, g lan d u la r  
cells a n d  sensory  d en d rite s  ru n n in g  to w a rd  th e  su rface , all ly ing  on th e  b asa l 
la m in a  (F ig . 2).
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F ig . 1. G roups of p r im a ry  recep to r  cells (Sc) a n d  th e i r  processes. R ap id  Golgi tech n iq u e ,  a) 
T h e  dendrites  (d) ru n n in g  to w a rd  the  surface  are w idened in a cone-like m a n n e r  (c) before 
reach in g  th e  surface, b)  H igh  num ber  of d e n d r i te s  (d) a n d  two groups o f  senso ry  cells (Sc). 
T h e  axons of the  sensory  cells are connected  to  th e  subepithe l ia l  plexus (Np).  c) Senso ry  cells 
(Sc) localizing in different  dep th .  N um erous  processes (d, ax) originate in th e  cell g ro u p  on the

left  side
a -  X1500. b  — x 3 8 0 ,  c — x4 3 0

O n th e  su rface  o f  th e  ep ith e lia l cells cilia , and  m icrovilli e m b ed d ed  in  
a fin e  f ilam en to u s  lay e r, can be o b se rv ed  (F ig . 3). The m icrovilli a re  e ith e r  
ram ify in g  or n o n -ram ify in g  and a d en se  b u n d le  of filam en ts can  be fo u n d  in  
th e i r  in te rio r, w hich  can  he follow ed to  d iffe ren t d ep th  o f th e  e p ith e lia l cells, 
co n n ec tin g  i t  to  th e  to n o fib rilla r sy s te m  (F igs 3 and  7). T his w ell-developed  
to n o fib r illa r  sy stem  som etim es reach ed  even  th e  basis o f th e  e p ith e lia l cell. 
T h e  cilia o rien ted  in  reg u la r lines sho w in g  9 +  2 tu b u la r  s tru c tu re  te rm in a te  in  
b a sa l bo d y  and  possess a period ica lly  s tr ia te d  ro o t (Figs 5 an d  7). W ith  th e  
f ix a tiv e s  em ployed , th e  ep ithe lia l cells d isp lay  h igher d en sity  th e n  th e  o th e r 
ce ll ty p es . T h e ir cy to p lasm  is rich in  ce llu la r organelles. T he w ell-developed
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F ig . 3. D etails of c ilia ted  ep ithelial cells (E C ) from  th e  ep iderm is of th e  snail foot. O n th e  la te ra l 
su rface  of th e  ep ith e lia l cells strong  m e m b ra n e  d ig ita tio n s (M F) occur freq u e n tly . N o te  th e  
w ell-developed G o lg i-ap p ara tu s (G), m a n y  ribosom es (R ) and a considerable a m o u n t o f tono- 
f ib r il bundles (tf) in  th e  cy top lasm . N  — n u c leu s, vb  - m u ltiv es icu lar body , L y — lysosom e,

M m ito c h o n d rio n . X 9000

G o lg i-ap p ara tu s , ro u g h  endop lasm ic re ticu lu m  system  and  th e  h igh  n u m b e r 
o f  free ribosom es are  ch a rac te ris tic  (F igs 2 an d  3). M itochondria , m u ltiv e s ic u la r  
b o d ies , secre to ry  g ranu les, p ig m e n t g ranu les an d  lysosom es are  v a r ia b le  in 
n u m b e r  (Fig. 3). T he basa l p a r t o f  th e  ep ith e lia l cells leans w ith  hem idesm oso- 
m es against th e  b a sa l lam ina. T h e  b a sa l lam in a  is som etim es co n n ec ted  w ith  
collagen  fib res (F ig . 4).

F ig . 2. Low -pow er e lec tro n  m icrograph  o f  th e  sensory  ep ith e liu m  w ith  sensory d e n d r ite s  (R D ), 
c ilia ted  ep ithelial cells (EC) and su p p o rtin g  cells (SC). G — G olgi-area, N nu c leu s. X l3  000
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F ig . 4. G eneral view  of e p ith e lia l  (EC) an d  su p p o rtin g  (SC) cells on th e  b asa l lam in a. In  th e  
c y to p la sm  of the  la t te r  ty p e ,  ex ten siv e  Golgi a p p a ra tu s  (G) an d  m an y  ribosom es (R ) occur, 
h d  — hem idesm osom e, E R  — ro u g h  endoplasm ic re tic u lu m , L y  — lysosom e, MC — m uscle

cell. x 9 0 0 0

T he su p p o rtin g  cells a re  sim ilar to  th e  ep ith e lia l cells in  shape , in n e r 
d e n s ity  and  th e  p re sen ce  o f  w ell-developed G olgi a p p a ra tu s . H ow ever, th e y  
d iffe r in th e ir  low n u m b e r  o f  tonofib rils and  c ilia  on th e ir  ap ical pole an d  in  
th e  ra re  occurrence o f  p ig m e n t granules, m u ltiv e s ic u la r  bodies an d  lysosom es.

B reak ing  th ro u g h  th e  basa l lam ina, th e  sen so ry  d en d rite s  of th e  p rim ary  
re c e p to r  cells ru n  to w a rd  th e  surface b e tw een  th e  ep ith e lia l an d  su p p o rtin g  
cells. T he dendrites a re  co n n ec ted  b y  zonula  ad h e ren s  an d  se p ta te  desm osom es 
w ith  th e  neighbouring  cells. T he sensory d e n d rite s  o f th e  recep to r cells could
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F ig . 5. O blique section  of d en d rite s  (R D ) ru n n in g  to  th e  su rface  betw een  ep ith e lia l cells (EC). 
In  th e  ep ith e lia l cells th e  cilia (ci) an d  th e  basal bodies (b b ) are  o rien ted  in re g u la r  lin es, while 

in  th e  sensory d e n d rite s  th e y  show  a n  irreg u la r  d istrib u tio n . X l7  600

easily  be id en tified , since th e y  rep re sen t th e  m o st e le c tro n -tran sp a re n t ele
m en ts  o f th e  ep ithe lium  (Fig. 2). A ccord ing  to  th e ir  surface sp ec ia liza tio n s, 
i.e. th e  presence o f cilia an d  m icrovilli, tw o  m ain  d en d rite  typ es can  be  d is tin 
gu ished , viz. c ilia ted  an d  non-c ilia ted  d en d rite s .

1. D en d rite s  possessing b o th  cilia an d  m icrovilli were found  in th e  g rea
te s t  n u m b er. On th ese , th e  cilia are  d is tr ib u te d  ran d o m ly  (Figs 5 a n d  7) and  
in  v a ry in g  n u m b er (1— 14). A t th e ir  orig in  th e  su rface is genera lly  in d e n te d  
(F igs 6 an d  7). S im ilarly  to  tho se  observed  on th e  ep ithe lia l cells, th e  cilia 
possess 9 + 2  tu b u la r  s tru c tu re  (Figs 6 an d  7) w h ich  te rm in a tes  in  b a sa l body , 
a n d  s tr ia te d  roo ts o rig ina te  from  th e m  (F ig . 8). T he neurop lasm  o f th e  c ilia ted  
d en d rite s  is rich  in  cellu lar o rganelles. G en era lly , m any  m ito ch o n d ria  a n d  also 
dense g ranu les can be fo u n d  in  th e  d is ta l p a r t  o f  th e  dendrites (F igs 6 an d  7). 
A p a r t  from  th e  m ito ch o n d ria , m u ltiv esicu la r bod ies, clear vesicles in  v a ry in g
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F ig . 6. L o n g itu d in a l sec tion  of a c ilia ted  sensory d e n d rite  (R D ). T he dendrite  is co n n ec ted  w ith  
th e  e p ith e lia l cells (EC) b y  z o n u la  adherens (za) a n d  s e p ta te  desm osom es (sd). In  th e  c y to 
p lasm  o f low  electron  d e n s ity , m a n y  m itochondria  (M) a n d  a few  elem ents of th e  sm o o th  en d o 
p lasm ic  re ticu lu m  system  (sE R )  can  be seen. N ear th e  cell m em brane , m em b ran e  frag m e n ts  
(d in ) a re  p resen t. X 17 600. In se r t :  D etail of a d e n d rite  in  w h ich  th e  in tra m ito ch o n d ria l dense 
p a r tic le s  as well as th e  c is te rn s  (d m ) s itu a tin g  below  th e  la te ra l  cell surface an d  c o n ta c tin g  

m orphologically  w ith  th e  m itochondria  (M) c an  well be seen. X 27 000
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Fig. 7. D en d rite  (R D ) w ith  p ig m en t g ran u le s  (pg) an d  w ith  lines o f dense-core vesicles (dv). 
M vb m ulti vesicu lar bo d y , cv  — clear vesicles, bb  — basal body , ci — cilium , m v  micro-

rovilli, r  — roo t. X 17 600

n u m b e r and  re la tiv e ly  few e lem en ts  of th e  sm o o th  endop lasm ic  re ticu lum  
system  occur in  th e  d ista l p a r t  o f  th e  d en d rite s  (F igs 7 and  8). B elow  th e  la t
eral cell surface a m em b ran e  sy s tem  (subsu rface  cistern) is seen , w hich 
follows th e  surface a t  sh o rte r  o r longer d is tan ce  an d  m ay  also be co n n ec ted  to  
m ito ch o n d ria  (Figs 6 an d  8). I n  som e cases, dense m ate ria l w as seen  in  th e ir  
irreg u la r, vesicle-like en la rg em en ts  (Figs 6 an d  8). In  one case , a sensory 
d en d rite  was found  in  w hich lines o f  dense-core-like vesicles an d  p ig m e n t gran-
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F ig . 8. E le c tro n  m icrograph  o f a  d e n d r ite  w ith  roots (r) re a c h in g  deeply . N ote  th e  d isco n tin u o u s 
m e m b ra n e s  (dm ) below th e  la te ra l  cell surface and th e  d en se  m a te ria l occu rring  occasionally  

in  th em  (arrow ). M vb m u ltiv es icu lar body , b b  — b asa l body . X l7  600

ules w ere  present (F ig . 7). T h e  size of th e  p ig m e n t granules (3— 6 /m i) and  
th e ir  lim itin g  m em brane a p p e a r  to  be very  s im ila r  to  those described  in  th e  
p h o to re c e p to r  cells o f th e  ey e  [17]. The p ro x im al p a r t  of th e  d en d rite s  is less 
a b u n d a n t  in  cell o rganelles. I n  add ition  to  th e  m icrov illi, few m ito ch o n d ria , 
c lea r  vesicles and ribosom es can  be seen (Fig. 2).

2. F ree  nerve te rm in a ls  possessing only m ic ro v illi rep resen t th e  o th e r  
ty p e  o f  th e  sensory d e n d rite s  (F igs 2 and 9.) F ro m  th e  surface o f th e  d en d rite s  
n o n -ra m ify in g  m icrovilli o r ig in a te , in which b u n d le  o f dense filam en ts  can n o t 
be d e te c te d . In certa in  cases, th e  m icrovilli show  a sphero id -like  sw elling a fte r
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F ig . 9. N on-ciliated  d en d rite s  (R D ) in th e  ep iderm is o f th e  snail foot. Some m icrovilli a p p ea r  
to  be finger-like (m v), o th e rs  are sp h e rica lly  sw ollen (sinv). R ow s of clear vesicles (cv) w ith in  
th e  dend rites . N ote th e  dense m ate ria l in som e of th e  vesicles (arrow ), sd se p ta te  desm osom e, 
t f  — to n o filam en t b u n d le , EC — ep ith e lia l cell, bb  — basal body , M — m ito ch o n d rio n , ci —

cilium . X 17 600

th e ir  origin (F ig. 9). In  c o n tra s t to  th e  cilia ted  d en d rite s , th e  n o n -c ilia ted  ones 
a re  rich  in  clear vesicles and  sm o o th  endop lasm ic re ticu lu m  elem ents an d  po o r 
in  m itoch o n d ria  (F ig . 9 . The m em b ran e  system  below  th e  la te ra l cell su rface  
is also p resen t in th is  den d rite  ty p e  an d  its  e lem ents m ay  co n ta in  dense m a te 
r ia l (F ig . 9). S om etim es, a cen trio le  occurs below  th e  d is ta l m em b ran e .

Acta liiologica Acùdemiae Scientiarum llungaricae 29, 1978



2 4 4 L . H E R N Á D I  a n d  I .  B E N E D E C Z K Y

D iscussion

E lec tro n  m icroscopic  analysis on th e  sn a il fo o t has show n th a t  th e  u ltra - 
s t r u c tu r a l  ch a rac te ris tic s  o f  th e  ep ithe lia l an d  su p p o rtin g  cells as w ell as of th e  
s tru c tu re s  e s tab lish in g  th e  ce llu lar connections (zonu la  adherens, s e p ta te  des
m o so m e) are in  a g reem en t w ith  o th e r re su lts  o b ta in e d  on o th e r p a r ts  o f th e  
s n a il  ep iderm is [4, 9, 12, 17, 26, 29, 36, 37, 44 , 46].

L ight-m icroscopic  f in d in g s concern ing  th e  sensory  e lem ents ru n n in g  
to w a rd  th e  surface in  th e  ep iderm is lay e r co rresp o n d  to  th e  resu lts  o f classical 
in v e s tig a tio n s  o b ta in ed  on th e  d ifferen t p a r ts  o f  th e  epiderm is [7, 27, 35, 38, 
39].

O n th e  basis o f  th e ir  su rface sp ec ia liza tions, tw o  ty p es o f sensory  den
d r i te s  ru n n in g  to w ard  th e  su rface  betw een  th e  ep ith e lia l and  su p p o rtin g  cells 
h a v e  been d is tin g u ish ed : c ilia ted  and  n o n -c ilia ted  ty p e s . A p a rt from  th e  differ
e n t  surface specia liza tions (cilia and  m icrov illi), th e re  are also d ifferences in 
re sp e c t of th e  ce llu la r o rganelles found in th e  d e n d ritic  te rm ina ls. T he cilia ted  
ty p e  is ch aracterized  by  a high n u m b er o f m ito ch o n d ria  and  m u ltiv esicu la r 
b o d ie s , while in th e  n o n -c ilia ted  ty p e  m a n y  sm o o th  endoplasm ic re ticu lu m  
e le m e n ts  and  clear vesic les, o rig ina ting  p re su m a b ly  from  th e  fo rm er s tru c tu re s , 
a re  ch a rac te ris tic . I t  sh o u ld  be n o ted  th a t  th e  ra te  o f  th e  tu b u la r  and  vesicu lar 
fo rm  o f th e  sm oo th  en d op lasm ic  re ticu lum  sy s tem  s tro n g ly  depends on the  
f ix a tiv e s  em ployed. F ix a tiv e s  con ta in ing  O s 0 4 are  fav o u rab le  to  th e  vesicu lar 
fo rm  [2, 3]. We failed  to  find  e ith er in th e  e p ith e lia l cells or in th e  cilia ted  
d e n d r ite s  a m orphological connection  betw een  cilia  an d  th e  sm ooth  endoplasm ic 
re tic u lu m  system  d esc rib ed  by  C o r d i e r  [ 1 1 ]  in th e  covering  ep ithe lium  o f the  
th y m u s  cysta . T he fa c t t h a t  sm ooth  endop lasm ic  re ticu lu m  elem ents an d  clear 
v esic les o rig inating  p re su m a b ly  from  th e  fo rm e r ones as well as m em brane  
s y s te m  s itu a tin g  below  th e  la te ra l cell su rface  are  p resen t in  b o th  den d rite  
ty p e s  suggests th e ir  ro le  in  th e  general process o f  th e  recep tion . In  secondary  
se n so ry  cells (o u te ra n d  in n e r  h a ir  cells) d isco n tin u o u s m em branes and  lam ell- 
a te d  bodies sim ilar to  th e  fo rm er s tru c tu re s  h a v e  also been described  [20, 
14] a n d  th e y  w ere in  co n n ec tio n  w ith  each  o th e r  an d  also w ith  m ito ch o n d ria .

T he tw o ty p es  o f  sen so ry  term inals describ ed  a t th e  u ltra s tru c tu ra l  level 
c a n  m ostly  be co m p ared  to  the  tw o te rm in a l ty p e s  found  in th e  lip  o f H . 
p o m a tia  [4].

A fte r classify ing  th e  sensory  nerve  te rm in a ls  th e  question  has arisen  
w h e th e r  unequ ivocal sen so ry  functions can  be bound  to  th em . E lec tron - 
in icroscopic and elec trophysio log ica l in v es tig a tio n s  b y  au th o rs  dealing  w ith  
th e  recep tion  fu n c tio n  o f in v e rte b ra te  an im als  w ere generally  perfo rm ed  on 
t h a t  p a r ts  of th e  ep id erm is  to  w hich some p re su m ed  recep to r fu n c tio n  has been 
a t t r ib u te d  on th e  basis o f  classical in v es tig a tio n s : on th e  ten tac le s  [1, 8, 12, 
26 , 42 , 43, 45, 47], on  th e  o sph rad ium  [5, 6], on th e  lip  [4, 19, 24, 34, 41],
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an d  on th e  eye o f th e  o p tica l te n ta c le  [10, 16, 25, 31]. As to  th e  re c e p to r fu n c 
tio n s o f  th e  d ifferen t te rm in a l ty p es  o f th e  in v e r te b ra te  epiderm is, c o n tra d ic 
tions h av e  em erged , since som e au th o rs  a t t r ib u te  m echano-, chemo- an d  p h o to 
recep tion  to  c ilia ted  te rm in a ls , w hile o th ers  a t t r ib u te  chemo- an d  p h o to 
recep tion  to  non -c ilia ted  d en d rite s . I t  is genera lly  accep ted , on th e  o th e r  h a n d , 
th a t  m echanorecep tion  is h o u n d  to  c ilia ted  te rm in a ls . Two types of te rm in a ls , 
n am ely  c ilia ted  and  non-c ilia ted  d en d rite s , w ere also found in th e  p h o to 
re c e p to r cells o f th e  eye, s i tu a te d  on th e  o p tica l te n ta c le . To these cells a sp e 
cial recep to r fu nc tion  can  be a t tr ib u te d . W ith in  th e  class Gastropoda, th e  sp e 
cies possessing non-c ilia ted  p h o to recep to rs  b e lo n g  to  th e  p h y logene tic  line 
rep re sen ted  b y  th e  p u lm o n a te  snails, w hile th e  species w ith  c ilia ted  ones 
belong  to  th e  line of O pistobranchiata. B o th  p h y lo g en e tic  lines o rig in a te  in  th e  
Prosobranchiata  [7, 23]. One o f th e  te rm in a ls  fo u n d  b y  us, w hich can be co n sid 
ered  as a p h o to recep to r on th e  basis of th e  size an d  th e  lim iting  m e m b ra n e  of 
th e  p ig m en t granules an d  accord ing  to  lite ra ry  d a ta  [16], possesses c ilia . A t 
th e  sam e tim e , th e  p h o to recep to rs  of th e  H elix  eye are non-cilia ted , th o u g h  
cilia can  also he observed  on th em  in th e  ea rly  s ta g e  o f th e ir  d ev e lopm en t [13]. 
T hese ru d im e n ta ry  cilia sp eak  in  fav o u r o f th e  com m on origin o f th e  p h o to 
recep to rs  o f th e  eye an d  o f th e  foot.

T he conclusion, a ce rta in  fu n c tio n  c a n n o t he connected  to  a c e r ta in  
recep to r group desrihed  o n ly  on th e  basis o f m orphological c h a ra c te r is tic s , 
since th e  n u m b er of th e  ch a rac te ris tic s  (n u m b e r and  size of cilia an d  m ic ro 
v illi; len g h t, ram ifica tio n  an d  s tr ia tin g  o f th e  ro o ts ; surface of th e  te rm in a ls )  
used  fo r d is tingu ish ing  th e  d iffe ren t g roups is a rb itra ry . So, th e  se tt in g -u p  
o f u n fo u n d ed  h igh n u m b e r o f groups is also possib le , to  all of w hich  p ro p e r  
re c e p to r  fu n c tio n  can n o t be b o u n d . Since, in  th e  course of our in v e s tig a tio n s , 
c ilia ted  te rm in a ls  have  been  found  in th e  h ig h es t n um ber and n o n -c ilia te d  
o ccu rred  only  ra re ly , we suppose  th a t  th e  d e n d ritic  te rm ina ls ap p e a rin g  to  he 
n o n -c ilia ted  can  also co n ta in  cilium  or cen trio le  o r  basa l body w hich co u ld  n o t 
he id en tif ied  for th e  lack  o f  serial section ing . O n th e  basis of th e  e c to d e rm a l 
orig in  o f th e  p rim ary  re c e p to r cells, i t  can  also be supposed th a t  a ll o f  th e  
senso ry  d en d rite s  possess cilia or a s tru c tu re  (cen trio le , basal body) from  w hich  
cilia can  he developed if  necessary  [21]. A ccord ing  to  V innikov  [40], ev ery  
re c e p to r (p rim ary , secondary ) cell possesses cilia . W e suppose th a t  th e  non- 
c ilia ted  te rm in a ls  can  also he regarded  as th e  develo p m en ta l an d /o r fu n c tio n a l 
form s of th e  cilia ted  te rm in a l. This was show n by W right’s [45] re su lts  ob
ta in e d  a f te r  serial sec tion ing  on th e  non -o p tica l te n ta c le  of Á rion . T h is a u th o r  
found  non-c ilia ted  senso ry  te i m inais ex h ib itin g  cen trio le  in th e ir  d is ta l a n d  in 
th e  h ig h es t nu m b er. In  o u r ex p e rim en ta l m a te r ia l  non-ciliated  d e n d rite s  w ith  
a cen trio le-like  s tru c tu re  in  th e ir  d is ta l end  n e a r  th e  surface w ere f re q u e n tly  
fo und . L ike th e  v e r te b ra te  o lfac to ry  ep ith e liu m , th e  centriole can  develop  
cilia [15, 18]. T ak in g  in to  considera tion  th e  te rm in a l typ es d esc rib ed  b y
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Zylstra  [47], W right [45] and W ondrak  [43] in the H elix  epiderm is on the  
basis o f  different m orphological characteristics, we supposed that these types 
are continuous transitional forms of each other from the typ es w ith  few  
m icrovilli to the typ es exhibiting a high num ber o f cilia, and th at the differ
ences betw een the dendrite types in the presence and number of the cilia as well 
as in the width o f the m icrovilli represent different forms of appearance o f one 
sensory term inal ty p e .
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Abstract

The p e rip h e ra l p lasm a a ld o ste ro n e  a n d  co rtico s tero n e  co n cen tra tio n s  w ere 
m easu red  by C PB A  a n d  R IA  m ethod  in  J a p a n e se  q u ails  in  w hich th e  su b co m m issu ra l 
o rg an  (SCO) or th e  h a b en u la  had been d e s tro y e d . L esion  of th e  SCO reduced  th e  p lasm a  
a ld o ste ro n e  level b y  5 0 % . The lesion o f n . h a b en u la r is  m edialis and  la te ra lis  on  th e  
o th e r  h and  did n o t a ffec t th e  p lasm a c o rtico s te ro id  level. I t  is suggested t h a t  in  b ird s  
th e  SCO tak es p a r t  in  a  m u ltifac to ria l re g u la tio n  of a ld o ste ro n e  secretion.

Introduction

A large  n u m b er o f  d a ta  are av a ilab le  a b o u t th e  role of m am m alian  ep i
th a la m u s  in  reg u la tio n  o f a ldosterone sec re tio n . P alk ovits  e t al. [10— 15] 
an d  v a n  d e r  W al  e t a l. [18] rep o rted  th e  SCO p lay in g  an im p o r ta n t ro le  in  
th e  m a in ten an ce  o f zona glom erulosa n o rm o fu n c tio n  and  a ldosterone  sec re 
tio n  b y  th e  ad renal c o rtex . On c o n tra ry , B r o w n  an d  A f f if i  [3] and  L e n y s  [7] 
fa iled  to  f in d  an y  fu n c tio n a l co rre la tion  am o n g  th e  SCO, zona g lom eru losa an d  
th e  a ld o ste ro n e  p ro d u c tio n . There are p u b lic a tio n s  in d ica tin g  som e c o n n ec tio n  
of th e  h ab en u la  an d  a d re n a l co rtex  fu n c tio n  w ith  th e  equilib rium  in  s a lt  an d  
w a te r  m etabo lism , d a ta  suggestive o f an  im p o rta n c e  o f th is  ep ith a lam ic  a rea  
in  th e  reg u la tio n  o f co rticoste ro id  sec re tio n  (Ma r t i n i  e t al. [8]; L e n g v á r y  
e t al. [6]).

O u r previous h isto log ical ex p e rim en ts  in d ic a te d  th a t  in dom estic  p igeon  
a specific  m orphological response of th e  SCO can he induced  by  in flu en c in g  
sa lt an d  w a te r  m etab o lism . F u rth e rm o re , a close m orphological and fu n c tio n a l 
co rre la tio n  w as found  b e tw een  the  p e r ip h e ra l zone o f  ad rena l in te rre n a l tissu e  
an d  th e  SCO ( P é c z e l y  an d  M u r a y  [16, 17]).

T h e  aim  of th e  p re se n t ex p erim en ts  w as to  in v es tig a te  by  lesion  te c h 
n ique  th e  h y p o th e tica l ep ith a lam ic  g lo m eru lo tro p  effect by stu d y in g  th e  changes 
in  p la sm a  co rticostero id  level.

* P re se n t adress: I n s t i tu te  o f C o m p ara tiv e  A n a to m y , H-1088 B u d ap est, P u s k in  u . 3.
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Materials and methods

T h irty -o n e  J a p a n e se  q u ails  k e p t in  s ta n d a rd iz e d  en v iro n m en ts  were d iv id ed  in to  five  
g roups: in ta c t co n tro l (6 birds), SCO sh a m -o p e ra te d  (6) SCO—lesioned (5), h a b en u la  
sh am -o p era ted  (6) an d  h ab en u la  lesioned (8). T em p era tu re  was se t to  26 °C a n d  
a rtific ia l illu m in a tio n  w as used (70 lux; 18 L —6 D; ligh t on: a t 9.00 a .m  . lig h t off: 
a t  3.00 a.m .).
L esions were m ad e  in  E q u i-T hesin  (Je n se n  — S a lsbery ) a n aesth e tized  an im als . T h e  

SCO a n d  th e  h ab en u la r  nuclei w ere localized acco rd in g  to  th e  ste reo tax is  a tla s  o f B a y l é  e t 
al. [1]. D estru c tio n  of th e  SCO w as perform ed by  e lec tric  c u rre n t of 250 f-iA ap p lied  fo r 40 sec.

L esion  co o rd in a tes: a n t.-p o s t.:  —j—3.1, la t .:  0, v e r t.:  —(—3.2. (Fig. 1.) Tw o lesions w ere 
n eed ed  for d estroy ing  b o th  m ed ia l and  la te ra l h a b e n u la r  nuclei. A m perage used : 250 f iA  for 
25 sec. Lesion co o rd in a tes:

1. a n t.-p o st.:  —|—4.0, la t .:  ± 0 .5 , v e rt.: -f-3.6;

A cta  Biologica Academ iae Scien tiaru m  H ungaricae 29, 1978
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2. a n t.-p o s t.:  + 3 .3 ,  la t .:  ± 0 .6 ,  v e rt.:  + 3 .7 .  A  p la tin u m  electrode 0.14 m m  o f  d ia m e te r  
were app lied .

F o u r w eeks a f te r  o p e ra tio n , th e  b ird s aged 10 w eeks were d ecap ita ted  b e tw ee n  8.00 
an d  9.00 a .m . T he hep arin ized  blood o b ta in ed  by  e x sa n g u in a tio n  was cen trifuged  a t  3000 rp m , 
the  p lasm a  sam ples were frozen an d  sto red  a t  —30 “C u n til  analised . A fter c h ro m a to g ra p h ic  
se p a ra tio n  (S ephadex  L H  20) o f co rtico s tero id s th e  a ld o ste ro n e  was assayed b y  th e  R IA  
m eth o d  of D a n i e l  e t al. [4], a n d  th e  co rtico s te ro n e  b y  th e  CPB A m ethod  of M u r p h y  [9].

R esults and  discussions

T he p e rip h e ra l p lasm a co rticoste rone  a n d  aldosterone  level in  J a p a n e s e  
quail is v e ry  low (T able 1). P lasm a co rtico s te ro id  concen tra tions in  th e  in ta c t  
and  sh am -o p e ra ted  co n tro l group w ere e ssen tia lly  agreed. B o issin  [2] fo u n d  
th e  p e rip h e ra l p lasm a co rticosterone  level o f  Ja p a n e se  quail reach ing  its  m a x i
m um  in th e  m orn ing  hours and  th e  end o f d a rk  period . By fluo rom etric  m e th o d  
th e  m ax im u m  p roved  to  be 2.8 //g /100 ml. A cco rd ing  to  our u n p u b lish ed  d a ta ,  
th is  m ax im u m  can f lu c tu a te  be tw een  0.28 a n d  1.00 pg/lOO ml as m e asu red  b y  
CPBA  m eth o d . T he p e rip h e ra l a ld oste rone  c o n cen tra tio n  of th e  q u a il has n o t 
been p u b lish ed  y e t. D a n ie l  [5] found  it  to  be  12 ng/100 ml in th e  d u c k  (m ea
sured  b y  R IA  m ethod) i.e. 7 tim es as h igh as th e  co n cen tra tio n  fo u n d  b y  us in  
th e  qu a il. I t  is w ellknow n th a t  th e  p la sm a  corticoid  level in a q u a tic  b ird s  
is re la tiv e ly  h igh.

O u r re su lts  suggest th a t  d e s tru c tio n  o f  th e  SCO reduced  th e  p e r ip h e ra l 
p lasm a a ld oste rone  by  50%  h u t did n o t red u ce  p lasm a corticosterone. F u r th e r 
m ore i t  w as asce rta in ed  th a t  lesion o f th e  h ab en u la  affects n e ith e r  p la sm a  
a ld o ste ro n e  no r p lasm a co rticoste rone  (T ab le  1).

Table 1

Effects o f  lesions o f  the epithalam us on p lasm a  corticosteroid level

Treatm ent
A ldosterone 
ng/100 ml

Corticosterone 
//g/100 ml

In ta c t  control 1 .6 0 + 0 .2 1
(6)

0 .89+0.08
(8)

SCO sham -operated 1.64 +  0.28 
(6)

1 .1 0  +  0 .2 0  
(8 )

SCO lesioned 0 .7 1 + 0 .1 6 *
( 5 )

0.70+0.11
( 5 )

H abenu la  sham -operated 1.40 +  0.33 
(6)

1.07 +  0.15 
(6)

H abenu la  lesioned 1 .4 9 + 0 .2 4
(8)

0 .81+ 0 .03
(8)

* P  <  0.001 vs in ta c t or sh am -o p era ted  co n tro l.
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T he p re sen t re su lts  seem  to  verify  o u r  p rev io u s hypo thesis , b ased  u p o n  
in d ire c t resu lts  su g g estin g  th a t  th e  b ird  SCO w ould  in fluence th e  a ld o ste ro n e  
p ro d u c tio n  in th e  a d re n a l g land . S im u ltan eo u sly , ou r resu lts are covering  those 
o f  P a l k o v its  e t al. [14] an d  v a n  d e r  W a l  e t al. [18], who found , in  r a t ,  a 
re d u c tio n  of in  vitro  a ldosterone  p ro d u c tio n  a f te r  SCO lesion. I t  is m o st lik e ly  
th a t  in  b ird s, as in  m am m als , th e  SCO ta k e s  p a r t  in a m u ltifac to ria l re g u la tio n  
o f  th e  a ld oste rone  sec re tio n . D estru c tio n  o f  th is  ep itha lam ic  ep en d y m a o rg an  
th e  a ld o ste ro n e  secre tio n  rem ark ab ly  decreases th ro u g h  th e re  are o th e r  e v id e n t 
re g u la tin g  fac to rs  (p re su m ab ly  th e  ren in -a n g io te n s in  system  an d  A C TH ) 
w h ich  can m a in ta in  its  p ro d u c tio n  a t a su b n o rm a l level.

O ur o b se rv a tio n  accord ing  to  w hich  in  q u a il th e  habenu la  lesion does 
n o t  affect e ith e r  p la sm a  a ldosterone o r co rtico ste ro n e  co n cen tra tio n  can 
in d ic a te  a verv  im p o r ta n t  difference c o m p ared  to  m am m als, in w h ich  th e  
w hole  ep ith a lam ic  com plex  seem s to  ta k e  p a r t  in th e  regu la tion  of a ld o ste ro n e  
p ro d u c tio n .
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H Y P O S T A S E ,  E M B R Y O N I C  S A C  A N D  E N D O S P E R M  I N  
A N E T H U M  GRAVEOLENS  L . ,  A N D  I N  V A R I O U S

F A M I L I E S

.Ju l i a  S z u j k ó - L a c z a

BOTANICAL D EPA RTM EN T, H UNGARIAN N A TU RA L H ISTO RY  MUSEUM,
BU DA PEST

(R ece iv ed  1977 — 0 4 -  27, rev ised  1978 — 05 — 20)

A bstract

T he presence  of p y rifo rm  hypostase  tissue  w as in v es tig a te d  before double  fe rtiliz a 
tio n  till th e  fu sio n  of free endosperm  nuclei in  th e  em b ry o n ic  sac of A . graveolens. 
H y postase  a g la n d u la r  tissu e , can  secrete its  cell c o n te n ts  in to  th e  em bryon ic  sac d u r 
ing th e  d ev e lo p m en t o f free endosperm  nuclei. O f 78 ra n d o m ly  selected fam ilies, 19 
d isp lay  d iffe ren t n u m b ers  o f species w ith  h y p o sta se . I n  15 of these  fam ilies th e  h y p o s t
ase is p re sen t to g e th e r  w ith  th e  Po lygonum  ty p e  of em b ry o n ic  sac and nu c lear ty p e  of 
endosperm .

In troduction

H y p o stase  w as f irs t  re p o rte d  by  J urica [9] in  som e species o f Urnbelli- 
ferae. He an d  H akansson  [5] described th e  h y p o s ta se  as a “ n u tr itiv e  a p p a ra 
tu s ” . Palival [12] an d  A datia  Shah [1] te rm e d  a n d  in te rp re te d  th e  h y p o sta se  
as “ n u tr i t iv  tis su e s” . Maheshw ahi [11] p o in te d  o u t th e  function  of th e  h y p o s t
ase as follows. “ B y  th e  ev id en t position* o f  th e se  tissues, especially  o f  th e  
h y p o stase , it  w ou ld  seem  n a tu ra l to  suggest th e ir  s im ila rity  to  g lan d u la r  
tissues co nnec ted  w ith  secre tion  of enzym es o r g ro w th  horm ones.”

The nucellar origin o f hypostase was clarified by Schulz and J e n se n  
[15] (i.e. later than  th is tissue was discovered).

Gupta [4] sum m arized also the problem s connected with the hypostase  
in different species: “ (i) inconsistency in the th ickness o f the cell walls con st
itu ting  this tissu e , and (ii) its varying life span” .

In  th e  l i te ra tu re  th e  h y p o stase  is som etim es confused  w ith  th e  p o s ta m e n t 
tis su e  (B rown a n d  Mogensen  [2], Coe [3], R aghavan  [14]. The la t te r ,  like 
th e  hy p o stase  tissu es , is s i tu a te d  am ong th e  in te g u m e n t cells below th e  ch a lazal 
end  o f th e  em b ry o n ic  sac, i.e. un d er a n tip o d a l cells.

A ccord ing  to  th e  Schulz and  J en sen  [15] th e  hy p o stase  develops from  
th e  p ro life ra tio n  o f  som e re m n a n t nucellus cells, w hereas th e  p o stam en t tissu e

* K/VGiiAVAN I 14] su m m arized  th e  position  o f h y p o sta se  in th e  ovules as follow s: 
“ p ro life ra tion  of th e  nucellus a t  th e  chalazal and  m ic ro p y la r ends o f th e  ovules o f som e species 
d esignated  as h y p o sta se  an d  ep istase  resp ec tive ly” .
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Fig. 1. Chalüzal basal cells in th e  o v a ry  of P im pinella  anisum  L. x 2 0 0  
F ig. 2. Chalazal basal cells a n d  th e  p o s ta m e n t cells in P. a n isum . x 2 0 0

d if fe re n tia te s  from  th e  ch a laza l b a sa l cells ( S c h ü r h o f  [16]). I  h av e  succeeded  
in  v e r ify in g  th is  la t te r  s ta te m e n t fo r P im p in e lla  an isum  L. (Figs 1, 2). T hese 
tw o  tis su e s , how ever do no t occur to g e th e r  in  th e  sam e species.

C onfusion of these  tw o  d iffe ren t tissu es  have  led to  m islead in g  and  
in s u f f ic ie n t resu lts also from  physio log ica l p o in ts  o f view  [4]. C o e  [3] s tu d ie d  
th e  “ h y p o s ta se ”  cells w ith  14C 0 2 in  Zephyranthes drum m ondii a t  th e  8 -nuc lea te  
s ta g e  o f  th e  em bryonic  sac; in  fa c t, th e se  w ere p o stam en t cells a n d  show ed 
lo w er a c t iv i ty , th a n  th e  egg an d  sy n erg id  cells.

A n e th u m  graveolens, to g e th e r  w ith  F oenicu lum  and  T rachyspenum  was 
s tu d ie d  in  d e ta il by  J o h r i  an d  S e h g a l  [8]. T he h ypostase  of A n e th u m  was 
m e n tio n e d  firs t by  S z u j k Ó -L a c z a  [19], w h en  th e  h ypostase  in  th e  8 -nuc lea te  
d e v e lo p m e n ta l phase of th e  em b ry o n ic  sac w as iden tified  as a p y rifo rm  hole 
p la c in g  u n d e r  the  a n tip o d a l cells.

T h e  only  presence of th e  tru e  h y p o sta se  w as rep o rted  in  m a n y  o th e r 
spec ies o f  Umbelliferae, and  also in  o th e r  fam ilies, b y  J ohri c t al. [6].

T h ere fo re , th e  aim  o f th is  p a p e r  w as to  in v es tig a te  th e  d ev e lo p m en t and  
c h a n g in g  o f  th e  hypostase  in  th e  in te g u m e n t o f ovule (Fig. 3) an d  i ts  life sp an  
in  A n e th u m  graveolens, as w ell as, to  fin d  o u t th e  connection  be tw een  th e  b e 
h a v io u r  o f  sty les an d  s.l. ovu le . J o h r i  and  S e g h a l  [7] n o ted  in A n e th u m  t h a t  
“ t in 1 s tig m a  becam e recep tiv e  5— 6 days a f te r  th e  dehiscence o f a n th e rs . A t 
f i r s t  th e  tw o  styles are very  close to  each o th e r  h u t  th e y  diverge a f te r  p o llin a 
t io n .”
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St

b)

Fig. За. P henophase  32.1 L o n g itu d in a l sec tio n  from  the  carpel of A n e th u m
graveolens

F ig. 3b. T he sam e is in ph en o p h ase  32.3.5 -3 2 .3 .6

K ey  to  labe ls: a  =  an tipode  cells; ch  =  chalasal b asa l cells; cw =  cell wall; di =  d iso rg an ized  
in te g u m e n t cells; dw  =  double w all; e =  ep id e rm is ; em  =  em bryo; es =  e m b ry o n ic  sac; 
en  =  seco n d ary  endosperm  nuclei; hy  =  h y p o sta se ; i = in teg u m en t; il =  in n e r  lay e r of 
p e ric a rp ; ini =  in n er rows of in te g u m en t cells; is o r f  =  in se rtio n  of sepal or f i la m e n t;  fe =  
=  free en d o sp erm  nuclei; ffe =  fusiform  free e n d o sp e rm  nucle i; fu =  funicle; fu fe  =  fused 
free en d o sp e rm  nuclei; funo  =  fused  nucleoli; in =  m esocarp ; m p =  m icro  p o llen  tu b e ; 
n  =  nucle i; ne =  n ectar-sec retin g  cells; no =  nucleo li; oi =  o u ter rows of in te g u m e n t cells; 
p =  pap illose  cells; pa =  p a ren ch y m a ; pg =  pollen g ra in ; po =  po stam en t cells; p y  =  p y ri
fo rm  h y p o sta se ; re =  recep tac le ; rfe =  rou n d ed  free endosperm  nuclei; ri =  ru d im e n ta ry  
in te g u m en t cells; sc =  sec re to ry  canal; se =  sec re tio n  cells; s t  =  stigm a; s ty  =  s ty le ;  s tp  =  
=  s ty lo p o d iu m ; tp e  =  trip lo id  p rim ary  en d o sp erm ; vb  =  vascular b u n d le ; z =  zygote

A ccord ing  to  lite ra ry  d a ta  [6] th e  fre q u e n c y  of occurence o f  h y p o sta se  
in  d iffe ren t fam ilies has been  rep o rted . T h e  possib le connections b e tw een  the  
free en d o sp erm  nuclei, th e  h y p o stase  and  th e  b eh av io u r of som e re p ro d u c tiv e  
o rgans h av e  been id en tified  here. T hese l a t te r  resu lts  were e v a lu a te d  b y  th e  
S h a n n o n  [18] m odel.
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Materials and m ethods

T h e  ou term o st flow ers o f  th e  com pound u m b el w ere  co llected  du ring  th e  fu ll b lo o m in g  
p e r io d  fro m  a garden  a t  D ö m sö d . T he flowers were se lec ted  in  th e  phenophases 31.4 .2 ; 32.1 — 
3 2 .1 .2 ; 32.3.3; 32.3.5; 32.3.6; a n d  33.1.1; 33.2.1 (cf. [13]), a n d  fixed in N a w a s h i n  so lu tio n , 
e m b e d d e d  in  pa raffin  a n d  s ta in e d  w ith  to lu id ine  b lu e . Sections of 10 fim  th ic k n e ss  were 
p re p a re d . T he d iv ers ity  v a lu e s  w ere  calcu la ted  acco rd in g  to  S h a n n o n  [18], e q u ita b ili ty  acco r
d in g  to  L l o y d  and G h e l a r d i  [10], an d  th e  evenness acco rd in g  to  P i e l o u  [13].

Results and discussion

T h e pyrifo rm  h y p o s ta se  in  A . graveolens a p p e a rs  to  be sunk  in  th e  in te g u 
m e n t o f  th e  ovule a t  th e  c h a laza l end of th e  em b ry o n ic  sac p rio r to  a n d  fo llow 
in g  th e  double fe rtiliz a tio n . A t th e  tim e o f d o u b le  fe rtiliza tion  —  in  th e  p h e 
n o p h a se s  of 31.4.2 or 32.1* —  th e  hypo stase  w as 69 /лт long and  64 /tin  w ide. 
F o llo w in g  th e  double  fe r tiliz a tio n  in th e  ab o v e-m en tio n ed  p h en o p h ase  (s) 
th e  h y p o s ta se  was 150 //m  long and  82 pm  w ide.

A ccord ing  to  th e  cy to log ica l p ic tu re  th e  h y p o sta se  m ay be in  a v e ry  
a c tiv e  s tag e  in th e  su b se q u e n t phases of d e v e lo p m en t. Therefore, I shall a t te m p t  
to  g ive a correct d e sc rip tio n  of th e  flow er o f  A .  graveolens to g e th e r w ith  th e  
m o rp h o lo g ica l an d  a n a to m ic a l fea tu res.

I n  th e  p h enophase  32.3 .3  th e  colour o f p e ta ls  is yellow, th e  f ila m e n ts  are 
d isco lo u red , the  a n th e r  is w ith erin g  and fa llin g  off. The styles and  stig m as 
a re  a lso  yellow  and  th e  s ty le s  are sligh tly  e lo n g a te d  and  sep ara ted  from  each  
o th e r . T h e  s ty lo p o d iu m  is g listen ing . The n e c ta r-se c re tin g  cells are a rra n g e d  in  
th re e  row s deep in  th e  d isc. A t th is  stage, th e  zy g o te  is in  its  res tin g  perio d  an d  
th e re  a re  16— 24 free  en d o sp erm  nuclei in  th e  em b ry o n ic  sac.

I n  phenophases 3 2 .3 .5— 32.3.6, th e  p e ta ls  are  g radually  d ry in g , th e  
a n th e rs  are deh iscen t a n d  th e  sty les set a p a r t  a n d  m ov ing  in  opposite  d irec tio n s 
(F ig . 4). M any pollen  g ra in s  w ere found to  be  a d h e re d  to  th e  su rface  o f th e  
s tig m a  (F ig . 5). T he zy g o te  is large and  ob longed  (F ig . 6) w ith  a b ilay e red  w all 
(F ig . 7), b u t  still in  th e  re s tin g  stage. A n u m b e r  o f  free endosperm  n ucle i a re  
v is ib le  below  th e  zygo te . T h e  separa tion  o f c y to p la sm  around  th e  n u c le i now  
b eg in s , b u t  only below  th e  zyg o te  (Fig. 7). T h e  en d o sp erm  nuclei a re , h o w ever, 
v a r ia b le  in  th e  m idd le  p a r t .  T h e y  are ro u n d ed  o r fusiform , w ith  one, o r som e
tim e s  tw o  nucleoli (F ig . 8). T h e  fusion of tw o  o r th re e  endosperm  n u c le i an d  
m icro  po llen  tu b e  m a y  b e  seen (Fig. 9) to w a rd s  th e  base of th e  em b ry o n ic  
sac , i.e. above the  h y p o s ta se , o f 280/x m len g th  a n d  139^ m w id th . Fo llow ing  th e  
fu s io n  o f  nucleoli, the  n u c leu s enlarges and becom es s tro n g ly  associated  w ith  the 
m icro  po llen  tu b e  (F ig . 10). (The stage of d e v e lo p m e n t is th e  sam e as in  P im -

* T h e  in te rp re ta tio n  of th e  code, w ith  reference to  th e  o u ter m orphological fe a tu re s  o f 
flo w ers , w as given by  S z u j k ó  —  L a c z a  and  F e k e t e  (1973) a n d  in  detail by  S z u j k ó  —  L a c z a  

(1975).
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F ig ■ 4. Phenophase  32.3.5 — 32.3.6 C urved sty le  in  A . graveolens x l 2 0

Fig. 5. P h en o p h ase  32.3.5 32.3.6 Pollen  g ra in s on  th e  surface of stigm a. X 300
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Fig. 6. P h e iio p h ase  32.3.5 — 32.3.6 Z y g o te  in  resting  stage. X 200 
Fig. 7. P h e n o p h a se  32.3.5 — 32.3.6 Z y g o te  w ith  double walls. x 5 0 0  

F ig . 8. P h en ophase  32.3.5 — 32.3.6 Free endosperm  n u c le i, d ifferen t in size a n d  shape . X200 
F ig . 9. P h enophase  32.3.5 — 32.3.6 Double an d  tr ip le  fu sed  free endosperm  nuclei. X500
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Fig. 10. P henophase  32.3.5 — 32.3.6 F ree  endosperm  nuclei w ith  fused  nucleoli and m icro-pollen
tubes. X 500

Fig. 11. P h en o p h ase  32.3.5 — 32.3.6 The p y rifo rm  h y p o stase . X 200 
Fia. 12. Phenophase 32.3.5 32.3.6 C onnection be tw een  th e  em b ry o n ic  sac an d  hy p o stase

cells. X 200
Fig. 13. Phenophase 32.3.7 — 33.1.1 H exagonal cells a t  th e  m icrop ila r en d . x 5 0 0
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p in e lla  an isum  in th is  ph en o sp lia se .) The h y p o stase  cells are e lo n g a ted  and 
c u rv e d  (F ig. 11). T h ey  d iffe r  from  th e  cell p o p u la tio n  o f th e  in te g u m e n t in 
th e s e  tw o  characters (F igs 11, 12). In  th e  m idd le  line of th e  h y p o s ta se  cells, 
so m e  o f  these  have m e m b ra n o u s  w alls. T hese cells m ay  fu n c tio n  o n ly  as secre
to r y  c a n a l cells (Fig. 12). T h e  o th e r  p erip h era l cells ap p ear to  be sec re to ry  cells. 
T h e  sec re to ry  cells o f th e  h y p o s ta se  hav ing  large  nuclei are in  c o n tra s t  to  the  
c a n a l  cells.

I n  phenophase 32 .3 .7— 33.1.1, th e  po llen  grains are  s till p re se n t on the 
su rfa c e  o f  th e  stigm a a n d  th e  w alls o f  th e  n ec ta r-secre tin g  cells a re  m em branous 
in  th e  sty lopodium . T h e  cells seem  like ex h a u s te d  active cells w h ich  have 
c eased  function ing . T he zy g o te  still rem ains in  a res tin g  c o n d itio n . T he free 
e n d o sp e rm  nuclei are o f  d iffe re n t phases, d ep en d in g  on th e ir  lo ca tio n . Below 
th e  z y g o te  a t the m ic ro p y la r  end , th e  endosperm  nuclei a re  su rro u n d e d  by 
a h e x a g o n a l layer of c y to p la sm  (F ig . 13). A c e n tr ip e ta l w all fo rm a tio n  is in iti
a te d  a t  th e  m icropy lar e n d  o f th e  endosperm , sim ilar to  t h a t  re p o rte d  in 
C o ria n d ru m  by  S e g h a l  [17].

T h e  rem aining cells o f  th e  in teg u m en t, and  th e  free en d o sp erm  nuclei, 
as w e ll as th e  cy toplasm  a re  a rran g ed  in co lum ns. T he sep a ra tio n  o f  cy top lasm  
a n d  w a ll fo rm ation  in  th e  c e n tre  o f th e  cy top lasm ic  m ass is b ecom ing  visible 
a t  th e  en d  of this p h e n o p h a se  s tep  by  s tep  (F ig. 14). D uring  th e  n e x t stage,

F ig . 14. P h en o p h ase  32.3.7 — 33.1.1 T h e  2nd stage of se p a ra tio n  of m iddle  lay e r in  cy top lasm
X 500

F ig . 15 . P h en o p h ase  33.1.1 — 33.2.1 W ell sep a ra ted  cells w ith  nucleus, a n d  nucleo lus w ith
p ro m in e n t bo u n d ary . X 500
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in  th e  th ird  or th e  fo u rth  la y e r  of th e  endosperm , th e  b o u n d a ry  o f th e  c y to 
p lasm , th e  nucleus an d  nucleo li becom e m ore p ro m in e n t (F ig. 15). E lsew here , 
th e  se p a ra te d  endosperm  cells are  in close c o n ta c t w ith  th e  d isorganized  in te g u 
m en t cells (F ig. 16). T he cells con ta in  nucleus w ith o u t nucleoli. T he nuclei 
are n o t sh a rp ly  d e m arca ted . T h ey  are in a tra n s it io n a l s tage . T his is th e  la s t

Fig. 16. Phenophase  33.1.1 — 33.2.1 T he o u ter cell lay e r in  th e  tra n s itio n a l stage; th e  nucleus 
has lo st its  sh a rp  b o u n d a ry ; absence of nucleoli. X500

F ig. 17. P h en ophase  33.1.1 — 33.2.1 The o u te r  lay e r o f h y p o stase  cells. x 2 0 0  
Fig. 18. P h en ophase  33.1.1 — 33.2.1 T h e  m iddle lay er of h y p o s ta se  cells w ith o u t an y  cy to p lasm .

X 200
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p h a se  o f  th e  free endosperm  nuclei or th e  f irs t phase  of th e  seco n d ary  endosperm  
cell. In  th e  n e x t stage , th e y  a re  read y  for cell d iv ision , like no rm al m eris tem a tic  
cells.

A t th e  sam e tim e , cell d iv ision  s ta r ts  in  th e  zygote  an d  b y  rep ea ted  
d iv is io n  and  red iv ision , a t  d iffe ren t ac tive  p o in ts , i t  form s a S o lano id  ty p e  of 
e m b ry o . T he h y p o stase  cells in  th is  p h en o p h ase  are also well d istin g u ish ab le . 
F ig u re s  17 and  18 ex h ib it th e  h y p o stase  cells w ith  variab le  n u m b e r o f layers. 
U n ti l  i t  reached  th e  m ax im u m  len g th  (615 pm ), an d  w id th  (102 p m ), an d  its 
cells soon becom e fu n c tio n a lly  ex h au sted . I t  is show n b y  large n u m b e r of 
cells w h ich  are found  c ru sh ed  in  th e  cen tre  (F ig . 18). Now th e  in n e r  cell rows 
o f  th e  in teg u m en t are  becom ing  d iso rgan ized  an d  possib ly  th e  su b s ta n c e  of 
th e s e  cells has tra n sfo rm e d  in to  secondary  endosperm , ex cep t in  th e  tw o 
o u te r  row s and  in th e  v a sc u la r  bund le  o f th e  funicle (Fig. 19). T he tw o  o u te r 
cell row s u ltim a te ly  form  th e  te s ta  of th e  seed, a com m on p h enom enon  in 
U m belliferae  [5].

I n  phenophase  33.1 .1— 33.2.1, th e  s ty le  an d  stigm a w ith e r an d  s to p  the  
se c re tin g  o f n ec ta r  in  th e  s ty lo p o d iu m ; th e  g land  cells are slig h tly  com pressed . 
In  th is  p a r tic u la r  s tag e , zygo tic  cell d iv ision  con tinues s im u ltan eo u sly  w ith  
t h a t  o f  th e  secondary  endosperm  cells.

In  phenophase 33.2.1, th e  em bryo  develops an d  the  endosperm  cells are 
to ta l ly  ab sen t a round  th e  em bryo  (F ig. 19). B elow  th e  em bryo , th e  endosperm  
cells a re  qu ite  d ifferen t in  size an d  shape. T his is perhaps due to  th e  u n eq u a l

F ig . 19. Phenophase  33.2.1 T h e  endosperm  cells a re  ab sen t a ro u n d  th e  em b ry o . X500
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F ig . 20. Phenophase  33.2.1 S econdary  e n d o sp e rm  cells d ifferen t in sizes an d  sh a p e . X 650
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n u m b e r  o f division an d  p o sitio n , or u n eq u a l fu sion  o f  th e  earlier free en d o sp erm  
n uc le i, o r o f b o th  (F ig . 20). I n  th e  cy top lasm  o f th e  secondary  endosperm  cells, 
sm all vacuoles and  sm all ru d im e n ta ry  n ucle i a re  v isib le. A t th is s tag e , m ost 
o f  th e  in teg u m en t cells seem  disorganized a n d  a re  p re se n t only as a m em b ran e , 
ex c e p t in  th e  tw o o u te r  cell rows (Fig. 20). T h e  in n e r  cell rows of th e  p e rica rp s  
a re  in  a v e ry  ac tiv e  s ta g e : th e y  ap p ear as se c re to ry  cells (Fig. 20). T hese cells 
su p p ly  food to  th e  en d o sp e rm  and , a t th e  la te r  s tag e , th e y  are tra n s fo rm e d  
in to  end o carp  cells.

I t  is w ell-know n th a t  d ifferent cell p o p u la tio n s  of a p a rtic u la r  o rgan , 
like o v a ry  or ovule, a re  in te rd e p e n d e n t (see R a g h a v a n  [14]). M orphological, 
an a to m ica l and  o ccasio n a lly  functional re la tio n sh ip s  betw een  th e  o rg an s are  
also v e ry  clear. C onnections betw een th e  fu n c tio n a l details of s ty le , s ty lo p o - 
d iu m , cells of th e  m ic ro p y le , fertiliza tion  an d  fusion  o f free endosperm  nucle i 
h av e  been  rep o rted  in  P im p in e lla  anisum  [21]. T h e  sam e is tru e  for A n e th u m  
graveo lens. In v e s tig a tio n s  o f  th e  ac tiv ities an d  th e  role of sty le an d  s tig m a  
a re  th e re fo re  reaso n ab le . T h e  sty les get a p a r t  fro m  each o ther before th e  free 
en d o sp erm  nuclei are  p o llin a te d  and fertilized . T h e  epiderm al and  h y p o d e rm a l 
cells o f  stigm a do n o t fu n c tio n  as papillose cells before th is process (F ig . 5). 
T h e  sty les  becom e d ried  soon  a fte r the  fe rtiliz a tio n  or induc tio n  for th e  fusion 
o f  free endosperm  nuclei. T h e  d u ra tio n  and  fu n c tio n a l a c tiv ity  of th e  h y p o sta se  
m ay  also be re la te d  w ith  th e  developm ent o f th e  free endosperm  nuclei. T he 
h y p o sta se  cells as a g la n d u la r  tissue [11] can  sec re te  th e ir  co n ten t d ire c tly  
in to  th e  free en d o sp erm  n ucle i and  g ra d u a lly  becom e exhausted  an d  form  
a m em brane-like  Avail. T he in n e r ca rp e lla ry  cells seem  to  be in  an ac tiv e  stag e . 
T h e y  resem ble se c re to ry  cells (Fig. 20). L a te r  th e se  cells form  th e  e n d o ca rp ; 
a t  th is  s tage  (33.2.1) th e y  p ro b a b ly  supp ly  food to  th e  developing end o sp erm  
cells.

T h e  fu nc tion  o f h y p o s ta se  and its  c o n n e c tio n  w ith  th e  free en d o sp erm  
n u c le i are clear in A n e th u m  graveolens. T h is fa c t p ro m ted  us to  d e te rm in e :

a )  th e  freq u en cy  d is tr ib u tio n  of th e  h y p o s ta se  w ith in  th e  fam ilies;
b) th e  p ro b a b ility  o f  jo in t presence o f  th e  free endosperm  nuclei, h y p o 

s ta se  an d  em bryonic  sac o f  P o lygonum -type
c) th e  p ro b a b ility  o f  th e  o th e r possib le com b in a tio n s of th is  t r ip le t ,  

t h a t  is th e  ty p e  o f e n d o sp e rm , em bryonic sac a n d  presence of h y p o stase .
On th e  basis o f  th e  em bryological d a ta  o f  78 fam ilies com piled in  th e  

‘‘‘'Sym p o siu m  on Com parative Embryology o f  A n g io sp erm ”  ed. by  J o h r i  e t al. 
(1970) [6]. I have re p o r te d  forthcom ing  th e  coex istence  of th e  h y p o sta se  an d  
d iffe re n t types o f en d o sp e rm , em bryonic sac a n d  em bryos.

A ccording to  T ab le  1, th e  fam ily  Solanaceae  is m ore v ariab le  because  
th e re  are th ree  ty p e s  o f  endosperm  p re se n t (as also in  Saxifragaceae). 
Solanaceae also h av e  d iffe re n t ty p es of em b ry o n ic  sacs an d  em bryos. T he n e x t  in  
o rd e r  in  th e  n u m b er o f  co m b in a tio n s is a n o th e r  la rg e  fam ily  Compositae. C ellu lar
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Table 1

D istribution  o f  type o f endosperm , embryonic sacs, embryos and the Hypostase in  d ifferen t fa m ilie s

F a m ily  n am e

T ype o f  e n d o sp erm H y p o sta se T y p e  of 
em b ry o  sac

T y p e  of em b ry o S u m

cell. helob . n u c l. p resen t
Polygo-

o th er Solenoid o th e r

Moraceae + 2

Oleaceae 4 - + 4~ 4
Opiliaceae -f- 2

Santalaceae + -t- 4 - + 4
M yzodendraceae + + 2

Loranthaceae + 4 - + 4 ~ 4

Cactaceae + + 2

Degeneriaceae + + 2

Annonaceae + 2

Schisandraceae + + 2

Ranunculaceae + + + 3
Peoniaceae 4 - + 2

Nym phaeaceae + + + 3
Crosso m ataceae + + + 3
Actinidaceae + + + 4 - 4
The ace ae + + 4 - 4 - 4

Capparaceae + + + + 4
Moringaceae + + + 3
Crassulaceae + 2

Saxifragaceae 4- + + 4
Legum inosae 4 - + 2

Lim nanthaceae + 4- 2

Oxalidaceae + + 2

Geraniaceae 4 - + + 4 - 4
Tropaeolaceae + + 2

Zygophyllaceae + + 4 - 3
Linaceae 4- + + 4 - 4

Erythroxylaceae 4~ + 4 - 4 ~ 4
Euphorbiaceae + + + 3
S im  aroubaceae 4 - 4 " 2

Burseraceae 4 - + 2

Meliaceae 4- + 2

Coriariaceae + + 2

Balsaminaceae + + 4- 2
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Table 1 (co n tin u ed )

F a m ily  n am e

T y p e o f  en d o sp erm H y p o s t a s e T y p i
em b r y

o f
о sac

T y p e  o f  e m b r y o S u m

c e ll. h e lo b . n u c l. p r e se n t
P o ly g o 

n u m o th er S o le n o id o th e r

Cyrillaceae + + + 4

Rham naceae + + + + + 6

Vitaceae + + 2

Leeaceae + 2

Eleagnaceae 3

Violaceae + -f- double + 3

T u rn er  aceae + + 3

P a ss i f lor aceae + + 2

Bixaceae + + 2

Caricaceae + + 2

Cucurbitaceae + + + + 5

Onagraceae + + 3

Haloragaceae + + + + 4

Cornaceae + 2

Umbelliferae + + + + + 5

Clethraceae + + 2

Polemoniaceae + + 3

Fouqueriaceae + + 2

Convolvulaceae + + + + 5

Verbenaceae + + + 3

Solanaceae + + + + + + + 7

Scrophulariaceae + + +
3

Acanthaceae + ( + ) + 3

Pedaliaceae + + 3

M artyniaceae + + 2

Orobanchaceae + —j—' 2

Lentibulariaceae + + 2

Plantaginaceae + + 3

Campanulaceae + + 3

Spenocleaceae + + + 3

Pentaphragmataceae + + +
3

Stylidiaceae + + + 3

Compositae + + + + + 5

Hydrocharitaceae + + + 3

Sheuchzeriaceae + + + 3

J  uncaginaceae + + 3
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Table 1 (continued)

F a m ily  n am e

T y p e o f  en d o sp e rm H y p o s t a s e T y p e  o f  
e m b r y o  sac

T y p e  o f  e m b r y o S u m

cell. h elob . n u c l. p rese n t
P o ly g o 

n u m o th e r S o la n o id o th e r

Potamogetonaceae - p + + + 4

Zannichelliaceae + + + 3
Najadaceae + + + 3
H  aemodoraceae + + + 3
A maryllidaceae + + + + 4

Hypoxidaceae + + + + 4

Burm anniaceae + + + 3

Zingiberaceae + + 4

Su m  of column 32 13 45 19 72 21 17 66

a n d  helobial ty p es  of  endosperm  w ere  found in th e  O l e a c e a e  and S a n t a l a c e a e a .  

Cellular and n u c lea r  endosperm s are  presen t in  N y m p h a e a c e a e ,  H a l o r a g a c e a e ,  

A c a n t h a c e a e  and  C o m p o s i t a e .  H elobia l nuc lear  endosperm s have been  fo u n d  in 
P o t a m o g e t o n a c e a e ,  A m a r y l l i d a c e a e  a n d  H y p o x i d a c e a e .  In  the  rest of 36 families, 
on ly  the  nuclear  ty p e  of endosperm  was inves t iga ted . In  eleven fam ilies, th e  
v a r iab il i ty  appears  in the  ty p es  o f  em bryon ic  sac, in six families t h e  e m b ry o  
and  in four families bo th  are visible. These differences, shown in th e  v a r ian ce  
be tw een  genera an d  between species, w h ith in  th e  sam e family, m ay  be  in te r e s t 
ing  from ev o lu tiona ry  po in t o f  v iew .

T h ir ty -e ig h t  families h ave  on ly  one ty p e  o f  endosperm , em b ry o n ic  sac 
a n d  em bryo. T hese  families seem to  be hom ogeneous in th e  in v e s t ig a te d  
cha rac te rs .

The nuc lear  ty p e  of endosperm  and th e  Polygonum  ty p e  o f  em b ry o n ic  
sac occur to g e th e r  in 40 families. T h u s ,  the re  seems to  be existing  an im p o r t a n t  
in te rdependence  betw een  these  tw o  charac ters .  The o the r  ty p e  of  e m b ry o n ic  
sac and nuclear  endosperm  are co-existing  only in five families.

The coexistence of h y p o s ta se  and Solanoid embryogenesis w as found  
also only in f ive ou t  o f  seven ty -e igh t  families. Therefore, these tw o ch a ra c te rs  
do no t appear  to  be greatly  in te r re la ted .  (The function  of  hypostase  te rm in a te s  
before th e  em bryo  begins to  develop.)

Taking in to  consideration  th e  d is tr ibu tion  of th e  d a ta  (Table  2), the  
n u m b e r  of pub lished  j o i n t  p r o p e r t i e s  referring to  th e  ty p e  of  e n d o sp e rm , 
em bryonic  sacs and  em bryo, we consider th a t ,  our knowledge is insuff ic ien t  
for 28 families (1st column). The h igh  d iversity  value  (H ’ =  1.9110) show s th a t  
ou r  d a ta  have some u n c e r ta in ty  in sense o f  th e  in fo rm ation  th eo ry .
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Table 2

The frequency d istrib u tio n  o f  the combination o f  the typ es o f  endosperm embryonic sacs and
embryos ( that is  the tr ip le t)

N u m b e r  o f  a n y  c o m b in a t io n s  o f  
tr ip le t  ( e x c e p t  t h e  1 s t  co lu m n )

2 3 4 5 6 7

Frequency of com bina tions 29 28 16 4 l l

D iv e r s i ty  H ’ =  1.9110; E v e n n e s s  =  J  =  0.7392.

