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Synopsis

The life cycles o f a streptom ycin-producing strain (N o. 52 — 1) and of a strep to­
m ycin-nonproducing strain (N o. 45 H) of Str. griseus were compared by observing  
the m orphological changes ensuing in submerged culture in a syn thetic  medium . Strain  
45 H develops peculiar structures called “ clum ps” by us. The m ycelia very soon 
differentiate into v egeta tive  and reproductive form s. L atter need a very short tim e  
to sp lit to spores. The life cycle o f this strain is thus com plete and short. In reproductive  
m ycelia PA S-positive substance cum ulates and, subsequently, shows characteristic  
changes in d istribution related to spore form ation. Strain 52 — 1 fails to form clum ps. 
Its life cycle is incom plete and its developm ent is slow . Significant quantity  o f PAS- 
positive substance appears in certain filam ents, but — as far as its distribution is 
concerned — changes resem bling those observable in the reproductive m ycelia  o f  
strain 45 H do not appear here. The other streptom ycin-nonproducing strains tested  
so far also form clum ps, and their life cycle is also rapid and com plete.

Introduction

S z a b ó , B a r a b á s  an d  V á l y i - N a g y  [ и , ]  s tu d ie d  th e  physio logy  an d  
m acrom orpho logy  o f s trep to m y c in -p ro d u c in g  an d  s trep to m y c in -n o n p ro d u c ­
ing s tra in s  of Str. griseus  in  various solid and  liq u id  m edia. T he grow th  cu rves 
of th e  m icro-organism s c u ltiv a te d  in subm erged  cu ltu re  suggested  th a t  th e  
life cycle of s tre p to m y c in -n o n p ro d u c in g  s tra in s  w as peculiarly  sh o rt.

Closer analysis o f th e  life cycles needed s tu d ies  of th e  fine m orpho logy  
o f th e  s tra in s . T he m orpho logy  and  h is to ch em is try  o f Streptomyces s tra in s  w ere 
s tu d ied  by  num erous in v es tig a to rs  [3, 4, 5, 6, 9, 10, 13, 14]. H ow ever, th e  
re su lts  o b ta in ed  w ere to o  general to  answ er th e  questio n  raised  by  us. F in e r 
and  m ore specific m ark ers  w ere needed to  d is tin g u ish  s trep to m y c in -p ro d u c in g  
s tra in s  from  those  p ro d u c in g  no s trep to m y c in . F ir s t  o f all we tr ie d  to  rev ea l 
th e  d ynam ics of th e  h istochem ical changes a n d  com pare  these  re su lts  w ith  
those  o b ta in ed  b y  o th e r  m em bers of our w ork ing  g roup  using d iffe ren t m eth o d s.

In  o rd er to  a rriv e  a t  co rrec t conclusions, we h ad  to  s tu d y  th e  p rob lem s 
o f life cycle in  general, too .

1 Acta Biol. Ilung. 14. 1963
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T h e  p resen t s tu d y  m ak es a p a r t  o f  in v es tig a tio n s  aim ed a t  e lu c id a tio n  
o f  th e  significance of s tre p to m y c in  in life processes of s trep to m y c in -p ro d u c in g  
s t r a in s .

M ateria ls an d  m ethods

S tra in s  o f Str. griseus. T h e  s t re p to m y c in -p ro d u c in g  s t ra in  No. 52 1 a n d  i ts  non-
p ro d u c in g  m u ta n t  No. 45 H  [16] were s tudied . The  m icrom orpho log ica lp ic tu res  were com pared  
f r o m  t i m e  to  t ime w ith  those  show n by  o th e r  s t re p to m y c in -n o n p ro d u c in g  s t r a in s  (No. 187 
a n d  N o .  176). In  order to  in v e s t ig a te  life cycle,  sam ples  were ta k e n  from  su b m erg ed  culture.  
S h a k e n  c u l tu res  growing in 100 m l  cu ltu re  m e d iu m  in 500 m l E r lenm eye r  f la sk s  were used.

T h e  culture m edium  c o n ta in e d  20.0 g glucose, 5.0 g asparagine,  2.0 g N H 4N 0 3, 1.2 g 
K H . P O p  2.9 g K . ,H P 0 4, 4.0 g sod ium  l ie x a m e ta p h o sp h a te ,  4.0 g CaC 03, 1.0 g NaCÎ, 1.0 g 
M gS O , • 7 H . ,0 ,  0.0064 g CuSO, • 5 H .O .  0.0011 g FeSO, • 7 H .,0 ,  0.0015 g M nC l2 • 4 H .O , 
0 .0020 g ZnSOj • 7 H 20  in 1000 m l d is til led w a te r ;  p H  was a d ju s te d  to  7.4. To dissolve the  
c o n s t i t u e n t s  except  glucose t h e  m ix tu r e  was p laced  in s t ream in g  s team  for 15 m in u te s .  Then  
g lucose  w a s  added  and the m e d iu m  was steril ized b y  f i l te r ing  th ro u g h  the Jen a -G lass  f i l te r  G-5.

Inocula tion . Slreptom yces c u l tu res  on soy ag a r  s lan ts  [16] were shaken  w i th  glass heads 
to  o b t a i n  spores.  These were su sp en d e d  in physiological saline and  fi l te red  t h r o u g h  Schleicher- 
Schiil l  f i l t e r -p a p e r  2043 h h a v in g  been soaked in 0.67 per  cent  collodion to rem o v e  m ost  of 
t h e  m y c e l iu m  fragm ents .  (Spores pass  th ro u g h  th is  f i l te r ,  mycelia l  f rag m en ts  are he ld  back 
a n d  t h e  few which pass d id  n o t  d i s tu rb  our m orpho log ica l  inves tiga tions .)  C ul tu re  m ed ium  
w a s  i n o c u la te d  with the f i l te red  spore  suspension.

Sa m p le s  for m orphological  e x a m in a t io n  were ta k e n  a t  4, 8, 12, 18, 24, 36, 48, 72, 96, 
120, 168, a n d  264 hours a f te r  inocu la t ion .  L oca tion  of th e  f i lam en ts  and th e i r  re la t ion  to 
one  a n o t h e r  were exam ined  b y  the  p h a se c o n t r a s t  microscope in fresh p re p a ra t io n s .  Fo r  
h i s to c h e m ic a l  purposes a n d  for s ta in in g  the  sam ples  were centrifuged, w ashed  w i th  saline, 
a n d  a f t e r  a n o th e r  cen tr ifuga t ion ,  suspended  in dis t i l led  w a te r  an d  sm eared  on slides. The 
p r e p a r a t i o n s  were dried a t  ro o m  tem p e ra tu re .  (This m eth o d  was chosen because  we had  
fa iled  to  observe  any s t ru c tu ra l  d ifference b e tw een  fixed and unfixed  m ycelia .)  F o r  h is to ­
c h e m ic a l  reac t ions  needing f ix a t io n  the  p re p a ra t io n s  were f ixed in a solution of 4 %  form al­
d e h y d e .

S ta in in g  fo r  cell wall. Seve ra l  procedures inc lud ing  Gu ttstein ’s [7, 8] t a n n ic  acid- 
c r y s t a l  v io le t  and d ilute  carho lfuchs in  m ethods  an d  th e  phosphom olybdenic -ac id  m ethod  
o f  B is s e t  a n d  H ale [2] were t r ied .  These  m e th o d s  gave sa t is fac to ry  resu lts ,  p a r t icu la r ly  
in  t h i c k  m ycelia .  In  m ost  of th e  f i lam en ts ,  how ever ,  e ithe r  the  in ten s i ty  of  s ta in ing  was 
in s u f f i c i e n t  or  the  plasma was also s ta ined .  F o r  th is  reason  a combined procedure  w as developed:  
u n f i x e d  p re p a ra t io n s  were t r e a te d  w i th  1.5 per c en t  phosphom olybden ic  acid for 5 m inu tes ,  
w a s h e d  th r e e  t imes w ith  d istil led w a te r ,  and  p laced  for te n  m inu tes  in a so lu tion  con ta in ing  
20 p e r  c e n t  tan n ic  acid and  4 pe r  c en t  fo rm alin .  T he  p re p a ra t io n s  were th en  w ashed  in three 
c h a n g e s  o f  distil led w a ter  for a t  lea s t  10 m in u te s ,  s ta in ed  w ith  1 : 5-diluted carholfuchsin  
for 10 m in u te s ,  washed w i th  t a p  w a te r  u n t i l  d r ipp ings  were colourless. This m e th o d  of wall 
s t a in  p r o v id e s  sa t is fac tory  p ic tu re s  o f  a considerable  n u m b er  of mycelia ,  y e t  i t  is n o t  suitable  
in e v e r y  case.  Prolongation  of t r e a tm e n t s  w ilh  a n y  o f  th e  solutions failed to im p ro v e  or spoil 
th e  q u a l i t y  o f  p repara t ion ,  w h e reas  insuff ic ient  w ash in g  was g rea t ly  confusing.

M ethylene  blue stain. U n f ix e d  p re p a ra t io n s  were k e p t  in Loeffler’s m eth y len e  blue 
s o lu t io n  fo r  1 hour,  washed w ith  t a p  w a te r  u n t i l  no colour was seen in d ripp ings  an d  rinsed 
w i th  d i s t i l l e d  water.

F eulgen  reaction. Fo rm a l in - f ix ed  p re p a ra t io n s  were hydro lyzed  in N  HC1 for 10 m inu tes  
a n d  t r e a t e d  w i th  Schiff’s re ag e n t  fo r  1 hour  |1].

P er iodic-acid-S c h iff  (  P A S  ) reaction. F o rm a l in - f ix ed  sm ears  were t r e a te d  according 
to McM a n u s  an d  H otchkiss [1 1.

Acta B io l. H ung. 14. 1963
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R esu lts

M orphology o f  spores in  the inoculum

T h e spores of s tra in  No. 45 H a re  ro u n d ed  and  v a ria b le  in  size (F ig . 33). 
T h e  sm alle r spores are  ap p ro x im a te ly  as large as the  spores o f  s tra in  N o. 52-1, 
th e  la rg e r ones are sev era l tim es la rg e r. T h e  p ic tu re  is u n u su a lly  hete ro g en eo u s 
as re g a rd s  form of spores, in te n s ity  o f  s ta in , m e ta c h ro m a tism  and o r th o ­
ch ro m a tism . O bservab le  am ounts o f  PA S-positive su b s ta n c e  are p re se n t, 
m a in ly  in  th e  wall o f spores (Fig. 3).

T h e  spores o f s tra in  No. 52-1 a re  cy lindrica l, re la tiv e ly  hom ogeneous 
in size an d  shape (F ig . 15). They are s ta in e d  o rth o ch ro m a tica lly  by m e th y le n e  
b lu e . H ere , too, P A S -positive  su b s ta n c e  is dem o n strab le  in th e  spore Avail.

L ife  cycle

B efore g e rm in a tio n  the  spores o f  s tra in  No. 52-1, to o , round  off. T h e  
spores o f b o th  s tra in s  begin  to  g e rm in a te  as soon as a fte r  4 h o u rs  of in c u b a tio n . 
B y 8— 12 hours th e  m a jo r ity  of spores show  g erm ina tion . T he m yeelia g row ing  
o u t o f  th e  spores are  th ic k , th e ir  w alls  are  h a rd ly  d e te c ta b le  (F ig. 16). T h ey  
a re  filled  by  a hom ogeneous b aso p h ilic  su b stan ce  show ing o r th o c h ro m a tism  
w ith  m ethy lene  b lue. T h e  P A S -positive  su b stan ce  is pa le  and  diffuse (F igs. 
23 an d  34). Im m ed ia te ly  a fte r g e rm in a tio n  th e  tw o s tra in s  can n o t be d is­
tin g u ish ed  from  each  o th e r. The m y ee lia  of b o th  s tra in s  show  som e ra m if i­
ca tio n  (F igs. 4, 5, 23).

Cultures o f  12 to 18 hours. In  th is  period  cu ltu res  grow  m ost ra p id ly . 
T he m yeelia  grow in  len g th  while lo se  in th ickness. T hose o f s tra in  N o. 52-1 
show  an  evenly  loose n e tw o rk  (Fig. 17), w hereas th e  n e tw o rk  form ed by  s t r a in  
N o. 45 H , though  co n sis tin g  of s im ila r th in  filam en ts, develops very  c o m p a c t 
te x tu re s  in  certa in  foci. In  th is period  th e  h y p h ae  can s till be follow ed in th e  
te x tu re ;  in  the  fine s tru c tu re  of the  h y p h a e  of th e  tw o  s tra in s  no d iffe rences 
can  be  d em o n stra ted  (F igs. 24 and 35). T he cores of m yeelia  show  in te n s iv e  
o rth o ch ro m a tic  s ta in in g  by  m e th y len e  b lue.

Cultures o f  24 hours. The n e tw o rk  o f s tra in  No. 52-1 develops so m e w h a t 
d en se r. T here is no considerab le d iffe rence  betw een  in d iv id u a l f i la m e n ts  
(F ig . 18). The hom ogeneous, baso p h ilic  su bstance  s ta in a b le  w ith  m e th y le n e  
b lue  sp lits  in to  rods inside fila m e n ts . T he PA S -reaction  ap p ears  pa le  an d  
show s diffuse co lo u ra tio n  (Fig. 24).

N early  all m yeelia  of s tra in  N o . 45 II cu m u la te  in  c h a ra c te r is tic  foci 
called  “ c lum ps”  b y  us (Fig. 2). L ow  m agn ifica tion  show s th e  clum p to  be 
sp h e ric a l w ith  sm o o th  surface or p ro v id e d  w ith  sh o rte r  or longer m y ee lia  
fo rm in g  “ b ea rd ”  on th e  surface. T h e  sp h erica l body  its e lf  is b u ilt  up  o f  con-
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F ig . 1. Scheme of th e  d e v e lo p m e n t  of the  two s t ra in s .  Fo rm s of s t r a in  No. 52— 1 presented  
in the last p ic tu res  o f  th e  two left co lum ns a p p e a r  only in  soy -bean  medium
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Figs. 2 to 13. D evelopm ent of strain No. 45 II in syn thetic  medium . Wall stain. M agnification  
X 2000 if otherwise not stated. Fig. 2. T ypical clump from 36-hour culture. N ative  pre­
paration, X 120. Fig. 3. Spores suspended in saline and filtered through collodion-soaked  
filter paper. Fig. 4. Eight-hour culture. Fig. 5. Twelve-hour culture. Fig. 6. T w enty-four- 
hour culture. M ycelium network of a clum p showing a com pact marginal area (on the upper 
part o f the picture) and a loose central one. W all stain, X 1600. Fig. 7. Culture o f 36-hours.

Part o f  a clum p crushed by pressing

A d a  Biol. Hung. 14. 1963
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cen tric  zones. T he o u te r  (cortical) zone is d en se r th a n  th e  in te rm e d ia ry  one. 
T he cen tre  of th e  c lu m p  is denser again . In  y o u n g e r clum ps th is  c h a ra c te ris tic  
s tru c tu re  is n o t v is ib le . F irs t  of all, h y p h a e  c u m u la te  show ing a longer “ b e a rd ” 
w hich  la te r  becom es sh o rte r  and  form s th e  o u te r  dense zone (24 hours). T h is 
is followed b y  th e  ra re f ie d  m id-zone an d  a t  la s t  b y  th e  dense cen te r. E x a m i­
n a tio n  of th e  c lu m p s c ru sh ed  b y  pressing  b y  h igh  m ag n ifica tio n  show es th e  
clum ps as co n sis tin g  o f m ycelia (F ig. 6).

S u b seq u en tly , p a ra lle l w ith  th e  d ev e lo p m en t of th e  clum p, th e  m ycelia 
show  h igh ly  p ro g ressiv e  changes; as a re su lt o f th ese , ex trem ely  th ic k  an d  
th in  m ycelia d ev e lo p  (F ig . 7). The th ic k  m ycelia  h av e  p roved  to  be b ran ch es 
o f th e  th in  ones. T h e  th ic k  m ycelia show  v e ry  p ro n o u n ced  w all s ta in in g . T he 
cy to p lasm  of th e  m y ce lia  being 1— 1.5 in  w id th  is v e ry  in ten se ly  s ta in e d
an d  show's o r th o c h ro m a tism  w ith  m e th y len e  b lue. In itia lly  th e  basoph ilic  
m a te ria l filling  th e  m yce lia  is hom ogeneous, on ly  few fissures d iv ide i t  in to  
long rods. The th ic k n e ss  o f th e  o th e r f ila m e n ts  is v a riab le , and  only  th e  th ic k e s t 
ones a p p ro x im a te  0.6 /J, in  th ickness. E v en  th e se  co n ta in  re la tiv e ly  m uch  
basoph ilic  su b s ta n c e  in  long rods se p a ra te d  from  one a n o th e r b y  in te rv a ls , 
w hich  are  longer th a n  th o se  in th e  th ic k  m ycelia . T he basophilic  m ass is s ta in ed  
w ith  m eth y len e  b lu e  o rth o ch ro m a tica lly . In  th e  gaps ligh t-v io le t-co lou red  
m a te ria l is v isib le . T h e  P A S -sta ined  th in  m ycelia  show  pale, diffuse co lou r­
a tio n , w hile in  th e  th ic k  m ycelia P A S -p o sitiv e  segm ents show ing in ten se  
co lo u r are  o b se rv ab le  (F ig . 37). This c h a ra c te r is tic  d iffe ren tia tio n  process w as 
observed  in th e  4 8 -h o u r cu ltu res in  every  series of ex p erim en t.

Cultures o f  48 to 60 hours. In  th ic k  m ycelia  of s tra in  N o. 45 H  cross w alls 
a p p ea r a b o u t as fa r  from  one an o th e r as w ide th e  m ycelium  is (Figs. 8 to  10). 
B o th  th e  size of m y ce lia  an d  th e  in te rv a ls  b e tw een  cross w alls a re  v e ry  v a r i­
able and  irre g u la r  even  w 'ithin in d iv id u a l th ic k  h y p h a . A ccord ingly  p a r ts  
g re a tly  va riab le  in  sh ap e  and size are  d e m a rc a ted  from  one a n o th e r  w ith in  
th e  m ycelia. T he cross w alls are th ic k e r  an d  m ore p ronounced  th a n  th e  side 
w alls. W hen  s ta in e d  w ith  m ethy lene  b lue , th e  o rth o c h ro m a tic , in ten se ly  s ta in ­
in g  core of th e  m y ce lia  ap p ears  to  be d iv id ed  in to  an g u la r pieces an d  show s 
a p ic tu re  co rresp o n d in g  to  th e  n eg a tiv e  o f th e  p re p a ra tio n , s ta in ed  for cell 
w all. T he baso p h ilic  c h a ra c te r  of th e  th in  m ycelia  w eakens, th e  core o f th e  
m ycelia  ap p ears  lig h t v io le t in colour. T h e  PA S reac tio n  gives pale, diffuse 
co lo u ra tio n  in  th e  f ila m e n ts . In  th ic k  f ila m e n ts  th e  w alls give an  in ten s iv e  
PA S reac tio n  (F igs. 36 to  38). The d is tr ib u tio n  of PA S -positive su b stan ce  in  
in d iv id u a l th ic k  m yce lia  is variab le . As a ru le , th e  P A S -positive  segm ents 
o f th e  cross walls are  v e ry  p ronounced  an d  w id er th a n  th e  cross w alls s ta in ed  
b y  o rd in a ry  cell w all s ta in in g .

T he cu ltu res  o f  s tr a in  No. 52-1 show  li t t le  change in  th is  period  (F ig . 19). 
In  sm ears s ta in e d  w ith  m ethy lene  b lue  ro d -sh a p e d , o rth o ch ro m a tic , b aso ­
ph ilic  su b stan ce  a n d , beside  th e  pale, v io le t-co lo u red  core oval m e tach ro m a tic
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Figs. 8 to 10. Culture of 48 hours. Marginal parts of clum ps. F ig. 11. Culture o f  72 hours. 
Solitary reproductive m ycelium  fragment w ith  rounded spores. Fig. 13. Culture o f 168 hours

bodies ap p ea r. T hese are  large, fill th e  w hole w id th  o f  m ycelium  a n d  seem  to 
bu lge it. (S ta in in g  for wall does n o t show  any  b u lg e . T his appears o n ly  w hen 
com pared  to  th e  su b stan ce  s ta in a b le  b y  m e th y len e  blue.)

PAS re a c tio n  show s a reg u la r series o f ro d -sh a p e d , PA S-positive fo rm a tio n s  
in  certa in  m yce lia ; th e  o th e r m ycelia  ap p e a r pale o r  coloured d iffu se ly  (F igs. 
25 an d  26).

Acta Biol, llu n g . 14. 1963
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F igs. 14 to 22. D ev e lo p m en t  of s t ra in  No. 52— 1 in  sy n th e t i c  medium M agn if ica t ion  X 2000 ,  
i f  o th e rw ise  n o t  s ta ted .  F ig . 14. Spores from s lan t  so y -a g a r ;  crushed b y  p re ss in g  in d ry  s ta te .  
X 1200. Fig. 15. Spores suspended  in saline and  f i l te red .  X 1600. Fig. 16. C u l tu re  of 8 hours. 
F ig . 17. Culture  of 18 hours .  Fig. 18. Culture of  24 ho u rs .  Fig. 19. C u ltu re  o f  48 hours. Fig. 
20. N ine-day-o ld  cu ltu re .  T h e  a r row  shows a leached  seg m en t  of m ycelium . F ig . 21. Culture 
o f  96 ho u rs  in f i l te red  soy-bean  m edium. The  a r row s  p o in t  to septate m yce l ia .  Fig. 22. E ight-  

d a y  old culture  in f i l te red  so y -b e an  medium

Cultures o f  72 and  80 hours. The se g m e n ts  of the  m ycelia  o f  s tra in  N o. 
45 H , a f te r  h av in g  been  sep a ra ted  from  one a n o th e r  by th ick  w alls , round  o ff  
w h ile  s till rem ain  co nnec ted  w ith  each o th e r , th u s  showing fo rm a tio n s  resem bl-
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Figs. 23 to 32. Strain N o. 52— 1. Changes in  the distribution of the PA S-positive polysaccha-. 
rides. Synthetic m edium . PAS-reaction. M agnification X 2000, if  otherwise nbt sta ted  
F ig. 23. Culture of 8 hours. Fig. 24. Culture o f 24 hours. Fig. 25. Culture of 36 hours. Fig. 26. 
Culture of 48 hours. X 1400. Fig. 27. Culture o f 72 hours. Figs. 28, 29 and 30. Cultures o f  

96 hours. F ig. 31. Culture of 120 hours. Fig. 32. Culture of 168 hours

ing  s trin g s of beads (F igs. 11 and  12). T he th ickness of th e  w all o f deve loped  
spo res appears to  be uniform . S pore  chains consist o f spores ra th e r  v a ria b le  
in  size and  shape. W h en  sta ined  w ith  m eth y len e  b lue, th e  spores a p p ea r to  be 
filled  by  a basoph ilic  su b stance . T h e  Feulgen  te s t show s a sm all, ro u n d , 
F eu lgen -positive  nucleo id  in th e  c e n tre  o f each spore. T h e  nucleoid is m uch
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F ig s . 33 to 42. S tra in  N o. 45 H . Changes in  th e  d is tr ib u tio n  of th e  P A S -positive  po lysacchar es. 
S y n th e tic  m edium . PA S re ac tio n . M agn ification  X 2000 if  o th erw ise  n o t s ta te d . F ig. 33. 
S p o res suspended in  sa lin e  an d  filte red . Fig. 34. C u ltu re  of 8 hours. F ig . 35. C ulture of 18 hours. 
F ig . 36. C ulture o f 48 h o u rs . PA S-positive p o ly sacch arid es in  side w alls. Fig. 37. C ultu re  of 
48  hours. Spherical a n d  d isc -sh ap ed  p o ly sacch arid e  bodies co rresp o n d in g  to  th e  su b seq u en t 
cross walls. A bove: ro d -sh a p e d  fo rm ations rem in d in g  of sim ilar bo d ies  in  cu ltu res of s tra in  
N o . 52— 1. X 1600. F ig . 38. C u ltu re  of 48 ho u rs . In c reased  a m o u n ts  o f PA S-positive p o ly ­
sacch a rid es in b o th  th e  cross an d  side w alls. F ig . 39. C ultu re  o f 72 h ours. A rrow s p o in t 
to  b racket-like  d is t r ib u t io n  of PA S-positive  su b s ta n c es . Fig. 40. C u ltu re  of 96 hours. PAS- 
p o sitiv e  po lysaccharides su rro u n d  th e  spores o f spo re  chains even ly . F ig . 41. C ulture o f 168 

hours. F ig . 42. C u ltu re  of 264 h o u rs , rem in d in g  of th e  in itia l p ictu re
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sm a lle r  in  d iam e te r th a n  the spore. In spores d iffe ren t in size th e  nucleo ids 
seem  to  be of eq u a l size, larger ones a re  uncom m on . The in te n s ity  o f  s ta in in g  
o f  spo res by  m e th y len e  b lue is v a r ia b le , an d  in  som e spore chains spores sh o w ­
ing m e ta c h ro m a tism  an d  those show in g  o rth o ch ro m atism  succeed each  o th e r  
w ith o u t any  rule. In s id e  of the spo res th e  basoph ilic  su b stan ce  ap p e a rs  to  be 
hom ogeneous in d is tr ib u tio n  and co lo u r w hen  exam ined  u n d er th e  ligh t- 
m icroscope. M ethy lene  blue sta in  o f sp o re  chains provides a p ic tu re  re sem bling  
th e  n e g a tiv e  of th e  p rep a ra tio n  s ta in e d  for wall. PAS reac tio n  gives in ten s iv e  
c o lo u ra tio n  (Figs. 39 an d  40). I t  sh o u ld  be n o ted  th a t  the  P A S -positive  su b ­
s ta n c e  does no t co v er th e  cell w all e v e n ly ; th e  P A S -positive zone is re la tiv e ly  
w ide a t  th e  cross Avail and is g ra d u a lly  th in n in g  tow ards th e  m idd le  o f th e  
seg m en t and  so, like a b racket, encloses th e  spore (F ig . 39). L a te r , w hen  th e  
spores h av e  been se p a ra te d  from  e a c h  o th e r, th is d is tr ib u tio n  of th e  PA S- 
p ositive  su b stan ce  changes and  th e  su b s ta n c e  su rro u n d s th e  spore ev en ly . 
Spore chains sp lit in to  shorter c h a in s  or so lita ry  spores. T he spores te n d  to  
ag g reg a te  (Figs. 13, 41, and  42). T h e  v e g e ta tiv e  m ycelia are  s ta in e d  less and  
less in ten se ly  u n til  th e y  are fully d isso lv ed . Some re s is ta n t, m id d le -th ick , well- 
s ta in a b le  filam en ts m ay  rem ain u n c h a n g e d  over 15 days or m ore (F ig . 13).

S tra in  No. 52-1 does no t show  m u ch  change a fte r  48 h ours (F igs. 19 to  
22, an d  27 to  32). Cross walls are p laced  fa r from  one a n o th e r, th e  f ila m e n ts  
arc  long  and  re la tiv e ly  th in . Some f ila m e n ts  an d  ce rta in  segm ents of som e f i la ­
m e n ts  are  f irs t leached , then  d isso lv ed  (Fig. 20). The basoph ilic  c h a ra c te r  
g ra d u a lly  w eakens an d  more a n d  m ore  filam en ts  ap p e a r be ing  au to ly zed . 
A fte r  10— 15 days in ta c t  fragm ents o f  filam en ts  are  visib le am ong  shadow -like  
ones. T he F eulgen  reac tio n  fails to  sho w  v a ria b ility  in  the  d is tr ib u tio n  o f D N A  
am o n g  in d iv id u a l filam en ts.

D N A  ap p ea rs  in  th e  form  o f ro d s  or spherica l fo rm atio n s, in  ag re e m e n t 
w ith  previous d a ta  [10, 15]. A p p e a ra n c e  of cross walls is v e ry  u n co m m o n . 
S p o ru la tio n  could  n o t be detected  in  deep  cu ltu res  hav ing  grow n in th e  s y n th e ­
tic  m ed ium  em p lo y ed , no t even a f te r  10— 20 days of in c u b a tio n . S ubm erged  
c u ltu re  in  filte red  soy-bean  m ed ium  p ro d u ced  m ycelia w ith  cross w alls p laced  
n e a re r  to  each o th e r , b u t even th e s e  w ere g rea tly  d iffe ren t from  th e  re p ro ­
d u c tiv e  m ycelia o f s tra in  No. 45 H ; th e ir  th i 'k n e s s  was u n ifo rm , th e  segm en ts 
b e tw een  cross w alls were a p p ro x im a te ly  id en tica l in size an d  sq u are -lik e  in 
sh ap e  (Figs. 21 a n d  22). Cross w alls  w ere n o t form ed a t  th e  ends of m ycelia  
an d  th e  segm ent d iv id ed  by cross-w alls con tin u es in b o th  d irec tio n s in m yce­
lium -segm en ts in  w hich  the  cross-w alls are  fa irly  rem ote  from  each  o th e r.

D iscussion

T he m orpho log ica l and h is to ch em ica l ch a rac teris tic s  o f tw o  s tra in s , viz . th e  
s trep to m y c in -p ro d u c in g  stra in  N o . 52-1 and  its  s trep to m y c in -n o n p ro d u c in g
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v a ria n t ]Nо. 45 Jrl, w ere com pared  to  each  o th e r  in shaken  cu ltu res grow n in  
sy n th e tic  m ed iu m . D iffe ren tia tin g  m ark e rs  of th e ir  life cycles w ere so u g h t.

C ertain  m o rpho log ica l and h is to ch em ica l ev en ts  arc  com m on for every  
Streptomyces s t r a in ;  o th e r  m arkers a re  ch a ra c te ris tic s  o f ce rta in  s tra in s  and  
a p p ea r in th o se  c o n sis ten tly . A th ird  g ro u p  o f h istochem ical m arkers need 
special co n d itio n s to  ap p ear, even in  s tra in s  cap ab le  of developing  such  
fea tu res. In  o rd e r to  e lu c id a te  th e  life cycles, one should  analyze th e  observed 
changes acco rd in g ly . H ow ever, l i te ra tu re  does n o t p rov ide  su ffic ien t basis 
and  our own e x p e rim e n ts  are too lim ited  to  ana lyze  th e  d a ta  w ith  co m p le te  
secu rity .

The life cycle  o f  s tra in  No. 45 H  is com plete  in  deep cu ltu re  grow ing 
e ith e r  in so y -bean  m ed iu m  or in a sy n th e tic  one; a g rea t n u m b er of spores is 
form ed by  th e  end  o f  th e  cycle. T he perio d  o f sp o ru la tio n  follows th e  w ay  
correspond ing  to  t h a t  designed by  a — b — c— d— d x— d., in th e  schem e o f 
PÉNAU an d  co-w orkers (F ig . 43) [13]. T h e  v e g e ta tiv e  period  of th e  life cycle 
is ra th e r  sh o rl. W alls ten d in g  to  s e p a ra te  spores from  one an o th e r ap p e a r as 
ea rly  as b e tw een  4 8 — 60 hours even in  th e  sy n th e tic  m edium . These w alls 
in d ica te  a p ro g ressed  s ta te  of th e  re p ro d u c tiv e  phase . T he rep ro d u c tiv e  phase 
keeps on long; new  rep ro d u c tiv e  m ycelia  are  s till fo rm ed  on th e  fo u rth  d a y  
o f in cu b a tio n . T h e  s tra in  develops c h a ra c te r is tic  agg regation  of m ycelia  
(called clum ps b y  us). T he observa tions o b ta in e d  so fa r are in su ffic ien t to  
reveal th e  w ay  o f d ev e lo p m en t of these  c lum ps an d  th e ir  role p lay ed  in  th e  
sh o rt life cycle. (O th e r  s trep to m y c in -n o n p ro d u c in g  s tra in s , viz. No. 176 and  
No. 187, also p ro d u c e  c lum ps and , also, th e ir  life cycles a re  sh o rt. P a ra lle lism  
or, a t least, u n ila te ra l  co rre la tio n  was o b serv ed  b e tw een  th ese  tAvo p h en o m en a : 
c lu m p -fo rm atio n  c o n s is te n tly  in d ica ted  sh o rt life cycle.) (F ig. 1).

D uring  th e  life cycle peculiar changes in  th e  d is tr ib u tio n  of p o ly sacch a­
rid es  w ere o b se rv ed  in  rep ro d u c tiv e  m yce lia , p a ra lle l w ith  th e  course o f  
sp o ru la tio n . A lth o u g h  our exp erim en ta l d a ta  are in su ffic ien t to  draw  fin a l 
conclusion, th ese  ch an g es  do no t seem  to  be c h a ra c te ris tic  of the  s tra in  u n d e r 
s tu d y , ra th e r  o f sp o ru la tio n  in general.

The m ost p ro n o u n c e d  m icrom orpho log ica l ch a rac te ris tic s  of th e  s tra in  
a re  h e te ro g en e ity  o f  spores in  shape, size, an d  s ta in in g . The v a r ia b ility  in  
s ta in in g  does n o t m ean  th a t  som e spores arc  s te rile , o thers include nucle i; 
no r does it  m ean  d e te c ta b le  differences in  th e  q u a n t i ty  of DNA. The fac to rs  
responsib le  for h e te ro g e n e ity  in sta in in g  m ay  be loca ted  e ith e r  in th e  p lasm a 
or in th e  w alls.

The life cycle o f  s tra in  No. 52-1 is in co m p le te  in deep cu ltu res. N e ith e r  
spores are fo rm ed , n o r  th e  po lysaccharides are  re -a rran g ed . T he m o rp h o ­
logical p ic tu re  rem a in s  unchanged  for a long  period  (F ig . 1).

The sy n th e tic  m ed iu m  used by us p ro v ed  to  be fav o u rab le ; b o th  s tra in s  
grew  well in it  a n d  th e  m orphological c h a ra c te ris tic s  o f s tra in s  were m uch m ore

Acta Biol. Hung. 1-i. 1963
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p ro n o u n ced  in  th is  th a n  in th e  so y -b ean  m ed ium ; p h en o m en a  ap p e a rin g  as 
u n c e r ta in  ten d en c ie s  in th e  la t te r ,  d ev e lo p ed  to  v a lu ab le  m orpho log ica l 
m a rk e rs  in th e  fo rm er.

F u r th e r  conclusions need th o ro u g h  s tu d y  of the life cycles o f severa l 
d is t in c t  s tra in s  a n d  of th e  co n d itions o f  c lu m p  fo rm ation .
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V E R G L E I C H E N D E  M O R P H O L O G IS C H E  U N T E R S U C H U N G  VON S T R E P T O M Y Z IN  
P R O D U Z I E R E N D E N  U N D  N IC H T  P R O D U Z I E R E N D E N  

ST R E P T O M Y C E S  G R ISEU S-ST Ä M M E N

A u f  G rund  der  V e rän d e ru n g en  des m o rpho log ischen  Bildes w u rd en  die L ebenszyklen  
eines S tre p to m y z in  p roduz ie renden  (Nr. 52 — 1) u n d  eines S trep to m y z in  n ich t  p ro d u z ie ren ­
den  Streptom yces griseus-S tam m es (Nr. 45-H) bei T ie fen fe rm en ta t ion  a u f  syn the t ischen  
N ä h r b o d e n  u n te rsu ch t .

Bei dem  S ta m m  Nr.  45-H en ts te h en  e igenar t ige  von den Verfassern  als K n ö tc h en  
b eze ic h n e te  Gebilde. Die Myzelien d if fe renz ie rten  sich sehr bald  zu v e g e ta t iv e n  u n d  re p ro ­
d u k t iv e n  Form en.  Die re p ro d u k t iv e n  Myzelien zerf ie len  in äusserst  k u rze r  Zeit  zu Sporen. 
Der L ebenszyk lus  i s t  also vo lls tänd ig  und  g eh t  schnell  vor  sich. In  den re p ro d u k t iv e n  Myzelien 
is t  die Menge der PA S-posi t iven  Stoffe grösser,  u n d  in  ih re r  Verteilung k a n n  m a n  im  Z u sam ­
m e n h a n g  m it  der S p o renb i ldung  c h a rak te r i s t isch e  V eränderungen  beobach ten .
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Beim  S ta m m  Nr. 52 1 e n ts te h e n  keine K n ö tc h en ,  d e r  Lebenszyklus ist  n ich t  vo l l ­
s tänd ig  u n d  die E n tw ic k lu n g  v e r lä u f t  langsam . Auch bei d iesem  S ta m m  lässt sich in einzelnen 
Myzelienfäden eine erheb liche  Menge von PAS-posi t ivem  S to f f  nachweisen , in dessen V e r ­
teilung jedoch  die bei d e m  S ta m m  Nr. 45-H b e o b ac h te ten  V erän d e ru n g en  nicht  erfolgen.

Die bisher u n te r s u c h te n ,  kein S trep tom yzin  e rzeugenden  Streptom yces g riseus-Stämine 
zeigen gleichfalls ein n o d u lä re s  W ac h s tu m ,  ihr L ebenszyklus  v e r lä u f t  rasch  und  vo l ls tänd ig .

СРАВНИТЕЛЬНОЕ МОРФОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ШТАММОВ 
STREPTOMYCES GRISEUS, ПРОИЗВОДЯЩИХ И НЕ ПРОИЗВОДЯЩИХ

СТРЕПТОМИ11ИН

Авторы на синтетической питательной среде при глубокой ферментации на осно­
вании изменения морфологической картины сравнивали жизненный цикл штамма S trep ­
tomyces griseus (№ 52—1), производящего стрептомицин и штамма (№ 45—Н), не произ­
водящего стрептомицин.

У штамма № 45—Н формируются своеобразные образования, которые авторы 
назвали бугорками. Мицелии весьма быстро дифференцируются в вегетативные и вос­
производительные формы. Воспроизводительные мицелии в течение весьма короткого 
времени распадаются на споры. Значит, жизненный цикл полный и осуществляется 
быстро. В воспроизводительных мицелях количество PAS-положительных веществ 
больше и в распределении этих PAS-положительных веществ наблюдаются характер­
ные изменения в связи с процессом спорообразования.

У штамма № 52— 1 бугорки не образуются. Жизненный цикл неполный, развитие 
медленное. В отдельных нитях у этого штамма также появляется более значительное 
количество PAS-положительного вещества, но в сто распределении не происходят тех 
характерных изменений, которые наблюдаются у штамма № 45—Н.

Исследованные до спх нор штаммы Streptom yces griseus, не синтетизирующие 
стрептомицин, также образуют бугорки, их жизненный цикл быстрый и полный.

Sá n d o r  V it á l is  
Gá b o r  S zabó 
T ib o r  V á l y i -N a g y

D ebrecen  12., G y ó g y sze rtan , H u ngary

Acta Bioi. Hunp. 14. 1903
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CHANGES OF NUCLEIC ACID CONTENT 
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AND TURTLES AFTER DENERVATION AND 
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Synopsis

The change in nucleic acid conten t has been studied in denervated and tenoto- 
m ized gastrocnem ius m uscles o f  Columba domestica and Em ys orbicularis on the 5th, 
10th, 15th and 20th postoperative days. In the denervated pigeon m uscle the quantity  
of D N A  related to 100 mg o f dry tissue and defined in relation to the contralateral 
m uscle increased, and that o f R N A  decreased. In the denervated turtle m uscle the  
R N A  con ten t decreased, while the D N A  content did not show any appreciable change. 
After tenotom y the change in nucleic acid content was less than after neurotom y. 
D enervation  was followed by a greater change in nucleic acid content in the phylo- 
gen etica lly  higher species.

Introduction

In  ou r fo rm er in v estig a tio n s [3] it  was estab lished  th a t  th e  in te r ru p tio n  
o f  p e rip h e ra l in n e rv a tio n  was follow ed by  a sign ifican t change o f nucleic acid 
c o n te n t in th e  s tr ia te d  m uscles of m am m als : in th e  d e n e rv a te d  g astro cn em iu s 
m uscle o f th e  r a t  the  desoxyribonucle ic  acid  (DNA) c o n te n t show ed an  increase , 
w hile th e  q u a n t i ty  of ribonucleic ac id  (R N A ) decreased.

T he d a ta  in th e  li te ra tu re  o f  th is  field are d iv e rg en t. M a n d e l  and  
J a c ob  [5] fo u n d  th e  DNA c o n te n t u n changed  on th e  30— 4 0 th  p o s to p e ra tiv e  
d ays w hile th e  q u a n tity  of R N A  h a d  decreased to  30— 60 p er cen t. H e a r n  
re p o rte d  s im ila r resu lts  [2]. S c h m i d t  an d  S c h l i e f  [6] observed  an increase  
o f b o th  nucleic  acids in a tro p h ie d  m uscles; G u t m a n n  an d  2 a k  [1] re p o rte d  on 
an  increase  in  th e  abso lu te  q u a n t i ty  of R N A .

In  th e  p resen t paper we h av e  s tu d ie d  th e  d ifferences betw een  th e  v a rio u s 
g roups o f A m nio tes in the  re g u la to ry  role p layed  by  th e  nervous system  in th e  
m e tab o lism  o f nucleic acids, an d  also th e  problem  of how  fa r  th e  m e tab o lism  
o f D N A  an d  R N A  is in fluenced  b y  th e  in te rru p tio n  o f n eu ra l co n tro l o f th e  
s tr ia te d  m uscle  tissue in th e  in v e s tig a te d  species.

2 A d a  Biol. Hung. 14. 1963
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M ethods

A d u l t  pigeons (Colum ba domestica) a n d  tu r t l e s  (E m y s  orbicularis) of e ither sex were 
used. U n d e r  e th e r  a n ae s th es ia  and  asep tic  c o nd it ions  a 10 m m  p a r t  of the  sciatic nerve was 
excised u n i la te ra l ly ,  to  ach ive  to ta l  d e n e rv a t io n  o f  th e  g as t rocnem ius  muscle. The c o n t r a ­
l a te ra l  muscle  se rved  as control.

To d e te rm in e  in  w h a t  m easure  the  nucle ic  acid  c o n te n t  of  th e  muscle was influenced 
b y  in a c t iv i ty  a lone in a n o th e r  group o f  a n im a ls  m o n o la te ra l  Achilles t e n o to m y  was p e r ­
fo rm ed .

T he  nucle ic ac id  co n te n t  of g a s t rocnem ius  muscles  was d e te rm in ed  by  means of U. У. 
sp e c t ro p h o to m e t ry  u s in g  the  m ethod  o f  T san ev  a n d  Markov [8] on the  5 th ,  10th, 15th 
a n d  th e  20 th  p o s to p e ra t iv e  days.  In  the  p r e p a r a t io n  of t is sue  pow der  we modified the  original 
m e th o d  of these  a u th o r s ,  in  th e  f i r s t  place b y  a p p ly in g  a  m ore  effective  rem o v a l  of the lip ids.  
A ccord ing  to our  o b se rv a t io n s  i t  was th u s  possible  to increase  the  ex trac t ib i l i ty  of D N A  
from  th e  m uscle  t is sue ,  a n d  th e  results  o f  U. Y. ab so rp t io n  m ea su re m e n ts  were more in 
a g ree m e n t  w ith  those  o f  th e  S c h m id t—T a n n h a u s e r  m e th o d ,  because  o f  the  complete  rem oval  
o f  the  l ipid-P.

T he  m eth o d  for d e te rm in in g  nucle ic ac ids  was as follows:

Fresh tissue :

200 — 250 mg hom ogenized  in 5 vol. 5 %  ice-cold tr ich lo ro ace t ic  acid (TCA).
St i r r ing  in a cen tr ifuge  tu b e  (90 X 18 m m ) a t  0 — 3 C for 20 m in .
Centrifuged a t  1 0 5 0 x g ,  0 — 3° C, 10 min.
R esidue  is d isso lved  in 5 vol. ice-cold 10%  TCA. S tirr ing .  Centrifugation . 
R e p e t i t io n  o f  th e  e x tr a c t io n  u n t i l  s u p e r n a t a n t  is free of phosphorus .

I ; " ~  I
Tissue  residue : (p ro te in s ,  l ip ids, E xtract : acid-soluble  nucleotides,  sugar

nucle ic  acids) p h o sp h a te s ,  glycogen, etc.
L ipid e x tra c t io n :

10 m l ice-cold e th a n o l  (66% ),  s t i r r ing  for 15 m in.
10 m l e th an o l  (9 6 % ) ,  s t i r r ing  a t  room  te m p e ra tu r e ,  15 min.
10 ml c h lo ro fo rm -9 6 %  e thanol  (3 : 1), in w a te r  b a th  a t  55° C, 30 min.
10 m l e the r ,  40° C, 20 m in.
10 m l  e th e r ,  40° C, 10 m in. Centrifuged.

Sedim ent : p ro te ins ,  nuc le ic  acids
I

D ryin g  in  thermostat a t  37° C for 24 hours

M easuring  o f  tissue pow der (20  m g) and digestion  in  K O H  (1 m l 0.5 N  K O H  per  100 mg fresh  
I t is sue )  37° C, 18 h o u rs .

Cooling. A cid ifica tio n  to  p H  3. Centrifugation .

P recipitate : DINA a n d  pro te ins

E xtrac tion  o f  D N A
by  5 ml N  HCIO, a t  80° C for 

j 30 m in .  C en tr i fu g a t io n .  The 
' e x t r a c t io n  is r e p e a te d  once more. 

M easurem ent o f  su p erna tan t D N A  content 
in  15 m l vol. a t  268 a n d  284 mu.

S u perna tan t :
R N A  as m o n o n u c leo tid es

T he  m easurem ent o f  com bined  s u p e rn a ta n t  
R N A  content in 25 m l  vol. a t  260 and 286 mu.

E xtrac t : l ipids

U. Y. m e a su re m e n ts  were done b y  m ea n s  o f  a B e ck m an  D U  S p ec tro p h o to m ete r .  
As s t a n d a r d s  d esoxyr ibonucle ic  acid sodium sa l t  (m ad e  from  calf  t h y m u s ,  L. L igh t  and  Co. 
L td .  Colnbrook, E n g la n d ) ,  a n d  r ibonucleic acid  sod ium  sa l t  (F lu k a  AG.,  Sw itzerland) were 
used.

Significance was c o m p u te d  according to  St u d e n t ’s t e s t  [7].

A cta  Biol. Hung. 14. 1963
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R esu lts

The weight changes o f  denervated and tenotomized muscles

A fte r d e n e rv a tio n  and ten o to m y  th e  w eigh ts of gastrocnem ii of Columba  
domestica  decreased  as com pared  w ith  th e  c o n tra la te ra l contro ls. In  th e  b ird s  
te n o to m y  caused a m ore m arked  a tro p h y  th a n  d en erv a tio n  d id . T w e n ty  d ay s  
a f te r  d en erv a tio n  th e  w eight of th e  p igeon  m uscles decreased on an  a v e rag e , 
b y  7.66 per cen t a n d  20 days a f te r  te n o to m y , by  41.55 per cen t.

In  the  d e n e rv a te d  m uscles of E m ys  orbicularis oedem atous changes could  
be  observed , re su ltin g  in  increased  w eig h t o f m uscles. T he m ax im um  in c rease  
w as reach ed  on th e  10th p o s to p e ra tiv e  d a y  (13.5% ), and  th e n  a r e tu rn  to  
n o rm a l s ta rte d . T h e re  was no s ig n if ican t change of m uscle w eig h t in  th e  
ten o to m ized  tu r tle s .

The change in  the nucleic acid content

D epend ing  on th e  species an d  th e  su rg ica l in terference  th e  loss o f  Aveight 
o f teno tom ized  an d  neuro tom ized  m uscles w as d ifferen t, w hich can  be  a t t r ib ­
u te d , in the  f irs t  p lace, to  d ifferences in  w a te r  co n ten t. To exclude  th e  non- 
u n ifo rm  changes o f w a te r c o n te n t, as a fa c to r  rendering  com parison  o f th e  
re su lts  m ore d iff icu lt, th e  nucleic acid  c o n te n t o f th e  m uscles w as r e la te d  to  
100 m g d ry  tissu e  w eight. In  d e n e rv a te d  pigeon m uscles th e  q u a n t i ty  o f  D N A  
in creased  in re la tio n  to  th e  c o n tra la te ra ls  (T able 1). A s ign ifican t rise co u ld  be 
d e m o n s tra te d  on th e  10th d ay , w hile th e  m ax im um  rise occurred  on th e  15 th

Table 1

D N A  content o f denervated and normal gastrocnemius muscles 
o f  Columba dom estica

Number
of

animals

P ost­
operative

days

DNA — P
content of norm al 

muscles (N)
(tig P/100 mg 

dry tissue)*

DNA — P
content of 
denervated 
muscles (D) 

(/ig P/100 mg 
dry tissue)*

Per cent 
difference Significance

between series N and D

i s 5 2 0 .8 ± 0 .2 2 1 .4 ± 0 .1 +  2.9 >  0.7

15 10 2 0 .4 ± 0.3 2.3.1 ± 0 .1 ± 1 3 .2 <  0.01

15 15 20 .3 ± 0.2 2 3 .7 ± 0 .4 ± 1 6 .7 <  0.001

15 20 21 .0 ± 0.2 24.5 ± 0 .2 ±  16.6 < 0 .0 0 1

* mean ±  standard error of the mean

2* A d a  Biol. H ung. 14. 1963
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d ay . In  ten o to m ized  m uscles a rise, low in degree, b u t s ign ifican t could be 
observed  only on th e  1 5 th  day  (Table 2).

The change in R N A  co n ten t show ed a d ec reasin g  tendency  in d e n e rv a tio n  
as w ell as in te n o to m y  (Tables 3 and  4).

The change o f  R N A  co n ten t in d u ced  b y  te n o to m y  was of lesser m easure  
th a n  th a t  observed  in  th e  case of d e n e rv a tio n  an d  reached  a sign ifican t level 
on ly  on th e  15th  d a y . In  th e  d en erv a ted  an d  ten o to m ized  tu r tle  m uscles th e  
D N A  co n ten t d id  n o t  show  any s ig n ifican t change during  the  period  o f in ­
v e s tig a tio n  (Tables 5 an d  6). The q u a n tity  o f  R N A  changed  only in  the  dener-

Table 2

D N A  content o f  tenotomized and norm al gastrocnem ius muscles 
o f  Columba d o m es t ic a

Number
of

animals

P o s t­
opera tive

days

DNA —P
content of normal 

muscles (N) 
(^ug P/100 mg 

dry tissue)*

DNA —P 
con ten t of 

tenotom ized 
muscles (T) 

(/xg P/100 mg 
d ry  tissue)*

Per cent 
difference Significance

between series N and T

15 5 20.3 +  0.4 20.6 ± 0 .1 +  1.4

15 10 19.9 +  0.3 20.8 +  0.3 +  4.5 >  0.05

13 15 20.3 +  0.3 22.1 +  0.5 +  8.8 <  0.01

15 20 20.7 +  0.1 21.3 +  0.1 +  2.8

* m ean  +  s t a n d a r d  e r ro r  of  the mean

Table 3

R N A  content o f  denervated and norm al gastrocnem ius muscles 
o f  Columba d o m es t ic a

Number
of

animals

Pust-
operative

days

RNA —P
content of normal 

muscles (N) 
(/xg P/100 mg 

d ry  tissue)*

RNA —P
conten t of 
denervated  
muscles (D)

( u e  P/100 mg
dry  tissue)*

Per cent 
difference Significance

between series N and D

15 5 36.5 +  0.4 35.0 +  0.5 —  4.1

15 10 35.8 +  0.3 29.4 +  0.5 — 17.9 <  0.001

13 15 36.2 +  0.3 29.1 +  0.3 — 19.7 <  0.001

15 20 36.2 +  0.2 31.3 +  0.5 — 13.5 <  0.001

* mean +  standard error of the mean
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Table 4

RIMA content o f  tenotom ized and normal gastrocnem ius muscles 
o f  Columba dom estica

Number
of

animals

P ost­
operative

days

R N A - P
con ten t of normal 

muscles (N) 
(/xg Р/Ю0 mg 

dry tissue)*

R N A -P
content of 

tenotom ized 
muscles (T) 

P/100 mg 
dry tissue)*

Per cent
difference Significance

between series N and T

15 5 3 6 .6 ± 0 .4 35.2 ± 0 .3 -  3.8

15 10 3 4 .0 ± 0 .4 3 5 .3 ± 0 .4 -  4.9 >  0.06

13 15 36.4 ± 0 .3 3 2 .4 ± 0 .4 — 10.9 <  0.01

15 20 35.8 ± 0 .1 33.1 ± 0 .5 — 7.7 <  0.03

* mean ^  standard error of the mean

Table 5

D N A  content o f  denervated and normal gastrocnem ius muscles 
o f  E m ys orbicularis

Number
of

animals

Post­
operative

days

DNA —P
conten t of normal 

muscles (N) 
(;ig P/100 mg 
dry  tissue)*

DNA -  P
content of 
denervated 
muscles (D) 

(/Ag P/100 mg 
dry tissue)*

Per cent
difference [ Significance 

between series N and D

8 5 2 9 .3 ± 0 .1 2 9 .3 ± 0 .3 —

5 10 2 8 .9 ± 0 .2 30.0 ± 0 . 1 ± 3 .8 >  0.8

5 15 2 9 .5 ± 0 .1 3 0 .4 ± 0 .1 ± 3 .1 >  0.8

5 20 2 9 .2 ± 0 .4 30.2 ± 0 .3 3.4 >  0.7

* mean ^  standard error of the mean

Table 6

DIM A  content o f  tenotomized and norm al gastrocnem ius muscles 
o f  E m ys orbicularis

Number
of

animals

P ost­
operative

days

DNA — P
con ten t of normal 

muscles (N) 
(fig P/100 mg 

dry  tissue)*

DNA —P
content of 

tenotomized 
muscles (T) 

(fig P/100 mg 
dry tissue)*

Per cent 
difference Significance

between scries N and  T

8 5 2 9 .6 ± 0 .6 2 9 .8 ± 0 .3 ± 0 .6

5 10 2 9 .5 ± 0 .2 3 0 .3 ± 0 .3 ± 2 .7

5 15 2 9 .0 ± 0 .4 2 9 .9 ± 0 .2 ± 3 .1 >  0.5

5 20 29.5 ± 0 .3 3 0 .2 ± 0 .3 ± 2 .3

* mean ^  standard error of the mean
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Table 7

R N A  content o f  denervated and norm al gastrocnem ius muscles 
o f  Em ys orbicularis

Number
of

animals

P ost­
operative

days

RN A  —P
co n ten t of normal 

muscles (N) 
(fj.g P/100 mg 

d ry  tissue)*

RNA —P
content of 
denervated  
muscles (D) 

(fjtg P/100 mg 
dry tissue)*

Per cent 
difference Significance

between series N  and D

8 5 45.1 +  0.5 44.2 +  0.3 -  2.0

5 10 4 4 .7 + 0 .2 40.9 +  0.6 -  8.2 <  0.03
5 15 4 5 .5 ^ 0 .4 40.6 +  0.5 — 10.7 <  0.01
5 20 4 4 .7 + 0 .5 40.1 +  0.5 —  10.3 <  0.02

* mean +  standard error o f  the mean

Table 8

R N A  content o f  tenotom ized  and norm al gastrocnem ius muscles 
o f  E m ys orbicularis

Number
of

animals

Post­
operative

days

RNA —P
co n ten t of normal 

m uscles (N) 
(|Ug P/100 mg 

d ry  tissue)*

RNA —P 
content of 

tenotom ized 
muscles (T)

(trg P/100 mg 
dry tissue)*

Per cent 
difference Significance

between series N  and T

8 5 4 5 .6 + 0 .2 46.0 +  0.4 + 0 .8

5 10 4 5 .0 ± 0 .5 45.1 +  0.6 +  0.2
5 15 45.1 +  0.2 43.1 +  0.3 — 4.4
5 20 4 5 .6 + 0 .6 43.2 +  0.4 — 5.3 >  0.6

* m ean +  standard error o f  the mean

v a te d  m uscles, show ing a d ec rea se  of 10.7 per c en t an d  one of 10.3 p er cen t on 
th e  1 5 th  an d  20th days, re sp e c tiv e ly  (Tables 7 an d  8).

D iscussion

T h ese  experim en ts h a v e  show n th a t  d e n e rv a tio n  of s tr ia te d  m uscles in 
th e  in v e s tig a te d  species, a n d  th e  s ta te  of in a c tiv ity  p ro d u ced  by  te n o to m y  are 
fo llo w ed  b y  changes in  n u c le ic  acid  co n ten t w hich  are  sim ilar to  th o se  seen in 
m a m m a ls . But the  in te rv e n tio n  influenced  th e  D N A  m etab o lism  in a lesser 
d e g re e . I t  can be estab lish ed  th a t  a fte r d e n e rv a tio n  ihe  nucleic ac id  co n ten t 
sh o w e d  a change of a h ig h e r deg ree  in  the  p h y lo g en e tica lly  h igher species. This
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is p roved  also by  our o b se rv a tio n s  m ade on A nain n ia  ( R ana escu len ta ). 
W e failed  to  d e m o n s tra te  an y  change of th e  nucleic acid co n ten t in th e  dener- 
v a te d  m uscles o f these  p h y lo g en e tica lly  low er an im als, even in  th e  second p o s t­
o p e ra tiv e  m o n th . One ex p la n a tio n  o f th e  d ifference in th e  change o f nucleic  
acid  c o n te n t observed  in  d iffe ren t species, m ay be th a t  th e  tim e co u rse  o f 
m uscle d eg en era tio n  ex h ib its  species v a ria tio n s  as d e m o n s tra te d  by  K n o w l - 

t o n  [4]. In  a d d itio n  th e  d ifference in  m etabo lic  ra te  betw een  th e  po ik ilo- 
th e rm ic  and  h o m oio therm ic  an im als  m u s t be b o rn  in  m ind.

In th e  case of b ird  m uscles, th e  in a c tiv ity  a tro p h y  occurring  w ith in  th e  
in v es tig a tio n  period  was of a h ig h er degree th a n  th e  a tro p h y  observed  in  th e  
d e n e rv a te d  m uscles, b u t in  sp ite  o f th a t  th e  change of th e  nucleic acid c o n te n t 
co m p u ted  fo r 100 m g d ry  tissu e  w eigh t was alw ays h igher in the  d e n e rv a te d  
m uscles th a n  in  th e  ten o to m ized  ones. This o b se rv a tio n  also su p p o rts  th e  
ex istence  o f th e  tro p h ic  effect assum ed  by  us.
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D IE  Ä N D E R U N G  D E S N U K L E IN SÄ U R E G E H A L T E S  
IM M USCULUS GASTROCNEM IUS D E R  T A U B E  U N D  SC H ILDK RÖ TE  

NACH D E N E R V A T IO N  U N D  TENOTOM IE

Die Ä nderung des N ukleinsäuregehaltes im denervierten und tenotom ierten M usculus 
gastrocnem ius von Columba domestica und E m ys orbicularis wurde am 5., 10. und 20. Tag 
nach dem operativen E ingriff studiert.

Im denervierten Taubenm uskel ste ig t die auf 100 mg G ew ebstrockengewicht bezogene  
und m it dem M uskel der anderen Seite verglichene DNS-M enge, während die R N S Menge 
sink t. Im denervierten Schildkrötenm uskel verm indert sich die RNS Menge, w obei der DNS  
G ehalt sich n icht signifikant verändert. Nach T enotom ie verändert sich der N ukleinsäure­
gehalt in geringerem  Masse als im  F alle der N eurotom ie.

Bei den phylogenetisch entw ickelteren Arten folgt auf einen Innervationsausfall eine 
bedeutendere Veränderung des N ukleinsäuregehaltes.
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ИЗМЕНЕНИЕ СОДЕРЖАНИЯ НУКЛЕИНОВЫХ КИСЛОТ В ИКРОНОЖНЫХ 
МЫШЦАХ ГОЛУБЕЙ И ЧЕРЕПАХ ПОСЛЕ ДЕНЕРВАЦИИ И ТЕНОТОМИИ

Изучали изменение содержания нуклеиновых кислот в икроножных мышцах 
Columba domestica и E m ys orbicularis после денервации и перерезки сухожилия на 5., 
10., 15. и 20. день после операции.

Количество дезоксирибонуклеиновой кислоты в денервированной икроножной 
мышце голубя (на 100 мг. сухого веса ткани по отношению противоположной стороны) 
повышается, а количество рибонуклеиновой кислоты понижается. В венервированной 
мышце черепахи количество рибонуклеиновой кислоты понижается, а содержание дез­
оксирибонуклеиновой кислоты не меняется сигнификантно. Содержание нуклеиновых 
кислот менее выраженно меняется после перерезки сухожилия, чем после нейротомии. 
У филогенетически низших видов больше изменяется содержание нуклеиновых кислот 
при выпадении иннервации.