Note; each fam i ly  h as  different num bers  o f  e x am in ed  genera  and  species, and  th e  
p resence  of the t r ip le t  was r e p o r te d  a t  the family level.  I t  is also t ru e  to  th e  hypostase .

Table 3

The coexistence o f  the hypostase, different types o f  endosperm and embryonic sacs

T y p e  o f  en d o sp e rm
T y p e  o f  e m b r y o n ic  sa c  

P o ly g o n u m  o th e r

H y p o s ta se  p rese n t  
in  th e  n u m b e r  o f  

fa m ilie s

N uclea r + 12

N uclea r + + 3

Cellular + 3

Helob ia l + 1

D iv e rs i ty  H ’ =  1.4832; E v e n n e ss  .1 =  0.7416.

O ut of th e  78 fam ilies , there  are 17 (21 .7% ) in  which th e  h ypos tase  is p res
e n t .  In table  3 th e  n u m b e r  o f  co-existence o f  t h e  t r ip le t  are presen ted . Accord- 
in g ly ,  th e  p ro b a b i l i ty  o f  co-existence of t h e  h y p o s ta se ,  free endosperm  nuclei 
a n d  Po lygonum  ty p e  o f  em bryon ic  sac is h igh .

This resu lt  s u p p o r t s  th e  possible fu n c t io n a l  connection be tw een  th e  
h y p o s ta s e  and  free endosperm  nuclei in  A n e th u m  graveolens. The o ther  
com b in a t io n s  are o f  less im portance . T h o u g h  th e  co-existence of  hypostase  
a n d  nuc lear  or he lob ia l t y p e  of endosperm is n o t  f requen t ,  so th e  above results  
sugges t  t h a t  the  l ife-span  o f  the  hypostase  m a y  be different in  various species. 
On th e  one hand , t h e  ce llu la r  endosperm deve lops at once a f te r  th e  double 
ferti l iza t ion , sugges t ing  t h a t  here the l ife-tim e of th e  hypostase  m a y  be short .  
O n t h e  o ther  h an d ,  th e  helobial type  of en d o sp e rm  is also nuc lear  s u b s ta n 
tia l ly .  The tim e of d e v e lo p m e n t  of the  free e n d o sp e rm  nuclei includ ing  helobial 
ones is also differing f rom  species to species, a n d  th is  fact de term ines th e  life
s p a n  of the  hy p o s ta se  cells.
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Abstract

R a t  h y p o p h y sea l  in te rm ediate  lobe cells, p a r t ia l ly  dispersed by t ry p s in ,  were 
c u l t iv a ted  on a n  iner t  surface. The a t t a c h in g  cap ac i ty ,  th e  g row th  of the  cu ltu res  a n d  
th e  fine s t ru c tu re  of th e  epithelial cells deve loped  during  c u lt iva t ion  were s tud ied .  
T h e  m ajo r i ty  of  th e  cell groups a t ta ch e d  to  the  iner t  surface w ith in  72 h a f te r  e x p la n t a 
t ion. Epithe lia l  islands developed, w i th  a lay e r  consisting  of f ibroblast- l ike  cells beg in
ning to  form a t  th e i r  periphery .  By the e n d  o f  the  second week of cu l t iva t ion  th e  epithelial  
islets a n d  fibroblast- l ike  cells formed a m ono layer .  The  epithelial  cells su rv iv ed  for five 
weeks. The g ran u la r  cy top lasm  of the  ep ithe l ia l  island cells could be well iden tif ied  
on  the  p hase -con tras t  m ic roc inem atograph ic  f ram es  of the  y oung  cultures ;  b o t h  ep i th e 
lial and  f ibroblast- l ike  cells divided. The  m ito t ic  ab i l i ty  of b o th  cell ty p es  cou ld  be con
f i rm ed  by  their  t r i t ia ted - th y m id in e  in co rp o ra t io n ,  too. In  young  cultures ,  th e  fine- 
s t ru c tu ra l  featu res  of  epithelial  cells were  p rac t ica l ly  identical w i th  those of t h e  g la n d u 
la r  cells in in tac t  g lands.  In  older cu l tu res ,  th e  secre to ry  granules  in th e  epithe lia l  cells 
were lower in n u m b er ;  the  localization o f  t h e  g ranu les  a t  the  per iphery  w as p re d o m i
na ting .

Introduction

I t  is generally  accep ted  th a t  an  app rec iab le  am o u n t  of ad renocortico - 
t ro p h ic  horm one (ACTH) is present in th e  in te rm e d ia te  lobe of  th e  r a t  h y p o 
physis . W hen  in v es t iga t ing  th e  biological role o f  th is  ACTH, some researchers  
[14, 15, 19] d e m o n s t ra te d  th a t  n e u ra l  s tress  caused ACTH dep le tion  in th e  
in te rm e d ia te  lobe, while others [6] r e p o r te d  th a t  functionally  s ign if ican t  
q u a n t i t ie s  o f  A CTH were ha rd ly  sec re ted  b y  th e  in te rm ed ia te  lobe or  b y  th e  
neu rohypophys is .  M ain ly  for ana tom ica l  reasons, th is  d isc repancy  is r a th e r  
d ifficult to  explain. This  is why in vitro m e th o d s  were resorted  to. K ra ic er  
and  M orris  [10, 11] ex tra c te d  b io logically  ac t ive  A CTH from m echan ically  
d ispersed  in te rm ed ia te  lobe cells. M oreover, in sh o r t- te rm  in cu b a t io n  ex p e r i
m en ts  th e y  d e m o n s t ra te d  th a t  b o th  a h y p o th a la m ic  e x t ra c t  an d  se ro ton in  
s t im u la te  ACTH secretion . Later, based  on sh o r t- te rm  in cuba tion  e x p e r im en ts  
on n e u ro - in te rm ed ia te  lobe f ragm en ts ,  F is c h e r  and M o riarty  [4] s ta te d  
t h a t  th e  hy p o p h y sea l  s ta lk -m edian  em inence  e x t ra c t ,  acetylcholine and  sero
to n in  s t im u la te ,  o th e r  substances e i th e r  in h ib i t  (dopam ine) or do n o t  affect 
(norep inephrine) th e  release of biologically ac t ive  ACTH.

Acta Biologien Academiae Scientiarum Hungaricae 29, 1978



2 7 4 I .  F A Z E K A S  e t  a l.

T h e  in  vitro sy s tem s applied  b y  th e  tw o  research  team s have  th e i r  in 
co n te s ta b le  ad v an tag es .  H ow ever ,  one m u s t  n o t  neglect th e ir  com m on d ra w 
b a c k  t h a t  in such in cu b a t io n  experim en ts  th e  cells rem ain  v iab le  for a r a t h e r  
b r i e f  t im e  and  so do n o t  p e rm it  re p e a te d  ap p l ica t ion  of  th e  same cells. T h e  
cell cu lt iv a t io n  m e th o d  elim inates  these  d raw b ack s .

O nly  a few cases of  in vitro in te rm e d ia te  lobe cell cu l t iva t ion  h av e  been  
r e p o r te d .  Ch a t t e r j e e  [2] p rep a red  organ  cu l tu re s  from  the  in te rm e d ia te  lobe  
o f  d iffe ren t ia ted  r a b b i t  h y pophys is ;  th e  d iffe ren t ia ted  s ta te  o f  g lan d u la r  cells 
o b se rv ed  in vivo was m a in ta in ed  for as long as f ive weeks. H ow ever,  Ch a t t e r 
j e e  d id  n o t  exam ine  h o rm one  p ro d u c t io n  in t h e  cultures. T i x i e r — V i d a l  e t  
al. [22] rep o r ted  a t  a conference on r a t  h y p o p h y sea l  in te rm ed ia te  lobe cell 
c u l tu re s  p rep a red  from  m echan ically  d ispersed  cells.

W e have  deve loped  a sim ple cu l t iv a t io n  procedure :  th e  in te rm e d ia te  
lobe  o f  th e  h ypophys is  from  ad u l t  ra ts  was d ispersed by  try p s in  and  th e  cell 
su spens ion  was ex p la n te d  onto  an  in e r t  surface. The p resen t  p a p e r  re p o r ts  
on  t h e  cu l t iva t ion  tech n iq u e ,  life p h e n o m e n a  a n d  f ine s t ru c tu re  of su rv iv 
in g  a n d  pro life ra t ing  g landu la r  cells. C ultures p re p a re d  b y  th is  m e th o d  a p p e a r  
t o  be su itab le  for long -te rm  an d  re p e a te d  s tu d y  of horm one p ro d u c t io n  b y  
in te rm e d ia te  lobe cells.

Materials and m ethods

D isp ers io n  and explantation  o f  interm ediate lobe cells.
T h e  hypophyses  from  d e ca p i ta te d  male a n d  female  CFY ra ts  weighing 200 g were  

r e m o v e d  u n d e r  sterile condit ions an d  collected in to  T issue Culture  M edium  199 (P a rk e r  199). 
T w e n ty - f iv e  to 30 an im als  of th e  same sex were used  in each  experim en ta l  series. The  po s te r io r  
a n d  in te rm e d ia te  lobes were s e p a ra ted  from  th e  a n te r io r  lobe un d e r  the  s tereom icroscope 
w i t h o u t  h a rd ly  a n y  cell loss. T he  n euro - in te rm ed ia te  lobes were collected in centrifuge tu b e s  
c o n ta in in g  0 .25%  t r y p s in  (D IF C O ) solu t ion  a n d  were m echanical ly  ag i ta ted  b y  a p ip e t t e  for 
10 m in .  Macroscopically ,  th e  neu ro h y p o p h y s is  a p p ea red  in ta c t .  T he  in te rm ed ia te  lobe d ispersed  
in to  in d iv id u a l  cells or cell groups consisting of 2 to  30 cells each. After  th e  sed im e n ta t io n  o f

Table 1

C om position o f  culture media

1 80%  P a rk e r  199 +  20 °0 fetal calf  se ru m * * (FCS)

After a t t a c h m e n t  of the  cells: 90%  P a rk e r  199 -)- 10% FCS

2 80%  F - l  0 (HAM F-10 1 X w ith  L-Glutam ine)*  +  20% FCS 

After  a t t a ch m en t  of  the  cells: 90%  F-10 -(- 10% FCS

3 82.5% P a rk e r  199 +  15%  horse serum* +  2.5% FCS

4 82.5% F-10 -)- 15% horse serum  -(- 2 .5 %  FCS

* GIBCO B IO -C U L T  Lab.
N o  an tib io tic  was used in a n y  of th e  m edia .
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th e  n eurohypophyses  th e  suspension of the  in te rm ed ia te  lobe  cells w as decanted. N ext ,  i t  w as  
d i lu ted  with  the  sam e  vo lum e of a 4:1 m ix tu re  of P a rk e r  199 a n d  fe ta l  calf serum ( G I B C O — 
B IO C U L T  LAB.), a n d  centrifuged a t  1000 rp m  a t  4 °C for 10 m in .  T he  cell sediment was re su s 
pended  in various m ed ia  (Table 1).

In  certain  e x p er im en ts ,  1 ml samples o f  th e  cell suspens ion  were exp lan ted  in a m u l t id is h  
t r a y  (L IM B R O  d isp o so - t ray  FC 16/24): genera lly  12 paral le l  c u l tu re s  were used per e x p e r im e n t .  
Since the  cell suspens ion  con ta ined  cell g roups  besides in d iv id u a l  cells, no cell counting  cou ld  
be done.

In  o ther e x p er im en ts ,  2 ml sam ples of the cell susp en s io n  were explanted  in p las t ic  
petr i-dishes (FA L C O N  plastic ,  3.5 cm) w i th  round  coverslips of 25 m m  a t  their b o t to m .

The cultures were incuba ted  a t  37 °C in 5% C 0 2 a tm o sp h e re .  The m edium  was f i r s t  
changed  after 72 h, th e re a f te r  every second day.

Phase-contrast cinematography  of the  coverslip c u l tu re s  p laced in perfusion c h a m b e r s  
was performed as desc ribed  earlier [3 ]. To ensure  co n s tan t  a n d  u n i fo rm  exchange of the  m e d iu m ,  
th e  cham ber  was conn ec ted  w ith  an infusion pum p.

For autoradiographic exam ination , t h e  cells were labe l led  w i th  1 ^Ci/ml t r i t ia ted  t h y m i 
dine (6-3H - th y m id in e ,  23 Ci/mM spec, act . ,  T h e  R ad iochem ica l  Centre ,  Ainersham), d issolved 
in protein-free Eagle  m ed iu m  (DIFCO) for 1 h. Next ,  th e y  w ere  w ashed  with Parker  199 five 
t imes. The cultures were f ix ed  for 10 m in  in m ethanol,  w ash ed  a n d  covered with K O D A K  A R  10 
s t r ipp ing  film; th e y  were th en  exposed a t  4 °C for 15 days.  A f te r  developm ent the a u to r a d io 
g ram s were sta ined  accord ing  to Gieinsa. T h e  labeling in d e x  was established by c o u n t in g  
a b o u t  1000 cells pe r  cu ltu re .

Cultures growing  in multidish t ra y s  were used for electron microscopic study. T h e  cells 
were prefixed a t  ro o m  tem p era tu re  in 2 .5%  purified g lu ta ra ld e h y d e ,  dissolved in 0.1 M ,  
p i l  7.4 cacodylate  buffer  for 2 h. They  were t h e n  washed in t h e  sam e buffer overnight ,  pos t-  
fixed in 1% OsO, a n d  em bedded  in Epon .  T he  th in  sec tions were cut  in a Reichert  O m U 2  
m icrotome, sta ined  w ith  u ran y l  ace ta te  an d  lead c i t ra te ,  a n d  e x am in ed  in the J E O L  100 C 
electron microscope w ith  80 kV accelerating voltage.

Results

Attachm ent o f  the cells and  growth o f  the cultures

The ind iv id u a l  cells of the  cell suspension d isp la y e d  b u t  a low te n d e n c y  
to  a t tach ,  th e  m a jo r i ty  of th e  cell g roups a t ta c h e d  slowly to  the  inert su rface . 
T he  a t ta c h m e n t  was not influenced b y  th e  se ru m  com position  of the m ed iu m  
(Table 1). For n o t  d is tu rb ing  th e  a t ta c h in g  of th e  cells, th e  medium was n o t  
changed for 72 h .  T he  a t tach ed  cell groups m o s t ly  consis ted  of epithelia l cells 
form ing islands. On th e i r  per iphery , a f ib rob las t  l a y e r  s ta r te d  to grow, w h ich  
fo rm ed  a con tinuous  m onolayer in t h e  second w eek  a f te r  exp lan ta t ion . T h e  
in it ia lly  dense ep ithe lia l  islets grew an d  b ecam e  less com pact, while t h e i r  
ind iv idua l  cells rem ained  closely a t ta c h e d  to  one a n o th e r  (Fig. 1). N e i th e r  
th e  q ua li ty  nor t h e  q u a n t i ty  of th e  se ru m  co m p o n en t  in th e  medium in f luenced  
e i the r  th e  dev e lo p m en t  or the  g row th  of th e  ep ithe lia l  islands or of th e  f ib lo -  
b la s t  m onolayer. In  three-w eek or older cu ltu res  th e  fib lob last  layer ceased  
to  be con tinuous , its  cells de tached  from th e  su rface ,  while the cells o f  the  
epithelia l  is lands in v a r ia b ly  su rv ived  even as long  as for 5 weeks.

The cells in  th e  epithelial is lands  were e x a m in e d  in 5 to 12 days  old 
cu ltu res  by  p h a se -co n tra s t  m ic roc inem atog raphy .  T h e  epithelial cells were  
closely a t ta c h e d  to  each  o ther  and  h ad  no long processes  (Fig. 2). T heir  c y to -
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plasmic m em b ran e  was v iv id ly  m oving, bu t  th e  cells d id  no t m igra te . Motile 
phase -da rk  granules — e i th e r  m itochondria  or aggrega ted  secretory granules — , 
occurred in the ir  cy top lasm . T he  epithelial cells were generally m ononuclear . 
The nucleus was often ro ta t in g .  No differences were seen in the  features  o f  th e  
epithelial cells in th e  cu ltu res  of  various ages. D iv id ing  epithelial cells and 
f ib rob las t  often  occurred.

The d ividing ca p a c i ty  of  th e  epithelial cells was confirmed by  th e i r  
DNA precursor inco rpo ra t ion ,  too (Fig. 3). In th e  epithelial islands o f  7 -day  
cultures th e  p rop o r t io n  o f  cells incorpora t ing  t r i t i a te d  thym id ine  run  to  9 .7 % , 
in those  of 10 and  12-day cu ltu res  to  1 1.0 and 10 .2% , respectively (Table 2). 
The percen tage  o f  labelled cells in th e  f ib ro b la s t  m onolayer  am o u n ted  to  
16.5% in th e  12-day cu ltu res ,  a sign of th e  h igher  pro liferation  ra te  o f  these  
cells. In cu ltu res  older t h a n  17 days, as soon as th e  continuous m onolayers  
developed, th e  cells in co rp o ra ted  b u t  a m in im um  of th e  precursor. Accordingly, 
no labelling index  could be de term ined .

Table 2

:iH -thym id ine  incorporation into cultured cells

Age  o f  th e M o r p h o lo g y  o f  c e lls T o ta l n u m b e r o f N u m b e r  o f L abe lin g
la b e lle d in d ex  in

c e lls %

7 days epithelial 1000 73
islands 1000 1 14

1000 105
total 3000 292 9.7

10 days epithelial 1000 111
islands 1000 111

1000 110 11.0
total 3000 332

12 days epithelial
islands 1000 102 10.2

12 days fibroblast 1000 148
layer 1000 183

tota l 2000 331 16.5

Fig. 1. 8-day in te rm ed ia te  lobe cell culture.  Ph a se -co n t ra s t  pho tom icrograph .  Closely f i t t ing  
epithelial cells forming epithe lial  islands with f ib rob las t- l ike  cells a t  their  per iphery

(Magnification: x 2 5 0 )
Fig. 2. P o r t io n  of an  epithelial  island from an  8-day in te rm ed ia te  lobe cell cu ltu re .  Phase- 
con tras t  m ic roc inem atograph ic  f ram es. Many phase -d a rk  g ranu les  are seen in the  c y to p la sm

of closely packed  polygonal cells
Fig. 3. A u to rad io g rap h  of a 7-day  in te rm ed ia te  lobe cell cu l tu re .  Port ion  of an  epithelial  island. 
Many silver grains over cell nuclei (arrows) indica te  an ev idence  for the incorporation  of •41-

th y m id in e .  Giemsa sta in ing. X l3 5 0
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Fine structure o f  cultivated epithelial cells

The m ajo r i ty  of  th e  g lan d u la r  cells from  th e  in tac t ,  n o n -c u l t iv a te d  
in te rm ed ia te  lobe co n ta ined  m a n y  p leom orphic  secre tory  granules (F ig . 4). 
Such m a tu re  secre tory  granules  occurred  everyw here in th e  cy to p la sm . Signs 
o f  secre to ry  granule  fo rm a tio n  could be observed in th e  Golgi region. The 
cells were rich in m itochondr ia  w ith  a da rk  m a tr ix .  Such p a re n c h y m a l  cells 
also occurred  in certa in  regions of  th e  in ta c t  lobe in which the  secre to ry  g ranu les  
were aligned along th e  cy top lasm ic  m em brane .

In  8 -day  cultures th e  m a jo r i ty  of  th e  cells in the  epithelial is lands c o n ta in 
ed such secre tory  granules a n d  d isp layed  th e  sam e morphological signs as 
those  in th e  in ta c t  g land. Cells w i th o u t  cytop lasm ic  secre tory  granu les  were 
ra re ly  seen. According to  th e i r  shape  and  f i t t in g  to  the  o ther  ep ithelia l cells 
we believe these  few cells to  be ep ithelia l  cells, too  (Fig. 5). A h igher m a g n if ic a 
tion  p e rm it ted  the  d iffe ren tia t ion  also of  t h a t  secre tory  g landu lar  cell ty p e  
w herein  th e  granules were a r ran g ed  m ain ly  along the  cytoplasm ic m e m b ra n e  
(Fig. 6).

In  27-day  cu ltu res ,  th e  ep ithelia l  cells w ith  th e  characteris tic  sec re to ry  
granules could still be d iffe ren tia ted , th o u g h  th e  n u m b e r  of  the  g ranu les  was 
lower th a n  in th e  8-day  ones (Figs 7— 10). The location of  the  granules  in  th e  
cy top lasm  was var ied  from th e  ra n d o m  dis tr ibu tion  (Fig. 7) to localization  
m a in ly  along th e  m em b ran e  (Figs 9 and  10). The signs of secre to ry  granu le  
fo rm atio n  in th e  Golgi region o f  epithelia l  cells were still p resen t  (Fig. 8). 
H ow ever,  no sign of  exocytosis  o f  secre to ry  granules could be observed . B o th  
th e  cy top lasm  and  th e  m a tr ix  of  th e  m itochondria  were dark  in th e  m a jo r i ty  
of  th e  ep ithelia l cells. Sporad ica lly ,  m ic ro tubu le  fascicles accu m u la ted  a t  th e  
p e r ip h e ry  of th e  cy top lasm  (Fig. 10).

In  35-day  cu ltu res ,  th e  ra t io  o f  epithelia l cells w ith  few g ranu les  was 
increased. As opposed to  y o u n g e r  cultu res , dense bodies more f r e q u e n t ly  
occurred  in th e  g ran u la r  cells (Fig. 11) suggesting the1 possibility  of  in t ra c e l lu la r  
d igestion  of  secretory  granules.

Fig. 4. Low-power ( x 3000) e lectron  m ic ro g rap h  showing a port ion  of an in ta c t  in te rm e d ia te  
lobe e m bedded  after  perfusion f ixat ion . The  m ajo r i ty  of  the cells con ta in  m an y  p leo m o rp h ic  

secre tory  granules. T he  c y to p la sm  is rich in endoplasm ic re t icu lum  and m ito c h o n d r ia  
Fig. 5. Low-power ( x 3000) e lectron m ic rograph  of an  8-day in te rm ed ia te  lobe cell cu l tu re .  
The  m ajo r i ty  of the  cells d isp lays th e  charac te ris t ic  morphological features  of i n ta c t  in te r 
m ed ia te  lobe cells. While th e  m a jo r i ty  of  th e  cells conta ins m an y  secretory granules  in a r a n d o m  
a rran g em en t ,  a cell (A) con ta in ing  hard ly  a n y  granu le  also occurs.  In  o ther  cells (B) th e  sec re to ry  

granules are localized to th e  per iphery  of the  cytoplasm  
Fig. 6. H igh-power ( x l 9  700) e lectron  m ic ro g rap h  of an epithelial  island from a 8 -day  in te r 
m edia te  lobe culture.  Po rt ions  of two cells lay ing  close to one a n o th e r  are shown. T h e  sec re to ry  
granules  lay sca t te red  in the  cy top la sm  p or t ion  seen in the  u p p e r  corner, left . In  th e  o th e r  

cell th e  secretory  granu les  are loca ted  along the  cytoplasm ic  m em b ran e
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The close co n tac t  o f  th e  g landu lar  cells, observed  first under  the  light 
microscope, was confirm ed by  elec tron  microscopic ex a m in a t io n  a t  any  cu ltu re  
t im e.

Discussion

As confirm ed by o u r  resu lts ,  the in te rm ed ia te  lobi' o f  the  ra t  hypophysis  
perm its  th e  p rep a ra t io n ,  w ith  a re la tive ly  good yield, o f  cell cultures su rv iv 
ing for a long tim e. T h u s ,  we h ave  confirmed th e  f ind ings  o f  T i x i e r —V i d a l  et 
al. [22]. The in trav i ta l  observ at ion  of  th e  cells, th e ir  D N A  precursor in co rp o ra 
tion  and tin1 m orphological fea tu res  of  the c u l t iv a te d  cells enable us to  d raw  
th e  conclusion th a t  th e  g la n d u la r  cells survive, p ro life ra te ,  and d isp lay  the  
m orphological signs of  in tra c e l lu la r  horm one fo rm a tio n  for at least 5 weeks. 
The qua l i ta t iv e  com position  of  th e  various m edia  we used practica lly  did not 
in fluence  th e  cellu larity  o f  th e  cultures.

According to  l igh t-m icroscopic  criteria, th e  cells o f  the  rat hypophysea l  
in te rm ed ia te  lobe can be ca tego rized  into th ree  types [7]: in two cell ty p e s  the  
cy top lasm  is PA S-positive a n d  contains  granules. T hese  cell types  can be 
de tec ted  in the  epithelia l  is lands of our cultures, m ore  precisely, th ey  m igh t  
be identif ied  as ep ithelia l cells rich in phase-dark  granu les ,  flic th ird  cell type  
p re sen t  in the in tac t  in te rm e d ia te  lohe does not d isp lay  a n y  sign th a t  would 
suggest secre tory  ac t iv i ty .  Th is  cell type  might be the  source of the  f ib ro b la s t
like cells found in th e  cu ltu res .

According to  Leblo n d  and  W alker [12] and  to H unt and H unt [9], 
t h e  n u m b e r  of d iv id ing cells is r a th e r  low in th e  in ta c t  hypophysis  of adu lts .  
H ow ever,  a f ter  ad re n a le c to m y  the  ra tio  of g la n d u la r  cells en tering  th e  cell 
cycle will increase b o th  in the  an te r io r  [20] and th e  in te rm ed ia te  lohe [5]. 
Also, it  has been shown t h a t  should  the  hypophysea l  s ta lk  be tran sec ted ,  the  
in te rm ed ia te  lobe becomes h y p e r tro p h ie d  [13]. All these  findings suggest th a t  
u n d e r  cer ta in  conditions th e  g lan d u la r  cells in th e  in te rm e d ia te  lobe are capab le  
of  p roliferating . M itotic g la n d u la r  epithelial cells can  be seen on th e  micro- 
c inem atograph ic  fram es; in o u r  younger  cultures  th e  p ropor t ion  of ep ithelia l 
cells inco rpo ra t ing  the  D N A  precu rso r  was abou t 10% . Accordingly, th e  g lan 
d u la r  cells are capable  o f  div id ing  in cell cultures, too . This  is confirmed also by 
an earlier f inding of ours [21], viz. im m unoreac tive  g la n d u la r  cells were capab le

Figs 7 10. E lectron m ic rographs  o f  epithelial  cells from 2 7-day  in te rm ed ia te  lohe cell cul
tures. The incidence o f  sec re to ry  granules is lower t h a n  in the  8-day cultures  

F ig. 7. The pleomorphic sec re to ry  granu les  are located sc a t t e r e d  th ro u g h o u t  the  cy top lasm .
X 14 600

Fig. 8. W ell-developed Golgi region with  signs of g ranu le  fo rm ation .  X 15 300 
F igs 9 10. The secretory  g ran u le s  are loca ted  along the  cy to p la sm ic  m em brane .  9: X 14 700.

10: X 19 40(1
Fig. П .  E lec tron  m ic rograph  of two epithelial  cells from  a 35-days  old in te rm ed ia te  lohe 
cell culture.  Besides the sec re to ry  g ranu les ,  several dense bodies m a y  be seen in the  cy to p la sm

of the  “ A”  cell. X 13 370
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o f  synthesizing D N A  in our cultures. Chatterjee  [2] established by the 
autoradiographic study o f  organ cultures from rabbit intermediate lobe that 
cell proliferation goes on for at least two weeks in cultures.

Quite recen tly ,  in e lec tron  microscopic s tudies, H owe a n d  Maxw ell  [8] 
a n d  la te ly  Moriarty [16] have d e m o n s t ra te d  th a t  m elano trop ic  cells consti
tu te  th e  m ajor i ty  o f  g lan d u la r  cells in th e  in ta c t  ra t  in te rm e d ia te  lobe. In the 
c y to p la sm  of the ir  tw o  ty p e s ,  phase-ligh t and  phase-dark  cells, p leomorphic 
s ec re to ry  granules are a b u n d a n t  and ra n d o m ly  d is tr ibu ted . A lower num ber  
o f  s te l la te  pa ren ch y m a l  cells occur sporad ica lly .  In  these cells sec re to ry  granules 
a re  less in n u m b er  t h a n  in th e  above-m en tioned  cell types a n d  are aligned 
a long  the  cell m em b ran e .  Several au th o rs ,  as e.g. N aik [17, 18] and  Chatter
j e e  [1], consider these  cells analogous to  the  A C T H -producing  cells in the 
a n te r io r  lobe of th e  hyp o p h y s is ,  o thers  [16] contest  this analogy .

In  our young cu ltu res ,  th e  m a jo r i ty  of  th e  ind iv idual cells in  th e  epithelial 
is lands  displayed all th o se  f in e -s tru c tu ra l  fea tu res  (presence, d en s i ty  and local
iz a t io n  of  secretory  granules  and  th e ir  fo rm ation  in the  Golgi a p p a ra tu s )  th a t  
h a d  earlier been described to  charac ter ize  th e  m elanotropic  cells in the  in tac t 
in te rm e d ia te  lobe. Sporad ica lly ,  also such epithelia l cells occu rred  th a t  failed 
to  con ta in  any  sec re to ry  granules. T he  signs of the  “ co r t ico tro p h ic”  cell 
occu rred  b u t  ra re ly  in th e  epithelial is lands. In  the  four an d  f ive  weeks old 
c u l tu re s  the  am o u n t  o f  secre to ry  granules decreased in th e  c y to p la sm  of most 
o f  t h e  g landular  cells a n d  th e  localization  of  th e  granules a t  t h e  periphery  
b e c a m e  more f requen t .  T h e  signs of g ranu le  form ation  were in v a r ia b ly  found 
in the  Golgi region.

The surv ival of p a re n c h y m a l  cells in ou r  cultures and th e  cytological 
signs o f  in tracellu lar  h o rm o n e  p ro d u c t io n  suggest th a t  like m o n o lay e r  cultures 
f ro m  o th e r  endocrine o rgans,  these  cu ltu res  are suitable  for s tu d y in g  p roduc
t io n  and  regulation  of  th e  horm ones  know n  to  be produced in th e  in te rm ed ia te  
lobe. N am ely , in a d d i t io n  to  ACTH, a fair n u m b e r  of horm ones  have  been 
d e te c te d  in the  in te rm e d ia te  lobe o f  th e  hypophysis .  These h o rm ones  are split 
p ro d u c ts  pa r t ly  of  th e  A C T H , p a r t ly  of  th e  l ipo trop in  molecules [16]. Thus, 
t h e  applicab ili ty  o f  a w ell-function ing  in vitro model is, we feel, m ore th a n  
t im e ly  in th e  s tu d y  o f th e se  problem s.
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Abstract

L H  K H -cou ta in ing  neuronal e lem en ts  were de tected  earliest in t h e  m ed ian  
eminence a n d  in the  vascular  organ of th e  l a m in a  terminális of n ew b o rn  ra ts .  The  
peroxidase-labe led  a n t ib o d y  m eth o d  was used. Since th e  synthesis of the g o n a d o t ro p h ic  
ho rm ones  s : a r t s  a lready  on the  18th day  o f  i n t r a u te r in e  life in the r a t ,  th is  f ind ing  
does n o t  su p p o r t  the  view t h a t  L H  — R H  could h a v e  inductive  effect on th e  d i f fe re n t ia 
tion o f  th e  gonado trop ic  cells of  the  an te r io r  p i tu i t a r y  gland.

In troduction

Both m orphological and functional d a t a  ind ica te  th a t  the  n e u ro v a sc u la r  
m echan ism  regu la t ing  th e  horm one sy n th es is  a n d /o r  release of th e  a n te r io r  
p i tu i ta ry  g land  s ta r ts  to  function in th e  r a t  a ro u n d  b irth .

SÉTÁLÓ and  N akane  [17] and  SÉTÁLÓ e t  al. [18], using the  perox idase -  
labeled a n t ib o d y  m e th o d ,  have shown th a t  cy tod ifferen tia tion  of  th e  t ro p h -  
horm one-synt hesizing cells of the  fetal ra t p i t u i t a r y  gland is com ple ted  before 
b ir th . A lth o u g h  im m u n o reae t iv i ty  does n o t  necessarily  reflect th e  biological 
ac t iv i ty  o f  these  horm ones, o ther  ex p e r im en ts  h av e  shown th a t  th e  e m b ry o n ic  
p i tu i ta ry  releases a t  least some of th e  t r o p h  ho rm ones  as biologically ac t iv e
substances  [4, 9, 11].

I t  has  also been  docum ented  th a t  b o th  th e  nerve  term inals  d isch a rg in g  
the  h y p o p h y s io tro p h ic  horm ones and the  a d ja c e n t  capillary system  a re  p re se n t  
in th e  h y p o th a la m u s  of th e  ra t  before b i r th .  H alász et al. [7] d e m o n s t r a te d  
the  presence of  such specific nerve te rm in a ls  in  th e  median em inence  (M F) 
of 16-day-old r a t  fetuses. Glydon [6] show ed  t h a t  in th e  albino r a t ,  t h e  su p ra -  
tu b e ra l  c ap il la ry  plexus a lready  existed  in 18-day-old fetuses and th is  plexus 
h ad  connec ting  vessels to  the capillary  sy s te m  of th e  adenohypophysis .  This 
f ind ing  was su b s ta n t ia te d  by R in n e  and  K ivalo [16] and Ca m pbell  [2].

1 This w ork  was su p p o r ted  by the H u n g a r ia n  A cad em y  of Sciences a n d  b y  U S P H  
Research  G ra n t  HD-06555.
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T h e se  au th o rs ,  how ever,  observed  capillary  loops pene tra t ing  the  M E  earlies t  
on  th e  5 th  p o s tn a ta l  day . Since in the  a d u l t  r a t  th e  nerve terminals o f  th e  parvi-  
c e l lu la r  neu rosec re to ry  sys tem  end p re fe ren t ia l ly  along the con tac t  zone o f  the  
M E , H a l á s z  et al. [7] a ssum ed  the  s ignificance o f  these capillary loops to  he 
r a t h e r  q u a n t i ta t iv e  th a n  qua li ta t ive .

T h e  d a ta  of th e  above  investiga tions s t ro n g ly  suggested th a t  h y p o th a l a 
m ic con tro l  of some a n te r io r  p i tu i ta ry  fu n c t io n  th ro u g h  a n e u ro v ascu la r  link 
m ig h t  have  been e s tab lished  several days befo re  birth . This poss ib i l i ty  was 
su g g es ted  earlier also by  D aik o k u  et al. [3] a n d  K o bayash i  et al. (10]. O the r ,  
m ore  func tiona l ,  ex p e r im e n ts  gave fu r th e r  s u p p o r t  to  this assum ption . J ost  [9] 
a n d  F u j i t a  et al. [5] h av e  dem o n s tra ted  t h a t  t h e  release of A C TH  a n d  T S H  
in th e  ra t  is really  u n d e r  th e  control of the  h y p o th a la m u s  already in th e  e m b ry o 
nic life. A lthough  the  fe ta l  p i tu i ta ry  g land  o f  th e  ra t  synthesizes also g o n a d o 
t r o p h  horm ones [17, 18],no d a ta  are ava ilab le  in d ica t in g  w hether th is  s y n th e 
sis is u n d e r  h y p o th a la m ic  control.

H opefu lly , th e  know ledge of the  t im e ta b le s  o f  th e  functional d if fe re n t ia 
t io n  o f  b o th  the  n eu ron  sys tem s e labo ra t ing  th e  different hypop h y s io tro p h ic  
h o rm o n e s  an d  the  cells syn thesiz ing  the t r o p h  horm ones  would help th e  b e t te r  
u n d e r s ta n d in g  of th e  onse t  of h ypo tha lam ic  c o n tro l  on the  an terior  p i tu i ta ry .  
O u r  know ledge on th e  u l t r a s t ru c tu ra l  c h a ra c te r is t ic s  of the  nerve  te rm in a ls  
o f  th e  m edian  em inence, however, does n o t  enab le  us to d is t ingu ish  these  
te rm in a l s  according to  th e i r  h y p o p hys io troph ic  horm one con ten t.  R ecen t ly ,  
specif ic  an tibodies  ag a in s t  some h y p o p h y s io tro p h ic  hormones h av e  becom e 
ava ilab le .  Therefore, as a f i r s t  step to  d e te rm in e  th e  onset of the  sy n th es is  of 
th e  h y p o p h y s io tro p h ic  ho rm ones , we used an  im m unohisto logical a p p ro a c h  
to  d e te c t  th e  earliest ap p e a ra n ce  of L H — R H  in th e  hypo tha lam us o f  th e  ra t .

Materials and m e th o d s

H y p o th a la m i  were collected from  ra ts  (originally W is ta r  strain) ranging in age b e tw ee n  
th e  1 6 th  d a y  of in trau te r in e  life an d  the 28th p o s tn a ta l  d ay .  The presence of spe rm s  in  the  
v ag ina l  sm ears  of the  m o th e rs  was considered to be in d ica t iv e  of the first  g e s ta t io n a l  day.  
The  e m b ry o s  were rem o v ed  b y  Cesarian section u n d e r  p e n to b a rb i ta l  anesthesia. T h e  heads  
were c u t  off, the  skulls opened  an d ,  w ith  the b ra in s  in p lace ,  they  were im m ersed  in cold 
picric  acid -fo rm aldehyde  so lu t ion  [19] for 24h. F o r  t h e  b ra in s  of the postna ta l  r a ts ,  f ix a t io n  
was th e  sam e, b u t  the  b ra ins  were  removed from th e  sku ll  immediately after  d e ca p i ta t io n .  
Sex o f  th e  em bryos  was d e te rm in e d  by inspection of th e i r  gonads.  The f ixat ive  was w ashed  
o u t  w i th  cold 0.1 M  PB S  of p H  7.6. The fixed t issues were  d e h y d ra ted  in graded  a lcohols  a n d  
e m b e d d e d  in polywachs 1000 (Chemische Werke, Hüls) .  5 — 7 ^ m  thick sections were f lo a ted  
on P B S ,  m o u n te d  on glass slides a n d  processed for im m unoh is to log ica l  detection o f  L H ^ R I I .  
A t  lea s t  4 anim als  r e p re sen t in g  b o th  sexes were in v es t ig a te d  on each d ev e lo p m en ta l  day. 
L H  R H  was localized on coronal  or sagitta l  sections of th e  b ra ins  using an ind irec t  i m m u n o 
histo log ical  m ethod  [13 |. T he  f i r s t  an t ibody  used w as  g e n e ra te d  in rabbits aga ins t  sy n th e t i c  
L H  R H  (a gift f rom  D r . A r i m u r a ; an ti  L H  —R H  No. 422; dilution 1:1000). P e rox idase-  
labe led  a n t i - r a b b i t  g a m m a  g lobulin  prepared  accord ing  to  t h e  m ethod  of N a k a n e  a n d  K a w o i  
[12] was used  as the  second a n t ib o d y  (dilution 1:50). T h e  re a c te d  sections were d ev e lo p ed  for 
pe ro x id ase  using h y d ro g en  pe rox ide  and  3,3’-d iam in o b en z id in e  (Sigma). For con tro l  s ta in in g ,
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e ithe r  n o rm al  rab b i t  or an t i -L H  R H  serum  abso rbed  w ith  LH R H  were used in s tead  of the 
specific se rum . Neither these sera nor th e  peroxidase-labe led  an tibody  itself gave  positive 
reac t ion .  E ndogenous  perixidase could only  be seen over red blood cells.

Results

D eposition  of DAB reac tion  p ro d u c t  over some neuronal e lem en ts  o f  the  
m ed ian  em inence was d e tec tab le  earlies t  in new born  ra ts  and  in d ic a te d  the  
p resence  o f  L H — R H  in these  s t ru c tu re s .  This  reaction was, how ever ,  very  
week a n d  was no t  p resent in all inves t ig a ted  anim als. I f  p resen t ,  th e  horm one 
was localized in neuronal profiles located  in the  most la te ra l  region o f  the  
m ed ian  em inence, very  close to  the  surface.

Fig. 1. H a l f  m edian  eminence (ME) of a r a t  f rom  the  second postna ta l  day. A rro w h ead s  indicate  
axonal  profiles conta in ing im m u n o reac tiv e  L H  —R H . I I I .  V 3rd ventricle ;  NA a rcua te

nucleus.  X 500
Fig. 2. LI1 R H -con ta in ing  axonal  profiles in the  vascu la r  organ of the  lam in a  term inális

of a two d a y s  old ra t .  X 500
Fig. 3. H a l f  ME of a ra t  f rom  the  5 th  p o s tn a ta l  day. Arrowheads ind ica te  ax o n a l  profiles 
c o n ta in in g  im m unoreac tive  L H  R H . I I I .  V 3rd ventricle ;  NA - a rcua te  nucleus.  X 500 

F ig . 4. L H  R H -contain ing  axonal  profiles in the  OVLT of a five days old ra t .  X =  500

Acta Biologica Academiae Scientiarurn Hungaricae 29, 197ft



2 8 8 G. S É T Á L Ó  e t  a l.

O n th e  second d a y  following b ir th ,  L H — R H -c o n ta in in g  n eu rona l  ele
m e n ts  were presen t in all o f  tlie b ra in  specim ens. A gain , th e  profiles conta in-  
ing  L H — R H  were p re d o m in a n t ly  found in th e  la te ra l  th ird  of th e  m edian  
em inence  (Fig. 1). T h ey  were increased in n u m b e r  and  reac t iv i ty  com pared  to  
th o se  found  on th e  p rev ious  day. D rum -stick - like  profiles reacting w ith  anti- 
L H  RH ind ica ted  nerve  te rm in a ls  and  occupied  m a in ly  the  con tac t  zone of 
th e  m ed ian  eminence. On th is  day , L H -—R H -c o n ta in in g  nerve fibres and  
te rm in a ls  were found  also in  the  vascu la r  o rgan  o f  th e  lam ina te rm iná lis  
(OYLT). The density  of  L H — R H  axons in th is  region was surprisingly  high 
Avith re spec t  to  th e  sm all  size of OYLT a t  th is  age (Fig. 2).

On la te r  days, b o th  th e  density  and r e a c t iv i ty  of  th e  neuronal profiles 
c o n ta in in g  L H — R H  increased  g radually  (Figs 3 a n d  4) and  becam e similar 
to  th e  p ic tu re  one can see in  an  ad u lt  an im al b y  th e  end  of th e  second p o s t 
n a ta l  week.

Differences re la ted  to  sexes were no t  no ticed  in  th e  m ateria ls  inves tiga ted .

Discussion

Because  of the  l im ited  access to specific a n t is e ra  to the  different hypo- 
p h y s io tro p h ic  horm ones, ou r  knowledge on th e  func tiona l  d ifferen tia tion  of 
th e  neu rones  e labo ra t ing  these  horm ones is a lm o s t  restr ic ted  to  the  results 
classic l igh t and  e lectron m icroscopy  have o b ta in ed .  F ro m  such studies  we 
h av e  lea rn ed  th a t  b o th  th e  specific nerve te rm in a ls  dev o ted  to  the  sto rage  and 
d ischa rge  of  th e  h y p o p h y s io tro p h ic  horm ones a n d  a cer ta in  p rim itive  po rta l  
c i rcu la t io n  do exist in th e  m edian  eminence o f  th e  ra t  a lready  a ro u n d  th e  
16— 17th d a y  of in t ra u te r in e  life [2, 6, 7, 16J. O n th e  o th e r  hand , im m uno- 
h is to log ica l inves tiga tions  show ed th a t  the  onse t  o f  horm one  synthesis  in the  
a n te r io r  p i tu i ta ry  cells could  also be d a ted  on th e  16 th  d ay  of in t ra u te r in e  life 
[17, 18]. F rom  th e  te m p o ra l  coincidence o f  th e  m orphological d ifferen tia tion  
of  th e  m ed ian  em inence a n d  th e  func tional d if fe ren tia t ion  of the  an te r io r  
p i tu i t a r y ,  one could suppose  th a t  d irect causal re la t io n sh ip  does exist be tw een  
th e se  tw o  events.

H a l á s z  et al. [ 7 ]  found  th a t  m orphological d iffe ren tia tion  of th e  m edian  
em inence  som ew hat p receded  th e  onset of h o rm one  syn thes is  in the  an te r io r  p i
t u i t a r y  o f  th e  ra t .  T h ey  found  nerve te rm ina ls  c o n ta in in g  b o th  sy nap tic  and 
densecore  vesicles in the zona palisadica of  th e  m e d ia n  eminence in 16-day-old 
r a t  em b ry o s ,  and  observed  t h a t  p i tu i ta ry  cells b ecam e  g ranu la ted  la te r ,  on the  
18th g es ta t io n a l  day. A lth o u g h  smaller differences can  be found am ong differ
e n t  s t ra in s  of  th e  sam e species, we suppose t h a t  th is  la te  da t ing  of th e  onset 
of g ranulogenesis  in th e  a n te r io r  p i tu i ta ry  of  t h e i r  r a t  s tra in  was caused by  
in a d e q u a te  sampling. As m en tioned  in the  in t ro d u c t io n ,  im m unohisto logical
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(lata in d ica te  t h a t  th e  horm one  syn thes is  s t a r t s  on the  16th g e s ta t io n a l  day  
in th e  p i tu i ta ry  gland o f  th e  ra t .  Therefo re ,  im m unohisto logical f in d in g s  do 
no t  s u b s ta n t ia te  th e  idea  t h a t  d if fe ren tia t ion  of  th e  cells in the  p a rs  d ista lis  
would be preceded  by  th e  d ifferen tia tion  o f  t h e  neura l  elements e la b o ra t in g  
th e  hypo p h y s io tro p h ic  horm ones. F u r th e rm o re ,  we do not th in k  t h a t  the  
supposit ion  o f  a causal re la tionsh ip  be tw een  th e  onset of the syn thes is  o f  the  
h y p o p h ys io troph ic  horm ones and  th e  cy to d if fe ren tia t ion  of the  p a rs  d ista lis  
in a general sense would  have  any  ju s t i f ic a t io n .  To s tudy  this r e la t io n sh ip  in 
connec tion  with one of  th e  p i tu i ta ry  h o rm ones  a n d  its related h y p o p h y s io t ro 
phic h o rm one  seems to  be more p lausible. T herefo re ,  our p resent o b se rv a t io n  
on th e  ontogenesis  o f  th e  L H — R H  sy s tem  of th e  r a t ,  together w ith  o u r  earlier 
f indings regard ing  th e  onset of g o n a d o tro p h  h o rm o n e  synthesis offers a possi
b ility  to  discuss the  question  w h e th e r  LH  RH has inductive in fluence  on the 
d iffe ren tia t ion  of th e  gonado troph  cells o f  th e  p i tu i ta ry  gland o r  n o t .  The 
resu lts  we h ave  o b ta ined  do no t  su p p o r t  such  a re lationship. L H  cells a p p e a r  
in th e  p a rs  distalis on th e  18th g es ta t iona l  d a y  [17] and  even F S H  cells are 
p re sen t  in  th e  g land before b i r th  [18]. On th e  o th e r  hand , L H — R H  cou ld  lu- 
de tec ted  earliest in the  h y p o th a lam u s  o f  n ew b o rn  ra ts .  Of course, th e  poss ib 
i l i ty  t h a t  L H — R H  was presen t in the  m e d ia n  em inence a few days ear l ie r  b u t  
in an a m o u n t  below the  th reshold  of th e  s e n s i t iv i ty  of our im m unohisto log ica l 
m e th o d  ca n n o t  he excluded. R ecently ,  how ever ,  A r a k i  et al. [1], u s ing  a r a d io 
im m u n o a ssa y  approach , found d e tec tab le  gonado troph ic  horm one releasing 
h o rm one  f i r s t  also in new born  ra ts .

T h e  obse rva tion  of N e m e s k é r y  e t  al. [15] ind ica ted  th a t  a n te r io r  p i t u 
i ta ry  cells h ave  th e  capac ity  of  se lf-d ifferen tia tion . In  em bryonic p i tu i ta r ie s  
rem oved  on th e  13th d ay  of gesta tion  and  c u l tu re d  in a syn th e t ic  m ed iu m , 
ACT 11 cells could be de tec ted  by  im m u noh is to log ica l  m ethod  a t  th e  end  of 
a 7 -day  cu l tu r in g  period. W hen  p i tu i ta r ie s  f rom  14-day-old e m b ry o s  were 
cu l tu red  u n d e r  th e  sam e conditions, besides A C T H  cells, p ro lac tin ,  L H  and  
T S H  cells were de tec tab le .  N e m e s k é r y  e t  al. [14] have also d e m o n s t r a te d  
th a t  when re leasing horm ones were a d d e d  to  th e  culture m edium , or  if  the  
p i tu i ta r ie s  were confron ted  w ith  h y p o th a la m ic  t issue, d ifferentia tion  o f  the 
re la ted  p i tu i t a r y  cells, or of the  pars distalis  in general, did no t speed  u p .  The 
n u m b e r  of  d e tec tab le  d ifferen tia ted  cells, how ever ,  increased in th e se  cases 
com pared  to  th e  exp ian ts  cu ltu red  only in s y n th e t ic  medium. These  o b se rv a 
t ions would ind ica te  t h a t  while h y p o p h y s io tro p h ic  hormones h a v e ,  am ong  
o thers ,  t ro p h ic  effect on the  an te r io r  p i tu i t a r y  g land  they  have no in d u c t iv e  
effect ol th e  functional d ifferentia tion  of  th e  g land. Recent in vitro s tu d ie s  of 
I s c h i k a w a  and  S h i i n o  [8] on em b ry o n ic  p i tu i t a r y  prim ordia  led to  the  
conclusion t h a t  while an ex tra c t  o f  em bryon ic  b ra in  was obligatory  to  achieve 
d iffe ren tia t ion  of  th e  tro p h -h o rm o n e -sy n th es iz in g  cells, ex trac ts  f ro m  the  
m ed ian  em inence o f  ad u l t  ra ts  did no t  h av e  such  effect.
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SIMULTANEOUS LOCALIZATION OF LUTEINIZING 
HORMONE-RELEASING HORMONE (LH RH) AND  

SOMATOSTATIN-CONTAINING NERVE FIBRES IN THE
BRAIN OF THE RAT

S 11 O R T  СО 1Ví M U N I C A T I O N

S. V i g h ,1 J udit H orváth,1 А. V. Schally ,2 A. A rimura2 and G. S étáló1

D E P A R T M E N T  O F  A N A T O M Y , U N I V E R S I T Y  M E D IC A L  S C H O O L , P É C S , H U N G A R Y ,'  

D E P A R T M E N T  O F  M E D IC IN E , T U L A N E  U N I V E R S I T Y  S C H O O L  O F  M E D IC IN E , A N D  E N D O C R I N E  

A N D  P O L Y P E P T I D E  L A R O R A T O R I E S , V E T E R A N S  A D M I N I S T R A T I O N  H O S P I T A L ,

N E W  O R L E A N S , L O U I S I A N A , U .S .A .*

(R ece ived  1978 - 0 6 —23)

Two a rrays  of delicate nerve  f ib res  con ta in ing  im m unoreac tive  L H — R H  
a n d  g row th  hormone-release in h ib i t in g  h o rm one  (GH — R IH  or s o m a to s ta t in ) ,  
re spec tive ly ,  have been d is t ingu ished  in  th e  m edian  eminence (M E) o f  the  
r a t .  In  th e  rostra l  p a r t  of th e  M E, th e  tw o  fib re  system s form a f la t  superfic ia l  
lay e r  paralle l to  th e  surface [5, 6]. C audally ,  where the  p i tu i ta ry  s ta lk  s ta r ts  
to  em erge from  th e  MK proper ,  so m a to s ta t in  f ibres appear  in th e  m id d le  p o r 
tion  o f  th e  MK, while L H — R H  c o n ta in in g  f ibres occupy m ain ly , b u t  not 
exclusively , th e  la teral p a r t s  o f  th e  M E [3]. Since the  areas w h e re  th e  
n e rv e  f ibres of  the  tw o  sys tem s are located  p a r t ly  overlap each  o ther,  
a n d  these  horm ones have only been  d e tec ted  in  consecutive sec tions ,  th e re  
was no d irec t  evidence t h a t  th e  two neu ro h o rm o n es  are consequen tly  located  
in s e p a ra te  axon profiles. S im u ltan eo u s  localization  of the  two h o rm o n es  in 
a single section, by  the  m e th o d  described  b y  N akane  [4], offered a poss ib i l i ty  
to  te s t  th is  question  directly . T heo re t ica l  possib ility  of cross-reaction be tw een  
th e  an tibod ies  to  different h y p o p h y s io tro p h ic  horm ones gives fu r th e r  a c tu a l i ty  
to  such  a s tu d y .

I t  was found in an earlier s tu d y  [7] t h a t  reserpine t r e a tm e n t ,  or the  
a d m in is t r a t io n  of  th e  a n t io v u la to ry  su lp ir ide  or pen tobarb ita l ,  g re a t ly  incre
ased  th e  a m o u n t  of  im m u n o d e tec tab le  L H — R H  in the h y p o th a la m u s  o f  the  
r a t .  T herefore ,  we decided to  use such  t r e a te d  animals in the  p re se n t  s tu d y .  
F em a le  ra ts  from our own s tock  (originally  W istar) ,  ranging b e tw een  150— 
200 g in  b o d y  weight were in jec ted  e i th e r  i.p.  w ith 1 mg/kg b.w. reserp ine  
(R au sed y l ,  G. R ich ter , B u d a p e s t ,  H u n g a ry )  daily  for 10 days, or i .p .  w ith  
100 m g/kg  b.w. sulpiride (D ogm atil ,  D elagrange , France) daily  for  4 days. 
T h is  l a t te r  group of animals was also t r e a te d  w ith  pen tobarb ita l  (50 m g /k g  b.w.) 
on th e  3rd  d ay  of t r e a tm e n t  w ith  sulp ir ide . Six hours after the  la s t  in jec t io n ,  
the  an im als  were anaesthesized w ith  sod ium  p en tobarb ita l ,  a n d  th e i r  head
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was perfused th ro u g h  th e  ascending a o r ta  w i th  100 ml 0.1 M  p h o s p h a te  
buffered 0 .9 %  saline (PBS), p H  7.4. The perfus ion  was th en  co n t in u ed  with 
150 ml o f  / a m b o n i ’s f ix a t iv e  [8]. Following perfus ion , the  head M as c u t  off, 
th e  skull opened and placed for an add itiona l 24h  period in the  sam e f ix a t iv e  
a t  -}-4 °C. T he  f ix a t iv e  was washed from th e  b ra in  w ith  cold PB S, t h e n  th e  
bra ins  were d e h y d ra te d  in graded  alcohol and  w ere  em bedded in p o ly e th y len e  
glycol u n d e r  v acu u m  (Polywachs 1000, C hem ische W erke, Hüls). To o b ta in  
fas t  p en e tra t io n  of  th e  d ifferent m ateria ls  used  d u r ing  fixation  and  d e h y d 
ra t ion , th e  b ra ins  were continuously  m oved  w i th  an  orbita l shaker a t  -|~4 °C.

F o r  s ta in ing , 10-/tm -thick  sections were c u t  with the  use of  a ro ta ry  
m icro tom e. To rem ove  th e  em bedding  m ed iu m , th e  sections were f lo a te d  on 
P B S  overn igh t .  T hen  th  e sections were f loa ted  on a feM' drops of th e  L H — R H  
and  so m a to s ta t in  an tibod ies  placed on glass slides, and  were incuba ted  in a wet 
c h am b er  a t  -)-4 °C for 24— 28 h. The t issue w as  incuba ted  with g o a t  a n t i 
ra b b i t  y-globulin bridg ing  an t ib o d y  a t  a 1:50 dilu tion  for 1 h (A ntibod ies  
In co rp o ra ted ,  Davis, California). P erox idase-an ti-perox idase  com plex (P A P ;  
D ako im m unoglobu lins)  used in 1:50 dilu tion  for 1 h served as th e  enzym e 
label in th e  s ta in ing  procedure .

The specific an t ise ru m  to  L H — R H , No 422, was raised in a r a b b i t  using 
syn th e t ic  L H — R H  absorbed  on p o lyv iny lpy rrho lidone  as antigen [1]. T he  
an t ise ru m  Mas d ilu ted  1:1000 with PBS c o n ta in in g  1%  lamb serum  (G rand  
Is land  Biological C om pany)  and 0 .1%  so d iu m  azide (Merck). T he  specific  
a n t i -G H — R I H ,  se rum  No. 103, was g e n e ra te d  against hum an  ocß g lobulin- 
con juga ted  so m a to s ta t in  in  rab b i t  [2], a n d  d i lu ted  1:500 with  th e  sam e 
d iluen t.

The specif ica lly -bound enzym e was d e te c te d  h is tochem ically  w ith
0 .005%  hydro g en  p e rox ide  as substra te ,  a n d  a -n ap h tho l-py ron ine  for t h e  f irs t ,  
and  3,3’-d iam inobenz id ine  for th e  second a n t ig e n  to  lip localized, as c a p tu r in g  
agents. Following th e  de tec t ion  of th e  f irs t  hypophysio troph ic  h o rm o n e ,  th e  
an t ib o d y  com plexes b o u n d  to  th e  an tigen  d e te rm in a n t  sites of th e  t is sue  d u r 
ing the  p receding  incu b a t io n s  were d issociated  a n d  washed out by f lo a t in g  th e  
sections on distilled M a te r  ad jus ted  to  p H  2.0 w i th  HC1, for 2 h. The b e s t  s t a in 
ing Mas o b ta in ed  if L H — R H -co n ta in in g  s t ru c tu re s  were detec ted  f i r s t  w ith  
a -n a p h th o l-p y ro n in e ,  and  so m a to s ta t in -c o n ta in in g  nerve fibres were localized

Fig. 1. P o r t io n  of the  a n te r io r  m ed ian  eminence (M E) o f  a female r a t  t rea ted  w i th  reserp ine  
and  s ta ined  s im ultaneous ly  for L H  - R H  (p in k  co lour)  a n d  som atos ta t in  (b ro w n  colour). 
Note  the  p u r i ty  of  colours over indiv idual  fibres. T he  e n f ra m e d  area  in the schem a tic  d raw in g  

is show n in the  coloured p h o to m ic ro g rap h .  Scale: 50 fim  
Fig. 2. P o r t io n  of the  poste r io r  m ed ian  eminence (M E ) a n d  the  p i tp i ta ry  sta lk  (PS )  a l read y  
de tached  from  th e  base of the  h y po tha lam us .  N ote  t h a t  t h e  posterior  par t  of th e  M E  c o n ta in s  
a lmost exclusively L H  R H  fibres, while the  s ta lk  is v i r tu a l ly  lacking th is  h o rm o n e .  The  
en fram ed  a rea  in the  schem atic  drawing  is show n in t h e  coloured pho tom icrograph .  Scale:

50 /mi
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l a t e r  w i th  3,3’-d iam inobenz id ine . This w ay ,  L H — R H  fibres ap p e a re d  in pink, 
s o m a to s t a t i n  con ta in ing  s t ru c tu re s  in b ro w n  colour.

T h e  results of our a t t e m p t  to  localize L H — R H  and so m a to s ta t in  s im u l
t a n e o u s ly  are d e m o n s t ra te d  in Figs 1 and 2. D is tr ib u t io n  of these h y p o p h y s io -  
t r o p h i c  horm ones in th e  doub le-s ta ined  sec t ions  was the same as in  sections 
s t a i n e d  only for one of t h e  horm ones. L H — R H  fibres appeared in c lear  p ink- 
p u r p le  colour, while s o m a to s ta t in -c o n ta in in g  neuronal e lem ents ex h ib i ted  
p u r e  b ro w n  colour. N o t  a single fibre wras s p o t t e d  suggesting m ixed  colours as 
a consequence  of b in d in g  bo th  a n t i -L H — R H  and  a n t i - so m a to s ta t in .  Even 
in  a re a s  where the  tw o  f ib re  system s are ex ten s iv e ly  in term ingled, each  in d iv id 
u a l  f ib re  profile showed e i th e r  clear p ink  or c lear brown colour (Fig. 1).

O u r  s tu d y  clearly  d em o n s tra te s  t h a t  L H — RH and s o m a to s ta t in  are 
p r e s e n t  in two an a to m ic a l ly  d is tinc t n eu rona l  system s in the  ra t  b ra in ,  and no 
f ib re s  con ta in ing  bo th  neurohorm ones  do ex is t .  The finding th a t  all neurona l  
p ro f i le s  s ta ined during  th e  tw o consecutive s ta in in g  procedures show ed  clearly 
t h e  co lour  of one of  th e  reac tion  p ro d u c ts  also dem onstra tes  th e  specif ic ity  
o f  t h e  antibodies used in th e  present s tu d y  a n d  in m any  of our earlier  s tud ies .
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SUBSPECIES OF MACROPODUS OPERCULARIS

S H O R T  COM  M  U N  IC A  T I O N  

P . K Á B Á I a n d  V .  C s ÁNYI

D E P A R T M E N T  O F  B E H A V I O U R  C E N E T I C S , L . E Ö T V Ö S  U N I V E R S I T Y ,

H U N G A R Y

(Received 1978 05 — 22)

Tonic im m obil i ty  (TI) has recen t ly  been  discussed as a species-specific  
a n t ip re d a to r  b eh av io u r  [5]. I t s  biological fu nc tion  and possible su rv iv a l  va lue  
is п о л у  being investiga ted  by some a u th o rs  [2, 6]. Physiological and  b iochem ica l  
processes involved in th is  beha t 'iou ra l p h en o m en o n  are scarcely кполуп (for 
rev iew  see [1]). Few a t te m p ts  have been  m a d e  to  s tu d y  genetical in f luence  on 
T I  [3, 4, 7], th o u g h  d a ta  p rov ided  by  gene tica l  analysis would he lp  t o  u n d e rs 
t a n d  b e t te r  th e  underly ing  m echan ism  o f  escape behaviour. This p a p e r  presen ts  
a p re l im ina ry  experim en t on th e  genetical differences in T I  b e tw een  tw o  su b 
species of th e  parad ise  fish ( M .  o. opercularis  and  M . o. concolnr).

Subjects

Our tw o lab o ra to ry  s tra in s :  “ Y ”  ( M . n .  opercularis)  and  “ F ”  ( M . o .  
concolor) were chosen as pa ren t  p o p u la t io n s  (P, a n d P 2 , re spec tive ly ) .  The 
s t ra in s  (bo th  o r ig inated  from a dealer in  F lo r ida ,  Gossington, USA) w ere  bred 
in ou r  lab o ra to ry  b y  s ibm ating :  a t  th e  t im e  o f  th e  experim ent s t r a in  “ Y ”  (Pj) 
Avas a t  th e  8 th , an d  s tra in  “ F ” (P 2) a t  th e  6 th  generation of  in b reed in g .  The 
tw o p a re n t  popu la t ions  (N El 21 a n d  Np„ =  28 fish), the ir  h y b r id s  ( N El =  27 
fish) and th e  tw o back-cross popu la t ions  ( N B] =  26 and N E2 =  39 f ish)  were 
used for th e  experim ent.  The fish were k e p t  in  60 1 homing ta n k s ,  th e n  m oved  
in to  4 1 ind iv idua l  ta n k s  one day before m easu rem en t.

A pp a ra tu s  and Procedure

A sim ple glass cylinder, 50 cm high (d — 6.5 cm), was filled  w ith  day- 
old tap water, which was changed before each measurement. The outer part 
of the glass was marked by blue circles at heights of 12.5, 25, and 37.5 cm. 
The apparatus Avas illum inated by diffuse light. When the fish w ere put into  
the w ater one by one, they sink w ithin  3— 10 seconds to the b o ttom , Avhere 
th ey  generally stayed im m obile in unusual postures (body parallel w ith  the
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b o t to m ,  and fins fully erec ted). Motion of t h e  eyes could be observed  d u 
r ing  T I .  T I  was o f ten  in te r ru p te d  for a few seconds  by short in tens ive  ta il  
b e a ts ,  followed b y  a n o th e r  period of im m o b il i ty .  This sequence was r e p e a t 
ed several times u n t i l  t h e r e  was a re tu rn  to  n o r m a l  motions, defined in th is  
ex p e r im e n t  as rising to  15 cm in height. T h e  d u ra t io n  of T I  here refers to  
th e  whole period u n t i l  n o rm a l  swimming w as  resum ed. During sw im m ing  
locom oto r  ac t iv i ty  w as m easu red  by th e  n u m b e r  d f  circles the  fish passed . 
N u m b e r  of air gulps w as also recorded for t h e  e n t i re  10 min of th e  te s t .

Results und Discussion

Mean values of  lo c o m o to r  ac tiv ity  a n d  n u m b e r  of air gulps for each  
p o p u la t io n  are show n in T ab le  1. The h y b r id s  exceeded  the  p a ren ts  in  b o th

Table 1

M ean values o f  locomotor activity and num ber o f  air gulp

Locomotor ac tiv ity N um ber of air gulp

p, X =  2 2 0 P ; i  103 P, Ь  19 p 3 i  = 5
g =  64 s =  84 s ==> 5 S = 4.5

F, X =  273 F t X =  27

s =  86 s =  7

B , X =  1 9 5 B 2 X =  142 B j  X =  1 3 B 2 X = 10
s =  85 s =  80 s =  7 s = 7

o f  th e se  two p a ram e te rs .  H e r i tab i l i ty  and n u m b e r  o f  allelic differences could  
n o t  be e s t im ated  for lo c o m o to r  ac tiv ity  and  a ir  gu lp ing  frequency because  
tran s fo rm a tio n s  of  th e  sca le  failed to  b ring  a b o u t  th e  means and v ar iances  
fu lfilling  M athe r’s tw o  c r i te r ia .