G á b o r  H o l l ó s i  
A n d r á s  T i g y i  
K álm án  L i s s á k

Pécs, R ákóczi ú t  80, H u ngary
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IN HUNGARIAN SOILS

I I I .  V IA B IL IT Y  O F S T R E P T O M Y C E S  ISO L A T E S P R E S E R V E D  IN  SO IL
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T. V Á L Y I-N a GY and  G . KU LCSÁR

RESEARCH IN STITU TE FOR E X P ER IM EN TA L MEDICINE (DIRECTO R: I. RUSZNYÄK) OF T H E  
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D EB R EC E N  (HEAD; T. VÁLYI-NAGY)

(R ece iv ed  D ecem ber 11, 1962)

Synopsis

The v iab ility  o f Streptom yces iso lates in  va rio u s “ soil c u ltu re s”  w as s tu d ied . 
O u t o f th e  m ate ria ls  a p p lied  to  p rep are  soil c u ltu res , soil sam ples o b ta in e d  fro m  the  
h a b ita ts  p ro v ed  to  be m o st su itab le  for th e  p re se rv a tio n  of iso la tes. W ash ed  clay 
was also u tilizab le , b u t  in  w ash ed , glowed and  sterilized  q u a r tz  san d  th e  c u ltu re s  soon 
perished . O rganic m a t te r  (h u m u s) c o n te n t of th e  soil o f th e  h a b ita ts  does n o t  in fluence 
th e  v iab ility  o f iso la tes d u rin g  s to rag e  in soil cu ltu res . Iso la te s  o b ta in e d  from  h a b ita ts  
w ith  ionizing  ra d ia tio n  (u ran iu m  soils) were less v iab le  th a n  those  o b ta in e d  from  
n o n -rad ia tin g  h a b ita ts .

Isolates o f  soil m icroorgan ism s often h ave  to  be p reserved  u n d e r  labo­
ra to ry  conditions u n ti l  th e i r  an tib io t ic -p roduc ing  cap ac i ty ,  or possible cy to ­
s ta t ic  or v irucidal etc. effects, are  dete rm ined . In  th e  case of ce r ta in  moulds 
a n d  A ctinom ycetae  considerab le  problem s arise. The m a in te n a n c e  o f  several 
th o u sa n d s  of isolates in v e g e ta t iv e  cultu res , i.e. in co n tinuous  passages, is 
h igh ly  expensive and w ork -consum ing  while often r.ot assuring th e  p rese rva tion  
of  th e  original cha rac te r is t ic s  o f  th e  isolates.

In  order to  preserve  th e i r  v iab ili ty  and  morphological,  physiological, 
cu l tu ra l  and biochemical ch a rac te r is t ic s  fungi were successfully p rese rved  and 
s to red  by lyophilizing th e i r  spores or vege ta t ive  forms [2, 3].

A nother  m e thod ,  n o t  less generally applied  in th e  p re se rv a t io n  of  fungi 
is th e  p rep a ra t io n  o f  “ soil c u l tu re s” . G r e e n e  and  F r e d  [1] were th e  f irs t  to 
ap p ly  th is  m ethod  to  m a in ta in  p re p a ra to ry  cu ltu res  of fungi in th e  lab o ra to ry .  
T h ey  succeeded in p reserv ing  fungi in such cultures  for a n u m b e r  of  years. 
Streptom yces s tra ins  and iso la tes  have  also been m a in ta in ed  in some labora to r ies  
b y  th e  soil cu ltu re  m e th o d ,  n a m e ly  by  dry ing  dense spore suspensions in  sterile 
c lay . W hen screening for an tagon is t ic  effect Streptom yces s tra in s  a n d  isolates 
V a l y i - N a g y  and  co-w orkers often  observed rap id  decrease in  th e  viabili ty  
of  spores preserved in w ash ed  clay, and th is  decrease was especially  s trik ing 
in th e  case of Streptom yces isolates t h a t  p roved  to  be an tag o n is t ic .
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Since no l i te ra ry  d a t a  were available  on p rese rv a t io n  of Streptomyces 
sp o re s  or parts  of m y c e l ia  in  d ry  soil cu ltu res  th e  p resen t  ex per im en ts  have 
b e e n  initia ted. We w a n te d  (i) to reveal the  in f luence  of the  soil on the  p rese r­
v a t i o n  of isolates a n d  (ii) to  dem ons tra te  th e  possible in fluence  of the  conditions 
p r e v a le n t  a t the h a b i t a t  o n  th e  viability  of  Streptom yces  isolates.

Materials and  m ethods

Streptomyces isolates. T h e  b e s t spore-form ing iso la te s  o b ta in e d  from  vario u s soils of 
H u n g a r y  in  the  years 1959 to  1960 and  stored  in  o u r s tra in  co llection  w ere te s te d .

T he isolates w ere in o c u la te d  in to  soy b ean  m ed iu m  a n d  in c u b a te d  in  a th e rm o s ta t  
a t  27° C for 7 to 10 d ay s . D u r in g  th is  period a b u n d a n t  g ro w th  an d  spore fo rm atio n  were 
o b se rv e d  on the  surface  o f  th e  m ed iu m ; the  iso la tes fo rm ed  a co n flu e n t shee t. S u b seq u en tly  
th e  co lon ies were susp en d ed  in  tw o  d iffe ren t flu ids, viz. (i) in  s te rile  sa line  (0.9 per cen t sodium  
c h lo r id e )  and (ii) in an  e x tr a c t  o f  th e  own soil o f th e  iso la te . T hese  e x tra c ts  w ere p rep ared  
a s  fo llow s. The soil was d r ie d , p u lv e rize d , and su sp en d ed  in tw o vo lum es of d is tilled  w ater. 
A f te r  sh ak ing  for 10— 15 m in u te s  th e  suspension w as f i l te re d  th ro u g h  G5 b ac teriu m  filte r 
u n d e r  s te rile  conditions.

In  bo th  flu id  su sp en s io n s  co n ta in in g  100 — 200 m illion  spores pe r m l were p repared .
T o prepare soil cu lture  (i)  q u a r tz  sand (arena m a rin a . M erck), (ii) c lay , an d  (iii) soil 

s a m p le  from  the  own h a b i ta t  o f  th e  iso late were w ash ed  a n d  glow ed. F ive  g of th e  m ate ria l 
w e re  p laced  in each of g lass  tu b e s  100 m l in len g th  a n d  9 m m  in  d iam e te r. T he tu b es  were 
s to p p e re d  by gauze-w rapped  c o t to n  and  twice s te rilized  a t  160° C fo r th ree  hours in  d ry  air. 
F ro m  th e  sodium  chloride sp o re  susp en sio n  0.5 m l w as p laced  in  each  of th e  tu b es  con tain ing  
q u a r tz  san d  and clay. T h e  sa m e  vo lum e of th e  su sp en s io n s p re p are d  in  soil e x tra c ts  was 
p la c e d  in  each of the  tu b e s  w ith  q u a r tz  sand and  ste rile  soil o b ta in e d  from  th e  h a b ita t.  The 
f u r th e r  p rocedure was th e  sam e  a s  described elsew here [4].

A s regards th e  c o n d itio n s  p re v a le n t a t th e  h a b i ta ts  tw o  fa c to rs , viz. (i) th e  organic- 
m a t t e r  c o n te n t of th e  so il a n d  (ii)  th e  ionizing ra d ia tio n  o f  th e  b ack g ro u n d  were s tu d ied  in 
r e la t io n  to  the  v iab ility  o f  th e  s to re d  isolates.

T o s tu d y  the  in flu en ce  o f  th e  o rg an ic -m atte r c o n te n t ,  v ia b il ity  o f  18 iso la tes deriv ing  
f ro m  so ils  contain ing  0 to  3 p e r  c e n t  hum us was co m p ared  to  t h a t  o f  th re e  iso la tes  ob ta in ed  
fro m  so ils  w ith  a p p ro x im a te ly  5 p e r  cen t hum us.

A s to  the in fluence o f th e  b ack g ro u n d  ra d ia tio n , th e  v ia b ility  o f Streptomyces iso lates 
o b ta in e d  from  soils co n ta in in g  u ra n iu m  were com pared  to  t h a t  o f  iso la tes  from  soils w ith o u t 
a n y  d e m o n s trab le  b ack g ro u n d  ra d ia t io n . The b ack g ro u n d  ra d ia tio n  of th e  fo rm er group  of 
so ils  ra n g e d  from  55 to  4900 n r  p e r  hour.

“ Soil cu ltu res” w ere p re p a re d  from  each of th e  iso la te s  in c lu d ed  in  th e  p re sen t s tu d y . 
T h e  v ia b i l i ty  of the  soil c u ltu re s  w as  stu d ied  by  p la tin g  10-6 d ilu te d  cu ltu res  on  soy bean  
p la te s  1, 6, and 12 m o n th s a f te r  th e  p rep ara tio n  of th e  soil cu ltu re s . T he soy b ean  cu ltu res 
w e re  in c u b a te d  a t 27° C fo r tw o  d a y s . I f  100 per cen t v ia b il i ty  o f  th e  iso la tes h ad  been p re ­
s e rv e d , 100 — 200 colonies w o u ld  g ro w  on each o f th e  p la te s .

P rin c ip ia lly , d e te rm in a tio n  o f  th e  live germ c o u n t seem ed to  be th e  m ost re liab le  m ethod  
to  d e te rm in e  the q u a n ti ta t iv e  c h an g e s  in  v iab ility  d u rin g  sto rag e .

H ow ever, the cells o f  th e  so il cu ltu res  co n ta in in g  c la y  or th e  soil o f th e  h a b ita t  could 
n o t  b e  co u n ted  in the  B u e rk e r  c h a m b e r  because of th e  in co m p le te  sed im en ta tio n  of these 
so ils .

C onsequently , th e  m ere  f a c t  o f th e  grow th on th e  so y -b ean  a g a r  p la te  irrespec tive  
o f  n u m b e r  o f colonies w as ch o sen  a s  c riterion  of th e  v ia b il i ty  o f spores.

Results

T h e  changes in v ia b i l i ty  o f  the spores of 66 iso la tes  as d e te rm ined  during  
th e  f i r s t  year  of s torage in soil cultures are show n in T able  1.

I t  appears from T ab le  1 t h a t  the  cultures p re p a re d  w ith  the  original soil 
or w i th  th e  extrac t p re p a re d  from  the la t te r  p ro v e d  to  be m ost v iable. The
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Table 1

The v iab ility  o f  S tre p to m y c es  isolates in  soil cultures o f  d ifferent preparation

Viable cultures at tli end of storage in

Number of 
isolutes 
tested

Suspending m edium
Period of 
storage 
m onth

quartz sand tiny soil of original 
habitat

No. % No. % No. %

0.9 per cen t sodium 49 71.2 60 90.9
chloride

soil e x trac t 40 60.6 — 59.0 89.4

66
0.9 per cent sodium  

chloride
6

12 18.2 31.0 46.9

soil ex tract 15 22.7 — — 37.0 56.0

0.9 per cent sodium  
chloride

12

4 6.0 21.0 31.8

soil e x trac t 6 9.09 — — 26.0 39.3

v iab il i ty  of th e  sam ples  s to red  in w ashed  clay  was n o t  m uch  lower. T h a t  of 
th e  sam ples p reserved  in q u a r tz  sand  showed, how ever,  a considerable  decline 
as soon as a f te r  th e  f i r s t  m o n th  of s to rage  a n d  th e  loss of v iab ili ty  was m ore 
explic it  in th e  cu l tu re s  s to red  for 6 or 12 m o n th s .  A ddition  of e x t ra c ts  
p rep a red  from the  own soil of th e  isolates could  n o t  suspend th e  in a c t iv a t io n  
of  th e  spores.

The considerab le  difference th a t  exists in th e  preserv ing  c ap ac i ty  be tw een  
c lay  and  q u a r tz  sand  a p p ea rs  to  be a t t r ib u ta b le  to  th e  difference b e tw een  these  
tw o  m ate r ia ls  as to  w a te r  b ind ing  capac ity .

Table  1 also shows th a t  the  isolates, in general,  reserved th e i r  v iab i l i ty  
for th e  longest period i f  th e  spores were s to red  in  th e  soil of th e ir  own h a b i ta ts .

T able  2 presen ts  co m p ara t iv e  d a ta  on th e  v iab il i ty  of 35 isolates a f te r  
s to rage  in soil cultures. E igh teen  of th e  isolates h a d  derived from  soils w ith  
low h u m u s  co n ten t ,  17 from  soils rich in h um us .  V iab il i ty  of the  cu ltu res  s to red  
in q u a r tz  sand  was w i th  one or tw o exceptions essentia lly  the  sam e, a n d  was 
no t  in fluenced  by  th e  o rg an ic -m a tte r  c o n te n t  o f  th e  soil of th e  h a b i ta ts .  
D u r in g  storage  in c lay  th e  sam ples deriv ing from  re la t ive ly  rich soils ap p ea red  
to  be m ore viable. As a co n tra s t ,  s to rage  in th e  soil of the  h a b i t a t  was b e t te r  
to le ra ted  by  th e  Streptom yces  s tra ins  o b ta in ed  from  soils poor in organic  
m a t te r  th a n  by  those  iso la ted  from rich soils.

In  Table  3 v ia b i l i ty  of  s tra ins  ob ta ined  f rom  soils different in b a c k g ro u n d  
rad ia t io n  are  co m p ared  to  each o ther. F ro m  th e  d a ta  of Table  3 it  appea rs  
t h a t  Streptom yces iso lates from soil sam ples w ith  ir rad ia t io n  b a c k g ro u n d  are
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Table 2

Influence o f  the organic matter content o f  the habitat on the viability o f  Streptoinyces isolates
stored in  soil cultures

N um ber of 
iso lates 
te s ted

Average
humus
content

Period of 
storage 
m onth

Suspending
medium

Viable cultures at the  end of storage in

quartz  sand clay soil of habitat

No. 0//0 No. % No. %

18
1.86

(0.46—
— 2.85)

l
Saline 12 66.6 18 100 — —

soil e x trac t 12 66.6 — — 17 94.4

6
Saline 4 16.6 9 50.0 — —

soil e x trac t 8 44.4 — — 12 66.6

12
Saline 1 5.55 6 27.8 — —

soil e x trac t 2 11.1 - — 8 44.4

1
Saline 13 76.3 14 83.3 — —

17
3.56

(3.02—
—4.75)

soil e x trac t 8 47.0 — — 13 76.3

6
Saline 5 29.3 9 52.9 — —

soil ex tra c t 3 17.6 — — 10 58.8

12
Saline 2 11.7 8 47.0 — —

soil ex tra c t 1 5.89 — — 7 41.1

in  all ty p es  of soil c u l tu re  m ore sensitive to  s to rage  irrespective o f  w h e th e r  
s o d iu m  chloride or soil e x t r a c ts  were used  in p rep a ra t io n .

T h e  enhanced sens ib i l i ty  to  sto rage  in soil cu ltu res  of th e  isolates o b ta in ­
ed  f ro m  soils w ith  h igh b a c k g ro u n d  rad ia t ion  p ro m p te d  us to  exam ine  w h e th e r  
t h e r e  is a n y  q u a n t i ta t iv e  re la t io n sh ip  and , if  the re  is, w h a t  k ind  o f  co rre la tion  
e x is ts ,  be tw een  dosage r a te  o f  b ack g ro u n d  ra d ia t io n  and  sensibility  of isolate.

T a b le  4 provides ev idence  th a t  th e re  exists a positive corre la tion .

Discussion

T h e  present s tud ies  h a v e  shown t h a t  th e  soil types  applied  in th e  pre ­
p a r a t io n  o f  so-called “ soil c u l tu re s”  considerab ly  influence v iab ili ty  of  A c t in o ­
m y c e s  isolates. Arena m a r in a  consisting  o f  r a th e r  hyd rophob ic  q u a r tz  g ranules 
seem s to  be least su i tab le  for  p rolonged s to rage  of th e  spores o f  A ctinom yces
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Table 3

Influence o f  the background radiation o f  the habitat on the viability o f  Streptom yces
isolates stored in soil cultures

Number of 
isolates 
tested

Background
radiation
nr/hour

Period of 
storage 
m onth

Suspending
medium

Viable cultures at the end of storage in

quartz  sand clay soil o f  hab ita t

No. % No. : % NO. ; %

l
Saline 24 77.4 28 90.32 —

soil extract 20 60.6 — — 28 90.32

31 4800—
— 55 6

Saline 3 9.67 12 38.70 — —

soil extract 5 16.10 — — 14 45.16

12
Saline 1 3.22 7 22.90 — —

soil extract 3 9.67 — — 10 32.25

35 0

1
Saline 25 71.42 32 91.42 — —

soil extract 20 57.12 — — 31 88.57

6
Saline 9 25.7 19 54.28 — —

soil extract 10 28.57 — — 22 62.85

12
Saline 3 8.57 14 40.0 — —

soil extract 3 8.57 — — 16 45.71

Table 4

Influence o f  the intensity o f  background radiation on the viability of  
Streptom yces isolates

Background
radiation
nr/hour

Suspending
medium

Per cen t of viable cultures after

1 m onth in 6 m onths in 12 m onths in

quartz
sand clay

soil of 
habitat

quartz
sand clay

soil of 
habitat

quartz
sand clay

soil of 
huh ita t

Saline 66.6 73.3 — 0 26.6 — 0 6.66

soil extract 73.3 — 100 6.66 — 40.0 0 — 13.3

0— 1000
Saline 87.5 100 — 18.7 50.0 — 9.25 37.5 —

soil extract 56.2 — 81.2 25.0 — 50.0 12.5 — 50.0
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iso la tes .  I t  a p p ea rs  u n l ik e ly  t h a t  p roduc ts  e x t ra c ta b le  from th e  soil o f  h a b i ta t s  
could  considerab ly  in f lu en ce  the  v iab il i ty  o f  th e  isolate when s to red  in  q u a r tz  
san d .  The v ia b i l i ty  o f  th e  cultures p rese rved  in  clay  or in the  soil o f  th e  h a b i t a t  
p ro v e d  to  be s ig n i f ic a n t ly  higher as c o m p a re d  w i th  cultures p reserved  in  qu a r tz  
san d .  The soil o f  th e  h a b i t a t  was superior  even  to  clay when used  for th e  p re ­
se rv a t io n  of spores. T he  cause of th e  d i f fe re n t  preserving c ap ac i ty  of  these 
s u b s t  ances could n o t  be established. Som e physico-chemical charac ter is t ics ,  
viz. granule  size a n d  p e rh ap s  w a te r - re ten t io n  capac ity ,  m ay  —  am o n g  o the r  
fac to rs  — play  a role in  this connection.

A m ong th e  e n v iro n m e n ta l  factors o f  th e  soil of the  h a b i t a t  th e  h u m u s  
c o n te n t  seems n o t  to  influence the  v ia b i l i ty  o f  th e  isolate. T hus  in  th is  sense 
t h e  life h is to ry  of  A ctinom yces  does no t  d e te rm in e  its behaviour d u r in g  s torage.

The b a c k g ro u n d  rad ia t io n  of the h a b i t a t ,  on the  o ther h a n d ,  consider­
a b ly  diminishes th e  to le ran ce  of the  Streptom yces  spores to  storage . O ur  earlier 
o b se rva tions  [(>] su gges t  t h a t  isolates o b ta in e d  from  soils con ta in ing  u ra n iu m  
a re  less re s is tan t  also to  com m on dam ag in g  effects th a n  those de r iv ing  from 
h a b i t a t s  w ith  no s ig n if ican t  background  r a d ia t io n .  The direct re la t ion  be tw een  
th e  in ten s i ty  of b a c k g ro u n d  rad ia t ion  a n d  th e  decrease in v iab il i ty  during  
s to ra g e  supports  t h e  above  s ta tem ents .

The question  h as  arisen  w hether  th e  low7 resistance of th e  Strepiom yces  
iso la tes  ob ta ined  f ro m  soils w ith  b a c k g ro u n d  ra d ia t io n  is a t t r ib u ta b le  to  the  
possib le  com m on orig in  o f  the stra ins l iv ing  u n d e r  such conditions. H ow ever,  
th e se  isolates h a d  d e r iv e d  from areas r e m o te  from  each o ther. I t  is h a rd ly  
accep tab le  t h a t  su c h  re m o te  regions possess th e  same Streptom yces f lora . 
F u r th e rm o re ,  th e  b iochem ica l  cha rac te r is t ic s  o f  the  isolates o b ta in e d  from 
ra d ia t in g  h a b i ta ts  w ere  n o t  identical e ither .
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D IE  FO R SC H U N G  N A C H  A N T A G O N IST ISC H E N  A K T IN O M Y C E T E N  
IN  U N G A R IS C H E N  H Ö HEN

III . L e b e n s f ä h i g k e i t  v o n  S t r e p  t o  m y c e s i s o l a t e n  u n t e r  
R e s e r v i e r u n g  i n  B o d e n k u l t u r e n

Von den  u n te rsu ch ten  M edien  de r B o d en k u ltu ren , die zur Speicherung  von S tre p to - 
m y cesiso la ten  d ienen , gew annen  w ir bei V erw endung  der e igenen F u n d o rtb ö d e n  die besten  
E rg eb n isse . A uch  der gew aschene, ste rile  T on is t zur B e re itu n g  der B o d e n k u ltu re n  g u t v e r ­
w en d b ar. D er gew aschene, g eg lü h te  und  s te rilis ie rte  Q uarzsand  is t  a b e r zu r P rä p a ra tio n  
d e r B o d en k u ltu ren  u n v e rw en d b a r. D er G eh alt an  organ ischen  S toffen  (H u m u s) des B odens 
d e r F u n d o r te  ü b t  keinen E in flu ss  a u f  d ie L eb en sfäh igkeit der in  der B o d en k u ltu r  gespeicher­
te n  Iso la te  aus. Die a u f  dem  F u n d o r t  he rrsch en d e  ion isierende H in te rg ru n d s tra h lu n g  in 
u ra n h a ltig e n  B öden h a t e inen  n a ch te ilig en  E in fluss au f die L eb en sfäh ig k e it de r S trep to - 
m y cess täm m e  in  B o d en k u ltu ren .

ИССЛЕДОВАНИЕ АКТИНОМИЦЕТОВ-АНТАГОНИСТОВ В ПОЧВАХ ВЕНГРИИ

III. В ы ж и в а е м о с т ь  с т р е п т о м и ц е т о в  во в р е м я  с о х р а н е н и я  
и X в и оч в е н  н ой к у л ь т у р е

При исследовании основных веществ «почвенных культур», служащих для сохра­
нения изолированных стрептомицетов, наилучшие результаты дало использование почвы 
собственного места добычи. Вымытая стерильная глина тоже хорошо применима для 
приготовления почвенных культур. Но вымытый, прожженный и стерилизованный квар­
цевый песок для этой цели не пригоден. Органическое вещество (гумус), содержащееся 
в почве места добычи, не влияет на жизнеспособность изолированных культур во время 
сохранения их в почвенной культуре. Ионизирующее фоновое излучение, имеющееся на 
месте добычи (в почвах, содержащих уран) отрицательно влияет на жизнеспособность 
культуры стрептомицетов, находящихся в «почвенной культуре».

T i b o r  V á l y i - N agy

G á b o r  K ulcsár
Debrecen 12. G yógyszer tan , H u n g a ry .
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PHYLOGENY OF HETEROSTEGININAE 
(FORAMINIFERA) AND PATHOLOGICAL CHANGES 

IN OPERCUL1NELLA SPECIES

L i d ia  Y i t á l i s -Z i l a h y

HUNGARIAN CEOLOGICAL IN STITU TE, BU DA PEST (HEAD: J . í tL Ö P )

(R eceived  J a n u a ry  23, 1963)

Synopsis

The m a te ria l ex am in ed  was supp lied  b y  th e  persp ec tiv e  deep-borings T á t  N o. 4, 
T okod  No. 350 an d  T okod  No. 352 (M useum  o f th e  H u n g a rian  G eological I n s t i tu te ,  
B u d ap est).

A u th o r de riv es th e  H e te ro s teg in in ae  su b fam ily  from  th e  m ost a n c ie n t  form  
o f the  Operculina  genus, th e  Operculina species ap p ea rin g  in  th e  S en o n ian  s tag e  of 
th e  U pper C re taceous. In  th e  p re sen t p ap er th e  change  of th e  Operculinella vaughani  
( C u s h m a n ) species be longing  to  th e  U p p er E ocene H e terosteg in inae  su b fa m ily  of 
th e  C a rp a th ian  b asin  is d iscussed . In  th e  p h y lo g en y  of th e  H e te ro s te g in in a e  su b ­
fam ily , th e  d iffe re n tia tio n  o f th e  sp ira l line , th e  sep tu m  and  th e  se c o n d a ry  se p ta , 
is i llu s tra te d .

F rom  th e  sp e c tra l ana ly sis  o f  th e  Operculinella walls and th e  la y e rs  enclosing  
th e  o rgan ic  re m n a n ts , re la tio n sh ip s  hav e  been  e s tab lish ed  betw een th e  in c o rp o ra tio n  
o f  s tro n tiu m  in to  th e  w all a n d  th e  s ta tis t ic a l  e v a lu a tio n  of th e  e x te n t o f th e  d is to r tio n .

T he p h y logén ie  ra n g e  p resen ted  d e m o n s tra te s  th e  evo lu tion  o f th e  H e te ro ­
steg in inae  su b fam ily .

Introduction

The Operculina  species i l lu s tra ted  from  S ou th  and  E as t  E u ro p e a n  regions 
considerab ly  differ in  th e ir  morphological forms from the  A m erican  species. 
I t  was found necessary  to  s tu d y  the  O perculina  species in E u ro p e a n  m a te r ia l ,  
as th e  type-species of  th e  O perculina  genus was established b y  d ’OimiGNY 
from  th e  Miocene layer  o f  th e  B o rd eau x  basin . Paleontological e x a m in a t io n s  
a n d  s t ra t ig rap h ic  resu lts  m ad e  i t  necessary  to  e lucidate  the  geog raph ica l  and 
chronological ap p e a ra n ce  o f  th e  Operculina  a n d  th e  derivation  of th e  p h y lo g en y  
o f  th e  H ete ros teg in inae  subfam ily  descending  from  th a t  genus.

These inves t iga t ions  led to  the  conclusion, t h a t  the  O perculina  species 
described an d  i l lu s tra ted  from  E u ro p e a n  regions agree w ith  d ’ORBiGNY’s 
(1826) descrip tion  of  the  genus, while th e  “ O perculina”  species r e p o r te d  from 
A m erican  regions exh ib i ted  differences. Since th e  iiOperculina'n species descr ib ­
ed from A m erican regions were t ra c e d  also in U p p e r  Eocene s t r a ta  o f  H u n g a ry ,  
a com parison  could be es tab lished  b y  th e  m a te r ia l .  Inves t iga t ions  re su l te d  in 
th e  conclusion t h a t  th e  O perculina  species de te rm ined  from E u r o p e a n  and 
A m erican  regions belong to  tw o d ifferen t genera . The specim ens pub lished  
f rom  E u ro p ean  regions belong to  th e  O perculina  genus of the  N u m m u l i t in a e
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sub fam ily ,  whereas t h e  O perculina  species p u b l ish e d  from A m erican  regions 
to  t h e  Operculinella  o f  t h e  H eteros teg in inae  subfam ily .  P hy lo g en y  of th e  
O perculina  and  H eterostegina  species has b een  inv es t ig a ted  from th e  a p p e a r ­
an ce  of  the  O perculina, f ro m  th e  Senonian s ta g e  o f  the  U pper  C retaceous up  
to  t h e  Miocene, s u p p le m e n t in g  the  H u n g a r ia n  m a ter ia l  by  l i te ra ry  d a ta  
(F ig .  4).

I II

F ig .  1. Percentage distribution of O p e r c u lin e lla  studied in the Upper Eocene series of the 
bore holes Tát No 4 (I), Tokod Nos 350 (II), and 352 (III)

T h e  considerable c h a n g e s  observed in O perculinella  species a fforded t h e  
poss ib i l i ty  for obse rva t ions ,  b y  reason of w hi ch  t h e  changing  features ,  t h a t  
were  t raceable  t h ro u g h  ph y lo g e n y ,  could be  o u t l i ned .  The  d if fe rent ia tion of  
t h e  Operculinella vaughani (C u sh m a n ) species occu r r ing  in the  C a rp a th ia n

Acta B io l. Hung. 14. 196)3
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basin  anil in  the flysh zone o f  th e  C arpa th ian  M o un ta in s ,  offered a chance for 
s tu d y in g  (1) deve lopm ent of  m u ta t io n ,  (2) phy logeny  o f th e  H eterosteg in inae  
subfam ily .

The m utation o f the Opcrculinella species

F ro m  the  shells o f  F o ram in ife ra  ob ta ined  f rom  deep-borings, 1 m ade 
th in  slices and perform ed th e  sp ec tra l  analysis b o th  o f  th e  enclosing rocks and 
o f  the  Foram inifera  shells e lu t r ia te d  of  them . In v e s t ig a t io n s  of th e  ex te rna l  
surface  and  in te rna l  s t ru c tu re  of th e  shell revea led  th e  following changes in 
th e  exam ined  Operculinella  species: (a) on the  e x te rn a l  surface of th e  shell, 
(b) in the  composition  of  th e  walls, (c) in irregular  bu ild ing  of the  shell, (d) in 
sexua l d im orphism .

(a) On the  o u te r  su rface  of the  shell th e  o rn a m e n ta t io n  is absen t .
(b) F rom  chemical ana lyses  performed it  a p p e a re d  t h a t  in th e  substance  

o f  shells conta in ing  ca lc ium  ca rbona te ,  the  ca lc ium  is p a r t ly  rep laced  by  
e lem ents  hav ing  sim ilar ionic la t t ice :  s tro n t iu m , co ba lt ,  m anganese  etc. The 
organism s excreted  e x t re m e ly  th in  walls. In  chem ical analyses no shift of the  
calc ium -m agnesium  ra t io  was observed. In  these  specim ens a g rea te r  am o u n t  
o f  s t ro n t iu m  was d e m o n s t ra b le  in the  walls. Besides, a w eak  coba lt  spectral 
line appeared  (Fig. 1).