D is tr ibu tion  of  d a t a  o f  T I  is shown in F ig . 1. Applying a loga r i thm ic  
scale t ran s fo rm a tio n ,  M a th e r ’s f irst criterion was fulfilled. Variances of  th e  
d a t a  of  th e  pa ren t  p o p u la t io n s  remained still s ig n if ican t ly  different (F  6.48. 
P  -< 0.001). Macropodus o. opercularis (P,) had  a h igh dominance (D 0.70) 
in T I  over M . o. concolor ( P 2). Heritabilities (H 2) o f  T I  in th is  experim ent were 
3 1 %  a n d  33%  ca lcu la ted  f ro m  the  variances o f  t h e  transfo rm ed  d a ta  of  th e  
f i r s t  a n d  second back-cross  populations, re spec tive ly .  The minimal n u m b e r  of  
gene differences (k) b e tw e e n  th e  two s tra ins Mas e s t im a te d  as 0.06 from  th e  
d a t a  o f  th e  f irs t  back-cross  ( tow ard  the  d o m in a n t  p a re n t)  population , an d  as

A cta  Biologica Academiae Scientiarum  Hungaricue 29, 1978



T O N I C  I M M O B I L I T Y  O K  M A C R O P O D U S  O P K R C U L A K I S 297

Fig. 1. D is t r ibu tions  of tonic  im m o b il i ty  d u ra t io n s  of each p o p u la t io n

1.78 from the  second back-cross ( tow ard  th e  recessive p a ren t)  p opu la t ion .  
The average  n u m b e r  o f  к being 0.91 1 is a rough es tim ation  o f  th e  n u m b e r
o f  m a jo r  genes responsible for the differences in th is  behav ioura l p h enom enon  
b e tw een  th e  two subspecies. O ur resu lts  suggest th a t  the  gene tica l  factors 
in f luenc ing  th e  d u ra t io n  of T1 in ou r  te s t  s i tu a t io n  are no t ve ry  com plex .

Table 2

D uration o f  tonic im m obility

Original (lata (■«=) Transformed data  (In sec)

p, X 33 P ,  X  = 251 P, X  =  3.4 X II СЛ

s 13 S  = 199 s2 -  0.20 s2 =  1.35

N 21 N = 28

F, X =  41 F, X  — 3.65

s =  15 s2 =  0.14

N =  27

B, X =  43 ,E X
I II 101 B, IIIX В, X  =  4.2

s =  46 s = 99 sa =  0.81 s2 =  0.85

N -  26 N = 39
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STEP-OUT LATENCY MEASUREMENTS USING 
CLONAL GOLDFISH

S H O U T  C O M M  U N IC A T IO N  
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D E P A R T M E N T  O F  B E H A V I O U R  G E N E T IC S , L . E Ö T V Ö S  U N I V E R S I T Y ,

H U N G A R Y
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This com m unica tion  presen ts  p re l im ina ry  experim en ts  on triploid 
Carassius auratus gibelio  clones to  d e m o n s tra te  th e  ad v an tag es  of  us ing  these 
isogenic popu la tions  in physiological and  behav iou ra l  s tudies. C. auratus gibelio 
occurs in n a tu re  in tw o  form s: th e  usual b isexual diploid form (wild ty p e  of  the 
com m on goldfish), an d  th e  gynogenetic  un isexual tr ip lo id  form. B o th  forms 
occur from  th e  A sian  p a r t  o f  th e  USSR to  countries  o f  E a s te rn  E u ro p e ,  the  
diploid form being  ra re r  in th e  west.

While diploid C. auratus gibelio p ropaga tes  by  no rm al hete rosexua l  
rep roduc tion , th e  w ay  o f  rep roduc tion  o f  th e  tr ip lo id  form is n a tu ra l  gynogene- 
sis [1], t h a t  is, t h e  p e n e t ra t io n  of  th e  sperm  is necessary  for no rm a l  embryo- 
genesis, h u t  the  head  o f  th e  sperm  does no t t ran s fo rm  in to  male  pronuc leus [3], 
there fo re  th e  genetical in fo rm ation  o f  th e  male  does no t  p a r t ic ip a te  in the 
dev e lo p m en t  of th e  e m b ry o  [2]. G ynogenetic  offspring of  t r ip lo id  C. auratus 
gibelio are all females and  iden tica l to  th e  m o th e r ,  c o n s t i tu t in g  a clone.

The em p lo y m en t  of  genetically  iden tica l ind iv idua ls  in behav ioura l  
s tud ies  allows to  e s t im a te  th e  en v ironm en ta l  and  genetic in fluence  on b e h a v 
iour. As an exam ple  s te p -o u t  la ten cy  was m easured .

One pair  diploid C. auratus gibelio (o r ig inated  from a river  in th e  Amur 
basin)* and  one fem ale  o f  th e  triploid form (orig inated  from river D anube  at 
E rcsi,  H ungary )  were artif ica l ly  p ro p ag a ted  in our lab o ra to ry .  T he  eggs of the 
t r ip lo id  female were in sem ina ted  by  carp (C yp r in u s  carpio)  sperm . Progenies 
were ra ised  up  in ou r  lab o ra to ry  and ind iv idua ls  reach ing  10 cm in length 
were used for th e  exp er im en ts .

The te s t  a p p a ra tu s  consisted  of  a 1 5 x 1 5  cm plexiglass box  w ith  one 
guillo tine door controlled  by a photocell and  an au to m a t ic  c o u n te r ,  and  was 
s i tu a te d  in a 4 0 x 4 0  cm ta n k  (w ater  level: 10 cm ; te m p e ra tu re :  24 ^  1 °C; 
p e rm a n e n t  f i l t ra t ion) .  T he  experim en ta l  se t-up  was placed in a diffusely- 
i l lum ina ted  room. T he  an im als  were p u t  in th e  box  one b y  one, and  af te r  a

* Kindly provided by N. D. TcherfaS.
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5 -m in  a d a p ta t io n  period t h e  ga te  was a u to m a tic a l ly  opened, and  recovery  
t im e  in  seconds was m easu red  un til  the  fish passed  b y  th e  photocell (step-out 
l a te n c y :  SL).

T h e  fish were m a in ta in e d  differently p r io r  to  th e  th ree  experim ents .
E x p .  1. Fish were k e p t  in complete iso la t ion  in 4-1 tan k s  for one week 

p r io r  t o  th e  m easurem ent.
E x p .  2. Two groups o f  30 fish were kep t  in 60-1 ta n k s  for one week before 

m e a su re m e n t .
E x p .  3. Fish kep t  as in  exp . 2, bu t  were d is tu rb e d  by  in tensive  n e t t in g  

2 h  be fo re  m easurem ent,  v iz  rem oved  from th e i r  hom e ta n k s  and  p u t  in to  
s im i la r  ones. (During exp. 2 a n d  3 only tw o fish were rem oved  for th e  te s t  in 
each  d a y  session.)

E n v iro n m e n ta l  co n d it ions  have  a great in fluence  on SL. T here  is a re la
t io n s h ip  between th e  degree  of  env ironm en ta l  d is tu rb an ces  prior to  th e  tes t  
a n d  S L  values. A re la t ive ly  u n d is tu rb e d  en v iro n m en t  was prov ided  in th e  first 
e x p e r im e n t  by  one week iso la t ion . The highest va lues  of  SL were m easured  
h e re  (Table  1). G rouping o f  th e  fishes in exp. 2 re su lted  in a sm aller  SL. The 
lo w es t  m ean  values of  s t e p - o u t  la tency  were m easu red  in exp. 3, where the  
in te n s iv e  ne tt ing  p rio r  to  th e  te s t  caused th e  m ost severe d is tu rbances .

Table 1

D ip lo id  g ro u p s » T rip lo id  g ro u p s

N m e a n sd N m ea n sd

Exp. 1 17 1392 2698 10 374 232

Exp. 2 30 338 476 31 177 130

Exp. 3 10 316 540 18 128 76

S ta n d a rd  devia tions (sd) o f  SL of th e  d ip lo id  groups (Table 1) t h r o 
u g h o u t  th e  experim ents  are  r e la t iv e ly  small, due to  th e  genetic id e n t i ty  of  the  
g y n o g e n e t ic  C. auratus gibelio  clones. The var iances  here m ay  be e q u a te d  w ith  
t h e  env iro n m en ta l  source o f  var iance . The h igher  var iances of th e  h e te roge
neous  diploid p opu la t ion  re f lec t  th e  genetical an d  env iro n m en ta l  sources of 
v a r ia n c e s  and the  in te ra c t io n  be tw een  the  tw o.

T h e  great difference b e tw e e n  the var iances  of SL of the  diploid and 
t r ip lo id  populations allow us to  assume th a t  SL is considerab ly  in fluenced by 
g en e t ic a l  factors.

On th e  basis o f  our p re l im in a ry  experim en ts  we th in k  th a t  th e  use of 
t r ip lo id  Carassius auratus gibelio  clones would be v e ry  ad v an tag eo u s  in p h y s 
iological and behavioural s tu d ie s .  Triploid goldfish can be easily p ro p ag a ted
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an d  m a in ta in ed . T rip lo id ity  in h ib its  a n y  k in d  o f  selection, an d  u n ifo rm ity  
o f  th e se  p o p u la tio n s w ould  p ro m o te  to  m ak e  th e  experim ents o f  d iffe ren t la 
b o ra to rie s  m ore com parab le .
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N o r m a n  M a c l e a n : H aem oglobin

E d w a rd  A rnold  (P u b lish e rs) L td ., L ondon  (1978), p p . 68, 30 figures, 1 tab le . P rice : £ 1.60.

T he b o o k let h as b een  recen tly  issued as th e  93 rd  vo lu m e of th e  series “ S tud ies in  B io logy”  
sponsored  by  th e  I n s t i tu te  o f B iology, L ondon . T he series has efficiently  adv an ced  th e  k n o w l
edge of b iology and p ro m o ted  th e  professional u sefu ln ess  o f biologists. T his v o lu m e is u p  to  
th is  t ra d itio n .

T he a u th o r  co m p ares th e  im p ortance  of h aem o g lo b in  to  th e  stu d en ts  o f m o lecu la r  b i
ology an d  b io ch em istry  w ith  th a t  of th e  r a t  to  zoologists. T h is s ta te m en t is th e n  con v in c in g ly  
ju s tified  in th e  six c h a p te rs  of th e  booklet. T he p io n eer resea rch  revealing s tru c tu re , fu n c tio n , 
sy n th esis  (a n d  its co n tro l), v a ria tio n s , genetics an d  ev o lu tio n  of haem oglobin is d esc rib ed  an d  
its  significance in m o d ern  b iochem istry  u n d e rlin ed . O ne c h ap te r  is devoted  to  th e  red  cell, 
th e  veh ic le  o f haem oglobin . P rac tica l u n d e rs tan d in g  a n d  in s ig h t is greatly  fa c ilita te d  b y  th e  
las t c h a p te r  describ ing  tech n iq u es ro u tin e ly  used  in haem o g lo b in  studies and th ree  im p o r ta n t  
and m o st in fo rm a tiv e  ex p erim en ts  from  th e  field  o f  h aem o g lo b in  synthesis research . T h e  scope 
and  size o f th e  bo o k let d id  no t allow to  t r e a t  a b n o rm a l haem oglobins in full d e ta il.

T he com m en ts o f th e  tw o referees: a lay m a n  a n d  a professor of h aem ato logy  m ay  h av e  
c o n tr ib u te d  to  th e  d o ub le  m erit o f th e  vo lum e: i t  com prises correct re lev an t u p - to -d a te  in 
fo rm atio n  a n d  m akes i t  easily  u n d e rs tan d a b le  a n d  read ab le .

I l m a  S z á s z  (B u d a p e s t)

L u r i y a , E . A .: H em atopoietic  and Lym phoid T issue in  C ulture

S tu d ies  in  Soviet Science. C onsu ltan ts B u reau , N ew  Y o rk  an d  L ondon, 1977. D iv isio n  of 
P len u m  P u b lish in g  C o rp o ra tio n . T ran s la ted  from  R u ss ia n  by  B a s i l  H a i g i i . X I I I  -f 181 pag es , 
47 figures, 14 tab les . $ 42.

T his M onograph , o rig inally  published  in R u ss ian  by  th e  M editsina P ress , M oscow , in 
1972 gives a co m prehensive  survey  on resea rch  c a rr ied  o u t on in-vitro  cu ltu re  o f h a e m a to 
po ietic  an d  ly m p h o id  tis su e  in  the  Soviet U nion . In  th e  In tro d u c tio n  th e  a u th o r  p re se n ts  a 
h is to rica l rev iew  on th e  to p ic s  and on th e  d ev e lo p m en t o f tissue cu ltu re  m eth o d s. C h a p te r  I 
deals w ith  d iffe ren t c u ltu re  m eth o d s of h aem ato p o ie tic  tis su e  and  w ith th e ir  va lues fo r s tu d y in g  
d iffe ren tia tio n  and  g ives accoun t o f fac to rs  in flu en cin g  d ifferen tia tion . In  C h a p te r  I I ,  th e  
ab ility  o f cells from  h aem ato p o ie tic  tissue cu ltu re s  to  pe rfo rm  th e ir specific fu n c tio n s  a f te r  
re g ra f tin g  in  vivo  is d iscussed . C hapters I I I  and  IV are  d ev o ted  to  cu ltu res and  im m u n o lo g ica l 
fu n c tio n s o f ly m p h o id  tissu e , including th e  p rocess o f an tib o d y  form ation  and  th e  d e lay ed  
h y p e rsen s itiv ity  re ac tio n  in  vitro. A sh o rt c h ap te r  d eals w ith  cell lines in lym pho id  a n d  h a e m a 
to p o ie tic  tissue . A g re a t va lue  of th e  book is th e  d e sc rip tio n  of m ethods co m ple ted  w ith  sche
m atic  d raw ings. T he re ce n t techn iques used , and  th e  re su lts  o b ta ined  by  th e  a u th o r  a n d  he r 
co-w orkers are  sum m arized  in an  A ppend ix . A lis t  o f references, concluded w ith  th e  y e a r 
1976, m akes th is  ex ce llen t book m ore com plete  an d  v a lu ab le .

I .  P Á L Y I
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A d ic tio n ary  of m icrob ial taxonom y

S. T . C o w a n  (E d ite d  b y  L. R . H i l l ), C am bridge U n iv e rs ity  Press, C am bridge- L o n d o n  
N ew  Y o rk  — M elbourne, pp . 285, price £ 12.50. IS B N : 0 521 21890.

In tro d u ce d  b y  sh o rt c h ap te rs  on m eth odo log ical q u estio n s 250 pages o f th e  b o o k  are 
d e v o te d  to  th e  real d ic tio n a ry . T he w ords, expressions a n d  idiom s included are  in  th e  sphere  
o f in te re s t  no t only of m ic ro b ia l tax o n o m ists , b u t  o f a m u ch  w ider circle of b io log ists w ho  are 
n o t  v e ry  fam ilia r w ith  th e  spec ia l language of th is  fie ld . T he volum e does no t c o n ta in  any  
ta x o n o m ic  n o m en c la tu re  an d  so th e  t itle  seem s to  be so m ew h a t m isleading. T he se lec tio n  of 
e n tr ie s  is in som e re sp ec t ra th e r  u n ex p ec ted  and  cu rious. T h ere  are included w ords w h ich  do no t 
b e a r  a n y  m icrobiological or tax o n o m ica l c h arac te r, like rep rin t , xerox , typography  e tc . O n  th e  
o th e r  h a n d  th ere  are m issing  such  w ords as alga, an tisera , toxin  and  so on.

T he g rea t a d v an tag e  of th e  d ic tio n ary  th a t  w ords a n d  term s w hich are used  in  th e  g en er
al l ite ra tu re  in  d ifferen t m ean ings are defined as u sed  in  th e  term inology of m ic ro b ia l t a x o 
n o m y . T his is e x trem e ly  u sefu l for specialists a n d  n o n sp ec ia lis ts  as well, and  can  he lp  v e ry  
m u c h  b o th  in w riting  re p o rts  a n d  u n d e rs tan d in g  spec ia l tex ts .

T he hook can  be reco m m en d ed  for s tu d e n ts , te a c h e rs , bo tan ists , zoologists a n d  m ic ro 
b io lo g ists  and  also for th o se  w ho are n o t exp erts  in  E n g lish  te rm s in the  field of m icrob io logy .

J . S a l á n k i  (T ih an y )

M c G a r r i t y , G. J . ,  M u r p h y , D. G. and  N i c h o l s , W . W .: M ycoplasm a Infection of Cell C ultures. 
P le n u m  Press. N ew  Y o rk  and  L ondon  (1978) ( Proceedings o f  the Institu te fo r  M edical Research  
W orkshop on M ycoplasm a In fec tion  o f  Cell Cultures held in  Camden , N . J . ,  U S A , M arch  

22 — 23, 1977), pp. 342, 62 tab le s , 28 figures.

M ycoplasm a in fec tio n  o f cell cu ltu res re p re se n ts  a g rea t problem  in  th e  b io log ical 
re se a rc h  using  cell c u ltu re  system s. The p resen t bo o k , co n sis tin g  of 6 chap ters , discusses v a rio u s 
im p o r ta n t  aspects of th is  to p ic . The c o n trib u to rs  a re  w ell-know n m ycoplasm ologists a n d  ex 
p e r ts  o f cell-cu ltu re  sy s tem s. B ased  on th e ir  experiences, th e y  give a unique an d  re c e n t rev iew  
on b asic  p rop erties  o f m y co p lasm as, incidence a n d  sources of m ycoplasm a c o n ta m in a tio n  
(C h a p te r  1), c u ltu ra l, m icroscopic, fluorescence, m orp h o lo g ica l and h istochem ical, a u to ra d io 
g ra p h ic , biochem ical (enzym e assay , id en tific a tio n  o f m ycop lasm al RNA s, a ssay  of u p ta k e  
o f nucle ic  acid p recu rso rs) a n d  e lectron  m icroscopic d e te c tio n  of m ycoplasm as in cell c u ltu re s  
(C h a p te rs  2 and 3). S u m m aries  a re  given on th e  e ffec t o f m ycoplasm as on th e  g ro w th , m e ta 
b o lism , p ro te in  sy n th esis , chrom osom es and genes o f cell, v irus synthesis, v iru s -in te rfe ro n  
in d u c tio n , on th e  role o f m ycop lasm as in re la tio n  to  am in o cen tes is , lym p h o cy te  cell cu ltu re s  
as w ell as p h en o ty p ic  a lte ra t io n  of cell lines (C h a p te r  4). T he book p resen ts sev era l useful 
reco m m en d a tio n s for effec tive  p rev en tio n , co n tro l a n d  e lim in a tio n  of m ycop lasm a in fec tio n  
o f cells (C hap ter 5). A specia l b ib liog raphy  is a tta c h e d  (C h a p te r  6, on 89 pages) co n ta in in g  all 
a v a ilab le  recen t references on m ycoplasm a in fec tio n  of cell cu ltures.

L. S t i p k o v i c s

V erteb ra te [L im b £ an d [ Sem ite M orphogenesis.

E d s . E d e , D. A., H i n c h l i f f e , J .  R. and  B a l l s , M.

T he T h ird  Sym p o siu m  o f  the B ritish  Society fo r  D evelopm ental Biology. C am bridge U n iv e rs ity  
P ress , C am b rid g e— L o n d o n  -N e w  Y o rk -  M elbourne (1977), pp . 498 w ith  several te x t  f ig u res 
(h a lf to n e  and draw ings) an d  tab les .

T he book co n ta in s 29 p a p e rs  from  th e  Society  m ee tin g  held  a t the  U n iv ersity  o f G lasgow , 
S ep . 1 4, 1976. As th e  e d ito rs  n o te  in th e  P reface , th e  o rg an iza tio n  of the  sy m posium  re flec ts
th e  ra p id  g row th  of in te re s t  in  lim b and  som ite d ev e lo p m en t. The m any  good re su lts  w hich  
h a v e  ap p eared  since th e  G renoble  conference in 1972, seem s to  fully  support th e  n o tio n  o f th e  
e d ito rs .

T he f irs t paper b y  S a u n d e r s  sets, as it w ere, th e  p ro g ram m e of the  sym posium . A fine 
rev iew  is given on th e  role o f th e  apical ec toderm al ridge  (A E R ) and of th e  zone of p o lariz in g  
a c t iv ity  (ZPA ). I t  is m o st am azin g  to  read  the  re ce n t f in d in g  th a t  ZPA  a c tiv ity  is n o t co nfined  
to  p o s ta x ia l lim b m esoderm , b u t  can  be ob ta in ed  fro m  n o n -lim b  chick em bryo m esoderm  g ra fte d
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pre -ax ia lly . D iscred iting  his ow n g re a t e x p erim en ta l d iscovery  m ade some 10 y e a rs  ago D r . 
S a u n d e r  w rites: . . it now  seem s to  m e th a t  th e re  is no  Z PA  in th e  sense th a t  su c h  a zone
is a fa c to r in norm al lim b  m orphogenesis, . . I t  is a lm o st h e a rten in g  to read  fu r th e r :  “ W ith  
re sp ec t to  th e  A E R  . . . we can  now accep t t h a t  it has a role in  lim b m orphogenesis. . .”  T he 
n e x t six  pap ers  give acco u n t o f ex p erim en ts  in w hich th e  effect of ZPA on lim b d e v e lo p m en t 
is s tu d ied . T he ex p erim en ts  include  t ra n s p la n ta t io n  (also am nio te  ZPA in to  a v ia n  h o sts), 
tissu e  cu ltu re  and m u ta n t  s tu d ies ; an d  in th e  re su lts  th e  specific — non-specific co n tro v e rs ies  
w ith  resp ec t to  a m o rp h o g en e tic  signal a re  rem in iscen t o f th e  old sto ry  on th e  p r im a ry  e m b ry o 
nic in d u ctio n . A considerab le  n u m b er o f p ap ers  are d ev o ted  to  tissue  d iffe ren tia tio n  in  th e  d e v 
elop ing  lim b bud . In  a fo rm al m odel re ly in g  on m orp h o g en  g rad ien ts  and short-ran g e  cell in te ra c 
tio n , th e  sim ula tion  o f n o rm al and  m u ta n t  d ev elo p m en t is a tte m p ted . F ive  p a p e rs  deal w ith  
re p til ia n  and  am p h ib ian  lim b  m orphogenesis, an d  th e  la s t  5 papers are on  som ite  fo rm a tio n .

T he book is a  v e ry  good collection  of th e  va rio u s s tra n d s  of cu rren t lim b m orp h o g en esis 
re sea rch . I t  certa in ly  deserves th e  in te re s t  of b io logists an d  m u st no t be m issing fro m  th e  sh e l
ves o f em bryologists.

G. S z é k e l y  (D eb recen )

B r i a n  K . H a l l : C hondrogenesis of th e  som itic  m esoderm

S p ringer V erlag. B e rlin — H eidelberg  —N ew  Y o rk  (1977). N o. 4 o f  Series 53 o f  the A dvances in  
A n a to m y , Embryology and Cell B iology , pp. 50, 5 figures, 10 tab les. DM 26.

T he m o n o g rap h  u n d e rta k e s  th e  ta sk  of rev iew ing  all th e  aspects of th e  q u e s tio n  of 
som ite-chondrogenesis. F irs t  o f all, th e  know n d e ta ils  o f th e  developm ent and  d iv is io n  of th e  
so m ite  are p laced in th e  fram e  of recen t l ite ra tu re . T h en , th e  resu lts  ob ta in ed  w ith  th e  u su a l 
m e th o d s  (g rafts to  th e  av ian  chorio a llan to is  m em b ran e , in  vivo  tra n sp la n ta tio n  a n d  e x ti rp a 
tio n , in  vitro  chondrogenesis) are described  an d , on th is  basis, th e  problem  of se lfd iffe ren tia tio n  
or in d u c tio n  is discussed. T h e  a u th o r  p o in ts  o u t th a t  it is ev id en t th a t  no to ch o rd  an d  sp ina l 
cord  do prov ide d ev elo p m en ta l in fo rm a tio n  to  th e  som ites in  vivo. In  vitro , we are  ab le  to  b y 
pass th e  induced , b u t  in  vivo  these  tissues are p re req u isite s  for som atic chondrogenesis. T h en  
follow s a su m m ary  of w h a t is know n  of th e  n o to ch o rd , sp inal cord, as well as e c to p ic  (ec to 
d e rm , op tic  ep ith e liu m , cartilag e) inducers an d  th e ir  m echanism  of action  on  th e  som ites. 
A g re a t nu m b er of d a ta  are p re sen ted  to  v e rify  th e  concep t th a t  th e  in d u c tiv e  a c t iv ity  
o f th e  no tochord  an d  sp inal cord is m ed ia te d  by  p ro d u c ts  of th e ir e x tra ce llu la r  m a trice s: 
collagen and  g lycosam inoglycans. T he m o n o g rap h  w hich is com pleted  by  a su b s ta n tia l  d iscu s
sion  a n d  de ta iled  b ib lio g rap h y , is th e  w ork  of a n  a u th e ú tic  researcher. I t  deserves th e  in te re s t  
o f in v es tig a to rs  dealing  w ith  th e  p rob lem s of chondrogenesis.

Cs. H a d h a z y  (D ebrecen)

Stem  Cells and T issue H om eostasis. B ritish  Society fo r  Cell Biology. S ym p o siu m  2.

E d . L o r d . B. I., P ö t t e n , C. S. an d  C o l e , R. J .  C am bridge U n iv ersity  Press, C am bridge  (1978), 
pp . 368, 73 figures, 20 tab le s . £  18.50.

T his book sum m arizes rev iew s p re sen te d  on th e  Sym posium  held a t  th e  U n iv e rs ity  of 
M an ch aste r in April 1977. T he 15 p a p ers  cover a w ide field  o f cell biology in c lu d in g  p la n t 
g ro w th , insect develo p m en t, early  m am m alian  d ev elo p m en t and  problem s of h u m an  p a th o lo g y . 
N early  one h a lf  of th e  p re sen ta tio n s  deal w ith  d iffe ren t q u estions of th e  physio logy  a n d  p a th o l
ogy of haem opoiesis. T hese seem ingly  d iv erg en t top ics are  un iform ly  tre a te d  fro m  th e  a sp ec t 
o f cell p ro life ra tio n  a n d  cell d iffe ren tia tio n . T h is trace  lead s to  th e  prob lem s of g en etic  d iseases 
a n d  oncogenesis, also b riefly  to u ch ed  in som e of th e  review s. T he m ain  aim  of th is  v o lu m e is to  
id en tify  th e  com m on p ro p e rtie s  of th e  stem  cells in all tissues and  to  consider how  th ese  cells 
b e h av e  in th e  d iffe ren tia ted  an d  develop ing  tissues.

T he illu s tra tio n  of th is  w ork is o u ts tan d in g . M ost o f th e  figures are c learly  c o n s tru c te d  
d iag ram s or schem atic  d raw ings, how ever, h igh  q u a lity  m icrographs are also av a ilab le . A m ong 
these  p h o to g rap h s u su a l l ig h t-a n d  ph ase  m ic ro g rap h s , as well as transm ission  a n d  scan n in g  
e lec tro n  m icrographs are  to  be found .

T his volum e m ig h t be  useful for b io logists, physio log ists , h isto logists an d  e m b ry o lo g ist, 
as well as for p a th o lo g ists  an d  in te rn is ts  especially  th ose , in te res ted  in h aem ato logy  or genetics.

B. M e s s  (P écs)
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G ro w th  and developm ent . P hysiq u e  Sym posia B iologica H ungarica 20

E d . E i b e n , О. G. P u b lish in g  H ouse of th e  H u n g a r ia n  A cadem y of Sciences B u d ap es t, 
(1977) In  English , pp . 498, 128 figures, 96 tab les .

T he Sym posium , o rg an ized  in B a la to n fü red  by  th e  D e p a rtm en t o f A n th ro p o lo g y , 
E ö tv ö s  L oránd  U n iv e rs ity , B u d a p e s t, dealt w ith  th e  p ro b lem s of g row th  an d  d ev elo p m en t 
a n d  w ith  th e  v a ria tio n s o f p h y siq u e . T he p resen t v o lu m e c o n ta in s  th e  papers o f re sea rch  w o rk 
e rs  fro m  19 countries. T h e  b o o k  is d ivided in to  tw o  sec tio n s. T he f irs t section  d iscusses th e  
g e n e tic  and  e n v iro n m en ta l fa c to rs  (clim atic , socio-econom ical, n u tr itio n a l facto rs etc.) in flu en 
c ing  several biological p h e n o m e n a  (in trau terin e  g ro w th  a n d  developm en t, age a t  m enarche , 
as w ell ae th e  so-called “ a cc e le ra tio n ”  of grow th a n d  th e  ph en o m en o n  of secular t re n d ) . Some 
p a p e rs  give a view  a b o u t g ro w th  stud ies m ade in d iffe re n t co u n tries , o thers deal w ith  th e  clin
ica l an d /o r physical e d u c a tio n a l aspects of these  in v e s tig a tio n s  (35 papers).

T he second sec tio n  p re se n ts  15 papers an a ly sin g  th e  v a ria tio n s  of physique . T w o m ain  
m e th o d s : so m a to ty p in g  a n d  fa c to r  analysis and th e ir  re su lts  in  clinical and physical ed u ca tio n a l 
a p p lic a tio n s  are d e m o n s tra te d .

T he book gives a good su m m ary  on m odern re su lts  concern ing  these tw o fields o f h u m an  
b io logy .

L. H o r v á t h

Iso la tio n  of P lan t G row th Substances

E d . J .  R .  H i l l m a n . C am b rid g e  U niversity  P ress , C am bridge  — L ondon —New Y o rk  —Mel
b o u rn e  (1978), pp. 1 — 157, figs. 50, £4 .5 0 .

T he articles p u b lish ed  in  th e  p resen t volum e are  b a se d  on  lec tu res delivered  a t  a S ym 
p o siu m  held  in B irm in g h am  in  1977. T he A uthors o f  th e  b o o k  w ere carefully  selected fro m  am ong 
sc ie n tis ts  w orking in  la b o ra to r ie s  actively  engaged in  p la n t  horm one research  an d  ap p ly in g  
u p - to -d a te  techn iques fo r th e  iso la tio n , p u rification , id en tif ic a tio n  and  assay of p la n t  g row th  
su b s ta n c es . J .  M c D o u g a l l  a n d  J .  R .  H i l l m a n  w ro te  a c h a p te r  on th e  analysis o f indole-3- 
a ce tic  acid by  gas c h ro m a to g ra p h y  and  m ass sp e c tro m e try . T he sp ec tro p h o to flu o rim etric  
m e th o d s  used in th e  d e te rm in a tio n  of indole-3-acetic  acid  w ere described by  D .  M. A. M ous- 
DALE, D .  N. B u t c h e r  a n d  R .  G .  P o w e l l . The analysis o f g ibbere llin s by liqu id  c h ro m a to g ra p h y  
w as described by D .  R .  R e e v e  a n d  A. G o z i e r . G a s k i n  P . an d  J .  M a c M i l l a n  discussed  th e  
a p p lic a tio n  of gas c h ro m a to g ra p h y  and  mass sp e c tro m e try  in  th e  id en tificatio n  of g ibberellins. 
R .  H o g a n  p resen ted  a su rv e y  o f  th e  analy tical m e th o d s  u se d  in  th e  de tection  of cy to k in in s. 
A  c h a p te r  on th e  id en tif ic a tio n  a n d  q u a n tita tiv e  d e te rm in a tio n  of abscisic acid  w as w ritte n  
b y  P .  F . S a u n d e r s . W a r d , T . M .  M .,  W r i g h t , J .  A. R o b e r t s , R .  S e l f  and  D .  J .  O s b o r n e  
d esc rib ed  th e  an a ly tica l p ro c ed u re s  for the  assay  a n d  id en tif ic a tio n  of e thy lene. T h e  artic les  
re fle c t th e  m ajo r p rogress we h a v e  been w itnessing d u rin g  th e  p a s t decade in th e  d ev elo p m en t 
o f  an a ly tic a l tech n iq u es in  p la n t  horm one research . I t  is e v id e n t th a t  th e  physical-chem ical 
m e th o d s  are increasing ly  g a in in g  ground . An e x tre m e ly  v a lu a b le  aspect of th e  d e sc rip tio n  of 
th e  m eth o d s  is th e  c ritica l a t t i tu d e  of th e  au tho rs a n d  th e ir  assistance  in  in te rp re tin g  resu lts . 
T h is  w as possible because  th e  b o o k  is no t a simple “ rev iew ’4 o f m ethods described in th e  l i te r a t 
u re  b u t  ra th e r  a la b o ra to ry  m a n u a l based  on p e rso n al re sea rc h  experience and  deep th eo re tica l 
kn o w led g e  of th e  su b jec t. S c ie n tis t  bo th  in th e  b asic  a n d  app lied  field , as well as s tu d e n ts  
sp ec ia liz ing  in p lan t b io ch e m is try , will g reatly  b e n e fit fro m  th e  volum e.

G. L. F a r k a s  (Szeged)

M a jo r P a tte rn s  in  V erteb ra te  E vo lu tion

E d . H e c h t , M. K ., G o o d y , P . C., H e c h t , В. M.
P le n u m  Press, New Y o rk  —L o n d o n  (1976). N A T O  A dvanced  S tu d y  Institu tes , Series A  (L ife  
S c ie n ce s) . Vol. 14, pp . IX  -)- 908, tah i. 37, figs. 166.

T he papers in c luded  w ere de livered  a t a sy m p o siu m  he ld  a t  th e  R oyal H ollow ay College, 
L o n d o n , un d er th e  sp o n so rsh ip  o f th e  NATO A d v an ced  S tu d y  In s ti tu te s , Ju ly  1976. The 
p u rp o se  of th is  co m prehensive  vo lum e is to review  som e sig n ifican t advances an d  re le v a n t 
th e o rie s  m ade in u n d e rs ta n d in g  o f  v e rteb ra te  e v o lu tio n  d u rin g  th e  la s t  tw o decades.
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T he p rogram  was d iv id ed  in to  th ree  m ajo r areas: “ (1) th e  th eo ry  a n d  m eth o d o lo g y  of 
p h y le tic  inference and  ap p ro ach es  to  th e  analysis of m acro ev o lu tio n a ry  t re n d s  as app lied  to  
v e r te b ra te s ; (2) the  a p p lic a tio n  of these  m ethodological p rincip les an d  a n a ly tic a l processes 
to  d iffe ren t g roups and  s tru c tu re s , p a r tic u la r ly  in a n a to m y  and pa leo n to lo g y ; (3) th e  app lica
tio n  of these  resu lts  to  c lass ifica tio n .”

T he c o n trib u tio n s  d e m o n s tra te  a ra th e r  wide ap p ly  of “ n o n -tra d itio n a l”  m eth o d s in  
c h a ra c te r  analysis and in  re co n s tru c tin g  of p h y le tic  ram ifica tio n s, e.g. in ac ro m o lecu la r sequence 
in fo rm a tio n  (co n trib u tio n s  o f F i t c h , B e i n t e m a ), karyolog ical ev idence  ( M o r e s c a l c h i ), 
bionic m odelling  ( T e m p l i n , C l a r k ), c lu s te rin g  m eth o d s ( L o v t r u p , F e r r i s ), etc. T h e  tim e- 
ho n o u red  m ethods of co m p a ra tiv e  a n a to m y  an d  em bryology  ( B o c k , D u l l e m e y e r  a n d  B a r e l , 
D e l s o l , L e w i s  and H o l d e r , L u c k e t t , X a v i e r ) and pa leon to logy  ( S z a l a y , S z a r s k y , S c h u l - 
TZE, P a t t e r s o n , G u t t m a n n ) are  re p re se n ted  by num erous, p a r tly  v e ry  su b s ta n tia l  an d  well- 
illu s tra te d , papers.

T he theo re tica l co n trib u tio n s , dealing  w ith  general and ph ilosoph ica l a sp e c ts  o f evolu
t io n a ry  th eo ry  and c lad istic  c lass ifica tio n  ( H e c h t  and  E d w a r d s , B o c k , K e a s t , B o n d e  etc.) 
lend  a p a r ticu la r  value to  th e  vo lum e.

T here  is, therefo re , re aso n  to  believe th a t  th is collection  of p ap ers , cov erin g  a ra th e r  
w ide su b jec t m a tte r  an d  co m p lem en tin g  successfully  th e  n o t very  n u m ero u s  ! — recen t 
tex t-b o o k s  a b o u t tran ssp ec ific  ev o lu tio n , will be o f m uch  value for a co n sid erab le  range of 
b io log ists, in te res ted  in e v o lu tio n a ry  th eo ry , tax o n o m y , co m p ara tiv e  m o rp h o lo g y  a n d  em bryo- 
logy, paleon to logy , b io g eography  an d  ecology, etc.

Z.  V a r g a  (D ebrecen)

A dvances in  H um an G enetics, Vol. 8

E d . H a r r i s , K ., H i r s c h h o r n , К . P len u m  Press, New Y o rk —L ondon  (1977), p p .  445, f ig s  
75, $ 42.

T his new volum e of th e  p rev io u sly  o ften  com m ended series co n ta in s  ex ce llen t critical 
review  a rtic les w hich su m m arize  th e  positio n s reached  in  five d ifferen t a reas o f  h u m a n  genetics.

T hree  ch ap ters  deal w ith  c lin ically  u tilizab le  su b jects. T hese are co m p reh en s iv e  papers 
on  genetics an d  aetio logy of h u m an  can cer (A. G. K n u d s o n , J r .) ,  th e  h u m a n  a -am y la se s  (A. D. 
M e r r i t t  and  R . C. K a r n ) a n d  th e  genetic  asp ec ts  o f facial ab n o rm a litie s  (R . J .  G o r l i n  and 
W . S. B o g g s ). Figures an d  te x t  o f th e  la t te r  are in p a r t  id en tica l w ith  th o se  o f th e  senior 
a u th o r’s w ellknow n a tla s  o f facial dysm orpho logy . Tw o o th e r ch ap te rs  a re  co n cern ed  w ith  
r a th e r  th eo re tica l p rob lem s, e n tit le d  “ P o p u la tio n  genetics th eo ry  in re la tio n  to  th e  n e u tra lis t-  
se lection ist co n tro v ersy ”  (W . J .  E w e n s ) an d  “ Some fac ts  and  fancies re la tin g  to  chrom osom e 
s tru c tu re  in m an ” (IL  J .  E v a n s ). N everth e less , even these  th eo re tica l c o n tr ib u tio n s  m ay  p ro 
m o te  th e  ev ery d ay  p rac tice  in  m edical genetics.

E ach  p a r t  is w r it te n  c learly , i llu s tra te d  w ith  suggestive p ic tu res  an d  d iag ram s, and 
su p p lem en ted  by a h igh n u m b er o f re le v an t, u p -to -d a te  references.

T his book will be a rea l success o f co n trib u to rs , ed ito rs an d  th e  p u b lish e r. I t  can  be 
recom m ended  for every b o d y  w ho is in te re s ted  in th e  th eo ry  and app lied  p ra c tic e  o f th e  speedy 
ad v an c in g  h u m an  genetics.

K . M é h e s  (G yőr)

L im ita tions and Poten tia ls fo r B iological N itrogen F ixation  in  th e  Tropics

E d . D ö b e r e in e r , J . ,  B u r r is , R . I I . , H o l l a n d e r , A. P lenum  P u b l. Co., N ew  Y o r k  (1978) 
Proceedings o f  a Conference on L im ita tio n s  and Potentials fo r  Biological N itrogen F ixa tio n  in 
the Tropics , B rasilia , B ra zil, 1977.
B asic  L ife  Sciences, 10. (1978), pp . 413, figs 84, tab les 59.

T he needs for in creas in g  w orld  food p ro d u c tio n  and  th e  ra p id  rise  in  co sts o f n itroge
n o u s fe rtilizer have p ro d u ced  a  trem en d o u s in te re s t in  research  to  en h an ce  b io log ical n itrogen  
f ix a tio n . T his volum e, to g e th e r  w ith  th e  p rev ious one app eared  in th is  series (G en etic  E ng ineer
ing  for N itro g en  F ix a tio n , B asic  L ife  Sei., 9, 1977) gives a p ic tu re  on  th e  p re se n t s ta tu s  of v a r
ious a reas in n itrogen  f ix a tio n  resea rch . W hile in th e  p revious m o n o g rap h  sp ec ia l em phasis 
was p laced  on th e  p o ten tia ls  o f  genetic  eng ineering  in  th is  field , th is  book  deals w ith  m any  
o th e r  possib ilities to  enh an ce  biological n itro g en  fix a tio n , especially  u n d e r  tro p ic a l c lim atic  
an d  soil conditions.

Acta Biologica Academiae Scientiarum Hungaricae 29, 1978



308 R E C E N S I O N E S

E ssen tia lly  four to p ics  a re  rev iew ed  in deta il, n a m e ly , n itro g en  f ix a tio n  system s and 
th e i r  c o n trib u tio n  to  n itro g en  b a la n c e  in  d ifferent ecosystem s, b asic  m etab o lic  p rop erties  of 
N 2-fix in g  m icroorganism s, p h y s io lo g y  o f these system s, a n d  en v iro n m en ta l req u irem en ts  for 
f ree -liv in g  and sym bio tic  n i tro g e n  f ix a tio n . These p ro b lem s are  d iscussed  from  th e  p o in t 
o f v iew  of th e  p o ten tia ls a n d  lim ita t io n s  for n itrogen f ix a tio n  in  tro p ic a l legum es and  grasses 
since  th e  enhancem en t o f b io lo g ica l n itro g en  fix a tio n  is m o st n eeded  in  th e  tro p ica l ag ricu ltu re .

R esearch  d a ta  on th e  a p p lic a t io n  of principles o f p la n t  physio logy , p la n t b reed ing  and 
soil m icrob io logy  are also p re se n te d . F u rth e rm o re , m an y  a sp ec ts  o f th e  sym bio tic  association  
b e tw e e n  legum es and R h izo b iu m  a re  review ed. The book b rie fly  sum m arizes our cu rren t know 
led g e  on  th e  genetics an d  b io c h e m is try  o f n itrogen  f ix a tio n .

T h e  ab strac ts  of sh o rt p a p e rs  a n d  posters p resen ted  a t  th e  m ee tin g  are also published .
T h is  book will u n d o u b te d ly  be useful for b io logists a n d  a g ric u ltu ra l specialists and it 

c e r ta in ly  will help resea rch  a n d  d ev e lo p m en t of ag ricu ltu re  n o t o n ly  in  th e  tro p ical countries.

A. K o n d o h o s i  (Szeged)

S i n g h , P .: A rtificial diets fo r in se c ts , m ites, and spiders 
I F I /P le n u m , New Y ork  (1977), p . X I  - f  594, 2 figs, 4 ta b le s , $ 90.

A lth o u g h  th e  f irs t  a t te m p ts  to  re a r  insects on a rtif ic ia l d ie ts  go b ack  to  th e  beginning 
o f th is  c en tu ry , a real b re a k th ro u g h  occurred  in th a t  d o m a in  on ly  recen tly . T he fa s t increas
in g  d e m a n d  for g reat n u m b ers  o f la b o ra to ry -re a re d  insects b o th  fo r b asic  resea rch  (physiology, 
g e n e tic s , ecology) an d  p ra c tic a l p u rp o ses  (pesticide screen ing , b io logical con tro l, p ro d u c tio n  
o f p h ero m o n es and p a th o g e n s , etc.) re su lted  in  an ex p losion  of p u b lica tio n s dealing  w ith  
a r ti f ic ia l  d ie ts during  th e  la s t  tw o  decades. T hus, th e  a u th o r ’s u n d e rta k in g  has been well- 
t im e d .

T he nearly  2000 p u b lic a tio n s  a b s trac te d  or re fe rred  to  in th e  book include all im p o rt
a n t  references. The in tro d u c to ry  c h a p te rs  deal briefly  w ith  th e  h is to rica l b ack g ro u n d , the  
te rm in o lo g y , th e  p rin c ip ia l fa c to rs  to  be considered in  fo rm u la tin g  d ie ts, th e  m ethods of 
e v a lu a tin g  d iets as well as w ith  som e questions of va rio u s ty p e s  o f rearings. F iv e -six th  of th e  
b o o k  co n ta in s ab strac ts  o f p u b lic a tio n s  dealing w ith  specific  d ie ts  a rran g ed  a lp h ab etica lly  
w i th in  th e  taxonom ic ca teg o rie s . M ost a b s trac ts  give th e  com p o sitio n  an d  th e  p re p ara tio n  
o f th e  d ie t, th e  techn iques o f re a r in g  as well as th e  ra te s  o f g ro w th  an d  d ev elopm en t of the  
a r th ro p o d  species concerned.

T he clear re p re se n ta tio n  o f th e  huge am o u n t o f d a ta  m ak es th is  h an d b o o k  a  m ost 
v a lu a b le  source of in fo rm a tio n  fo r  ev ery b o d y  who is in te re s te d  in  th e  fast-develop ing  m eth o d 
o logy  o f a rth ro p o d  rearing .

T . J e r m y  (B u d ap est)

H a s l a m . S y l v i a  M .:  R iver p la n ts . T he m acrophytic v eg eta tion  of watercourses^

( I l lu s tr a te d  b y  P. A. W o l s e l e y ).1
C am b rid g e  U niversity  P ress , C am b rid g e  (1978), I —X I I  -f- 1 — 396 p ., 35 tab les , 164 figures 
in  th e  t e x t  and 27 p h o to g rap h ic  p la te s . £ 27.50.

R u n n in g  w aters p ro v id e  a fa sc in a tin g  and com plex e n v iro n m en t for p lan ts  an d  im por
t a n t  w a te r  resources for m an . T h is  book  gives th e  f irst fu ll- le n g th  d esc rip tio n  of th e  v eg e ta tio n  
o f  r iv e rs , stream s, brooks a n d  a r tif ic ia l  canals.

T h e  book opens w ith  a n  In tro d u c tio n  (C hapter 1), in  w h ich  som e im p o rta n t an d  fu n d a 
m e n ta l  defin itions are o u tlin e d  o n  th e  ty p es  of riv er h a b ita ts  a n d  of ty p es  of its  in h ab itin g  
p la n ts .  T o help th e  re ad e r, th e re  a re  num erous excellent fig u res in c lu d in g  th e  useful in n o v a t
io n  o f  sym bols for th e  d iffe re n t a q u a tic  p lan t species.

C hap ters 2 — 6 deal w ith  th e  p h y sical factors th a t  a ffec t th e  d is tr ib u tio n  of p la n t com m u
n itie s  a n d  ind iv idual p la n ts  sp ec ies  in  rivers, stream s a n d  o th e r  w atercourses. T he ecology 
a n d  ecological physiology of r iv e r  p la n ts  and th e ir  d is tr ib u tio n  are  considered  in th e  follow
in g  C h a p te rs  7 —10. T he v e g e ta t io n  of d ifferen t w a ter-co u rse  ty p e s  are p resen ted  in C hapters 
11 — 14; in  th e  th ree  n e x t C h a p te rs  (15 — 17) th e  flo ra  a n d  v e g e ta tio n  of N o rth  A m erican  s tre 
am s , d itc h e s  and canals is d e m o n s tra te d . In  C hapters 18 — 21 th e  h u m an  use and  benefits  of 
r iv e r  v e g e ta tio n  and th e  h a z a rd s  t h a t  th ese  p lan ts  m ay  p re se n t w ith  re sp ec t to  flooding  and
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w a te r flow  an d  th e  w ay s in  w hich these  m ay  be co n tro lled  are  trea te d  in succession . T h e  la s t 
c h a p te r  (22) is d ev o ted  to  po llu tio n  in riv ers  an d  its  e ffec t on  p la n t com m unities.

T h ere  is a g lossary  an d  b ib liography .
T he vo lum e is a ttra c t iv e ly  p rin ted  and  it  is i llu s tra te d  w ith  em inent, c lear a n d  b e au tifu l 

figures.
In  conclusion  i t  m ay  be s ta te d  th a t  th o u g h  th e  boo k  deals w ith  th e  flora  an d  v e g e ta tio n  

of B r i ta in  a n d  N o rth  A m erica, it is of m ore u n iv e rsa l in te re s t  because of its  genera l ecological 
p rin c ip les , m e th o d s a n d  p rac tica l aspects.

A ccord ing  to  E d ito r ’s s ta te m en t, th is  co m p reh en siv e  accoun t on riv er p la n ts  h a s  been  
w ritte n  fo r a m a te u r  n a tu ra lis ts , am a teu r and  pro fessional b o tan is ts , p lan t ecologists, s tu d e n ts  
ta k in g  courses in lim nology  and  hydrobio logy , an d  p lan n e rs  and  m anagers of w a te r  resources. 
T he a q u a tic  an d  shore v eg e ta tio n  p lays an  im p o r ta n t ro le in  w orks of e n v iro n m en ta l p ro tec 
tio n , to o .

L. F e l f ö l d y  (B u d a p e s t)
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PROCEEDINGS OF THE 4TH 
INTERNATIONAL CONGRESS 
OF ACAROLOGY
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Ed. by E. Piffl

T h e  v o l u m e  i s  d i v i d e d  i n t o  t w e l v e  s e c t i o n s ,  e a c h  d e a l i n g  w i t h  t o p i c s  o f  

c u r r e n t  i n t e r e s t :  G e n e r a l  a n d  e x p e r i m e n t a l  t a x o n o m y ;  P h y s i o l o g y  a n d  

g e n e t i c s ;  S o i l  A c a r i ;  M a r i n e  a n d  f r e s h w a t e r  A c a r i ;  M i t e s  a s s o c i a t e d  w i t h  
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Lili Fülöp-Aszódi:

ALLOANTIGEN SISTEMS OF HUMAN 
LEUCOCYTES AND PLATELETS

T h e  m o n o g r a p h  d e a l s  w i t h  t h e  H  L A  s y s t e m  w h i c h  i s  t h e  m o s t  p o l y m o r p h o u s  

h u m a n  g e n e t i c  s y s t e m  k n o w n  t o d a y .  A p a r t  f r o m  s u r v e y i n g  t h e  s p e c i f i c  

a n t i g e n s  o f  l e u c o c y t e s  a n d  p l a t e l e t s ,  t h e  H L A  s y s t e m  i s  p r e s e n t e d  i n  t h e  

l i g h t  o f  r e c e n t  r e s u l t s .  M o r e o v e r ,  t h e  p r a c t i c a l  i m p o r t a n c e  o f  t h e  H L A  

s y s t e m  i n  t h e  v a r i o u s  f i e l d s  o f  m e d i c i n e  i s  d i s c u s s e d .  A  r e v i e w  i s  g i v e n  o f  t h e  

m o s t  i m p o r t a n t  s e r o l o g i c a l  a n d  c e l l u l a r  t e c h n i q u e s ,  t h e i r  p e r f o r m a n c e ,  

v a l u e  a n d  t h e  p o s s i b l e  e r r o r s  i n h e r e n t  i n  t h e m .  T h e  H L A  s y s t e m  h a s  g r e a t  

g e n e t i c ,  i m m u n o l o g i c a l  a n d  t h e o r e t i c a l  i m p o r t a n c e ,  w i t h  a n  i n c r e a s i n g  

p r a c t i c a l  s i g n i f i c a n c e  i n  a  n u m b e r  o f  f i e l d s  o f  m e d i c i n e .

In English — Approx. 400 pages — 17 x 25 cm — ISBN 963 05 1721 3 —  Cloth

-— 1828
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Proceedings of the  Fourth European Immunology Meeting 
Budapest, Hungary, 12—14 April 1978

Ed by J. GERGELY, G. A. MEDGYESI, S. R. HOLLÁN

T h is  is th e  f irs t  tim e  th a t  th e  proceedings o f  a  E u ro p ean  Im m u n o lo g y  M eeting  

a re  p u b lished . T h e  vo lu m e com prises th e  le c tu re s  delivered  a t  th e  sy m p o sia  

to g e th e r  w ith  th e  in v ite d  ta lk s  o f th e  F o u r th  E u ro p e a n  Im m u n o lo g y  M eeting 

in B u d ap es t, 12— 14 A p ril 1978. U p -to -d a te  in fo rm a tio n  is to  be fo u n d  on  th e  

m o st fo rm idab le  p ro b lem s o f im m unology as w ell as views o f lead ing  a u th o r it ie s  

o n  these .
F ro m  th e  c o n ten ts : S ection  I  — R eg u la tio n  o f  th e  im m une response. S ec tio n  I I  

-  O n togeny  o f th e  im m une  system . — S ec tio n  I I I  — In te ra c tio n s  be tw een  

e ffec to r  cells a n d  ta rg e t  cells. Section  IV  — Im m unological en g in eerin g . 

S ec tion  V — S te ric  s t ru c tu re  an d  bio logical a c t iv i ty  o f  an tibod ies. S e c tio n  V I  — 

B iology o f  th e  co m p lem en t system . S ection  V I I  - I n  vivo significance o f  im m u n e  

com plexes. Section , V I I I  — Cell w all a n tig e n s  a n d  lipop lysaccharides . S ection  

I X  — C linical a sp e c ts  o f  im m une p h en o m en a .
R ecom m ended  to  a ll concerned  w ith  th e o re tic a l an d  clinical im m u n o lo g y , 

h aem ato lo g y , b io ch em is try , an d  genetics.

I n  E n g lish X V I  +  532  pages  -  7 7  У 2 5  cm  I S B N  963 05 1878 3 - C loth

A K A DÉM IA I KIADÓ, Budapest
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Balázs, András: with the  contribution of István, Blazsek:

CONTROL OF CELL PROLIFERATION BY 
EN DO G ENO U S INHIBITORS

In  th e  p a s t fifteen years considerable progress has been made in the research  of 
norm al a n d  pathological cell proliferation. Based on a n  extensive survey of th e  lite ra
tu re , cu rren t inform ation concerning this im portan t field of biology has been system 
atized , confronted and reconciled by  the authors. T he results of their own research 
are also presented. The au thors offer a new theory  on th e  control of cell p roliferation  
and  oncogenesis.

I n  E n g lish  A ppox . 240 pages — 86 figures Cloth  —  I S B N  — 963 05

A K A D É M IA I KIADÓ, Budapest
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NEW TRENDS IN THE DESCRIPTION OF 
THE GENERAL MECHANISM AND 
REGULATION OF ENZYMES

Symposium on Enzyme Action, 9-12 July 1978, Debrecen, 
Hungary
Ed. by S. Damjanovich, P. Elődi and B. Somogyi 
(Symposia Biologica Hungarica 21)

T h e  p u rp o se  o f  th is  v o lu m e, b ased  on  p ap e rs  p resen ted  a t  a  jo in t  S u m m er 

S y m p o siu m  o f th e  M edical U n iv e rs ity  School o f  D ebrecen  a n d  th e  B iological 

D iv is io n  o f  th e  H u n g a ria n  A cadem y  o f  Sciences, is to  give a  re p re se n ta tiv e  

su rv e y  o f  cu rren t re sea rch  a c tiv itie s  in  th e  fie ld  o f  enzym e en erge tics a n d  reg u la 

tio n . T h e  ran g e  o f to p ics co v ered  a re  as follow s:

S u b u n it  ca ta ly tic  c o o p e ra tiv ity ; m a th e m a tic a l analysis o f  h e te ro tro p ic  a n d  

h o m o tro p ic  in te rac tio n ; th e rm o d y n a m ic  a p p ro ach  to  enzym e a c tio n , reg u la 

tio n  a n d  evolution; ro le  o f  th e rm o d an am ic  f lu c tu a tio n  in  en zy m e  ac tio n  

m ic ro en v iro n m en t a n d  o rg an ized  m u ltien zy m e system s; e v o lu tio n a ry  a d a p tio n ; 

c o n tr ib u tio n  o f n o n -ac tiv e  s ite  reg ions; e lec tron ic  th e o ry  o f  e n zy m e  ac tio n ; 

se c o n d a ry  in te rac tio n s ; a d so rp tiv e  enzym e sy stem s; role o f  h y d ro g e n  ions.

T h e  c o n tr ib u tin g  a u th o rs  h a v e  all a d o p te d  a  t ru e  m u ltid isc ip lin a ry  ap p ro a c h  
to  th e  prob lem s o f enzym e ca ta ly s is  a n d  th e  p a r tic ip a tio n  o f  th e  w hole  enzym e 
in  ca ta ly sis .

In English - 3 1 2  pages - 17 x25 cm -  ISBN  963 0518813 Cloth
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R E V I E W  ARTICLE

ULTRASTRUCTURE OF BIOMEMBRANES AS SHOWN BY 
TOPO-OPTICAL BE ACTIONS

G y . R o m i i á n y i

MEDICAL UNIVERSITY, PÉCS

(R ece iv ed  1978 -1 1  —28)

In tro d u c tio n

In  view  of th e  g rea t sign ificance  anil w ide range  of fu n c tio n a l c h a ra c te r 
istics of b iom em branes in  re g u la tin g  cell fu n c tio n s, th e re  is g row ing  in te re s t 
in  th e ir  u ltra s tru c tu ra l o rg an iza tio n . Several review  articles h av e  su m m arized  
th e  know ledge of various s tru c tu ra l  an d  fu n c tio n a l aspects o f b io m em b ran es 
(D a n i e l l i  and  D a w s o n , [19], H e n d l e r , [43], S in g e r  [122], B r e t s c h e r  [10, 
11], B re t sch e r  and  R a f f  [12], R o b e r t s o n  [91], D a n i e l l i  [18], G u l ik - 
K rzyw ick i  [40], T a n f o r d  an d  R e y n o l d  [129]). A good overview  o f th e  w hole 
fie ld  w ith  basic  references is p ro v id ed  b y  th e  artic les in  [139].

A m ong th e  m ethods used  in  s tu d y in g  th e  u ltra s tru c tu re  of b io m em b ran es, 
p o la riza tio n  optics, th e  te c h n iq u e  th a t  s ta r te il subm icroscopic m orpho logy  
th ro u g h  N a g e l i’s m icellar th e o ry , are  re fe rred  to  cursorily  if  a t  all ( W i l k i e , 
[142]). The lack  of in te re s t m ig h t be a t t r ib u te d  to  tw o fac to rs.

F irs t, i t  has been only  re c e n tly , a f te r  th e  fu n d am en ta l c o n tr ib u tio n  of 
W . J .  S chmidt  [111, 112, 113, 115], th a t  p o la riza tio n  m icroscopy a t t r a c ts  an 
increasing  a tte n tio n  in b iom orpho log ica l s tu d ies  (Mitchison  [77], I n o u e  [48], 
I n o u é  and  H y d e  [49], W o lm an  [144], S c h e u n e r  and  H u t s c h e n r e i t e r  
[110], MÓDis [78], T a u b e r t  [130], S ato e t al. [109]). This is a su rp rise  in  view  
of th e  th eo re tica lly  w ell-founded p o ssib ility  to  d e tec t by  p o la riz a tio n  optics 
s tru c tu ra l o rders a t  th e  m icellar, m o lecu la r or subm olecular levels, w hen  th e  
o rdered  areas sp an  th e  re so lu tio n  pow er of th e  ligh t m icroscope. R ecen tly , 
p o la riza tio n  m icroscopy has gain ed  also im p o rtan ce  as a m odern  m e th o d  of 
q u a lity  con tro l of th e  m olecular s tru c tu ra l  o rd er of po lym er in d u s tr ia l p ro d u c ts  
(IIamza  and  S ik o r sk i , [41]).

Second, b iom em branes rev ea l, as a ru le , on ly  w eak in trin sic  an d  ex trin sic- 
(-form ) b irefringences, ow ing to  th e ir  lip id  b ilay e r and  th e ir  p ro te in  fram e
w o rk , respective ly . F o r th is  reaso n , p o la riza tio n  m icroscopy a p p e a re d  to  p ro 
v id e  no  p rac tica l facilities for th e  s tu d y  o f th e  u ltra s tru c tu re  of b io m em b ran es. 
N everth e less , som e fu n d a m e n ta l d a ta  a b o u t b iom em brane u l t r a s t ru c tu re  have  
em erged from  po lariza tion  lig h t analyses, fo r in stan ce , th e  o rd e r o f  th e  m ole
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c u la r  ch a in s  of the  p h o to se n s itiv e  p igm ent re tin a l, p a ra lle l w ith  th e  p lane of 
th e  ro d  o u te r  segm ent d isc-m em branes of re t in a  (as show n b y  th e  n eg a tiv e  
d ich ro ism  o f th e  o u te r seg m en ts  o f th e  frog re tin a  [112]); or th e  rad ia lly -o rd ered  
lip id  la y e rs  in  th e  m yelin  s h e a th  w ith  c o n cen trica lly -a rran g ed  p ro te in  layers 
[113]. T h e  la t te r  fea tu re s  w ere recognized in  th e  e lec tron  m icroscope an d  
c h a ra c te r iz e d  as th e  u n it  m em b ran e  s tru c tu re  o f b iom em b ran es (R o b e r t s o n  
[90], [91]) and the  lip id  la y e rs  of m yelin w ere d e te c te d  b y  X -ray  d iffrac tio n  
s tu d ie s  ( F i n e a n  [29], B l a u r o c k  and  W o r t h in g t o n  [6]), b u t th e  m olecu lar 
o rd e r o f th e  re tin a l in th e  d isc m em branes in th e  rod  o u te r  segm ents was d e tec ted  
o n ly  b y  p o la riza tio n  op tics  (S chmidt  [112], D e n t o n  [20], L ie b m a n  [68]).

In  m ost cases, h o w ever, b iom em branes are  n o t  developed to  such  m u lti
la y e re d  p a tte rn s  as in  th e  ro d  o u te r segm ent or in  m yelin  sh ea th  and  th e re fo re  
th e ir  b irefringence  effects a re  orig inally  w eak  a n d  in  m an y  cases, fo r in s tan ce  
in  re d  cell m em branes, p ra c tic a lly  u n d e tec tab le  in  th e ir  orig inal n a tiv e  s ta te  
(Schmitt e t al. [116], Mitchison  [77], P onder  an d  B arreto [86]).

N evertheless, th e re  ex is ts  a th eo re tica l basis  fo r m ak ing  th e  an iso tro p y  
o f h io m em b ran es — th e  s tru c tu ra l  basis of th e ir  p o la rized  v ecto ria l fu n c tio n a l 
c h a ra c te r is tic s  [107] — d e te c ta b le  b y  p o la riz a tio n  optics, n am ely , b y  
o r ie n te d  b in d in g  of dye  m olecules (or colourless an iso d iam etric  m olecules), on 
th e  m em b ran e  s tru c tu re . I n  fa c t, even w eak  o r h igh ly -m asked  com plex  a n 
iso tro p ic  s tru c tu re s  h av e  b een  d e tec ted  in th is  w ay , an d , by  co rre la ting  th e  
co n fo rm a tio n  of th e  dye m olecules w ith th e ir  re a c tin g  s tru c tu ra l com ponen ts 
in  b io m em b ran es, a new  in s ig h t in to  th e ir  s tru c tu ra l  o rd er has been o b ta in ed  
a t  th e  m olecular level b y  p o la riza tio n -o p tica l m e th o d s .

W e have been w o rk in g  for several y ea rs  a long  these  lines an d  have  
succeeded  in  developing su ch  ty p e s  of o rien ted  b in d in g  reac tions w ith  som e dyes 
an d  colourless d rug  su b s ta n c e s , m an ifested  as s tro n g  b irefringence effects of 
b io m em b ran es  and  o th e r b io log ica l s tru c tu re s .

W e have in tro d u ced  th e  te rm : topo-optical ( s ta in ing) reactions [98, 97] 
for th e se  op tica l reac tio n s as th e  earlier te rm  “topo-chemical” (S chmidt  [115]) 
has lo s t  i ts  clear m ean ing  a f te r  i t  h ad  becom e w id e ly  app lied  to  all k in d s of 
h is to ch em ica l reac tions w ith o u t any  op tica l a n iso tro p y  effects. The te rm  in 
tro d u c e d  b y  us (and ta k e n  o v er in  th e  lite ra tu re , MÓDIS [78]), how ever, stresses 
th e  to p o lo g ica l ( “ in s i tu ’’’) n a tu re  as well as th e  o p tica l an iso tro p y  effects of 
th e se  reac tio n s.

T o p o-op tica l (s ta in in g ) reactions th u s  co n sid e rab ly  increase (w ith  or 
w ith o u t inversion  of th e  o p tic a l charac ter) th e  o rig in a lly  w eak, or in  com plex  
s tru c tu re s  stro n g ly -m ask ed  a n d  often u n d e te c ta b le , b irefringences of biological 
s tru c tu re s  caused b y  o rie n te d  b in d in g  of dye (or colourless) m olecules.