(c) In  irregular  shell construc tion  very  d if fe ren t  forms ap p eared .  The 
d iffe ren tia ted  forms were ra n g ed  in to  3 groups (Fig. 1). F ro m  th e  changes of 
forms observed th e  following results  were o b ta in e d :

O bservations Conclusions

1. A ppearance  o f  megalo- 
spheric forms Avith big in i t ia l  
cham bers .

2. Shells of near ly  iden tica l  
size a t  the  change of gener­
a tions.

3. Recognition of th e  th ree  
degrees of  d is to r t ion  (Fig. 1).

1. U n favourab le  b io tope.

2. Mass d ecay  of th e  microspheric  forms 
Avith small in i t ia l  cham bers  before com ­
plete deve lopm en t.

3. D am age in te rv e n e d  in th e  develop­
m ent o f  sep ta  (Fig. 2, a, b, c). The sw arm ­
ing isogam etes were  d am ag ed  and th e  ygots  
arisen from  th e  cop u la tion  o f  tAvo such  
isogametes p roduced  th e  d ifferent forms of 
d istortion  (Fig. 2, d, e, f).

The following p h e n o m e n a  were estab lished:
Disorders arising in  t h e  sep ta  (Figs. 1 a n d  2).
D istortion  of th e  sp ira l  sheets of the  walls (Figs. 1 and  2).

3* Acla Biol. Hung. 14, 1963
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D evelopm ent of  i r r e g u la r  u n d u la ted  an d  irregu la r  seco n d a ry  septa  
(F ig s .  1 and 2).

S ta t is t ica l  eva lu a t io n  re v e a le d  th a t  the  m os t  d is to r ted  form s are always 
th o se  w i th  small initial c h a m b e rs .  Form s w ith  big in it ia l  ch am b ers  are  re la t ive­
ly  i n t a c t  in the co n s tru c t io n  of  th e  shell disorders ap p ea r  a t  th e  w ors t  in  tin- 
s e p t a .  Distortions ta k in g  p la c e  in  the sep ta  and th e  spiral sheets  appear  
i n v a r i a b ly  in the m ic ro sp h e r ic  В forms with small in it ia l  c h am b ers .  These 
fo rm s  orig inate  from s e x u a l  rep ro d u c t io n .  F rom  this  it  was conc luded , th a t  
t h e  isogam etcs  sw arm ing  o u t  o f  the  megalospheric  A form  w i th  big initial 
c h a m b e r s ,  were dam aged  a n d  f ro m  th e  zygotes o r ig inating  from  th e  copulation  
o f  th e s e  isogametes, d i s to r te d  specim ens developed. As a resu lt  o f  the  dam age 
e n s u e d  in  the  sexual cells, t h e  ca lc ium  ca rbona te  secretion  was considerab ly

Fig. 2. S ta g e s  o f  th e  d is to rtio n  in  Operculinella

r e d u c e d  in the  cell, so t h a t  i t  w as able  to  secrete only  a very  th in  wall. Owing 
to  t h e  t h in  wall secretion t h e  edge of the  shell becam e th in  and th e  cen tra l  
p a r t  (u m b o n a l  area) f la t t e n e d .  Such  defective specim ens tr ied  to  re s to re  the ir  
b a la n c e  b y  assuming a s p h e r ic a l  form  i.e. by  increased sickle-like vau lt ing  
o f  t h e  cham bers . W hen e v e n  th is  becam e insuffic ient,  and  th e  se p ta  were 
u n a b le  to  connect even th e  d is ta n c e  betw een th e  spiral lines, th e  specimen 
a p p l ie d  a simplification b y  b u i ld in g  th ree  to  four r u d im e n ta ry  cham bers ,  
w h ic h  i t  failed to close off f ro m  each o ther, b u t  jo ined  th e m  w ith  th e  nex t  
c h a m b e r  using an increased v a u l t .  In  these d is to r ted  specim ens th e  difference 
of  size k n o w n  in d im orphism , d isap p ea rs ,  for the  m icrospherica l A fo rm s ought 
to  h a v e  a t ta in e d  a g rea te r  s ize , b u t  exactly  owing to  the  im p a i rm e n t  of the  
c a lc iu m  carbona te  secretion a b i l i ty  necessary to  th e  co n s tru c t io n  of  shells, 
t h e  fu l l  deve lopm ent of th e  sp ec im en s  was inh ib ited . These specim ens mostly 
p e r ish e d  before having a t t a i n e d  full deve lopm ent a n d  th u s  th e y  rem ained  
s im i la r  in  size to the m e g a lo sp h e r ic  specimens w ith  big in it ia l  cham bers .  
On th e  significance of th e  g r e a te r  p ropo r t ion  of s t ro n t iu m  p resen t  in th e  walls 
o f  d i s to r t e d  specimens, th u s  f a r  I failed to  get an exac t  answTer in  th e  course 
of  m y  investiga tions.  The s t a t i s t i c a l  co m pu ta t ions  showed as m u ch ,  t h a t  in
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the  walls of th e  d is to r te d  specim ens a g rea te r  a m o u n t  of s t ro n t iu m  w as d e ­
m onstrab le .  Here th e  ques t ion  arises, w hy does t h e  defective specim en (in 
reduced  calcium c a rb o n a te  secretion) build  in to  i ts  wall instead o f  ca lc ium  
a g rea te r  a m o u n t  of  s t ro n t iu m . The inves tiga tions  r a th e r  led to  the su p p o s i t io n  
th a t  the  dam age  was b ro u g h t  a b o u t  by the  r a d io a c t iv e  isotope of th e  s t r o n t iu m  
increased in connec tion  w ith  volcanism, and  on th e  o th e r  hand  by  th e  effect 
of th e  R b 87 isotope o r ig ina ting  from the earlier  b io t i t ic  volcanism, from  th e  
decom position  of w hich  th e  inac tive  s t ro n t iu m  m ig h t  have arisen. Tn th e  
U pper Eocene seaw ater  o f  th e  re la tively well s e p a ra te d  and enclosed b a s in  of 
Esz te rgom  the  organism s w ith  calcareous sk e le to n ,  chiefly the  F o ram in ife ra  
and B ryozoa, ass im ila ted  b o th  th e  active and  in a c t iv e  s tron tium  in c reased  b y  
volcanic ac t iv i ty .  E x p e r im e n ts  of Ma r t in  w ith  a b en thon ic  F o ram in ife ra  [8], 
the  Discorbis flo r id a n a  C u s h m a n  revealed t h a t  in  a seawater of considerab le  
rad ioac tive  concen tra t io n  th e  fram e of the  o rgan ism s  exhibited  h igh  r a d io ­
active  concen tra t ion . Accord ing  to  the  sam e a u t h o r  th is  concen tra tion  is m ore  
frequen t ,  chiefly in  l i t to ra l  ben thonic  organism s, w hich  obtain  th e ir  food w ith  
th e  d e tr i tu s  m a te r ia l  o f  th e  sea.

S t ro n t iu m  in th e  walls o f  Foram inifera  e x h ib i ts  an explicit rise in  th e  
d irection  of T okod— T á t  (Fig. 1), tend ing  to w a rd s  th e  Eocene vo lcan ic  a rea  
d e m o n s tra te d  recen tly .  This  m eans th a t  in th e  p ro x im ity  of vo lcan ism  c o n ­
siderably  more b io t i te  gets  in to  th e  Eocene sea. T h e  am o u n t  of th e  a c t iv e  and  
inac tive  s t ro n t iu m  increased  on account o f  th e  volcanic a c t iv i ty  a n d  th e  
decom position  of b io t i te  t ran sp o r ted  in to  th e  seaw ater .  I t  should be n o te d ,  
t h a t  the  F oram in ife ra  ex am in ed  by the  a u th o r  a re  also benthonic  a n d  live in 
the  l i t to ra l  seaw ater ,  th e i r  food being supplied  b y  th e  organic su bs tance  o f  s ilt .

Phylogénie features of the H eterostegininae subfamily

In  th e  course of m a te r ia l  testing  fea tu res  were looked for, t h a t  occur  in 
every  genus o f  th e  H eteros teg in inae  su b fam ily ,  b u t  a t  the  same t im e  show 
differences d u r ing  th e  h is to ry  of the  E a r th .  T h ese  Mere derived p a r t ly  from 
the  fu r th e r  dev e lo p m en t  of ex is ten t  p ropert ie s ,  p a r t ly  from the  co m p lica t io n  
and reduc tion  of th e  in d iv idua l  p roperties (F ig . 3):

I. Complication p h e n o m e n a

1. Change of th e  c u rv a tu re  of th e  ch a m b e rs .
2. Role of  th e  in it ia l  chambers.
3. D eve lopm en t o f  secondary  sep ta .
4. T ig h te r  a r ra n g e m en t  of cham bers  a n d  secondary  cham bers .

Acta Biol. Hung. 14, 1963
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G e n u s A x ia l a n d  e q u a to r ia l  sec tion M odifications o f  initiai cham bers  
sep ta  and  s e c o n d a ry  sep ta

Op e r c u l i n e l l a O v a / - S h a p e d  s h e l l ,  
e x c e n t r i c  u m b o

6)

O p ercu !fn e lla  v a u g h a n i  (C u sh m a n  1921 )

H e t e r o s t e g i n o O v a l - s h a p e d  s h e l l  
e x c e n t r ic  u m b o

H e te r o s te g  in a  sp .

©

G rzc/b o w s k ia L e n t i c u l a r  s h e l l

6>

G rzyb o w sk ia  re tic u la ta  ( R ü t im e y e r j

S p i  r o c !  p p  e u s U m bo o f  t r a n s i t io n a l  
p o s i t i o n

Spirodypeus tidoenganensis van der Vlerk 1325

Cu c /o c lu p e u s Discodialschell biconvexe in its  
centre, um bo o f  centra / position

L
C y c to c iy p e u s  c a r p e n te r i  B r a d y  1881

C yc lo c /yp eu s  ( Cyctociypeus)Tan 
war. indopacifico  Tan 1932

F ig . 3. P h y lo g en etic  fe a tu re s  o f  th e  i n n er shell s tru c tu re  o f th e  subfam ily  H e te ro s te g in in a e

A cta  B io l. Hung. 14, 1963
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II .  R ed u c t io n  p h en o m en a

5. E v o lu te - in v o lu te  charac ter .
Operculinella  is th e  f irs t  and s im plest genus of  th e  H e te ros teg in inae  s u b ­

fam ily  (Fig. 4) occupy ing  as to  its  m orpho log ica l  appea rance  and  shell c o n ­
s t ru c t io n  a place be tw een  O perculina  a n d  Heterostegina. I t s  phy logene tic  
fea tu res  differ considerab ly  from those  of  th e  Operculina. I t  exh ib its  a closer

F ig . 4. E v o lu tio n a ry  ta b le  of th e  su b fam ily  H etero steg in in ae

Acta Biol. Hung. 14. 1963
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re la t io n sh ip  to  th e  Heterostegina  and  the re fo re  — dep a r t in g  from th e  ta x o n o m ic  
sy s te m  of N e m k o v  [9] ad o p te d  so far —  I r a n g e d  i t  in to  the  H e te ros teg in inae  
s u b fa m ily  (Table 1).

1. I  observed  th e  considerable  v a u l t in g  o f  th e  sep ta  f irs t  in th e  Operculi- 
nella ; th is  fea tu re  is still more m an ifes t  in  th e  Heterostegina and  a m o u n ts  
in th e  Sp iroclypeus  a lm os t  to  a semicircle. B y  th e  end of the  d e v e lo p m en ta l  
b r a n c h  in  th e  Cycloclypeus, th e  sep ta  t u r n  in to  a r ing  form, enclosing a full 
circle. T h u s  in th e  course of dev e lo p m en t  th e  change  of the  c u rv a tu re  of  the  
c h a m b e rs  exh ib ited  a s tead ily  progressive dev e lo p m en t  (Fig. 3).

2. T he  role of  the  in it ia l  cham bers .  In  th e  Operculinella , Heterostegina 
a n d  Grzyboivskia  genera  of  the  phylogénie  line, th e  round  initial c h a m b e r  is 
followed b y  a second k id n ey  shaped  c h am b er .  In th e  Spiroclypeus  a l re a d y  th e  
a p p a r a tu s  of  initial cham bers  develops. Also the  in itia l cham bers  exh ib it  
a progressive  deve lopm en t.

3. S econdary  sep ta  ap p e a r  for th e  f i rs t  t im e  in the  Heterostegina , b y  
w h ich  th e  la t t e r  can be sep a ra ted  from O perculinella. The secondary  s e p ta  of 
th e  H eterostegina  are regu la r  and  p e rp e n d ic u la r  to  th e  cham ber  se p tu m . In  
Grzyboivskia  i r regu la r  secondary  cham bers  deve lop  w ith  corners a n d  p a r t i t io n s ,  
w hich  can be seen not in v a r iab ly  be tw een  th e  tw o  sep ta  of cham bers ,  b u t  often  
b r in g  a b o u t  accessory c h a m b e r  sep ta  consis t ing  of several rows. In  S p iro ­
clypeus  th e  seco n d a ry  s e p tu m  is again a t r ight angles to  the  ch a m b e r  s e p tu m  
a n d  is a r ran g ed  m u ch  m ore densely t h a n  in th e  H eteros teg ina . T he  h e igh t  o f  
th e  c h a m b e r  sep ta  is in eve ry  case filled u p  b y  secondary  sep ta ,  s i tu a te d  a t  
p e r fec t ly  regu la r  d is tances  from each o th e r .  T h e  ch am b er  sep ta  form small 
co lum ns ,  s u b te n d in g  r igh t angles (Fig. 3).

F in a l ly  it  should  he no ted  th a t ,  ex cep t  for th e  Grzyboivskia, in th e  phy lo ­
génie line a row of secondary  sep ta  w as seen grow ing  s tead ily  denser. The Grzy- 
bow sk ia  genus showed for th is  fea tu re  a n  in s tab i le  charac ter ,  t h a t  failed to  
follow th e  t re n d  of d eve lopm en t,  exh ib i t in g  in U p p e r  Eocene varied form s of 
i r re g u la r  sep ta .

4. Closer location  of th e  cham bers  a n d  seco n d a ry  cham bers  ap p ea rs  in 
G rzyboivskia  and  is considerab ly  increased in Spiroclypeus.

In v e s t ig a t io n  of  the  phylogénie  line o f  the  H eteros teg in inae  sub fam ily  
m a d e  i t  necessary  to  consider also the  re d u c t iv e  fea tures .

5. E v o lu te - in v o lu te  cha rac te r .  The ev o lu t io n a l  line s ta r ts  w ith  an  evolu te  
form , the  O perculinella, showing in th e  Heterostegina  a slight reduction . In  the 
G rzyboivskia  th is  fea tu re  tu rn s  in to  an in v o lu te  fo rm  and  can be followed in the  
Sp iroc lypeus  genus. E x a m in a t io n  of the  phy logén ie  line revealed a re t ro g ra d e  
d ev e lo p m e n t  o f  th e  evolu te  cha rac ter .

I de r ived  th e  H e te ros teg in inae  su b fam ily  from  the Operculina, w here  
th e  sp ira l  line is visible even on th e  o u te r  su rface  of the  shell. T he  presence 
of th is  fe a tu re  can  be fa in t ly  t raced  in th e  H e te ros teg in inae  subfam ily  on the

Acta Biol. Hung. 14, 1963
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Table 1

System atic d ivisions o f  the fa m ily  Л » m m ulitidae

GLABSSNEK 1945 [6] Cushman 1950 [5] Роков NY 1958 [12J Nemkov 1959 [9] VITALIS-ZILAHY 
1963 [15]

N um inulitidae C am erinidae
A rchaediscinae

N um inulitidae N um inu litidae N um inulitidae

Archaediscus
N um m ulitinae Cam erininae N um m ulitinae N um m ulitinae N um m ulitinae

Operculina N u m m  ulosle- A ssilina N um m ulites N um m ulites
gina

Sulcopercu- Ca mer ina Operculinoi- Operculinella A ssilina
lina des

Miscellanea Operculinoides Pellatispira A ssilin a -f- Operculina
Ranikothalia Paraspirocly- Operculina N  coopère и linói-

peus des
N um m ulites Miscellanea M iscellaneinae M iscellaneinae
A ssilina A ssilina M iscellanea Miscellanea
Pellatispira Operculinella Sulcoperculina Sulcoperculina
Operculinoides Operculina L a ffite in a Laffite ina

Sulcopercu-
lina

Siderolinae Siderolinae

Heterostegina Siderolites Siderolites
Spiroclypeus Pellatispira Pellatispira
Ileteroclypeus A rnaudiella A rnaudiella
Cycloclypeus

H eterostegini- H etero steg in in ae H eterosteg in inae

Operculina Heterostegina -fO perculinella
Heterostegina Grzybowskia 4- /  / eterostegi n a
Spiroclypeus Spiroclypeus -f- Grzybowskia
Cycloclypeus Cycloclypeus -f- Spiroclypeus
Grzybowskia -J- Cycloclypeus

o u te r  surface of th e  shell, h u t  a d istinct line is n o t  visible even in th e  Oper- 
culinella.

I t  d is tinc tly  ap p ea rs  from  the exam ina tion  of  th e  in te rn a l  s t ru c tu re  of 
the  shell in th e  evo lu tiona l  line, t h a t  in th e  O perculinella , Heterostegina  and 
Grzybowskia  genera th e  sp ira l  sheet is a firm  s u p p o r t  to th e  shell. Besides, it  
controls  the  shape o f  th e  shell. In  the older c h a m b e rs  of  the  shell of Spiro- 
clypeus  the  spiral line still serves as a support .  L a te r  th e  yo u n g er  cham bers  
and  the  secondary  ch am b ers  co n s t i tu te  such a s t ro n g  fram e as to  afford a more 
im p o r ta n t  su p p o r t  to  the  construc tion . By th e  co m ple te  coiling of  this spiral 
sheet,  the  phylogénie line arrives at its f inal b ra n c h ,  the  Cycloclypeus (Fig. 2).

In  the  s tu d y  of p h y logeny  I was concerned  w ith  d im orph ism , because 
the  com parison  of th e  A and  В forms of the  sam e species supplied  an exp la ­
na tion  to  the  ranges o f  th e  I le te ros teg in inae  sub fam ily .  In  i l lu s tra t in g  the  
fea tures  concerning th e  in te rn a l  s t ru c tu re  and shell co n s tru c t io n  of the  su b ­
fam ily , I em ployed th e  m acrospheric  A form, so t h a t  these specimens m ight 
still b e t te r  i l lustra te  th e  evo lu tion  and reflect a t  once a m ore ad v an ced  stage 
of  evolution.
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P H Y L O G E N E S E  D E R  H E T E R O S T E G IN IN A E ^ F O R A M IN IF E R A ) U N D  
PA T H O L O G IS C H E  V E R Ä N D E R U N G E N  B E I O P E R C U L IN E L L A -A R T E N

D a s  U n te rsu ch u n g sm ate ria l s ta m m t aus den p e rsp ek tiv isch en  T ie fb o h ru n g en  T á t 4, 
T o k o d  350 u n d  Tokod 352 (M u seu m  d e r U ngarischen  G eologischen A n s ta lt) .

V e rfa s se rin  le ite t die U n te r fa m ilie  H e te ro steg in in ae  aus de r im  S enon  (obere  K reide) 
a u f t r e te n d e n  Operculina-A rt, au s d e r  ä lte s te n  F orm  der O percu lina -Q attung  ab . I n  de r A rb e it 
w ird  d ie  V e rän d e ru n g  der die zu r U n te rfa m ilie  H e tero steg in in ae  gehörigen  A rt Operculinella  
va u g h a n i  (C u s h m a n ) beschrieben , u n d  v e ran sc h a u lic h t, wie sich  die S p ira llin ie , d ie  K a m m e r­
sc h e id e w ä n d e  und  die se k u n d ä re n  S e p ten  im  L aufe  de r P hylogenese  de r U n te rfam ilie  
H e te ro s te g in in a e  d ifferenziert h a b e n .

A u f  G ru n d  der S p e k tra la n a ly se  de r die Operculinella-Schalen  u n d  o rg an isch en  R este  
e in s c h lie s se n d e n  Schichten w u rd e n  Z u sam m en h än g e  zw ischen dem  S r-E in b au  in  d ie Schalen 
u n d  d e n  D a te n  der s ta tis tisc h en  A u sw e rtu n g  des D efo rm atio n sg rad es fe s tg e s te llt . D ie  von  der 
V e r fa s se r in  aufgeste llte  p h y lo g en e tisch e  R e ih e  v e ran sch au lich t d ie E n tw ic k lu n g  de r U n te r­
fa m ilie  H e te ro s teg in in ae .
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ФИЛОГЕНЕЗ ПОДСЕМЕЙСТВА HETEROSTEGININAE (FORAMINIFERA) 
il ПАТОЛОГИЧЕСКИЕ ИЗМЕНЕНИЯ ВИДОВ OPERCULINELLA

Материал для исследования был взят из материала перспективных глубоких буре­
ний Тат 4, Токод 350 и Токод 352 (Музей Венгерского Геологического Института).

По мнению автора подсемейство Heterostegininae происходит из вида Operculina  
возникншего в сенонском ярусе верхнего мела из древнейшей формы рода Operculina  
(табл. 4.). В статье излагается изменение вида Operculinella vaughani (Cu sh m a n ), 
относящегося к подсемейству Heterostegininae верхнего эоцена Карнатского бассейна. 
При описании филогенеза подсемейства Heterostegininae наглядно показывается диффе­
ренциация спиральной линии, камерной перегородки и вторичных перегородок.

На основании спектрального анализа слоев, содержащих раковины и органи­
ческие остатки O perculinella , автор обнаружил взаимосвязь между встраиванием Sr 
в раковины и статистической оценкой размера искажения. Установленный автором фило­
генетический ряд наглядно иллюстрирует возникновение подсемейства H etero steg in in ae

L id ia  V i t á l i s - Z i l a h y , B u d ap es t  X IV ., N é p s ta d io n  ú t  14, H u n g a ry
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STUDIES ON ASPERGILLI

X I I I .  C A R B O N  R E Q U IR E M E N T S  O F  SOM E A SCOSFORIC M E M B E R S  
O F T H E  A S P E R G IL L U S  N ID U L A N S  G R O U P 1

V. P. A g n i h o t r i

BOTANY DEPARTM ENT, U N IV ERSITY  OF ALLAHABAD, ALLAHABAD, INDIA 

(R eceived  J a n u a ry  25, 1963)

Synopsis

T he re la tiv e  g ro w th  su p p o rtin g  va lues o f sev e ra l c a rb o h y d ra te s  were d e te rm in e d  
q u a n ti ta t iv e ly  in th e  case of five species o f th e  gen u s A sperg illus , viz., A .  n id u la n s  
( E i d a m ) W i n t ., A . rugulosus T h o m  a n d  R a p e r , A . quadrilineatus  T h om  a n d  R a p e r , 
A . violaceus F e n n e l l  a n d  R a p e r  an d  A . variecolor ( B e r k , and  B n.) T h o m  a n d  R a p e r . 
All th e  m onosaccharides were fo u n d  to  be fa v o u rab le  sources of carbon. S ucrose  an d  
raffin o se  su p p o rted  good g ro w th  of all th e  A sperg illi w hereas m altose was good  fo r 
A . quadrilineatus  an d  A . variecolor a n d  poor fo r th e  re s t  o f th e  organism s. A m o n g st 
th e  p o ly sacch arid es, s ta rc h  an d  d e x tr in  su p p o rte d  good g row th  of all th e  m o u ld s 
u n d e r  s tu d y  while in u lin  gave poor g row th . A rb u tin  w as e ith e r good, m o d e ra te  or 
poor fo r th e  g row th . S u gar alcohols su p p o rte d  good g ro w th . O rganic acids w ere use less 
for th e  g row th  of these  A spergilli. In  genera l, m o n o sacch arid es, di- and  tr is a c c h a rid e s  
su p p o rte d  e ith e r exce llen t or good sp o ru la tio n  o f th e  m a jo r ity  o f the p resen t A sp erg illi. 
A m o n g st p o ly saccharides, d e x tr in  an d  s ta rch  in d u ced  good sporu la tion  w hile a rb u tin  
gave  poor sp o ru la tio n . O rganic  acids w ere useless fo r th e  fru itin g  of these  fu n g i.

Introduction

C arbon  occupies a un ique  position am o n g s t  the  essential e le m e n ts  
requ ired  b y  living organism . Generally , c a rb o h y d ra te s  are preferred b y  fu n g i  
аз  th e  source of carbon , b u t  no single c a rb o h y d ra te  is the  best source for all 
th e  fungi. However, m ost o f  th e  fungi can use a large  v a r ie ty  of ca rbon  sources  
for th e ir  g row th  and  sporu la tion . F ung i arc so specific in uti l ization  of  these  
su b s tan ces  t h a t  a carbon  source m ay  be u til ized  while an o the r  source  of  
s im ilar  chem ical s t ru c tu re  m ay  prove  useless for th em . S t e i n b e r g  [8] r e p o r te d  
th a t  A spergillus rtiger u tilized D-xylose and  L -a rab inose  b u t  not th e ir  e n an t io -  
m orphs .

H o u r  [4] observed in h ib i to ry  effect o f  ga lac tose  and  m annose  on th e  
g row th  o f A . niger and  P én ic illium  glaucum . T a m i y a  [9] reported  b e t te r  g ro w th  
of A . oryzae on a rab inose  th a n  on xylose. S t e i n b e r g  [7] found D -glucose , 
D -fructose ,  D -m annose  and  L-sorbose to  be equ a l ly  effective in th e  n u t r i t io n  
of A . niger while D-galactose, glycerol and  m a n n i to l  were poor sources  of

1 P a r t  o f a th es is  ap p ro v ed  fo r P h . D. degree o f A llah a b ad  U n iv ersity
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c a r b o n  fo r  th is  o r g a n is m .  F e r g u s  [3] r e p o r t e d  t h a t  o rgan ic  a c id s  w e re  use less  
f o r  t h e  g r o w th  o f  P en ic illum  d igita tum .

L ite ra tu re  is full of such exam ples  w h ich  no t  only ind ica te  th e  im p o r­
t a n c e  o f  carbon  for g ro w th  and sp o ru la t io n ,  b u t  also establish  t h a t  the re  is 
a w id e  difference in  th e  ty p es  of th e  c a rb o n  com pounds necessary  for good 
g r o w th  of closely re la ted  organisms or even  of different species of  th e  same 
g en u s .  O u t  of th e  severa l Aspergilli k n o w n  th e  carbon  needs of  only  few have 
b e e n  in v es t ig a ted .  An a t t e m p t  has been  m a d e  here to s tu d y  th e  effect of d if­
f e r e n t  ca rbon  sources on  th e  g row th  a n d  f ru i t in g  of five m ou lds  belonging 
to  th e  A sperg illus n id u la n s  group.

M aterials a n d  m ethods

P u re  cu ltu res  o f A . n id u la n s  ( E i d a m ) W i n t ; A . ru g u lo s u s  T h o m  a n d  R a p e r ; A . viola- 
ceus F e n n e l  an d  R a p e r ; A . variecolor (B erk , a n d  R r.)  T h o m  and  R a p e r  a n d  A . quadrilinea- 
tu s  T h o m  a n d  R a p e r  w ere se lec ted  for th e  p re se n t  s tu d y . Cz a p e k ’s m ed iu m  m in u s  carbon  
so u rc e  se rv ed  as th e  b asa l m ed iu m  (N aN O a, 3 g; K H 2P 0 4, 1 g; KC1, 0.5 g; M gS 04 • 7 H 20 ,  0.5 g; 
a n d  d is t i l le d  w a te r  1.000 m l). T h e  d iffe re n t c a rb o h y d ra te s  w ere supplied  in  a m o u n ts  to  y ield 
4 .210  m g  o f carb o n  p e r l itre . T w e n ty  m l o f th e  m e d iu m  w as tak en  in  150 m l P y re x  flasks. 
S o lu tio n s  co n ta in in g  m o n o sacch arid es, o rg an ic  ac id s an d  sugar alcohols w ere au to c lav ed  
a t  15 lb s . p ressu re  fo r 15 m in u te s , w hile f ra c t io n a l  s te riliza tio n  w as ca rried  o u t  fo r di-, 
t r i - ,  a n d  p o ly sacch arid es. T h e  f la sk s  w ere in o c u la te d  b y  seeding ascospore susp en sio n s of 
d i f f e r e n t  species. T h ey  w ere  in c u b a te d  for 15 d a y s  a t  a  tem p e ra tu re  o f 2 5 ^ 1 °  C. A fte r  th e  
in c u b a t io n  p e rio d  th e  c o n te n t o f  th e  flask s w as f i l te re d  sep a ra te ly  and  th e  d ry  w e ig h t was 
ta k e n  a s  a  c rite rio n  fo r g ro w th . T he tr ia l  w as c o n d u c ted  in  trip lica te s . T h e  re su lts  were 
s u b je c te d  to  s ta tis t ic a l  a n a ly s is  in  w hich  th e  s ta n d a rd  e rro r w as calcu la ted  b y  th e  fo rm ula ;

w as

S ta n d a rd  E rro r (S. E .) = M ean square  o f  th e  e rro r  
N um ber o f re p lic a te s

d e te rm in e d  by  th e  fo rm u la ;
C ritic a l d ifference (C. D .) = S .  E .x t x j ^ 2

and  the critica l d iffe ren ce  (C. D.)

E x per im en ta l

T h e  effect of va r ious  c a rb o h y d ra te s  on th e  growth and  sp o ru la t io n  of 
d i f fe re n t  Aspergilli is g raph ica lly  r ep re sen ted  in Fig. 1.

A perusa l  of Fig. 1 shows th a t  th e  p re s e n t  Aspergilli could n o t  growr in 
a b se n c e  of  carbon.

I n  general,  pen toses  su p p o r ted  good g ro w th  of all th e  p re se n t  fungi. 
O n ly  rh a m n o se  was m o d e ra te  for A . violaceus. A m ongst hexoscs, glucose and 
m a n n o s e  were s ta t is t ica l ly  poor  sources o f  c a rb o n .  Fructose  was e i th e r  good 
or m o d e r a te  for these Aspergilli. Galactose w as poo r  for A . variecolor and  good 
for t h e  re s t  of th e  m oulds.  Sorbose wras good for A . n idulans, A . variecolor and 
A . vio laceus , m o d era te  for A . rugulosus a n d  p o o r  for A . juadrilinea tus.

A m o n g s t  d isaccharides ,  sucrose s u p p o r te d  good growth of all th e  p resen t  
fo rm s w hereas  m altose  was good for A . variecolor and A . quadrilinea tus  and 
poor  fo r  th e  rest of th e  species. Lactose w as good for A . variecolor, poor for

A cta  B io l. Hung. 14. 1963
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A . n idu lans  and  m o d e ra te  for the rest  o f  th e  moulds. R affinose  gave fav o u rab le  
g row th  of all the p re se n t  Aspergilli.