W e in te n d  to  su rv ey  th e  to po -op tica l re a c tio n s  o f b iom em branes, w hich 
m a y  w^ell be  of g rea t in te re s t  in  view  of th e ir  w ide ran g e  of ap p licab ility  in 
b io logy , th e ir  re la tiv e ly  sim p le  m ethodo logy  an d  th e  new  w ay of u l tra s tru c tu ra l
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in fo rm atio n  th e y  can  p ro v id e . The to p o -o p tica l reac tions of b io m em b ran es 
depend  c ith e r on th e  p resence of th e  structural l ip id s  or reac t w ith  R N A  com 
ponen ts of th e  p ro te in  fram ew ork  of th e  m em b ra n e s , or in te ra c t w ith  specific  
groups  induced  b y  chem ical reactions in th e  m e m b ra n e  s tru c tu re  (for in s ta n c e , 
ca rb o h y d ra te - or R N A - d c r iv e d  a ldehyde g ro u p s induced  by o x id a tiv e  p re 
tre a tm e n ts ) . T hus, in  som e cases these  re a c tio n s  m ay  be highly  specific  w ith  
re sp ec t to  b o th  th e  u n d e rly in g  te x tu re  and  th e  re a c tin g  com ponents. T h e  ea rly  
s ta te  o f know ledge o f “ birefringence of c y to p la sm  and  cell m em b ran e”  has 
been review ed b y  Sw a n  an d  Mitchison  [127], a n d  th e  progress in  th is  field , 
ach ieved  m ain ly  by  th e  developm ent and  use o f  to p o -o p tica l s ta in in g  reac tio n s , 
can be c learly  recogn ized  ( R omhányi  an d  D e á k  [100]).

W e should  like  to  p o in t ou t in ad v an ce  t h a t  th e  in tro d u c tio n  of post-s ta in 
ing stabilization  of o rd e red  dye b inding on m ice lla r te x tu re s  (achieved b y  post- 
s ta in in g  tre a tm e n t w ith  po tassium  fe rricy an id e) has proved to  be  th e  de
cisive step  in  our a p p ro ach  in developing p ra c tic a b le  topo -op tica l s ta in in g  
reac tio n s of b io m em b ran es and  o ther bio logical s tru c tu re s .

F o r lack  o f space , we do no t describe te c h n ic a l details or th e  th e o re tic a l 
backgrounds of p o la riza tio n -o p tica l analyses o f  such  reactions. T h e  read e r 
should  consu lt basic  w orks on polariza tion  m ic ro sco p y  (Schmidt  [111], [114], 
[115], B e n n e t  [5], S c h e u n e r  and H u t s c h e n r e i t e r  [110], M om s [78]) an d  
our papers on th e se  su b jec ts . Basic d a ta  on s ta in in g  m ethods a re  in c lu d ed  
in  th e  legends.

Topo-optical s ta in ing  reac tio n s

I. A. Topo-optical s ta in ing  reaction o f  endoplasmic reticulum ( E R )  membranes  
o f  pancreas, liver and p lasm a cells with R ivanol-po tassium  ferricyanide

A m ong th e  R N A -con ta in ing  c y to m em b ran es , it  was th e  endo p lasm ic  
re ticu lu m  m em branes ( E R )  of th e  p a n c re a tic  exocrine cells w hich, because  
of th e ir  h igh ly -developed  m ultilayered  a p p e a ra n ce , a ttra c te d  our a tte n tio n . 
W e s ta r te d  ex p erim en ts  b y  using R ivanol , a p la n a r  diacrid ine d y e s to ff  (2 : 5- 
d iam in o -7 -e th o x y ac rid in e , A l be r t , [1]) b ecau se  in  earlier in v es tig a tio n s  we 
h ad  found  [39] i t  to  p re c ip ita te  D N A  from  its  so lu tio n s in th e  form  o f stro n g ly - 
neg a tiv e  b iré frin g en t filam en ts  and  sh ea th s  (n eg a tiv e  w ith  re sp ec t to  th e ir  
lengh t) in d ica tin g , besid e  th e  high a ff in ity  o f th e se  dye m olecules to  nucleic 
acids (D e B r u y n  e t al., [21]), th e ir  c a p ac ity  to  re a c t w ith  D N A  m olecules in  
a h igh ly -o rdered  s tru c tu ra l  system , a p ro p e r ty  n o t shared  by o th e r  ac rid ine  
dyes.

T he s tro n g  n e g a tiv e  birefringence o f th e  R iv an o l-p rec ip ita ted  D N A  
filam en ts  suggested  th a t  th e  dye m olecules w ere  associated  tra n sv e rsa lly  w ith
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th e i r  lig h t-ab so rb in g  bon d s ( th e  p lanes of th e  dye molecules) to  th e  nucleic 
ac id  c h a in s , possib ly  p a ra lle l to  th e  p lanes o f th e  nucleotide bases. T h is  sug
g es tio n  agreed  well w ith  th e  la te r  fin d in g  of L e r m a n  [66] th a t  ac rid in e  dye 
m o lecu les  becom e in te rc a la te d  b e tw een  th e  nucleo tide  bases, th u s  causing  
e lo n g a tio n  of the nucleic acid  chains in  so lu tio n s. W e m ade a t te m p ts , on th e  
b as is  o f  th e  o rien ted  in te ra c tio n  be tw een  R iv an o l and  D N A , to  ach ieve  o r ie n t
ed  s ta in in g  reaction  of th e  E R  m em branes o f p an c rea tic  exocrine cells w ith  
R iv a n o l; we wished to  te s t  w h e th e r R N A  is p re sen t in an an iso tro p ic  m ole
c u la r  o rd e r  w ith  respect to  th e  m em b ran e  sy stem .

H  ow ever, in fo rm alin -fix ed  p a ra ff in  sec tions of dog pan creas  s ta in e d  
w ith  R iv an o l and  sealed in  gum  arab ic  or in  C an ad a  balsam , we found  no signs 
o f to p o -o p tic a l s ta in ing  re a c tiv ity , i.e., no b ire fringence  effects could be  d e te c t
ed on  E R  m em branes. W hen , how ever, we ap p lied  a p o st-sta in ing  t r e a tm e n t  
o f th e  R iv an o l-s ta in ed  sec tions w ith  2%  p o ta ss iu m  ferricyanide so lu tio n , th e  
re s id t  Mas strik in g , viz.,  m ost se lective and s tro n g  aniso trop ic  effects p o in 
tin g  to  o rdered  dye b in d in g  on th e  E R  m em b ran es  — were ach ieved  (F ig . l a 
an d  b ) .

F ig . 1. D og  pancreas. F o rm o l-fix ed  p a ra ff in  section , (a )  s ta in e d  w ith  R ivanol, w i th o u t  p o st- 
s ta in in g  s ta b iliz a tio n ; sealed in  gum  a rab ic ; (b) s ta in e d  w ith  R ivano l follow ed b y  p o s t- s ta in 
in g  s ta b il iz a tio n  w ith  p o tassiu m  fe rricy an id e  (2 % ), sealed  in  gum  arabic. (a )  a n d  (b) w ith  
c ro ssed  p o la rs . X 40. In  (a ) ,  th e re  is  no sign  of a n y  R iv an o l-in d u ced  b irefringence; in  (b), th e  
a c in a r  s tru c tu re  of th e  g land  is c learly  d e lin ea ted  b y  s tro n g  b irefringence of the  c y to p la sm  of 
th e  a c in a r  cells, induced  b y  o rien ted  dye b in d in g . (R iv an o l s ta in ing  was m ade fo r 5 m in  w ith  
0.1 M  R iv a n o l so lu tion  being d ro p p e d  on th e  slide. A fte r  sta in in g , th e  dye so lu tion  w as rin sed  
o ff s h o r t ly  w ith  1 — 2 m l ta p  w a te r  a n d  th e  p o tass iu m  fe rricy an id e  (2% ) was d ro p p e d  o n  th e  
slide. T h is  s tab ilizes th e  o rien ted  d y e  b in d in g . T h en  w ith o u t  rinsing , th e  slide w as sea led  in  gum  
a ra b ic  c o n ta in in g  2%  po tassiu m  fe rricy an id e , w hich  w as allow ed to  dry . In  th is  fo rm  th e  slide 

c a n  b e  k e p t p e rm an en tly  o r i t  can  be sealed  in  C an ad a  balsam  w ith  cover g lass)
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T he idea to  use po tassium  fe rr icy an id e  fo r post-s ta in in g  s ta b iliz a tio n  
o f th e  dye m olecules on R iv an o l-s ta in ed  s tru c tu re s  was ta k e n  from  th e  f in d 
ings published b y  A l b e r t  [1], viz.,  d iam in o -ac rid in es  can be d e te rm in ed  q u a n 
t i ta t iv e ly  b y  p re c ip ita tin g  them  w ith  p o tassiu m  fe rricyan ide  or p o ta ss iu m  b i
c h ro m a te  from  th e ir  so lutions an d  t i t r a t in g  th e  residual reag en t. T h e  effect 
o f p o s t-s ta in in g  s tab iliz a tio n  w ith p o ta ss iu m  fe rricyan ide  was re m a rk a b le  and  
h a d  been  fru itfu lly  used  as a basic  m ethodo log ica l p rincip le in fu r th e r  topo - 
o p tic a l s ta in ing  reac tio n s developed la te r  in our lab o ra to ry .

As shown in F ig . 2/a, the  to p o -o p tica l s ta in in g  reac tio n  of p a n c re a tic  E R  
m em branes w ith  th e  R iv an o l-fe rricy an id e  m ethod  is of high se le c tiv ity  and 
o f considerab le in te n s ity . Even th e  cell nuclei, th e  D N A  of w hich b in d s R ivano l 
s tro n g ly , appear iso tro p ic , in d ica tin g  ran d o m  dye b ind ing  (see below ). The 
o p tica l ch a rac ter o f th e  R ivano l-induced  b irefringence of E R  m em b ran es was 
n e g a tiv e  w ith  re sp ec t to  the  len g h t ( th e  p lane) of th e  m em branes, in d ica tin g  
o rie n ta tio n  of dye m olecules p e rp e n d ic u la r  w ith  th e ir  planes ( th e ir  lig h t-re 
ta rd in g  bonds) to  th e  m em branes. S ince th is  s ta in in g  effect was ach iev ed  in 
p a ra ff in  sections, th e  m em brane lip id s  could no t be im plica ted  in th is  s ta in in g

F ig . 2a. b. Dog p an creas . Form ol-fixed  fro zen  section . R iv ano l-ferricyan ide. (a )  co n tro l, (b) 
e th a n o l-e x trac te d . In  ( a ) ,  th ere  is a s tro n g  R iv an o l-in d u ced  birefringence of th e  cy to p lasm ic  
E R  m em branes w ith  n egative  ch arac te r  in  re sp ec t to th e  len g th  ( i.e ., th e  p lan es) o f  th e  E R  
m em b ran es, in d ica tin g  o rien ted  b ind ing  o f  th e  dye  m olecules perpen d icu la r to  th e  m em b ran e  
p lan e . Cell nuclei a re  iso tro p ic  and a p p e a r  as sm all b lack  areas. L ip id  e x tra c tio n  in  (b )  caused 
o n ly  sm all decrease in  th e  an iso trop ic  s ta in in g  of th e  E R  m em branes. (C om pare  th is  Fig.

w ith  Fig. 9)
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re a c tio n  (in c o n tra s t to  th e  lip id -dependency  of th e  to po -op tica l s ta in in g  
re a c tio n  of th e  p a n c re a tic  E R  m em branes an d  o th e r  b iom em branes w ith  th e  
to lu id in e  b lu e -fe rricy an id e  m eth o d , see below ). A fte r  lip id  e x trac tio n  in  frozen 
sec tio n s  only a w eak  decrease  was observed  in  th e  in te n s ity  of th e  R iv an o l 
re a c tio n  of p an c rea tic  E R  m em branes (F ig . 2 /b ).

R N ase  p re tre a tm e n t o f frozen sections o f pan creas , how ever, s tro n g ly  
d ec reased  R iv an o l-in d u ced  birefringence of E R  m em branes, leav ing  b ack  
o n ly  th e  weak in tr in s ic  b irefringence  of th e  s tru c tu ra l lipids (F ig . 3.). These 
f in d in g s  ind ica ted  th a t  R N A  is th e  su b s tra te  o f th e  o rien ted  dye b in d in g  in 
th e  E R  m em branes a n d  fu rth e rm o re , th a t  in  form ol-fixed  sections th e  ribo- 
so m al R N A  unlike th e  D N A  of th e  cell nuclei in  form ol-fixed  tissues, is free ly  
accessib le  for b in d in g  o f  ca tio n ic  dyes, in  a g reem en t w ith  sim ilar observa tions 
o n  n a tiv e  ribosom es (M i a l l  and  W a l k e r , [74]). T he o rien ta tin g  forces on th e

F ig . 3. D og  pancreas. F ro zen  sec tio n . R ivano l-ferricyan ide. (a )  con tro l, (b )  p re tre a te d  w ith  
R N ase . I n  (b ) ,  R iv an o l-in d u ced  b irefringence is abo lished . T h e  resid u al w eak b irefringence is 
due  to  th e  in trin sic  b irefringence  o f th e  m em brane lip id s (n eg a tiv e  w ith  resp ec t to  th e  p lanes

o f th e  E R  m em branes)
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R N A  s tru c tu re , how ever, a re  weak anti th e  d y e  m olecules can be h e ld  in  an  
o rien ted  p a tte rn  only b y  tb e  stabilizing  e ffec t o f po tassiu m  fe rricy an id e . T his 
d iffers c learly  from  th e  s ta in in g  re a c tiv ity  o f th e  n u c lea r D N A ,  w hich in  fo rm ol- 
fixed  tissues is inaccessib le to  oriented b in d in g  o f  R iv an o l, since in th e  c h ro m a tin  
th e  D N A  is com plexed w ith  histone and  fo r  s te r ic a l reasons, th e re  is n o  p o ssi
b ility  fo r o rien ted , o n ly  fo r random , d y e  b in d in g . A ccordingly, th e  in tr in s ic  
b irefringence  of c h ro m a tin  is app rec iab ly  less p ronounced  th a n  th a t  o f free  
D N A  ( H o u s sie r  e t a l.,  [46]). H ow ever, a f te r  rem oval of th e  h is to n e  co m 
p o n e n t b y  try p sin  tr e a tm e n t ,  we found t h a t  n u c le a r  D N A  was freely  accessib le  
for o rien ted  dye b in d in g  as show n by  th e  s tro n g  R ivano l-induced  b ire frin g en ce  
of th e  cell nuclei ( R omhÁn y i , [95]). T h is  in d ic a te s  th a t  th e  dye b in d in g  of 
D N A  is now  orien ted  sim ila rly  as in th e  b iré fr in g e n t filam en ts p re c ip ita te d  
from  so lu tions of D N A  w i th  R ivanol (G u b a  e t al. [39]).

S im ilar resu lts  w ere  ob tained  w ith  th e  R iv an o l-fe rricy an id e  m e th o d  on 
th e  E R  m em branes of liv e r cells (Fig. 4) a n d  p la sm a  cells in  h u m an  m a te ria l,

F ig . 4. R a t  liver, fo rm ol-fixed  frozen section. R iv an o l fe rricy an id e . C ytoplasm ic E R  m em b ran es 
rev ea l s tro n g  negative  b irefringence negative  w ith  re sp ec t to th e ir leng th . Cell n uc le i are

iso trop ic . X 360
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th e  l a t t e r  be ing  know n to  possess h ig h ly -d ev e lo p ed  R iV A -contain ing  m e m 
b ra n e s  in v o lv ed  in  im m unog lobu lin  sy n th esis  a n d  secretion.

A s a p rinc ip le , o rien ted  dye b in d in g  can  arise only on su b s tra te s  w ith  
d e f in ite  u n d erly in g  m o lecu lar o rder or m ice lla r te x tu re , p rov ided  th e y  are  
accessib le  in  situ  fo r o rien ted  dye b in d in g  (see th e  ran d o m  dye b in d in g  o f  D N A  
in  c h ro m a tin  an d  o rien ted  d y e  b in d in g  o f  th e  free  D N A  of cell nucle i). C on
s e q u e n tly , our o p tica l f in d in g s  on th e  p a n c re a tic  E R  m em branes as w ell as 
th o se  on  h ep a tic  and  p lasm a  cells led us to  th e  conclusion th a t  ribosom al R N A  
is p re s e n t  in  a definite anisotropic molecular order w ith  respect to  th e  m e m b ra n e  
s t ru c tu re  serv ing  as th e  u n d erly in g  m o lecu la r p a tte rn  for th e  o rien ted  d y e  
b in d in g  show n b y  th e  s ta in in g -in d u ced  b irefringence.

T h is  o b se rv a tio n  ap p ears  of p a r tic u la r  in te re s t , since, in sp ite  of in te n s iv e  
s tu d ie s  ( K u r l a n d  [63], S h ore  and T ata  [120]), no defin ite  d a ta  are  av a ila b le  
so f a r  a b o u t th e  m olecu lar o rd er of e ith e r  rib o so m al R N A  in situ  in th e  E R  
m e m b ra n e s  or in  vitro. In  fa c t, re cen tly  a n u m b e r of stud ies have  b een  co n 
ce rn ed  w ith  th e  m olecu lar s tru c tu re  of ribosom e-m em brane  in te ra c tio n  a n d  
o f r ib o so m e  a rc h ite c tu re  ( B o r g ese  e t al. [8],  B l o b e l  and  D o b b e r s t e i n  [7],  
K r e i b i c h  et al. [59]). M ore recen tly , it has been  repo rted  ( K r e ib ic h  e t al. 
[60], [61]) th a t  tw o specific in teg ra l m em b ran e  p ro te in s  were d e m o n s tra te d  
to  b e  p re se n t only  in th e  rough-surfaced E R  m em branes (absen t in th e  smooth  
microsomal membranes in  th e  liv e r cells of th e  ra t)  and  defin ite ly  re la te d  to  th e  
b in d in g  o f ribosom es to  th e  m em branes, p ro v id in g  specific b in d ing  s t ru c tu re  
fo r th e m  (“ ribosom e re c e p to rs” ). T he twro p ro te in s , designated  as r ib o p h o rin
I  a n d  I I ,  h av e  m olecular w eigh ts of 65 000 an d  63 000, respective ly .

I t  h as  also been suggested  ( K r e ib ic h  e t al. [61]) th a t  r ib o p h o rin  I  a n d
I I  a re  in te rc o n n e c ted  in th e  p lan e  of the  m e m b ra n e  form ing  a n e tw o rk  in  i t  to  
se rv e  as a d e fin ite  u n d erly in g  p a tte rn  o rgan iz ing  th e  regu lar a t ta c h m e n t an d  
to p o -g ra p h ic a l segregation  of ribosom es to  th e  m em branes in  th e  cell.

T h u s , it  appears likely  t h a t  our f in d in g s suggesting  d efin ite  m o lecu la r 
o rd e r o f  ribosom al R N A  in  th e  E R  m em branes are  consisten t w ith  th o se  re su lts  
of m o le c u la r  bio logical s tu d ies  in d ica tin g  h ighly-specialized  s tru c tu ra l  co n 
d itio n s  fo r th e  a tta c h m e n t an d  topological a rra n g e m en t of ribosom es on  th e  
m e m b ra n e s .

T h eo re tica lly , an  in te rp re ta tio n  of our o p tic a l findings on th e  R iv an o l- 
s ta in c d  E R  m em branes need tw o  assu m p tio n s, n am ely

(1) lin e a r  anchoring  of ribosom es to  th e  m em b ran e  p lane and
(2) an iso tro p ic  m o lecu la r o rd er of th e  R N A  com plex in in d iv id u a l 

r ib o so m es.
A d  ( 1 )  T he significance o f th e  lin ea r an ch o rin g  of ribosom es to  th e  

m e m b ra n e s  is ev id en t from  th e  fin d in g  th a t ,  in  cells lacking E R  m em b ran es  
an d  possessin g  only  free ly -d ispersed  ribosom es (ganglion  cells), using th e  sam e  
m e th o d , w e have  never o b ta in ed  an y  s ta in in g -in d u ced  birefringence. T h is fin d -
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ing is u n d e rs ta n d a b le  since ra n d o m ly -d is tr ib u te d  subm icroscopic p a rtic le s , 
like ribosom es, c a n n o t induce b irefringence  effec ts, no t even w ith  a d e fin ite  
in te rn a l m olecular o rder.

A d  (2 )  T he  second assum ption , viz . ,  th e  presence of a d e f in ite  an iso 
trop ic  m olecu lar o rd e r of th e  R N A  in th e  in d iv id u a l ribosom es is o b v io u s , since 
even lin ea r o rd erin g  of iso trop ic  subm icroscop ic  partic les lack ing  d e f in ite  in 
te rn a l m olecular a r ra y  can n o t induce o rd e red  dye b inding re su ltin g  in  b i
refringence.

O u r fin d in g  suggestive of a d e fin ite  an iso tro p ic  m olecular o rd e r  o f the  
ribosom al R N A  a t ta c h e d  to  the E R  m em b ra n e s  is in teresting  in  v iew  o f th e  
v e ry  fra g m e n ta ry  know ledge of th e  a rc h ite c tu re  of anim al and  b a c te r ia l  ribo 
som es ( K u r l a n d , [63], S hore  and  T a t a  [120 ]) ,  although  some d a ta  seem  to  
sp eak  ag a in st a com ple te  random ness o f r ib o so m al R N A  or r ib o n u c leo p ro te in s  
(C ox  an d  B o n a n o u  [17]),  and are sugg estiv e  o f some regular fo ld in g  o f R N A  
n am ely  ( i )  ribosom es from  th ree  d iffe re n t origins showed s im ila r  X -ray  
d iffrac tio n  p a tte rn s  (L a n g r id g e , [65]); ( i i )  th e  sam e tem p era tu re  ab so rb an ce  
p ro file  o f th e  ribosom al R N A  and  th e  free  R N A  suggests th a t  th e  helical 
segm en ts of R N A  a re  n o t com plexed w ith  p ro te in  and p robab ly  p ro tru d e  free 
o u t o f th e  surface (Cotter  et al. [16]); ( i i i ) ,  a p a r t  of ribosom al R N A  was 
found  to  be free ly  accessible to  cation ic  dyes (M iall  and W a l k e r , [74]);  and  
( i i i i )  m app ing  o f su rface  ribosom al p ro te in s  b y  im m unoelectron  m icroscopy  
re su lted  in d e m o n s tra tio n  of an iso d iam etric  e longated  ribosom al p ro te in  frac 
tio n s (T i s c h e n d o r f f  e t al. [132]).

T h e an iso tro p ic  s tru c tu re  of rib o so m al R N A  in E R  m em b ran es in  s itu , 
as d e te c te d  b y  th e  R ivano l reaction , is fu r th e r  su p p o rted  by  th e  re su lts  o b ta in ed  
w ith  th e  to lu id in e  b lue-ferricyan ide  re a c tio n  (see below) and b y  a n ew ly -d e
ve loped  se lective topo -op tica l s ta in in g  re a c tio n  of R N A  chains b a sed  on 
o rien ted  dye b in d in g  of py rim id in e-d eriv ed  aldehyde groups o f R N A  (F i 
s c h e r , [32]).

319

I. B . Specific  topo-optical staining reaction o f  E R  membranes based on oriented 
dye binding o f  the pyrimidine-derived aldehyde groups o f  R N A ,  as shown by 

permanganate-bisulphite-toluidine blue reaction

T h e de fin ite  m olecular o rder of th e  R N A  com plex in situ  in  th e  E R  
m em b ran es as show n b y  th e  R iv an o l-fe rricy an id e  reaction  is s u p p o r te d , a p a r t  
from  th e  sim ilar re su lts  ob ta ined  b y  th e  to p o -o p tica l s ta in ing  re a c tio n  w ith  
to lu id in e  b lue (see below ), by  th e  re su lts  o f  th e  new ly-developed to p o -o p tic a l 
s ta in in g  reac tio n  of th e  R N A  m olecules th em se lv es  on th e  E R  m e m b ra n e s  by  
th e  p e rm an g an a te -b isu lp h ite -to lu id in e  b lu e -fe rricy an id e  reaction  ( F i s c h e r , [32]).

T h is re a c tio n  is based  on th e  s tro n g  E R  m em brane b ire frin g en ce  caused 
b y  o rien ted  b in d in g  of to lu id ine  blue to  a ld e h y d e  groups induced  b y  cleavage
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o f th e  p y rim id in e  rings of R N A  chains. T he c leav ag e  is induced by  p r e t r e a t 
m e n t w ith  p o tassium  p e rm a n g a n a te  followed b y  sod ium  b isu lph ite  an d  to lu - 
id in c  b lu e  a t  pH  1.0 (co rresp o n d in g  to  the  p rin c ip le  o f th e  p e rio d a te -b isu lp h ite - 
to lu id in e  b lu e -fe rricy an id e  reac tio n , th e  y l B T  re a c tio n , for th e  d e te c tio n  of 
c a rb o h y d ra te  chains in  tissu es , see below).

T h e  b irefringence in d u ced  b y  th is re a c tio n  is negative w ith  re sp e c t to  
th e  le n g th  (the  p lane) o f th e  E R  m em brane, su g g estin g  m em b ran e-p ara lle l 
o r ie n ta t io n  of th e  reac tin g  R N A  chains, s im ila rly  as w ith  the  R ivanol re a c tio n , 
in w h ic h  th e  neg a tiv e  p h o sp h a te  groups o f th e  R N A  chains are in v o lv ed  in 
th e  d y e  b ind in g . T he R iv an o l-fe rricy an id e  re a c tio n , the  to lu id ine b lu e -fe rr i
c y a n id e  reac tio n , (see below ) as well as th e  p e rm a n g a n a te -b isu lp h ite -to lu id in e  
b lu e  re a c tio n  p rov ide  co nv inc ing  evidence fo r th e  an iso trop ic  linear m o lecu la r 
o rd e r  o f  th e  R N A  com plex  in  th e  E R  m em b ran es in  situ.

T h eo re tica lly , som e d e fin ite  m olecular o rd e r  o f th e  ribosom al nucleo- 
p ro te in s  w ould  ap p ea r in  th e  tran s la tio n a l p rocess as a reasonable s tru c tu ra l  
re q u ire m e n t for th e  reg u la r in te rac tio n s  be tw een  t R N A ,  m R N A  and  r ib o so m al 
R N A  on th e  one h an d  an d  th e  underly ing  m e m b ra n e  s tru c tu re  on th e  o th e r . 
S u ch  a s tru c tu ra lly  com plex  process could h a rd ly  be im agined to  p roceed  
w i th o u t  a w ell-defined an iso tro p ic  order of th e  re a c tin g  com ponents in v o lv e d , 
fo r in s ta n c e , if  th e  rib o so m al R N A  were b u ried  h a p h a z a rd ly  w ith in  th e  d e p th  
of a ra n d o m  ribosom al p ro te in  fram ew ork. W e can  therefo re  reaso n ab ly  co n 
sid e r th e  m olecular o rd e r o f  th e  R N A  com plex  o f E R  m em branes in  situ  
— sh o w n  b y  to p o -o p tica l s ta in in g  reactions in  p a n c re a s , liver and p lasm a  cells, 
b u t  so fa r  n o t d e tec ted  d e fin ite ly  b y  an y  o th e r  m e th o d  either in situ  or in  
vitro  — as a s ign ifican t s tru c tu ra l  cond ition  fo r  th e  tem pla te -gu ided  sy n 
th e t ic  fu n c tio n  of th e  E R  sy stem .

I n  th e  light o f th ese  d a ta  it  would a p p e a r  o f in te rest to  te s t  w h e th e r  
d ru g s  like p u rom ycin  know n to  selectively  in h ib it  th e  tran s la tio n  process 
w o u ld  cause  d e tach m en t o f ribosom es from  E R  m em b ran es and induce  u ltra -  
s t r u c tu r a l  changes d em o n strab le  by  to p o -o p tica l s ta in in g  reactions in  th e  E R  
m e m b ra n e  system .

I. C. Topo-optical s taining reaction o f  biomembranes with Rivanol-ferricyanide,
not related to their R N A  content

R iv a n o l, as a ca tion ic  d y e  w ith  tw o am ino  g ro u p s (Fig. 19) has a g re a t 
b in d in g  c a p ac ity  to  neg a tiv e ly -ch arg ed  s tru c tu re s , such  as D N A ,  R N A  an d  
A M P .  I t  h as also a ff in ity , to  a lesser degree, to  p ro te in s  w ith  n eg a tiv e ly - 
c h a rg e d  side groups of ca rb o x y lic  n a tu re . A bove p H  4.0 R ivanol reac ts  w ith  a 
w ide  ra n g e  of th e  p ro te in  fram ew o rk  in b io m em b ran es , even a fte r s t ru c tu ra l  
lip id s  w ere  e x trac ted . In  frozen  sections w ith  th e  m em b ran e  lipids p re se n t, th e  
R iv an o l-fe rr icy an id e  re a c tio n  prov ides excellen t to p o -o p tic a l s ta in ing  re a c tio n s
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of cell m em branes, p e r itu b u la r  and c a p illa ry  b asem en t m em branes, ren d erin g  
them  s tro n g ly  n egative  b iré frin g en t w ith  re sp e c t to  th e ir  length . A fte r  e x tra c 
tion  of lip ids th e  re a c tiv ity  w ith R ivano l is d ecreased , h u t it is n o t co m ple te ly  
abolished (F ig . 2) un like  th e  to lu id ine  b lu e  reac tio n  of b io m em b ran es (see 
below ). A gain st th is a d v a n ta g e  of R iv an o l, i t  has a d isad v an tag e , n am e ly , it 
lacks ab so rp tio n  in th e  v isib le  range o f th e  sp ec tru m  and th e re fo re  R ivanol- 
s ta in ed  sections can n o t be used for in v e s tig a tio n  of dichroism  (a b so rp tio n  of 
ligh t po la rized  parallel or perp en d icu la r w ith  re sp ec t to  a given m ice lla r te x 
tu re , as an  op tica l sign of o rien ted  dye  b in d in g  an d , in tu rn , of th e  presence 
of an o rien ted  underly ing  m olecular te x tu re )  a n d , fu rtherm ore , R iv an o l-s ta in ed  
sections are n o t su itab le  fo r com parison o f  th e  sam e s tru c tu re  o f a slide in the  
b righ t-fie ld  m icroscope and  polariza tion  m icroscope.

Fig. 5. P a ra ff in  section of h u m an  kidney in  th e  reg io n  of th e  th ick  segm ents o f th e  H enle  loops. 
Itiv an o l-fe rricy an id e ; (a )  co n tro l, (b) p re tre a te d  w ith  R N ase . In  (a ) ,  the c y to p la sm ic  s tr ia 
tions, co rrespond ing  to  th e  cy to m em b ran e  in v a g in a tio n s  seen in  the  electron  m ic ro g rap h s , show 
n eg ative  b irefringence. In  ad d itio n , nuclear m em b ran e s  are  rendered  b iré frin g en t: in  th e  form 
of rad ia lly -p o sitiv e  spherites w ith  rad ia lly -o rien ted  slow ax is  of transm ission , in d ic a tin g  R ivanol 
m olecules o rien ted  rad ia lly  w ith  their p lanes to  th e  n u c lea r m em brane. (C om pare  th is  Fig. 
w ith  F ig . 16). In  ( b) ,  th e  o p tic a l reac tion  of th e  n u c le a r m em branes is ab o lished  h u t  th e  b i
refringence of th e  cy top lasm ic  m em branes is u n c h an g e d . T his finding suggests o rien ted  RNA 
association  to  th e  e x te rn a l su rface  of nuclear m e m b ra n e s , in  agreem ent w ith  e lec tro n -m ic ro 
scopic fin d in g s ( F a c e t t , [2 7 J) suggesting th a t  th e  o u te r  leafle t of the  n u c lear m em b ran e  is

p a r t  of the  E R  m em b ran e  system
T he neg ativ e  R iv ano l-induced  birefringence of th e  cy to m em b ran es in (b )  w as re s is ta n t to 
R N ase t re a tm e n t.  I t  in d ica te s  o rien ted  dye b in d in g  p e rp en d icu la r to the  p ro te in  fram ew ork

of these  m em b ran e s
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F o r  th is  reason, we tu rn e d  over to  th e  use o f to lu id ine  b lue, w h ich  we 
fo u n d  p re c ip ita h le  in th e  fo rm  o f n eg a tiv e ly -h ire frin g en t filam ents and sh e a th s  
w ith  p o ta ss iu m  fe rricyan ide, a n d  in th is w ay  v e ry  useful for ach iev ing  to p o - 
o p tic a l s ta in in g  reactions b y  p o st-s ta in in g  s ta b iliz a tio n , sim ilarly  as w ith  
R iv a n o l. Som e differences, how ever, em erged betw een  th e  s ta in in g  re a c 
t i v i t y  o f  th e  tw o dyes due to  th e ir  differences in  m olecu lar co n fo rm atio n  (see 
below ).

I I .  T opo-op tica l s ta in ing  reac tio n s  of b iom em b ran es w ith to lu id ine b lue

II. A. General rem arks  (R omhányi and Deák [99])

T o lu id in e  blue is a p la n a r  cationic th ia z in e  dyesto ff w hich we found  
p ré c ip ita b le  from  its  so lu tio n s b y  po tassium  fe rricy an id e  in the  fo rm  o f b i
ré f r in g e n t  sheaths and n eg a tiv e ly -h ire frin g en t f ila m e n ts . Toluidine b lu e  p ro v e d  
th e re fo re  useful in ach iev ing , b y  p o st-s ta in in g  s tab iliz a tio n , o rien ted  a n iso 
tro p ic  s ta in in g  reactions of sev e ra l biological s tru c tu re s  ch arac terized  b y  m i
ce lla r te x tu re s  of a m o lecu la r o rd er possessing nega tive ly -charged  d y e -b in d 
ing  s ite s . T h e  charac teristics o f  th e  topo -o p tica l s ta in in g  reactions of b io m e m b 
ra n e s  w ith  to lu id ine b lue d iffe red  from  th o se  w ith  R ivanol in  sev era l 
a sp e c ts .

(1) O rien ted  sta in in g  re a c tio n s  of b io m em b ran es  w ith  to lu id in e  b lue 
are  c o m p le te ly  dependen t on the presence o f  the membrane lipids, a lth o u g h  th e  
l a t t e r  a rc  n o t  involved in th e  d y e  b inding . A fte r  lip id  ex trac tio n , th e  s ta in in g  
in te n s i ty  d id  not decrease b u t  th e  s ta in ing  b ecam e  iso trop ic , suggesting  th a t  
th e  lip id  b ilay e r of th e  b io m em b ran es  plays an in d ire c t key  role in th e  o r ie n ta 
tio n  o f  th e  dye m olecules b o u n d  b y  non-lip id  n eg a tiv e  side groups o f th e  
m e m b ra n e .

(2) T h e  orien ted  s ta in in g  reac tio n  of R iV ^d-containing E R  m em b ran es
w ith  to lu id in e  blue is d e p e n d e n t, a p a r t from  R N A  an d  s tru c tu ra l lip id s, on the 
ionic strenght  of the  dye so lu tio n , 0.4 0.5 M  ion ic  s tren g th s  giving th e  b e s t
re s u lts .  W ith o u t adding  sa lts  in  th e  needed co n cen tra tio n s , only iso tro p ic  
o v e rs ta in in g  results (F ig 12 /a-b ).

(3) E R  m em branes of h e p a tic  cells were fo u n d  to  be able to  b ind  to lu id in e  
b lu e  in an  o rdered  p a tte rn  o n ly  in  th e ir  physio log ica l reduced func tiona l  state, 
i.e., w i th  electrons present in  th e ir  e le c tro n -tran sp o rtin g  chains d u rin g  th e ir  
m e ta b o lic  ac tiv ities.

(4) T h e  best p o s t-s ta in in g  s tab iliza tio n  o f som e b iom em branes (renal 
m e m b ra n e s , cap illa ry  b a se m e n t m em branes, red  cell m em branes) were ach iev ed  
a f te r  to lu id in e  blue s ta in in g  w ith  a m ix tu re  o f 2 %  solutions of p o ta ss iu m  
fe rr ic y a n id e  and po tassium  iod id e .
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II. B. Topo-optical sta in ing  reaction o f  the pancreatic E R  membranes with  
to lu id ine blue. D ependency on the presence o f  the mem brane lip ids and  the ionic  

strength o f  the dye solution  (R om hányi and D eák , [97])

F igure 6 show s th e  overall re ac tio n  of th e  p a n c re a tic  E R  m em b ran es w ith  
to lu id in e  h lue-fe rricy an id e  in fo rm alin -fixed  frozen  section  a t the  ionic s tre n g th  
of 0.4 M  of sod ium  chloride so lu tion  co n fro n ted  w ith  th e  u n sta in ed  co n tro l 
section. The se le c tiv ity  of th e  re a c tio n  fo r th e  E R  m em branes is a p p a re n t. 
T heir weak in trin s ic  b irefringence in  th e  u n s ta in e d  section , due to  th e ir  m em -

Fig. 6. R a t pan creas . Form ol-fixed  frozen section , (a )  u n s ta in e d  con tro l sealed in  gum  a rab ic ; 
( b) and  (c)  a re  s ta in e d  w ith  to lu id ine  b lu e-fe rricy an id e , p H  4.0 a n d  0.4 M  ionic s tre n g th  of 
NaCl o f th e  dye so lu tio n  fo r 10 m in. In  ( a ) ,  th e  w eak in tr in s ic  b irefringence of th e  E R  m em 
branes, n eg ative  w ith  re sp ec t to  th e  leng th  o f th e  m em b ran es , is seen. In  (c ) ,  th ere  is a se lec tive  
an d  in tensive  b asoph ilic  sta in in g  of the  cy to p lasm ic  E R  m em b ran es; cell nuclei re m a in  u n 
sta in ed  a t  th is  ion ic  s tre n g th . In  (b ) ,  th e  sam e field  is sh o w n  as in  (c)  w ith  crossed  po lars . 
T h ere  is s tro n g  s ta in in g -in d u ced  b irefringence of th e  c y to p la sm  of the  acinar cells (n eg a tiv e  
w ith  respect to  th e  p lane  of th e  E R  s tria tio n s). Is lan d s o f L an g e rh an s  do no t p a r tic ip a te  in  th is  
reac tio n , X70. (T he s ta in in g  was m ade w ith  0.1% b u ffe re d  to lu id ine  blue so lu tion  w ith  NaCl 
ad d ed  to an  ionic s tre n g th  of 0.4 — 0.5. T he dye so lu tio n  w as d ro p p ed  on th e  slide. A fte r  s ta in 
ing  th e  dye so lu tio n  w as b lo tte d  off w ith  f i lte r  p a p e r  w ith o u t  rinsing . T hen p o ta ss iu m  ferri- 
cyanide so lu tion  w as d ro p p ed  on th e  slide. T his w as fo llow ed, w ith o u t rinsing, b y  sea ling  in 

gum  arab ic  w h ich  was a llow ed  to  d ry .)

b ran e -p e rp en d icu la rly  o rien ted  lipid h y d ro c a rb o n  chains, is s trong ly  in creased  
b y  th e  o rien ted  dye  b inding . The b ire frin g en ce  o f th e  E R  m em branes a fte r  
to lu id ine  b lue s ta in in g  is again n eg a tiv e  w ith  re sp ec t to  the  p lane o f th e  m em 
b ranes, in d ica tin g  m em b ran e-p erp en d icu la r o r ie n ta tio n  of th e  dye m olecules 
(th e ir lig h t-ab so rb in g  bonds) p ara lle l to  th e  h y d ro c a rb o n  chains of th e  m em 
b ran e  lipids. T h e  sam e conclusion has been re a c h e d  b y  in v estig a tin g  th e  to lu 
id ine b lu e -s ta in ed  E R  m em branes fo r d ich ro ism  (F ig . 7, 8). Short lip id  e x tra c 
tio n  w ith  e th an o l com plete ly  abo lished  o rien ted  dye  b ind ing  w ith o u t causing
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a n y  d ecrease  in  dye b in d in g  (F ig. 9). R N ase  p re tre a tm e n t (Fig. 10) abo lished  
th e  to p o -o p tic a l s ta in in g  reac tio n  o f th e  E R  m em brane system  of th e  p a n 
c re a tic  a c in a r  tissue. F ig u re  11 shows th e  se lec tive  to po -op tica l s ta in in g  reac tio n  
o f a p la sm a  cell group in  a p e rip an c rea tic  ly m p h  node cen trum . T h e  reac tio n  
is d u e  to  th e  strong ly -developed  E R  m em b ran e  system  of p lasm a cells.

T h e  effect of the  ionic strength o f the dye solution on th e  to p o -o p tica l 
s ta in in g  reac tio n  of R N A -co n ta in in g  E R  m em b ran es  is rem ark ab le . H igh  ionic 
s t r e n g th  caused in ten siv e  s ta in in g  of R N A  in  th e  E R  m em branes, b u t  a t  th e

Fig.  7. R a t  p an creas. F o rm ol-fixed  frozen  section . T o lu id in e  b lue  pH  4.0 a t  0.4 io n ic  s tre n g th  
of N aC l. S ta b iliza tio n  w ith  fe rricy an id e . ( a ) ,  (b)  a n d  (c )  show  the  sam e fields; in  ( a )  w ith  
c ro ssed  p o la rs , in  ( b)  an d  (c)  in  th e  l ig h t m icroscope. I n  (b )  an d  (c ) ,  th e  p ic tu res  w ere  ta k e n  
w ith  in c id e n t  l ig h t po larized . (The p lane  of p o la riza tio n  is m ark ed  b y  arrow s.) T h e  se lective 
b a so p h ilia  o f E R  m em branes (s tr ia tio n s)  is a p p a re n t. Cell nucle i are u n sta in ed . S igns o f linear 
d ich ro ism  are  clearly  seen (aste risk s) even  a t  th is  m ag n ifica tio n . In  (a ) ,  th e  sam e fie ld  revea ls 

s trong  sta in in g -in d u ced  b irefringence o f th e  E R  m em branes

sam e t im e  com pletely  rep ressed  th e  s ta in in g  o f nuclear D N A  (F ig . 12). 
I n i t ia l ly ,  we assum ed th a t  th e  sa lt ca tions co m p e te  w ith  th e  n eg a tiv e  b in d in g  
s ite s  o f  R N A , p rev en tin g  th u s  th e  overcrow ding  o f th e  s tru c tu re  an d  th e  con
se q u e n t rep ression  of b irefringence. In  th is  connection , how ever, w e have  
co n sid e red  th e  find ings of L e P ecqu and  Paoletti [67] regard ing  th e  special 
b in d in g  ch a rac te ris tic s  of e th id iu m  b rom ide  to  nucleic  acids, d ep en d in g  on the  
s a lt  c o n c e n tra tio n  of th e  m ed ium . E th id iu m  brom ide, a ca tion ic  d y e  w ith  
h igh  a f f in i ty  for nucleic acids, b inds a t  high (2 % ) sa lt concen tra tion  exc lusive ly  
to  d o u b le -s tra n d e d  and  H -b o n d ed  p o ly n u c leo tid e  segm ents of R N A  an d  U N A  
in  an  o rd e re d  p a tte rn  sim ilar to  th e  in te rc a la te d  ty p e  as found for ac rid in es  b y  
L er m a n  [66]. The d ifference betw een  th e  s ta in in g  re a c tiv ity  of R N A  and  
n u c le a r  D N A ,  depend ing  on th e  sa lt c o n c e n tra tio n  in situ  (F ig 12), m ay , in 
o u r o p in io n , be re la ted  to  th e  fac t th a t  n u c lea r  U N A  is com plexed in  s itu  in
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th e  ch ro m atin  w ith  h is to n e  to  form  D N P ;  th e  helical segm ents o f ribosom al 
R N A , how ever, are  a p p a re n tly  no t com plexed  w ith  p ro te in  an d  p ro tru d e  
freely  o u t of th e  ribosom al surface (Cotter e t al. 116]).

Fig. 8. R a t  p ancreas. F o rm o l-fix ed  frozen section. S ta in e d  as in  Fig.  7, d em o n s tra tin g  lin ea r 
d ichro ism  of th e  to lu id in e  b lue-s ta in ed  E R  m em b ran es, X 1200. (a )  an d  (b )  re p re se n t the  
sam e a c in a r cell group . T he in c id e n t lig h t was p o la rized  in  tw o d irections (a rrow s) to  d e tec t 
lin ea r dichroism . (P la n a r  dye m olecules absorb  on ly  l ig h t po larized  p a ralle l w ith  th e ir  l ig h t
absorb ing  b o nds i.e. th e ir  p lanes. T herefore, th e  m ax im u m  ab so rp tio n  of p o larized  lig h t in d i
ca tes  th e  o r ie n ta tio n  of dye m olecules on s tru c tu re s  w ith  o rien ted  dye b in d in g .) In  ( a ) ,  th e  
p lane  of th e  p o la riza tio n  of th e  in c id e n t ligh t is p e rp en d icu la r  and  E R  m em b ran es w ith  h o ri
z o n ta l s tr ia tio n s  show  m ax im u m  ab so rp tion . N ote  t h a t  the  sam e area  in  (b )  re m a in e d  u n 
sta in ed . In  (b ) ,  th e  in c id e n t lig h t is polarized h o rizo n ta lly  an d  th e  v e rtica l s tr ia tio n s  o f the  
E R  m em b ran es show  m ax im u m  ab so rp tion . T his sam e a rea  ap p ears in  (a )  u n s ta in e d , w ith  
m in im u m  a b so rp tio n . T he s tro n g  negative  lin ea r d ich ro ism  of to lu id ine  b lu e-s ta in ed  E R  
m em b ran es in d ica tes  t h a t  th e  dye m olecules are o rien ted  p a ra lle l w ith  th e ir  p lanes to  th e  p lane 
of th e  p o la riza tio n  of th e  in c id e n t lig h t m ax im ally  a b so rb ed , i.e., p e rp en d icu la r to  th e  E R  
m em b ran e  lip id  b ilayers . T h e  sam e conclusion is reach ed  b y  th e  analysis o f th e  to lu id in e  blue- 
induced  b irefringence of th e  E R  m em branes. T he n e g a tiv e  b irefringence w ith  re sp ec t to  th e ir  
p lanes (s tr ia tio n s)  in d ica tes  to lu id in e  blue m olecules o rien ted  p e rp en d icu la rly  to  th e  m em 
b ra n es  a n d  p a ralle l w ith  th e  h y d ro carb o n  chains of th e  lip id  layer. (W e p o in t to  th e  v e ry  sim ple 
w ay  of p o lariza tio n -o p tica l analysis p rov id ing  in fo rm a tio n  a b o u t dye m olecule o r ie n ta tio n  in 
b iological s tru c tu re s  being  s ta in ed  an d , in an  in d ire c t w ay , ab o u t th e  m olecu lar o rd e r o f the

u nderly ing  biological s tru c tu re s .)
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Fig.  9. R a t  pancreas frozen sec tio n  h a d  been  d issected  in to  tw o  halves. One (on th e  le ft)  served  
as c o n tro l ,  th e  o ther ha lf w as t r e a te d  w ith  e thano l. B o th  ha lves were th en  s ta in e d  to g e th e r  on 
th e  sa m e  slide. Toluidine b lu e -fe rricy an id e  (a )  in th e  lig h t m icroscope, ( b)  w ith  crossed  polars. 
In  ( a ) v a f te r  lipid e x trac tio n  th e  b aso p h ilia  of th e  ac in ar cell cy top lasm  is u n a ffec ted  b u t ,  in 
sp ite  o f  th is  in tensive  sta in in g , b ire frin g en ce  effect in  (b) is com plete ly  abo lished , in d ic a tin g  
ra n d o m ly -d is tr ib u te d  dye b in d in g  o n  th e  lip id -ex trac ted  E R  m em branes. T his fin d in g  p o in ts 
to  a n  e sse n tia l  role of th e  m em b ran e  lip id s in  th e  o r ie n ta tio n  of th e  dye m olecules b o u n d  by 
o th e r ,  n o n -lip id , m em brane co m p o n e n ts . In  th e  co n tro l h a lf, th e re  is strong  b aso p h ilia  and 

s ta in in g -in d u ced  b irefringence of th e  E R  m em branes

T h  us, the  to p o -o p tica l s ta in in g  reac tions of p an crea tic  E R  m em b ran es 
w ith  to lu id in e  blue suggest — as th e  re su lts  o b ta in ed  w ith  th e  R ivano l-fe r- 
r ic y a n id e  reaction  a d e f in ite  an iso trop ic  m o lecu lar s tru c tu re  of th e  ribo- 
so m a l R N A ,  possibly w ith  m em b ran e-p ara lle l o rie n ta tio n  of th e  helical hyd ro - 
g e n -b o n d e d  loops of R N A ,  in n ear ne ighb o u rh o o d  to  th e  m em b ran e  su r
face . S u ch  a s tru c tu ra l o rd e r w o u ld  correspond to  th e  find ing  th a t  m em b ran e  
lip id e  p la y e d  the  key  ro le in  th e  o rien ta tio n  of th e  to lu id ine  b lue  m olecules 
h o u n d  b y  R N A  side groups. T h is  appears to  need a close n e ig h b o u rh o o d -to p o 
logical co rre la tio n  betw een th e  dye-b ind ing  sites an d  th e  d y e -o rien ta tin g  lip ids 
in  th e  m em brane.

T h e  possible fu n c tio n a l significance o f an  an iso trop ic  m o lecu lar o rder 
o f th e  ribosom al R N A  co m p lex  w as discussed above , in  connection  w ith  th e  
R iv a n o l reaction .
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Fig. 10. R a t pancreas. F ro zen  sec tion  d issected in to  tw o  h a lv es. T h a t  on th e  le ft se rv ed  as 
co n tro l, th e  o th e r h a lf  h a d  b een  tre a te d  w ith  R N ase. T o lu id in e  bh ie-ferricyanide. In  th e  co n tro l 
h a lf  th e re  is a s tro n g  baso p h ilia  w ith  strong  sta in in g -in d u ce d  b irefringence of th e  E R  m em b 
ran es. In  th e  R N a se -tre a te d  (b )  h a lf  the  basophilia  o f  th e  a c in a r tissue is m uch w eak e r and  
th e re  is on ly  w eak residual b irefringence  due to  th e  in tr in s ic  birefringence of th e  m em b ran e

lipids

II. C. Topo-optical s ta in in g  reaction o f  the hepatic E R  membranes w ith  
to lu id ine blue. Dependency on the reduced state

F ig u re  12 shows th e  effect of the  ionic s tre n g th  of th e  dye so lu tio n  on 
th e  s ta in in g  reac tio n  of th e  E R  m em branes o f r a t  liv e r cells. I t  took  a long tim e  
u n til  we recognized th a t  th e  cap ac ity  of th e  E R  m em b ran es of th e  liv er cells to  
h in d  to lu id in e  b lue in  an  o rdered  p a tte rn  d ep en d s  n o t only on th e  ionic 
s tre n g th  of th e  dye so lu tio n  (as w ith  th e  E R  m em branes of th e  p a n c re a tic  
ac in a r cells) b u t  also on th e  physio logically  re d u c e d  s ta te  of th e  m em b ran es, 
i.e., th e  presence of e lec trons being  carried  th ro u g h  th e  e le c tro n -tran sp o rtin g  
chains d u ring  m etabo lic  processes in th ese  h ig h ly -ac tiv e  in te g ra te d  en zy m e 
system s o f h ep a tic  E R  m em branes. In  to lu id in e  b lue-ferricyan ide  s ta in e d  
section  o f r a t  liver (F ig . 13) a n um ber o f ro u n d e d  iso trop ic  areas are  seen 
am ong  b iré frin g en t areas. T h is appeared  a v e ry  uncom m on find ing , since  in 
th e  lig h t m icroscope th e re  w as no d e tec tab le  s ta in in g  difference betw een  th ese  
areas (F ig . 13b).

O nly  a fte r  exclusion o f m any  su spec ted  causes of an artific ia l ch an g e , 
w ere we able to  c la rify  th a t  in  th e  iso trop ic  a rea s  w ith  random  dye b in d in g
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F ig .  11.  R a t  pancreas. F o rm o l-fix ed  frozen  section . T o lu id ine  b lue-ferricyan ide. A p a r t  o f a 
ly m p h  n o d e  is su rrounded  by  p a n c re a tic  ac in ar tis su e  w ith  in tensive  b irefringence  o f th e  E R  
m e m b ra n e  system . In  th e  c en te r  o f  th e  ly m p h  node  a n u m b er of p lasm a cells a re  seen  w ith  
in te n s iv e ly  basoph ilic  cy to p lasm  ( a ) ,  w ith  crossed p o la rs  (b )  th e  cy top lasm  of th e  p la sm a  cells 
a p p e a r s  s tro n g ly  b iréfrin g en t. T h is  sta in in g  re ac tio n  is due to  th e  strong ly  d ev elo p ed  R N A -  
c o n ta in in g  a n d  p ro te in -sy n th es iz in g  E R  m em b ran es in  th e  secretion  process o f im m u n o g lo 
b u lin s . I n  v iew  of th e  g re a t se lec tiv ity  of th is  to p o -o p tic a l s ta in ing  reac tio n  fo r R N A - c o n ta in 
in g  m e m b ra n e s , i t  can  be ap p lied  to  th e  s tu d y  of p la sm a cy tic  tran sfo rm a tio n s  o f ly m p h a tic  

tissues du rin g  in f la m m a to ry  or an tig en ic  s tim u la tions. X70.

the E R  membranes have undergone photooxidation during the handling of 
the specimens and slides at day-light conditions in the laboratory (R om hanyi 
and D ear , [100]). The interpretation of these uncommon findings was reached 
when we succeeded in restoring the anisotropic staining of the isotropic areas 
by reduction with sodium dithionite or by treatment with the electron donor 
chlorpromazine (Ka r r em a n , I senberg  and Szen t-Györgyi, [55]).

T h e  p h o to -o x id a tiv e  d am age was rep ro d u c e d  ex p erim en ta lly  in  slices 
i r r a d ia te d  fo r a sh o rt tim e  (5 m in) w ith  a sm all la b o ra to ry  UV lam p . I r r a d ia te d  
a re a s  show ed com plete loss o f o rien ted  d y e  b in d in g  and  ap p eared  iso tro p ic , 
w h e re a s  th e  p ro tec ted  areas rev ea led  s tro n g  to lu id in e  b lue-induced  b ire f r in 
gence  in d ic a tin g  o rien ted  dye  b in d in g  in th e se  areas. In  th e  b rig h t-fie ld  m ic ro 
sco p e , how ever, th e re  w as no  d e tec tab le  s ta in in g  difference b e tw een  th e  iso
tro p ic  a n d  b iré fringen t a reas . T he ex p erim en ta lly -in d u ced  p h o to -o x id a tio n  
d a m a g e  could  he resto red  b y  d ith io n ite  or ch lo rp rom azine  (Fig. 14). In  an im als
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Fig. 12. T he effect o f th e  ionic s tren g th  of the  dye so lu tio n  on the  sta in ing  effect o f to lu id in e  
blue. R a t  liver. F o rm ol-fixed  frozen section. In  ( a )  a n d  (b ) ,  sta in ing  was m ade w ith  to lu id in e  
blue a t  low ionic s tre n g th  (0 .01%  NaCl) and  pH  4.5 In  (c )  and  (d ) ,  th e  s ta in in g  w as m ade 
w ith  to lu id in e  blue a t  h igh  ionic stren g th  (0.5 M  N aC l). T here  is a g reat d ifference be tw een  
th e  s ta in in g  re su lts  a n d  birefringence effects o f th e  tw o  dye solutions. A t low ion ic  s tre n g th  
in  ( a ) ,  cell nucle i and  cy to p lasm ic  basophilic  g ran u les  ( E R  m em branes) are s ta in e d  in ten siv e ly , 
b u t  w ith  crossed p o lars ( b) th ere  is a com plete iso tro p y . A t h igh ionic s tren g th  ( c ) ,  th e  sta in in g  
of th e  nuclei is rep ressed  and  in  co n tra st th ere  is a n  in te n siv e  selective sta in in g  o f th e  cy to 
p lasm ic  granu les ( E R )  m em branes, which w ith  crossed  p o la rs  (in d ) reveal s tro n g  b irefringence  
neg ativ e  w ith  re sp ec t to  th e  m em brane  p lanes, in d ic a tin g  o rien ted  dye b ind ing  p e rp en d icu la r

to  th e  plane of th e  m em b ran es
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e x h a u s te d  by  sw im m ing, th e  hepa tic  E R  m em b ran es  showed ab o u t 5 0 %  de
c rea se  in th e ir  re a c tiv ity  as calcu lated  from  th e  s tren g th  of th e ir  to lu id in e  
b lu e -in d u c e d  birefringence m easured  e lec tro p h o to m etrica lly .

A n exp lan a tio n  of th e  m olecular m echan ism  o f th is  dependency  o f o rien ted  
s ta in in g  reac tio n  of h e p a tic  E R  m em branes on th e  presence of e lec tro n s  w as 
o n ly  fo u n d  w hen we rea lized  th a t  fe rricy an id e  being used as a p o s t-s ta in in g  
s ta b iliz e r  in our s ta in in g  reac tio n s  is itse lf  an  electron  acceptor an d  can  v e ry  
lik e ly  be assum ed to  in te ra c t  w ith  electrons p re se n t in the  e le c tro n - tra n sp o r t
in g  ch a in s  of E R  m em b ran es. This appears to  he in accord w ith  b iochem ical

Fig.  13. R a t  liver. Form ol-fixed  fro zen  section  s ta in e d  w ith  to lu id ine  blue a t  p H  4.5 a n d  a t  
io n ic  s t r e n g th  of 0.5 NaCl. P o s t-s ta in in g  s tab iliza tio n  w as c a rried  ou t using 1 : 7 m ix tu re  o f 2 %  
so lu tio n s  o f p o tassium  fe rricy an id e  a n d  po tassium  io d id e ; ( a )  w ith  crossed polars, ( b)  th e  sam e 
f ie ld  in  th e  b righ t-fie ld  m icroscope. In  (a ) ,  b lack  ro u n d e d  iso trop ic  areas are seen b e tw ee n  
a n is o tro p ic  a reas in  w hich th e  c y to p la sm ic  E R  m em b ran e s  show  strong  an iso trop ic  s ta in in g  
w ith  s tro n g  birefringence. In  th e  iso tro p ic  areas th e  d y e  m olecules, being bound  ra n d o m ly , do 
n o t  in d u c e  b irefringence, w hile in  th e  b iréfrin g en t a rea s dye  b in d in g  is o rien ted  p e rp e n d ic u la r  
to  th e  E R  m em branes, re su ltin g  in  a s trong  n eg ative  b ire frin g en ce  w ith  respect to  th e  p lan e(s) 
o f  th e  m em b ran es. In  (b ) ,  th e re  is how ever no v isib le d ifference in  the  sta in ing  b e h a v io u r  of 
th e  iso tro p ic  areas. L a te r , d u rin g  o u r  stud ies, i t  tu rn e d  o u t  t h a t  in  the  iso trop ic  a rea s  w ith  
r a n d o m  d y e  b ind ing  th e  E R  m em b ran e s  h ad  und erg o n e  p h o to -o x id a tiv e  dam age d u rin g  h a n 
d lin g  o f  th e  specim ens and  slides. T h is  was clarified la te r ,  w h en  we found  th a t  th e  an iso tro p ic  
s ta in in g  cou ld  be resto red  in  th e  iso tro p ic  areas by  sh o r t  t r e a tm e n t  of th e  slices w ith  2 %  sod ium  
d i th io n i te ,  (N a2S20 4) a reducing  a g e n t or by  tre a tm e n t w ith  chlorprom azine w hich h a s  e lec tro n  
d o n o r  c a p a c ity  ( K a r r e m a n , I s e n b e r g  and  Sz e n t - G y ö r g y i  [55]). On the  basis o f  th ese  
e x p e r im e n ts , we began  to use fo rm a lin  so lu tions w ith  0 .5 %  or 1%  sodium  d ith io n ite  a d d itio n . 
T h is  p re se rv e d  well th e  physio log ica lly  reduced  s ta te  o f th e  E R  m em branes of th e  liv e r
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d a ta  in d ica tin g  th a t  a t  least tw o  e le c tro n -tran sp o rtin g  chains arc lo ca ted  in th e  
h ep a tic  E R  m em branes (D e P ierre  and E rn ster , [22]), viz., th e  cy toch rom e 
P450 and  th e  cy to ch ro m e  1)5 red u c ta se  system s, u sin g  electrons from  N A D H  
an d  N A D P1I, re sp ec tiv e ly , as e lectron  donors, a n d  being  able to  red u ce  ferri- 
cyan ide . F e rricy an id e  is o ften  app lied  as an e lec tro n  accep to r in b iochem ical 
an d  h istoehem ical sy stem s (Siinitha  and Talabi [121], K erpel-F ronius and  
H ajós [57]).

Fig. 14. R a t  liver. F rozen  sec tion  d issected  in to  tw o h a lv es. B o th  were p h o to -in a c tiv a te d  by  
ir ra d ia tio n  w ith  a sm all la b o ra to ry  UV lam p  for 5 m in. (a )  is th e  p h o to -in a c tiv a te d  co n tro l, ( b)  
h ad  been  tre a te d  a fte r  p h o to -o x id a tio n  w ith  1%  sodium  d ith io n ite  fo r 5 m in. B o th  h a lves were 
s ta in ed  sim u ltan eo u sly  on  th e  sam e slide for 5 m in w ith  to lu id in e  b lue  pH  4.5 a t  th e  ionic 
s tre n g th  of 0.5 NaCl. ín  ( a ) ,  th e re  is com plete  lack of an iso tro p ic  sta in in g  of th e  E R  m em 
bran es. In  (b ) ,  th e  an iso tro p ic  to p o -o p tica l sta in ing  reac tio n  o f th e  cy top lasm ic  E R  m em b ran es 
is co m ple te ly  resto red . T he cell nuclei a re  iso tropic an d  v isib le  as sm all b lack  ro u n d e d  holes

T hus, o rien ted  to lu id in e  b lue  b ind ing  of E R  m em branes in liv er cells 
needs fe rricy an id e  m olecules in te ra c tin g  w ith  e lec tro n s p resen t in th e  s tru c tu re , 
being carried  th ro u g h  th e  e lec tro n -tran sp o rtin g  chains of E R  m em branes. 
W hen , how ever, fe rricy an id e  m olecules, owing to  p h o to -o x id a tio n  or m etabo lic  
ex h au stio n , do n o t fin d  elec trons to  in te rac t w ith : th e n  to lu id in e  b lue  m olecules 
c an n o t be stab ilized  in  an  o rdered  p a tte rn  on th e  E R  m em brane s tru c tu re  and  
ran d o m  d is tr ib u tio n  o f th e  dye m olecules re su lts  in  iso tropy .

T he decrease to  a b o u t 50%  o f th e  to p o -o p tica l re a c tiv ity  of th e  h ep a tic  
E R  m em branes in  an im als ex h au sted  to  m ax im al fa tig u e  can  be ex p la in ed  as 
re su ltin g  from  tra n s ie n t insuffic iency  of th e  e le c tro n -tra n sp o rt processes due 
to  m etabo lic  overload .

In  an y  case, th e  fin d in g  th a t  th e  to p o -o p tica l re a c tiv ity  of h ep a tic  E R  
m em branes w ith  to lu id in e  b lu e  depends no t on ly  on th e  presence of m em b ran e  
lip ids and  a defin ite  ionic s tre n g th  of th e  dye so lu tio n  b u t  even on th e  presence
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of e lec tro n s  being tr a n s p o r te d  d u ring  m etabo lic  processes, can  be  regarded  
as a conv incing  evidence o f  th e  unpara lle led  c a p ac ity  of to p o -o p tica l s ta in ing  
re a c tio n s  in p rovid ing  in fo rm a tio n  ab o u t the  fu n c tio n a l s ta te  o f b io m em b ran es, 
n o t  p ro v id e d  by  an y  o th e r  m orphological m eth o d s.

I I . D . Topo-optical s ta in in g  reactions o f  renal membrane system s w ith  toluidin  
blue-ferricyanide (-po tassium  iodide)

M em brane system s in  th e  k idney  (b ru sh  b o rd e r, c y to m em b ran es , glo
m e ru la r  an d  p e r itu b u la r  b a se m e n t m em branes) p lay  a fu n d a m e n ta l îo le  in 
th e  in te g ra te d  fu nc tion  o f th is  organ. U ltra s tru c tu ra l s tud ies o f th e  renal 
m e m b ra n e  system s have  th e re fo re  gained g rea t significance in h istop h y sio lo g y  
a n d  h is to p a th o lo g y  as w ell. T he optical c h a rac te ris tic s  of ren a l m em brane  
sy s te m s  h ad  been s tu d ied  in u n s ta in e d  sections b y  R omhányi [93] an d  R ol- 
H Ä U S E R  [92].

T opo-op tica l s ta in in g  re a c tio n s  ol renal m em branes are  usefu l n o t only 
b e c a u se  th e y  can d e tec t q u a n t i ta t iv e  changes in  som e co m p o n en ts  or th e ir 
s t ru c tu ra l  d iso rgan iza tion  b u t  offer in sig h t n o t p rov ided  b y  o th e r  m ethods. 
T h e re fo re , these to p o -o p tica l s ta in in g  reac tio n s are  su itab le  for ro u tin e  in 
v e s tig a tio n s  as well.

S ince th e  top o -o p tica l s ta in in g  reactions of b iom em b ran es w ith  to lu id inc  
b lu e  a rc  d ep en d en t on th e  p resen ce  of th e  m em b ran e  lipids, only frozen  sections 
can  b e  used  for such in v e s tig a tio n s . R esu lts  are  show n in  F igs 15a d an d  16. 
B esid e  th e  cy tom em branes a n d  b rush  bo rder, th e  p e r itu b u la r  and  g lom eru lar 
b a s e m e n t m em branes are  re n d e re d  b iré frin g en t (nega tive  in  c h a ra c te r  to  th e  
le n g th ;  th e  b ru sh  b o rd e r b e in g  neg a tiv e  w ith  re sp ec t to  th e  axis o f th e  m icro
v illi). L ip id  ex trac tio n  ra p id ly  abolished  th e  o rien ted  s ta in in g  re a c tio n , in d ic a t
in g  a g a in  th e  role of th e  s t ru c tu ra l  lipids in  th e  o rien ted  b in d in g  o f to lu id ine  
b lu e  m olecules in b io m em b ran es . F igure  16 show s th e  resu lt of an  incom plete  
lip id  e x tra c tio n  (5 m in w ith  e thano l). The n u c lea r m em branes of th e  th ick  
se g m e n ts  of th e  H enle loops are  m ore re s is ta n t to  lip id  e x tra c tio n  th a n  o ther 
c y to m e m b ra n e s  and b ru sh  b o rd e r . (C om pare th is  F ig u re  w ith  F ig . 5.)

A n a ly s is  for linear dichroism

W h e n  to lu id ine b lu e -s ta in e d  sections are in v es tig a ted  b v  lie b t  micro- 
sco p y , u sin g  polarized in c id e n t lig h t, th e n  s tro n g  (negative  linear) d ichroism  
is o b se rv e d  w ith  g rea te r  a b so rp tio n  for ligh t po larized  p e rp e n d ic u la rly  to 
m e m b ra n e  s tru c tu res . F ig u re  17 shows linear d ichro ism  of to lu id in e  b lu e -s ta in ed  
b ru s h  b o rd e r  (being n e g a tiv e  w ith  respect to  th e  in d iv id u a l m icrovilli), in d ic a t
ing  to lu id in e  blue b in d in g  p e rp e n d ic u la r  to  th e  ax is of th e  m icrovilli i.e ., parallel 
to  th e  h y d ro carb o n  ch a in s  o f th e  lipids in  th e ir  surface m em b ran e . F igure
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Fig. 15. R a t  k idney . F o rm o l-fix ed  frozen sec tio n . T olu id ine  blue pH  4.5, low  io n ic  s tre n g th . 
P o s t-s ta in in g  fix a tio n  w as m ade  w ith th e  p o tass iu m  fe rricy an id e-p o tassiu m  iod ide  m ix tu re  
(1 : 7); (a )  and  (b)  co rtica l reg ion , (c) and  ( d )  deeper region of th e  co rtex  w ith  th ic k  Henle 
loop segm ents. W ith  crossed  po lars ( b, d ) ,  u n e x p ec te d  de ta ils  are m ade  reco g n izab le : the 
s tro n g ly  b iréfringen t b ru sh  b o rd e r (invisible in  th e  l ig h t m icroscope), th e  b iré fr in g e n t cy to 
p lasm ic  s tria tio n s in  th e  H enle  loops and  th e  b iré frin g en t p e r itu b u la r  a n d  g lo m e ru la r  base
m en t m em branes. Cell nucle i a p p ea r iso trop ic . T h is a n is to tro p ic  sta in in g  re a c tio n  o f th e  renal 
m em branes was d ep en d en t on  th e  presence o f th e  m em brane  lipids. L ip id  e x tra c t io n  w ith  
ch loro fo rm -m ethano l, co m p le te ly  abo lish ing  all m em brane  reac tions, d id  n o t red u ce  the

s ta in in g  in te n s ity
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F ig .  16. R a t  k idney. S ta in e d  as in  F ig . 15. P rio r to  th e  s ta in in g  th e  slide w as tre a te d  for 5 m in  
w ith  e th a n o l, w hich caused  p a r t ia l  e x tra c tio n  of th e  m em b ran e  lip ids. O nly th e  n uclear m em 
b ra n e s  o f th e  Henle loops r e ta in e d  th e ir  topo-optical re a c tiv i ty .  B irefringence of o th e r cy to - 
m e m b ra n e s , b rush  b o rd e r a n d  b a se m e n t m em branes w as ab o lished  by  th is  incom plete  lip id  
e x tr a c t io n  (Com pare th is  F ig . w i th  F ig . 5 w ith  respec t to  th e  R N A -coated  nuclear m em b ran es

o f th e  Henle loops

18 d em o n stra te s  th e  n e g a tiv e  lin ea r  dichroism  w ith  g re a te r  abso rp tio n  for lig h t 
p o la riz e d  p e rp en d icu la rly  to  th e  cy tom em brane s tr ia tio n s , in d ica tin g  to lu id in e  
b lu e  association  p e rp e n d ic u la r  to  th e  cy to m em b ran e  infold ings ch a rac te ris tic  
o f  th e  ep ithe lia l cells o f  th e  H en le  loops, seen in  th e  e lec tron  m icroscope.

I I .  E . Differences in  the capacity  fo r  oriented b ind ing  o f  R ivano l and toluidine blue

W e have seen co n sid e rab le  differences in  th e  s ta in in g  cap ac ity  of to lu id in e  
b lu e  an d  R ivanol. T o lu id in e  b lu e  was able to  b in d  in  an  o rien ted  p a tte rn  to  
b io m em b ran es  only  w h en  th e  m em brane lipids w ere  p resen t, b u t  R ivano l, 
a lth o u g h  to  a lesser d eg ree , in d u c e d  orien ted  s ta in in g  reac tio n s even on lipid- 
e x t r a c te d  m em branes. T h ese  differences can be  ex p la in ed  in  te rm s of d iffer
ences in  th e  m olecular co n fo rm a tio n s  of the  dyes (F ig . 19). B o th  dye m olecules 
h a v e  a p lan a r co n fo rm atio n  a n d  are  a p p ro x im a te ly  equal in size. R ivano l, as a 
d iam in o -ac rid in e  dye, h o w ev e r, has tw o o b liq u e ly -s itu a te d  positive am ino
b in d in g  groups, w hereas th e  to lu id in e  blue m olecule  possesses only one am ino
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Fig. 17. K a t k idney. F rozen  sec tion . S ta in ed  as in  Fig.  13. In  o rder to d e m o n s tra te  lin e a r di- 
chro ism  (orien ted  dye a b so rp tio n  of polarized  lig h t due to  o rien ted  dye b in d in g ) w e illu m in a ted  
th e  slide in  th e  b righ t-field  m icroscope w ith  lin ea rly -p o larized  ligh t. T he p lane  o f th e  p o lariza
tio n  is m ark ed  by arrow s. X 1200 .(a )  and  (b )  in  th e  b righ t-fie ld  m icroscope, (c )  th e  sam e field 
w ith  crossed polars. In  (a )  th e  b ru sh  bo rd er a p p ea rs  d a rk , in  (b ) ,  illu m in a ted  w ith  horizon
ta lly  po larized  ligh t, it rev ea ls  a  con sid erab ly  low er ab so rp tio n  th a n  in  ( a ) .  T h e  p lane  of 
p o la riza tio n  of th e  incid en t l ig h t w ith  m ax im u m  a b so rp tio n  in d ica tes  th e  o r ie n ta t io n  of the  
p lanes o f dye m olecules (th e  p lan es o f th e ir  lig h t-ab so rb in g  bonds). T hus, we can  s ta te  t h a t  the  
to lu id in e  blue m olecules are  o rien ted  p e rp en d icu la rly  to  th e  axis o f th e  m icrov illi, r.e., th ey  
are  asso c ia ted  paralle l w ith  th e  m em b ran e-lip id  h y d ro c a rb o n  chains in  th e  m em b ran e . In  (c),  
th e  b ru sh  bo rd er appears s tro n g ly  b iré frin g en t (i.e. n eg ativ e  w ith  re sp ec t to  th e  ax is  of the 
m icrov illi, in d ica tin g  to lu id ine  b lue  m olecules h o u n d  tran sv e rsa lly  to  th e  ax is o f  th e  m icrovilli)

group  for b ind ing  to  n e g a tiv e  side g roups on su b s tra te s . T herefo re , K iv an o l has 
a g re a te r  b ind ing  c a p ac ity  an d  a g re a te r  s ta b ili ty  on su b s tra te s  ti ta n  to lu id ine  
b lu e  m olecules w ith  th e ir  single b in d in g  g roups w hich req u ire  th e  ad d itio n a l 
o rd e rin g  in te rac tio n  of m em b ran e  lip ids (beside th e  s tab iliz a tio n  w ith  ferri- 
cyan ide). T his, of course, im plies a v e ry  close topological in te ra c tio n  betw een  
th e  ap o la r ring  system  o f to lu id in e  b lu e  an d  th e  h y d ro ca rb o n  ch a in s  of the  
m em b ran e  lipids, th e  o r ie n ta tio n  being  p ro b a b ly  b ro u g h t a b o u t b y  an 
in te rc a la tio n  of th e  a p o la r  rings of dye  m olecules be tw een  th e  f a t ty  acid 
chains of th e  m em brane lip ids in  th e  in te r io r  o f th e  m em b ran e . In  v iew  of 
th is  in te ra c tio n  betw een  to lu id in e  b lu e  an d  m em brane lip ids, in  tu rn ,  one 
can  conclude from  th e  o r ie n ta tio n  o f th e  to lu id in e  b lue m olecules, as d e te c te d  by 
p o la riza tio n  optics, on th e  o rie n ta tio n  o f th e  h y d ro ca rb o n  chains o f m em b ran e  
lip id s. Such an in d irec t conclusion is v a lu ab le  in  cases w here th e  in tr in s ic  b i
refringence  of th e  m em b ran e  lip id  b ila y e r is u n d e te c ta b le  w ith o u t to p o -o p tica l 
s ta in in g  reac tion  of th e  m em b ran e , fo r in s tan ce , in th e  red  cell m em b ran e .
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F ig .  18.  R a t  kidney. T h ick  se g m e n t o f H enle loops X 1200. I n  (a )  an d  ( b) ,  illu m in a ted  in  th e  
b r ig h t- f ie ld  microscope w ith  p o la r iz e d  lig h t to d e tect d ich ro ism  as a sign of o rien ted  b in d in g  of 
to lu id in e  blue to  the  c y to m e m b ra n es . T he planes of p o la r iz a tio n  of th e  lig h t are m ark ed  by 
a r ro w s ;  (c )  the  same field  w ith  c ro ssed  polars. In  (a )  a n d  ( b) ,  th e  m em b ran e  s tr ia tio n s  o f th e  
e p ith e lia l  cells corresponding to  th e  m em brane  in v ag in a tio n s  in  th e  e lec tro n  m icroscope show  
n e g a t iv e  dichroism , i.e. g re a te r  a b so rp tio n  for ligh t p o larized  p e rp en d icu la rly  to  th e ir  len g th . 
C o rre sp o n d in g ly , in (a )  th e  h o riz o n ta l  stria tio n s are b lac k  a n d  rev ea l g rea te r ab so rp tio n  as th e  
sa m e  s tr ia tio n s  in (b);  c learly  seen  in  th e  lower p a r t  o f th e  fig u re . In  ( c) ,  th e  m em b ran e  s t r ia 
t io n s  a rc  strong ly  b iré frin g en t (n e g a tiv e  w ith  respect to  th e ir  len g th ). E v en  th e  nu c lear m em 
b ra n e s  show  a weak b irefrin g en ce . B o th  th e  negative b ire frin g en ce  and  th e  n eg ative  d ichro ism  
o f  th e  cy top lasm ic  m em brane  s t r ia t io n s  indicate th a t  th e  to lu id in e  b lue  m olecules are a rran g ed

tra n s v e rs a l ly  in  the  m em b ran e  s tru c tu re
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F ig .  19.  D ifferences in th e  m o le c u la r  conform ation  of R iv an o l a n d  to lu id ine  blue as th e  basis 
o f  t h e i r  d iffe ren t capacities to  in d u c e  topo-op tical s ta in in g  re ac tio n s  on  m em branes. R iv an o l 
possesses tw o  obliquely s i tu a te d  p o sitiv e ly -ch arg ed  b in d in g  g ro u p s , w hereas to lu id in e  blue has

o n ly  one such group
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T h e significance o f th e  localiza tion  an d  n u m b er o f th e  p o sitiv e  b ind ing  
g roups of dye m olecules for to p o -o p tica l re a c tiv ity  in b io m em b ran es is show n 
by ou r failure to  induce  an y  p rac ticab le  top o -o p tica l s ta in in g  re a c tio n  w ith  
5 -am ino-acrid ine, a com pound  s tru c tu ra lly  very  closely re la te d  to  R ivano l
(F ig . 20).

Fig. 20. R a t  pancreas. P a ra ff in  section . In  ( a ) ,  s ta in ed  w ith  R iv an o l-fe rricy an id e , in  (b)  , 
s ta in ed  w ith  5-am ino acrid in e -fe rricy an id e. In  (a ) ,  th ere  is a clear to p o -o p tica l s ta in in g  reac 
tio n  of th e  E R  m em branes d e lineating  th e  ac in ar s tru c tu re  o f the g land ; in  ( b) . on ly  g ran u la r, 
am o rp h o u s sta in ing  effect, in d ica tin g  th e  role o f th e  dye m olecular co n fo rm a tio n  in  to p o -o p 

tica l s ta in in g  re a c tiv ity

I I I .. A. Topo-optical sta in ing  reactions o f  blood-cell elements w ith to lu id ine  blue- 
ferricyan ide-po tassium  iodide (1 : 7 )

The red blood cell m em b ran e  is one of th e  m ost in ten se ly  in v e s tig a te d  
b iom em branes, since it  is easily  ava ilab le  in haem oglobin-free fo rm  fo r chem ical, 
physica l, functional an d  s tru c tu ra l s tud ies. The in te res t in red  cell m em b ran e  
b io ch em istry  and u ltra s tru c tu re  ( B r e t s c h e r  [10], F o w l e r  and  B r a n t o n  [55], 
J a c o b  [51], H o l l á n  e t al. [44], S t e c k  [126]) has ever been  s tim u la te d  by 
its  possib le re la tion  to  red  cell p a th o lo g y  ( J a c o b  [51], J a m i e s o n  [53], J e n s e n  

an d  L e s s i s  [52], W i i i t t m a n  [141] an d  E l l o r y  and L e v  [25], w ith  references 
of earlie r sign ifican t pub lica tio n s). T hese stud ies have led to  suggestions abo u t 
m olecu lar m em brane m odels of red  cells, b u t de ta ils  of these  m odels a re  not 
re flec ted  in th e  tr ila m in a r  u n it m em b ran e  s tru c tu re  of th e  e ry th ro c y te  seen 
in th e  electron  m icroscope.
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R ecen tly , in te re s t  h as  increased  p a r tic u la r ly  in  th e  u ltra s tru c tu ra l o rg an 
iz a t io n  of lym phoid  cell m em branes and o th e r  ty p e s  of cell m em branes in 
v iew  o f th e ir  in v o lv em en t in  w idespread fu n c tio n a l ac tiv itie s , viz., m em brane  
ch an g es  re la ted  to  cell re co g n itio n  and g row th  re g u la tio n  ( E d e l m a n  [24]), cell 
s t im u la tio n  or ce llu lar c o n ta c t  ( R e e s  et al. [89]), reasso c ia tio n  ( T u r n e r  and 
B u r g e r , [134]), im m u n o lo g ica l response an d  g ra f t  re jec tio n  ( U h r , [135], 
le c tin  an d  to x in  b in d in g  ( N i c o l s o n , [81]) a n d  chan g in g  in  u ltra s tru c tu ra l  
o rg a n iz a tio n  w ith  m a lig n a n t tran sfo rm a tio n  ( N i c o l s o n  [82], N i c o l s o n  and  
P o s t e , [84], W a r r e n  e t  al. [136], Z a t z  e t al. [145]). B iochem ical in v es tig a 
tio n s  o f m em brane p ro te in s  o f  lym phoid  cells also rev ea led  som e differences in  
th e i r  g lycopro tein  co m p o n e n ts  ( T r o w b r i d g e  e t al. [133], H u n t  and  B r o w n  

[45], Z a t z  et al. [145]) in  v a rio u s  conditions. H o w ev er, efforts to  d e tec t any  
u l t r a s t ru c tu ra l  d ifference b e tw een  cell m em branes o f th ese  cell ty p es and  those  
o f  th e  red  cell m em b ran e  h a v e  failed.

So far, even p o la riz a tio n -o p tic a l analyses h av e  failed to  d em o n stra te  de
f in i te  differences in  th e  u l t r a s t ru c tu ra l  o rg an iza tio n  o f th e  haem ato log ical cell 
m em b ra n e s , p ro b a b ly  d u e  to  th e ir  very  w eak  in tr in s ic  b irefringence (Mi t - 
C H i s o N  [77], P o n d e r  a n d  B arr eto  [86], S chm itt  e t al. [116]). W e therefo re  
w ere  su rp rised  b y  th e  s tro n g  selective to p o -o p tica l s ta in in g  reaction  of th e  red  
cell m em branes w ith  to lu id in e  b lu e -fe rricy an id e -p o tassiu m  iodide in  g lu ta r- 
a ld eh y d e-fix ed  sm ears a n d  b y  th e  s trik ing  d iffe rence  in  th e  top o -o p tica l re 
a c t iv i ty  of red cell m e m b ra n e s  from  those o f m yelo id , lym phoid and m acro 
p h a g e  cell m em branes [102]  (F ig . 21, 22, 23).

A lthough  we c a n n o t p re se n t defin ite  e x p la n a tio n  of th e  m olecular- 
s t r u c tu r a l  basis o f th e se  u l tra s tru c tu ra l  d ifferences betw een  th e  m em brane 
o rg a n iz a tio n  of red  cell m em b ran es  and th a t  o f ly m p o id  m yeloid cell e lem ents, 
th e s e  find ings ju s tify  th e  u se  o f  topo-op tica l s ta in in g  reac tions in  fu r th e r  com 
p a ra t iv e  studies on th e  u l tr a s tru c tu ra l  o rg an iza tio n  of d ifferen t b lood  cell 
e le m e n ts  in  physio log ica l a n d  pathological re sea rch . F igu re  21 d em o n stra te s  
th e  se lec tive  to p o -o p tica l s ta in in g  reaction  o f re d  cell m em branes in  g lu ta r- 
a ld eh y d e-fix ed  b lood  sm ear. T h e  se lectiv ity  in  th e  to p o -o p tica l le a c tiv ity  oi 
re d  cell m em branes, d iffe rin g  sh a rp ly  from  th a t  of leucocy tes and  lym p h o cy tes  
(F ig s  22, 23), is re m a rk a b le . W ith  crossed po la rs, th e  re d  cell m em branes ap p ea r 
in  th e  form  of ra d ia lly -p o s itiv e  spherites (w ith  ra d ia lly -o rien ted  slow axis of 
tra n sm iss io n , i.e., ra d ia lly -o r ie n te d  greater re fra c tiv e  index) in d ica ting  o rien 
ta t io n  o f dye m olecules r a d ia l ly  w ith  th e ir  lig h t-a b so rb in g  bonds i.e. th e ir  p lanes. 
In  a g reem en t w ith  th is  f in d in g , th e  red  cell m em b ran es  reveal a s trong  rad ia lly - 
p o s it iv e  linear d ich ro ism  (F ig . 21a) w ith  th e  g re a te r  a b so rp tio n  for ligh t p o la riz 
ed  ra d ia lly . T herefore, tw o  oppo site  sectors o f  th e  re d  cell m em branes show  
g re a te r  abso rp tion  w hile  th e  o th e r tw o o p p o site  sec to rs are  invisib le. This 
p h en o m en o n  is m oving  w ith  ro ta t in g  the  p o la rizer u sed  for illum in a tio n  in th e  
b r ig h t-f ie ld  m icroscope w ith  po larized  light.
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Fig. 21. B lood sm ear, fix ed  in  iso ton ic  p h o sp h a te-su cro se  buffer, pH  7.5, for 5 m in . S ta in ed  
w ith  to lu id in e  blue 0 .1 % , a t  p H  6.0. S ta b iliza tio n  w ith  p o st-s ta in in g  tre a tm e n t w ith  a m ix tu re  
o f p o tassiu m  ferricyan ide  a n d  p o tassium  iodide (1 : 7). Sealed in gum i a rab ic . (B lood  w as d i
lu ted  a n d  w ashed th ree  tim es  w ith  iso tonic su c ro se -p h o sp h a te  buffer of p H  7.5, th e n  a fte r  
a d eq u a te  d ilu tion  w ith  iso ton ic  sucro se -p h o sp h a te  b u ffer sm ears were m ade. S m ears  were 
fixed  a f te r  v e ry  sh o rt d ry in g  w ith  2 .5%  g lu ta ra ld e h y d e  in  iso tonic su c ro se -p h o sp h a te  buffer. 
A fte r s ta in in g  for 5 —10 m in th e  dye so lu tion  was w ash ed  off w ith  the  s tab iliz in g  m ix tu re  and 
th e  slide w as sealed, w ith o u t rin sing  in  w a ter, in  g u m  a rab ic , w hich was allow ed to  d ry .)  (a )  
b r ig h t-f ie ld  m icroscope p ic tu re  m ade w ith  p o larized  in c id e n t ligh t (m ark ed  b y  th e  a rrow ); 
(b)  th e  sam e field  w ith  crossed polars. In  ( bj ,  th e  re d  cell m em branes rev ea l se lec tiv e  s tro n g  
an iso tro p y  in d ica tin g  o rien ted  dye b ind ing  on th e  m em b ran e . The b irefringence in d u ced  by 
to lu id in e  blue s ta in ing  w as positive  w ith  re sp ec t to  th e  rad ius (co rresponding  to  rad ia lly  
positive  spherite ). The m em b ran es o f th e  tw o leuco cy tes  in th e  field rev ea l v e ry  w eak 
m osaic-like b irefringence, so th a t  in  th e  p o la riza tio n -o p tica l p ictu re  th e y  can  h a rd ly  be 
d e tec ted  (as com pared w ith  th e ir  in ten siv e  s ta in in g  seen in a). Thus, th e  leu co cy te  m em 
bran es, un like  e ry th ro c y te  m em branes, do n o t b in d  to lu id ine  blue in  an  o rd e re d  p a tte rn .  
In  ( a ) ,  lin ea r d ichroism  o f th e  to lu id ine  b lu e -s ta in ed  red  blood cell m em b ran es  can  be 
c learly  recognized. B oth  sec tors o f th e  cell m em b ran es o rien ted  pe rp en d icu la rly  to  th e  p lane 
of th e  in c id e n t polarized lig h t are dark  and  show  g re a te r  abso rp tio n  th a n  th e  o th e r  tw o sectors, 
ly ing  p a ra lle l w ith  th e  p lan e  of th e  po larized  in c id e n t lig h t w hich are on ly  fa in t ly  visible. 
T o lu id ine  blue m olecules are th u s  o rien ted  p a ralle l w ith  th e ir  planes to  the  p lane o f th e  p o la riza 
tio n  of th e  in c id en t lig h t i.e., th e y  are a rran g ed  ra d ia lly  in  the  m em brane. T h u s, b o th  th e  ra d ia l 
p o sitive  birefringence of th e  re d  cell m em b ran e  a n d  th e  rad ia lly  positive lin ea r d ich ro ism  in
d ica te  ra d ia l  o rien ta tio n  of th e  dye m olecules w ith  th e ir  planes (their l ig h t ab so rb in g  bonds)

in th e  m em b ran e  s tru c tu re

T h u s, the  o p tica l analyses have  show n th a t  b o th  th e  ra d ia lly -p o s itiv e  
b ire fringence  and  th e  rad ia lly -p o sitiv e  lin e a r  d ichroism  in d ica te  ra d ia l o r ie n ta 
tio n  o f th e  dye m olecules w ith  th e ir  p lan es in th e  red cell m em b ran e . The 
s tre n g th  of th e  b irefringence  of th e  red  cell m em branes, w ith  re ta rd a tio n s  of
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Fig. 22.  B one m arro w  sm ear s ta in e d  as in  Fig. 21. E ry th ro c y te  m em branes a p p ea r s tro n g ly  
b iré fr in g e n t as o p tica lly  p ositive  sph erite s . E ven  th e  e ry th ro b la s tic  cell elem ents rev ea l m em 
b ra n e  e ffec ts  sim ilar to  those  of m a tu re  e ry th ro c y te s  (here  n o t  show n). The m em branes o f  th e  
m yelo id  cell e lem en ts a p p ea r q u ite  iso trop ic . T h eir m em b ran e s  suggest them selves o n ly  as 

v e ry  fa in tly  lig h tin g  g ranules o r lines. X 1200

35 40 u m , is rem ark ab le  in  v iew  of the  o rig ina lly  ex trem ely  weak or inv is ib le
b ire frin g en ce  of th e  red  cell m em brane ( M i t c h i s o n  [77], P o n d e r  an d  B a r 

r e t o  [86]). This suggests a h igh degree of o r ie n ta tio n  and  density  of th e  co- 
p la n a r ly -o iie n te d  to lu id in e  b lu e  m olecules w ith in  th e  m em brane s tru c tu re  an d , 
in  tu r n ,  a h igh o rder o f th e  h y d ro ca rb o n  chains o f th e  m em brane lipids b e tw een  
w h ich  th e  dye  m olecules are  in te rc a la ted  an d  o rien ted .

T h is to p o -o p tica l s ta in in g  reaction  of th e  red  cell m em brane w ith  to lu id in e  
b lue  is s-m ilarly  d ep en d en t on th e  presence o f m em b ran e  lipids as fo u n d  for 
o th e r  b io m em b ran es. E v en  sh o rt e x tra c tio n  of g lu ta ra ld eh y d e-fix ed  sm ears 
w ith  e th a n o l com plete ly  abo lished  th is re a c tio n . T h u s , the  m em brane lip id s 
p la y  a k e y  role in th e  o r ie n ta tio n  of th e  to lu id in e  b lue m olecules w ith in  th e  
red  cell m em b ran e . T herefo re , th e  view ( M a k o v i t z k y  and  G e y e r  [69]) th a t  
th e  o r ie n ta tio n  of th e  to lu id in e  b lue m olecules in  th e  red  cell m em b ran e  d e 
pends on  su rface  g lycopro te in s and  no t on m e m b ra n e  lip ids canno t be accep ted  
as v a lid ;  i t  a p p a re n tly  c o n tra d ic ts  all o b serv a tio n s on o th e r b iom em branes w ith
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Fig. 23. H u m an  e ry th ro c y te s  m ixed  w ith  r a t  th y m u s  ly m p h o cy tes  fix ed  a n d  sta in e d  as in 
F ig . 21. In  (a ) ,  w ith  crossed  p o lars for linear b irefringence  an d  in  (b )  w ith  c ircu la r po lariza
tio n  (o b ta in ed  by in te rp o s itio n  of co rrec tly  crossed Л/4 p la te s  be tw een  th e  crossed  po lars , see 
S c h n a b e l  [117]). T he red  cell m em branes ap p ear in  (b )  co n tin u o u sly  b iré fr in g en t an d  sh arp ly  
d e lin ea ted  bo th  on th e ir  o u te r  a n d  in n er surface, in d ic a tin g  th a t  in fram em b ran eo u s  cy top lasm ic 
s tru c tu re s  do n o t c o n tr ib u te  to  th e  topo-op tical s ta in in g  reac tio n  of th e  e ry th ro c y te  m em brane. 
T he m em b ran es of th e  ly m p h o c y tes  reveal only v e ry  fa in t  an iso trop ic  e ffec ts , inv isib le  w ith

circular p o la riza tio n

to lu id in e  blue anti m ay  be  re la ted  to  m ethodological p rob lem s. S ince lip ids are 
n o t invo lved  in th e  b in d in g  of th e  dye m olecules, non-lip id  n egative-dye- 
b in d in g  groups m u st be ta k e n  in to  co n sidera tion . T hese m ay  be e ith e r  carboxyl 
g roups of th e  m em b ran e  p ro te in s  or sim ilar g roups of th e  sialic acid  residues 
o f th e  neuram in ic  acid o f surface g lycopro te ins, or b o th . In  e ith e r  case, how 
ever, th e  b ind ing  sites m u s t be located  a d ja c e n t to  th e  o r ie n ta tin g  lip id  layer 
o f th e  m em brane, since a t  a g rea te r d is tan ce  betw een  d y e-b in d in g  sites and 
m em b ran e  lipids no o r ie n ta tin g  effect w ould be possible. If, as m ost p robab le , 
th e  sialic acid g roups o f su rface  g lycopro teins o f red  cell m em b ran e  are  involved 
w ith  th e ir  n eg a tiv e  ch arg e  ( E y l a r  et al. [26]) in  th e  dye b in d in g , th e n  these 
g roups m ust lie in  a v e ry  n ea r ne ighbourhood  to  th e  m em brane lip ids. Such a 
suggestion , how ever, is n o t consisten t w ith  th e  m olecular s tru c tu ra l m odels 
( N i c o l s o n  [81], [82], N i c o l s o n  and P o s t e , [84], M a k o v i t z k y  an d  G e y e r
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[69]) assu m in g  g lycopro tein  ch a in s  p ro tru d in g  fa r  o u t over th e  m em b ran e  
su rfa c e . In  such a s tru c tu ra l p a t te rn  th e  m em b ran e  lip ids w ould n o t  be  able 
to  in te r a c t  w ith  the  dye m olecu les and  o rien t th em . T he lip id  d ep en d en cy  of 
th e  to lu id in e  blue s ta in in g  re a c tio n  of red  blood cell m em branes (and  o th e r 
b io m e m b ra n e s)  is ra th e r  c o n s is te n t w ith  th e  s tru c tu ra l  m odel p ro p o sed  b y  
M a r c h e s i  [71], and S h a r o n  an d  G r a n t  [119], suggesting  th a t  th e  ca rb o 
h y d r a te  u n its  of surface g ly co p ro te in s  lie f la t along th e  m em b ran e  surface, 
in te r a c t in g  p a r tly  w ith  th e  h y d ro p h ilic  heads o f th e  m em brane  lip id s and  
p a r t ly  b e in g  in te rco n n ec ted  an d  stab ilized  b y  h y d ro g en  bonds a n d  w a te r 
s t ru c tu re s .  In  such a s tru c tu re , th e  repulsive forces be tw een  th e  n e g a tiv e  sialic 
acid  re s id u es  could ac t in  th e  p lan e  of th e  m em branes and  c o n tr ib u te  to  th e  
m a in te n a n c e  of a specific p a t t e r n  of th e  surface g lycopro te in  n e tw o rk  as a cell- 
specific  u ltra s tru c tu ra l fe a tu re .

I t  ap p ears  th a t  th e  sh a rp  differences in  th e  to p o -o p tica l s ta in in g  reac 
tio n s  b e tw een  red blood cell m em b ran es and  m yelo id -lym pho id  cell e lem ents 
a re  c lo se ly  re la ted  to  d ifferences in  th e ir surface g lycopro te in  p a t te rn .  This 
q u e s tio n  o f su rface-m em brane g lycopro teins of b lood  cell elem ents will con
cern  u s  la te r  again in co n n ec tio n  w ith  the  specific to p o -o p tica l s ta in in g  reac
tio n  o f p e rio d a te -reac tiv e  c a rb o h y d ra te  chains o f b io m em b ian e  po lysaccharides .

I I I .  B . Chlorprom azine-eosin topo-optical sta in ing  reaction dem onstrating  
densely-ordered negative side groups on the lipid-extracted red cell m embrane

T h e  lip id -dependen t an iso tro p ic  s ta in ing  of red  cell m em b ran e  w ith  
to lu id in e  b lue-ferricyan ide su g g ested  th e  presence on th e  m em b ran e  surface 
of n eg a tiv e ly -ch arg ed  dye b in d in g  groups of non-lip id  n a tu re  in h igh d en sity  
an d  d e f in ite  order. This su g g estio n  can be d e fin ite ly  proved  b y  th e  chlor- 
p ro m az in e -eo s in  topo -o p tica l s ta in in g  reaction  of red  cell m em branes.

In  form ol-fixed p a ra ff in  sections, or g lu ta ra ld eh y d e-fix ed  l ip id -e x tra c t
ed sm e a rs , e ry th ro cy te  m e m b ra n e s  reveal a s tro n g  b irefringence b u t  only 
w hen  th e  s ta in in g  w ith  eosin fo llow ed th e  ch lo rp rom azine  p re tre a tm e n t (Fig. 
24a). T h e  birefringence was ra d ia lly  negative  w ith  ta n g e n tia lly -o rie n ted  slow 
ax is o f  tran sm iss io n : w ith  ta n g e n tia l  o rien ta tio n  of th e  g rea te r re frac tiv e  index  
(i.e ., w ith  an  opposite op tica l c h a ra c te r  to  th e  b irefringence  of th e  to lu id in e  
b lu e -s ta in e d  red  cell m em b ran es).

T h e  m olecular m ech an ism  of th is  o rien ted  s ta in in g  reac tio n  is b a sed  on 
c h a rg e - tra n s fe r  reaction  b e tw een  ch lorprom azine an d  eosin, as d iscovered  in 
vitro  b y  L á b a s  [64]. Since su c h  an  o rien ted  ch a rg e -tran sfe r reac tio n  o f chlor- 
p ro m az in e -eo sin  on red  cell m em b ran es  could be ach ieved  on ly  w hen  ch lo r
p ro m a z in e  had  preceeded eosin  s ta in in g  n egative  side g roups m u st p la y  a p r i
m a ry  ro le  in th e  b inding  of ch lo rp ro m az in e , w hich is th e n  agg rega ted  b y  th e  
su b s e q u e n t tre a tm e n t w ith  th e  anionic dy esto ff eosin. T he rad ia lly -n eg a tiv e
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Fig. 24. H u m an  em b ry o n ic  m uscle fib res w ith  in te rs t i tia l  haem orrhages, ( a )  s ta in e d  w ith  
haem ato x y lin -ch lo rp ro m azin e-eo sin . B etw een th e  s tro n g ly  b iré frin g en t m uscle f ib re s , e ry th ro 
cy tes a p p ea r in  g rea t n u m b e r w ith  stro n g ly  b iré fr in g en t m em branes. T he b ire frin g en ce  was 
n eg ative  w ith  respec t to  th e  ra d iu s , i.e., w ith  ta n g e n tia lly  o rien ted  slow ax is  o f  tran sm is
sion. ( b) A fter 24 h  m é th y la tio n  th e  b irefringence effec ts o f  th e  e ry th ro c y te  m em b ran es  dis
ap p eared , a lth o u g h  th e  e ry th ro c y te s  were s tro n g ly  s ta in e d  w ith  eosin. M é th y la tio n  resu lted  

in  blocking th e  neg ativ e  side g ro u p s fo r b in d in g  ch lorprom azine

c h a ra c te r  of th e  b ire frin g en ce  of th e  e ry th ro c y te  m em branes caused  by 
ch lorprom azine-eosin  agg rega tes is suggestive  o f linearly -o rdered  n e g a tiv e  b in d 
ing g roups for ch lo rp ro m azin e  in  high d e n s ity  on th e  m em b ran e  s tru c tu re ; 
s im ila rly  as concluded on th e  basis of th e  o p tica l analysis o f th e  to lu id ine 
b lue-fe rricyan ide-induced  b irefringence.

T he role of th e  n e g a tiv e  side groups on th e  e ry th ro c y te  m e m b ra n e  surface 
possib ly  th e  sialic ac id  residues of th e  su rface  g lycopro teins ( E y l a r  et al. 

[26]), or th e  n eg a tiv e ly -ch arg ed  acidic p e rip h e ra l m em brane p ro te in s  ( G u l i k  

K r z y w i c k i  [40) in th is  reac tio n  is ev id en t from  th e  find ing  th a t  h istochem - 
ical b locking  of th e  n e g a tiv e  side groups b y  m é th y la tio n  co m p le te ly  abolished 
th e  ch lo rp rom azine-eosin  reac tio n  of th e  red  cell m em brane. (F ig . 24b) This 
reac tio n  is in d ep en d en t o f m em brane lip ids an d  ;s re la ted  to  n o n -lip id  negative  
b in d in g  groups on th e  m em b ran e  s tru c tu re , w h ich  m ust have a d e f in ite  a rray  
to  p ro v id e  a p p ro p ria te  u n d erly in g  m olecular p a t te rn  for th e  o rd e re d  associa
tio n  of th e  ch a rg e -tran sfe r  com plex. T he m eth o d  appears also u se fu l to  s tu d y  
o th e r b iom em branes in  p a ra ffin  tissue sec tions w ith  th ick n ess  u n d e r  5 nm .

T he to p o -o p tica l s ta in in g  of red  cell m em branes w ith  to lu id in e  blue- 
fe rricy an id e  and  w ith  ch lo rp rom azine-eosin  reac tio n  allow th e  fo llow ing  con
clusions.
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(1) The red  cell m e m b ra n e  possesses d e n se ly -s itu a te d  linearly -o rd ered  
n e g a t iv e  dye-binding g ro u p s  in  a defin ite  s tru c tu ra l  a r ra y , serv ing  as th e  basis 
o f  th e  topo -op tica l s ta in in g  reac tio n s . The to lu id in e -b lu e  b ind ing  sites m u s t be 
a s su m e d  to  be localized in  h ig h  d ensity  since, as we h av e  show n in  a recen t 
s tu d y  on ca rb o h y d ra te  c h a in s  t h a t  in ag reem en t w ith  th e  considera tions of 
S y l v e n  [128], no o rd e red  co p lan a r (b iré fringen t) to lu id in e  blue b in d in g  is 
p o ss ib le  w hen th e  d y e -b in d in g  sites are a t a d is ta n c e  over 6 Ä, n o t even  w ith  
fe r r ic y a n id e  stab iliza tio n  ( F i s c h e r  and R o m h á n y i  [34]).

(2) O riented to lu id in e  b lu e  b ind ing  on e ry th ro c y te  m em brane is dependent 
on the presence o f the m em brane lip ids. The ra d ia l o r ie n ta tio n  of th e  to lu id in e  
b lu e  m olecules in  th e  e ry th ro c y te  m em brane is p ro b a b ly  b ro u g h t a b o u t b y  
in te rc a la t io n  of the  ap o la r r in g  system  of th e  dye  m olecules betw een  th e  h y d ro 
c a rb o n  chains of th e  lip id  b ila y e r . This suggests a v e ry  n ear neighbourhood  
b e tw e e n  dye-binding g ro u p s a n d  th e  m em brane b ila y e r  and  ind irec tly  a p lan- 
a r ly -e x te n d e d  ne tw ork  o f g ly co p ro te in s  on th e  m e m b ra n e  surface (as suggested  
b y  M a r c h e s i  [7], and  S h a r o n  and  G r a n t  [119]). L ip id  e x trac tio n  re su lted  
in  a d iso rien ted  random  d y e  b in d in g  of th e  to lu id in e  b lue m olecules, m an i
fe s te d  in  iso tropy , s im ila rly  as w ith  o ther b io m em b ran es.

(3) T he strik ing  d iffe ren ces in u ltra s tru c tu re  b e tw een  red  cell m em branes 
a n d  o th e r  blood cell m e m b ra n e s  w as found a lre a d y  dem o n strab le  in  th e  early  
p h a se s  of ery trh o b lastic  d if fe re n tia tio n  and m a tu ra t io n  process, in d ic a tin g  th a t  
th e  cell-specific m em b ran e  o rg an iza tio n  is an e a rly  e v e n t in  cell d iffe ren tia tio n , 
ag re e in g  w ith  resu lts  o f  b io ch em ica l an a ly tica l s tu d ie s  ( I n o u É e t al. [50],  
K e h r y  e t al. [56], W i l e y  a n d  S h a t t e r  [140]).

I I I .  C. Topo-optical reaction o f  chlorpromazine w ith  biomembranes

So fa r  we have b een  co n cern ed  only w ith  s ta in in g -in d u ced  to p o -o p tica l 
re a c tio n s  of b iom em branes d u e  to  orien ted  in te rc a la tio n  of a p p ro p ria te  dye 
m o lecu les . M uch less is k n o w n  a b o u t in te rac tio n s  o f  colourless su b stan ces, for 
in s ta n c e  drugs, w ith  b io m e m b ra n e s .

A s a m a tte r  of fa c t, th e r e  w as early  in te re s t  in  th e  s tru c tu ra l in te ra c tio n  
b e tw e e n  drugs and b io m e m b ra n e s  ( S e e m a n  [118]), th e  in te re s t b e ing  p a r t i 
c u la r ly  d irected  to  th e  p o ss ib le  m olecular m echan ism  o f a c tiv ity  of local and  
g e n e ra l anaesthetics. I t  w as  p o s tu la te d  ( B a n d h a m  [4]) th a t  an aesth e tic s  are  
in te r c a la te d  betw een m e m b ra n e  lipids (or p ro te in s)  an d  achieve th e ir  an aes
th e t ic  effects by  m em b ran e  e x p an sio n  and  s t ru c tu ra l  p e r tu rb a tio n . In te re s tin g  
f in d in g s  of B a n g h a m  [4] sh o w ed  th a t  un d er h igh  h y d ro s ta tic  p ressu re  th e  
n a rc o tic  effect could be re v e rse d .

T h e  m olecular m e c h a n ism  o f the  general m e m b ra n e  a c tiv ity  o f th e  h is
to r ic a lly  f irs t tran q u ilize r th e  th iaz in e  re la tiv e  ch lo rp ro m azin e , has been  m ost 
e x te n s iv e ly  stud ied  ( K l e i n s o r g e  and  K ö s n e r  [58], K a r r e m a n , I s e n b e r g
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an d  S z e n t - G y ö r g y i  [55], F e i n b e r g  an d  S n y d e r  [28], S e e m a n  [1 1 8 ], ¥ o l - 

l e m a n  an d  K e l e t i  [143]). H ow ever, no in fo rm a tio n  on a possible s tru c tu ra l  
in te ra c tio n  of ch lo rp rom azine  and b io m em b ran es w as obtained .

M ore recen tly , T e n f o r d e  et al. [131] h a v e  s tu d ied  the  in flu en ce  o f  ch lo r
p ro m azin e  on th e  e lec trophoretic  m o b ility  o f  e ry th ro cy tes . A t 23 m M  con
c e n tra tio n  of ch lo rp rom azine, th e  e lec tro p h o re tic  m ob ility  of th e  e ry th ro c y te s  
decreased  by  10% , an effect com pletely  rev e rs ib le  by  w ashing o u t th e  ch lo r
p rom azine . T he red u c tio n  of th e  e lec tro p h o re tic  m o b ility  was a t t r ib u te d  to  a 
decrease in  surface charge  caused b y  b in d in g  o f chlorprom azine m olecu les to  
n eg a tiv e  b in d in g  sites b y  th e ir  te r t ia ry  am in o  groups. G lu ta ra ld eh y d e -fix ed  
e ry th ro c y te s  rev ea led  th e  sam e e lec tro p h o re tic  b eh av io u r as n a tiv e  re d  cells. 
T hese fin d in g s in d ica te  th a t  ch lo rp rom azine  m olecules bind to  th e  cell m em 
b ra n e  s tru c tu re . A b o u t 10e ch lorprom azine m olecules are estim ated  to  be  b o u n d  
in  th ese  ex p erim en ts  to  each e ry th ro cy te .

W e based  our in v estiga tions w ith  ch lo rp rom azine  on th e  fo llow ing 
con sid era tio n s, ( i )  A s a th ia z in e  d eriv a tiv e  ch lo rp ro m azin e  is s tru c tu i a lly  re la te d  
to  to lu id in e  b lue  (F ig. 19), w hich we h a v e  u sed  ex tensively  in to p o -o p tic a l 
s ta in in g  reac tio n s ; ( i i )  acc iden tally , we o b se rv ed  ch lorprom azine a c tin g  in  
liver slices as a pow erfu l electron  donor in  re s to rin g  th e  aniso trop ic  s ta in in g  of 
pho to -o x id ized  E R  m em branes; ( i i i )  we fo u n d  th a t  it  can b ind  in  a n  o rien ted  
p a t te rn  to  n eg a tiv e  side groups on lip id -e x tra c te d  red  cell m em b ran es  w here  
it  could  be d e m o n s tra te d  b y  th e  o rien ted  ch a rg e -tran sfe r com plex  re a c tio n  
w ith  eosin, as described  in th e  p reced ing  sec tio n .

W e have carried  o u t our experim en ts ( i )  in  form ol-fixed fro zen  sections 
of p e rip h e ra l a n d  c e n tra l nerves, ( i i )  on m em b ran es  in frozen sec tio n s of 
k idney , ( i i i )  on m yelin  figures form ed from  le c ith in  in  w ater and  w ith  ad d itio n  
of ch lo rp rom azine  to  w a te r , and ( iv )  on th e  n e g a tiv e  rod outer seg m en ts  of frog  
re tin a .

F ig u re  25 shows th e  considerable decrease  (near to  iso tro p y ) o f th e  
in trin s ic  b irefringence  of th e  m yelin sh ea th s  o f th e  peripheral n e rv e  as caused  
b y  ch lo rp rom azine. In  consequence of th is  depression  of th e  in tr in s ic  b ire 
fringence  of th e  m yelin  sheaths th e  jr-g ranu les becam e visible, w h ich  in  th e  
con tro l sec tion  w ere inv isib le  because th e ir  b ire frin g en ce  was o v ersh ad o w ed  b y  
th e  s tro n g  b irefringence  of th e  m yelin  sh e a th s . T he curve in Fig. 26 show s th a t  
tli is e ffect of ch lo rp rom azine  was reversib le  a n d  could be e lim inated  b y  w ash 
ing o u t th e  re a g e n t from  th e  tissues. T h ere fo re , th e  effect is n o t a t t r ib u ta b le  
to  a s tru c tu ra l d am age of th e  m yelin  sh e a th , b u t  is b rough t a b o u t b y  o v er
co m p en sa tio n  o f th e  op tica l effect o f th e  m e m b ra n e  lipids by  ch lo rp ro m az in e  
m olecules in te rc a la te d  in  an  ordered a rra n g e m e n t in th e  m em brane s tru c tu re .

T h e  resu lts  o b ta in ed  on th e  ren a l m em b ran es , on th e  rod o u te r  seg m en ts  
an d  on m yelin  figu res w ere sim ilar. M yelin fig u re s  fo rm ed  in w ate r a p p e a r  in  th e  
form  o f op tica lly  po sitiv e  spherites, how ever, in  th e  presence of c h lo rp ro m az in e
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Fig .  25.  Form ol-fixed  fro zen  se c tio n  of peripheral ne rv e  w ith  crossed polars: (a )  in  w a te r ,  ( b) 
in  1 %  ch lo rp ro m az in e-w ater; I n  (a )  th e  m yelin sh e a th s  show  strong  b irefringence n e g a tiv e  
w ith  re sp e c t  to  th e ir  len g th , in  (b )  th e  in trin sic  b ire frin g en ce  o f th e  m yelin sh ea th s  is d ep ressed  
n e a r  to  iso tro p y  and th e re fo re  th e  b iréfringen t л -g ran u les becom e visible be tw een  th e  m y elin  
sh e a th s . O therw ise, th e y  a re  oversh ad o w ed  by th e  s tro n g  b irefringence  of th e  m yelin  sh e a th s . 
T h e  ch lo rp ro m az in e-in d u ced  re a c tio n  on  th e  m yelin  s h e a th  is  reversib le: th e  o rig ina l b ire f r in 
gence co u ld  be resto red  b y  w ash in g  o u t chlorprom azine in  w a te r . C hlorprom azine th u s  re ac ts  
w ith  th e  m yelin  sh ea th  (a n d  o th e r  b iom em branes) in  th e  fo rm  of inversive to p o -o p tica l re a c tio n  
b y  in te rc a la tin g  w ith  i ts  rin g  sy s tem  tran sv ersa lly  b e tw e e n  th e  hydrocarbon  ch a in s o f th e  

lipid b ilay er, causing  s tru c tu ra l m e m b ra n e  p e rtu rb a tio n s

(1 % ) th e  spherites w ere o p tica lly  nega tive , w ith  tan g en tia lly -o rien ted  slow  
axis o f  transm ission .

T h u s , ch lo rp rom azine  produces an  in v e rs iv e  topo-optical re a c tio n  w ith  
b io m em b ran es , an o p tica l e ffec t resu lting  from  over-com pensation  of th e  o p tic a l 
e ffec t o f b irefringence o f th e  m em brane lip id  la y e r. This suggests t h a t  th e  
ch lo rp ro m az in e  m olecules a re  in te rca la ted  in  th e  lip id  layer o rien ted  t r a n s 
v e rsa lly  w ith  th e ir  r in g  sy s tem  (their g rea te r re f ra c tiv e  index) to  th e  h y d ro c a r 
b o n  ch a in s  of th e  lip id  la y e r. T he ch lo rp rom azine  m olecules are b o u n d  b y  th e ir  
t e r t i a r y  am ino groups to  n eg a tiv e  surface side g ro u p s  of the  m em b ran e  s t ru c 
tu re  a n d  th e  ring  system s p e n e tra te  betw een th e  lip id  molecules and  are  f lo a tin g  
b e tw e e n  th e  h y d ro ca rb o n  chains of the  m e m b ra n e  lip id  layer, th u s  p ro d u c in g  
re v e rs ib le  p e r tu rb a tio n  in  th e  m em brane s tru c tu re .  The s tru c tu ra l p e r tu r b a 
tio n  m a y  be p a r tly  resp o n sib le  for the m an ifo ld  m em brane effects o f ch lo r
p ro m a z in e  and  possib ly  fo r its  dam aging  e ffec ts  a t  p ro trac ted  dosage (e.g. 
ch lo rp ro m az in e-in d u ced  re tin o p a th ia , M e y e r - R u g e  [73]). In  frog r e t in a ,  we 
h a v e  seen disc-like seg reg a tio n  of th e  ou ter seg m en ts  of th e  re tin a  a t p ro tra c te d
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d o s a g e  o f  c h l o r p r o m a z i n e  a n d  a n  i n c r e a s e d  d e t a c h m e n t  o f  r h o d o p s i n - c o n t a -  

i n i n g  m e m b r a n e s  i n  t h e  f o r m  o f  s p h e r u l i t e s  i n t o  t h e  p i g m e n t  c e l l s  ( R o m h a n y i  

e t  a l .  [ 1 0 5 ] ) .

3 4 7

Fig. 26. T he curve of th e  change in  b irefringence o f th e  m y e lin  sh e a th  caused by  ch lo rp ro m a
zine (2% ). T here  is a ra p id  decrease  o f th e  b irefringence , a lre a d y  w ith in  th e  f irs t  m in u te s .

T he e ffec t is reversed  b y  w ash ing  o u t w ith  w a ter

IV. M olecular o rien ta tio n  of periodate-reactive  ca rb o h y d ra te  com ponents in 
b iom em branes as show n by the  topo-optical s ta in in g  reaction  of the periodate- 

a ldehyde-b isidph ite-to lu id ine  b lue-ferricyanide reac tio n , the ABT reac tio n

IV. A. General remarks

C arb o h y d ra tes  are  w idespread  co m p o n en ts  o f m a n y  biological s tru c tu re s  
an d  b iom em branes in an im al cells as well as in b a c te r ia l and  p lan t cell w alls in  
th e  form  of p o lysaccharides , g lycopro teins and  glycolip ids: p a r tly  d em o n 
s tra b le  b y  elec tron  m icroscopy as a c a rb o h y d ra te -r ic h  cell “ c o a t” a t  th e  cell 
surface ( R a m b o u r g  and  L e b l o n d  [ 8 8 ] ) .  T h e ir b io ch em is try  and  bio logical 
sign ificance have  been rev iew ed by  H u g h e s  [47]. T h e  pe rio d a te -reac tiv e  c a rb o 
h y d ra te  com ponen ts are  d em o n strab le  in  situ  b y  th e  P A S  reac tio n . T his, 
how ever, p roduces iso trop ic  sta in in g  effect and  so i t  does n o t p ro v id e  an y  
in sig h t in to  th e  m olecu lar o rder of th e  reac tiv e  com ponen ts in tissu es . T he 
sam e applies to  th e  d em o n stra tio n  of p e rio d a te -rea c tiv e  c a rb o h y d ra te  com 
p o n en ts  a t  th e  u ltra s tru c tu ra l  level, b ased  on th e  silver reduction  c a p a c ity  of 
p e rio d a te -in d u ced  a ldehyde  groups ( A i n s w o r t h  e t al. [2], B r a d b u r y  an d  
S t o w a r  [9], R a m b o u r g  [87], M o v a t  [79], N e v e l a i n e n  and  K l e m i  [80]) or to  
b in d in g  of labeled  lec tin s on cell-surface c a rb o h y d ra te s  ( N i c o l s o n  an d  S i n g e r  

[85], R ö h l i c h  [108], G r o s  e t al. [38]). All th ese  reac tio n s  re su lt in  fo rm a tio n  
o f an  am orphous agg rega te  on th e  re d u c tiv e  or b in d in g  sites and  give in fo rm a
tio n  only on th e  presence  an d  localiza tion  of c a rb o h y d ra te  com ponen ts a t  th e  
u ltra s tru c tu ra l level, b u t  n o t ab o u t th e  m olecu lar o rd e r and o rien ta tio n  o f th e  
chains of th e  re a c tin g  c a rb o h y d ra te  co m p o n en ts .

B ecause of th ese  m ethodological in ad eq u ac ies , th e re  is no d efin ite  k n ow l
edge ab o u t th e  m olecular o rder of th e  com plex  p e rio d a te -reac tiv e  c a rb o h y d ra te  
com ponen ts or th e ir  s tru c tu ra l d iso rders in tissues.
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Therefore, th e  d ev e lo p m e n t of th e o re tic a lly  w ell-founded an d  tech n ica lly  
s im p le  to po -op tica l s ta in in g  reac tio n , c ap ab le  o f  d em o n stra tin g  th e  m olecu lar 
o rd e r  o f p e rio d a te -reac tiv e  com plex c a rb o h y d ra te  com ponen ts in  tissues, 
a p p e a rs  of g reat v a lu e  in  b iom orpho log ica l s tud ies in  view  of th e  w idesp read  
p re se n c e  of these co m p o n en ts  in  bio logical s tru c tu re s  w ith  g re a t fu n c tio n a l 
s ig n ificance . We th e re fo re  m a y  consider th e  d eve lopm en t of a se lec tive  topo- 
o p tic a l s ta in ing  re a c tio n  o f  p e rio d a te -reac tiv e  c a rb o h y d ra te  co m p o n en ts  in  
b io lo g ica l s tru c tu res  ( R o m i i a n y i  e t al. [104]) a m ethodological b re a k th ro u g h  
o f  g re a t  significance.

IV . B. Aldehyde-bisulphite-to lu id ine blue ( A B T )  reaction as a topo-optical
sta in ing reaction o f  periodate-reactive carbohydrate chains in  tissues

T his m ethod is b ased  on th e  o rien ted  b in d in g  of to lu id ine  b lu e  to  p e rio d 
a te - in d u c e d  c a rb o h y d ra te -d e riv e d  a ldehyde  g roups a t pH  1.0 (s tab ilized  b y  
p o s t-  s ta in in g  tre a tm e n t w ith  fe rricy an id e  or fe rricy an id e-p o tassiu m  iodide 
m ix tu re ,  1 : 7). F igu re  27 show s th e  m o lecu lar m echanism  of th e  re a c tio n . T he 
a ld e h y d e  groups in d u ced  b y  th e  p e rio d a te  o x id a tio n  of vicinal O H  groups of 
c a rb o h y d ra te s  a ie  tra n s fo rm e d  in to  n eg a tiv e ly -ch arg ed  d ye-b ind ing  groups b y  
a d d i t io n  of b isu lph ite , as show n in itia lly  b y  M a l i n i n  [ 7 0 ] ,  for lig h t m icroscopic 
g ly co g en  d em o n stra tio n . I n  th is  w ay  s tro n g ly  n eg a tiv e  d ye-b ind ing  g roups are 
in d u c e d  on th e  c a rb o h y d ra te  chains being ab le  to  b ind  to lu id ine  b lu e  a t  p H  1.0 
a n d  b e in g  stabilized  in  an  o rdered  p a tte rn  by  fe rricyan ide  [ R o m h a n y i  e t al. 
[1 0 4 ]). T he sta in ing  re a c tio n  th u s  resu lts  in  s tro n g  n egative  b ire frin g en ce  w ith  
re s p e c t  to  th e  p o ly sacch a rid e  chain  (F ig. 27).

IV . C. W idespread app lica b ility  o f  the A B T  reaction fo r  structural studies o f
carbohydrate com ponents in tissues

In  order to  show  th e  re liab ility  of th e  A B T  reac tion  in u l tra s t ru c tu ra l  
s tu d ie s ,  we firs t d e m o n s tra te  its  effects on som e exam ples of co m p lex  ca rb o 
h y d ra te s  w ith  w ell-know n m olecu la r o rder a n d  chem ical com position . In  th is  
w a y  we can correlate  th e  o p tic a l effects o f th e  A B T  reac tion  o b ta in e d  on b io 
log ica l s tru c tu res  w ith  th o se  o b ta in ed  on th e  m odel substances a n d  we can  
co n c lu d e  on the  m o lecu la r o rd e r of th e  re a c tin g  ca rb o h y d ra te  ch a in s  in  b io 
lo g ica l su b stra te s .

F ig u re  28a, b show s th e  s tro n g  increase  (and optical inversion ) of 
th e  cellu lose walls in  th e  t ip  of an onion  ro o t as induced  b y  th e  A B T  
re a c tio n .

T h e  orig inally  w eak  p o s itiv e  b irefringence  o f  th e  cellulose w alls (F r e y - 
W i s s l i n g  [36]) is in v e rte d  in to  s tro n g  n e g a tiv e  b irefringence w ith  re sp ec t to
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Fig. 27. D e m o n stra te s  th e  m olecu lar m echanism  u n d e rly in g  th e  to p o-op tical s ta in in g  re ac tio n  
of perio d a te  re ac tiv e  ca rb o h y d ra te  chains b y  th e  p e rio d a te -b isu lp h ite -to lu id in e  b lue-ferri- 
cyan ide  reac tio n  ( A В Т  reac tion ). P e rio d ate  oxid izes th e  v ic in a l OH groups to  d ia ld eh y d e  
groups by sp litt in g  th e  bonds b e tw een  th e  carbon  a to m s in  th e  carb o h y d ra te  r in g  carry in g  
v icina l OH g ro ups. T he d ia ldehyde  g ro u p s are th e n  re n d e re d  s tro n g ly  negative  b y  a d d itio n  of 
b isu lph ite  (b y  t re a tm e n t  of th e  slides w ith  sa tu ra te d  so d iu m  b isu lph ite  so lu tio n  fo r 10 m in) 
an d  capable to  b in d  to lu id ine  blue a t  p H  1.0. The p o s t-s ta in in g  tre a tm e n t w ith  p o tass iu m  
ferricyan ide stab ilizes  th e  o rien ted  dye b ind ing  on  th e  ca rb o h y d ra te  ch a in s in d u cin g  
b irefringence w ith  n eg ative  c h a ra c te r  w ith  resp ec t to  th e  len g th  of th e  c a rb o h y d ra te  chain . 
The curve o f th e  anom alous d isp e rsio n  of th e  to lu id in e  b lue-induced  b irefrin g en ce  w ith  
re sp ec t to th e  o rien ta tio n  of th e  fib re  is included  in  th is  figure. The b irefringence  in d u ced  
by  th e  o rien ted  b in d in g  of to lu id in e  b lue  on th e  p o ly sa cc h arid e  chains, for in s tan c e  cellulose 
fib res, is n eg ativ e  w ith  respec t to  th e  fibre length f o r  light o f  the long-wave side o f  the spectrum , 
b u t  is in v erted  to positive  b irefringence below 500 m m . In  a ll our obse rv a tio n s, th e  b ire 
fringences we h av e  referred  to , w ere m easu red  a t  th e  long-w ave  side of th e  sp e c tru m . F or 

deta ils on  th e o re tic a l basis o f anom alous d ispersion  of b irefringence see: [98, 111, 145].

th e  leng th  of th e  cell walls. T he s tro n g  in v ersiv e  ty p e  of th e  to p o -o p tica l s ta in 
ing reac tio n  of cellulose in d ica te s  dye m olecules b e in g  a tta c h e d  in h ig h  d e n s ity  
p e rp en d icu la rly  to  th e  m o lecu lar te x tu re  o f cellulose.

The o r ie n ta tio n  of th e  to lu id in e  b lue m olecules on th e  cellulose te x tu re  
is reflec ted  also h y  th e  s tro n g  n egative  d ich ro ism  seen w hen in v e s tig a te d  b y  
b rig h t-fie ld  m icroscopy in  p o la rized  in c id en t lig h t.

As a n o th e r  exam ple, we have chosen pneum ococcal cap su la r p o ly sac 
charide, a lin ea r  po lysaccharide  h u ilt up  o f cellob iuronic acid d isacch arid e  
u n its  (Westphal  and  Lüderitz  [137]). T h e  d ifficu lty  of d e m o n s tra tio n  b y  
selective s ta in in g  of th is  p o lysaccharide  is w ell-know n. W ith  th e  A  В Т  reac tio n  
we have o b ta in e d  excellen t re su lts  in  th e  lu n g  tissu e  as well as in  sm ears of 
cu ltu red  m icrobes (Fig. 28c, d). The op tica l c h a ra c te r  was ra d ia lly  po sitiv e , 
ind ica ting  rad ia lly -o rien ted  dye  m olecules a n d  c ircu la rly -o rien ted  p o ly sa c c h a r
ide chains in  th e  capsu la r po lysaccharide.
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F ig .  28. ( a )  and  (b)  show  a p e c tin a se - trea te d  sec tion  of th e  tip  o f onion ro o t, ( a )  u n s ta in e d  
( b j  t h e  sam e field a fte r A B T  re a c tio n ; b o th  w ith  crossed  po lars , (a )  shows th e  w eak ly  b i
ré f r in g e n t  cellulose w alls; posit ive:  w ith  resp ec t to  th e  len g th s  and  w ith  8 —10 re ta rd a tio n s  
( F h e y -W is sl in g  [36]) In  (b )  th e re  is a  s tro n g  to lu id in e  b lu e-induced  b irefringence o f th e  cell 
w alls , negative  w ith  resp ec t to  th e ir  len g th s and  w ith  a b o u t 40 nm  re ta rd a tio n s  ( R o m h á n y i 
e t  a l. [103].) (c)  and (d )  show  g lu ta ra ld e h y d e-fix ed  sm ear o f fresh ly  cu ltu red  pneu m o co ccu s 
w ith  A B T  reac tion , in  th e  l ig h t m icroscope (c)  a n d  w ith  crossed polars (d ) .  P n eu m o co cca l 
c a p s u la r  po lysaccharide  rev ea ls  s tro n g  basophilia . W ith  crossed  polars, a s tro n g  b irefrin g en ce  
is se e n  o f  th e  capsu lar p o ly sacch arid e  (w ith  30 — 35 n m  re ta rd a tio n s )  in  th e  fo rm  o f ra d ia lly  
p o s i t iv e  sph erite s  in d ica tin g  ra d ia l  o rien ta tio n  of th e  to lu id in e  blue m olecules a n d  in  tu rn  

circular o r ien ta tio n  o f  th e  capsu lar p o ly sacch arid e  tex tu re  X 1200

F ig u re  29 in ten d s to  d e m o n s tra te  th e  p rac tica l usefulness o f th e  A B T  
r e a c tio n  in  d em o n stra tin g  m icrobes in tissues, b ased  on th e  to p o -o p tica l s ta in 
in g  re a c tio n  of th e  o rien ted  c a rb o h y d ra te  com p o n en ts  in  m icrobial cell walls 
o r m em b ra n e s .

T h e  A B T  re ac tio n  fo r m icrobes in tissu es  is h igh ly  selective a n d  v e ry  
u se fu l, since a fte r b isu lp h ite  tre a tm e n t th e  pe rio d a te -in d u ced  a ld eh y d e  
g ro u p s  can  tak e  up to lu id in e  b lue  a t  p H  1.0, an d  th e  ordered dye  b in d in g  
re s u lts  in  an easily reco g n izab le  s trong  b ire fringence . No o th e r tis su e  com 
p o n e n ts  excep t m ast cell g ran u les  tak e  up  to lu id in e  b lue a t p H  1. F ischer  
[30, 31) a n d  F ischer an d  E mődy  [33] have o b ta in ed  in te restin g  re su lts  a b o u t 
th e  co m p lex  s tru c tu ra l o rg an iza tio n  of c a rb o h y d ra te  com ponents in m icro b ia l 
cell w a lls .
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Fig .  29. K id n ey  of a r a t  in fec te d  w ith  Candida albicans. A  В Т  reac tio n  (a )  in  th e  lig h t m icro
scope, (b)  w ith  crossed p o la rs . In  (a )  basophilic  fu n g u s m asses are seen w hich  in  (b )  a re  stro n g ly  
b iré fr in g en t and in cross sec tions th ey  a p p e a r  in  th e  fo rm  of o p tica lly  n e g a tiv e  spherites. 
(W ith  30 — 35 nm  re ta rd a tio n s )  w ith  ta n g e n tia lly  o rien ted  slow axis o f tran sm iss io n , in d ica tin g  
tan g e n tia lly  (circularly) o r ien ted  dye m olecules b o u n d  on  th e  p o lysaccharide  te x tu re  o f the

cell w all

IV. D. Specialized membrane structures rich in  carbohydrate com ponents 
demonstrated by the A  В Т  reaction

In  th is  section  we will d em o n stra te  th e  o rien ted  p e rio d a te -rea c tiv e  ca rb o 
h y d ra te  com ponents o f  th e  in te s tin a l m ucous m em branes, th e  o r ie n ta tio n  of 
th e  d isaccharide chain  u n its  in b a se m e n t m em branes, th e  o r ie n ta tio n  of the  
o ligosaccharide ch a in  o f rhodopsin  in  th e  rod  o u te r segm ent disc m em branes 
an d  th e  p e rio d a te -reac tiv e  s tru c tu re s  o f  b lood  cell m em branes.