S ta rch  and d e x t r in  supported  good grow th o f all th e  organisms. A r b u t in  
was found to  be good for A . variecolor and  A . n id u la n s, m odera te  for A . rugu-
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F ig . 1. Effect of different carbon sources on the growth and sporulation of five
Aspergilli

losus and A . violaceus a n d  poor for A . quadrilineatus  w hereas  inulin s u p p o r te d  
poor g row th  of all th e  Aspergillus  species.

All th e  pen toses  induced  good spo ru la t io n  of  th e  presen t fungi. A m o n g s t  
the  hexoses, spo ru la t ion  was e i ther  excellen t or good on glucose, fructose a n d  
m annose . Sorbose g ave  excellent f ru i t in g  of A . rugulosus, good of A . n id u la n s  
A . variecolor and  A . violaceus and  o f  A . juadrilinea tus. Galactose, in genera l ,  
induced  fair sp o ru la t io n  in all the  p re se n t  fungi.
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Sucrose, m altose  a n d  raffinose were excellent sources of c a rb o n  for th e  
s p o ru la t io n  of these  fungi. Lactose in d u c e d  fair  rep roduc tion  in  A . n idulans  
a n d  A . violaceus an d  good in  the  rest o f  th e  species.

Polysaccharides  a n d  sugar alcohols, in  general, su p p o r te d  good sporu l­
a t i o n  while organic acids were useless for  th is  purpose.

Discussion

l tilization of v a r io u s  carbon c o m p o u n d s  depends on th e  ab i l i ty  of the  
fu n g i  e ither to ass im ila te  th e m  d irec tly  o r  to  convert the  co m p lex  carbon 
c o m p o u n d  into form s t h a t  can he used d irec t ly .  In  the  la t te r  process th e  en­
z y m e s  associated w ith  th e  organism p la y  an  im p o r ta n t  role. T hose  carbon 
c o m p o u n d s  which can  be assim ilated m o s t  readily  or can he oxidized with 
t h e  leas t  expend itu re  or energy  stored in th e  com pound a p p e a r  to  con s t i tu te  
th e  food of f irst choice for  fungi.

In  the  presen t s tu d y  pentoses were  utilized well by  these  organisms. 
X y lo s e  has been re p o r te d  to  be superio r  to  glucose for some form s [1, 6]. 
S im i la r  behaviour of xy lose  was also n o te d  here. Arabinose a n d  xylose were 
fo u n d  to  be slightly  b e t t e r  th a n  rham nose .  T h e  less of g row th  in m ed iu m  con­
t a in in g  rham nose  was p ro b a b ly  due to  t h e  presence of CH3 g roup  in its  s t ru c ­
t u r e  which  is absen t in  th e  tw o o ther  pen toses .

O f the  d isaccharides ,  sucrose s u p p o r te d  good g row th  o f th e se  moulds 
w h e re a s  maltose an d  lac to se  were e ither good , m odera te  or poor for th e  growth. 
T h is  difference in  th e  a m o u n t  of growth m a y  be connected w ith  th e  availab il i ty  
o f  t h e  enzyme in ques t ion .  Raffinose w as good for all the  m oulds  because of 
t h e  genera l occurrence o f  th e  enzym e in v e r ta se .  Similar resu lts  h ave  been 
r e p o r t e d  by  T a m iy a  [9] for  A . oryzae a n d  S t e i n b e r g  [8] for A . niger.

According to  L i l l y  a n d  B a r n e t t  [5] th e  polysaccharides , in general, 
a r e  soluble or only collo idally  soluble. T h e  u til iza tion  of these  su b s tan ces  by  
f u n g i  depends up o n  th e  secre tion  of th e  necessa ry  hydro ly tic  enzym es. In  the 
p r e s e n t  inves tiga tion  all th e  organisms utilized s ta rch  an d  d e x t r in  sa tis­
f a c to r i ly .  On the  o th e r  h a n d  P énicillium  d ig ita tu m  is unable  to  grow  on s ta rch  
[3]. T h e  poor g row th  on inu lin  is p ro b a b ly  d ue  to  the  l im ited  su p p ly  of the 
e n z y m e  inulase. I t  has  also been rep o r ted  as a poor source of c a rb o n  for A . 
n iger  [8] and P. d ig ita tum  [3].

R eduction  of sugars  yields sugar a lcohols. In  th e  p resen t  s tu d y  sugar 
a lco h o ls  supported  exce llen t  growth of th e se  fungi. Good u ti l iza t io n  of these 
s u g a r  alcohols m ay  be d ue  to  the  effic ient ox ida tion  of these c o m p o u n d s  by 
th e  p re se n t  fungi. Poor  u t i l iza t ion  of m a n n i to l  an d  glycerol has, how ever ,  been 
r e p o r t e d  by St e i n b e r g  [8] for A . niger.

Organic  acids are  generally  poor sources  of carbon for fungi. In  the  
p r e s e n t  s tu d y  also o rganic  acids were fo u n d  to  be useless for th e  g row th  of
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these  moulds. S im ila r  results  have  been  rep o r ted  by T a m i y a  [9] for A . oryzae, 
S t e i n b e r g  [8] for A . niger and F e r g u s  [3] for P én ic illium  digitaturn. T here  
are  some factors w hich , however, in te rfe re  w ith  the  u t i l iza t ion  of th e  organic 
acids. F irstly , cells a re  often im perm eab le  to  organic  acids a t  physiological 
p H  levels. Secondly, th e  u til iza tion  o f  n eu tra l ized  organic  acids causes a rise 
of  th e  culture  p H  which  may in te rfe re  w ith  grow th . T h ird ly ,  ce r ta in  organic 
acids cause che la t ion  o f  the  inorganic  ions.
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ST U D IE N  AN A S P E R G IL L I

X III . K o  b i e n s t  o f f  b e d a r f  e i n i g e r  A s k o s  p o r e n t r ä g e r  d e r  
A s p e r g i l l u s  n i d u l a n s  G r u p p e

D as re la tiv e  W ac h stu m  au f N äh rb ö d en  m it versch ied en en  K o h le n h y d ra ten  als K o h len ­
s to ffq u e llen  w urde q u a n ti ta t iv  an fü n f A rte n  de r G a ttu n g  A sperg illus  b e s tim m t, d. h. an 
A . n idu lans  ( E i d a m ) W i n t ., A . rugulosus T h o m  und  R a p e r , A .  quadrilineatus  T ii om  u n d  
R a p e r , A . violaceus F e n n e l  und  R a p e r  u n d  A . variecolor ( B e r k , u n d  B r .) T h o m  u n d  R a p e r . 
E s w urde fe s tg es te llt, d a ss  alle M onosaccharide  eine g ü nstige  K o h lensto ffquclle  sind . Sucrose 
u n d  R affinose  g ab en  g u te s  W achstum  a n  allen A rte n , dagegen  erw ies sich M altose als gu t 
fü r A . quadrilineatus u n d  A . variecolor u n d  sch lech t fü r  den  R e s t der O rganism en. U n te r  
den  P o lysacch arid en  rie fen  S tä rk e  und  D e x tr in  g u tes W ach stu m  a lle r u n te rsu c h te n  Sch im ­
m elpilze hervor, w ä h ren d  In u lin  sch lech ten  W ac h stu m  e rgab . A rb u tin  w ar en tw ed er g u t. 
m ässig  oder sch lech t fü r  das W achstum . Z u ck eralk o h o le  e rzeu g ten  g u tes  W ach stu m . O rg an i­
sche S äuren  w aren fü r  d a s  W achstum  d ieser A spergilli u n b ra u c h b a r . Im  allgem einen riefen  
M ono-, Di- und T risacch a rid e  en tw eder ausg eze ich n e te  oder g u te  S p o ru la tio n  bei der M ehr­
h e it de r vorliegenden  A spergilli hervor. Zw ischen den P o ly sacch a rid en  v e ran lass ten  D ex trin  
und  S tä rk e  gu te  S p o ru la tio n , dagegen A rb u tin  eine sch lech te . O rgan ische  S äuren  w aren fü r 
d ie F ru c h tb ild u n g  d ieser Pilze u n b ra u ch b a r.

О Ч Е Р К И  Н А Д  А С П Е Р Г И Л Л И

XIII. П о т р е б л е н и е  в у г л е р о д н е с к о л ь к и х  а с к о с и о р о в ы х ф о р м 
г р у п п а  — A s p e r g i l l u s  n i d u l a n s

Способствующее росту относительное качество различных углеводов определя­
лось авторами Количественно у ПЯТИ Следующих ВИДОВ рода A spergillus: A .  n idu lans  
( E i d a m ) W i n t ., A . rugulosus Тном и R a p e r , A . quadrilineatus  Тном и R a p e r , A . v io la ­
ceus F e n n e l l  и R a p e r  и A . variecolor ( B e r k , и B r .) Т н о м  и R a p e r . Все моносахариды 
оказались соответствующими источниками углерода. Сахароза и рафииоза обеспечивали
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хороший рост y всех изучаемых видов, мальтоза обеспечивала хороший рост у A . quad- 
rilin e a tu s  и A . variecolor, в то время как у остальных организмов на мальтозе наблю­
дался слабый рост. Из полисахаридов крахмал и декстрин обеспечивали хороший рост 
у всех изучаемых плесневых грибков, в то время как на инулине их рост был слабым. 
Арбутин обеспечивал хороший, или средний, или слабый рост. Сахарные спирты обеспе­
чивали хороший рост. На органических кислотах указанные виды A sperg illu s  не расли.

Вообще моно-, ди- и три-сахариды обеспечивали отличную или хорошую спору- 
ляцию у большинства указанных видов; из полисахаридов крахмал и декстрин индуци­
ровали хорошую споруляцию, в то время как на арбутине обнаруживалась слабая спо- 
руляция. Органические кислоты эти грибки не способны использовать для спорообра­
зования.

V lRE N DRA Р. A g n i h o t r i , P . О. R u d rap iir , D is tt. N a in ita l, U. P . In d ia
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MYELOPEROXYDASE ACTIVITY 
TN NORMAL RAT BONE MARROW
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Synopsis

M yeloperoxydase  a c t iv ity  in  r a t  bo n e  m arro w  increases w ith  th e  w e ig h t o f 
th e  an im a l and  ru n s  p a ra lle l to  th e  m y elo id  : e ry th ro id  ra tio  o f th e  bone m arro w  cells. 
B leed ing  of th e  an im a ls  decreases m y e lo p e ro x y d ase  a c tiv ity  a n d  also th e  m yelo id : 
e ry th ro id  ra tio . I t  seem s th a t  bone m arro w  m yelo p ero x y d ase  a c t iv ity  is d irec tly  p ro ­
p o rtio n a l to  th e  n u m b e r  o f m yeloid cells (g ran u lo cy tic  series) in  th e  bone  m arrow . 
T h e  a c tiv ity  o f th e  iso la te d  blood leu k o cy tes  is q u ite  sim ilar to  t h a t  o f  th e  bone m a r­
row  cells.

In 1941 A g n e r  [1] described an  enzym e, verdoperoxyda.se, in h u m a n  
g ranu locy tes ,  which is p re sen t  in n o rm a l  m yeloid  cells a n d  in chlorom as, th e  
green tu m o u rs  of the  bone  m arrow. T h e  enzym e, also called m ye loperoxydase  
(MPO) is green in co lour and  has a p e ro x y d a t iv e  effect. I t  uses H 20 2 as su b ­
s t r a te ,  while th e  en zy m e-su b s tra te  co m p lex  deh y d ro g en a te s  a su i tab le  donor 
molecule (arom atic  am ines ,  phenols) a n d  H 20  develops:

E n z y m e  -(- H 20 2 -)- A H 2 —> enzym e —  H 20 2 H A 2 —>• enzym e —(— A —
4- 2 H 20 ,  where A l l ,  is th e  h y d ro g e n a te d  d onor  molecule.

M PO is a haem  en zy m e  which co n ta in s  p o rp h y r in  and  iron  and  is in h ib i t ­
ed b y  hydrogen  cyan ide , h y d ro x y lam in e  and  sod ium  azide. I t  is w o r th  while 
m en tio n in g  th a t  pu r if ied  enzym e p re p a ra t io n s  also con ta in  a small a m o u n t  of 
copper  [1].

T he  physiological role of the  en zy m e  is n o t  well u n d e rs to o d  a n d  i t  is 
supposed  to  degrade th e  H 20 2 deve loping  d u r ing  different m etabo lic  d e h y ­
d ra t io n  processes. I t  seems probable  t h a t  M PO is b o u n d  to  cellular p a r t icu la te s  
o th e r  t h a n  m itochondria  [5, 11]. S c h u l t z  and  co-workers [6] h ave  com pared  
th e  p ropert ies  of an M PO  purified acco rd ing  to  A g n e r ’s [1] m eth o d  and  those  
o f  an  M PO ex trac ted  from  tissues of  th e  S h a y  chlorom a [8],  purif ied  by  a 
co lum n ch ro m a to g rap h ic  m e thod . T h e y  h av e  also described th e  n a tu re  o f  th e  
l inkage  betw een  th e  p e p t id e  chain a n d  th e  p ro s th e t ic  g roup  in  th e  chlorom a 
enzym e [7].

H is toehem ically  M PO can be d e m o n s t ra te d  b y  th e  use o f  benzidine- 
pe roxydase  and  s tab le  N adi-reactions .  Accord ing  to  eytological observa tions  
on sm ears  and sections o f  th e  bone m a rro w  a n d  the  b lood, only th e  m yeloid

4 * Acta B io l. Hung. 14. 1963



5 2 E R Z S É B E T  Z O M B A I a n d  G . K E L É N Y I

e lem en ts  (p ro m y e lo cy tes-g ran u lo cy tes) an d  som e o f th e  m onocy tes give a 
p o s itiv e  m yelo p ero x y d ase  reac tio n .

D uring  our in v e s tig a tio n s  on th e  Shay  ch lo rom a of ra ts  [3] we o b served  
t h a t  various ty p es  o f th e se  tu m o u rs  show ed d iffe ren t M PO  ac tiv itie s  [4]. F o r 
a th o ro u g h  ex am in a tio n  o f  th e  chlorom a M PO it seem ed necessary  to  m ak e  
a close s tu d y  of th e  M PO  a c tiv ity  of th e  bone m arro w  o f no rm al ra ts . Som e 
p re lim in a ry  resu lts  h av e  b een  described  elsew here [4].

In  the  p resen t  s tu d y  we have de te rm in ed  th e  M PO a c t iv i ty  in the  bone  
m a r ro w  of norm al ra ts  o f  d if fe ren t  weight and observed  th a t  it increases w ith  
th e  weight (age) of th e  an im als  and  runs  paralle l  to  the  m yeloid : e ry th ro id  
r a t io  of  the  bone m a rro w  cells. Comparison o f th e  M PO ac tiv it ies  o f  th e  m a tu re  
b lo o d  granulocytes  of  a n im a ls  of d ifferen t w eight showed th a t  the  va lues  for 
t h e  older anim als eq u a l led  those  for younger  ones.

Methods

P reparation o f  the homogenates. A lbino ra ts  o f o u r ran d o m  b red  s tra in  w ere k e p t on 
a  d ie t  consisting  of m aize, o a ts  a n d  pow dered  m ilk , casein , m ea t m eal, ol. H e lia n th i, ol. L in i, 
b a k e r ’s y e as t, c a rro ts , N aC l, C aC 0 3, sp ro u tin g  w h ea t g ra ins a n d  th e  p re p a ra tio n  “ E r r a ” 
(Á llam i V accinaterm elo  In té z e t ,  B u d a p es t, H u n g a ry ) c o n ta in in g  O x y te tracycline , v ita m in  
B 12 a n d  am ino acids in  rice  b ra n .

T h e  an im als w ere k illed  b y  cerv ical d issec tion  u n d e r lig h t e th e r  a n aesth es ia . B o th  
fe m u rs  w ere exposed a n d  th e ir  sh a f ts  opened w ith  a sh a rp  kn ife. T h e  bone m arrow s w ere 
c o lle c ted , p u t in glass s to p p e red  s ilicon ized  sm all flask s c o n ta in in g  2 m l o f 0.05 M  tr is (h y d ro x y )  
in e th y la m in o m e th a n e  (T ris) b u ffe r  a t  p H  7.0 an d  w eighed. T h en  T ris-b u ffe r w as ad d ed  so 
t h a t  a bone  m arrow  tis su e  c o n c e n tra tio n  of 4 —10 m g/m l w as ach ieved . T he m arro w  suspensions 
w ere  hom ogenized in  a m o to r-d r iv e n  all-g lass P o tte r - ty p e  hom ogen izer for tw o m in u te s . 
A f te r  h o m ogen ization  th e  h o m o g en a te s  were d ilu ted  to  1 m g/m l tis su e  c o n cen tra tio n . M PO 
a c t iv i ty  was de te rm in ed  by  th e  m eth o d  p rev iously  d escribed  [4] an d  expressed  in  un its /1 0 0  
m g w e t tissu e .

M yelo id : erythroid ratio. B one m arrow  sm ears w ere p re p a re d , fix ed  in  m e th an o l, 
s ta in e d  w ith  G iem sa so lu tio n , a n d  200 cells co u n ted . T he av erages o f  th e  m yeloid  : e ry th ro id  
r a t io  in  th e  bone m arrow  o f r a ts  w hose hone m arro w  M PO a c tiv ity  w as d e te rm in ed  is g iven  
in T ab le  1. These va lues a re  so m ew h a t h igher th a n  th o se  of S hen  an d  IIoshina  [9] and  
B u r k e  a n d  H arris [2].

Bleeding experim ents. A n im als  w eighing 190— 200 g w ere bled  by  card iac  p u n c tu re s . 
T h e  b lo o d  loss was 0.58 — 0.85 m l/100  g bod y  w e ig h t/d ay  for 7 — 10 d ay s . In  th e  bone m arro w  
sm e a rs  o f such an im als th e  m y e lo id  : e ry th ro id  ra tio  w as red u ced  to  0.27 — 0.50 show ing 
a n  in c re a se  in n u m b er o f th e  e ry th ro b la s ts .

Iso la tion  o f  the blood leukocytes. 4 — 6 m l b lood w as w ith d raw n  b y  card iac  p u n c tu re  
fro m  r a ts  w eighing 100 170 a n d  250 — 300 g w ith  “ L iq u o id ”  (R oche). T he blood sam ples
w ere  p o u red  in to  te s t  tu b e s  c o n ta in in g  4 — 6 ml o f 6%  d e x tra n  so lu tion  in  sa line  (“T n tra d e x ” , 
C rookes L ab .)  and  allow ed to  s ta n d  u n til  se ttled . A fte r  th e  m a jo r ity  o f th e  e ry th ro c y te s  had  
s e t t le d  th e  u p p e r leu k o cy te -rich  su sp en sio n  was sucked  off, c en trifu g ed  a t  100 g for 10 m in u te s , 
re su sp e n d e d  in  T ris -b u ffe r an d  hom ogenized . I t  should  be m en tio n ed  t h a t  e ry th ro c y te s  do 
n o t  e x h ib it  an y  ap p rec iab le  M PO  a c tiv ity  [10]. M PO a c tiv ity  w as d e te rm in ed  in  th e  sam e 
w a y  a s  in  th e  case o f bone m arro w s an d  expressed  in u n its  pe r 107 n e u tro p h il a n d  eosinophil 
g ra n u lo c y te s . The s u p e rn a ta n t  o f th e  100 g c en trifu g a te  d id  n o t show  a n y  m easu rab le  a c tiv ity . 
T h e  n u m b e r  o f th e  iso la ted  b lo o d  leu k o cy tes  w as d e te rm in e d  in q u a d ru p lic a te  sam ples and  
e ach  sam p le  coun ted  tw ice. T h e  s ta n d a rd  e rro r o f th e  co u n ts  w as ^ 1 0 %  of th e  to ta l  cell 
c o u n t.  T h e  sm ears w ere p re p a re d  from  leu k o cy te  su spensions , fix ed  w ith  m e th an o l an d  
s ta in e d  w ith  Giem sa so lu tion . F ro m  each  suspension tw o  sm ears w ere p rep ared  an d  200 cells 
c o u n te d . T he p e rcen tag e  d is tr ib u tio n s  o f th e  n e u tro p h ilic  an d  eosinophilic  g ran u lo cy te s  and  
y m p h o c y te s  were d e te rm in ed .
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R esu lts

The MPO activ it ies  in the  bone m arro w  of 26 ra ts  weighing 2 0 — 80 g, 
o f  14 weighing 81— 180 g and  of 17 w eighing 181— 300 g were d e te rm in e d .  
In T ab le  1 the num ber ,  sex and  w eight o f  the an im als ,  the  m yelo id : e ry th ro id  
ra t io s  and  the  m eans, s t a n d a rd  errors a n d  ranges of  the MPO ac t iv i t ie s  in the  
bone m arrow s are given as th e  results  o f  a s ta t i s t ic a l  analysis. As m a y  be seen, 
the  M PO a c t iv i ty  of the  bone  m arrow  increases w ith  weight and  is p a ra l le l  to  
the m yelo id : e ry th ro id  ra t io .  T he  differences in M PO ac tiv i ty  in re la t ion  to  the  
w eigh t  o f  th e  anim als seem to be s ign if ican t.  Sex-re la ted  differences cou ld  no t 
be d e m o n s t ra te d .  In  a few anim als  w eighing 180— 300 g th e  M PO ac t iv i t ie s  
in b o th  femoral bone m arrow s were d e te rm in e d  ind iv idua lly ,  b u t  no s ign if­
ic a n t  differences were found.

T ab le  2 shows th e  M PO activ it ies  o f  th e  bone  m arrow s of 7 r a t s  w ith  
blood losses of 0.58— 0.85 ml/100 g b o d y  w e ig h t /d ay  for 7— 10 d ay s .  The 
average  M PO ac t iv i ty  of th e  bone m arrow s is a b o u t  one th ird  of t h a t  of th e  
h e a l th y  an im als;  the  sam e is t ru e  for th e  m yelo id  : e ry th ro id  ra t ios .

In  Tab le  3 the  m eans, th e  s ta n d a rd  dev ia t ions ,  an d  the ranges of  th e  M PO 
ac tiv it ies  o f  iso lated  blood leukocytes  for tw o groups of ra ts  are g iven . E a c h  
g roup  consisted o f  6 an im als ,  weighing 100— 170 a n d  250 300 g, re spec tive ly .
T here  is no significant difference in a c t iv i ty  of  th e  isolated blood leukocy tes  
be tw een  th e  two groups.

Table 1

M yeloperoxydase activ ity  o f  the bone marrows o f  rats o f  different ages

No.
N um ber of 

animals

Se

Male

X

Female

W eight of 
animal 

00

М1Ч) ac tiv ity  
in units/100 mg 

w et bone marrow 
tissue, means, 
t SD (ranges)

Myeloid:
erythroid

ratio

Significance 
of the  differences

( i ) 2 6 и 13 2 0 —  8 0
8 6

( 2 6 -
4 2
1 7 0 )

0 . 4 9 ( 1 ) v s ( 2 )
p  <  0.001

( 2 ) 14 6 8 81 1 8 0
1 4 5  ± 5 8  
( 6 2 — 2 8 7 )

1 .2 3 ( 2 ) v s ( 3 )
0 . 0 2  >  p  >  0 . 0 1

( 3 ) 17 10 7 1 8 1 — 3 0 0
2 3 0
( 8 8

1 0 4
4 6 1 )

1 .6 0 ( l ) v s  ( 3 )
p  <  0.001

Discussion

In  our experim en ts  we found the  M PO  ac tiv i t ies  of the  r a t  bone  m arro w s  
to show defin ite  differences which seem ed to be re la ted  to  th e  w eig h t  (age) 
of th e  anim als. Searching for th e  causes o f  th e  low M PO ac tiv i ty  in y o u n g ,  and  
for those of  the  h igher a c t iv i ty  in older r a ts  we found  th a t  th e  bone  m arrow

A d a  Biol. Hung. 14. 1963
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Table 2

M yéloperoxydase a c tiv ity  o f  the bone marrows o f  rats bled fo r  7 — 10 days

No.
W eight and  sex 

(g)

Blood loss 
(ml/day/100 g 
body weight)

D uration 
of bleeding

MPO activ ity  
of bone marrow 

(units/100 mg 
w et tissue)

Myeloid:
ery thro id

ratio

l 280
fem ale 0.58 7 83 0.27

2 280
m ale 0.57 7 50 0.28

3 260
fem ale 0.79 7 108 0.45

4 210
fem ale 0.85 7 93 0.46

5 240
fem ale 0.85 7 97 0.46

6 210
m ale 0.90 10 80 0.38

7 190
m ale 0.78 10 41 0.50

Table 3

M yeloperoxydase activity  o f  blood neutrophils and  eosinophils in  tivo groups o f  rats with an  
average body weight o f  265 and  135 g  respectively

N um ber 
o f animals

W eight (g), m ean, 
+  SD (ranges)

N um ber of isolated 
blood leukocytes 

(10e cells/ml) 
Tris-buffer, means, 

+  SD (ranges)

Percentage of neutrophils 
and  eosinophils, means,

+  SD (ranges)

MPO activ ity  
(units/10) 

neutrophils and 
eosionophils, means, 

+  SD (ranges) *N eutrophils Eosinophils

6 265 ± 2 5  
(250— 300)

4 .2 ± 1 .2  
(2.5— 6.0)

10.7 
±  1-2 

(10— 13)

l
± 0 .6

( 0 - 2 )

2 0 .8
± 4 .6

(13.4— 27.2)

6 1 3 5 ± 2 5
(100— 170)

3 .8 ± 0 .8  
(2.6— 4.7)

11.3
± 3 .4
( 7 - 1 6 )

2.7
± 2
( 0 - 5 )

19.0
± 4 .0

(13.7— 25.4)

T he difference in M PO  a c tiv ity  betw een th e  tw o g ro u p s is no t signif ican t (0.5 >  p >  0.4)

M P O  activities ra n  p a ra l le l  to  th e  myeloid : e ry th ro id  ra tio ,  i.e., t h e  n u m b e r  
o f  m yelo id  cells m igh t  be  responsible  for th e  d ifferences in ac t iv i ty .  The sam e 
conc lus ion  m ay  be d ra w n  w h en  our cytological f ind ings  and enzym e ac t iv i ty  
v a lu e s  are com pared  w i th  th e  d a ta  of B u r k e  a n d  H a r r is  [2], who d e te rm in ed  
th e  n u m b e r  of bone m a r ro w  cells and th e ir  p e rc e n ta g e  d is tr ibu tion  in ra ts  o f  
d i f fe re n t  ages. These a u th o r s  [2] exam ined  r a t s  o f  1 to  50 weeks of  age a n d  
f o u n d ,  as we did, t h a t  th e  n u m b e r  of m yeloid cells o f  th e  bone m arro w  inc reas­
ed  w i th  th e  weight o f  th e  anim als.
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T h a t  the  m yeloid cells o f  th e  bone m arrow  arc  responsible  for MPO 
ac t iv i ty  and th a t  th e i r  ra te  of a c t iv i ty  is de term ined  b y  th e i r  n u m b e r  is fu r th e r  
d e m o n s tra te d  b y  ou r  bleeding experim en ts .  Bone m a r ro w  ery th rob las tos is  
(decrease of the  m yelo id  : e ry th ro id  ra t io  to  0.27— 0.50) p ro d u ced  b y  bleeding, 
was accom panied  b y  a decrease in  M PO  ac tiv i ty  b y  a b o u t  a th ird  of th e  con­
tro l values.

I t  seemed to be of  great in te r e s t  to  determ ine  th e  M PO  a c t iv i ty  of some 
ty p es  of the  granu locy tic  series. F o r  t h a t  purpose th e  a c t iv i ty  of m a tu re  blood 
granu locy tes  (neu troph ils  and  eosinophils) iso la ted  from  th e  blood w ith  
d e x tra n  was exam ined . No w eig h t  (age)-related difference was found.

A com parison  betw een th e  ac t iv i ty  of th e  b o n e  m arro w  and  t h a t  of 
isolated blood granu locy tes  was m a d e  on the  basis o f  th e  d a ta  of B u r k e  and  
H a r r is  [2]. T hey  exam ined  th e  n u m b e r  of cells per  vinit o f  w eight in th e  wet 
bone m arrow  of th e  r a t  and  fo u n d  t h a t  there  were a b o u t  tw o  million cells in 
1 mg wet bone m arro w  tissue. T h e y  also observed t h a t  a b o u t  50%  of all cells 
were myeloid e lem ents  (g ranu locy tic  series). Since 10 m g w et bone m arrow  
tissue (i.e. 107 m yelo id  cells) d isp lay s  an MPO a c t iv i ty  of  a b o u t  23 un its ,  and 
107 blood granu locy tes  an a v e ra g e  a c t iv i ty  of 20 u n i ts ,  i t  can  be said, t h a t  th e  
a c t iv i ty  of the  bone  m arrow  m ye lo id  cells (m ain ly  im m a tu r e  cells) is similar 
to t h a t  of the  m a tu re  blood g ranu locy tes .

I t  should  be  m en tioned  th a t ,  acco rd in g  to  our u n co m p le te d  ex p erim en ts , d e x tra n  
in h ib its  to  som e e x te n t  th e  MPO a c t iv i ty  o f th e  bone m arro w . M a tu re  g ran u lo cy tes  iso la ted  
from  th e  p e rito n ea l c a v ity , how ever, a re  n o t  in h ib ited  by  d e x tra n ,  w hen  tre a te d  in  th e  sam e 
w ay  as blood g ra n u lo c y te s . T hus, th e re  m ig h t be a difference in  se n s it iv ity  to  d e x tra n  betw een  
m a tu re  an d  im m a tu re  cells.