M icrovilli o f  the ep ithelia l surface layer o f  the in testina l mucous mem brane

T hey  are know n from  electron m icroscopy  as m ade u p  o f s len d er elon
g a ted  processes o f th e  cellu lar surface m em b ran e , w ith  ac tin -like  fila m e n ts  in 
th e ir  axis serving c o n tra c ti l i ty . The m icrov illous m em brane lay e r show s s tro n g  
P A S  reac tio n  and is r ic h  in  g lycosy la ted  enzym es serving th e  re so rp tiv e  p ro 
cesses. Fig. 30 d e m o n s tra te s  the  o p tica l fin d in g  of th e  m icrovillous lay e r w ith  
th e  A  В Т  reac tion , show ing  a s trong ly  b aso p h ilic  and  highly  b iré fr in g e n t m icro
v illous layer. The b irefringence  in d u ced  b y  th e  o rien ted  to lu id in e  b lu e  b ind ing
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is n e g a tiv e  w ith  re sp ec t to  th e  axis of th e  in d iv id u a l m icrovilli, in d ica tin g  
c a rb o h y d ra te  com ponen ts p a ra lle l w ith  th e  m e m b ra n e  surface as a lo n g itu d in a l 
fra m e w o rk  of th e  m e m b ra n e  s tru c tu re . The glycogen n a tu re  of th e  c a rb o h y d ra te  
w as exc luded  by  our fa ilu re  to  e lim inate  th e  re a c tio n  b y  d iastase  p re tre a tm e n t. 
O p tic a l analyses in d ica te  t h a t  th e  dye m olecules w ere bound  p e rp en d icu la rly  
on th e  m em branes of th e  in d iv id u a l m icrovilli. T h e  m ethod  appears useful 
in  s tu d y in g  s tru c tu ra l c o n d itio n s  in  hum an  b io p sy  m a te ria l.

Fig.  30.  M icrovillous surface la y e r  w ith  goblet cells o f th e  e p th e lia l  cells in  h u m an  in te s tin a l 
b io p sy  m a te ria l. A В Т  re ac tio n  s ta b iliz e d  w ith  a 1 : 7 m ix tu re  o f p o tassiu m  fe rricy an id e  and  
p o ta s s iu m  iodide (a )  in  th e  b r ig h t-f ie ld  m icroscope, (b )  th e  sam e a rea  w ith  crossed polars. 
I n  ( b)  th e  m icrovillous surface  la y e r  show s a very  in ten siv e  b ire frin g en ce  (negative  in  c h a ra c te r  
w ith  re sp e c t to  th e  axis o f th e  in d iv id u a l  m icrovilli) in d ic a tin g  th a t  th e  dye m olecules were 
b o u n d  p e rp en d icu la rly  to  th e  a x is  o f th e  in d iv idual m icrov illi. T h e  perpen d icu la r b in d in g  is 
in d ic a tiv e  o f a carb o h y d ra te  te x tu r e  p a ra lle l w ith th e ir  m em b ran e  surface. G oblet cells’ c o n te n t 
show s s im ila r  reac tiv ity , co rre sp o n d in g  to  its  g lycopro te in  n a tu re . T h is p ic tu re  d em o n s tra te s  
h ow  u se fu l th e  A B T  to p o -o p tic a l s ta in in g  reac tion  can  be  ap p lie d  fo r ro u tin e  in v es tig a tio n s

o f  b iopsy  m ateria ls

Topo-op tica l staining reaction o f  the carbohydrate disaccharide units o f  basement 
m em branes

B asem en t m em branes a re  sp ec ia lly -tex tu red  com plex  m em brane  s tru c 
tu r e s  o f  collagen, c a rb o h y d ra te  an d  lipid. T h ey  re a c t w ith  th e  'n v e rs iv e  topo- 
o p tic a l s ta in in g  reac tion  spec ific  for collagen (pheno l reac tio n , E b n er  [23])
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and show selective topo-optical staining reaction for collagen with toluidine  
blue when sulphated after blocking o f  the vicinal O H  groups (R omhanyi et al. 
[101]), indicating axiparallel arrangement of the collagen filaments in their 
texture.

T heir in trin sic  nega tive  b ire frin g en ce  w hich is e lim in a ted  b y  lip id  ex
tra c tio n , ind ica tes tra n sv e rsa lly -o rien te d  lipid s tru c tu re s  ;n th e m  (Missmahl 
[76]) s im ilarly  as in  th e  cell m em branes.

On th e  o th e r h an d , th e  s tru c tu ra l  o rder of th e  high c a rb o h y d ra te  con
te n t  (12% , Spiro [124, 125]) of b a se m e n t m em branes p re sen t in  d isaccharide  
u n its  is unknow n. E p ith e lia l alveoli, cap illa ry  w alls and  g lo m eru la r tu f ts  are 
su rro u n d ed  b y  b asem en t m em b ran es; w hich in general, p lay  an  im p o rta n t 
role in  several t ra n s p o r t  processes, fo r  in stan ce  in  th e  k id n ey , an d  m ay  th erefo re  
r ig h tly  be inc luded , in a b ro ad e r sense, in to  th e  g roup  of b io m em b ran es.

W e do n o t discuss in  d e ta il th e  com plex s tru c tu re  of b asem en t m em branes 
in  th is  rev iew ; we consider th em  h e re  only  in  view  of th e  so fa r  un k n o w n  mo 
lecu lar o rder of th e ir  c a rb o h y d ra te  co n te n t, w hich is re flec ted  in  th e ;r  s trong  
P A S  reac tio n . H ow ever, th e  P A S  re ac tio n  gives no in fo rm a tio n  on th e  m ole
cu la r o rder of th e  reac tiv e  c a rb o h y d ra te  com ponen t. F ig u re  31 show s th e  s trong  
to p o -o p tica l reac tio n  of th e  renal b a se m e n t m em branes w ith  th e  A  В Т  reac tion . 
T h e  b asem en t m em branes are ren d e red  stro n g ly  basoph ilic , an d  b iré frin g en t 
w ith  re ta rd a tio n s  of 30 35 nm . T h e  b irefringence w as n eg a tiv e  w ith  respect
to  th e ir  leng th , in d ica tin g  th a t  th e  d isaccharide  u n its  are  o rien ted  p a ra lle l to  
th e  fram ew ork  of th e  co llagen-filam entous te x tu re  in te rp o sed  b e tw een  the  
filam en ts . W e found  considerab le d ifferences in  th e  o p tica l r e a c tiv ity  o f base
m en t m em branes in  d ifferen t o rg an s w ith  A  В Т ,  co rrespond ing  to  th e  v a ry in g  
in ten sitie s  of th e ir  P A S  reac tio n . F o r in stance , th e ie  w as a g re a t difference 
b e tw een  th e  op tical re a c tiv ity  of th e  renal p e r itu b u la r  an d  g lo m eru la r b asem en t 
m em branes, re flec ting  p ro b ab ly  d ifferences in th e ir  s tru c tu ra lly  d iffe ie n t func
tio n a l significance. T he A  В Т  re a c tio n  can be app lied  usefu lly  in  s tu d y in g  the  
com m on patho log ica l changes o f b a sem en t m em branes, viz., h y a lin  degenera
tio n  a t th e  u ltra s tru c tu ra l level.

The molecular orientation o f  the hexosaccharide chains o f  rhodopsin in  the visual 
receptor membranes o f  the rod outer segment o f  frog  as revealed by the A  В Т  reaction

The early  p o la riza tio n -o p tica l find ings of Schmidt [112] in d ic a te d  th a t  
th e  re tin a l m olecules are o rien ted  p a ra l'e l to  th e  disc m em b ran es in  th e  rod 
o u te r  segm ent. T h is o bserva tion  w as based  on th e  n eg a tiv e  d ich ro ism  of the  
ro d  o u te r segm ents w ith  resp ec t to  th e ir  len g th , i.e., w ith  m ax im u m  ab so rp 
tio n  for lig h t po larized  p e rp en d icu la rly  to  th e  ro d  axis. I t  is e v id e n t th a t  th is 
m em b ran e-p ara lle l o rien ta tio n  o f re tin a l m ay p rov ide  th e  m ax im al ab so rp tio n  
c a p ac ity  for th e  in c id en t light p ro p a g a tin g  along th e  rod  ax is. R e tin a l has
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F ig .  31.  R eac tio n  of th e  b a s e m e n t m em b ran es of h u m a n  k id n ey , (a )  in  th e  lig h t m icroscope, 
(b )  w i th  crossed polars. B a se m e n t m em b ran es reveal s tro n g  re a c tio n  for glycol g roups of carbo
h y d r a te  com ponents (as in d ic a te d  also by  th e ir in ten siv e  P A S  reac tio n ). T he b irefringence of 
th e  b a s e m e n t m em branes in d u c e d  b y  th e  A B T  reac tio n  w as n e g a tiv e  w ith  resp ec t to  th e  len g th , 
in d ic a t in g  to lu id ine blue b in d in g  tra n sv e rsa lly  to th e  m em b ran e s , suggesting  in  tu r n  th a t  the  
d isa c c h a r id e  un its  of th e  b a s e m e n t m em b ran es ( S p i r o  [124, 125]) are o rien ted  in  lo n g itu d in a l 
d ire c tio n  in  between th e  u n d e r ly in g  filam en tous collagen fram ew o rk . P e r itu b u la r  basem en t 
m e m b ra n e s  show stronger b ire fr in g en c e  w ith  A B T  re a c tio n  th a n  th e  g lom eru lar basem en t 
m e m b ra n e s , indicating  te x tu r a l  d ifferences in th e ir  u l tra s tru c tu re .  P e r itu b u la r  basem en t 
m e m b ra n e s  also revealed in te n s iv e  n eg a tiv e  linear d ich ro ism  a f te r  A B T  re ac tio n  ( R o m h á n y i  

e t  a l. [104]), suggesting tra n s v e rsa l ly  b o u n d  dye m olecules on  th e  lin ea r te x tu re  o f th e  base
m en t m em branes

therefore, a fixed molecular orientation with respect to the disc membrane 
plane . However, according to  flash-light polarization-optical studies (B rown 
[13], Cone  [15]) rhodopsin w ith  ihe retinal rotates freely in the membrane 
p lan e .

W h a t m ay he th e  m o le c u la r  s tru c tu ra l o rg an iza tio n  w hich allows such 
a fre e  ro ta tio n a l m o v em en t o f  rhodopsin  w ith  m a in ta in in g  th e  p lane of re tin a l 
in  th e  disc m em brane? W h a t  can  serve as a p o te n tia l ro ta tio n a l axis for th is  
l im ite d  B row nian m o v e m e n t in  th e  m em brane? R h o d o p sin , th e  m ain  p ro te in  
( a b o u t  80% ) of the disc m e m b ra n e  contains, a p a r t  from  re tin a l, a h e x o sa c c h a - 
r id e  c h a in  ( H e l l e r  and  L a w r e n c e  [42]). I t  w as suggested  th a t  th e  liexo- 
s a c c h a r id e  chain serv ing  as a ro ta tio n a l axis, m ay  p la y  a role in m ain ta in in g
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rh odopsin  in its de fin ite  s itu a tio n  in  th e  m em brane . T hus, th e  q u es tio n  arose 
w h e th e r rhodopsin  hexosaccharide  chains h av e  a w ell-defined o rie n ta tio n  
w ith  respect to  th e  m em brane an d  in  w h a t d irection .

W e [102, 105] rem oved  acid p o ly sacch a rid es  b y  h y a lu ro n id ase  an d  b lock 
ed th e  p a rtic ip a tio n  of th e  free a ld e h y d e  groups p resen t in  fo rm ol-fixed  rods 
(fiee  re tin a l a ldehyde ?) b y  tre a tm e n t w ith  b o ro h y d rid e , w hich reduces a ldehyde  
g roups to  non reac tiv e  O H  groups in  th e  A  В Т  reac tio n , and  fo u n d  a s tro n g  
reac tio n  of the  ro d  o u te r  segm ents fo r v icinal hyd roxy l groups (F ig . 32a, b). 
T h e  b irefringence was neg a tiv e  w ith  re sp ec t to  th e  axis o f th e  rods, in d ica tin g  
t h a t  th e  c a rb o h y d ra te  chains were o rien ted  p e rp en d icu la rly  to  th e  disc m em 
b ran es . In  th is w ay  th e  h ig h ly -o rd ered  hexosaccharide  chains m ay  allow  th e  
suggestion  th a t  th e ir  d efin ite  o r ie n ta tio n  has a fu n c tio n a l s ign ificance in  m a in 
ta in in g  rhodopsin  m olecules in a d e f in ite  m olecu lar o rder in th e  disc m em b ran e . 
T h is order, as m en tio n ed  above, h as  a g rea t fu n c tio n a l s ign ificance fo r th e  
o p tim u m  ab so rp tio n  of light passing  along th e  rod axis. T he n a tu re  of th e  
so-called  “ free”  a ld eh y d e  groups in th e  rod o u te r  segm ent (F ig. 32c, d), rev ea l
in g  a high degree of m olecular o rd e r  in th e  disc m em branes, needs fu r th e r  
in v estig a tio n s.

Topo-optical staining reactions o f  carbohydrate components o f  blood cell elements

R ecen tly , th e re  is grow ing in te re s t  in m em b ran e  su rface g ly copro te in s 
(W inz l er  [138], W a r r e n  et al. [1 3 6 ] ,  T u r n e r  and  B u r g e r  [134],  M a r c h e s i  
e t al. [72], R o se m a n  [106], R ees  [8 3 ] ,  N icolson  [81], E d e l m a n  [24 ] ,  E ylar  
e t  al. [26], Gl o ssm an  an d  N e v il l e  [37])  in  view  of th e ir  possib le fu n c tio n a l 
signicifance in d e te rm in in g  th e  cell-specific  c h a ra c te r  o f d iffe ren t cell e lem ents 
an d  functional ch a rac te ris tic s . In  th e  red  cell m em brane , Ma r c h e s i  e t al. 
[72] have d em o n stra ted  a cell-specific g lycopro te in  w ith  a b o u t 6 0 %  ca rb o 
h y d ra te  co n ten t (“ g lycophorin” ). G lycophorin  spans th e  w hole th ick n ess  of 
th e  cell m em brane. I ts  c a rb o h y d ra te  u n its  are co n cen tra ted  on th e  o u te r  surface 
of th e  m em brane. G lycophorin  p lay s a d efin ite  role in  d e te rm in in g  m em b ran e  
sp ec ific ity  and  carries b lood-group an tig en s  (Ma rc hesi  [71]).

R ecen tly , b iochem ical s tu d ies  h av e  been  concerned in te n s iv e ly  w ith  
g lycopro te in  com ponen ts of n u c le a te d  b lood  cell e lem ents, especia lly  of ly m 
p h o cy tes  (Gl o ssm a n n  an d  N e v il l e  [37], H u n t  and B ro w n  [45], J u l ia n o  and  
L i [54], M isra  e t al. [75]). H ere a g rea t n u m b er of m ajo r g ly co p ro te in  frac 
tio n s have been d e te c te d  w ith th e ir  changes u n d er pa tho lo g ica l co n d itio n s, 
h u t  no com ponen ts resem bling  g lyco p h o rin  have  been d e tec ted .

In  view  of th ese  d a ta  we w ere  g rea tly  in te re s ted  in  th e  to p o -o p tica l 
re a c tiv ity  for s tru c tu ra l c a rb o h y d ra te  com ponen ts of d ifferen t b lood  cell ele
m en ts  as revealed  b y  th e  A  В Т  re a c tio n . T he resu lts  were su rp ris in g : w ith  th e  
A B T  reac tion  th e  red  cell m em b ran e  b irefringence w as s tro n g ly  d ecreased  in
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F ig . 32. ( a ) ,  (b ) , (c ), (d ) .  F ro g  re tin a . F ixed in fo rm alin . P a ra ff in  section. In  (a )  and  (b ), 
p e rio d a te -a ld e h y d e -b isu lp h ite -to lu id in e  b lue  ( A В Т )  re ac tio n  selective for th e  oligosaccharide 
ch a in s o f rh o d o p sin  was m ad e  a f te r  rem o v a l of th e  acid po ly sacch arid e  com ponen t by  hya lu ro n i- 
dase  p re tre a tm e n t an d  b lo ck in g  w ith  5%  b o rohydride  th e  free a ldehyde groups p re sen t in  
th e  v isu a l recep to r m em b ran es  possib ly  induced  b y  th e  c leavage of th e  b ind ing  of re tin a l to 
rh o d o p s in  b y  form alin . In  ( a) ,  s tro n g  basophilic  sta in in g  re ac tio n  of oligosaccharide chains can  
be seen  in  th e  rod o u te r  seg m en ts . In  th e  in n er seg m en ts , th e  coarse basophilic  g ranules 
p ro v e d  to  be  glycogen g ran u les . I n  (b ) ,  ro d  o u te r  seg m en ts  show  stro n g  sta in in g  induced  
b irefrin g en ce , negative  w ith  re sp e c t to  th e  rod  axis, in d ic a tin g  tran sv ersa lly  b o u n d  dye 
m olecu les w ith  respec t to  th e  ro d  ax is , and  ax ia lly  o rien ted  o ligosaccharide  chains o f rho d o p sin  
in  th e  v isu a l recep to r m em b ran e . T he strong  b irefringence  effec t suggests h igh  o rd er of th e  
o lig osaccharide  chains o f rh o d o p s in , perpen d icu la r to  th e  d isc m em branes. A bove th e  o u ter 
en d  of th e  rod  o u ter seg m en ts  b iré fr in g en t spheru lites can  be  seen w ith  tan g e n tia lly  o rien ted  
slow  ax is  o f transm ission . T hese  d ro p le ts  correspond to  d e ta c h e d  and  c ircu larly  w ound  up  disc 
m em b ran e s  w ith  rad ia lly  o r ien ted  oligosaccharide chains o f rh o d o p sin  ( R o m h á n y i  e t al. 
[105]). I n  (c )  and  ( d) ,  th e  b isu lp h ite -to lu id in e  blue re ac tio n  w as m ade  by  o m ittin g  th e  p e rio d 
a te  p re tre a tm e n t.  T hus th is  re a c tio n  d e tects free a ld eh y d e  g ro u p s a lread y  p re sen t in  th e  rod 
o u te r  segm en ts. T here is a  s tro n g  basoph ilic  s ta in ing  re a c tio n  for free a ldehyde groups in  the  
ro d  o u te r  segm ents, w ith  b a so p h ilic  d rop le ts in cluded  in  th e  p ig m en t ep ithe lia l zone. W ith  
crossed  p o lars: th e  ro d  o u te r  seg m en ts  an d  th e  d ro p le ts  in th e  p ig m en t ep ithe lia l zone show 
s tro n g  b irefringence , n e g a tiv e  w ith  re sp ec t to  th e  ro d  axis. T h e  n a tu re  of these free ly -reacting  
a ld e h y d e  groups in  th e  v isu a l re c e p to r  m em brane  h as n o t b een  defin itely  clarified; i t  seems 
lik e ly  t h a t  th ey  correspond  to  re tin a ld e h y d e  groups lib e ra te d  fro m  th e ir  b ind ing  w ith  rhodopsin  
in  s itu  b y  th e  influence o f fo rm a lin  fix a tio n . The o p tica l e ffec ts  suggest a h igh o rder o f th e  

free a ld eh y d e  g ro u p s in  th e  v isua l re ce p to r  m em brane
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F ig . 33. (a ) , ( b) ,  ( c ) ,  (d )  H u m an  bone m arro w  sm ear f ix ed  in  g lu ta ra ld eh y d e  fo r 5 m in . (a )  
a n d  (b )  rep re sen t th e  sam e cell group s ta in e d  w ith  to lu id in e  blue a t  p H  5.0 a n d  stab ilized  
w ith  p o tassium  fe rricyan ide-po tassium  io d id e  m ix tu re : sealed  in  gum  arabic. I n  (c )  an d  (d )  
A  В Т  reac tio n  w as m ad e ., (c) and  (d )  re p re se n t th e  sam e cell groups. In  (b ) ,  th e  re d  b lo o d  cell 
m em b ran es a p p ea r s tro n g ly  b iréfringen t. T h e  m em b ran es o f th e  m yeloid cell e le m en ts  show  
v e ry  w eak an iso tro p ic  sta in ing . In  ('c/l , t h e  re d  b lood cells show  an  increased  b a so p h ilia  b u t 
w ith  crossed po lars (d )  th e ir b irefringence is  m ark e d ly  w eaker; in  co n tra st, th e  m em b ran e s  of 
th e  m yeloid  cells a p p e a r  strongly  b iré fr in g en t (d ) .  T he b irefringence was ra d ia lly  po sitiv e , 
in d ic a tin g  rad ia lly -o rien te d  to lu id ine b lue  m olecu les on  th e  m em brane and , in  tu r n ,  p lan a rly  

( tan g e n tia lly )  ex tended  g ly co p ro te in  n e tw o rk  on th e  m em brane su rface

sp ite  of th e  en h an ced  basophilia  o f th e  e ry th ro c y te s  (Fig. 33). O n th e  c o n tra ry , 
th e  m em branes o f m yeloid and ly m p h o id  cell e lem ents revealed  in te n s iv e  topo- 
o p tica l s ta in in g  reac tio n  for c a rb o h y d ra te  chains. The rad ia lly  p o s itiv e  c h a r
a c te r  of the  in d u ced  birefringence o f  th e se  cells ind ica ted  ra d ia lly -o rie n ted  dye 
m olecules an d , in  tu rn , p lan arly  e x te n d e d  c a rb o h y d ra te  ne tw o rk  on  th e  cell 
su rface . T he A  В Т  reac tion  of m y e lo id  an d  lym pho id  cell m em b ran es  was 
lip id -d ep en d en t. In itia lly , of course, we expec ted  ra th e r  a s tro n g  re a c tio n  of
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th e  red  cell m em b ran es w ith  th e  A B T  re a c tio n , in  view of th e ir  h igh g lyco
p ro te in  surface co m p o n en t, and  a re la tiv e ly  w eak  reac tio n  of the  m y elo id -lym 
p h o id  cell elem ents. T h is, a p p a re n tly  p a ra d o x  fin d in g  m ay  p ro b ab ly  be ex 
p la in e d  be suggesting  th a t  in  th e  p lan a rly  e x te n d e d  glycoprotein  n e tw o rk  of 
th e  red  cell m em b ran e  th e  periodate  o x id a tio n  induces a g reat n u m b e r of 
c leavages of th e  b o nds b e tw een  vicinal O H  g ro u p s , resu ltin g  in a h igh n u m b er 
of d en se ly -s itu a ted  a ld e h y d e  groups w hich in  th e  A  В Т  reac tion  lead  to  o v er
crow ding  of dye m olecules on th e  surface, rep re ss in g  th e  possib ility  for th e  dye 
m olecules to  a rran g e  them selves in an o r ie n te d  p a tte rn  (the rep ression  of 
b ire fringence  in to p o -o p tic a l s ta in ing  reac tio n s cau sed  by  over-sta in ing  is well- 
kno w n ). This suggests t h a t  on th e  surface of m yelo id -lym pho id  cell e lem ents 
g ly copro te in s form  a looser ne tw ork , w hence no  overcrow ding  of dye m olecules 
occurs in  th e  A B T  r e a c tio n  and  regular b ire frin g en ce  effects can arise on the 
su rface  of these  cells.

In  an y  case, th e  d ifference in u l tra s tru c tu re  betw een  red  blood cell m em 
b ra n e  an d  m yeloid  an d  ly m p h o id  cell m em b ran es , as revealed  b y  th e  A B T  
re a c tio n , can be co nsidered  as a m orpho log ica lly  sign ifican t find ing .

I t  rem ains also to  b e  seen w hether b y  m ean s of o ther m odified  topo- 
o p tic a l te s t  reac tio n s, p e rh a p s  in connection  w ith  enzym atic  or b iochem ical 
a lte ra tio n s  of th e  cell m em b ran e  surfaces, fu r th e r  cell-specific d ifferences could 
be  e stab lish ed  b e tw een  d iffe ren t haem ato lo g ica l cell elem ents accord ing  to  
th e ir  fu n c tio n a l s ta te , d iffe ren tia tio n , or p a th o lo g ica l tran sfo rm atio n  (K e h r y  
e t al. [56], I n o u é  e t al. [50],  W il ey  and  S h a t t e r  [140]).

Concluding rem arks

T h e to p o -o p tica l re a c tio n s  of b io m em b ran es w ere review ed. T hese re a c 
tio n s  arc  b ro u g h t a b o u t b y  o rien ted  b in d in g  o f  dye  molecules or colourless 
su b s ta n c e s  on th e  u n d e rly in g  m olecular te x tu re  o f b iom em branes; th e y  often  
p ro v id e  in fo rm atio n  a b o u t th e ir  u ltra s tru c tu ra l o rg an iza tio n  n o t o b ta in ab le  by  
o th e r  u ltra s tru c tu ra l m e th o d s.

T opo-op tica l s ta in in g  reactions are m an ife s ted  b y  s trong  b irefringence  
e ffec ts  caused b y  o rien ted  b in d in g  of dye m olecu les on th e  underly ing  te x tu re  
of b io m em b ran es. E m p h a s is  was m ade on to p o -o p tic a l s ta in ing  reac tio n s o b 
ta in e d  w ith  tw o ca tio n ic  dy es w ith  p lanai c o n fo rm a tio n  (R ivanoi an d  to lu id in e  
b lu e ); inc luded  w as also th e  topo-op tica l r e a c t iv i ty  of ch lorprom azine w ith  
b io m em b ran es, as a possib le  m echanism  of its  g en era l m em brane effect.

A n essen tia l p o in t in  achieving to p o -o p tic a l s ta in ing  reac tions of b io 
m em b ran es  (and o th e r  b io logical su b stra te s) p ro v e d  th e  in tro d u c tio n  of post- 
s ta in in g  s tab iliz a tio n  o f th e  ordered  dye b in d in g  on th e  su b stra te s  (using p o 
ta s s iu m  fe rricyan ide  alone o’- m ixed w ith  p o ta ss iu m  iodide). This opened  a
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new  a rea  in  p o la riza tio n  optics for b io logical s tru c tu re s  in general a n d  for b io 
m em b ran es in  p a r tic u la r .

A n essen tia l conclusion has em erged fro m  th e  depencdeny o f th e  to lu id in e  
b lu e -in d u ced  topo -o p tica l reac tions of b io m em b ran es  on th e  p resence  o f m em 
b ra n e  lip id s. A lthough  non-lip id  n eg a tiv e  side groups of th e  m em b ran e  s tru c 
tu re  w ere invo lved  in th e  dye b ind ing , th e  m em b ran e  lipids p lay ed  a key  role 
in th e  o rie n ta tio n  of th e  to lu id ine  b lue  m olecules, p robab ly  b y  in te rc a la tin g  
th e ir  a p o la r  rin g  sy stem  betw een  th e  h y d ro c a rb o n  chains of th e  lip id  b ilay e r. 
L ip id  e x tra c tio n  abolished  th e  to p o -o p tica l s ta in in g  reactions w ith  to lu id in e  
b lue  of all b iom em b ran es in v estig a ted , b u t  d id  n o t decrease th e  q u a n t i ta t iv e  
dye b in d in g .

In  v iew  of th e  ro le of m em b ran e  lip ids in  th e  o rien ta tio n  o f to lu id in e  
b lue m olecules in  th e  topo -op tica l s ta in in g  reac tio n s , a very  close n e ig h b o u r
hood b e tw een  th e  dye-b ind ing  sites in  th e  m em branes and  i he o r ie n ta tin g  
lip id  lay e r m u st be assum ed. T he d y e-b in d in g  groups in th e  cell m em b ran es 
w ere assum ed  to  be sialic acid residues o f a p lan a rly -ex ten d ed  g ly co p ro te in  
n e tw o rk  on th e  m em b ran e  surface, an d  m em b ran e-n ea r s itu a ted  n e g a tiv e  side 
g roups o f R N A  in  th e  E R  m em branes.

T h e  new ly-developed  topo -o p tica l s ta in in g  reaction , a re a c tio n  capab le  
of rev ea lin g  th e  m o lecu lar order of com plex  c a rb o h y d ra te  chains in  biological 
s tru c tu re s  (th e  a ld eh y d e-b isu lfite -to lu id in e  b lu e  reac tion , th e  A  В Т  reac tio n ) 
opened  a new  area for m orphological s tu d ie s  of m olecular s tru c tu ra l  o rd e r of 
p e rio d a te -rea c tiv e  ca rb o h y d ra te  co m p o n en ts  in  b iom em branes a n d  bio logical 
su b s tra te s . S im ilar significance can be a t t r ib u te d  to  th e  more re c e n tly  developed  
se lective to p o -o p tica l s ta in ing  reac tio n  o f R N A  in b iom em branes.

A h igh se n s itiv ity  is often c h a ra c te r is tic  o f th e  topo-op tica l reac tio n s  of 
b io m em b ran es: d e tec tin g  u ltra s tru c tu ra l  differences, foi in s ta n c e , betw een  
th e  m em b ran e  of red  hood  cells and  m y e lo id -lym pho id  cell e lem en ts, n o t am en 
able to  o th e r  u ltra s tru c tu ra l m orpho log ical m ethods.

F u rth e rm o re , th e  topo -op tica l s ta in in g  reac tions are h igh ly  sen s itiv e , i.e. 
th e y  can  have  s tro n g  b irefringence effects even  w hen th e  s ta in in g  in te n s ity  
in  th e  lig h t m icroscope is very  w eak or no s ta in in g  is visible.

In  v iew  of th e  high sen s itiv ity  o f th e  top o -o p tica l s ta in in g  reac tio n s  of 
b io m em b ran es, it  can  be hoped th a t  a f te r  co v a len t labelling o f b io m em b ran es 
(Ca r r a w a y  [14]) or b y  in tro d u c in g  specific  chem ical or enzy m e-in d u ced  
changes in  b io m em b ran e  s tru c tu re s , to p o -o p tic a l s ta in ing  reac tio n s can  p rov ide  
fu r th e r  possib ilities for th e  s tu d y  of b io m em b ran e  u ltra s tru c tu re s .
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Abstract

W ith  th e  aid  o f a rg y ro p h ilic  a n d  m e ta ch ro m a tic  reac tio n s m ale  r a ts ’ thyro id  
C cells were in v es tig a ted  in  spring  a n d  au tu m n . A u tu m n  C cells w ere fo u n d  to  be m ore 
sw ollen an d  richer in  g ran u les a n d  show ed a  m ore p ronounced  m e ta ch ro m as ia  and 
a rg y ro p h ilia  th a n  spring  C cells. T he a rea  occupied  b y  C cells in  th e  c e n tra l  p a r t  of the 
th y ro id  lobe was large  in  a u tu m n  an d  reduced  in  spring . A s tu d y  in to  th e  p rop o rtio n s 
o f C cell: follicular cell: colloid: s tro m a  in d ica ted  a sign ifican tly  h ig h er n u m b er of C 
cells in  a u tu m n  th a n  in  spring .

Introduction

T he cells te rm ed  “ p a ra fo llic u la r”  b y  N o n id e z  [14] an d  “ C cells”  by 
P e a r s e  [18] p roduce th e  ca lc iton in  [3, 8, 11] horm one w hich  reg u la te s  the  
calcium  level in th e  b lood . T hese cells are  d iffusely  sca tte red  in  th e  r a t  th y ro id  
g lan d , show ing a denser localiza tion  in  th e  cen tre  of th e  lobes a n d  a re la tiv e  
sp a rs ity  a t  th e ir  p e rip h ery  [7, 29]. T he cen tra l p a r t  of th e  lobe c o n ta in in g  the  
C cells is bo rdered  b y  a zone free from  C cells. T he C cells are  so m ew h a t larger 
th a n  th e  fo llicu lar cells, from  w hich th e y  can be well d istingu ished  on th e  basis 
o f th e ir  a rgyroph ilia  and  m asked  m etach ro m asia . The cy to logical an d  u ltra - 
s tru c tu ra l descrip tion  of th ese  cells [2, 15, 19, 27], as well as th e ir  ro le  in  m a in 
ta in in g  calcium  equ ilib rium  [4, 5, 10, 11], are  well know n. S t o e c k e l  and 
P orte  [28] and  W elsch  [31] h av e  found  th a t  th e  u l tra s tru c tu ra l  d iffe ren tia 
tio n  an d  th e  developm ent of th e  ro u g h -su rfaced  endoplasm ic re tic u lu m  of C 
cells ta k e s  place in th e  la s t period  of th e  em bryon ic  life in  th e  r a t .  W elsch  
[31] described  th e  u ltra s tru c tu ra l ,  and  St u x  e t al. [29] th e  q u a n ti ta t iv e  
changes o f C cells in p o s tn a ta l ontogenesis.

T h e  C cell p o p u la tio n  o f th e  th y ro id  sensitive ly  reac ts  to  a n y  effect in 
fluen c in g  calcium  m etabo lism .

As ind ica ted  b y  our earlie r in v estig a tio n s [21], th e  C cell p o p u la tio n  
show s m ark ed  q u a n tita tiv e  changes in  th e  p o s tn a ta l deve lo p m en t. C cells in 
c rease  in  n u m b er u n til ab o u t 50 day s of age, and  a sligh t decrease  can  be 
reco rd ed  a fte r  th is  tim e . T he num erica l increase in  C cells is u su a lly  associa ted
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w ith  th e  enhanced m in e ra liz a tio n  and grow th of b o n es. F rom  th e  7 0 th  d ay  on, 
th e  n u m b e r  of C cells a t te n d s  a s tead y  s ta te . R ecen t in v estig a tio n s h av e  show n 
t h a t  th e  num ber of C cells d ecreases  in hypo ca lcaem ia  induced  b y  h y p o v itam - 
in o sis  D , whereas in h y p e rv ita m in o s is  D a m ark ed  rise  in  th e  n u m b er of C cells 
c an  b e  n o ted  [22]. A h is to lo g ica l p ictu re  in d ica tiv e  o f C cells’ h y p o fu n c tio n  is 
o b se rv e d  in h ib e rn a tin g  a n im a ls , w hich are know n fo r th e ir  low serum  calcium  
leve l [23]. These c o n s id e ra tio n s , especially th e  la t te r  find ing , p ro m ted  us to  
in v e s tig a te  w hether th e re  e x is t  seasonal changes in  th e  m orphological ch a rac te rs  
o f  C cells in  n o n h ib e rn a tin g  an im als.

M ate ria l and m ethods

T h e  experim ental m a te r ia l  consisted  of 6 -m on th -o ld  m ale  W is ta r  ra ts  w eighing ab o u t 
240 g. T h e  anim als were fed  on  s ta n d a r d  com pressed r a t  food  (L A T I, Gödöllő, H u n g a ry ) and 
t a p  w a te r .  The experim ents w ere  c a rr ied  o u t on 7 spring  a n im a ls  (processed in th e  f irs t h a lf  of 
A p ril) , a n d  on  5 a u tu m n  r a ts  (p ro cessed  in  m id-O ctober). U n d e r  N e m b u ta l anes th esia  (Serva, 
H e id e lb e rg )  b o th  lobes of th e  th y r o id  g lan d  were rem oved  a n d  fix ed  in  g lu ta ra ld eh y d e  — picric 
ac id  — ace tic  acid (GPA) so lu tio n  a t  4 °C for 24 hours. T issue b locks w ere em bedded  in  p a ra f
f in  a n d  seria lly  sectioned a t  7 f im .  F o r  th e  d em o n s tra tio n  o f th e  C cells, we m ade use  of th e ir  
a rg y ro p h ilia  and  m asked m e ta c h ro m a s ia . A lte rn a tin g  series o f th e  sections were im p reg n a ted  
w ith  A g N 0 3 according to  D e  G r a n d i  [6], and sta in ed  w ith  to lu id in e  blue (0 .01% ) fo r m e ta 
c h ro m a s ia . The stain ing  w as m a d e  a t  p H  5.4, a fte r h y d ro ly sis  in  w arm  hydroch lo ric  acid  [26], 
a n d  th e  dye  was p rec ip ita ted  w ith  a  m ix tu re  of aqueous so lu tio n  of 2 %  K I  and  2 % K 3[Fe(C N )6] 
(7 : 1) [25].

S ections im p reg n ated  w ith  s ilv e r n itra te  were used  fo r  p lan im etric  m easu rem en ts  [17, 
30] in  w h ich  th e  ra tions o f C cells: fo llicu lar cells: colloid (a c in a r  lu m en): s tro m a  w ere d e te r
m in e d  in  th e  thy ro id  g land . T h e  c e n tr a l  p a r t  of th e  lobe of eac h  th y ro id  was p ro jec ted  from  50 
se c tio n s  on  to  a Zeiss V isopan  ( J e n a )  m icropro jec to r w ith  a m ag n ifica tio n  of 400 : 1. T he screen 
o f th e  Y iso p an  was covered w ith  a  10 X 10 square grid . A “ p o in t  c o u n t”  was p e rfo rm ed , w hich 
in v o lv e d  th e  recording of th e  fo u r  th y ro id  com ponents seen a t  each  of th e  in te rsec tio n  p o in ts  of 
th e  g rid . T he count m ade o v er 100 p o in ts  expressed th e  p ro p o r tio n  of C cells: fo llicu lar cells: 
co llo id : s tro m a  in per cen t. M ean  v a lu e s  and  s ta n d a rd  d e v ia tio n s  w ere calcu la ted  in  th e  tw o 
g ro u p s . F o r  the  calcu la tion  o f sign ifican ce  in  th e  d ifference b e tw een  th e  spring  and  a u tu m n  
g ro u p s  S t u d e n t ’ s  t te s t  w as p e rfo rm e d .

Results

I n  autumn an im a ls , th e  swollen C cells, r ich  in  g ranu les, are p ro m in en t 
w ith  th e ir  strong a rg y ro p h ilia  and  m etach ro m asia . In  th e  cen tre  of th e  lobe, 
th e  follicles are u sua lly  b o rd e re d  by  6 8, or o ften  b y  m ore, C cells (Figs 1, 3,
7). S om etim es groups o f C cells can  be seen to  o ccu p y  an  a p p a re n tly  in terfo lli- 
c u la r  localization  (F ig. 5). C cells ex tend  over a la rg e  area  in  th e  cen tra l p a r t  
of th e  lobe, while th e  m a rg in a l zone is void of th e m  (F ig . 3). The m easu rem en ts 
o f  th e  ra tio s  C cell : fo llicu la r  cell : colloid : s tro m a  in d ica ted  a C cells ra tio  of 
15.36 2.07%  in re la tio n  to  th e  o ther com p o n en ts  of th e  th y ro id  (T able 1).

I n  spring anim als , t h e  C cells are re la tiv e ly  sm all, d isp lay ing  m o d era te  
o r s l ig h t g ranulation . T h e  g ra n u le s  show w eak a rg y ro p h ilia  and  m etach ro m asia .
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Fig. 1. R a t  th y ro id . Silver im p reg n atio n  acco rd ing  to  D e  G r a n d i . In  a u tu m n  th e  follicles are 
bo rd ered  b y  swollen C cells d isp lay ing  s tro n g  argyrophilia  

Fig. 2. R a t  th y ro id . In  sp rin g , th e  follicles are  b o rdered  by  a zone con ta in ing  few C cells show ing
w eak  arg y ro p h ilia

Fig. 3. Sam e as Fig. 1 w ith  low er m ag n ifica tion . In  a u tu m n  th e re  is a large a rea  occu p ied  by  
C cells in  th e  c en tra l p a r t  o f th e  lohe. In  th e  p e rip h era l n a rro w  zone no C cells are p re sen t 
Fig. 4. Sam e as F ig . 2 w ith  low er m agn ifica tion . In  sp rin g , C cells (arrow ) o ccupy  a sm all 
a rea  in  th e  m iddle o f th e  lobe, bordered  by  a b ro ad  zone co n ta in in g  no C cells (b ro k en  line 

m arg in  of th e  th y ro id  lobe). L ine of c a lib ra tio n  100 ц m
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F ig . 5. I n  au tu m n , the  a rg y ro p h ilic  C cells occasionally  fo rm  groups w hich a p p a re n tly  show
in te rfo llicu la r  loca lization

F ig . 6. W ith  toluidine blue s ta in in g  a p ron o u n ced  m etach ro m as ia  is d isp layed  b y  au tu m n
C cells (arrow )

F ig . 7. I n  au tu m n , the C cells are  r ic h  in  a rg y ro p h y lic  g ranu les. Line of c a lib ra tio n  100 uin.
(Fig. 5). L ine  of ca lib ra tio n  10 / ш  (Figs. 6, 7)
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Table 1

C cell -.follicular cell : colloid : stroma ratios in a u tu m n  and in spring rats

No. 
o f  rats C cell F cell Colloid Strom a

A u tu m n

anim als* 5 15.36 +  2.07 60.65 +  3.74 18.03 +  3.47 5.91 +  0.95

Spring

anim als* 7 7.24 +  1.07 71.79 +  4.19 13.92 +  3.47 7.03 +  0.67

P  <0.001

* m ean v a lu e +  SD (% )

In the centre of the lobe the follicles are usually bordered by 1, 2, or at most 
by 3 or 4 cells (Fig. 2). C cells occupied only a small central area, which were 
surrounded by large zones void of C cells (Fig. 4). The C cell: follicular cell: 
colloid : stroma ratio showed that C cells represented 7.24 +; 1.07% of the 
components (Table 1), and their ratio was significantly smaller (P 0.001) 
than in the autumn group.

Discussion

The results presented indicate that the thyroid C cells show definite 
seasonal changes in the rat, that is, their number increases in autumn and 
decreases in spring. Previous investigations on hibernating animals have re
vealed cytological differences between winter and summer C cells. Ultrastruc
tural investigations by P e a r s e  and W e l s c h  [ 2 0 ]  on the hedgehog demon
strated that C cells contain well-developed rough endoplasmic reticulum, large 
number of free ribosomes, and dense granules in summer. In autumn, the gran
ules increased in number and density. In contrast to this, the rough endoplasmic 
reticulum was less pronounced and the number of granules decreased in winter. 
In the bat the largest and most numerous granules were found in August and 
September ( N u n e z  et al. [16]). From October, granules decreased in amount 
until February, when usually empty vacuoles were seen in the C cells. Recently, 
F r i n k  et al. [9] have reported similar seasonal changes in the C cells of the 
marmot. It was generally found that C cells were highly active in summer and 
autumn, and almost inactive in winter in hibernating animals. We have re
corded similar phenomena in the non-hibernating rat, that is, C cells, showed 
hyperfunction in autumn and hypofunction in spring. It is, therefore, probable 
that the phenomenon is not restricted to hibernating animals.
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Some clinical observations made on human patients seem to be consistent 
with the findings described above. The original observation of M c C a n c e  and 
W i d d o w s o n  [13] that the calcium level in the urine is much higher in summer 
than in winter was corroborated by R o b e r t s o n  ct al. [24] on a large number 
of healthy subjects. The latter authors were of the opinion that a si ight in
crease in calcium intake cannot account for the high calcium excretion in 
summer. The role of vitamin 1) may also be questioned because the highest 
25-OH-cholecalciferol level of the serum is measured 1 2 months later than
the maximum amount of calcium excreted in the urine, that is, in September 
and October. The seasonal changes in the calcium content of the urine seem 
to be related to the monthly distribution to sunny hours. A a r o n  et al. | l ]  
have called attention to an interesting seasonal phenomenon, namely that in 
patients with femoral-neck fractures the occurrence of osteomalacia is high 
between February and May, and low between September and November.

Our results supplement literary data in that, in addition to the calcium 
metabolism and to the levels of vitamin D and the parathormone, calcitonin 
shows seasonal changes in the rat. This seasonality should be taken into ac
count in experiments dealing with tin; regulation of calcification.
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Abstract

Inosito lless ( in l~ )  Neurospora crassa s t r a in s  w ere tre a te d  w ith  D N A  (a llo -D N A ) 
of w ild ty p e  N . crassa. H y p h a l frag m e n ts  o f a  m ycelia l suspension of th e  N . crassa 
ragged  inl~  s t ra in  used  as recip ien t in  o u r t ra n s fo rm a tio n  experim ents w ere fo u n d  to 
consist o f u n its  co n ta in in g  100 — 1000 nucle i. I n  th is  s tra in  th e  in o s ito l- in d ep en d en t 
( i n l+)  nuclei ap p ea rin g  a f te r  DNA t r e a tm e n t  o r  b y  spon taneous reversion  a re  p re sen t 
in th e  cy to p lasm  to g e th e r w ith  a large n u m b er o f  in l~  nuclei. Thus, b o th  tra n s fo rm a tio n  
a n d  reversion  in it ia lly  m u st resu lt in  lie te ro k a ry o s is . U n d er ap p ro p ria te  c o n d itio n s  th e  
in l~  nuclei can  be  d e tec ted  in th e  tra n s fo rm e d  a n d  spontaneous in l+ p h e n o ty p e  re- 
v e r ta n t  s tra in s . S p o n tan eo u s re v e rta n ts  a re  u su a lly  ch aracterized  by  th e  loss o f th e ir  
in l+ nuclei a f te r  tran s fe rs  on in o sito l-su p p le m e n ted  m edium . On m in im al m ed ium , 
th e  g ro w th  ra te  o f  tran sfo rm ed  stra in s  is s ig n if ic a n tly  lower th a n  th a t  o f sp o n ta n eo u s  
re v e r ta n ts . T he i n l + gene appearing  a f te r  D N A  t r e a tm e n t  or by  spon tan eo u s rev ersio n  
is in h erited  as a t r a i t  b o u n d  to  chrom osom es. I n  crosses w ith  the  tran sfo rm e d  stra in s , 
th e re  is a s ig n ifican t increase  in th e  n u m b er o f  non-M endelian  (6 : 2 an d  5 : 3) te tra d s  
o f th e  in i locus.

Introduction

T he resu lts  o f D N A -m edia ted  tra n s fo rm a tio n  in  eukaryo tes are  d ifficu lt 
to  rep ro d u ce . E v en  in  those  experim en ts in  w h ich  an  increase in  th e  rev ersio n  
of som e b iochem ically  defective m u ta n ts  can  b e  d e tec ted  a fte r t r e a tm e n t  w ith  
w ild -ty p e  D N A , th e  possib ility  of sp o n ta n e o u s  or induced  m u ta tio n s  (rev e r
sions) can n o t be excluded .

D u rin g  th e  p a s t few years, co n sid e rab le  d a ta  have been p u b lish ed  con
cern ing  th e  genetic  tran sfo rm a tio n  of N . crassa  [4, 9, 10, 12, 13, 14].

I t  has been  rep o rted  [9] th a t  tra n s fo rm e d  and  spon taneous re v e r ta n i 
s tra in s  of N . crassa b eh av e  d ifferen tly  in  crosses. I t  was claim ed th a t  th e  t r a n s 
fo rm ed  s tra in s  o ften  tra n sm it n ew ly -acq u ired  ch a rac te rs  to  th e ir  sex u a l p ro 
geny in a non-M endelian  w ay. T hey  assum ed  th a t  it is a donor D N A  fra g m e n t 
(or “ exosom e” ) w hich  is responsible fo r th e  non-M endelian  tran sm issio n .

Since th e  effic iency  of th e  tra n s fo rm a tio n  experim en ts w ith  N .  crassa is 
low, a co m p ara tiv e  s tu d y  of D N A -tre a te d  (transfo rm ed) and sp o n tan eo u s  
re v e r ta n t s tra in s  seem s to  be ju s tified .
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O n th e  basis of our re c e n t w ork, we h a v e  concluded th a t  1. in  th e  t r a n s 
fo rm e d  s tra in s  new fea tu res  a p p e a r  th a t  a re  n o t  ch a rac te ris tic  of th e  s p o n ta 
n eo u s  re v e r ta n ts  and  2. th e  h e te ro k a ry o tic  s ta te  w hich  develops d u ring  re v e rs io n  
is re sp o n s ib le  for th e  genetic  irreg u la rities  (“ non-M endelian ra tio s” ) o f  th e  
t ra n s fo rm e d  stra in s.

M ateria l and m ethods

S tra in s .  T he follow ing s tra in s  w ere o b ta in e d  fro m  th e  collection of th e  R o ck efe lle r 
U n iv e rs i ty :  R  2506-5-101 ( in l~ ,  rg ~ , m ta) ,  89601 ( in l~ ,  m tA)  and  [RL-3-8 (m tA) .  T h e  t r a n s 
fo rm e d  a n d  th e  spon taneous r e v e r ta n t  s tra in s  were o b ta in e d  fro m  separa te  e x p erim en ts  c a rried  
o u t  in  o u r  In s ti tu te .

M ain ten a n ce  and growth o f  stra ins. T he s tra in s  w ere  cu ltu red  e ith e r on so lid  o r liq u id  
V ogel’s m in im a l m edium  [16] o r su p p le m e n ted  w ith  in o sito l (100 //g rill) w hen re q u ire d . Crosses 
w ere  c a r r ie d  o u t on W este rg aard ’s m ed iu m  [17].

D esigna tion  o f  D N A  prepara tion . D N A  p re p a ra tio n  from  the  donor s tra in  (R L -3 -8 ) 
c a r ry in g  th e  w ild -type  allele ( in l  + )  h a s  been  d e s ig n a ted  as allo-DN A.

Genetic analysis. R an d o m  sp o re  analysis o f th e  p ro g e n y  o b ta ined  from  crosses w as p e r
fo rm e d  a s  follow s: an  ascospore su sp en sio n  w as h e a t-sh o c k ed  a t  60 °C for 30 m in , th e n  sp re ad  
on so lid  m in im a l m edium  c o n ta in in g  4 %  sorbose, a n d  a lso o n  inosito l-supp lem en ted  p la te s  [5]. 
T h e  n u m b e r  o f colonies w hich a p p e a re d  on  ag ar p la te s  w as co u n ted  a fte r in cu b a tio n  in  27 °C 
fo r 72 h . F o r  te t r a d  analysis, 2 1 -d ay -o ld  p e rith ecea  w ere d issec ted  and ascospores w ere  iso la te d  
fro m  c o m p le te  asci. The m o rp h o lo g y  a n d  inosito l re q u ire m e n t o f th e  colonies g row n  f ro m  th e  
t e t r a d s  w e re  s tud ied .

D etection  o f  heterokaryosis by hypha-fragm cntation . T h e  spontaneous re v e r ta n t  a n d  th e  
tra n s fo rm e d  s tra in s  o b ta in ed  fro m  p rev io u s e x p erim en ts  w ere m ain ta in ed  th ro u g h  six  tra n s fe rs  
b o th  o n  m in im a l and on in o sito l-su p p lem en ted  m edia . A fte r  th e  las t tran sfe r th e  e n tire  m y 
celia l c o n te n t  o f one slan t w as c u t  in to  frag m en ts  in  a  W arin g  blendor. The p h e n o ty p e s  an d  
n u m b e r  o f  th e  m ultin u c lear f ra g m e n ts  w ere d e te rm in e d  b o th  on m inim al an d  on  in o sito l- 
su p p le m e n te d  ag ar m edia a f te r  72 h  o f in cu b a tio n .

D eterm ina tion  o f  the average num ber o f  nuclei in  the hypha fragm ents. The D N A  c o n te n t  
o f  th e  d if fe re n t  h y p h a  frag m en t su spensions was d e te rm in e d  [6]. The num ber o f  th e  h y p h a  
f ra g m e n ts  w as coun ted  b o th  in  B u e rk e r  ch am b er a n d  b y  v iab le  count. W ith  these  d a ta  i t  w as 
p o ss ib le  to  ca lcu la te  th e  average n u m b e r  o f cell nucle i in  th e  h y p h a  fragm ents.

D eterm ina tion  o f  the growth-rate o f  the strains. 8 -m l sam ples (each co n ta in in g  4 X 101 
h y p h a  f ra g m e n ts  per m l) were ta k e n  fro m  th e  susp en sio n s o f b o th  th e  tran sfo rm e d  a n d  th e  
s p o n ta n e o u s  re v e r ta n t  s tra in s  a n d  th e y  w ere grow n in  25-m l E rlenm eyer flasks a t  27 °C fo r 
72 h  a t  240 re v /m in  in  a New B ru n sw ick  ro ta to ry  sh ak e r. A fte r  ap p ro p ria te  in cu b a tio n  pe rio d s 
(0 h , 24 h ,  48 h , 72 h) th e  m ycelia  w ere  w ashed  w ith  d is tilled  w a ter on f ilte r p a p e r  a n d  d ried  
a t  105 °C fo r  24 h. The g row th  ra te s  w ere  e s tim a te d  as d ry  w e igh t a t 48 h a fte r in o c u la tio n  pe r 
d r y  w e ig h t  a t  24 h  a fte r ino cu la tio n .

Results

T e n  spon taneous and  15 a llo -D N A -induced  in o sito l-independen t ( in l+ )  
r e v e r ta n ts  w ere crossed w ith  in o sito l-req u irin g  ( irtl~)  s tra in s, an d  th e  fre 
q u e n c y  o f  th e  i n l+ and  in l~  ascospores was d e te rm in ed . As show n in  T a b le  1, 
in  th e  case  o f th e  sp o n tan eo u s re v e r ta n ts  th e  tran sm ission  of th e  r e v e r ta n t  
(irtl+J  c h a ra c te r  to  th e  sex u a l p ro g en y  d iffered  from  th e  expected  M endelian  
ra t io . T h e  d a ta  p resen ted  in  T ab le  2 show  t h a t  in  th e  case of th e  tra n s fo rm e d  
s tra in s  th e  ra tio  of i n l + to  in l~  ascospores d iffe red  from  th e  M endelian  w ay  
o f in h e r i ta n c e  sim ilarly  to  w h a t we had  o b se rv ed  w ith  th e  sp o n tan eo u s  re 
v e r ta n ts .
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Table 1

Genetic analysis o f  in l+ revenants obtained without D N A  treatment

S tra in

N o . o f jr o g e n y

P e r c e n t  in l +

in l + in i"

l 620 1,180 34.44

2 1,737 15,928 10.80

3 3,275 34,055 8.80

4 2,687 31,643 7.83

5 1,637 25,500 6.00

6 130 2,453 5.00

7 95 1,805 4.10

8 186 7,479 2.43

9 600 26,056 2.25

10 0 915 0.00

in l+ rev . X in i-  (89601)

Table 2

Genetic analysis o f  in l+ revenants obtained w ith a llo -D N A  treatment

S tr a in

N o . o f

in l +

>rogeny

in i -

P e r c e n t  in l +

l 1,033 2,000 34.30

2 5,533 14,967 26.99

3 340 1,210 21.93

4 3,950 16,550 19.27

5 3,650 19,350 15.87

6 165 1,085 13.20

7 3,100 27,730 10.05

8 175 1,825 8.75

9 3,087 63,743 4.62

10 450 11,550 3.75

11 5,533 14,967 2.00

12 165 11,665 1.39

13 800 68,400 1.10

14 1 1,599 0.062

15 2 5,496 0.036

in l+ rev . X in i-  (89601)
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F ro m  th e  above d a ta  we concluded  th a t  in  b o th  kinds o f re v e r ta n t 
s tr a in s ,  in  add itio n  to  th e  i n l + nuclei, in l~  nuclei are p resen t in  th e  sam e cy to 
p la sm , th u s  b ring ing  a b o u t h e te ro k ary o sis .

Since th e  i n l + r e v e r ta n ts  h ad  been arisen  from  hyphal frag m en ts  of th e  
ra g g e d  s tra in , we w a n te d  to  know  how  m a n y  nuclei th e  frag m en ts  c o n ta in ed . 
B y  d e te rm in in g  th e  D N A  c o n te n t and  th e  n u m b er of th e  frag m en ts , we found 
t h a t  one colony-form ing u n i t  (i.e. one frag m en t)  con ta ined  100 1000 nuclei
on  th e  average. I t  was an  obv ious consequence of th e  high n u m b e r o f nuclei 
p re s e n t  in  th e  co lony-fo rm ing  u n its  th a t  ev e ry  new ly-arising  i n l + nu c leu s was 
acco m p an ied  by  severa l in l~  nuclei, in d e p e n d e n tly  of th e  ch a ra c te r  o f reversion  
(i.e. in d u ced  or sp o n tan eo u s). T h e  in itia l h y p h a  fragm en ts had  to  he hetero - 
k a ry o te s .

In  th e  follow ing e x p e rim e n ts  we w a n te d  to  s tu d y  how th e  p resence  or 
a b se n c e  of inosito l in th e  c u ltu re  m ed ium  affects th e  ra tio  of i n l + to  in l~  
n u c le i.

F o u r  sp o n tan eo u s re v e r ta n ts  and  six  tran sfo rm ed  s tra in s  (b o th  iso la ted  
o n  m in im al m edium ) w ere grow n on m in im al and  on ino sito l-su p p lem en ted  
m e d ia . A fte r six tra n sfe rs , th e  s tra in s  w ere exam ined  for th e  o ccu rrence  of 
h e te ro k a ry o s is  by  e s ta b lish in g  th e  p h en o ty p es  o f th e  h y p h a  frag m en ts  of th e  
re sp e c tiv e  colonies. T ab le  3 show s th a t  th e  colonies grown from  sp o n ta n e o u s

Table 3

E xa m in a tio n  o f the heterokaryotic state. Inositol requirement o f mycelial fragm ents o f  revertant 
strains after s ix  transfers on m in im al or inositol-containing media

C o lo n y c o u n t

R e v e r ta n ts S t r a in M in im a l su b lin e I n o s ito l  su b lin e

* in l+ * in l+  - f i n i - * in l + * in l + +  i n l -

S pontaneous l 800 800 0 1700

2 300 300 750 750

3 400 400 0 450

4 110 115 0 450

A llo-D N A  induced 5 140 210 500 550

6 65 115 200 540

7 65 130 9 550

8 295 340 105 200

9 270 460 0 5100

* Phenotype

10 230 365 360 1650
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re v e r ta n ts  on m inim al m ed ium  co n ta in ed  o n ly  inosito l-independen t f ra g m e n ts , 
since an  equal num ber o f colonies could  be  c o u n te d  on inosito l-su p p lem en ted  
m ed ium  and on m in im al m edium .

W e found b o th  inosito l-requ iring  a n d  inosito l-independen t f ra g m e n ts  
am o n g  th e  tran sfo rm ed  s tra in s . This in d ic a te d  th a t  these o rig inally  h e te ro - 
k a ry o tic  stra in s rem ain ed  so in spite o f th e  se lec tive  pressure; th u s , on c u ttin g  
up  th e  m ycelium , th e  p ro b ab ility  of f in d in g  frag m en ts  con ta in ing  o n ly  i n i '  
nuclei increased . l n l + nucle i m ight occur b u t  in  such a little  n u m b er t h a t  th e y  
are  n o t suffic ien t to  su p p o r t grow th on m in im a l m edium . T able 3 a lso  show s 
th a t  w ith  3 ou t of 4 spon tan eo u s re v e r ta n ts  grow n on in o sito l-su p p lem en ted  
m ed ium  th e  inl + nucle i d isappeared  in th e  course  of six tian sfe rs , w hile  th e  
tran sfo rm ed  stra ins e x c e p t s tra in  no. 9, w h ich  m ay  be regarded  as a s p o n ta 
neous r e v e n a n t ,  p reserv ed  th e ir  h e te ro k a ry o tic  s ta te  even if  th e y  w ere  m a in 
ta in e d  on inosito l-supp lem ented  m ed ium .

T hese  results p o in t to  some d ifferences b e tw een  th e  tra n s fo rm a n ts  and  
th e  spon tan eo u s re v e r ta n ts  which a re  rev ea led  if  we cu ltiv a te  th e m  in th e  
p resence  or absence o f inosito l.

T h e  ra tio  of in l  + to  in l~  nuclei in  th e  re v e r ta n ts  was also d e te rm in e d  
a f te r  th e  1st and 6 th  tra n s fe rs  by  crosses.

T h e  d a ta  p resen ted  in T able 4 rev ea l th a t  on m inim al m ed ium  th e  p ro 
p o rtio n  o f in / + nuclei (or ascospores) in c reases  in  b o th  re v e rta n t g roups.

Table 4

Genetic analysis o f  in l+ revertants after s ix  transfers on m inim al medium

R e v e r ta n ts S tr a in

P e r c e n t  o f  in l+ p rogen y  

1 1 6 

a fte r  tra n sfers

Spon taneous l 16.86 36.03

2 18.18 53.24

3 8.48 9.92

4 7.05 11.95

A llo-D N A  induced 5 32.56 51.25

6 46.89 47.34

7 8.74 18.50

8 15.67 36.48

9 10.54 33.24

10 10.91 14.19

in l+ rev. X in i-  (89601)
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T h e  d a ta  in  T ab le  5 show  th a t  th e  p ro p o r tio n  of i n l + nuclei is low  in  b o th  
s tra in s  on in o sito l-su p p lem en ted  m edium . C om paring  th e  p ro g en y  o f th e se  
s tra in s  o b ta in ed  a fte r  th e  1st and  6 th  tra n s fe rs , we have concluded t h a t  th e  
i n l + n u c le i a re  m ore like ly  to  d isappear fro m  th e  spon taneous re v e r ta n ts  th a n  
fro m  th e  tran sfo rm ed  s tra in s . (The above e x p e rim e n ts  w ith  h y p h a l f ra g m e n ts  
in d ic a te d  th e  sam e.)

T h e  g row th  ra te  o f th e  spon taneous r e v e r ta n t  and  tran sfo rm ed  s tra in s  
w as also  s tu d ied . T h e  g ro w th  ra te  of th e  s tr a in  u sed  as rec ip ien t in  th e  t r a n s 
fo rm a tio n  ex perim en ts w as found  to  be 4 .68 on inosito l-su p p lem en ted  m ed iu m  
(100 Цg p e r m l). T ab le  6 sum m arizes th e  g ro w th  ra te s  of 5 spon taneous r e v e r ta n t  
a n d  7 tran sfo rm ed  s tra in s  on m inim al an d  on inosito l-supp lem en ted  m ed ia .

Table 5

Genetic analysis o f  in l+ revertant stra ins m a in ta ined  in  the presence o f inositol

R e v e r t a n t s S tra in

P e r c e n t  o f  in l+ p ro g en y  

1 i 6

a fte r  tr a n sfers

Spontaneous l 2.270 0.000

2 8.470 39.470

3 0.530 0.000

4 0.008 0.000

Allo-DNA induced 5 25.000 37.040

6 8.670 0.989

7 1.140 0.058

8 4.290 15.340

9 0.400 0.009

10 6.230 14.670

inl+ rev . X in i-  (89601)

T he g ro w th  ra te  o f th e  sp o n tan eo u s re v e r ta n ts  on m inim al m edium  u su a lly  
a p p ro x im a te s  th a t  o f th e  o rig inal (recip ien t) s tra in , if  th e  la t te r  g ro w th  ra te  
w as m easu red  in  th e  p resence  of inosito l. T h e  g ro w th  ra te  of th e  tra n s fo rm e d  
s tra in s  on  m in im al m ed ium  is s ign ifican tly  low er th a n  th a t  of th e  sp o n tan eo u s  
r e v e r ta n ts  (0.01 >  P  >• 0 .05).

T h e  fa c t th a t  th e  s tra in s  (bo th  the  sp o n ta n e o u s  re v e rta n ts  an d  th e  t r a n s 
fo rm a n ts )  w ere h e te ro k a ry o tic , leads us to  su p p o se  th a t  i t  is the  h e te ro k a ry o tic  
s ta te  a n d  n o t an  exosom e t h a t  is responsib le  fo r  th e  non-M endelian ra t io  of 
inl+  a n d  in l~  ascospores in  th e  sexual p ro g en y .
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Table 6

Growth rate* o f  inV  stra ins

S tr a in s

O n

m in im a l in o s ito l s u p p le m e n t e d

m e d ia

Spon taneous average: 4 .3 6 + 1 .2 8 average: 4.52 +  1.76
re v e rta n ts S. E . M. 0.45 S. E. M. 0.62
(5 s tra in s)

T ran sfo rm an ts average: 3.08 +  0.71 average: 3 .14+ 0 .91
(7 stra ins) S. E . M. 0.27 S. E. M. 0.35

t:  2.4445 t:  1.9403
0.05 > P  > 0 .0 1 0 .1 > P > 0 .0 5

* d ry  w eight a t  48 h r /a t  24 hr

T h e assum ed presence of allo-D N A  in  th e  rec ip ien t chrom osom e or as an  
exosom e w as also s tu d ied  b y  te t r a d  an a ly sis . T w o tran sfo rm an ts , one  s p o n ta 
neous re v e r ta n t  and  th e  R L -3-8 i n l + s tra in , w ere  crossed w ith  th e  89601 in l~  
s tra in . T h e  re su lts  in  T able 7 show  th a t  in  th e  tran sfo rm ed  s tra in s  n o . 5 an d  
no. 6 a la rge  n u m b er o f inosito l-requ iring  asc i w ere found , due to  h e te ro k a ry o s is . 
B eside th e  reg u la r M endelian ( i n l + an d  i n l~ )  te tra d s , some n o n -M en d e lian  
te tra d s  w ere d e tec ted . The la tte r  m ig h t h a v e  arisen  as a re su lt o f gene con-

Table 7

Tetrad analysis

Cross
A sc u s ty p e s  in l + : ini

T o t a l

4 :4 6:2 2 :6 5:3 0:8

No. 5 tran sfo rm a n t (inl+ )
X

S ta n d a rd  s tra in  ( in i- )
17 l 2 2 32 70

No. 6  tran s fo rm a n t (inl+ )
X

S ta n d a rd  s tra in  (in i- )
19 l - - 14 34

No. T 14K 2
S pon taneous re v e rta n t (inl+ )

X
S ta n d a rd  s tra in  ( in i- )

29 - - - - 29

C ontrol
RL-3-8A  (in l+ )

X
R  2506-5-101 ( in i- )

29 - - - - 29

S ta n d a rd  s tra in : 89601-5-5A (in i- )
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v e rs io n . N on-M endelian  te tr a d s  could n o t he  d e te c te d  in the  crosses o f  th e  
sp o n ta n e o u s  re v e r ta n t  an d  o f th e  s ta n d a rd  s tra in s .

T h e  d a ta  o b ta in ed  b y  th e  te tra d  an a ly sis  led  us to  th e  conclusion t h a t  th e  
tra n sm iss io n  of th e  inl+  c h a ra c te r  to  th e  se x u a l p ro g en y  was n o rm a l b o th  in 
th e  tra n s fo rm e d  an d  in  th e  spon taneous r e v e r ta n t  s tra in s . The fre q u e n c y  of 
th e  re c o m b in a n t (2 : 2 : 2 : 2 ) te tra d s  su g g est t h a t  b o th  in th e  tra n s fo rm a n ts  
a n d  in  th e  sp o n tan eo u s re v e r ta n ts  th e  i n l + genes are  a t the  orig inal in i  locus 
(T ab le  8). T he increase  of “ gene con v ersio n ”  o f  tran sfo rm an ts  s ig n if ic a n tly  
exceeds th e  re p o rte d  v a lu e  [15].

Table 8

Centromer—gene distance in  crosses o f  in i ' X  in i strains

C ross
R e c o m b in a n ts *  * 

N o . t e s t e d
M ap u n its* * *

No. 5 tra n s fo rm a n t (inl+ )
X

S ta n d ard  s tra in  ( in i" )  *

16/38 (asci) 21.0

No. 6 tra n s fo rm a n t (inl+ )
X

S ta n d a rd  s tra in  ( in i- ) *
7/20  (asci) 17.5

T14K 2 sp o n tan eo u s rev.
X

S tan d ard  s tra in  ( in i" )  *
14/29 (asci) 24.1

RL-3-8 (in l+ )
X

R  2506-5-101 ( in i- )
14/29 (asci) 24.1

‘ S ta n d ard  s tra in : 89601-5-5 (in i- , m tA)
** R ecom binan ts =  ascus ty p e  2:2:2:2 (in l+ :in l~ :in l+ :in l- ) 

N u m b er o f recom binants
*** M ap u n its  = -------------------------------- ;-------------------

T o ta l n u m b er of asci te s te d  X 2

D iscussion

\ a r io u s  ex p e rim en ts  h av e  been p rop o sed  [8] to  show w hether e u k a ry o tic  
cells c a n  be tran sfo rm ed  b y  D N A ; e.g., to  tra c e  th e  in trace llu la r fa te  o f th e  
d o n o r D N A , or to  d e te c t reco m b in an t D N A . M any  research-w orkers c la im , 
h o w ev er, th a t  th e  e fficacy  o f th e  tra n sfo rm in g  D N A  can be ev a lu a ted  on ly  
th ro u g h  th e  m a n ife s ta tio n  o f  th e  c h a rac te r  coded  [2].

E u k a ry o tic  tra n s fo rm a tio n  is d ifficu lt to  e v a lu a te  because o f th e  low 
fre q u e n c y  o f tra n s fo rm a n ts  and  because of th e  possib ility  of sp o n tan eo u s re 
v e rs io n s . S pon taneous reversion  m ay be e lim in a te d  by  th e  use of re c ip ie n t
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s tra in s  carry ing  large  deletions of th e  a p p ro p r ia te  gene. B u t in such  e x p e ri
m en ts , even in  th e  case of b ac te ria , th e  fre q u e n c y  of tra n sfo rm a n ts  fa lls b y  
2 3 orders of m a g n itu d e  [1].

In  th e  p re se n t tran sfo rm a tio n  e x p e rim e n t, th e  inl+ re v e r ta n ts  in d u ced  
b y  D N A  tre a tm e n t w ere found to  possess fe a tu re s  d istinguish ing  th e m  from  
spon tan eo u s re v e r ta n ts .

T he tran sfo rm ed  and  the  sp o n tan eo u s  re v e r ta n t  h e te ro k a ry o te s , w hen 
m a in ta in e d  on selec tive  or non-selective m ed iu m , differ from  each  o th e r . Six 
tran sfe rs  on m in im al m edium  do n o t  e lim in a te  inl~  nuclei from  th e  t r a n s 
fo rm a n t s tra in s  to  th e  ex ten t as in  th e  case o f spontaneous r e v e r ta n ts .  On 
in o sito l-su p p lem en ted  m edia in l+ nuc le i of tra n sfo rm e d  stra ins, less f re q u e n tly , 
d isap p ear.

S tu d y in g  th e  g row th  of the  tw o  s tra in s  we found th a t  th e  sp o n tan eo u s  
re v e r ta n ts  grow sim ila rly  to  th e  re c ip ie n t s tr a in ,  b u t th e ir  ra te  o f g ro w th  on 
m in im al m edium  is sign ifican tly  h ig h e r th a n  th a t  o f th e  tran sfo rm ed  s tra in s . 
T he low grow th  ra te  o f th e  tran sfo rm ed  s tra in s  m ig h t be explained  b y  th e  fac t 
th a t  allo-D N A  m ay  in teg ra te  in to  d iffe ren t genom e p a rts , thus e x e r tin g  a n o n 
specific  m u tagen ic  effect as well [11].

N on-M endelian  ra tio s  observed  in crosses of tran sfo rm an t s tra in s  were 
ex p la in ed  b y  M i s h r a  and T atum [9] w ith  F o x ’s [3] exosom e m o d el. T hey  
h av e  assum ed  th a t  th e re  is a close a ssoc ia tion  betw een  the  donor D N A  and 
th e  genom e of th e  rec ip ien t h u t d u rin g  m eiosis th e  n o n -in teg ra ted  exosom es 
are  o ften  e lim in a ted  by  nucleases.

W e th in k  th a t  before ap p ly in g  th e  exosom e model one sh o u ld  t r y  to  
ex p la in  th e  re su lts  b y  assum ing th e  h e te ro k a ry o tic  s ta te  because it follow s from  
th e  m u ltin u c le a r  s ta te  and  the  coenocy tic  n a tu re  of N . crassa t h a t  i t  becom es 
h e te ro k a ry o tic  w hen  th e  hyphal frag m en ts  a re  used in tra n sfo rm a tio n  ex p e ri
m en ts  irrespec tive  o f th e  n a tu re  o f rev e rs io n . In  th e  h e te ro k ary o tic  cell, nuclei 
c a rry in g  d o m in an t as well as nuclei c a rry in g  recessive alleles are  p re se n t in  th e  
sam e cy top lasm .

Several tra n sfe rs  on selective an d  non-se lec tive  m edia show t h a t  t r a n s 
fo rm ed  h e te ro k a ry o tic  m ycelia re m a in  h e te ro k a ry o tic  even u n d e r se lec tive  
p ressu re .

O ur re su lts  also  suggest th a t  th e  m /+ genes of b o th  the  tra n s fo rm a n t and  
re v e r ta n t  s tra in s  a re  located  a t th e  o rig inal in o sito l locus.

In  th e  case o f th e  tran sfo rm ed  s tra in s , th e  increasing n u m b e r o f  te tra d s  
ex h ib itin g  gene conversion  suggests th a t  d u rin g  meiosis gene co n v ersio n  is 
p ro b a b ly  p ro m o ted  b y  th e  new s tru c tu re  o f D N A  th a t  developed  from  th e  
rec ip ien t genom e an d  th e  tran sfo rm in g  D N A . T h is supposition  is s u p p o r te d  by  
th e  fa c t th a t  th e  n u m b e r of te tra d s  e x h ib itin g  gene conversion increases n e ith e r  
in th e  crosses of th e  spontaneous re v e r ta n ts  n o r in  those of th e  s ta n d a rd  la b o ra 
to ry  s tra in s .
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HEAVY METAL BINDING PROPERTIES OF 
EARTHWORM CHLORAGOSOMES

M. P . I r e l a n d *

D E P A R T M E N T  O F  Z O O L O G Y , U N I V E R S I T Y  C O L L E G E  O F  W A L E S , A B E R Y S T W Y T H , D Y F E D , U . K .

(R eceived 1978 — 06 01)

A bstract

The h ig h es t co n cen tra tio n  of m e ta l in L u m b ricu s terrestris and  Lum bricus rubellus 
chloragosom es w as C a++ followed b y  F e + + + , Z n ++ a n d  M g+ + . C hloragosom es an d  
body  w all e x tra c ts  b o u n d  P b  + + and  to  a  lesser e x te n t  C u ++ b u t no t Z n + + . B in d in g  of 
P b  + + and  C u ++ w as g rea te r in chloragosom es th a n  b o d y  wall hom ogenate. M ax im um  
bind ing  cap a c ity  fo r P b  + + was h ig h er in  L um b ricu s terrestris th a n  Lum bricus rubellus. 
T he b ind ing  of P b  + + to  chloragosom es ap p ea rs  to  b e  u n re la te d  to phospholip id  c o n te n t. 
The release o f m o st Z n ++ and  C a++ in  ch lo ragosom es b y  0.01 M  HC1 b u t  re lease  of 
F e + + + req u irin g  5 M  HC1 suggests t h a t  th e  l a t t e r  m a y  be in  th e  form  of an  o rg an o - 
m etallic  com plex. R elease of C u++ fro m  ch loragosom es b y  0.001 M  HC1 b u t  on ly  20%  
of th e  b ound  P b ++ in d ica tes  th a t  P b  + + is m ore  f irm ly  bound  to  chloragosom es th a n  
C u + + . B ound P b ++ in  body wall e x tra c ts  is re leased  b y  0.001 M  HC1. The a d d itio n  of 
P b ++ to  a ch lo ragosom al suspension caused  a d ro p  in  p H  and release o f m ain ly  Ca + + 
w ith  sm aller a m o u n ts  o f Zn + + an d  Mg + + in d ic a tin g  a cation  exchange w as ta k in g  
place. I t  is co n clu d ed  th a t  e arth w o rm  ch lo ragosom es b in d  h eav y  m eta l by  a ca tio n - 
exchange sy s tem  w hich  m ay  he re la te d  to  th e  ch em ica l co n stitu en ts  of ch loragosom es 
being sim ilar to  ion  exchange com pounds.

In tro d u c tio n

E arth w o im s h a v e  been show n to  ta k e  u p  an d  accum ulate  h eav y  m e ta l 
[12, 14, 29]. A m ore  d e ta iled  s tu d y  o f th e  ea rth w o rm s Dendrobaena rubida  
an d  Lumbricus rubellus ind icates th a t  P b  + + is d ep o sited  in th e  chloragogenous 
tissu e  a round  th e  in te s tin e  and assoc ia ted  w ith  e lec tro n  dense cell o rganelles 
called chloragosom es an d  debris vesicles [15, 17].

T he ch loragosom es con ta in  c a rb o h y d ra te s  [3], p ro te ins [4], lip ids an d  
phospho lip ids [7, 2 6 , 28]. T hey  also co n ta in  som e redox  p igm ents su ch  as 
flav ins, th iam in e , ca ro teno ids and m e ta llo p o rp h y rin s  [7, 21, 2 6 , 28]. C h lo ra 
gosom es have been  show n to  d isp lay  c a tio n -ex ch an g e  properties an d  red o x  
a c tiv ity  [6, 8].

The purpose  o f  th e  p resen t s tu d y  was to  in v e s tig a te  th e  inorganic  n a tu re  
of iso la ted  ea rth w o rm  chloragosom es, th e ir  a f f in i ty  for heavy  m eta ls  and  
ca tion-exchange p ro p e rtie s .

* P a r t  of th e  w o rk  w as done while th e  a u th o r w as o n  an  A cadem ic In te rch an g e  G ra n t 
from  th e  B ritish  Council to  v is it th e  D e p a rtm e n t o f Z oology , T eachers’ T rain ing  College, Pécs.
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M ateria l and  m ethods

T h e  earth w o rm s Lum bricus terrestris w ere co llected  a t  A bery stw y th  and  L . rubellus  from  
sew ag e  b ed s on  Keele U n iv e rs ity  cam pus. All e a r th w o rm s were k e p t in th e ir  n a tiv e  soil a t  
15 °C fo r  a t  least a week before th e  co m m en cem en t o f an  experim ent.

P reparation  o f  chloragosomes and body wall extract. Chloragosom es w ere p re p a re d  by  
iso la t in g  th e  g u t, b rush ing  off th e  ch lo ragocy tes in to  iso ton ic  saline and w ash ing  th re e  tim es 
in  d is til le d  w a te r  [24]. T he fin a l in so lub le  residue  w as m ad e  u p  in  d istilled  w a te r  to  g ive  a con
c e n t r a t io n  o f 10 mg, 20 m g or 40 m g w et w e ig h t/m l.

F re sh  bod y  wall w as w ashed  in  iso ton ic  sa line , hom ogenised in distilled w a te r  a n d  m ade 
u p  to  g ive  a fin a l co n cen tra tio n  o f 10 m g w et w e ig h t/m l.

B in d in g  o f  P 6 + + , C u + + and  Z n ++ to chloragosomes and body wall. F re sh ly  p rep ared  
ch lo rag o so m es an d  body w all h o m o g en a tes  o f  L . rubellus and  L. terrestris were m ad e  u p  to  give 
a  f in a l  co n ce n tra tio n  of 10 mg w e t w eigh t/m l. A n a liq u o t o f 0.2 ml was m ade u p  to  2 m l w ith  
d is t il le d  w a te r  to  w hich w as ad d ed  an  eq u al vo lum e of PbC l2. The final c o n ce n tra tio n  o f P b + + 
in  L . terrestris e x tra c ts  w as 10, 12.5, 25, 50, 75 g g /m \  an d  th e  final co n ce n tra tio n  o f P b  + + , 
C u ++  a n d  Z n ++ in  th e  chloride sa lts  used  in  L . rubellus  e x tra c ts  was 2.5, 5, 12.5, 25, 37.5 and 
50 p g /m l .  A ll p rep ara tio n s  w ere sh ak en  a t  75 re v /m in  fo r 10 m in a t  15 °C, c en tr ifu g e d  and 
m e ta ls  e s tim a te d  in  th e  su p e rn a ta n t.

Release o f  metals by HCl. In c rea sin g  c o n c e n tra tio n s  o f HC1 (4 m l) were ad d ed  to  a fresh ly  
p re p a re d  aq u eo u s suspension of L . terrestris ch loragosom es (10 mg w et w eigh t). T h e  p re p a ra 
tio n s  w ere  sh aken  for 10 m in  a t  15 °C an d  cen trifu g ed . T his procedure  was re p e a te d  fo r each 
c o n c e n tra t io n  of HCl s tud ied . B o d y  w all h o m o g en a tes  an d  the  chloragosom al f ra c tio n s  used 
to  s tu d y  th e  b ind ing  cap ac ity  o f P b  + + , Z n ++ an d  C u ++ w ere pooled for each  m e ta l (4 m g w et 
w e ig h t) , w ash ed  th ree  tim es in  d is tilled  w a te r  an d  th e  release of th e  m eta ls fro m  th e  residue 
b y  in c re a s in g  con cen tra tio n s o f  H C l s tu d ied . M etals were estim a ted  in th e  su p e rn a ta n t  
f ra c t io n s .

Release o f  metals and p H  change after the addition  o f  Pb + + . An equal vo lum e o f P b C l2 was 
a d d e d  to  a fresh  aqueous suspension  of ch loragosom es an d  stirred  a t  75 rev /m in  fo r  10 m in  a t 
15 °C, cen trifu g e d  and th e  m eta ls  e s tim a te d  in  th e  s u p e rn a ta n t  frac tion . In  s e p a ra te  experi
m e n ts  th e  p H  was m on ito red  c o n tin u o u sly  using  th e  sam e ex p erim en tal p ro ced u re .

P repara tion  o f phospholipid-depleted chloragosomes. P hospholip id  dep le ted  ch loragosom es 
w ere  p re p a re d  according to  th e  m eth o d  described  b y  F l e is c h e r , F le isc h e r  & St o e c k e n iu s  
[10] u s in g  4.9 m l of a m ix tu re  o f ace to n e  (A ris ta r) 1 0 %  d istilled  w ater and  am m o n ia  a n d  0.1 ml 
o f  ch lo rag o so m e suspension co n ta in in g  20 m g w e t w e ig h t/m l. C ontrol ch lo ragosom es were 
t r e a te d  w ith  th e  sam e volum e of d is tilled  w a te r . A ll p re p a ra tio n s  were left for 5 m in , w ith  in te r- 
m i t t a n t  sh ak in g  and cen trifuged . R esidues w ere d ried  in  a ir for 10 m in  and  re su sp e n d ed  in 
2 m l d is tilled  w a te r to  w hich w as ad d ed  an  equal v o lu m e of PbCl2 to give a fin a l co n ce n tra tio n  
o f  50 jug/m l P b + + . The ch loragosom al suspensions w ere  sh ak en  for 10 m in  a t  15 °C, cen trifu g ed  
a n d  th e  P b ++ estim a ted  in  th e  s u p e rn a ta n t.

C hem ical determ inations. M etals w ere e s tim a te d  using  an  E E L  A to m ic  A b so rp tio n  
S p e c tro p h o to m e te r  w ith  s ta n d a rd s  m ade u p  to  H N 0 3, HCl or as th e  chloride  sa lts  w here 
a p p ro p r ia te .  Sam ples used to  e s tim a te  C a++ c o n ta in ed  0 .65%  LaCl3 to su p p ress  F e + + + and 
P 0 4 in te rferen ce. T o ta l m e ta l in  th e  ch lo ragosom es w as estim a ted  a fte r  d ry in g  a t  105 °C 
fo r 48 h  a n d  ex tra c tin g  in  c o n ce n tra ted  H N 0 3 (A ris ta r). P h o sp h a te  was e s tim a te d  b y  th e  colori
m e tr ic  m e th o d  of R o ckstein  & H er r o n  [23].

P ro te in  was estim a ted  in  ch lo ragosom al susp en sio n s and  body wall h o m o g en a te s  using 
th e  m e th o d  o f L o w ry  e t al. [19] w ith  bovine  serum  as s tan d ard .

R esults

Metal content o f  earthworm chloragosomes

S ta tis t ic a l  analyses of m e ta ls  be tw een  species was n o t considered  m ean 
in g fu l since  th e y  were co llected  a t  d iffe ren t sites and diet/soil m e ta l c o n te n t 
cou ld  a ffec t th e  tissue m eta l c o n cen tra tio n s . All d a ta  p resen ted , e x c e p t for
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b in d in g  c a p ac ity , arc the  re su lts  o f d u p lica te  analyses on se p a ra te  speci
m ens.

As show n in  T ab le  1, th e  m ain  d iv a le n t ca tio n ic  co n stitu en t of th e  ch lorago- 
som es of L . terrestris a n d L . rubellus is Ca + + follow ed by  F e + + +. O f th e  m eta ls 
an a lysed  M g++ is th e  low est. N o P b  + + or Cu + + could he d e te c te d  in  th e  
chloragosoines o f e ith e r species b efo re  e x p e rim e n ta tio n .

Table 1

Cation content o f  isolated earthworm chloragosomes

L . terrestris L . rubellus
M e ta l

( “ 8 /g  p ro te in ) (m R/R p ro te in )

Ca+ + 131.3 199.6

Fe+ + + 87.9 90.3

Zn+ + 25.1 83.0

Mg+ + 18.4 13.5

Cation binding to chloragosomes and body wall

W hen C u + + , P b  + + or Zn + + a re  in c u b a te d  in th e  presence of a ch lo ragoso inal 
suspension  or b o d y  wall h o m o g en a te  fo r 10 m in  a t  15 °C, ex cep t fo r  Zn + +, 
d iffe ren t am o u n ts  o f m etal a re  re ta in e d  a t  d iffe ren t co n cen tra tio n s  o f  the 
m e ta l in th e  in cu b a tio n  m ed ium . T he am o u n ts  o f m etal h ound  to  2m g wet 
w eigh t of L . rubellus m ate ria l is p re sen ted  in F igs 1A, B. L ead  a n d  C u + + 
resu lts  rep resen t a single e x p e rim en t using th e  sam e m ateria l, th e re fo re  a d irec t 
com parison can  he m ade. The a m o u n t of P b  + + h ound  to  bo th  ch loragosom es 
an d  body  w all, w hen  the  c o n c e n tra tio n  w as s im ila r in th e  e x te rn a l m edium  
(/ug/g p ro te in ), w as g rea ter th a n  C u + + . E x c e p t w hen 221/ig Pb + + w as p resen t 
in L . rubellus b o d y  wall h o m o g en a te  th e re  w as less P b  + + and  Cu ' ' bound  
th a n  to  chloragosom es, d esp ite  th e  fa c t th a t  2 m g w et w eight o f b o d y  wall 
hom ogenate  co n ta in ed  226.4/rg p ro te in  an d  2m g w et w eight o f ch lo ragoso inal 
suspension co n ta in ed  48.8/ig p ro te in . T he anom alo u s re su lt w ith  221/ug P b  ! /g 
p ro te in  and  th e  h igh b ind ing  to  b o d y  w all h o m ogena te  was n o t re p e a te d  for 
L . terrestris bo d y  wall hom ogena te  w here only  26jug Pb  was h o u n d  an d  a t 
all co n cen tra tio n s o f Ph + + s tu d ie d  in L . terrestris (/ig/g p ro te in ) less P b  + + 
w as hound  to  b o d y  wall h om ogenates th a n  to  chloragosom es.

Zinc b in d in g  results o f L . rubellus w ere th e  p ro d u c t of a n o th e r  experi
m en t w here 2m g w et w eight o f ch loragosom es con ta ined  76fig  p ro te in  and 
2m g w et w eigh t o f body Avail e x tra c t  co n ta in ed  14'O^g p ro te in . Z inc d id  no t 
ap p ea r to  b ind  to  e ith er chloragosom es or bo d y  wall.
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F ig. 1. T h e  b in d in g  of P b  + + (1) a n d  C u + + (2) to 2 m g w e t w e ig h t o f L . rubellus ch loragosom al 
su sp en s io n  (A) an d  body  w all h o m o g en a te  (B). Shaken  a t  75 rev /m in  for 10 m in  a t  15 °C in  th e  
p resence  o f  51, 102, 256, 512, 768 a n d  1025 /fg P b  + + a n d  C u ++/g  p ro te in  in  th e  ch loragosom al 
f ra c tio n s  a n d  11, 22, 55, 110, 165 an d  221 //g P b ++ a n d  C u ++/g p ro te in  fo r b o d y  wall

hom ogenates

B in d in g  capacity  o f  Pb + + in  L . terrestris and L . rubellus

B ecau se  o f th e  h igh  a f f in ity  earth w o rm  chloragosom es show  fo r P lU  : 
it  w as d ec id ed  to  e s tim a te  th e  m ax im um  b in d in g  cap ac ity . A doub le-rec ip rocal 
p lo t o f  th e  d a ta  for P b  + + a d d ed  (pglg  p ro te in )  ag a in st Pb + + b o u n d  (/zg/g 
p ro te in )  re su lts  in a s tra ig h t line . The in te rc e p t on th e  o rd ina te  is th e  m ax im u m  
b in d in g  c a p ac ity . U n d e r th e  cond itions re p o rte d  in  M ethods, th e  ca lcu la ted  
m a x im u m  b ind ing  c a p a c ity  fo r  iso la ted  L . terrestris chloragosom es w as 120/zg 
P b  + + /g  p ro te in  and  fo r L . rubellus w as 75/zg P b  + +/g  p ro te in  (F ig. 2).

Cation b inding and p hospho lip id s

A fte r  depletion  o f th e  phospholip ids from  L . terrestris and  L . rubellus 
ch lo ragosom es th e  degree o f  P b  + + b ind ing  w as in  no w ay a lte red . L ip id  
■‘free”  a n d  no im al ch loragosom es iso lated  from  L . terrestris b o u n d  over 91%  
of th e  P b  + + added , w hile th e  tre a te d  and  u n tr e a te d  chloragosom es o f L . ru 
bellus b o u n d  over 8 6 %  o f th e  P b  + + added.
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Metal added (/jg«10"2/g protein)

Fig. 2. A doub le-rec ip ro ca l p lo t to give th e  m ax im u m  b in d in g  capacity  of P b  + + to  2 m g w et 
w eigh t o f a ch lo rag o so m al suspension from  L . tcrrcstris (1) an d  L . rubellus (2). S h a k e n  a t  75 
rev /m in  for 10 m in a t  15 °C in th e  presence of 52, 65, 130, 260 and 391 //g P b  + +/g  p ro te in  for 

L . terrestris and  51, 102, 256, 512, 768 and  1025 /xg P b  + +/g  p ro te in  for L . rubellus

Release o f  metals by H C l

T he resu lts  a re  sum m arised  in  T ab le  2.

Table 2

Effects o f  HCl on the release o f  metals fro m  isolated earthworm chloragosomes and body wall
homogenates

L . terrestris

E lu a n t

N o r m a l c h lo r a g o s o m e s
P b + +  lo a d e d  
ch lo ra g o so m e s  

(%)Zn + +
%

F e  + + +
%

C a + + 
(%)

H 2o 0.4 0.0 3.5 0.0

0.01 M  HCl 96.6 0.0 95.5 93.6

0.1 M  HCl 2.0 0.0 1.0 6.4

1 M  H C l 1.0 25.0 0.0 0.0

5 M  H C l 0.0 75.0 0.0 0.0
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L . rubellus

E lu a n t
P b  + + lo a d e d  
c h lo ra g o so m e s  

(% )

C u + + lo a d e d  
c h lo r a g o so m e s  

(% )

B o d y  w a ll  
h o m o g e n a te  

(P b  + + lo a d e d )
(% )

H 20 0.0 0.0 0.0
0.001 M  HC1 21.1 100.0 78.4

0.01 M  HC1 56.1 0.0 21.6

0.1 M  HC1 22.8 0.0 0.0

T h e  a b ility  of th e  ch loragosom es to  re ta in  m eta ls  appears to  d e p e n d  on 
th e  n a tu r e  of the  m eta l u n d e r  in v es tig a tio n . O n ly  a sm all p e rcen tag e  o f  th e  
Z n +  + a n d  Ca+ + was p re se n t in  L . terrestris ch loragosom e su p e rn a ta n t f ra c tio n  
a f te r  w ash in g  w ith  d istilled  w a te r  b u t  th e  effect of increasing co n c e n tra tio n s  
o f HC1 on no rm al ch loragosom es show ed Z n ++ an d  C a ++ to  be so lub ilised  in  
0.01 M  HC1 while F e + + + is n o t fu lly  re leased  u n til  a co n cen tra tio n  o f  5 M  
HC1 is u sed  on L . terrestris chloragosom es.

C hloragosom es used  to  in v es tig a te  th e  a b ility  of these organelles to  
b in d  P b  + + and  C u+ + , w h ich  w ould th ere fo re  b e  loaded w ith  th e  re sp e c tiv e  
m e ta l, re leased  all th e  Cu + + in  0.001 M  HC1. L ead  loaded  chloragosom es a p p e a r  
to  h o ld  th e  m eta l m ore f irm ly  since only  a b o u t 21 %  of th e  bound P b  + + is 
re lea sed  in 0.001 M  HC1 for L . rubellus. L . terrestris shows a sim ilar re s u lt  for 
P b ++  lo ad ed  chloragosom es.

B o d y  w all hom ogenate  o f L . rubellus b in d s  P b  + + m uch less f irm ly  th a n  
ch lo rag o so m es and  over 7 8 %  o f th e  b o und  Pb~ is released in 0.001 M  HC1.

M etal release fro m  chloragosomes by Pb

T h e  a d d itio n  of P bC l3 to  give a c o n c e n tra tio n  of 40^g P b + +  to  40m g 
w e t w e ig h t o f L . terrestris ch loragosom es or 2m g p ro te in  caused a d ro p  in  p H . 
T h e re  w as also a release of 9m g C a++/g p ro te in , 0 .15m g and  0.18m g/g p ro te in  
o f Z n  + + an d  M g++, re sp ec tiv e ly . A sim ilar ex p e rim en t w ith  L . rubellus c h lo ra 
gosom es show ed th a t  on a d d itio n  of PbC l2 (100 fig P b  + +, pH  5.39) to  give 
a c o n c e n tra tio n  of 50 fig P h  + + to  20m g w et w e ig h t o r 440 fig p ro te in  cau sed  a 
d ro p  in  p H  from  6.82 5.21 in  10 m ;n. As in  th e  case of L . terrestris, th e re
w as m o re  C a++ released  (11.4 m g/g p ro te in ) th a n  Z n ++ and  M g++ w hich  
w ere  2 .7  m g and  0.38 m g/g p ro te in , re sp ec tiv e ly . N o m e ta l was d e tec ted  in  th e  
f in a l d is tille d  w a te r w ash  w h en  p rep a rin g  th e  chloragosom al fra c tio n . T he 
p e rc e n ta g e  d is trib u tio n  o f m e ta ls  in  th e  ch loragosom al frac tio n  a n d  th e  
s u p e r n a ta n t  are sum m arised  in  T ab le  3.
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Table 3

Effects o f  added P b+ 1 on the release o f  metals fro m  isolated chloragosomes

M a ter ia l Zn + + 
<%)

MS + + 
(% )

Ca + + 
(% )

P I.+  +
(%)

L . terrestris
Chloragosom e
frac tion 98.6 90.0 90.8 100.0
S u p e rn a ta n t 1.4 10.0 9.2 0.0

L . rubellus
Chloragosom e
frac tio n 88.8 88.9 69.1 ' 58.7
S u p e rn a ta n t 11.2 11.2 30.9 41.3

Release o f PO  4 by added m etal or H Cl

T he to ta l a m o u n t of H N 0 3 e x tra c ta b le  P O 4 in  body  wall is 5.3 m g/g  
p ro te in  com pared  w ith  94.8 m g/g p ro te in  in  L . terrestris ch loragosom es an d  
11.1  m g/g p ro te in  in  L . rubellus b o d y  w all co m p ared  w ith  188 m g/g  p ro te in  
in iso la ted  chloragosom es. Since h igh c o n c e n tra tio n s  of P O 4 w ere p re se n t 
in  chloragosom es an d  if  th e y  were re leased  th e y  w ould  form  in so lub le  com 
pounds w ith  P b  + + an d  Cu ' ' , i t  w as decided  to  in v estig a te  th is a sp e c t sep 
a ra te ly .

T he ad d itio n  of PbC l2 to  give a fin a l c o n c e n tra tio n  of 50 /ug P b  + + to  
10 m g w et w eigh t of L . terrestris ch loragosom es or 840 ^ g p ro te in  w as in e ffec 
tiv e  in  causing  th e  release of P 0 4 in to  th e  su p e rn a ta n t fra c tio n  a fte r  
s tirr in g  a t  75 rev /m in  for 10 m in an d  cen trifu g in g . S im ilar resu lts w ere  fo u n d  
using 50 /ug C u + + . To v erify  th a t  th e  n e g a tiv e  re su lts  were no t s im p ly  th e  
re su lt of sp in n in g  o u t th e  insoluble P 0 4 on cen trifu g a tio n , P b  + + an d
Cu+ + tre a te d  chloragosom es were exposed  to  0.01 M  HCl and  th e  P 0 4 
co n ten t o f th e  s u p e rn a ta n t was th e  sam e as th e  P 0 4 co n ten t o f a sam ple  
of th e  sam e b a tc h  o f chloragosom es n o t t r e a te d  w ith  Pb + + or Cu r 1 b u t  
exposed to  0.01 M  HCl. T he am o u n t of e x tra c ta b le  P 0 4 w as 43 .7  m g 
PO., / g p ro te in .

A tte m p ts  to  do sim ilar Pb + + an d  C u ++ experim en ts on b o d y  w all 
hom ogenates w ere im p a ired  by  p rec ip ita tio n  d u rin g  the  estim ation  o f P 0 4~ 
w hen h igh co n cen tra tio n s  of tissue e x tra c t w ere  used  (50 mg w et w e ig h t or 
6.45 m g p ro te in ). I t  can  be concluded  from  th e se  experim en ts th a t  a c e r ta in  
am o u n t o f so luble P 0 4 is p re se n t in  th e  fresh  body  w all h o m o g en a te  
su p e rn a ta n t a f te r  cen trifu g a tio n . A t th e  c o n c e n tra tio n  of body  w all ho m o 
gena te  used in  th is  s tu d y  (10 mg w e t w eigh t) no  P 0 4 could be d e te c te d .
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D iscussion

I n  th e  p resen t in v es tig a tio n  b u ffe rin g  ag en ts  were n o t used  because  
th e  an io n s  of m ost b u ffe r so lu tions ac t as co m p etito rs  for th e  m e ta l ions. 
Cl a r k so n  & K ench [1], in v e s tig a tin g  th e  u p ta k e  of Pb + + b y  h u m a n  e ry th ro 
c y te s , show ed 84%  of th e  ad d ed  m e ta l to  b e  p rec ip ita ted  in  K reb s-R in g e r 
b ic a rb o n a te  buffer. U n p u b lish ed  o b se rv a tio n s  have show n So r en so n ’s 
p h o s p h a te  buffer to  p re c ip ita te  75%  o f th e  P b  + + in  a hom ogenate  o f D . rubida  
c o n ta in in g  high levels of tissu e  P b  + + [16]. P IP E S  (p iperazine-N  N ’-bis-2- 
e th a n e su lp h o n ic  acid) has a p K  value o f 6 .8  a n d  does no t b in d  M g + + , C a + + , 
M n + + o r  C u + + [13] b u t  i t  w as n o t considered  b ecau se  the  m e ta l-b u ffe r b in d in g  
c o n s ta n ts  o f P b  + + an d  Z n ++ req u ire  fu r th e r  investig a tio n . I t  w as decided  
to  r e ly  so lely  on th e  fa c t t h a t  a fresh ly  p re p a re d  aqueous suspension  o f th e  
ch lo rag o so m es of L . terrestris and  L . rubellus w as p H  6 .8 .

I t  is in te restin g  th a t  th e  m ajo r c a tio n  species in ea rth w o rm  c h lo ra 
gosom es is C a+ + . W alker  e t  al. [32] an d  W alker  [31] s tu d y in g  th e  depo
s itio n  o f  Zn + + and  C u ++ in  B alanus balanoides found th a t  th e  “ z in c”  and  
“ c o p p e r”  granules also co n ta in ed  Ca + +. I t  w ould  he in fo rm ativ e  to  know  
w h e th e r  th e  Zn + + and  C u ++ su b s titu te  fo r Ca + + in  th is system .

L e a d  appears to  b in d  to  chloragosom es an d  body wall h o m o g en a tes  in 
m u ch  h ig h e r co n cen tra tio n s th a n  C u ++ w hile  Zn ++ ,  in th e  c o n c e n tra tio n  
u sed , does n o t ap p ear to  be  bou n d . A s im ila r  s itu a tio n  is found  in  p la sm a  
w h ere  th e  p lasm a p ro te in s  h av e  a g rea te r  a f f in i ty  for Pb + + and  C u ++ th a n  
fo r Z n + r [22], and W aldren  & Soften [30] h a v e  show n Pb + + to  h av e  a g re a te r  
a f f in i ty  fo r b ind ing  w ith  th e  SH  group of th e  enzym e d e lta -am in o laev u lin ic  
acid  d e h y d ra ta se  (E c 4 .2 .1 .24 .) th a n  Zn + + . T h e  ap p a ren t n o n b in d in g  of 
Z n ++  to  bo d y  wall h o m o g en a te  and ch lo ragosom e suspension m a y  sim p ly  
be a  case  o f Zn + + su b s titu tio n . F uchs [11], in  h is s tu d y  of th e  ion  ex ch an g e  
p ro p e r tie s  of C a ++ b o u n d  to  th e  p ro te in  tro p o n in , has show n th a t  p ro te in  
b o u n d  43C a ++ can be co m p le te ly  exchanged  w ith  non -rad ioac tive  C a + + . In 
th e  p re s e n t  s tu d y , Z n ++ is fo u n d  in  b o th  e x tra c ts . (L . rubellus b o d y  w all, 
0.3 in g /g  p ro te in ) and  if  Z n+  + in  the  m a te ria l exchanged  w ith  th e  Z n + + ad d ed  
th e re  w o u ld  be no ap p rec iab le  change in  th e  co n cen tra tio n  o f th is  m e ta l in  
th e  s u p e rn a n t  frac tions. S ince body  wall ho m o g en a tes  contain  p ro te in s  w ith  
SH  g ro u p s  w'hich b ind  P b  + + and  Cu++ [22] i t  is surprising  th a t  b o d y  w all 
e x tr a c ts  do  n o t b ind m ore P b  + + and  C u ++ th a n  chloragosom es. O n th e  o th e r  
h a n d , F ischer  [6] has s ta te d  th a t  e a rth w o rm  chloragosom es c o n ta in  p h o s
p h o ric  a c id , carboxy l, pheno lic  h y d roxy l an d  sulphonic acid g ro u p s, all of 
w 'hich a re  co n stitu en ts  o f ion exchange co m p o u n d s [18].

A cco rd in g  to  W atanabe  & Y ana  [33], re d  blood cells have  an  a f f in ity  
for P b + + w hich p ro b ab ly  b in d s  p h o sp h o lip id s an d  lipopro teins o f th e  cell 
su rface . E a rth w o rm  chloragosom es co n ta in  phospho lip ids [7, 25, 2 6 ], and
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in  th e  p re se n t s tu d y  phospho lip id  dep le tion  o f  th e  chloragosom es does n o t 
affect P b ++ b ind in g . C hloragosom es co n ta in  h is tid in e , alanine, g lu tam ic  acid  
and  a sp a rtic  acid  [4], b u t  th e ir  invo lvem en t in  th e  b ind ing  of Pb + + is p ro b a b ly  
m inim al since all th ese  com pounds show  th e  b in d in g  co n stan t for P b  + + to  be 
less s tab le  th a n  for C u ++ or Zn + + [27].

As p o in ted  ou t b y  F isch er  [5, 6 ] ,  one o f  th e  functions of e a rth w o rm  
chloragosom es is th e  ca tio n -b in d in g  o f to x ic  ions such as a teb rin  an d  try p a -  
flav ine in exchange for H + in H  + -ch loragosom es. Calcium  will also re lease  
H +  from  chloragosom es. H e s ta te s  th a t  th e  b in d in g  of these acrid ine  d e r iv a 
tives to  b o d y  w all h om ogena tes is n o t so s tro n g  as th e  b ind ing  to  c h lo ra 
gosomes and  he assum es th a t  try p a fla v in e  is b o u n d  in body wall ho m o g en a tes  
m ain ly  b y  v a n  d e r  W a l l s ’ forces b u t th e  b in d in g  m echanism  of ch loragosom es 
is based  on ca tio n  exchange. In  th e  p re se n te d  resu lts , a sim ilar conclusion  
can be d raw n  from  th e  release of Pb+  + b u t  n o t Cu + + from  body  w all h o m o g en 
ates and  chloragosom es b y  HC1. Iron , on th e  o th e r  hand , has been re p o r te d  to  
be co n c e n tra ted  in  chloragosom es [2 ] and  th e  fa c t th a t  high co n c e n tra tio n s  
of HC1 are  req u ired  to  re lease it  su p p o rts  th e  suggestion  of F isch er  [7] th a t  
it m ay be in  th e  form  of a m e ta llo p o rp h y rin . T h e  add itio n  of P b ++ to  a fresh  
aqueous suspen ion  of ea rth w o rm  chloragosom es causes a drop in p H  w hich  
lends itse lf  to  a cation ic  exchange [2 0 ] b u t th is  fu r th e r  supported  b y  th e  re lease  
of Ca + + to g e th e r  w ith  sm all am o u n ts  of Zn + + and  Mg + + . P h o sp h a te  ions 
do no t a p p ea r to  be invo lved  in th is reac tio n .

E a rth w o rm  chloragosom es therefo re  a p p e a r  to  function  as a ca tio n - 
exchange system  capab le  o f tak in g  up  and  re ta in in g  heavy m etals an d  p a r t i 
cu la rly  P b  + +, th u s  red u c in g  th e ir  to x ic  effects on th e  an im als’ m e tab o lism . 
T hese m eta ls  m ay  be su b seq u en tly  ex c re ted  b y  frac tio n a tio n  of th e  ch lo ra- 
gosom e co n ta in in g  cells, th e  ch loragocytes, as suggested  by  F i s c h e r [9] for 
th e  excre tion  of ca rb a m a te  pesticides in ea rth w o rm s.
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EFFECT OF Pb + ON Fe+++ TISSUE CONCENTRATIONS 
AND DELTA-AMINOLAEVULINIC ACID DEHYDRATASE  

ACTIVITY IN LU MBRICUS TERRESTRIS

M. P. I r e l a n d * and E. F i s c h e r

D EPARTM ENT OF ZOOLOGY, U N IV ERSITY  CO LLEGE OF W ALES, ABERY STW Y TH , W A LES, U. K .,
AND D EPARTM ENT OF ZOOLOGY, T E A C H E R S’ T R A IN IN G  COLLECE, PÉCS
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Abstract

Iro n  was fo u n d  a t  th e  h ig h est c o n ce n tra tio n  in  th e  ch loragogenous tis su e  w ith  
sm aller am o u n ts  in  th e  in te s tin e  an d  th e  low est co n cen tra tio n  in  th e  b o d y  w all. E a r th 
w orm s tre a te d  w ith  P b  + + for 20 days show ed  a decrease in  th e  c o n ce n tra tio n  of F e  + + + 
in th e  in testin a l tissu e  b u t  no  s ig n ifican t changes in  th e  o th e r tissues. T h e  enzym e, 
de lta -am in o laev u lin ic  acid  d e h y d ra ta se  (A L A D ) w as n o t d e tec ted  in  iso la te d  chlorago- 
som es b u t  i t  w'as fo u n d  in  th e  ch lo rag o cy te  cy toso l, bod y  wall a n d  in te s tin e . L . terrestris 
t re a te d  w ith  P b ++ show ed a  decrease  in  th e  a c tiv ity  of A LA D  in  all tis su es  w here i t  
w as located  and  p a r tic u la r ly  in  the  ch lo rag o cy te  cy toso l.

Introduction

Lumbricitlae contain haemoglobin as their respiratory pigment, and 
according to D e l k e s k a m p  [ 2 ] ,  the chloragogenous tissue of oligochaetes is 
the site of haem biosynthesis. The annelid haemoglobin biosynthetic pathway 
has been extensively studied in the polychaetes [15, 20] and the enzyme delta- 
aminolaevulinic acid dehydratase (ALAD), which is involved in the conversion 
of delta-aminolaevulinic acid (ALA) to porphobilinogen, has been reported 
in various tissues of the polychaete, N e o a m p h i t r i t e  f i g u l u s  [1]. M a c R a e  and 
B o g o r a d  [ 2 2 ]  have demonstrated a similar conversion by whole body homo
genates of the oligochaete, A l l o l o b o p h o r a  f o e t i d a  after addition of ALA. 
D e l k e s k a m p  [ 3 ]  has shown homogenates of L u m b r i c u s  t e r r e s t r i s  body wall, 
gonads, intestine and chloragogenous tissue to synthétisé porphyrins after 
the addition of porphobilinogen and the rate of synthesis was highest in the 
eld oragogenous tissue.

Lead in humans suffering from lead-poisoning has an inhibitory effect 
on the enzyme ALAD, and this was first reported by L i c h t m a n  and F e l d m a n  

[17]. It has more recently been shown that Pb + + can inhibit this enzyme 
jn  amphibia and fish [11, 14].

* M. P. I r e l a n d  w as on  a B ritish  C ouncil, A cadem ic E xchange  G ra n t to  th e  D e p a r t 
m e n t o f Zoology, T eachers’ T ra in in g  College, Pécs, H u n g a ry .
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The purpose of the present investigation was to examine the distribution 
of Fe + + + and ALAD in the earthworm L .  t e r r e s t r i s  and evaluate the effects 
of induced Pb + +.

M ateria l and m ethods

L . terrestris, 2 — 3 a n im a ls  w ere  k e p t in  1 litre  ja r s  c o n ta in in g  f i lte r  p ap er discs (W h a tm a n  
N o . 1, 24 cm) for 20 d ay s a t  15 °C in  th e  dark . T he f i lte r  p a p e r  w as sa tu ra te d  w ith  1.0 (ig 
P b  + +/100 ml as the  chloride  s a l t  m a d e  up  in  tap  w a te r (20 m l). T a p  w a te r  w as used for con tro lling  
e a r th w o rm s. Since th e  P b + + p re c ip ita te d  on co n tac t w ith  th e  ta p  w a te r, th e  so lu tion  a n d  th e  
f i l te r  p a p e r were changed  d a ily . A t th e  co n cen tra tio n  of P b  + + se lected  th e  earth w o rm s con
t in u e d  to  feed since on f i lte r  p a p e r  faeca l deposits w ere obse rv ed . H ig h er co n cen tra tio s o f P b  + + 
in h ib i te d  feeding.

M etal analysis o f th e  m e d iu m  a fte r  leaving o v e rn ig h t gave  th e  follow ing com position :

M etal
N a + 
K  + 
Ca+ + 
P b +  +

m g/100 ml 
255.80 

26.40
0.79 
0.12

T h e  ad d itio n  of P h ++ to  th e  m e d iu m  h a d  no effect on  th e  levels o f  N a + , K  + , C a+ + .
Preparation o f earthworm  extracts. E arth w o rm s w ere a n a e s th e tise d  in  15%  e th an o l an d  

d isse c te d  to  expose th e  g u t. C h lo rag o cy tes  were iso lated  by  b ru sh in g  th e  surface of th e  in te s tin e  
in to  iso to n ic  saline, c en trifu g ed  tw ice , and  th e  su p e rn a ta n t d isch ard ed . T he in te s tin a l tissue  was 
re p e a te d ly  brushed w ith  iso to n ic  sa lin e  to  rem ove an y  a d h erin g  b lood  vessels and n ep h rid ia  an d  
f in a l ly  rinsed  in saline. C h lo ragosom es w ere p repared  b y  a d d in g  d is tilled  w a ter to  th e  chlorago- 
c y te  f rac tio n , to ru p tu re  th e  cells, an d  hom ogenised. A fte r  c en trifu g a tio n , th e  su p e rn a ta n t 
w as re ta in e d  as the  ch lo ra g o cy te  cy toso l frac tion  an d  th e  chlroagosom e frac tio n  w ashed  a 
f u r th e r  tw o tim es.

P rep a ra tio n s used  to  e s t im a te  Fe + + + were h om ogen ised  in  6.0 m l d istilled  w a te r, an  
a liq u o t  ta k e n  for th e  e s tim a tio n  o f  p ro te in , the  re s t  d ried  a t  105 °C for 48 h  an d  th e  m eta l 
e x tr a c te d  w ith c o n cen tra ted  n i tr ic  acid . F o r the e s tim a tio n  o f A L A D , body  wall and  in te s tin e  
w ere  hom ogenised in  6.0 m l p h o sp h a te  buffer pH  7.0. T h e  ch lo ragosom es were w ashed  tw ice  in  
p h o sp h a te  buffer and  m ad e  u p  to  6.0 m l w ith buffer a n d  th e  cy toso l frac tio n  m ade up  w ith  
a n  e q u a l  volum e of p h o sp h a te  b u ffe r  to  6.0 ml. All p re p a ra tio n s  w ere k e p t a t  4 °C.

A ssa y  o f  A L A D .  A fte r  re m o v a l o f an a liq u o t fo r p ro te in  e stim a tio n , 2.5 m l o f fresh  
h o m o g en a te  wras in cu b a ted  a t  37 °C fo r 2 h  in the  p resence of 0.5 m l bu ffered  A L A  (2 m g/m l). 
T h e  re ac tio n  was sto p p ed  b y  a d d in g  an  equal vo lum e of 10%  tr ich lo race tic  acid  co n ta in in g  
0.1 M m ercuric chloride, to  su p p re ss  in terference from  SH  co m p o u n d s [27]. A fte r c en trifu g a 
t io n ,  3.0 m l of su p e rn a ta n t w ere  ad d ed  to  3.0 ml E h rlic h  re a g e n t (1 g p a ra-d im e th y lam in o - 
b e n za ld e h y d e  in  34 m l g lac ia l a c e tic  acid  and  16 m l 7 0 %  p e rch lo ric  acid) and th e  abso rb an ce  
r e a d  a t  555 nm  w ith in  5 m in  to  g ive  th e  am o u n t o f p o rp h o b ilin o g en  form ed. All sam ples w ere 
re a d  ag a in st hom ogenate  sam p le s  tre a te d  in the  sam e w ay  b u t  w ith o u t ad ded  A LA. T he 
a m o u n t  o f m ateria l p re se n t w as ca lcu la te d  from  th e  m o la r e x tin c tio n  coefficient [25].

Chemical estim ations, i r o n ,  C a++ and Pb + + w ere e s tim a te d  b y  a tom ic  a b so rp tio n  
a n a ly s is  a fte r  e x trac tio n  in  c o n c e n tra te d  nicric acid. Sod ium  a n d  K + w ere m easu red  b y  flam e  
p h o to m e try . P ro te in  was e s t im a te d  b y  th e  m ethod of L o w r y  e t al. [19] .

Results

T i s s u e  d i s t r i b u t i o n  o f  F e +  +  +

As shown in Table 1, the highest concentration of F e+ + + was found in the 
chloragosomes together with high amounts in the chloragocyte cytosol.
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The combined values would give the total amount of Fe+ + + present in the 
chloragogenous tissue. The lowest value for Fe + + + was found in the body 
wall extracts but the values were not significantly different after the earth
worms had been tieated with Pb + +. The amount of Fe+ + + in the intestinal 
fraction was lower than in chloragogenous tissue and the concentration of 
Fe + + + in the intestine of L .  t e r r e s t r i s  treated with Pb + + was significantly 
lower than in control earthworms.

Table 1

Distribution o f  F e+ + + in  earthworm tissue homogenates after treatment with 1.0/tg P b+ + + /1 0 0  m l
fo r 20 days ( m g/g protein, n  =  3)

Tissue
Treatm ent

Pb+ + control P

C hloragocyte cytosol 5.40 +  0.79 4 .8 9 + 0 .4 9 N. S.*

Chloragosom es 5 .6 9 + 1 .6 9 5.74 +  0.57 N. S.

In tes tin e 1.44 +  0.08 2.30 +  0.19 < 0.02

B ody Avail 0.22 +  0.07 0.18 +  0.07 N. S.

* N. S. =  not s ig n ifican t

Table 2

Concentration o f  A L A D  in  earthworm tissue homogenates after treatment with 1.0 pg  P b+ + /100 ml 
fo r  20 days (n  moles porphobilinogen/g protein /h , n =  3)

Pb+ + control P

C hloragocyte cytosol 304.6 +  18.6 762.3 +  104.9 < 0 .0 1

Chloragosom es none detected none detected

In tes tin e 127.0 +  6.1 182.7 +  17.4 < 0 .01

B ody Avail 25.4 +  8.6 5 1 .8+ 15 .6 < 0 .01

T i s s u e  d i s t r i b u t i o n  o f  t h e  e n z y m e  A L A D

No ALAD could he detected in the chloragosomes hut the amount of 
enzyme in the chloragocyte cytosol was the highest value recorded. Body wall 
homogenate extracts contained the lowest concentration of synthesised por
phobilinogen while the presence of ALAD in intestinal tissue gave intermediate 
values.

There was a substantial drop of over 50% in the activity of ALAD in 
chloragocyte cytosol and body Avail extracts after treating earthworms with 
Pb + + for 20 days. A small drop in ALAD activity was also observed in the 
intestinal fraction (Table 2).
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D iscussion

T he presence o f F e + + + in th e  ch lo ragogenous tissue of o ligochaetes 
h a s  b een  well e s tab lish ed  h istochem ically  [6 , 18, 23], w hile d irec t chem ical 
a n a ly s is  of Fe + + + has show n m ost of th e  m e ta l found  in  th e  chloragogenous 
tis su e  o f L . terrestris to  be  deposited  in  th e  ch loragosom es [2]. H ig h  concen
t r a t io n s  of Fe+ + + in  th e  chloragosom es o fL . terrestris a n d L . rubellus h av e  m ore 
re c e n tly  been estab lish ed  [1 2 ].

In man, Fe + + + exists as a protein complex in the water-souble, heat- 
stable form, ferritin and as a water-insoluble form, haemosiderin [10]. Accord
ing to L i n d n e r  [18] and based on histological studies, Fe+ + + is present in 
the chloragogenous tissue as haemoglobin vacoules. Haemoglobin together 
with ferritin is also found free in the cytosol. Iron in the cytosol of the chlora- 
gocytes, in the present study, could represent ferritin and “free” haemoglobin. 
L i n d e r  [18] could not detect ferritin in the chloragosomes and it is probably 
not haemosiderin since the cationic composition of isolated chloragosomes 
is different from isolated haemosiderin granules though the latter are larger [12, 
13, 24]. According to F i s c h e r  [ 4 ,  5 ] ,  Fe + + + in the chloragosomes of L .  t e r r e s 

t r i s  is in the form of a metalloporphyrin. Whatever the state of the Fe+ + + 
in both the chloragogenous tissue and the body wall, it appears that induced 
Pb + + does not affect the F e+ + + concentrations. Contrary to this result, 
Pb + + treated earthworms have a reduced level of Fe + + + in the intestinal 
tissue. In a study of Pb + + uptake by isolated rat intestine, it has been reported, 
that over 55% of the metal is deposited in the intestinal cells [3]. Studies in 
the earthworm D e n d r o b a e n a  r u b i d a  have shown that deposition of Pb + + in 
the intestine is of the same magnitude as Pb + + deposited in the chloragocytes 
[13]. Intestinal uptake of Fe+ + + is mediated by iron-binding proteins [26] 
and, as pointed out by V a l l e e  and U l m e r  [29], Pb + + has a strong affinity 
for SH groups on proteins and amino acids. Such a response would result 
in a general upset of Fe + + + metabolism.

T h e  resu lts  of le ad -p o iso n in g  in  m am m als on  haem  b iosy n th esis  is th e  
e x c re tio n  of various p recu rso rs  of the  haem  b io sy n th e tic  p a th w a y  such  as 
A L A , co p ro p o rp h y rin  I I I  a n d  u ro p o rp h y rin  I  a n d  an  increase in th e se  com 
p o u n d s  in  th e  blood to g e th e r  w ith  increased a m o u n ts  of p ro to p o rp h y rin  in  th e  
e ry th ro c y te s . The re s u l ta n t  abnorm alities in  p o rp h y rin  m etabo lism  induce 
sy m to m s  sim ilar to  th e  d iseases know n as p o ry h y r ia s  [8 ]. In  th e  annelids, 
“ f re e ”  p o rp h y rin s  a p p e a r  to  be a n a tu ra l p a r t  o f  th e  b io sy n th e tic  p a th w a y  
of h a e m  com pounds [2,15, 20].

B o d y  w all e x tra c ts  o f L . terrestris h av e  b een  found to  co n ta in  p ro to 
p o rp h y rin s  [3, 16], w hile  “ f re e ”  po rphyrins h a v e  been  rep o rted  in  th e  body  
w all a n d  skin of m arin e  an n e lid s  [15, 20]. T he p resence  of ALAD in  th e  body  
w all o f  L . terrestris to g e th e r  w ith  these p rev io u s  find ings suggests th a t ,  a t
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le a s t, p a r t  of th e  p a th w a y  of p ro p h y rin  b io sy n th esis  [2 0 ] occurs in  th e  bo d y  
w all o f  L . terrestris since porphob ilinogen  is th e  py rro le  in te rm e d ia te  in  p o r
p h y rin  syn thesis [27].

T he presence o f A LA D  in th e  in te s tin e  an d  th e  ch lo ragocy te  cy toso l 
poses an  in te re s tin g  p rob lem . D elkeskam p  [3] could  n o t d e tec t p o rp h o b ili
nogen  in an y  of th e  organs of L . terrestris an a ly sed  b u t rep o rted  th e  h ig h est 
r a te  o f  syn thesis of p o rp h y rin s , a f te r  th e  a d d itio n  of porphob ilinogen , in  th e  
chloragogenous tissu e . B ased  on th is ev id en ce  and  th e  fac t th a t  ch lo ragogenous 
tissu e  con ta ins h igh co ncen tra tions o f  F e + + , i t  has been suggested  t h a t  th is  
tissu e  m ay  be th e  s ite  of haem atopoesis  in  o ligochaetes [3]. This is su p p o rte d  
b y  th e  p resen t re su lts  an d  it  is fu r th e r  suggested  th a t  th e  stage  b e fo re  th e  
sy n th es is  of po rph ib ilinogen  is also p re se n t. S ince i t  is p rac tica lly  v e ry  d ifficu lt 
to  rem o v e  all th e  ch loragocytes fro m  in te s tin a l tissue , th e  A L A D  a c tiv i ty  
of th is  tissu e  m ay  in d ica te  c o n ta m in a tio n  from  chloragocytes.

T h e  sen s itiv ity  o f A LAD to P b  + + h as  been  show n in v e r te b ra te s  [7, 1 1 , 
14, 28], and A LAD does exist in th e  in v e r te b ra te s  [1, 21, 22] b u t  th e re  a re  no 
re p o rts  on th e  effects of P b  + + on th is  enzym e in  in v e rteb ra te  tissu e . In  th e  
p re se n t s tu d y , P b + +  has been d e m o n s tra te d  to  effect ALAD a t  all s ite s  w here 
i t  is found  and  p a r tic u la r ly  in  the  c h lo rag o cy te  cytosol.
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Abstract

We in v es tig a te d  th e  e x p lo ra to ry  m o v em en ts  o f A n a b an tid  fishes in  a  chess- 
board -like  aq u a riu m  (div ided  in to  25 co m m u n ica tin g  co m p artm en ts ) as a new  en v i
ro n m en t.T h e  ana ly sis  w as based on th e  o b se rv a tio n  o f th e  ro u te  o f tw o in b red  s tra in s  of 
p a rad ise  fish  ( M acropodus opercularis; Teleostei, A n a ban to idae). W e reco rd ed  th e ir  
m ovem en t w ith in  th e  blocks u n til 100 s tep s, an d  co m p ared  th e  o b ta in ed  p rocess w ith  
h y p o th e tica l ra n d o m  w alks. I t  tu rn s  o u t  w ith in  th e  sam e period  of tim e  th e  fish  m eets 
s ign ifican tly  m ore new  co m p a rtm e n ts  th a n  in  th e  s im u la ted  process. T he d isc rep an cy  
be tw een  th e  tw o  processes can be in te rp re te d  as th e  re su lt of a successful e x p lo ra to ry  
s tra te g y  of th e  fish . In  th is  e x p lo ra to ry  m o v em e n t th e  fish  p refers th e  o u te r  c o m p a rtm e n ts  
to  th e  in n er ones, a  fa c t th a t  exp la ins th e  s tr ik in g  d ifference betw een  th e  a c tu a l  b e h a v 
io u r and th e  “ u n ifo rm  sim ula tion” . T h is  is obv iously  so, since th e  em p irica l d a ta  show 
th a t  th e  tran s itio n  p robab ilities from  th e  a c tu a l c o m p a rtm e n t to  th e  possib le n e ig h b o u r
in g  c o m p artm en ts  differ g reatly . H o w ev e r, a  m odel tak in g  th is  in h o m o g en e ity  in to  
acco u n t still does n o t f i t  su ffic ien tly , in d ic a tin g  t h a t  th is  ex p lo ra to ry  s tra te g y  is m ore 
com plica ted  th a n  o u r m em oryless c o n s tru c tio n . M oreover, th e re  are d ifferences b e tw een  
th e  tw o s tra in s  in v es tig a te d , w hich m ig h t re flec t som e role of genetic  fac to rs .

Introduction

T he genetic a sp ec ts  of e x p lo ra to ry  b eh av io u r have  been ex am in ed  m o stly  
in m ice, e. g. D e  F k i e s  [3] and  P a r s o n s  [7 ]  d em o n stra ted  such  differences 
am ong  inb red  s tra in s  in  open field te s ts  an d  v a n  A b e e l e n  [1] in  n o v e lty  box  
ex p erim en ts . O l i v e r i o  [5, 6 ] found th a t  th e  d ifferences betw een  th e  e x p lo ra 
to ry  ac tiv ities  of th e  s tra in s  C 57B L /6B y an d  B A L B /cB y  are caused  b y  single 
gene effects: a single m a jo r gene is responsib le  for th e  sh o rt- te rm  (1 0  m in) 
a c tiv ity , and a n o th e r  for th a t  of th e  longer session (25 m in).

T h e  purpose o f ou r ex p erim en ts  is to  id en tify  th e  ex p lo ra to ry  s tra te g ie s , 
an d  see to  w h a t an  e x te n t can th e se  s tra teg ie s  be s im u la ted  b y  (essen tia lly ) 
m em ory less ran d o m  m odels.

P a rad ise  fishes are  very  su ita b le  fo r such an  exp erim en t fo r th e y  live 
on s tro n g ly  co m p artm en ta lized  lo ca tio n s .
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Material and method

O u r te s t  field  w as a 7 5 x 7 5 x 1 5  cm  a q u a riu m , d iv id ed  in to  25 com m u n ica tin g  com 
p a r tm e n ts  (Fig. 1). T he w alls (includ ing  th e  in n er ones) w ere n o n -tran sp a re n t, an d  so we fo l
lo w ed  th e  fish  in  th e  ta n k  b y  a m irro r p laced  over th e  a q u a riu m . To fac ilita te  th e  ex p lo ra tio n , 
e ach  c o m p a rtm e n t c o n ta in ed  d iffe ren t o b jec ts (p las tic  p la n ts  and  cane, pieces o f foam , etc.). 
T h e  su b je c ts  (Ss) cam e fro m  tw o  stra in s  o f p a rad ise  fish  b re d  in  our la b o ra to ry  in  closed in- 
b re e d in g , sibm ating  fo r 4 g e n era tio n s . T he an im als w ere exposed  to  a 12 -}- 12 h  lig h t/d a rk  
cycle (16 -f- 8 h in  w in te r  m o n th s )  an d  fed daily  (a fte r  th e  te s t)  a p p ro x im ate ly  0.1 g o f liv ing  
T u b ife x . E lev en  a d u lt  m ale s  a n d  4 fem ales from  b o th  s tra in s  (nam ed  “ L ”  an d  “ S” ) were 
te s te d  a t  th e  age of 8 — 9 m o n th s . T he sub jects (d iv id ed  in to  tw o sets) were k e p t in  ta n k s , 35 1 
in  v o lu m e , before te s ted . T h e  te s t  s ta r te d  by  p lacing  th e  fish  to  th e  c en tra l c o m p a rtm e n t in  a 
g re en  p la s tic  cylinder (10 cm  in  d iam ete r). A fter a n  a d a p ta t io n  period  of 5 m in  th e  cy linder 
w as ta k e n  o u t, and  th e  m o v e m e n t o f th e  fish  was fo llow ed fo r 30 m in. To e lim inate  occasional 
e ffec ts  o f ferom ons [2], we ch an g ed  th e  w a te r in  th e  a q u a r iu m  each tim e. T he te m p e ra tu re  of 
th e  w a te r  w as 25 +  2 °C in  b o th  th e  hom e and  th e  te s t  ta n k .

jouter section

,15cm, 'inner section►I----- 4 < -

Picture of a compartment

Results

T h e  o b ta ined  d a ta  w ere com pared  to  tw o  d iffe ren t h y p o th e tic a l random  
w alks. In  th e  “ un ifo rm  m o d e l” i t  w as assum ed  th a t  th e  fish  m oves in to  one 
o f th e  neighbouring  c o m p a rtm e n ts  a t  ran d o m  w ith  equal p ro b ab ilities , and  
in d e p e n d e n tly  of th e  fo rm er m ovem ents. In  th e  second (non-uniform ) ran d o m  
wa l k  th e  above co n d itio n  o f  equal tra n s itio n  p ro b ab ilitie s  was d ro p p ed , and  
w e u se d  th e  observed em p irica l re la tiv e  freq u en c ies  .

W e m easured  th e  effectiveness of th e  e x p lo ra to ry  s tra te g y  in  tw o  w ays: 
b y  th e  n u m b er of ex p lo red  co m p artm en ts  w ith in  a given n u m b er (25) of s tep s , 
an d  also  th e  inverse s e t-u p ,th e  num ber of s tep s  needed  for exploring  a ce rta in  
n u m b e r  (7, 13 or 19) o f  new  co m p artm en ts  (T able  1). The f irs t row  o f T ab le  1
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show s th a t  th e  un ifo rm  sim u la tio n  perfo rm s p oorly  com pared  to  th e  fish  
(only  11 new  co m p a rtm e n ts  explored , on th e  average). A no ther p a ra m e te r  
(ra tio  of o u tlie r  to  in n er co m p artm en ts  v is ited ) ind ica tes th a t  th is  u n ifo rm  
m odel is a h ad  ap p ro x im a tio n  an y w ay ; th e  fish  v is its  th e  ou ter c o m p a rtm e n ts  
m ore o ften  th a n  suggested  hy  th e  un ifo rm  m odel. (Such p reference  o f  th e  
boundaries h y  m ice an d  ra ts  in  open-field  te s ts  w as rep o rted  b y  W a h r e n  [8]).