From  our d a ta  it  is im poss ib le  to est im ate  th e  M PO  ac t iv i ty  of myeloid 
ce 11 ty p  es o the r  th a n  m a tu re  g ranu locy tes .  The d e te rm in a t io n  of M PO a c t iv i ty  
of  o the r  cell ty p e s  of  th e  g ran u lo cy t ic  series could be ach ieved  b y  sepa ra t ing  
the  bone m arrow  m yeloid cells o r  r a th e r  by  p ro v o k in g  a reac tive  bone  m arrow  
change w ith  th e  p redom inance  o f  some types o f  th e  g ranu locy tic  series. T h a t  
will be the  purpose  of fu r th e r  investiga tions.
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M Y E L O P E R O X Y D A S E A K T IV 1 T Ä T  IM  K N O C H E N M A R K  D E R  N O R M A L E N  R A T T E

Die M y e lo p e ro x y d a se ak tiv itä t im  K n o ch en m ark  de r R a tte  s te ig t m it  dem  Gew icht 
d e s  T ieres an und v e r lä u f t p a ra l le l  zum  V erh ältn is  der m yeloiden u n d  e ry th ro id en  Zellen 
d es  K n o chenm arkes . B lu tu n g  d e r  T iere  v e rm in d e rt die M y e lo p e ro x y d a se ak tiv itä t sowie das 
in y e lo id -e ry th ro id e  V erh ä ltn is . E s  sch e in t, dass die M y e lo p e ro x y d a se ak tiv itä t des K nochen­
m a rk e s  sich zur Zahl de r m y e lo id en  Zellen (G ran u lo zy ten re ih e) im  K n o c h en m a rk  direkt 
p ro p o r tio n a l v e rh ä lt. Die A k t iv i tä t  der iso lierten  L eu k o cy ten  des B lu te s  is t  derjenigen de r 
K n o ch en m ark ze llen  ähn lich .

АКТИВНОСТЬ МИЭЛОПЕРОКСИДАЗЫ В КОСТНОМ МОЗГУ У НОРМАЛЬНЫХ
КРЫС

Активность миэлопероксндазы в костном мозгу крыс повышается с увеличением 
веса животных и изменяется параллельно миэлоидно-эритроидным отношениям костно­
мозговых клеток. Кровопускание животных приводит к снижению активности миэло- 
пероксидазы, а также к уменьшению миэлоидно-эритроидного отношения. Оказывается, 
что активность миэло, нероксидазы прямопропорциональна количеству миэлоидных 
клеток (ряда гранулоцитов) в костном мозгу. Активность лейкоцитов, изолированных из 
крови, такая же, как активность костномозговых клеток.

E r z s é b e t  Z o m b a i  

G á b o r  K e l é n y i
Pécs, D ischka Győző u. 5., H u n g a ry
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AN OUTPOST SITE OF CORYNEPHORUS 
CANESCENS IN THE REGION BETWEEN THE DANUBE  

AND THE TISZA AND ITS CAUSAL EXPLANATION

M i l e n a  H y c i i n o v s k a .

BOTANICAL IN ST ITU TE OF TH E CZECHOSLOVAK ACADEMY OF SCIENCES, BRNO (HEAD: S. H E JN Y )

(R ece iv ed  April  2, 1963)

Synopsis

T he  p a p e r  deals w i th  th e  causa l  ex p lana t ion  of the occurrence of C orynephorus 
canescens in th e  region of N a g y k ő rö s .  E v a lu a t io n  of the  site fac to rs  of the  fores t  co m ­
plex ‘■‘■Nagyerdő” proved t h a t  soil ac id i ty  represen ts  the l im iting  f a c to r  in th e  
d is t r ibu t ion  o f  this plant.  T o  e s tab l i sh  its ac id i ty  d em an d s ,  a m ethod  in d ica t in g  the 
regulation  power of the ro o t  sy s te m  was applied.  I t  a p p ea red  t h a t  in unbuffered  
medium  the  a c id i ty  am p li tu d e  o f  the  regu la tion  power ranges from  3.4 to 9.2 pH  with 
an o p t im u m  a round  5.8 p H .  S im u ltan eo u s ly  the  soils u n d e r  th e  following closely 
a d jacen t  p l a n t  associations w ere  exam ined :

F e s tu c e tu m  vag ina tae  d a n u b ia le  co rynephore tosum  canescentis ,
F e s tu c e tu m  v a g in a tae  salicetosurn rosmarinifoliae,
F e s tu c e tu m  v ag in a tae  d anub ia le .
T he  buffer  capacity  a n d  reducing  effect of  these  soils were estab l ished .  T h u s  

the  sup p o s i t io n  could be c o n f i rm ed  t h a t  in the  exam ined  region Corynephorus canescens 
grows on ly  in si tes where b u ffe r  cap ac i ty  and  reducing  effect o f  th e  soil are m inimal.  
The p lan t  does not occupy soils of  higher buffer  cap ac i ty  which c a n n o t  be regu la ted  
by its roo t  sys tem .

In tro d u c t io n  and problems

S tu d y in g  th e  causal p h y to g e o g ra p h y  of Corynephorus canescens, the  
a u th o r  h ad  to  cope with th e  prob lem  of su b s t ra tu m  ac id ity  c o n s t i tu t in g  -  
beside clim atic  conditions — an  im p o r ta n t  lim iting  fac to r  in th e  d is t r ib u t io n  
o f  th is  psam m ophilous  p lan t .  Corynephorus canescens m ay  be com m only  found 
on acidic s a n d y  soils of C entra l  E u ro p e  b u t  avoids the  large a lkaline  sand  com ­
plexes of th e  region between th e  D an u b e  and Tisza r ivers in H u n g a ry ,  a l though ,  
as to  its c l im a te  and  physical p roperties  o f  th e  s u b s t ra tu m ,  this region m ay  be 
looked upon as a potential a re a  of  Corynephorus canescens in com pliance  w ith  
B o y s e n - J e n s e n  (1]. This is co rro b o ra ted  by th e  fac t t h a t  C orynephorus  
canescens does app ea r  in th e  reg ion , b u t  only in some res tr ic ted  a reas ,  e.g. near  
Nagykőrös [5]. An a t te m p t  a t  exp la in ing  th e  fact t h a t  its presence is confined 
to  sporadic  a n d  small p a tch es  o f  land  was m ade  as early  as 1940 b y  H a r g i ­

t a i  [3], who po in ted  to th e  n e u t r a l  or m odera te ly  acid soil reac tion  d if fe ren t ia t ­
ing these localities from th e  basic  calcareous sands in o th e r  p a r ts  o f  th e  region. 
B y  the c o u r te sy  of the H u n g a r ia n  A cadem y of Sciences, in the  a u tu m n  of 1961
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t h e  a u th o r  could o b ta in  a deeper insight in to  th is  h igh ly  in te res t in g  problem  
o f  ecology and p h y to g e o g ra p h y .

A thorough  in v e s t ig a t io n  of th e  a c id i ty  d em ands  of  Corynephorus 
canescens in C zechoslovakia  showed th a t  th e  p la n t  can  regu la te  th e  unbuffered  
s u b s t r a tu m  by  its r o o t  sy s tem  w ith in  a re la t iv e ly  wide range, a p p ro x im a te ly  
b e tw e e n  the  p H -v a lu e s  o f  3.5 to  10.0 to w a rd s  th e  o p t im u m  values ranging 
f ro m  5.5 to 5.9 pH . I t s  n a t u r a l  occurrence in Czechoslovakia  was also found to  
c o m p ly  with the l a t t e r  f ig u re s  17]. Thus i t  is p o te n t ia l ly  possible for this p lan t 
to  grow  on sandy soils o f  7 to  8 pH , if th e y  possess a m in im u m  buffe r  capacity .  
H a r g i t a i  found th e  p H -v a lu e s  for soils u n d e r  F e s tu ce to -C o ry n ep h o re tu m  in 
N a g y k ő rö s  as rang ing  f ro m  6.92 to  7.89. W h e th e r  these  were indeed  sandy  soils 
o f  m in im um  buffer c a p a c i ty  or a special eco type  of  Corynephorus canescens 
h a d  developed w ith  s o m e w h a t  different ac id i ty  d em an d s  —  th is  was a question  
w h ic h  could he solved b y  experim ents  only . T he  a u th o r  th u s  exam ined  the 
a b i l i ty  of p lants  to  c o n t ro l  th e  pH -v a lu e  of  th e  soil b y  th e ir  roots  and also 
d ire c te d  her research to w a rd s  the buffering and  “ red u c in g ”  effect of the  soils 
n e a r  Nagykőrös and  for  com parison  on th e  S zen ten d re  Is land  of th e  D anube, 
fo llow ing the m e thod  o f  U l e h l a  and M a r t i n e c  [8, 9, 10]. (The “ reduc ing” 
e f fec t  o f  the  soils m an ife s ts  i tse lf  in the  changes  o f  buffering c ap ac i ty  in the 
cou rse  o f  time.) All these  fac to rs  par t ic ip a te  in th e  e s tab l ish m en t  o f  a dynam ic  
eq u i l ib r iu m  between p la n t  a n d  soil; th e ir  ana lys is  should  c o n tr ib u te  to  the  
c a u s a l  exp lana tion  of  t h e  occurrence  of th e  p la n t  u n d e r  consideration .

Material and m ethods

W ith  the  ass is tance  o f  d r .  V era  K árpáti a n d  D r.  Margaret K ovács tw o  pa tch es  of 
g r o u n d  covered p r e d o m in a n t ly  w i th  Corynephorus canescens were chosen in the  complex 
o f  t h e  N agyerdő  F o re s t  n e a r  N a g y k ő rö s  and  in  i ts  close v ic in i ty  o th e r  p a tch es  w ith  p re ­
d o m in a t in g  Festuca vaginata  a n d  lack ing  e n ti re ly  in  Corynephorus canescens were m ark ed  
off .  A cco rd in g  to the  sociological su rv ey s  m ade  by V. K á r p á t i  a n d  M. K ovács the  vegeta t ion  
o f  th e se  a rea s  could be d e f in e d  in  accordance  w i th  th e  c lass if ica t ion  o f  H argitai [3] as well 
d e v e lo p ed  p lan t  assoc ia t ions.  F o r  com parison  e x p e r im e n ta l  m a te r ia l  of sa n d y  soils of  the 
S z e n te n d re  Is land was also e x a m in e d ;  i t  was collected  b e tw ee n  P ócsm egyer  and  Sziget- 
m o n o s to r  from  two loca l it ies  s im ila r ly  covered w i th  ty p ic a l ly  developed  associations.  The 
c h a r a c t e r i s t i c  da ta  of all  lo ca l i t ie s  a re  p resen ted  in  T ab le  1.

I n  t h e  a b ove-m en t ioned  p l a n t  associations soil sam ples  f rom  the  rh izosphere  of the  
d o m i n a n t  p lan ts  and  in  t h e  loca l i t ie s  1 an d  2 also co m ple te  ind iv id u a ls  of  Corynephorus 
canescens were collected; t h e  l a t t e r  were b ro u g h t  in to  th e  lab o ra to ry  v e ry  carefully  and 
e x a m i n e d  exper im en ta l ly  on  th e  n e x t  day.

The regulative pow er o f  the p lan ts  was s tu d ied  accord ing  to  a p rev ious ly  described 
m e t h o d  [6, 7]. The whole r o o t  s y s te m  was d iv ided in to  s ix  e q u a l  p a r t s  a n d  each  of these p u t  
fo r  tw o  h o u rs  into an  u n b u f f e r e d  so lu t ion  of a f ix ed  p H - v a lu e  o b ta in e d  b y  a dd ing  h y d ro ­
ch lor ic  ac id  or potassium  h y d ro x id e  to  distil led water .  T he  ac id i ty  of the  so lu tion  was m easured  
c o lo r im etr ica l ly  by  m eans o f  th e  un iversa l  ind ica tor  Í ű t a - K á m e n  (a Czechoslovak make) 
b e fo re  a n d  af te r  the  e x p e r im e n t .  T h is  p rocedure  was r e p e a te d  six t imes.

E x ta b l i s h m e n t  of th e  buffer capacity o f the soil. T he  a i rd r ied  soil sam ples were t rea ted  
in th e  l a b o ra to ry  for severa l  w eeks .  Genera l ly  the m e th o d  described  by  B r a u n -B lanquet [2] 
was ap p l ie d .  The fine soil s am p le s  w eighing 10 g each were doused  w i th  th e  following solutions

16 — 8 — 4 — 2 — 1 — 0 m l  0.01 n hydroch lo r ic  acid (F  =  0.984)
16 — 8 — 4 — 2 — 1 — 0 m l  0.01 n sod ium  h y d ro x id e  (F  =  1.062)
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Table 1

Data o f  localities studied

No. Locality P lant association D om inant plants R em arks

1 Nagyerdő Festucetum  vag ina tae  
danubiale corynephore- 
tosuin canescentis

Corynephorus
canescens

2 Nagyerdő Festucetum vag ina tae  
danubiale corynephore- 
tosum canescentis

Coryneph or us 
canescens

Mostly one- 
y e a r  old 
seedlings

3 Nagyerdő Festucetum  vag ina tae  
salicetosum ro sm ar in i­
foliae

Festuca vaginata 
Stipa joannis

O n  the  slope 
o f  a  dune

4 Nagyerdő f  estucetum vag ina tae  
danubiale

Festuca vaginata

5 Szentendre-Sziget Festucetum vag ina tae  
danubiale

Festuca vaginata 
Phleum phleoides

6 Szeiiteiidre-Sziget Festucetum vag ina tae  
danubiale

Festuca vaginata

an d  filled up  to 100 m l w i th  distilled w a ter .  P o u re d  in to  glass-stoppered vessels a n d  occa 
s ionally  shaken ,  these  soil suspensions were left  s t a n d in g  for 24 hours and su b s eq u e n t ly  their  
p H -v a lu e  was m easured  w i th  a glass e lectrode. As s t a n d a r d  for comparison a s im ila r ly  p re ­
pa red  suspension of sea -sand  pro analysi  was em ployed .

Determination o f  the reducing effect of  the  soil m ean s  in principle the  i n t r o d u c t io n  of 
the  t im e  fac to r  in to  the  e s tab l ishm en t  of buffer ing  c ap a c i ty .  Here  again the m e th o d  described 
u n d e r  “ buffer  c ap ac i ty  o f  th e  soil”  was app lied  b u t  t h e  process of restoring the  a c id i ty  eq u i ­
l ib r ium  was reg is te red  10 m inutes ,  1, 2, 4, 8, a n d  24 h o u rs  a f te r  in troducing  the  soil in to  
solutions.  F u r th e r  de ta i ls  o f  th is  procedure m a y  he fo u n d  in the  paper  of U l e i i l a  a n d  M a r t i n e c  
[ 8 ,9 ,1 0 ] .

Results

D a ta  p e r ta in in g  to  the  regu la tive  pow er of  th e  p lan t  are p lo t ted  in  F ig . 1. 
I t  is show n there  t h a t  th e  regula tion  p o in t  in d ic a t in g  the  o p t im u m  p H -v a lu e  
to which the  u n b u ffe red  solutions are  a d a p te d  b y  the  p lan t lies a t  5.8 p H .  
T he  range  of th e  regu la t ion  zone re p re se n te d  by  th e  pH -values of  3.4 to  9.2 
on the  abscissa co rresponds to the  a m p l i tu d e  of  ac id i ty  within w h ich  th e  u n ­
buffered  m ed ium  can  be regulated  b y  th e  p l a n t  to w a rd  its op t im u m .

The buffering  o f  soil suspensions p re p a re d  from the m a te r ia l  o f  the  
localities 1 to  6 an d  exam ined  a f te r  24 h o u rs  is charac terized  b y  th e  cu rv es  in 
Fig. 2. These g raphs  d em ons tra te  t h a t  b o th  soils taken  front the rh izo sp h e re  
of Corynephorus canescens in F e s tu c e tu m  v a g in a ta e  danubiale  co ry n ep h o re to -  
sum  canescentis  (1, 2) h ave  a re la t ive ly  low b u ffe r  capac ity ,  being n e a r ly  eq u a l  
w ith  t h a t  o f  th e  suspension  of seasand  p ro  a n a ly s i  in acid m ed ium . T h e  soil 
u n d e r  F e s tu c e tu m  v ag in a tae  sa l ice tosum  rosm arinifo liae  (3) has a h ig h er  
buffer  cap ac i ty  a l th o u g h  the  values of  th e  a c tu a l  ac id i ty  — m easured  in aque-
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F ig . 1. R e g u la t io n  power of the  ro o t  sys tem  of C orynephorus canescens from the  “ N a g y e rd ő ’ 
fo res t .  M ean  curve  of six m easurem en ts .  Abscissa: in it ia l  pH-value.  Ordina te :  r e g u la te d

pH -va lue

F ig . 2 . B uffe r  c ap ac i ty  of soils t a k e n  from th e  rh izo sp h ere  of p sam inophytes  co m p a red  w i th  
t h e  b u f fe r  c a p a c i ty  of a suspension  of seasand pro  ana lys i .  N u m b ers  ind ica te  th e  si tes. 
A bscissa:  0.01 n  hydroch lor ic  acid or sodium h y d ro x id e  in  ml per 100 ml of the  so lu t ion .  

Ord ina te :  p H  of the  suspens ion  a f te r  24 hours
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ous suspension — do no t considerab ly  d iffer f rom  those of the tw o  soils m e n ­
tioned above. T h e  o the r  th ree  nea r ly  id en t ica l  curves belong to  3 sam ples  
ta k e n  from th e  association F e s tu c e tu m  v a g in a ta e  danubiale  a l th o u g h  in 
th ree  d ifferent localities (4, 5, 6). T h e ir  b u ffe r  cap ac i ty  is high, espec ia l ly  in 
acid m edium .

Fig. 3. R educing  effect of  the  soil from the  rh izosphere  o f  p sa in m o p h y te  vegeta t ion  in “ N a g y ­
e rd ő ” . Soil sam ple  f rom  the  association F e s tu c e tu m  v a g in a t a e  danubiale  co ry n ep h o re to su m  
canescentis.  Abscissa: 0.01 n  hydrochloric  acid or so d iu m  h y drox ide  in ml per 100 ml o f  the  
so lu t ion .  O rd ina te :  pH  of the suspensions; t h e  curves co rrespond  to the  t ime period  o f  th e

exam in ed  process

The red u c in g  capac ity  of soil suspension  is i l lus tra ted  g raph ica lly  in 
igs. 3, 4, and 5. F or  th is  purpose only soils f ro m  th e  forest “ N ag y e rd ő ”  w ere  

chosen, the ir  v eg e ta t io n  corresponds to  the  th r e e  ana lysed  p lan t co m m u n it ie s  
(1, 3, 4). The red u c in g  capac ity  of th e  o th e r  soils is analogous, which m a y  be 
a f te r  all found from  the  curves of the  buffer  c a p a c i ty .  Since, however, th e  t im e  
fac to r  plays a decisive role in the  buffering  process of the suspension , th is  
process should  be represen ted  in th ree  d im ensions .  Still, the  required  c learness  
of  d e m o n s t ra t io n  m a y  be ensured by  e x t ra p o la t io n  carried  out in one o p t io n a l  
po in t only. T h u s  from  the  curves rep re sen ted  in Figs. 3 to  5 the e x t ra p o la t io n  
was perform ed for th e  values 8 ml 0.01 n hyd ro ch lo r ic  acid per 100 m l,  c o n ­
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s id e r in g  t im e  as the  v a r iab le  q u a n t i ty .  Fig. 6 show s the  graphical i l lu s t ra t io n  
of th e  re su l t ,  d em o n s t ra t in g  th e  com plica ted  red u c in g  process in a soil sy s te m  
w i th  i t s  ac id i ty  equ il ib r ium  upse t .

F ig . 4 . R ed u c in g  effect of t h e  soil f rom  th e  rh izosphere  o f  p sa m m o p h y te  v e g e ta t io n  in  “ N a g y ­
e rd ő ” . Soil sample f rom  th e  assoc ia t ion  F e s tu c e tu m  v a g in a ta e  salicetosum rosm ar in ifo l iae .  
A b sc issa :  0.01 n  hydroch lor ic  acid  or sod ium  h y d ro x id e  in  ml per 100 m l  of t h e  so lu t ion .  
O r d i n a t e :  p H  of the  suspens ions ;  the  curves c o r re sp o n d  to  th e  t ime period of t h e  e x am in ed

process

Discussion

I f  we t r y  to  e s tab lish  causal re la t ions  b e tw een  the  d is t r ib u t io n  o f  some 
p la n t s  and  soil a c id i ty ,  we can n o t  c o n te n t  ourselves, despite t h e  h ighest 
p rec is ion  in m easu rem en t ,  w ith  a p H -v a lu c  on ly , even th o u g h  i t  m a y  be th e  
r e s u l t  o f  a m e asu rem en t  carried  ou t  in an a p p a r e n t ly  dynam ical m a n n e r  d u r ing  
th e  v e g e ta t io n  period. In  th e  localities u n d e r  s tu d y  a coincidence b e tw een  the  
p re sen ce  of Corynephorus canescens and  th e  in itia l ac id ity  could be  h a rd ly  
fo u n d ;  we m easured  th e  following p H -v a lu es  in  the  various localities  (in ten  
m in u te s  in tervals):

No. of site: 1 2 3 4 5 6
p H :  5.50 5.62 5.65 6.23 8.01 6.78
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F ig . 5. R educing  effect of the  soil from  th e  rh izosphere  o f  p sa m m o p h y te  v e g e ta t io n  in  “ N ag y ­
e r d ő ” . Soil sample from  the  associat ion  F e s tu c e tu m  v ag in a tae  danubia le .  Abscissa:  0.01 n 
hydroch lo r ic  acid or sodium h y d ro x id e  in m l p e r  100 ml of the  solution. O rd in a te :  p H  of the  

suspensions; the  curves correspond  to  t h e  t im e  period of the  e x am in ed  process

7 

6- 

5- 

4- 

3-

F ig . 6. Reducing  effect of soils f rom  th e  p s a m m o p h y te  vegeta t ion  of t h e  “ N a g y e rd ő ”  as 
re la ted  to  th e  t im e factor.  Abscissa: t im e  ( logar i thm ica lly )  in hours. O rd in a te :  p H  of th e  

suspension. E x t r a p o la t io n  for suspensions of 0.8 ml 0.01 n  h y d ro ch lo r ic  acid

pH
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T he occurrence of  C orynephorus canescens w as, how ever,  established only 
in  t h e  localises  1 and  2, w h e re a s  the  p lan t  species c o n s t i tu t in g  the  v eg e ta t ion  
o f  t h e  o the r  localities b e lo n g ed  to  other associa tions. I t  is therefore necessary  
to  assess soil acid ity  m ore  com prehensively ,  even  if th e  com ponen ts  of th is  
c o m p le x  need not be a n a ly s e d .  One of the  m e th o d s  su p p ly in g  in fo rm ation  on 
th e  p a t t e r n  of soil reac t io n  is th e  common m e th o d  es tab lish ing  th e  soil buffer­
ing . Fig. 2 reveals a t  a g la n c e  to  which ecological g roups  the exam ined  soils 
b e lo n g .  Those in localities 1 a n d  2 are unbuffe red  soils, No. 3 shows m o d era te  
b u f fe r in g ,  whereas th e  m a te r i a l  from localities 4, 5, a n d  6 represen t  h igh ly  
b u f fe re d  soils. I t  is no t  a c c id e n ta l  th a t  C oryneph irus canescens occupies only 
th e  a reas  of low buffer c a p a c i ty  in this region a l th o u g h  all th e  o ther  conditions 
in  t h e  localities are a lm o s t  id e n t ic a l  in the  en tire  fo res t  com plex. W h e th e r  the  
low  bu ffe r  capacity  is d u e  to  th e  relief, th e  soil p rofile  or the previous vege­
t a t i o n ,  canno t be answ ered  in  th e  present paper .  T h e  d e te rm in a t io n  of buffer  
c a p a c i ty  discloses only t h e  f ina l  stage reached  b y  th e  soil suspension af te r  
24 h o u rs ,  thus being a q u a n t i t a t i v e  m easure , rev ea l in g  no th ing  ab o u t  the  
q u a l i ta t iv e ly  different c o u rse  of  the  process as to  th e  t im e  factor. The s tu d y  
o f  t h e  reducing effect of t h e  soil is of m uch im p o r ta n c e  exac tly  a t  th is  po in t.  
I t  show s th a t  the  soil su sp e n s io n  is not only a bu ffe r  system  analogous to  
a q u e o u s  solutions, w hich  c h a n g e  their pH -va lues  a f te r  th e  ad m ix tu re  of acids 
or  bases  and sooner or l a t e r  r e a c h  their  equ il ib r ium  acco rd ing  to  the  com position  
o f  t h e  solution. The soil su spension  represen ts  a com plica ted  heterogeneous 
s y s te m  in which the  r e g u la t io n  principle m akes i tse lf  felt. This m eans t h a t  the  
s y s te m ,  if t ransfo rm ed  b y  e x te rn a l  interference, r e tu rn s  in a new process in to  
i ls  orig inal s ta te  [8, 9, 10]. T h e  valid ity  of th is  p r inc ip le ,  w hich  is an  im p o r ta n t  
f a c to r  in the  ecology of t h e  exam ined  species, is d e m o n s t ra te d  in Fig. 6. The 
soil f rom  F es tu ce tu m  v a g in a t a e  danubiale of th e  N agyerdő ,  when acidified, 
r e tu r n s  to  its original p H - v a lu e  in the course of  a few hours. In  com parison  
w i th  th is  soil, th a t  of F e s tu c e tu m  vaginatae  sa l ice to sum  rosm arinifo liae  shows 
a low er  reducing power, a l th o u g h  its buffer c a p a c i ty  is o f  m ed ium  value. F ro m  
th e s e  fac ts  it m ay  be c o n c lu d e d  th a t  after  some c l im a tica l ly  favourab le  years 
p ro m o t in g  its v i ta l i ty  C orynephorus canescens w ould  also occupy th is  p a r t  of 
t h e  locality . The soil u n d e r  F es tu ce tu m  v a g in a ta e  d an u b ia le  co rynephoreto-  
s u m  canescentis is c h a ra c te r iz e d  not only by  in s ign if ican t  reducing pow er but 
a lso  b y  very  low buffe r  c a p a c i ty .  The occurrence of Corynephorus canescens is 
t h u s  qu ite  regular here , b e c a u se  if the o th e r  ecological conditions are fa v o u r ­
ab le ,  there  is no obstac le  h in d e r in g  the p la n t  in  its  a d a p ta t io n  to  o p t im u m  
a c id i ty .  I t  was su ff ic ien tly  p ro v ed  by the  e x p e r im e n ta l  inves t iga t ion  of the  
re g u la t iv e  power of roo ts  t h a t  in the case of p la n ts  on th e  ou tpos t  site in the  
re g io n  between th e  D a n u b e  and  the Tisza no a d a p te d  ecotype is involved. 
T h e  r u n  of the  regu la t ion  c u rv e s  is identical w i th  t h a t  o f  th e  graphs es tab lished
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for  the  same p lan ts  in  Czechoslovakia, b o th  in th e  region of the  M orava  V alley  
a n d  in  E lbe Valley [7].

The results o f  researchwork re p o r te d  here h av e  proved again  t h a t  c e r ta in  
phy togeograph ica l  questions m ay be  causally  solved on th e  basis of a th o ro u g h  
ecological analysis  by  envisaging th e  whole problem dynam ica lly  a n d  c o n ­
sidering  both  fac to rs  which p rev a i l  in the  occupa tion  of  localities, i.e. b o th  
th e  h a b i ta t  and th e  plant.

My thanks are due to the workers o f the Botanical In stitu te  of the Hungarian A cadem y  
of Sciences and to Professor B. Zó l y o m i  for enabling m e to perform all the in vestiga tion . 
I am  especially ind eb ted  to Mrs. V e r a  K á r p á t i  for her va luab le  cooperation.
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D E R  VO RPO STENSTAN DO RT VON C O R Y N EPH O R U S CANESCENS 
IM D O N A U —THEISS-ZW ISCH ENSTRO M G EBIET UN D  

SEINE K A U SA L E  E R K L Ä R U N G

Die vorgelegte Arbeit befasst sich  m it einer kausalen Erklärung des Vorkom m ens 
von  Corynephorus canescens im Gebiete von  Nagykőrös. Bei Beurteilung der S tan dortsfakto­
ren des W aldkom plexes Nagyerdő zeigte es sich, dass die Bodenaziditätsverhältn isse hier 
den Grenzfaktor der Verbreitung dieser Pflanze bilden. Zur Feststellung der A zid itätsan-
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Sprüche der Pf lanze  w u rd e  eine  die R eg u la t io n s fäh ig k e i t  des W urze lsys tem es anzeigende 
M e th o d ik  ve rw ende t .  E s  zeig te  sich, dass sich die A z id i t ä ts am p li tu d e  des R eg u la t io n sv er ­
m ö g en s  im  u n g ep u f fe r ten  M ed iu m  von 3,4 bis 9,2 b e w e g t ,  m i t  einem O p t im u m  u m  p H  5,8. 
Zugle ich  w urden  auch  B ö d e n  u n t e r  folgenden, eng  a n g ren zen d en  Assozia t ionen geprüft :  

F es tu c e tu m  v a g in a ta e  d an u b ia le  co ry n ep h o re to su m  canescentis 
F e s tu c e tu m  v a g in a ta e  sa l icetosum  rosm arin ifo l iae  
F e s tu c e tu m  v a g in a t a e  d anub ia le .

E s  w u rd e  ihr  Puffe rungs-  u n d  D äm p fu n g sv erm ö g en  b e s t im m t .  A uf  diese Weise wurde  die 
V o ra u sse tzu n g  b e s tä t ig t ,  d ass  in d iesem  Gebiet die P f la n ze  n u r  d o r t  v o rk o m m t,  wo die B o d e n ­
p u f fe ru n g  u n d  B o d e n d äm p fu n g  m in im al  ist.  Böden  m i t  g rösserer  Puffe rung ,  welche die P f lanze  
d u rc h  ih r  W urze lsys tem  n ic h t  z u  regulieren v e rm a g ,  w e rd en  von ihr nicht  m eh r  besiedelt .

МЕСТОНАХОЖДЕНИЕ CORYNEPHORUS CANESCENS В РАЙОНЕ МЕЖДУ 
ТИССОЙ И ДУНАЕМ И ЕГО КАУЗАЛЬНОЕ ОБЪЯСНЕНИЕ

Данная работа занимается каузальным объяснением нахождения Corynephorus 
canescens в районе г. Надькёрёш. При оценке факторов произрастания лесного комп­
лекса Надьэрдё выяснилось, что кислотность почвы является фактором, ограничивающим 
распространение данного растения. Для установления потребности растения в кислот­
ности, автор применял метод, основывающийся на регулирующей способности корневой 
системы. Выяснилось, что амплитуда регулирующей способности в небуферной среде 
изменяется от 3,4 до 9,2 pH, при чем оптимум обнаруживается при pH 5,8. Одновре­
менно произведено изучение почвы следующих, тесно примыкающих ассоциаций: 

F e s tu c e tu m  v a g in a ta e  d a n u b ia le  co ry n ep h o re to su m  canescentis,
F e s tu c e tu m  v a g in a ta e  sa l icetosum  rosm arin ifo l iae ,
F e s tu c e tu m  v a g in a t a e  danub ia le .
Определена также буферность и тормозящая способность этих почв. На основании 

этого подтверждено предположение, что на данной территории указанное растение встре­
чается только на тех местах, где буферность и тормозящая способность почвы минималь­
ная. На почвах с большой буферностыо, которую растение уже неспособно урегулиро­
вать своей корневой системой, оно уже не произрастает.

M i l e n a  R y c h n o v s k a , Brno, S ta rá  18, C SS R

A c.a  Hint. H ung. I t .  1 9 '3



4cta Biologien Hung. ,  14 (1), 67— 75 1963

ADAPTATIVE SHIFT OF TISSUE METABOLISM 
IN LOCAL HYPOXIA RESULTING 

IN HIGHER MUCOPOLYSACCHARIDE CONTENT

Cs. H a d h á z y , E va H. O l á h  and S t . K r o m p e c h e r

IN STITU TE OF ANATOMY, HISTOLOGY AND EM BRYOLOGY, M EDICAL UNIVERSITY, D E B R E C E N
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Synopsis

T he  new fo rm a t io n  of a rticular  ca r t i la g e  f ro m  g ran u la t io n  tissue was in v e s t ig a te d  
by  m orphological ,  h is tochem ica l ,  b iochem ica l  e tc .  m e th o d s .  In  the  in it ia l  s t a g e  th e  
g ran u la t io n  tissue suppl ied  by capillaries sh o w ed  a p re d o m in a n t  oxybiotic  m e ta b o l i sm .  
P ara l le l  w i th  the  g ra d u a l  occlusion o f  t h e  cap il la r ies  an  a d ap ta t iv e  sh if t  o f  t is sue  
m etab o lism  from oxybios is  to anaerobic  g ly co ly t ic  f e rm e n ta t io n  was o b se rv ed .  L a te r  
on, paralle l  w i th  increas ing  local oxygen  de f ic iency ,  the  anaerobic g lyco lys is  was 
found  to decrease, s im ultaneous ly  the m u co p o ly sa cc h a r id e  con ten t  of the t issue  in c re ased .  
The l a t t e r  process ap p ea red  to he p a ra l le l  w i th  th e  fo rm at ion  of h ya line  c a r t i la g e .

T hree  su b s e q u e n t  m axim a occurred .  I n  t h e  s tage  of g ranu la t ion  t is su e  th e  
condit ions  of oxybiotic metabolism  were g iv en ,  while  th e  s tage of f ibrotic  t r a n s f o r m a t i o n  
of the  t issue  is c h arac te r ized  by anaerobic g lycolytic  metabolism. In the  s t a g e  o f  newly 
fo rm ed  hyaline  car t i lage  a fu r ther  fo rm  o f  m e ta b o l i sm  was found to he p re v a le n t ,  
cha rac te r ized  by lack of conditions for o x y b io s is ,  decrease  of lactic acid c o n te n t  and  
increase  of mucopolysaccharides.

In tro d u c t io n

The reg en era t io n  of  the  a r t icu la r  su rface  w ith  special regard to  ca r t i la g e  
fo rm ation  was s tud ied  b y  au tho rs  for a co ns ide rab le  period. The m orp h o lo g ica l ,  
h is tochem ical and  b iochem ical e x am in a t io n s  were  carried  ou t on an a d e q u a te  
ex p e r im en ta l  m a te r ia l :  on the so-called ha lf - jo in t  o f  K r o m p e c h e r  [4]. T h is  
biological m odel  was s tu d ie d  by  K r o m p e c h e r  ch iefly  from causal v ie w p o in t  
of cart i lage  fo rm ation  — regarding q u a l i ta t iv e  a d a p ta t io n  and  n eo d iffe ren ti-  
a tion  [8, 9, 10, 11]. T h e  s tu d y  of the process o f  ca r t i lage  form ation, in p a r t i c u la r  
its m etabo lic  aspects  y ie lded  in te res t ing  d a ta .  I t  has  been established t h a t  d ue  
to  considerab le  re d u c t io n  of vascu la r isa t ion  o f  th e  a r t icu la r  surface n o t  only  
re sp ira t ion  decreases b u t  even the g lyco ly tic  a c t iv i ty  becomes g rea t ly  r e s t r i c t ­
ed a l th o u g h  no signs of  necrosis were obse rved  in th e  tissue. This o c c u r rc n  ce 
and the  re m ark ab le  increase  of the h e x o sa m in e  c o n te n t  of the t is sue  in t h e  
reg en e ra t in g  a r t icu la r  surface seem to  be in te r re la te d  on tin* basis o f  th e  d a t  a 
described below in deta i l .

5* Acta Biol. H ung. 14. 1963
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Material an d  m ethods

In v e s t ig a t io n s  were c o n d u c ted  on 450 dogs.  O n  th e  knee jo in ts  of  these dogs t h e  “ h a lf ­
j o in t ”  o f  K r o m p e c h e r  was perfo rm ed .  The c a r t i l a g in o u s  a r t icu la r  surface of the  d i s ta l  p a r t  
of  the  f e m u r  was com ple te ly  rem oved  and s u b s e q u e n t ly  a new a r t icu la r  surface  w as  form ed 
of the  g ra n u la t io n  t issue o r ig in a t in g  from the  spon g io u s  bone.

T h e  dogs were sacrificed a f te r  7, 20, 26, 33 a n d  70 days  following operat ion  (for deta i led  
desc rip t ion  o f  the  o pe ra t ion  see [9, 10, 11, 4]). On th e  regenera t ing  a r t icu la r  su rface  the  
following morphological a n d  biochemical e x a m in a t io n s  were carried out:  c o n v en t io n a l  
histologic p rocedures [8, 9, 4], de te rm ina tions  o f  t h e  degree  of vascularisa t ion  by p l a n im e t r y  [5], 
d e te rm in a t io n s  of haem oglob in  ( W o n g ) and t is su e  re sp i ra t io n  by W a r b u r g ’s m e th o d  [14], 
d e te rm in a t io n s  w ith  the  sam e m eth o d  h u t  a f te r  t h e  a d d i t io n  of m ethy lene  blue a n d  glucose [6], 
e x a m in a t io n s  of anaerob ic  a n d  aerobic  glycolysis a cco rd ing  to W a r b u r g  [7], d e te rm in a t io n s  
of t is sue  hexosam ine  c o n te n t  using  the  m eth o d  o f  M o r g a n  and  E l s ő n  [15].

R esu lts

S tu d y  of the  new ly  formed a r t ic u la r  surface a f te r  different in te rv a ls  
following opera t ion  revea led  some c h a ra c te r is t ic  stages. On the  7 th  d a y  the  
d ev e lo p m en t  of a g ran u la t io n  tissue r ich  in capillaries was observed  in the  
bone w ound  (Fig. 1). In th is  stage of d e v e lo p m e n t  the  conditions for oxybiosis  
arc g iven, i.e. the m etabo lic  products  o f  glucose can be broken  dow n th ro u g h  
the  t r ica rboxy lic  acid (Sz e n t -G y ö r g y i  a n d  K r e b s ) cycle. On th e  2 0 th  d ay ,  
in th e  deepes t  layer of th e  g ranu la t ion  tissue , on the  m argin  b e tw e e n  the  
g ran u la t io n  tissue an d  bone, stenosis o f  th e  cap illaries occurs. The g ra n u la t io n  
tissue becom es dense a n d  fibrotic. S u b se q u e n t ly ,  the  capillaries of th e  deepest 
layer  becom e occluded |9, 4]. On the  2 6 th  d a y ,  the  stenosis of th e  cap illaries 
begins to  ex ten d  a n d  to  sp read  over t h e  m ed ian  zone. In the  d e p th  of the  
g ran u la t io n  tissue ly ing direc tly  on tin* bone  border  the  first ca r t i lag inous  
fo rm ations  appear.  In  a n e x t  stage (on a b o u t  the  33rd day) 3 zones can be 
d is t ingu ished :  1. an upper zone with w ide  cap illaries where the cond it ions  for 
oxybiosis  are p resen t;  2. a median zone w i th  com pressed capillaries w here  the  
cond it ions  for oxybio tic  m etabolism  are  red u ced  and anaerobic  g lycoly tic  
m e tab o l ism  prevails ;  and  3. a lower zone in close v ic in ity  of the  b o n e  where 
the  car t i lage  islet has developed (Fig. 2). T h e  m etabo lic  conditions o f  th is  zone 
are  discussed in the  p re sen t  paper.

Fig. 1. G ran u la t io n  tissue covering  the bone w o u n d  a f te r  rem ova l  of the car t i lag inous  a r t icu la r  
surface. 7 day-stage.  U n d if fe ren t ia ted  g r a n u la t io n  t issue  w ith  wide blood vessels.  See also

n e x t  s tag e
Fig. 2. 26-day  stage of th e  new form ation  of a r t i c u l a r  surface  from g ran u la t io n  t issue .  In  the 
deeper  p a r t  cartilage islets covered with a p e r ich o n d r iu m -l ik e  sheet.  In th e  u p p e r  layer 
g ra n u la t io n  tissue w ith  p a t e n t  vessels. At t h e  p e r ichondr ium -l ike  border  the  blood vessels

are com pressed
F ig. 3. New fo rm at ion  of car t i lag inous  a r t icu la r  su rface .  350 day-stage .  The en ti re  g ra n u la t io n  

t issue  has been t r a n s fo rm e d  in to  cartilage

Aria Biol. Hung. 14. 19f>3
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W h en  s tu dy ing  th e  process in its d e v e lo p m e n t  we have  to  consider t h a t  
th e  ca r t i lage  of the  lower zone increases a t  t h e  expense of th e  m e d ia n  a n d  
u p p e r  zones. The u p p e r  zone being a t  th e  site  o f  oxybiotic  m e tabo lism  will be 
th e  f i r s t  to  d isappear,  g iv ing  place to  th e  m e d ia n  and su b seq u en t ly  to  th e  
c a r t i la g in o u s  lower zone. T h e  cartilag inous is le ts  are still small an d  iso la ted  
on th e  33rd d ay  b u t  th e y  g ra d u a l ly  get in to  to u c h  w ith  each o ther  and  beco m e

------------- =  respiration ------------- anaerobic glycolysis
------------  =  he rose mine -------------aerobic glycolysis
................ =  enhancing ef fect  of  methylene blue on

respiration

F ig . 4. G ra p h  i l lu s t ra t ing  th e  a l te ra t io n  of re sp i ra t io n ,  anaerobic  and  aerobic g lycolysis,  
h e x o sa m in e  c o n ten t  a n d  the  en h an c in g  effect of m e th y le n e  blue on respira t ion .  7, 20, 26, 33 

a n d  70 day-s tage  of d if fe ren tia t io n  of th e  g ra n u la t io n  tissue in to  cart ilage

on a b o u t  the  70th d a y  alm os confluen t  (Fig. 3). T h rough  the  in te rspaces  th e  
vesse ls  m a in ta in  th e  decreas ing  supp ly  of th e  g ran u la t io n  tissue of th e  u p p e r  
zone.

F o r  com plete  new  fo rm a t io n  of carti lage  m ore  than  a y ea r  is necessary .
O n the  basis of th e  d a t a  ob ta ined  from  th e  m any-s ided  inv es t ig a t io n  o f  

th is  m a te r ia l  the  following m a jo r  conclusions can  be draw n.
1. The v ascu la r isa t io n  and circu la tion  o f  th e  newly formed a r t ic u la r  

s u r fa c e  respectively ,  d isp lay  a g radua l  decrease. T he  p lan im etr ica l ly  m e a su re d  
c ross-sec tion  of the  capillaries [5] was found  to  decrease from 6 per  c e n t  to  
a b o u t  1 per  cen t  be tw een  th e  7 th  and  70th d ay .  D u r in g  this t im e  the  h a e m o g lo ­
b in  c o n te n t  of the a r t icu la r  su rface  [13] d im in ished  from  the  initial 40 y F e + + +/g 
g r a n u la t io n  tissue to  a b o u t  13 y  F e + + +/g g ra n u la t io n  tissue (Fig. 5).

Acta B iol. Hung. 14. 1963
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2. The tissue re sp ira t io n  m easu red  [14] b y  th e  m e th o d  of W a r b u r g  
increases  from 100 p e r  c e n t  to 345 p e r  cen t  from  th e  7 th  to  th e  33rd d ay ,  th e n  
it  decreases. On th e  7 0 th  d ay  it  a m o u n ts  to  no m ore  t h a n  151 per  cen t  (Fig. 4).

3. The lactic ac id  con ten t  of th e  tissue [13] also exh ib its  an in itia l in ­
c reasing  trend  (7th d a y  644 m g% , 33rd  d ay  1040 m g % )  b u t  it  becomes con­
s ide rab ly  reduced in t h e  la te r  stages (70 th  d ay  462 m g % )  (Fig. 5).

£

............................. ............ , :. ■ .  ...... rh
tTTTT-i oxybiotic I ! anaerob glycolytic 
иттз mucopolysaccharide

F ig . 5. G raph  showing t h e  sh if t ing  of m etab o l i sm  dur ing  th e  deve lo p m en t  of car t i lag inous  
a r t i c u la r  surface from g r a n u la t io n  tissue. 7— 70 d ay-s tage .  C om pare  the  g ra p h  w ith  Figs 
1, 2, 3. F irs t  m ax im u m  (lower figure, left side): condit ions o f  oxybiosis  in the  init ial  stages 
a re  given. Second m a x im u m  (middle  p a r t  of lower figure):  t h e  capillaries necessary  for o x y ­
biosis a re  reduced. L ac tic  acid  con ten t  reaches  i ts  m a x im u m .  Carti lage islets appear .  Th ird  
m a x im u m  (lower f igure, r i g h t  side): condit ions of oxybiosis  (blood supply)  no m ore  prevail.  
R e d u c t io n  of lactic acid c o n te n t  indicates t h e  decrease o f  anae rob ic  glycolysis. M ucopoly­

sacch a r id e  con ten t  reaches  its  m a x im u m

4. Similar d a ta  w ere  ob ta ined  b y  d e te rm in a t io n s  of anaerobic  glycolysis 
[7] according to  W a r b u r g ’s m ethod . T h e  value  o f  100%  anaerob ic  glycolysis 
m e a su re d  on the 7 th  d a y  rose to 230 p e r  cen t on th e  20 th  d ay  a f te r  which d a te  
i t  show ed a decreasing tendency  (70 th  d a y :  135% ). T he  m a x im u m  value  of

Aria Riol. Нипц. I t .  1963
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a e ro b ic  glycolysis was o b se rved  [7] on th e  20 th  and 26 th  d a y  (138 and  
1 7 6 % )  subsequently  i t  d ec reased .  On th e  70th  d a y  the  decrease was 94 % .

5. Methylene b lue  as 0 2 t r a n s p o r te r ,  enhanced  the  re sp ira t io n  ra te  of th e  
m a t e r i a l  on the  70th  d a y ,  while  on th e  7 th  and  26th  d ay  i t  Mas m uch  less 
e f fec t iv e  [6].

6. The tissue h ex o sa m in e  co n te n t  on the  70th  d a y  show ed an  increase 
o f  41 p e r  cent (see Fig. 5); increase  in th e  o the r  stages ra n g ed  b e tw een  2 and 
8 p e r  cen t  [15].

R ela t ive  values co n ce rn in g  th e  results  ob ta ined  are g iven  in Fig. 4 
p r e s e n t in g  the  d a ta  for anae ro b ic  and  aerobic glycolysis, t issue  re sp ira t ion  
a n d  increased  resp ira t ion  c au sed  b y  m ethy lene  blue. I t  should  be no ted  th a t  
th e s e  resu lts  perm it an  in s ig h t  in to  th e  re sp ira to ry  or g lycoly tic  a c t iv i ty  
re sp e c t iv e ly ,  of the  t issue  in  v i t ro  u n d e r  op tim al conditions.

I n  vivo conditions a re  m ore  explic it ly  reflec ted  in Fig. 5. T h e  differences 
b e tw e e n  the  in v itro  and  in  v ivo  s ta te s  are conspicuous in re sp ira t io n .  W hile in 
e x a m in a t io n s  in v itro  th e  o x y g en  su p p ly  M as found  sa t is fac to ry  a n d  un ch an g ed ,  
in  t h e  exam inations in v iv o  — on accoun t of th e  decrease in v ascu la r isa t ion  

-  th e  resp ira to ry  co n d i t io n s  were more and  more reduced  a c tu a l ly ,  as shown 
b y  t h e  lactic acid va lues ,  m o s t  p ro b a b ly  hypoxydosis  ensues. On accoun t o f  
t h e  la c k  of oxygen a n d  o f  th e  possible dam age  or in a c t iv a t io n  of  th e  c y to ­
c h ro m e s  the  course of  r e s p i ra t io n  becom es d is tu rbed .  T he  oxygen  su p p ly  
dec reases ,  the  t r ica rboxy lic  acid cycle and the te rm ina l  o x ida tion  are  g radua lly  
in a c t iv a t e d  and therefore  f e rm e n ta t io n  becomes p re d o m in a n t .  T h e  course of  
f e rm e n ta t io n ,  however, is n o t  typ ica l .  This  observa tion  is su p p o r te d  by  th e  
f in d in g  th a t  the p ro d u c t io n  o f  lactic  acid of  the  la te r  stages decreases . A t th e  
s a m e  t im e  large a m o u n ts  o f  m ucopo lysaccharides  de te rm in ed  b y  th e  h ex o sa ­
m in e  c o n te n t  of the t issue  ap p ea r .

Discussion

T hese  da ta  ind ica te  t h a t  t issue m e tabo lism  in carti lage  fo rm a t io n  u n d e r ­
goes seve ra l  changes. I n  th e  in i t ia l  s tage  th e re  is re sp ira t ion  as well as fe rm en ­
t a t i o n  (glycolysis) due to  th e  special n a tu re  of th e  g ranu la t ion  tissue. The m u c o ­
p o ly sa c c h a r id e  (hexosam ine) c o n te n t  is re la t iv e ly  low.

I n  the second p h ase  re sp ira t io n  becomes more and  m ore  ins ign if ican t 
a n d  fe rm e n ta t io n  prevails .  T h e  m ucopo lysaccharide  co n ten t  is still low. In  th e  
t h i r d  p h ase  respiration  is red u ced  to  a m in im um . E ven  th e  lac tic  ac id  c o n te n t  
o f  t h e  tissue decreases w hile  th e  m ucopo lysaccharide  (hexosam ine) c o n te n t  
in c rea se s ,  reaching пом' a m a x im u m  (see Fig. 5).

I n  o ther  case of  o x y g e n  defic iency (varicose ulcer, nec ro tic  caseous 
tu b e rc le s ,  C3H carc inom a a n d  th e rm a l  in juries [11, 2]) e x am in a t io n s  y ie lded

A cta  B io l. Hung. 14. 1963



A D A P T A T I V E  S H I F T  « F  T I S S U E  M E T A B O L IS M 73

com parab le  results in d ica t in g  th a t  a similar m ech an ism  m ay  work u n d e r  these  
c ircum stances  too.

S z e n t -G y ö r g y i  [17] claims th e  possible role o f  th e  shift in th e  ba lan ce  
of  ox ida tion  and fe rm e n ta t io n  as d ifferen t p a th w a y s  of energy p ro d u c t io n .  
O u r  experim enta l  re su l ts  seem to p o in t  ou t t h a t  a fu r th e r  type  of m e ta b o l ism  
involved  in the  b a la n c e  has to be reckoned  w ith .

Local m e tabo lism  is likely to  h a v e  ce r ta in  a d a p ta t iv e  possibilities w hen 
th e  c irculation  is g ra d u a l ly  inh ib ited  [7 to  11, 13 to  15]. This a d a p ta t iv e  change 
disp lays f irs t  p red o m in an ce  of ox ida tion  th e n  o f  fe rm en ta t io n  w hich  is fol­
lowed by  a phase in  w hich  the p ro d u c t io n  of m ucopo lysaccharides  prevails .

T he  a ssum ption  t h a t  a m etabolic  phase  m a y  ex is t  in which m u c o p o ly ­
saccharides  are p ro d u c e d ,  was based  on th e  o b se rv a t io n  th a t  d u r ing  hypoxy-  
dosis b o th  lactic ac id  produc tion  a n d  co n ten t  decreased . I t  seems p robab le  
t h a t  th is  phenom enon  m ay  be in connexion  w i th  m ucopo lysaccharide  fo r­
m a tion .  This supposit ion  has been confirm ed  b y  th e  d a ta  of L e l o i r  a n d  Ca r - 
DiNi [12], Ca s t e l l a n i  and  Z a m b o t t i  [3], О н к и в о ,  N o w i n s k i  a n d  B l o c k e r  
[16] a n d  of o thers. A ccording to  these  d a ta  c e r ta in  in term ediaries  t h a t  t a k e  
p a r t  in fe rm en ta t io n  m a y  serve as sources for th e  fo rm a tio n  of the  com p o n en ts  
o f  m ucopo lysaccharides .  B anga  [1] [minted o u t  t h a t  various m u c o p o ly ­
saccharides  possess th e  capacity  of  in h ib it ing  or s t im u la t in g  th e  a c t iv i ty  of 
ce r ta in  enzymes. I t  is possible t h a t  in  the  course  o f  m ucopo lysaccharide  fo r­
m a tio n ,  in  a la ter  s tag e  th is  effect is also in s t ru m e n ta l .

The present p u b l ica t io n  should  give for th e  t im e  being a w ork ing  h y p o ­
thesis  for the s tu d y  o f  th e  enzymes and  in te rm ed ia r ie s  o f  fe rm en ta t io n  u n d e r  
th e  given c ircum stances .  Inves t iga t ions  in th is  d irec t ion  are in progress.
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D I E  A D A PT A T IV E  V E R S C H I E B U N G  DES G E W E B L I C H E N  S T O F F W E C H S E L S  
B E I  L O K A L E R  H Y P O X I E  E I N H E R G E H E N D  M IT E I N E R  S T E I G E R U N G  

D E S  M UCO P O L Y S A C C H A R ID G E H A L T E S

D er  Vorgang der N e u b i ld u n g  e iner knorpe ligen  Gelenkfläche, ausgehend  v o m  G ran u la ­
t io n sg ew eb e ,  wurde d u rc h  m orpho log ische ,  h is tochem ische ,  b iochemische e tc .  M ethoden 
u n t e r s u c h t .  Im  A n fa n g s s ta d iu m  zeigt das g u t  v ascu la r is ie r te  G ranu la t ionsgew ebe  einen 
v o rw ie g en d  oxybiotischen Stoffwechsel .  Para lle l  m it  der s tufenweise  e rfo lgenden  Kom press ion  
d e r  K a p i l la re n  versch ieb t  s ich  d e r  gewebliche Stoffwechsel  a d a p ta t iv  von  d e r  Oxybiose  in 
R i c h t u n g  des anaerob g ly k o ly t i s c h e n  Stoffwechsels. S p ä te r ,  paralle l  m it  der  S te ig e ru n g  des 
l o k a l e n  Oxigenmangels,  ze ig te  sich eine A b n a h m e  d e r  anaeroben  G lykolyse ;  gleichzeit ig 
z e ig te  sich eine Z unahm e des s to f f l ichen  M ucopolysaccharidgehaltes .  Diese S te ig e ru n g  lief 
p a ra l le l  m i t  der K n o rp e lb i ld u n g .

Dre i  aufeinander fo lgende  M ax im a  w aren  zu f in d en .  Das M ax im um  d e r  B ed ingungen  
des  oxybiotischen Stoffwechsels im  S ta d iu m  des G ranulat ionsgew ebes .  D a r a u f  fo lgend,  im 
S t a d iu m  der  faserigen T r a n s fo r m a t io n  des Gewebes, zeigt der  anaerob g lykolytische Stoffwechsel 
d a s  zw ei te  Maximum. Im  S ta d iu m  des neugeb i lde ten  H ya l in k n o rp e ls  ge lang te  eine weitere 
F o r m  des Stoffwechsels in den  V o rd e rg ru n d ,  ch ara k te r i s ie r t  du rch  das Feh len  d e r  B ed ingungen  
d e r  Oxybiose ,  eine A b n a h m e  des  M ilchsäuregehaltes  u n d  d u rc h  die Z u n ah m e  des M ucopoly­
saccharidgehaltes.

АДАПТАТИВНОЕ ИЗМЕНЕНИЕ ТКАНЕВОГО ОБМЕНА ПРИ МЕСТНОЙ ГИПОК­
СИИ,  ПРОВОДЯЩЕЕ К ПОВЫШЕННОМУ СОДЕРЖАНИЮ МУКОПОЛИСАХА-

РИДОВ

Авторы изучали образование суставного хряща из грануляционной ткани при 
помощи морфологических, гистохимических, биологических и других методов. В началь­
ной стадии рубцовая ткань, богатая капиллярной сетью, имеет преобладающий, окси- 
биотический обмен. Паралельно сдавлению капилляров наблюдался изменение обмена 
тканей адаптативного характера, из ранее выраженного оксибиотического обмена в 
направление анаэробного гликолитического обмена. Позже, при усилении местного не­
достатка кислорода, и анаэробный гликолиз отступал на второй план, в то же время 
увеличивалось и содержание мукополисахаридов в тканях. Последний процесс был 
параллельно образованию гиалинового хряща, содержащего хондроитинсульфат.

Acta Riol. Hung. 14. 1963
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Отмечалось три максимума, следующих друг за другом. В начальной грануля­
ционной стадии имеются условия оксибиотического обмена; стадия перестройки волокон 
характеризуется анаэробным гликолизом, а в стадии новообразованного гиалиного хряща 
появляется новый, дальнейший тип обмена, который отличается следующим: отсутствием 
оксибиоза, уменьшением содержания молочной кислоты и увеличением содержании 
мукополисахаридов.

Csa b a  H a d h á z y

É va  H . Oláh : Debrecen 12, A natóm ia ,  H u n g a ry
I s t v á n  K r o m p e c h e r

Acta Riói. П ипд. 14. 1063
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Ca v e n e s s , W. C.: Atlas o f  e lectroencephalography  in the  developing monkey

P e rg a m o n  Press ,  L o n d o n  (1962), 146 p a g e s .  £  6/6

In t ro d u c t io n  to the  A t la s  has  been su p p l ied  b y  H allowel D avis , one o f  the  A m er ican  
p ioneers  o f  e lec troencephalography .  The a u th o r ,  a m e m b e r  of the  I n s t i tu te  of N euro logy ,  
C o lum bia  U n iv e rs i ty ,  in his A t las  t races the c h a n g e s  in  the  E E G  ac t iv i ty  of  th e  develop ing  
m o n k e y  ( M acaca m ulatta) f rom  b i r th  till 24 m o n t  hs o f  age, i .e. u n t i l  full m a tu r i ty .  T h e  96 full- 
page  f igu res  h ave  been se lec ted  from among 434 E E G  recording in 47 anim als .  A f te r  a d iscu s­
sion o f  t h e  p ropert ies  of  the  s t r a in  of m onkey  u se d ,  in C hapte rs  1 and  2 the  t ec h n iq u e  o f  the 
leads is described  in de ta i l .  T h ree  pairs of  needle e lectrodes  were placed su b cu tan eo u s ly  in the  
f ro n ta l ,  t em p o ra l  and occip i ta l  areas,  to carry  o u t  b ip o la r  long itud inal  and  t r a n s v e r sa l  leads.

I n  C hap te rs  4 and  5 th e  developm ent o f  t h e  sp on taneous  waking  a c t iv i ty  a t  r e s t  is 
d ea l t  w i th .  T he  forms of a c t iv i t y  characteris tic  o f  th e  d if fe ren t  ages are i l lu s t ra ted  by 35 F igures ,  
w i th  16 o th e r  recordings show ing  the  var ia t ions  d e v ia t in g  from  the  average. S u b s e q u e n t ly  the  
averag e  a m p l i tu d e  and f req u e n c y  values of th e  c h a ra c te r i s t i c  a le r t  rh y th m s  are e v a lu a te d  s t a ­
t is t ic a l ly  a n d  represented  in  tab u la te d  and d i a g r a m m a t i c  form . The recordings o b ta in e d  in the 
m o n k ey  are carefully  com pared  w i th  the  da ta  p u b l i s h e d  in  the l i te ra tu re  for m an .  T h e  s im ila r i ty  
is re m a rk a b le ,  when assum ing  the  ra te  of d e v e lo p m e n t  of M acaca mulatta  to be s ixfold  t h a t  
of the  h u m a n  bra in ,  and v e ry  exp lic i t  as regards t h e  f req u en cy  dom ains .  In  early  age th e  a m p l i ­
tu d es  a re  g re a te r  in the m o n k ey ,  b u t  this d if ference  d isap p ea rs  in adu lthood .

I n  se p a ra te  chap ters ,  i l lu s t ra te d  w ith  45 f ig u re s  the  t ran s i t io n  from a le r tness  to  sleep, 
the  E E G  charac te ris t ics  o f  superf ic ia l  and deep sleep  in  the  developing animals are d iscussed. 
Here ,  too ,  a  comparison w i th  h u m a n  ac t iv ity  is g iv e n  a t  the  end  of each c hap ter ,  c o r ro b o ra t in g  
the  view  t h a t  E E G  ac t iv i ty  o f  the  developing M acaca m ulatta  shows b u t  a m in im u m  d ifference  
as a g a in s t  e lectr ical a c t iv i ty  o f  the  hum an  b ra in  o f  c o m p arab le  age. I t  was on ly  in  th e  a d u l t  
m o n k ey  t h a t  the  cyclic, low -am pli tude ,  fast  E E G  a c t iv i t y  described by  D ement  a n d  K l eit- 
mann  in  m a n  could be observed dur ing  sleep. U n f o r tu n a t e ly ,  there  is no f igure to i l lu s t r a te  th is ,  
a l th o u g h  th is  observation  is a m os t  valuable  c o n t r ib u t io n  to  the  ex p lana t ion  of the  physio log ica l  
m ec h an ism  o f  these  cycles. I n  the  Appendix  the  c u rv es  c h arac te r i s t ic  of the v a r io u s  ages are 
p re sen ted  comprehensively .  T h e  m ate ria l  included in  t h a t  c h a p te r  is p a r t icu la r ly  well se lected .

In  t h e  p a s t  decade E E G  has become an  e v e r y d a y  tool b o th  in  th e ra p eu t ica l  a n d  e x ­
p e r im en ta l  medicine.  One of the  m ost  difficult p ro b le m s  in clinical e lec tro en cep h a lo g rap h y  is 
the  an a ly s is  o f  the  E E G  a c t iv i ty  in children. A long  w i th  the  works dealing w ith  th e  e lec tr ica l  
a c t iv i ty  o f  the  developing h u m a n  b ra in  this A t la s  m a y  offer va luab le  help for c lin ic ians c o n ­
cerned w i th  the  E E G  of children .

R hesus  m onkeys  are be ing  used more a n d  m o re  f r eq u e n t ly  as t e s t  sub jec ts  in  n e u ro ­
physio log ica l  and  psychopharm acolog ica l  s tudies .  T h e  use of these  anim als  m akes  i t  possible 
for th e  r e sea rch  workers to w ork  on prepara t ions  r e sem b l in g  the  h u m a n  b ra in  in fu n c t io n  and  
s t r u c tu r e  m u ch  closer t h a n  the  b ra in  of any o ther  spec ies  genera lly  m ade  use of before. R ese a rc h  
w orkers  u n a b le  to  deal w i th  la rge  series because o f  t h e  h igh price and insuff ic ient  a v a i lab i l i ty  
of m o n k ey s  who therefore  could  n o t  gain personal  exper ience  in the  field of m onkey  E E G  m a y  
der ive  m o s t  va lu ab le  in fo rm a t io n  from  this e x ce llen t ly  composed and  well a r ranged  A t la s  and  
m ay  t a k e  in to  accoun t  the  spec ia l  d a ta  c h arac te r i s t ic  o f  the  var ious ages when w o rk in g  w ith  
y o u n g e r  an im a ls .

T h e  A tlas  is beau t i fu l ly  execu ted :  the e x ce l le n t  rep ro d u c t io n  of the  records shou ld  be 
p a r t icu la r ly  stressed.

K Á LM Á N  L i s s á k  (Pécs)
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S i e g e l  S. M.: The P l a n t  Cell W all .  A Topical S tu d y  o f  A rch i tec tu re ,  D ynam ics ,  C o m p a ra ­
t iv e  C hemistry  a n d  Techno logy  in a Biological Sys tem

P e rg a m o n  Press ,  O x fo rd  (1962), 123 pp . ,  60 s.

A l though  th is  l i t t le  boo k  b y  S. M. S i e g e l  gives a b r ie f  outline  of the  v a s t  sub jec t  in all 
i ts  m ore  sign if ican t  a sp e c ts ,  i t  is m ain ly  from a chem ica l ,  re spec t ive ly  biochemical pe rsp ec t iv e  
t h a t  th e  a u th o r  a p p ro ac h es  the  problem s invo lved .  T h e  bo o k  opens w ith  an in t ro d u c t io n  
b r ie f ly  describing th e  c o n s t i tu t io n a l  features  of th e  cell wall  recognizable in th e  l ig h t -m ic ro ­
scope an d  the cell ty p e s  o f  the  m o s t  f requen t  occurrence  (p a re n c h y m a ,  sc le renchym a,  collen- 
c h y m a ,  t rach e id s ,  vessels,  f ib res ,  etc.). This is fo llowed b y  a c h ap te r  on “ C onst i tu t ion  a n d  
A rc h i te c tu re  in the  Cell W a l l ” , beginning w ith  t h e  e x a m in a t io n  of some of th e  chem ica l-  
phy s ica l  m ethods  em p lo y ed  in s tud ies  on the  chem ica l  c o n s t i tu t io n  and s t ru c tu re  of th e  cell 
wall  (polarized light.  X - r a y  d if f rac t ion ,  u l tracen tr ifu g e ,  e tc .) ,  a f te r  which the  resu lts  o b ta in e d  
w i th  the  a id of these  te c h n iq u e s  a re  dealt  with .  In  th is  con n ec tio n ,  the  au th o r  gives m u ch  a t t e n ­
t ion  to  th e  o rgan iza t ion  o f  t h e  polysaccharides (cellulose, pec t in ,  etc.)  const i tu t ing  t h e  cell 
wall  a n d  to t h a t  of l ign in .  U n d e r  the  heading “ T he  W al l  as a U n i t ”  considera tion  is c en te red  
a b o u t  t h e  c rystal  la t t ic e  o f  cellulose, the  s t ru c tu re  of e le m en ta ry  fibrils,  microfibrils a n d  tb e  
o r i e n ta t io n  of cellulose in ic rof ib ri ls  in  the  cell wall,  r e sp ec t iv e ly  in i ts  different  layers .  I n  
C h a p te r  2 (Cell W all  D y n a m ic s )  a brief, b u t  p a r t i c u la r ly  in te res t in g  descrip t ion  is g iven  o f  
c u r r e n t  knowledge as to  t h e  b iosyn thes is  of cell wall  co m p o n e n ts ,  f i r s t  of all, of the  m ec h an ism  
g o v e rn in g  ex trace l lu la r  cellulose  form ation  ( Acetobacter x y lin u m ) .  Novel a n d  i m p o r t a n t  
p ro b lem s  are touched  u p o n  in  th e  pages where th e  ch an g e s  occurring  in th e  walls o f  g row ing  
cells a re  discussed, — m a in ly  f rom  biochemical v iew p o in ts ,  — and  fu r ther ,  where the  re g u la t io n  
o f  cell wall fo rm ation  is considered  in connection  w i th  t h e  effects of  g ro w th -p ro m o tin g  s u b ­
s ta n c e s  (auxins)  a n d  l ign if ica t ion .  A short  su b -ch ap te r  is d ed ica ted  to the  various poss ib i l i t ies  
of  n a tu r a l  cell wall b r e a k d o w n  (The Lysis of Ce'l W alls) .  In  C h ap te r  3 (C om para tive  C h em is t ry  
o f  In te rce l lu la r  S u b s ta n c es  a n d  Walls) the  occurrence  a n d  b iosyn thes is  of  l ignin  in  h ig h e r  
v a sc u la r  p lan ts ,  as well as th e  cell wall chem is try  o f  b a c te r i a ,  fungi,  algae, pro tozoa  and  m e t a ­
zoa a re  exam ined ,  w i th  re sp e c t  to the ir  ev o lu t io n a ry  s ignificance and their  p h y lo g en e t ic  
aspec ts .  In  Chapter  4 w h ic h  is the  last  one (P ro p e r t ie s  an d  Uses of Cell Walls a n d  th e i r  
D e r iv a t iv e s)  the  p ra c t ic a l  a spec ts  of the  sub jec t  a re  p re sen ted ,  the  au th o r  giving a b r i e f  
a c c o u n t  o f  the  chem ica l,  ph y s ica l  and s t ru c tu ra l  p ro p e r t i e s  of  woods and  fibers w ith  a v iew  
to  th e i r  in d u s tr ia l  uses. A f te r  discussing the  coal, i ts  orig ins a n d  the  process of coalification th e  
boo k  closes w ith  a l is t  o f  re ferences,  an index  o f  th e  o rg a n ism s  deal t  w ith  in the  t e x t  a n d  a 
genera l  sub jec t  index .

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

D o u g h e r t y , T. F .,  W. S. S. J e e , Ch . W. M a y s , B. J .  S t o v e r : Some Aspects of  I n te rn a l
Irrad ia tion .  P ro c e ed in g s  of a Sym posium  he ld  a t  t h e  H o m estead ,  H eber ,  U ta h ,  8 — 11
May, 1961

P e rg am o n  Pre ss ,  O x fo rd  (1962), 529 pp . ,  69 t a b le s ,  242 ill. £  5

T he  bu lky  v o lu m e  in  a f ine  get-up, pub l ished  b y  t h e  Sym posium  Publ ica t ions  D iv is ion  
o f  P e rg a m o n  Press ,  c o m p rise s  t h e  lectures and  th e  d iscussion  a t  the  Sym posium  held in H e b e r  
(U ta h ) .  The  Sym p o siu m  w as concerned w ith  th e  h a r m f u l  effects of rad ioac t ive  su b s ta n c e s  
g o t  in to  an d  in c o rp o ra te d  b y  th e  organism as well as w i th  those  of chronic low-level r a d ia t i o n .  
T h e  am ple  m ate ria l ,  t h e  33 lec tu res  delivered, a re  g ro u p e d  in to  5 p a r ts  by  the  editors.

P a r t  I,  c o n ta in in g  11 lec tu res  discussing th e  v a r io u s  biological effects of  i n te rn a l  i r r a d i ­
a t io n ,  is the  m ost  c o m p re h en s iv e  of all. All the  lec tu re s  r e n d e r  account  of the  resea rches  c o n ­
d u c te d  a t  the  U n iv e rs i ty  o f  U t a h ,  College of Medicine,  S a l t -L a k e  City. The exper im en ts  r e fe r re d  
to  in th e  lectures were  ca r r ied  o u t  on dogs, on beagles .  R a 226, R a 228, T h 228, P u 239, S r90 w ere  
a p p lied  a t  different  dose  levels,  as in te rna l  em i t te r s .  T h e  d is t r ib u t io n  of the  said r a d io n u c l id e s  
in  t h e  organism  as well as t h e  long-term  biological e ffec ts  o f  chronic ra d ia t io n  were s t u d i e d .  
Because  of the  b one-seek ing  ch arac te r  of the  app lied  rad ionuc lides ,  to bone in ju r ies  a n d  to  
t h e  deve lo p m en t  o f  b o n e  tu m o u rs  were given th e  g re a te s t  a t te n t io n .  However,  one of t h e  
lec tu re s  discusses th e  h em a to lo g ica l  damages,  a n o th e r  t h e  changes occurring in blood c h em ism ,  
a f u r th e r  one the  eye c h an g e s  induced by  in te rn a l  i r ra d ia t io n .  Finally ,  a lec tu re  deals w i th  
th e  e ffec t  of  rad io n u c lid e s  on corticosteroid b iosyn thes is .

Acia Biol. Hung. 14. 1963



R E C E N S I O N  E S 79

P a r t  II comprises 8 l ec tu re s ,  discussing th e  biological effects b o th  of in te rn a l  i r rad ia t io n  
and  X - ra y  i r rad ia t io n .  Two com m unica t ions  dea l  w i th  th e  prob lem s of low-level i r rad ia t io n  
in genera l ,  respectively ,  w i th  th e  reparab le  a n d  i r rep a rab le  p ropert ies  of ra d ia t io n  in ju ry .  
An in te re s t in g  lecture re p o r ts  on the role the h o rm o n e s  p lay  in rad ia tion-carc inogenesis .  Two 
p apers  deal  w ith  the  changes  in p rem a tu re  — g enera l ized  a n d  localized radiologic  aging, 
a f u r th e r  one discusses the  e ffec ts  of con tin u o u s  i r r a d ia t io n  a t  different  dose -ra tes  on the  
h e m a to p o ie t ic  organs.  A n o th e r  lecture  is co n sa c ra te d  to  the  specific rad ia t io n  in ju r ies  of th e  
lung a n d  one to the  ra d ia t io n  e ffec t  on the b o n e -fo rm in g  cells.

T h e  five lectures fo rm in g  P a r t  III d iscuss some prob lem s of the  tox ic i ty  o f  S r90. T he  
h a rm fu l  e ffec ts  o f  the p rolonged a d m in is t ra t io n  o f  S r90 — in  th e  f i r s t  place on the  hone s t ru c tu re  
and  on the  hone m arrow  as a hem a to p o ie t ic  o rgan  — were s tu d ied  on monkies,  beagles ,  r a b b i t s ,  
r a ts  a n d  P i t m a n -  Moore m in ia tu re  swine. T h is  l a t t e r  species is considered as e x t r e m e ly  su i t ­
able for e x p er im e n ta l  p u rp o ses ,  since the a n im a ls  weigh 60 — 70 kgs. when  m atu re ,  a re  o m n i­
vores a n d  th e i r  g a s t ro - in te s t in a l  t r a c t  and bone  m ass  a re  m o s t  s imilar  to those of m an .

P a r t  IV includes the  6 lec tu res  delivered on th e  d o s im e t ry  of in te rnal ly  depos i ted  ra d io ­
nuclides.  One of these l ec tu re s  discusses th e  i n te r a c t io n  o f  a lpha  an d  be ta  p a r t ic le s  w ith  
m a t t e r ,  a n o th e r  one the  re la t io n s h ip  between a lp h a  a n d  b e ta  dosim etry .  The rem a in in g  lec tu res  
ap p ro ac h  the  diff icult  ta sk  o f  in  vivo dos im etry ,  b o th  th eo re t ica l ly  and  ex p er im en ta l ly .  One 
of the  lec tu re s  reports  on th e  ske le ta l  re ten tio n  o f  a lka l ine  e a r th  radioisotopes.

P a r t  V con ta ins  b u t  tw o  lectures d iscussing  the  de layed  harm fu l  effects of  T h o r o t r a s t  
( th o r iu m  dioxide),  form erly  app lied  in d iag n o s t ic  m edic ine .  One of these co m m u n ica t io n s  
re p o r ts  on 842 ind iv iduals  w ho  had  been g iven  T h o r o t r a s t  in jec tions and  m a n y  o f  w hom  
developed m a l ig n an t  tu m o ro u s  diseases in course  of the  su b seq u en t  years.  The  o th e r  lec tu re  
t re a ts  of  the  m etabo lism  o f  th o r iu m  daughte rs .

T h u s ,  the  volume p u b l ish es  quite  a n u m b e r  o f  m o re  recen t  d a ta  concern ing  th e  resu l ts  
of resea rches  in the  field of  toxicology of ra d io a c t iv e  su b s tan ces .  The  p ro d u c tio n  o f  nuc lear  
fission m ate r ia ls  and  the  m ore  and  more ex ten s iv e  ap p l ic a t io n  of rad ioac t ive  iso topes rendered  
the resea rches  in the  field of radio toxicology c o n t in u o u s ly  m ore  im p o r ta n t .  The  c o m m u n i ­
ca t ions  in th is  volume su m m arize  the results  o f  g enera l ly  th o ro u g h  a n d  de ta i led  researches .  
It is o f  im p o r ta n ce  to p o in t  ou t  t h a t  the e x p e r im e n t s  on dogs were a lways car r ied  o u t  on 
in d iv id u a ls  f rom  the  v e ry  sam e  s t ra in .

I t  would be a d i ff icu l t  t a s k ,  indeed, to p re fe r  a n y  p a r t  o f  the  book to  the o th e rs .  Our  
s t a t in g  t h a t  the  c o m m u n ica t io n s  in P a r t  II a n d  th e  lec tu res  on the  dosim etry  of in co rp o ra te d  
ra d io ac t iv e  subs tances  are of  a special in te res t  to  us,  r e p re se n ts  by no m eans  a g ra d in g .  The  
p u b l ica t io n  o f  the  som etim es  r a th e r  active a n d  th o ro u g h  discussions following each  lec tu re  
renders  th e  book even m ore  precious to the  spec ia lis t .  The  U n iv e rs i ty  of  U ta h  College o f  
Medicine u n d e r to o k  a m o s t  i m p o r t a n t  task ,  in d ee d ,  when  o rgan iz ing  th is  Sym p o s iu m  a n d  by  
p u b l ish ing  th e  w r i t ten  record  o f  the  same, M essrs .  P e rg a m o n  Press p rom oted  the d e v e lo p m e n t  
of rad io tox ico logy  a g reat  deal.

78 specialis ts ,  engaged  for a long period o f  t im e  in in v es t ig a t in g  the biological effects 
of  r a d io n u c l id e s  got in to  th e  h u m a n  and a n im a l  o rg an ism  — m an y  of whom are th e  most  
o u t s ta n d in g  exper ts  on th is  p ro b lem  a t t e n d e d  th e  Sy m p o s iu m .  This  enabled  th e  m an y s id e d  
d iscussion  of the  d a ta  p re sen te d .  In  the l i t e r a tu r e  o f  rad iob io logy  d isp ro p o r t io n a te ly  m ore  
t h o u g h t  is given to  the effects o f  ex te rna l  ra d ia t io n s  a n d  th e  n u m b e r  of In te rn a t io n a l  Sym posia  
d iscussing  th e  pa thological e ffec ts  of in te rn a l  e m i t te r s  is insignif icant .  Also, th e re  are bu t  
a few genera l  works on rad io tox ico logy .  This is also one o f  th e  reasons one is p leased to have  
this vo lu m e  published .  We do hope  t h a t  s imilar  w o rk s  will follow in the  fu ture.

P r in t in g  was done in P o land ,  W arsaw a .  A p a r t  f rom  the  re la t ive ly  small  n u m b e r  of 
e r r a t a ,  th e  ty p o g rap h ic  ex ec u t io n  in general eq u a ls  the  c o n ten ts .  T hough  the q u a l i ty  of  the  
pho tos  is ob jec t ionab le ,  even th e  m ic ro p h o to g rap h s  can  be sa t is fac to r i ly  in te rp re te d .  The  
o th e r  i l lu s t ra t io n s  and th e  g ra p h s  are perfect.

Y i i m c s  Vá r i I r í s z  ( B u d a p e s t )
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ELECTRON MICROSCOPY OF PARATHYROID 
SECRETION IN RANA ESCULENTA

T. M O N T S K Ó ,  A. TlGYI, I. B E N E D E C Z K Y  and K . L l S S A K

D EPARTM ENT OF PH Y SIO LO G Y  AND BIOLOGY, MEDICAL U N IV ERSITY , PÉCS (H EA D : K. LISSÄK)

(Received Ju n e  20, 1962)

Synopsis

P a ra th y ro id  h y p e r fu n c t io n  was induced in frog by e x p e r im e n ta l  hypocalcaem ia  
due  to E D T A -N a 2 a d m in is t r a t io n  and hypo fu n c tio n  was e voked  b y  hyperca lcaem ia  
due  to AT-10 a n d  CaCl2 ad m in is t ra t io n .  Changes in different  organelles  w'ere t raced  in 
e lectron  microscope s tudies .  Observa tions d e m o n s tra te  th e  sec re to ry  process to be 
th e  result  of  a co m p lex  nucleo-cytoplasmic in te rac t ion .  A u th o rs  e s tab lish  the  follow­
ing assum ptions  co ncern ing  the  role played by  ind iv idua l  organelles  in th e  secretory  
process. The Golgi a p p a r a tu s  has an indirect role b y  produc ing  e m p t y  vesicles.  Vesicles 
leaving the Golgi g ro u n d  subs tance  are filled in the  c y to p la sm  e i th e r  w i th  th e  specific 
secre to ry  su b s tan ce  o r  w i th  i ts  precursor and  th u s  become t ra n s fo rm e d  in to  secretory 
granules  with  g re a t  d e n s i ty  an d  increased d iam eter .

In troduction

Subm icroscopic  s tu d y  of secre tory  processes in endocr ine  g lands has no 
long  h is to ry  and le f t  a fa ir  n u m b e r  of p roblem s still u n se t t le d .

This  is especially  t ru e  for th e  p a ra th y ro id  g land . L ig h t  microscopic 
s tu d ie s  were perfo rm ed  w ith  m ain ly  m orphological ta rg e ts .  I n  ce r ta in  papers, 
how ever ,  th e  p ro b lem  of th e  secretion m echan ism  has been  a lread y  raised. 
L ig h t  microscopic d esc r ip t io n s  of th e  finer m echan ism  of p a r a th y r o id  secretion 
are  n o t  fully re liable  a n d  often  co n trad ic to ry  d a ta  are  fo u n d  in papers  b y  
d if fe ren t  au thors .

R o s o f  [25] p e r fo rm ed  a s tu d y  on r a t  p a ra th y ro id  a n d  a r r iv ed  a t  the  
conclusion  th a t  changes  in th e  cy top lasm  due to  d iffe ren t  s ec re to ry  phases 
are  reflec ted  in th e  m orpho log ica l  appearance  of the  in d iv id u a l  cells. On this 
basis l igh t  and d a rk  cells m a y  be d is tinguished . A ccord ing  to  th is  a u th o r  a 
ce r ta in  substance , id e n t ic a l  w ith  th e  G o lg i-ap p a ra tu s-m ito ch o n d r ia l  com plex 
p ro d u c in g  the  secre te , c an  be found  in th e  cy top lasm .

The cytology o f  r a t  p a ra th y ro id  is n o t  d ifficult to  su rv e y  since only 
l igh t  and  d a rk  cells were found  in this species by  all w orkers .  Ca s t l e m a n n  
a n d  M a l l o r y  [3] co n f irm ed  th is  find ing  by  d e m o n s t ra t in g  th e  absence in 
r a t s  o f  oxyphil  cells ch a ra c te r is t ic  o f  ungu la tes  and  p r im a te s .  D e  R o b e r t i s  [6] 
found  a re la t ionsh ip  b e tw e e n  th e  norm al or increased fu n c t io n  of th e  gland 
and  th e  cell types. I n  h y p e r fu n c t io n ,  an increased n u m b e r  of  d a r k  cells occurred . 
B e n s l e y  [1] regards  th e  ap p e a ra n ce  of d a rk  cells as be ing  d u e  to  a cer ta in

I Acta Biol. Hung. 14. 1963



8 2 T . M O N T S K Ó  e t  a l.

physio lo g ica l  s ta te  of sec re t in g  cells which is c h a rac te r ized  b y  high lipid and  
low  w a te r  con ten t  of th e  c y to p la s m .  P a p p e n h e i m e r  [21] ascribes a role in  
se c re t io n  to  the basoph il  or iu x ta n u c le a r  s t ru c tu re s .  In  va r iance  w ith  th e  
a b o v e  views Co w d r y  [4] q u e s t io n s  any  dep en d en cy  of th e  app ea ran ce  of 
c y to p la s m  on the  s tages o f  secre tion . The above  su rv e y  o f p rev ious  works 
m a k e s  i t  clear t h a t  l igh t  m ic ro sc o p y  only s lightly  p ro m o te d  th e  u n d e rs ta n d in g  
of t h e  m ode  of secretion and  especially  of the  f iner  m ech an ism  of th is  process.

I n  recen t  years e lec tron  m icroscopy  in more th a n  one re sp ec t  approached  
th e  genera l  problem of th e  se c re to ry  process b u t  th e  m a in  em phasis  was laid 
on th e  exocrine glands. Less is know n  concerning th e  endocrine  glands and 
p a r t i c u la r ly  as to th e  p a r a th y r o id .

L e v e r  [13] pe rfo rm ed  a deta iled  e lectron m icroscopic  s tu d y  on r a t  
p a r a th y r o id  and re jec ted  th e  s ta t ic  d is tinc tion  of d a rk  a n d  l igh t  cells, s ta t in g  
t h a t  a single cell ty p e  m a y  a p p e a r  in d ifferent l igh t  or d a rk  — cell forms. 
In  a su b seq u en t  p u b l ic a t io n  [14] th e  same a u th o r  r e p o r te d  on th e  subm icros­
c o p y  of th e  secretion d e m o n s t r a t in g  the  dependence  of  th e  s ta te  of cy top lasm  
on  th e  secre tory  process a n d  do m in an ce  of d a rk  cells in  h y p e r fu n c t io n .  He ve r i­
f ie d  his earlier f ind ings on m u t u a l  t ran s fo rm a tio n  of l igh t  a n d  d a rk  cells. The 
e rg a s to p la sm  is reg a rd ed  as  th e  site of secrete p ro d u c t io n  as show n b y  its 
d i l a t a t i o n  in h y p e r fu n c t io n  a n d  slackening in h y p o fu n c t io n .  Increased  secre­
t io n  is accom panied  by  a n  inc rease  in the  n u m b e r  of  r ibosom es.

S t o l l ’s [29] resu lts  on  th y ro id  gland also led to  th e  assu m p tio n  of 
e rg as to p la sm ic  origin o f  t h e  colloid.

T h e  experim en ta l  r e su l ts  o f  L e v e r  were a p p a r e n t ly  in v a l id a te d  b y  a 
c o m m u n ic a t io n  of E k i i o l m  [7] s ta t in g  th a t  e r roneously  th y ro id  g land ins tead  
o f  p a ra th y ro id  was used  b y  th e  fo rm er a u th o r ,  while L e v e r  [15] assum es th a t  
ad ip o se  tissue was m is ta k e n  for  p a ra th y ro id  b y  E k h o i .m .

I n  the  p resen t  w ork  frog  p a ra th y ro id s  were s tu d ie d ,  as only a single cell 
t y p e  has  been found  in th is  g land  in light microscopic  s tud ies  [24, 31]. The 
u l t r a s t r u c tu r e  of th e  o rgan  was described in an  earlier  s tu d y  [16] -which also 
re v e a le d  the  presence o f  o n ly  a single cell ty p e .

E x p e r im en ta l  h y p e r-  a n d  hypofunc tion  of p a r a th y ro id  tvas induced  to 
o b ta in  fu r th e r  in fo rm a tio n  on th e  role in secre tion  of  in d iv id u a l  organelles.

M aterials and methods

Fem ale  frogs (R a n a  escu len ta)  of  100 g weight  were u se d  in th e  p re sen t  experim ents  
p e r fo rm e d  in early  spring  in  o rd e r  to avoid  seasonal influences.  T h e  g lands  were e x ti rp a ted  
in  e th e r  narcosis according to  t h e  — som ew hat  m odified — m e th o d  of B o m s k o w  [2] and 
im m e d ia te ly  f ixed in P a l a d e ’s osm ic  acid for 15 min. a t  ro o m  t e m p e ra tu r e  [17]. T he  materia l  
w a s  em b ed d ed  in an  1:4 m ix tu r e  of m e th y l  and  b u ty l  m e th a c ry la te .  T h e  m ix tu re  was p repo ly­
m er ize d  to  a honeylike consis tency .  300 to  500 Á th ick  sections were  cu t  on  an  L K B  U ltro tom e 
a n d  exam in ed  w ith  a Zeiss E L M I  D 2 e lectron microscope.

H yperfunct ion  of the  g la n d  w as  induced  by ex p e r im e n ta l  h y p ocalcaem ia .  This condition 
w a s  o b ta in ed  by s.c. in jec t ion  o f  aq u eo u s  solution of e th y le n d ia m in e - te t raa ce t ic  acid (d ina tr ium
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salt K. I l l )  in an am ount of 20 mg per 100 g body w eight. This am ount was g iven  tw ice  
daily for 6 days.

H ypofunction was induced by experim ental hypercalcaem ia. D ihydrotachysterine  
(AT-10) and calcium  chloride were adm inistered through a gastric sound. 0.5 ml AT-10 and 
0.5 ml 10 per cent CaCh were given tw ice daily for 6 days.

N ot all anim als were subjected to a m orphological study. In most of them  only  the 
blood and urine Ca-level was exam ined to reveal their changes. The serum Ca-level was deter­
m ined im m ediately  after the extirpation  in anim als w hose glands were em bedded for electron  
m icroscopy. The Ca-levels were established according to a com plexom etric m ethod w ith  erio- 
chrome indicator [10J.

Glands of hyper- and hypocalcaem ic anim als were fixed  in the same fluid and at the 
same tim e and em bedded into  the same m edium  to m inim ize errors due to m icrotechnical 
treatm ent.

Results

The f i r s t  e x p e r im e n ts  were in ten d ed  to  d e m o n s tra te  possible a c t iv e  
Ca-regula tion  in  th e  frog, lia n a  esculenta. W e  p re sen t  now re su l ts  w hich  
po in ted  to  th e  d e v e lo p m e n t  of h y p e rfu n c t io n  w h en  artif icial hy p o ca lcaem ia  
was ind u ced  b y  th e  m e th o d  referred  to  ab o v e .  T ab le  1 shows th e  e ffec t of 
prolonged  K. I l l  t r e a t m e n t  aga ins t  th e  n o rm a l  orig inal Ca-levels. T h is  t r e a t ­
m en t  reduced  th e  m ean  va lue  of se rum  Ca from  11.3 mg to 8.3 mg p e r  100 ml 
and increased  th e  u r ine  Ca from  1.3 m g to  4.3 m g  per 100 ml. T hese  va lues  
show t h a t  a c tu a l ly  h y p o ca lcaem ia  was p ro d u ced .  T h e  increase of u r ine  Ca-level 
can be m o s t  p ro b a b ly  exp la ined  by  rena l  ex c re t io n  of  Ca bound in  th e  s e ru m  
b y  K. I l l  and  b y  i ts  re lease  in  th e  urine .

Table 1

Effect o f  K . I l l  treatm ent (for 6 days) on serum and  urine Ca-level (m g per 100 m l)
in  R a n a  esculenta

No of animal
N ormofunction Hypocalcaemia

serum urine serum urine

l 11 .0 1.7 8 .5 4 .7

2 11 .3 1.5 8 .2 4 .5

3 11 .5 1.1 8 .3 2 .7

4 12 .0 1.0 8 .0 4 .6

5 11 .0 1 .7 8 .4 4 .8

6 11 .2 1.8 8 .7 4 .5

7 11 .4 1.5 8 .5 4 .9

8 11 .3 1.2 8 .9 4 .1

9 1 1 .0 1 .3 8 .0 4 .5

10 11 .6 1 .0 7 .8 4 .6

mean 11 .3 1.3 8 .3 4 .3
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I n  some anim als  h o u r ly  d e te rm in a t io n s  o f  serum  and  u r ine  Ca-level 
w e re  m a d e  after  K. I l l  ad m in is t ra t io n .  F ig . 1 shows th a t  the  dec rease  of 
s e r u m  Ca-level evoked b y  K .  I l l  is only t e m p o r a r y .  One hou r  a f te r  t r e a t m e n t  
t h e  le v e l  is a lready  ris ing a n d  becomes a lm o s t  n o rm a l  after  6 hours. A com ple te  
r e s to r a t io n ,  i.e. a rise over 11 mg per 100 m l is seen a f te r  18 hou rs .  C ontro l 
o f  K .  I l l  effect by  th e  f rog  po in ts  to  inc rea sed  p a ra th y ro id  a c t iv i ty .  I f  th is  
co n c lu s io n  is valid, th e re  is a n  ac tive  C a-regu la t ion  in  am phib ia .

Changes in urine Ca-level follow an  op p o s i te  t rend  the  possible e x p la ­
n a t i o n  o f  which was a l r e a d y  exposed.

F ig . 1. Changes of serum  a n d  u r in e  Ca-level in a f rog  following s. c. in jection  o f  E D T A  — N a
(K. Ill)

T h ese  pre l im inary  e x p e r im e n ts  allow th e  assu m p tio n  th a t  hy p o ca leaem ia  
d u e  to  pro longed  K. I l l  t r e a tm e n t  induces a h y p e r fu n c t io n  of th e  p a ra th