A sim ilar d ev ia tio n  can he found  in  th e  average lengths of ru n s , i. e. 
th e  n u m b er of consecu tive  steps on th e  b o u n d a ry  before going in s id e  an d  
vice versa (T able 2). T he perfo rm ance of o u te r  c o m p artm en ts  is a u to m a tic a lly  
p re sen t in  th e  second m odel, h u t  still th e  effec tiveness of fish is s ig n if ic a n tly  
b e tte r . This can  also be  seen in T ab le  1: th e  av erag e  n u m b er of new  c o m p a r t
m en ts  is on ly  13.3 in  th is  m odel, and  th e  d isc rep an cy  also increases w ith  th e  
increase of th e  n u m b e r of steps. T hus, th e  p re fe ren ce  o f th e  ou ter c o m p a r tm e n ts  
does n o t offer an  ex p lan a tio n  for th e  b e t te r  p e rfo rm an ce  of fish (a c tu a lly  th e  
f ish ’s ra tio  3.88 is to o  large com pared  to  th e  o p tim a l ra tio  1.77 16/9 o f th e
“ v is it each c o m p a rtm e n t once”  s tra teg y .) T herefo re , it  is reasonab le  to  assum e 
th a t  th e  ex p lo ra tio n  follows som e s tra te g y ; in  o th e r  w ords, one m ig h t ge t a 
m uch b e tte r  m a th e m a tic a l m odel using  som e ran d o m  process w ith  m em o ry  
(e. g. a h ig h er-o rd e r M arkov ian  chain).

Discussion

B o th  of th e  in v es tig a ted  s tra in s  show  d ev ia tio n s  from  th e  ran d o m  w alks. 
H ow ever, th e re  are  also differences betw een  th e  s tra in s  in th e  freq u en c ies  of 
going s tra ig h t, b ack w ard s , and  also in th e  av e rag e  leng ths of runs. B u t th ese  
d ifferences do n o t seem  to  he s ign ifican t ex cep t th e  g rea te r num ber o f crossings 
for th e  s tra in  “ S ”  (T able 1), and th e  sh o rte r  len g th s  of runs in th e  o u te r  an d  
in n er sections for th e  s tra in  “ L ”  (Table 2). T hese m ight in d ica te  a genetic  
d ifference, b u t n o t  necessarily  in  th e  s tru c tu re  o f s tra te g y ; p e rh ap s  o n ly  for 
th e  tra n s itio n  p ro b ab ilitie s , and  th e  speed o f m ovem en t.

T hus, our in v estig a tio n s can be su m m arized  as follows:
1. T he e x p lo ra to ry  beh av io u r of fish  is n o t a com pletely  ra n d o m  m o v e

m en t (com parison  w ith  a M arkovian  chain  o f o rd e r 1). The fish  has p re fe rences 
in choosing ex its  in  d ifferen t d irec tions, on th e  one hand , and  in  d iffe ren t 
co m p artm en ts , on th e  o th e r (see also K l e e r e k o p e r ’s ex p e rim en ts  w ith  
goldfish [4]).

2. O ur second m odel (M arkovian chain  of o rd er 2) takes these  p references 
in to  acco u n t, an d  we get a b e tte r  f i t  here fo r th e  d ifferen t p a ra m e te rs . H ow 
ever, th e  p e rfo rm an ce  of th e  fish (Table 1) is s till m uch b e tte r . T h is in d ica te s  
th a t  beyond  th ese  preferences th e  fish  m u s t em ploy  a m ore so p h is tic a te d  
ex p lo ra to ry  s tra te g y .
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Table 1

Effectiveness and speed o f  exploratory movement

S tra ir “ S ” S tr a in “ L ” R a n d o m R a n d o m
w a lk  1 w a lk  2

M S E M S E M M

A verage  num ber o f 
exp lored  new  com 

p a rtm e n ts  (in th e  
1st 25 crossings)

16.8 0.85 16.2 0.71 11.0* 13.3*

N u m b er of steps needed 
fo r exploring

7 7.1 8.0 12.6* 10.8*
13 18.9 18.7 35.3’ 30.2*
19 33.2 36.6 61.2* 55.5*

new  co m p artm en ts

R a tio  o f inner an d  o u ter 
co m p artm en ts 3.88 0.46 4.53 0.60 1.22 4.21

C rossings per m in 9.1 0.86 4.6 0.65 —

* D a ta  com ing from  sim ulation

Table 2

T ransition  frequencies and lengths o f  runs

“ S ” “ L ” R a n d o m R a n d o m
w alk  1 w a lk  2

M S E M S E M M

2. A ) Frequencies in  the
inner section

S tra ig h t ahead 0.27 0.02 0.29 0.03 0.25 0.28
T u rn in g  r ig h t and  left 0.71 0.03 0.70 0.03 0.50 0.70
T u rn in g  back 0.02 0.01 0.02 0.01 0.25 0.02

Average length o f  runs in  
the inner area 3.0 0.17 2.3 0.14 3.5* 2.71*

2. B ) Frequencies in  the 
outer section: edges

S tra ig h t ahead 0.77 0.20 0.68 0.02 0.33 0.73
T u rn in g  rig h t an d  left 0.12 0.01 0.16 0.02 0.33 0.14
T u rn in g  back 0.11 0.02 0.16 0.02 0.33 0.13

corners
Proceeding 0.65 0.03 0.61 0.03 0.5 0.63
T u rn in g  back 0.35 0.03 0.39 0.03 0.5 0.37

Average length o f  runs  
in  the outer area 12.5 1.25 10.0 0.96 3.75** 8.35**

* s ta r tin g  from  th e  cen tre
** s ta r tin g  fro m  a  co rner
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Appendix

O ur f irs t  m odel is a hom ogeneous M ark o v ian  chain  o f o rder 1, w hich is c learly  ergodic. 
T h u s, we can  easily co m p u te  th e  (ex is ting ) lim iting  p ro b ab ilitie s  of th e  s ta te s  (i.c. o f th e  com 
p a rtm e n ts ) . B ecause of th e  sy m m etry  of th e  chessboard  we hav e  a  system  of e q u a tio n s  w ith  
o n ly  six p a ram e te rs :

Pl Ps Рз Ps Pl
Ps Pi Ps Pi Ps
Рз Pr. Ps Ps Рз
Ps Pi Ps Pl Ps
Pi Ps 

Pi =  2/3p2

Рз Ps Pl

Ps =  l/2p , - f  l/3 p , +  l /4 p 4
Рз =  2/3p2 -j- l /4 p 5 
P i =  2/3p2 +  l/2 p r>
Ps =  ! /3Рз -h l /2 p 4 +  l/4 p r, 
Pe =  Рз

a n d  solving th is system , we ge t th e  follow ing m a tr ix  o f p ro b ab ilities :

1/40 3/80 3/80 3/80 1/40
3/80 1/20 1/20 1/20 3/80
3/80 1/20 1/20 1/20 3/80
3/80 1/20 1/20 1/20 3/80
1/40 3/80 3/80 3/80 1/40

C om paring  th e  o u te r  areas to  th e  in n er ones we get th e  v a lu e  1.22 in th e  5 th  row  o f T ab le  !•

[X]

th e in n er ones we get

1 2 3 2 1
2 4 5 4 2
3 5 6 5 3
2 4 5 t 2
1 2 3 2 1

To co m p u te  the  av erage  len g th  of ru n s , le t E 4, E 5 an d  E ß be the  follow ing q u a n tit ie s :

E 4 : th e  ex p ec ted  n u m b er o f consecu tive  step s in th e  in n er section, if  s ta r tin g  fro m  a com 
p a r tm e n t labelled  “ 4”  (see |X ]) ;

E 5 : th e  sam e expected  n u m b er s ta r tin g  fro m  “ 5” ;
E 6 : th e  sam e expected  n u m b er s ta r tin g  from  “ 6” .

T h en  our sy s tem  of eq u a tio n s  is as follows:

E 4 =  1 /2(E 5 +  1)
E 5 =  1 /2 (E 4 +  1) +  1 /4(E 6 +  1)
E 6 =  E 5 4  1

Solving th is  for Eg we get 3.5 =  7/2 (Table 2.Л); th is  is th e  average n u m b er o f in n er steps 
s ta r tin g  fro m  th e  cen tre . T he average  len g th  of ru n s in  th e  o u ter section  can  be co m p u ted  
s im ilarly ; i ts  va lue  is 3.75 =  15/4 (s ta r tin g  from  a co rner; see Table 2.B).

To com pute  th e  (o u te r)  av erage  len g th  of ru n s  fo r th e  non-uniform  m odel, le t  E y be 
th e  follow ing:

Ejj : th e  ex p ec ted  n u m b er o f consecu tive  step s if  s ta r tin g  from  c o m p a rtm e n t “ j ” , p rov ided  
th a t  th e  p reced ing  c o m p a rtm e n t has been “ i” .

T hen, again  according to  [X ], we get:
E 2 i  E j 2  4  1
E 12 =  0 .73(E 23 +  1) +  0 .13(E 2I -f- 1)
E 23 =  0 .8 6 (E 32 4  1)
E 32 =  0 .13(E 23 0 .73 (E 21 4  1)

(see also th e  last colum n of T ab le  2 .B )
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T his yields th e  v a lu e  8.35 fo r E 21 (Tahié 2 .B ), w h ich  is, in  fa c t, th e  ex p ec ted  len g th  E , 
o f  ru n s  s ta r tin g  from  a co rn er, s ince  th e  preceding c o m p a r tm e n t to  “ 1”  m u st h av e  been “ 2” .

I n  essentially  th e  sam e  w a y  we get th a t ,  s ta r tin g  fro m  th e  cen tre, th is  cond itional 
e x p e c ta t io n  in  2.71 (T able 2.A ), w h ich  is a b e tte r  f i t  to  th e  correspond ing  p a ra m e te r  o f th e  fish  
th a n  th a t  in  th e  f irs t m odel. Som e o f th e  rem ain ing  d a ta  o f  o u r tab le s  cam e from  th e  o b serva
tio n s , a n d  th e  rest can  easily  h e  co m p u ted .
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IDENTIFICATION OF EPITHELIAL CELLS AND  
FIBROBLASTS IN HYPOPHYSIS INTERMEDIATE LOBE 

CULTURES BY SCANNING ELECTRON MICROSCOPY
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IN S T I T U T E  O F  E X P E R I M E N T A L  M E D IC IN E , H U N G A R I A N  A C A D E M Y  O F  S C I E N C E S ,

B U D A P E S T , H U N G A R Y
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A bstract

Cell cu ltu res  o f th e  r a t  p i tu i ta ry  in te rm ed ia te  lobe grow n for e ig h t d a y s  were 
s tu d ied  in th e  scan n in g  e lectron  m icroscope. T he ep ithe lia l cells a n d  f ib ro b la s ts  could 
be d iffe ren tia ted  b y  th e  c h arac te ris tic  s tru c tu re s  o f th e  cell surface  a n d  th e  cell associa
tio n  featu res . T he e p ith e lia l cells were ch arac te rized  b y  blebs an d  rugae, m icrov illi, and  
occasionally  by  som e cilia. T he surface  of th e  f ib ro b la sts  w as sm oo th  or b o re  m icrovilli. 
S canning  e lectron  m icroscopy  m ay  prov ide  special in fo rm atio n  fo r th e  c h a ra c te riz a tio n  
o f endocrine cell cu ltu res .

Introduction

T he role of th e  in te rm e d ia te  lobe of th e  hypophysis has com e anew  
in to  th e  lim eligh t in  th e  p a s t few years. I t  has, nam ely , been p ro v en  th a t  th is  
lobe is th e  site  of th e  syn th esis  and  conversion of a p ep tid e  ho rm o n e  fam ily  
(co rtico tro p in , m e lan o tro p in , lip o tro p in , co rtico tro p in -lik e  in te rm e d ia te  lobe 
p e p tid e  and  in c id en ta lly , endorph ins). A ccord ingly , beside th e  m e lan o tro p ic  
effect, th e  in te rm ed ia te  lobe m igh t also be th e  carrie r o f essen tia l fu n c tio n s 
in  m am m als. Since th e  iso la ted , in  situ  physio logical s tu d y  of th e  in te rm e d ia te  
lobe fu n c tio n  m eets w ith  d ifficu lties for ana to m ica l reasons, i t  has seem ed 
n ecessary  to  develop som e su itab le  in  vitro  m odel for exam in in g  th is  fu n c tio n . 
P rim a rv  m onolayer cu ltu re s  of th e  r a t  in te rm ed ia te  lobe p ro v ed  to  be an 
a p p ro p ria te  model [4]. In  th e  p resen t p ap er ce rta in  surface an d  o rg an iza tio n a l 
fea tu res  of such cu ltu re s  w ere s tu d ied  b y  scanning  e lectron  m icroscopy .

M aterials and  m ethods

F o r each  ex p erim en t th e  h y p o physea l in te rm ed ia te  lobes from  C FY  ra ts  (180 200 g)
of th e  sam e sex were d issoc ia ted  by  try p s in  as described earlier [4). Two m l a liq u o ts  o f th e  cell 
suspension , in a 8 : 2 m ix tu re  o f  TCM 199 and  foe ta l ca lf serum , w ere e x p la n ted  in to  p lastic  
P e tri-d ish es  (Falcon  p las tic  0  3.5 cm ), w ith  glass coverslips (Bellco Glass In c .) in  th em . The 
cu ltu res  were in cu b a ted  a t  37 °C in  an  a tm o sp h ere  o f 5 %  CO.,, 95%  a ir fo r 8 d ay s , changing  
th e  m ed ium  every  second d ay . A fter 8 days of c u ltiv a tio n  th e  cells th a t  adhered  to  th e  cover- 
slips were washed several tim es  w ith  TCM 199 a t  room  tem p e ra tu re , fixed  in 2,5 % g lu ta ra l -  
dehyde  buffered  w ith  0.1 M caco d y la te  (p H  7.4) a t  room  te m p e ra tu re  for 60 m in ., a n d  w ashed 
in  th e  sam e buffer in th e  re fr ig e ra to r o v ern igh t. T he cu ltu res  were p o stfix ed  in 1 %  O sO , for
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60 m in , deh y d ra ted  in  e th a n o l a n d  am yl ace ta te  and  d ried  a t  th e  c ritica l p o in t from  carbon  
d io x id e . F inally , th e  coverslip s w ith  th e  cells were c o a ted  w ith  gold (200 Â) for ex am in atio n  
w ith  a JE M  100 C A S ID  4 D  m icroscope.

R esults

In d iv id u a l cells as w ell as cell groups co n sis tin g  of 2 — 30 cells, adhere  
to  th e  in te r t surface in  a b o u t th ree days. Cell aggregates are fo rm ed , w ith  
f ib ro b la s ts  grow ing o u t fro m  th e ir p e rip h e ry . A ccord ing ly , ep ithe lia l cell 
s ta c k s  (Fig. 4), ep ith e lia l is lan d s  (Figs 2 an d  5), in d iv id u a l f la tte n e d  ep ithe lia l 
cells (F ig . 1) and f ib ro b la s ts  (Figs 1 and 2) occur in  th e  8 -day  cu ltu res.

M orphological iden tifica tion  o f epithelia l cells and fibroblasts

T he fib rob lasts  fo rm  a m onolayer, co n sisting  of well sp read  cells. The 
cells a re  tig h tly  p ack ed  (F igs 9, 10). T he c o n tin u ity  of th e  fib ro b la s t m ono
la y e r  is in te rru p te d  e ith e r  b y  ind iv idua l (F ig . 1) or v a rio u sly  associated  (Fig. 
2) ep ith e lia l cells. T hese cells are less f la tte n e d , s to ck y ; th e y  are spherical, 
p o ly g o n a l or sp in d le -sh ap ed . In  some places, th e  ro u n d  or polygonal ep ithe lia l 
cells a re  tig h tly  p ack ed . O ccasionally , th e y  fo rm  cords w hich can associate  
in to  bund les (Figs 3 a n d  6 ). Cell aggregates co n sis tin g  of 6 — 9 cells m ay  also 
o c c u r, w ith  th e  cells su p erim p o sed  and th u s  fo rm in g  severa l layers (F ig. 4). 
Tn such  stacks the  low est la y e r  is form ed b y  som e fla t, po lygonal cells ad hering  
to  th e  glass by  th e ir  c y to p la sm ic  processes. E p ith e lia l islands consisting  of 
fu l ly  sp read  cells are  n o t  in fre q u e n t, e ith er (F ig . 5).

Surface fea tures o f the epithelia l cells

I t  is strik ing  even  in  low- m agn ification  scan n in g  e lectron  m icrographs 
t h a t  th e  surface of e p ith e lia l cells is u n even , w ith  m a n y  p ro tru sio n s w hich 
m a y  b e  classified in to  tw o  groups. In  h igh- pow er m icrog raphs, so lita ry  or 
m u ltip le  blebs and ru g a e  a re  seen in varied a rra n g e m en ts , m ore or less densely  
in  d iffe re n t areas of th e  cell surface (Figs 6 , 7). S h o rte r  and  longer m icrovilli 
fo rm  th e  o ther group o f su rface  s tru c tu res  (F ig . 8 ). Less m icrovilli a re  found  
on  th e  surface of su p erim p o sed  cells th a n  on th e  su rface  of cells form ing e p ith e 
lia l co rds or bundles.

N arrow , lo n g itu d in a l ex tensions, ru n n in g  p a ra lle l to  th e  axis o f th e  ep i
th e l ia l  cords are f re q u e n t (F ig . 6 ). S o lita ry , long  an d  b u lk y  villi also occur 
on  th e  surface of m a n y  e p ith e lia l cells. Owing to  th e ir  size, th e y  m ig h t qualify  
e v e n  as cilia (Figs 4 , 5).

D iv id ing  ep ithe lia l cells also occur sp o rad ica lly  (F ig. 5). Beside th e  
n u m e ro u s  rugae and  se v e ra l blebs only a few  m icrovilli are  found  on th e  
s u r fa c e  of such cells.
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Fig. 1. A so lita ry  ep ith e lia l cell in te rru p ts  t lie c o n tin u ity  o f th e  fib rob last m o n o lay er. Blebs, 
rugae  an d  m icrovilli can  be d ifferen tia ted  on  th e  e p ith e lia l  cell surface. The a rro w h e a d  show s 
the  ru ffled  free edge o f a f ib ro b la s t. The ex tension  an ch o rin g  the  epithelial cell to  th e  f ib ro b la s t 
m ono layer (arrow ) h as b ro k en  during  freezing. X 8600. S can n in g  electron m ic ro g rap h  of an  8 -d ay

cu ltu re
Fig. 2. Is la n d  consisting  of t ig h tly  packed e lo n g a ted  ep ith e lia l cells a tta c h e d  a t  its  p e rip h e ry  
to  th e  fib ro b la s t m o n o lay er b y  extensions (arrow s). L ow  rugae following th e  course  o f fib res 

an d  a few  m icrovilli are seen on th e  f ib ro b la sts . X 2400
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F ig . 3. E p ith e lia l  cells o rg an ized  in to  a cord an d  a b u n d le . X 2400
F ig . 4. Cell s ta c k  consisting of sev e ra l layers. The sp read  cells o f th e  low est layer a t ta c h  to  th e  
f ib ro b la s ts  a n d  to  th e  glass su rface  b y  extensions. B lebs a n d  rugae  predom inate  th e  su rface  

of cells in  th e  u p p e r  lay e r, w ith  occasional cilia  (arrow s). X 4800
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Fig. 5. E p ith e lia l is lan d  co n sistin g  of m an y  sp read  cells. A rrow s: so lita ry  cilia. An e p ith e lia  
cell in th e  la te  te lo p h ase  (a rro w -h ead ) is seen on th e  m arg in a l p a r t  o f th e  islan d . X  1800 

F ig . 6. Cord consisting  of cub ic  ep ith e lia l cells. Sm all in d iv id u a l b lebs an d  long, n a rro w  p ro 
cesses ru n n in g  paralle l to  th e  axis o f th e  ep ithelial cord are ch ara c te ris tic  o f th e  surface.

X  9600
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F ig . 7. Solitary an d  g ro u p e d  blebs on the  surface  o f a n  ep ith e lia l cell. X 24000 
Fig. 8. Microvilli p re d o m in a tin g  the  surface of som e ep ith e lia l cells. X 6000
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Fig. 9. P a r t  of a fib ro b la s t m o n o lay er. T he cells are in  c o n ta c t w ith  each o th e r; th e  d en sity  o f 
m icrov illi (M v) is v a ry in g  on th e ir  surface . X 1800 

Fig. 10. F ib ro b las ts  poor in  m icrovilli. Low ru g a tio n  o rgan ized  along th e  course o f in tra ce llu la r
fib res. X4100
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Surface fea tures o f  the fibroblasts

I n  co n tra s t to  th e  su rfa c e  of ep ithe lia l cells, th a t  of f ib ro b la s ts  is essen
t ia l ly  sm oo ther and  m ore m on o to n o u s. M icrovilli m ay  arise , less or m ore 
d e n se ly , in  d ifferent areas o f th e  cell surface (Figs 1 an d  9). Low , long itu d in a l 
w rin k le s  also occur on th e  su rface  of ce rta in  cells follow ing th e  course of 
in tra c e llu la r  fibres (Figs 2 a n d  10). T he free edge of th e  f ib ro b la s ts , n o t con
ta c t in g  o th e r cells, is ru ffled  (F ig . 1).

D iscussion

As show n by th e  p re se n t s tu d ies , ep ithelia l cells an d  fib ro b la s ts  can 
ea s ily  b e  d iffe ren tia ted  in  cell cu ltu re s  of th e  r a t  in te rm e d ia te  lobe. T he shape 
o f  th e  ce 'ls , th e ir in te rre la tio n sh ip s , th e  q u a lita tiv e  an d  q u a n ti ta t iv e  differ
ences in  th e ir  surface s tru c tu re s  p e rm it th is  d iffe ren tia tio n . W e h av e  dem on
s t r a te d  t h a t  ep ithelial cells a re  less sp read  th a n  f ib ro b la s ts ; th a t  m icrovilli 
a rise  in  v a ry in g  num bers from  tb e  m onotonous su rface of f ib ro b la s ts ; th a t  
m o s t f re q u e n tly  blebs an d  ru g a e , less freq u en tly  m icrovilli occur on th e  su r
face  o f  ep ith e lia l cells, e ith e r  so li ta ry  or associated .

T h e  appearance  of b leb s an d  rugae  on th e  cell su rface is like ly  to  be a 
c h a ra c te r is tic  fea tu re  of th e  ep ith e liu m . S im ilar s tru c tu re s  w ere described 
e. g . b y  Miettinen  e t al. [5] o n  h ép a to cy te s  from  a d u lt ra ts  an d  by  B erky  
a n d  Zolotor [1] on th e  su ifa c e  of an ep ithe lia l cell line from  th e  m ouse 
b la d d e r .

T h e  abundance in  su rface  s tru c tu re s  of ep ithe lia l cells is a fu n c tio n  also 
o f  th e  e x te n t  of th e ir  sp re a d in g  an d  of th e ir  re la tio n sh ip  to  th e  neighbouring  
ce lls: th e  m ore spread , a d h e re d  cells o f th e  ep ithe lia l islands are  less rich in 
su rfa c e  s tru c tu re s  th a n  th e  cells o rganized  in to  cords or b u n d les . As found 
b y  E rickson  and  T rinkaus  [3] fo r th e  surface o rg an iza tio n  of cells of the  
B H K  21 cell line, th e  su rface  is rich  in  s tru c tu re s  sh o rtly  a fte r  passage b u t 
b eco m es sm ooth  on com p le te  ad h eren ce . E q u a lly , for th e  B H K  21 cell line, 
O ’N e il l  an d  F ollett [7] fo u n d  an  inverse  re la tio n  b e tw een  cell d en sity  and  
th e  n u m b e r  of m icrovilli: th e  su rface  of th e  cells fo rm ing  a co n tin u o u s  mono- 
la y e r  w as sm ooth .

Moriarty and Ga r n er  [6] id en tified  d iv id ing  g lan d u la r cells in  th e  
p i tu i ta r y  in te rm ed ia te  lobe o f  in ta c t  r a t  by  im m unoelec tron  m icroscopy. 
D iv id in g  epithelial cells cou ld  be d e tec ted  in th e  m icro c in em ato g rap h s of 
o u r  c u ltu re s  [4] and  co m b in ed  im m unocy tochem ica l and  au to rad io g rap h ic  
s tu d ie s  p e rm itte d  to  describe g la n d u la r  cells in th e  S-phase [8]. Som e m ito tic  
e p ith e lia l  cells w ith a few m icrov illi, b lebs and  ru g ae  could be seen in our
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scann ing  m icrog raphs, too . H ow ever, th e  m ito tic  index  being low, we were 
u n ab le  to  g ive a de ta iled  d esc rip tio n  o f  th e  surface m orphology o f cells in  th e  
vario u s phases  o f th e  cell cycle.

T he im p o rtan ce  o f th e  a b u n d an ce  of cell surface s tru c tu re s  an d  th e ir  
re la tio n sh ip  to  in trace llu la r processes are  n o t su ffic ien tly  k n o w n  as y e t. 
O’N eill a n d  F ollett [7] as well as E rickson an d  T rinkaus [3] b e liev e  th e  
vario u s su rface  s tru c tu re s  to  be th e  reserves of th e  cell m em brane. E nla n d er  
e t al. [2] c o n te s t th a t  th e  m icrovilli w ould  rep re sen t some m em b ran e  reserve . 
T he s tu d ies  o f V an  der  Schueren  e t al. [10] w ith  colchicine and  cy to ch a las in -B  
suggest t h a t  th e  ab u n d an ce  of cell surface s tru c tu re s  is co n n ec ted  w ith  
th e  in tra c e llu la r  m ic ro filam en ta r-m ic ro tu b u la r  system .

T a sh ija n  and  H oyt [9] e s tab lish ed  th a t  th e  cells o f th e  horm one- 
p roduc ing  G H 3 cell line, re la tiv e ly  rich  in surface s tru c tu re s , sp re a d  o u t and  
becam e sm o o th  a fte r  th y ro tro p in -re le a s in g  horm one a d m in is tra tio n . This 
f in d in g  d em o n s tra te s  th a t  th e  su rface  m orpho logy  of endocrine cells m ay 
change d u rin g  horm one release. A t th e  sam e tim e , it  suggests t h a t  scann ing  
elec tron  m icroscopy  m ig h t prove an  a u x ilia ry  too l in th e  s tu d y  o f  horm one- 
p ro d u c in g  in  vitro  system s.
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M ass S pectrom etry  in D rug M etabolism

E ds: A. F r i g e r i o  and  E . L . G h i s a l b e r t i ,  P lenum  P ress , N ew  Y ork  an d  L o n d o n  (1977), 
532 pp .; 226 figs.; 63 tab les , $ 51.

T he book co n ta in s th e  p a p ers  p re sen ted  a t  th e  In te rn a tio n a l S y m p o siu m  on  Mass 
S p e c tro m e try  in  D rug M etabo lism  held  a t  th e  “M ario  N egri”  In s ti tu te  fo r P h a rm aco lo g ica l 
R esearch  (M ilan) in Ju n e  1976. M ain top ics covered  by  th e  volum e are id e n tif ic a tio n  and 
q u a n ti ta t io n  of drugs an d  d ru g  m eta b o lite s  b y  m ass sp ec tro m etry , d ev elo p m en t in  m e th o d 
ology an d  d rug  abuse. As m ass sp e c tro m e try  due to  its  h igh sen sitiv ity  an d  h ig h  re so lu tio n  
is an  ideal tool for c h a ra c te riz a tio n  o f co m pounds, i t  is f req u e n tly  used fo r id e n tif ic a tio n  and 
q u a n ti ta t io n  of foreign co m p o u n d s an d  th e ir  m etab o lites  in  biological flu ids a n d  fo r s tu d y in g  
m etab o lic  p a th w ay s. The ho o k  g ives a  ra th e r  large  overv iew  of these problem s a n d  th e  possib il
itie s  o f ap p lica tio n  of new  tec h n iq u es , like g a s-ch ro m a to g rap h y , m ass sp e c tro m e try  w ith  
co m p u te r system s, stab le  iso to p e  labelling , tw in  ion tec h n iq u e , chem ical io n iz a tio n  a n d  field  
d eso rp tio n  m ass sp ec tro m etry .

A lis t o f p a r tic ip a n ts  a n d  su b je c t in d ex  com plete  th e  volum e.
The book will be o f in te re s t  to  anyone  w orking in  pharm acology , to x ico lo g y  a n d  in  the  

b iom edical field  o f science.
L. V e r e c z k e y  (B u d a p es t)

U l r i c h  S u c k e r : Philosophische P roblem e der A rtheorie . Y E B , G ustav  F ischer V erlag , J e n a  
(1978), pp. 120, M 18.50.

5
A fter the  su m m ary  o f th e  h is to ry  of th e  d eb ate  on  th e  concept of species a n d  th e  re 

co n sid era tio n  of th e  p re sen t ph ilosoph ica l p rob lem s re la te d  to it, the  a u th o r  d ea ls  w ith  th e  
la te s t  issues o f ep is tem ology  a n d  m ethodo logy , especially  in  th e  la s t two c h a p te rs  o f  th e  book. 
T he reference to  the  general ep istem olog ica l d ev elo p m en t o f  concep t th eo ry , a n d  th e  com plex , 
in te rd isc ip lin a ry  ch arac te r  o f th e  issue of th e  species is ju s tif ie d . The sy s te m s-th eo ry  a p p ro ac h  
o f species an d  its  e x am in a tio n  as an  o b jec tiv e -rea l sys tem , as well as th e  analysis o f  th e  re la tio n  
be tw een  species an d  tax o n , species and  p o p u la tio n  a n d  th e  re la tions w ith in  th e  p o p u la tio n  
are  rem ark ab le . In  th is ana ly sis  th e  d iffe re n tia tio n  be tw een  chronological d e scen d an ce  or th e  
in ten siv e  a n d  sp a tia l, re p ro d u c tiv e  o r ex ten siv e  s tru c tu re s  p lays an  im p o r ta n t  ro le. T hese 
s tru c tu re s  to g e th e r m ake u p  th e  species an d  th e  p o p u la tio n  as well, b u t, a cco rd in g  to  th e  
a u th o r , species is a descendance  c o m m u n ity , w hereas p o p u la tio n  is ra th e r  th e  u n i ty  o f re 
p ro d u c tiv e , a c tu a l system s, i.e. th e  species sy s tem  is an  in te rn a lly -s tru c tu re d  d ev elop ing  
to ta l ity , a d ia lectica l u n ity  o f sp a tia l  an d  ch ronolog ical, ex tensive  and in te n s iv e  s tru c tu re s . 
T he species, as the  system  o f rea l-o b jec tiv e  re la tio n s , th e  va rio u s levels o f d irec t in te ra c tio n s , 
rep re sen t th e  various degrees o f m a te ria lity .

U l r i c h  S u c k e r  ex am in es th e  re la tio n sh ip  be tw een  re a lity  of species ( th e  species as 
concre te  general) and  its  co n cep t ( th e  a b s tra c t  general) acco rd ing  to the  above p rin c ip les .

L. K o v á c s  (D eb recen )
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S u b cellu lar B iochem istry  V ol. 5.

E d .:  D o n a l d  В. R o o d y n ,  P le n u m  Press , New Y ork  a n d  L o n d o n , pp . 389, figs. 17.

S ubcellu lar B io ch em is try  p rev io u sly  published  as a q u a r te r ly  jo u rn a l, th is con tinu ing  
series has been ex p an d ed  in to  a n  a n n u a l volume.
V o lu m e 5 consisted of 389 pag es a n d  includes the  fo llow ing rev iew s:
1. T h e  m ito ch o n d ria l t r a n s la t io n  sy s tem  (by D. E . B u e t o w  a n d  W .  M. W o o d ) .

2. T h e  H I  Class of h istone  a n d  d iv e rs ity  in chrom osom al s t ru c tu re  (by P .  H o i i m a n ) .

3. C e llu lar changes in  sm all in te s t in e  epithelium  in th e  course  o f cell p ro life ra tion  an d  m a tu ra 
t io n  (b y  P. S a s s i e r  an d  M. B e r g e r o n ) .

4. P la n t  g row th  sub stan ces a n d  m o d u la to rs  of t r a n s c r ip tio n  (b y  В. B. B i s w a s  an d  P. R o y ) .

5. M olecu lar s tru c tu re  o f b io lo g ica l m em branes: F u n c tio n a l ch arac te riza tio n  (by S. K . M a l - 

h o r t a ) .

6. M em b ran e  assem bly a n d  tu rn o v e r  (by  G. P a r r y ) .

7. S tru c tu ra l  c o m p a rtm e n ta tio n  o f th e  cytosol: Zones o f ad h esio n , cy toskeleta l a n d  in ter- 
c is te rn a l e lem ents (by H . H . M o l l e n h a u e r  and D. J a m e s  M o r r é ) .

A t th e  end of th e  v o lu m e  one can find a sec tion  o f b o oks in  th e  follow ing categories: 
(1) m em b ran es  and re ce p to rs , (2) genetics, (3) cell b io logy  a n d  bioenergetics, and  (4) general 
to p ic s .  T en  books are rev iew ed  fro m  sh o rt m onographs to  la rg e r m u lti-au th o r w orks.

Subcellu lar B io ch em is try  V ol. 5 is a collection of v e ry  in fo rm a tiv e  articles dealing  w ith  
th e  b io ch em is try  and genera l b io lo g y  of specialized cell c o m p o n e n ts  and  m ay be of in te re s t  and 
h e lp fu l to  biochem ists, b io lo g ists  in  research  as well as in  ed u ca tio n .

J .  M o l n á r  (Szeged)

A rthropod V enom s

(H a n d b o o k  of E x p erim en ta l P h a rm aco lo g y : New Series: V 48)
E d . S. B e t t i n i  Springer-V erlag , B erlin  —H eidelberg —N ew  Y o rk , 1978, ISB N  3-540-08228-x, 
p p  977, figs. 293

W ritte n  by  44 sp ec ia lis ts  a n d  divided in to  26 c h a p te rs , th e  book is an exce llen t source 
a n d  u sefu l handbook  fo r sp e c ia lis ts  working or in te re s te d  in  venom ous a rth ro p o d es. E ach  
c h a p te r  deals w ith  a tax o n o m ica l g ro u p  of a rth ro p o d es, su m m ariz in g  ecological, m orpholog ical, 
p h y sio lo g ica l, pharm aco log ica l a n d  toxicological know ledge  o f b o th  old and new est in v es ti
g a tio n s .

D ue to th e  d iffe ren t leve ls o f knowledge, th e  a m o u n t and  q u a lity  of in fo rm a tio n  is 
d iffe re n t for the  various sy s te m a tic a l  groups, n ev erth e le ss , a ll o f th em  are c h a rac te rized  by 
m o d e rn  and  valuable a sp ec ts  a n d  resu lts . In  the  d e sc rip tio n  o f th e  venom ous a p p a ra tu s  scan 
n in g  m icroscopical and e lec tro n m icro sco p ica l d em o n s tra tio n  is o ften  added  to classical a n a to m 
ic a l p ic tu re s , while in ex p la in in g  th e  m echanism  of a c tio n  a w ide scale of electrophysio log ical 
re su lts  a re  included, o b ta in e d  n o t  only from  poisoned an im a ls  b u t  also in iso la ted  m uscle 
a n d  n e rv e  cells. The d a ta  re la te d  to  th e  chem istry  o f to x ic  su b s ta n c es  include in m o st cases 
b o th  se p a ra tio n  and id e n tif ic a t io n  as well as fo rm ulae  of th e  com ponents, d a ta  t h a t  can  be 
u se fu l fo r pharm acolog ists a n d  physio log ists in te res ted  n o t in  ven o m s b u t is specific in h ib ito rs  
o f physio log ica l processes.

F o r  some a rth ro p o d e s , d e ta ile d  descrip tion  of th e  b e h av io u r  connected  w ith  venom  
re lease , an d  m ethod  of o b ta in in g  th e  venom  in la b o ra to ry  is  g iven.

T h e  toxic  su bstances in v a r io u s  anim al groups a re  o f d iffe re n t origin. T here  a re  defensive 
su b s ta n c e s , offensive w eapons a n d  also poisonous to x in s  w h ich  are no t used by  th e  an im al 
itse lf . S uch  a c lassification  as w ell as the  m apping of th e  g eo g rap h ica l d is tr ib u tio n  of an im al 
species a re  im p o rta n t for p re v e n tiv e  and th e rap eu tic  reaso n s in  th e  field  of h u m an  im plica tio n s .

E ac h  chap ter is fo llow ed  b y  re la ted  references a n d  th e  vo lum e is com pleted  by  a u th o r 
a n d  su b je c t indexes. The p r in tin g  an d  publication  of th e  b o o k  is excellent.

J . Sa l á n k i  (T ih an y )
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HUMAN IMPACTS ON LIFE IN FRESH 
WATERS

29H

Ed. by J. Salánki and P. Biró
( S y m p o s i a  B i o l o g i c a  H u n g a r i c a  1 9 )

T h e  p r e s e n t  v o l u m e  i n c l u d e s  t h e  l e c t u r e s  p r e s e n t e d  a t  t h e  S y m p o s i u m  o n  H u m a n  

I m p a c t s  o n  Li fe  in  F r e s h  W a t e r s  o r g a n i z e d  b y  t h e  B i o l o g i c a l  R e s e a r c h  I n s t i t u t e  

o f  t h e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s ,  T i h a n y ,  b e t w e e n  7 — 9  S e p t e m b e r  1 9 7 7 .

T h e  1 9  p a p e r s  b y  e x p e r t s  f r o m  t e n  c o u n t r i e s  c o v e r  a  w i d e  r a n g e  o f  l i m n o l o g i c a l ,  

t o x i c o l o g i c a l ,  p h y s i o l o g i c a l  a n d  h y d r o l o g i c a l  s t u d i e s .  T h e  v o l u m e  d e a l s  w i t h  

t h e  c u l t u r a l  e u t h r o p h i c a t i o n  o f  f r e s h  w a t e r s ,  t h e  r e l a t i o n s h i p s  o f  a q u a t i c  p l a n t s  

a n d  a n i m a l s ,  a n d  t h e  c h a n g e s  in e c o s y s t e m s  d u e  t o  h u m a n  i m p a c t s .  A  m a j o r  

p a r t  o f  t h e  v o l u m e  h a s  b e e n  d e v o t e d  t o  t h e  b i o l o g i c a l  e f f e c t s  o f  p o l l u t i o n  o f  d i f f e r 

e n t  o r i g i n  in f r e s h  w a t e r s ,  t o  t h e i r  i n t e n s i t y  a n d  t y p e  a n d  a l s o  t o  t h e  p r e d i c t i o n  

a n d  p r e v e n t i o n  o f  t h e i r  d e l e t e r i o u s  c o n s e q u e n c e s .

E f fe c t s  o f  p o l l u t i o n  t o  t h e  e n v i r o n m e n t  a n d  i m p a c t s  o f  c o m m e r c i a l  f i s h e r i e s  o n  

f i s h  f a u n a  o r  a  g i v e n  f i s h  p o p u l a t i o n  a r e  t r e a t e d  in d e t a i l  b o t h  in r i v e r s  a n d  s t a g 

n a n t  w a t e r s .  S o m e  e f f e c t s  o f  v a r i o u s  t o x i c  c o m p o u n d s  o n  t h e  p h y s i o l o g i c a l  

f u n c t i o n s  o f  f r e s h  w a t e r  i n v e r t e b r a t e s  a r e  a l s o  d e s c r i b e d .

T h e  v o l u m e  c a n  b e  r e c o m m e n d e d  t o  a l l  t h o s e  i n t e r e s t e d  in g e n e r a l  o r  s p e c i a l  

p r o b l e m s  o f  l i m n o l o g y ,  i . e .  t o  e x p e r t s  o f  i c h t h y o l o g y ,  b o t a n i e s ,  z o o l o g y ,  h y d r o 

l o g y ,  t o x i c o l o g y ,  a n d  e n v i r o n m e n t a l  p r o t e c t i o n .

In English — Approx. 220 pages —  / 7 x 2 5  cm — ISBN 963 05 1732 9 — Cloth

AKADÉMIAI KIADÓ, Budapest
Publishing House of the Hungarian Academy of Sciences



G ánti, Tibor:

a THEORY OF BIOCHEMICAL SUPER
SYSTEMS. Its application to problems 
of natural and artificial biogenesis

T h e  chemoton theory r e p r e s e n t s  a  c o n c e p t i o n a l l y  n e w  a p p r o a c h  t o  t h e  

d e d u c t i o n  o f  t h e  s i m p l e s t  p h y s i c a l  — c h e m i c a l ,  m a c r o m o l e c u l a r  s u p e r 

s y s t e m s  s a t i s f y i n g  t h o s e  c r i t e r i a  o f  l i f e  w h i c h  h a v e  b e e n  r e f o r m u l a t e d  b y  

t h e  a u t h o r  a l m o s t  a x i o m a t i c a l l y ,  in a  m o r e  e x a c t  p r e s e n t a t i o n  t h a n  

c o m m o n l y  k n o w n  f r o m  t h e  l i t e r a t u r e .  T h e  p r o s p e c t s  o f t h e  f u r t h e r  d e v e l o p 

m e n t  o f  t h e  t h e o r y  a r e  p r o m i s i n g ,  b e c a u s e  t h e  p r i n c i p l e s  o f  t h e  c h e m o t o n  

m o d e l  a r e  s i m p l e  a n d  c l e a r ,  m a k i n g  t h e  d e d u c t i o n  o f  m a n y  b a s i c  b i o 

l o g i c a l  p h e n o m e n a  p o s s i b l e  a l r e a d y  in i ts p r e s e n t  f o r m ,  a n d  o f f e r i n g  a  

f e a s i b l e  e x p l a n a t i o n  f o r  t h e  o r i g i n  o f  l i v i n g  s y s t e m s  f r o m  w h i c h  t h e  o u t 

l i n e s  o f t h e  s t r a t e g y  f o r  t h e  a r t i f i c i a l  s y n t h e s i s  o f  l i v i n g  s y s t e m s  a l s o  e m e r g e .

In English — Approx. 80 pages — / 7 x 2 5  cm —  ISBN 963 05 1719 I — 

Cloth

AKADÉMIAI KIADÓ, Budapest
Publishing House of the Hungarian Academy of Sciences



A  k ia d á s é r t  fe le l  a z  A k a d é m ia i K ia d ó  ig a z g a tó ja  M ű szak i s z e r k e sz tő :  Z a c s ik  A n n a m á r ia

A  k é z ir a t  n y o m d á b a  é r k e z e tt:  1 9 7 9 . I I .  22 . — T e r je d e le m : 9 ,8  (A /5 ) ív ,  48  áb ra  

7 9 .6 8 6 9  A k a d é m ia i N y o m d a , B u d a p e s t  F e le lő s  v e z e tő :  B e r n â t G y ö rg y

Printed in Hungary





DIRECTIONS TO CONTRIBUTORS

ACTA B IO L O G IC A  A C A D E M IA E  S C IE N T IA R U M  H U N G A R I C A E  p u b l ish es  
original w orks in th e  field of ex p e r im e n ta l  biology.

M anuscr ip ts  should  be addressed  to  Dr.  J á n o s  S a l á n k i , E d ito r ,  ЛСТА B IO L O G IC A ,  
11-8237 T ihany ,  H u n g a ry .

T he  m an u sc r ip ts  should n o t  exceed  16 ty p e d  pages in general.  T h e  m a n u sc r ip ts  should  
he  ty p e d  double-spaced,  on one side o f  th e  pap er .  In  o rder  to assure  ra p id  p u b l ic a t io n ,  c o n 
t r ib u to r s  are req u es ted  to subm it  two copies o f  the  m an u scr ip t  includ ing  an  a b s t r a c t  (m ax .  200 
words),  tab les  a n d  figures. E ac h  tab le  sh o u ld  be ty p ed  on a se p a ra te  sheet,  n u m b e r e d  a n d  
p ro v id ed  w ith  a t i t le .  All figures, e i th e r  p h o to g rap h s  or d rawings or g raphs ,  should  be  n u m 
bered  consecutive ly .  P h o to g ra p h s  should  be  labelled no t  directly ,  b u t  on  a t r a n s p a r e n t  sh e e t  of 
p a p e r  covering the  pho to .  F igure  legends  should  be ty p ed  in sequence  on a s e p a ra te  shee t.

P a p e rs  should  be headed  w i th  the  t i t le  of  the  paper ,  the  n am es  o f  the  a u th o r s  (male  
a u th o r s  use init ials,  female  a u thors  use one g iven  n am e  in full), d e p a r tm e n t ,  in s t i tu te  a n d  to w n  
w here  the  work  was performed.

The  f u l l  paper  should  be d iv ided  in to  the  following p a r ts  in the  o rde r  in d ica ted :
1. Abstract
2. Introduction
3. M ateria l and  method
4. Results
5. D iscussion
6. References. P ap e rs  - the  essen tia l  ones only cited in th e  m a n u sc r ip t  sh o u ld  be 

l is ted  on a sepa ra te  sheet in a lp h ab e t ica l  o rd e r  according to the  f irs t  a u th o r ’s su rn a m e .  T he  
references should  be  n u m b ered  so t h a t  e ac h  m a y  be referred to in the  t ex t  by its  n u m b e r  only .  
E x am p les :

1. B o a s , N. F .  (1953) M ethod for  d e te rm in a t io n  of h exosam ine  in tissue. J .  biol. Chem.
204, 553— 563.

2. D e  D u v e , C. Lysosomes, a new  group  of cytoplasm ic  pa r tic les .  H a y a s i i i , T. (ed.)
Subce llu la r  Particles. R o n a ld  Press ,  N. Y. 1959.

3. U m b r e i t , W . E . ,  B u r r i s , R. H . ,  S t a u f f e r , I. F. M anom etr ie  T echn iques .  B urgess
Pub l ish ing  Co., Minneapolis 1957.

Short com m unication. M anuscr ip ts ,  in English ,  should n o t  exceed 1 000 w ords  (4 ty p e d  
pages) including references. The  tex t  of m a n u s c r ip t s  con ta in ing  tab le s  and /o r  f igures  m u s t  
be correspondingly  shorte r .  Accep ted  s h o r t  com m unica t ions  will be  pub lished  w i th in  six 
m o n th s  a f te r  subm iss ion  of m an u scr ip ts .  I n  o rder  to speed up pub l ica t ion ,  no p ro o f  will be 
sen t  to au thors .

A u th o rs  will be furnished, free o f  c harge ,  w ith  100 rep rin ts .  A d d i t iona l  r e p r in t s  m a y  be 
o b ta in ed  a t  cost.



R e v i e w s  o f  t h e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s  a r e  o b t a i n a b l e  

a t  t h e  f o l l o w i n g  a d d r e s s e s :

AUSTRALIA
C .B .D  LIBRARY A N D  S U B S C R IP T IO N  SERVICE 
Box 4886, G.P.O., Sydney N .S .W . 2001 
C O SM O S BOOKSHOP, 145 A ckland Street, St. 
Kilda ( Melbourne), Victoria 3182 
AUSTRIA
G LO B U S, Höchstädtplatz 3, 1200 Wien X X  
BELG IU M
O F F IC E  IN TER N A T IO N A L D E  LIBR A IR IE ,
30 Avenue Marnix, 1050 Bruxelles
L IB R A IR IE  DU M O N D E E N T IE R , 162 Rue du
M idi, 1000 Bruxelles
BULGARIA
H E M U S , Bulvár Ruszki 6, Sofia  
CANADA
PA N N Ó N IA  BOOKS, P.O. Box 1017. Postal Sta
tion  “ B” , Toronto, Ontario M 5 T  2T8 
CH IN A
C N P IC O R , Periodical D epartm en t, P.O . Box 50, 
Peking
CZECHOSLOVAKIA
M A D ’ARSKÁ K U LT Ú R A , N árodn i tfida 22, 
115 66 Praha
PNS DOVOZ TISKU, V inohradská 46, Praha 2 
PN S DOVOZ TLACE, Bratislava 2 
DENM ARK
E JN A R  M U N K SGA A RD , N orregade 6, 1165
Copenhagen
FIN L A N D
A K A TEEM IN EN  K IR JA K A U PP A , P.O. Box 128,
SF-00101 Helsinki 10
FR A N CE
EU R O PE RIO D IQ U E S S. A., 31 A venue de Ver
sailles, 78170 La Celle St.-C loud  
L IB R A IR IE  LAVOISIER, 11 rue  Lavoisier, 75008 
Paris
O F F IC E  IN TER N A TIO N A L D E  D O C U M E N T A 
T IO N  ET LIBRAIRIE, 48 rue Gay-Lussac, 75240 
Paris Cedex 05
G ER M A N  DEM OCRATIC R E PU B L IC  
H A U S DER U N G A RISC H E N  K U L T U R , Karl- 
Liebknecht-Straße 9, D D R - 1 0 2  Berlin 
D E U T SC H E  POST ZEIT U N G SV E RT R IEB SA M T. 
S tiaß e  der Pariser Kommüne 3 — 4, D D R - 1 0 4  Berlin

G ER M A N  FEDERAL REPU B LIC  
K U N S T  U ND WISSEN E R IC H  B IEB ER,
Postfach 46, 7000 Stuttgart 1

G R EA T BRITAIN
B LA C K W ELL’S PERIO D ICA LS D IV ISIO N , Hythe
Bridge Street, Oxford 0 X 1  2EU
B U M PU S, HALDANE A N D  M A X W E L L  LTD.,
Cow pe, Works, Olney, Bucks M K 46 4B N
C O L L E T ’S HOLDINGS L T D ., D ening ton  Estate.
Wellingborough, N on hant s M N 8 2Q T
W .M  DAW SON AND SONS L T D ., C annon House,
Folkestone. Kent CT1 5EE
H. K. LEW IS AND CO., 136 G ow er Street,
London WC1E 6BS

G R EEC E
K O STA R A K IS BROTHERS, In te rna tiona l Book
sellers, 2 Hippokratous Street, Athens-143

H O LL A N D
M E U L E N H O FF-B R U N A  B.V ., B eulingstraat 2, 
Am sterdam
M A R T IN U S  N IJH O FF B.V., Lange Voorhout 
9 — 11, Den Haag

SW ETS SU BSCRIPTIO N  SERVICE, 347b Heere-
weg, Lisse
IN D IA
A L L IE D  PU B LISH IN G  PRIVATE LTD ., 13/14 
A saf Ali Road, New Delhi 110001 
150 B-6 M ount Road, Madras 600002 
IN T E R N A T IO N A L  BOOK HOUSE PVT. LTD ., 
M adam e Cam a R oad, Bombay 400039 
T H E  STA TE T R A D IN G  CO RPORA TIO N  O F 
IN D IA  LT D ., Books Im port Division, Chandralok, 
36 Jan p a th , New Delhi 110001 
ITALY
E U G E N IO  C A RL U CC I, P.O. Box 252, 70100 Bari 
IN T E R SC IE N T IA , Via M azzé 28, 10149 Torino 
L IB R E R IA  COM M ISSIO N  ARI A SANSONI,
Via Lam arm ora 45, 50121 Firenze
SA N T O  VANASIA, Via M. Macchi 58, 20124
Milano
D . E. A ., Via Lima 28, 00198 Roma 
JA P A N
K ÍN O K  U N I YA BO OK -STO RE CO. LTD ., 17-7 
Shinjuku-ku 3 chôme, Shinjuku-ku, Tokyo 160-91 
M A R U Z E N  CO M PA N Y  LTD ., Book Departm ent, 
P.O . Box 5050 Tokyo International, Tokyo 100-31 
N A U K A  LTD. IM PO R T D EPA R TM EN T, 2-30-19 
M inam i Ikebukuro, Toshim a-ku, Tokyo 171 
KOREA
C H U L P A N M U L , Phenjan 
N O RW A Y
T A N U M -C A M M E R M E Y E R , Karl Johansgatan
41—43, 1000 Oslo
PO L A N D
W Ç G IE R SK I IN ST Y TU T K U LT U R Y , Marszal-
kow ska 80, Warszawa
C K P  I W ul. Towarowa 28 00-958 Warsaw a
RO M A N IA
D. E. P., Bucureiti
R O M L IB R I, Str. Biserica Amzei 7, Bucurefti 
SO V IE T  U N IO N
SO JU Z PE T C H A T J — IM PO R T , Moscow 
and  the post offices in each town 
M E Z H D U N A R O D N A Y A  K N IG A , Moscow G-200 
SPA IN
D IA Z  D E SANTOS, Lagasca 95, Madrid 6 
SW ED EN
A LM Q V IST A ND W IK SE L L , G am la Brogatan 26 
S-101 20 Stockholm
G U M P E R T S  U N IV ER SITETSB O K H A N D EL AB,
Box 346, 401 25 Göteborg 1
SW IT ZE RL A N D
K A R G E R  LIBRI AG, Petersgraben 31, 4011 Base 
USA
EBSCO SU B SC R IPTIO N  SERVICES, P.O. Box 
1943, Birmingham, Alabama 35201 
F. W. FA X O N  C O M PA N Y , IN C ., 15 Southwest 
Park, Westwood. Mass. 02090 
T H E  M O O R E-CO T TR EL L SUBSCRIPTION 
A G E N C IE S . North Cohocton, N. Y. 14868 
R E A D -M O R E  PUBLICATIONS, IN C., 140 Cedar 
Street, New York, N. Y. 10006
ST E C H E R T -M A C M IL L A N , IN C ., 7250 Westfield
A venue, Pennsauken N. J. 08110
V IETN A M
X U N H A SA B A , 32, H ai Ba Trung, Hano 
Y UGOSLAVIA
JU G O SLA V EN SK A  K N JIG A , Terazije 27, Beograd 
F O R U M , Vojvode MiSiéa 1, 21000 Novi Sad

30. X . 1979 HU ISSN 0001-5288 Index: 26.005


	1. szám��������������
	Szász I.–Hasitz M.–Breuer J. H.–Sarkadi B.–Gárdos G.: Biconcave shape and its transformations in human red cells�����������������������������������������������������������������������������������������������������������������������
	Skrzydlewski Z.–Worowski K.: Degradation of low-density lipoproteins (LDL) and LDL – protamine complexes by lysosomal protease
	Horváth L.–Poteczin E.–Fehér G. K.–Fehér T.: Isolation and quantitative determination of sex hormones in carps (Cyprinus carpio L.)������������������������������������������������������������������������������������������������������������������������������������������
	Kittner Zs.–Oláh I.–Törő I.: Histology and ultrastructure of the Harderian gland – accessory lacrimal gland – of the chicken
	Varanka I.: Effect of some pesticides on the rhythmic adductor muscle activity of fresh-water mussel larvae������������������������������������������������������������������������������������������������������������������
	Krawczyk St.–Dziubek K.–Lach H.: Changes in activity of the organon vasculosum laminae terminalis in the annual cycle in Rana termporaria������������������������������������������������������������������������������������������������������������������������������������������������
	White C. J. B.–Horsman M. R.–Rowe P. S.–Howells K. F.: Cell wall characteristics of Pseudomonas aeruginosa and its carbenicillin-induced L-form������������������������������������������������������������������������������������������������������������������������������������������������������
	Kosaras B.–Flerkó B.: On the intracerebral locus for androgenization of female rats������������������������������������������������������������������������������������������
	Abraham A.–Ferris C. D.: Compact anisotropic bone: Elastic constants, in vitro aging effects and numerical results of a mathematical model�������������������������������������������������������������������������������������������������������������������������������������������������
	Recensiones������������������

	2. szám��������������
	Szentistványi I.: Membrane function alterations of red blood cell in neuropsychiatric disorders������������������������������������������������������������������������������������������������������
	Székely S.–Csányi V.: Effects of forebrain ablation on growth in teleost fishes��������������������������������������������������������������������������������������
	Kónya L.–Jóna I.–Kövér A.–Aradi F.: Determination of dose and time dependence of muscle contractures elicited by caffeine��������������������������������������������������������������������������������������������������������������������������������
	Elekes K.: Ultrastructure of synapses in the central nervous system of lamellibranch molluscs����������������������������������������������������������������������������������������������������
	Benedeczky I.–Somogyi P.: Cytochemical localization of exogenous peroxidase in adrenal medullary cells of hamster������������������������������������������������������������������������������������������������������������������������
	Fehér Zs.–Szabó G.: Genetic relatedness between streptomycin-producing and non-producin strains of Streptomyces griseus, studied by means of DNA-DNA hybridization�������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Salánki J.–Varanka I.: Effect of some insecticides on the periodic activity of the fresh-water mussel (Anodonta cygnea L.)���������������������������������������������������������������������������������������������������������������������������������
	Bierbauer J.: Effect of hermaphroditic gland homogenate on the regulation of the gametogenesis in Helix pomatia (Gastropoda, Pulmonata)����������������������������������������������������������������������������������������������������������������������������������������������
	Dash S. K.–Achary P. M.–Sharma C. B. S. R.: Metaphase arrest in the bone marrow cells of Rattus norvegicus by the B-exotoxin of Bacillus thuringiensis�������������������������������������������������������������������������������������������������������������������������������������������������������������
	Recensiones������������������

	3.szám�������������
	Módis L.: The molecular structure of the interfibrillar matrix in connective tissue������������������������������������������������������������������������������������������
	Ježina C.–Mical A.: Behaviour of aminohexoses and sialic acids in subacut intoxication of guinea pigs with "Elocron 50 WP"
	Hernádi L.–Benedeczky I.: Light and electron microscopic investigation of the sensory dendrites in the epidermis of the foot of the snail, Helix pomatia L.������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Péczely P.–Herbuté S.–Daniel J. V.–Baylé J. D.: The effect of lesions of the epithalamus on plasma aldosterone levels in Japanese quail����������������������������������������������������������������������������������������������������������������������������������������������
	Szujkó-Lacza J.: Hypostase, embryonic sac and endosperm in Anethum graveolens L., and in various families����������������������������������������������������������������������������������������������������������������
	Fazekas I.–Bácsy E.–Rappay G.: Monolayer cultures of rat pituitary intermediate lobe: growth and fine structure of epithelial cells������������������������������������������������������������������������������������������������������������������������������������������
	Sétáló G.–Antalicz M.–Saárossy K.–Arimura A.–Schally A. V.–Flerkó B.: Ontogenesis of the LH-RH-containing neuronal elements in the hypothalamus of he rat����������������������������������������������������������������������������������������������������������������������������������������������������������������
	Vigh S.–Horváth J.–Schally A. V.–Arimura A.–Sétáló G.: Simultaneous localization of luteinizing hormone-releasing hormone (LH-RH) and somatostatin-containing nerve fibres in the brain of the rat���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Kabai P.–Csányi V.: Genetical analysis of tonic immobility in two subspecies of Macropodus opercularis�������������������������������������������������������������������������������������������������������������
	Kabai P.–Csányi V.: Step-out latency measurements using clonal Goldfish������������������������������������������������������������������������������
	Recensiones������������������

	4.szám�������������
	Romhányi Gy.: Ultrastructure of biomembranes as shown by topo-optical reactions��������������������������������������������������������������������������������������
	Petkó M.: Seasonal variations of rat thyroid C cell population���������������������������������������������������������������������
	Szabó G.–Schablik M.–Fekete Zs.–Zsindely A.: A comparative study of DNA-induced transformants and spontaneous revertants of inositolles Neurospora crassa����������������������������������������������������������������������������������������������������������������������������������������������������������������
	Ireland M. P.: Heavy metal binding properties of earthworm chloragosomes�������������������������������������������������������������������������������
	Ireland M. P.–Fischer E.: Effect of Pb++ on FE+++ tissue concentrations and delta-aminolaevulinic acid dehydratase activity in Lumbricus terrestris����������������������������������������������������������������������������������������������������������������������������������������������������������
	Székely S.–Havas I.–Csányi V.: How paradise fish Macropodus opercularis L. explores a chessboard�������������������������������������������������������������������������������������������������������
	Fazekas I.–Bácsy E.–Rappay Gy.: Identification of epithelial cells and fibroblasts in hypophysis intermediate lobe cultures by scanning electron microscopy������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Recensiones������������������

	Oldalszámok������������������
	_1���������
	_2���������
	_3���������
	_4���������
	_5���������
	_6���������
	_7���������
	_8���������
	1��������
	2��������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������
	19���������
	20���������
	21���������
	22���������
	23���������
	24���������
	25���������
	26���������
	27���������
	28���������
	29���������
	30���������
	31���������
	32���������
	33���������
	34���������
	35���������
	36���������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	69���������
	70���������
	71���������
	72���������
	73���������
	74���������
	75���������
	76���������
	77���������
	78���������
	79���������
	80���������
	81���������
	82���������
	83���������
	84���������
	85���������
	86���������
	87���������
	88���������
	89���������
	90���������
	91���������
	92���������
	93���������
	94���������
	95���������
	96���������
	97���������
	98���������
	99���������
	100����������
	100_1������������
	100_2������������
	100_3������������
	100_4������������
	100_5������������
	100_6������������
	100_7������������
	100_8������������
	101����������
	102����������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������
	113����������
	114����������
	115����������
	116����������
	117����������
	118����������
	119����������
	120����������
	121����������
	122����������
	123����������
	124����������
	125����������
	126����������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������
	133����������
	134����������
	135����������
	136����������
	137����������
	138����������
	139����������
	140����������
	141����������
	142����������
	143����������
	144����������
	145����������
	146����������
	147����������
	148����������
	149����������
	150����������
	151����������
	152����������
	153����������
	154����������
	155����������
	156����������
	157����������
	158����������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������
	166����������
	167����������
	168����������
	169����������
	170����������
	171����������
	172����������
	173����������
	174����������
	175����������
	176����������
	177����������
	178����������
	179����������
	180����������
	181����������
	182����������
	183����������
	184����������
	185����������
	186����������
	187����������
	188����������
	189����������
	190����������
	191����������
	192����������
	193����������
	194����������
	195����������
	196����������
	196_1������������
	196_2������������
	196_3������������
	196_4������������
	197����������
	198����������
	199����������
	200����������
	201����������
	202����������
	203����������
	204����������
	205����������
	206����������
	207����������
	208����������
	209����������
	210����������
	211����������
	212����������
	213����������
	214����������
	215����������
	216����������
	217����������
	218����������
	219����������
	220����������
	221����������
	222����������
	223����������
	224����������
	225����������
	226����������
	227����������
	228����������
	229����������
	230����������
	231����������
	232����������
	233����������
	234����������
	235����������
	236����������
	237����������
	238����������
	239����������
	240����������
	241����������
	242����������
	243����������
	244����������
	245����������
	246����������
	247����������
	248����������
	249����������
	250����������
	251����������
	252����������
	253����������
	254����������
	255����������
	256����������
	257����������
	258����������
	259����������
	260����������
	261����������
	262����������
	263����������
	264����������
	265����������
	266����������
	267����������
	268����������
	269����������
	270����������
	271����������
	272����������
	273����������
	274����������
	275����������
	276����������
	277����������
	278����������
	279����������
	280����������
	281����������
	282����������
	283����������
	284����������
	285����������
	286����������
	287����������
	288����������
	289����������
	290����������
	291����������
	292����������
	293����������
	294����������
	295����������
	296����������
	297����������
	298����������
	299����������
	300����������
	301����������
	302����������
	303����������
	304����������
	305����������
	306����������
	307����������
	308����������
	309����������
	310����������
	310_1������������
	310_2������������
	310_3������������
	310_4������������
	310_5������������
	310_6������������
	310_7������������
	310_8������������
	310_9������������
	310_10�������������
	311����������
	312����������
	313����������
	314����������
	315����������
	316����������
	317����������
	318����������
	319����������
	320����������
	321����������
	322����������
	323����������
	324����������
	325����������
	326����������
	327����������
	328����������
	329����������
	330����������
	331����������
	332����������
	333����������
	334����������
	335����������
	336����������
	337����������
	338����������
	339����������
	340����������
	341����������
	342����������
	343����������
	344����������
	345����������
	346����������
	347����������
	348����������
	349����������
	350����������
	351����������
	352����������
	353����������
	354����������
	355����������
	356����������
	357����������
	358����������
	359����������
	360����������
	361����������
	362����������
	363����������
	364����������
	365����������
	366����������
	367����������
	368����������
	369����������
	370����������
	371����������
	372����������
	373����������
	374����������
	375����������
	376����������
	377����������
	378����������
	379����������
	380����������
	381����������
	382����������
	383����������
	384����������
	385����������
	386����������
	387����������
	388����������
	389����������
	390����������
	391����������
	392����������
	393����������
	394����������
	395����������
	396����������
	397����������
	398����������
	399����������
	400����������
	401����������
	402����������
	403����������
	404����������
	405����������
	406����������
	407����������
	408����������
	409����������
	410����������
	411����������
	412����������
	413����������
	414����������
	415����������
	416����������
	417����������
	418����������
	419����������
	420����������
	421����������
	422����������
	423����������
	424����������


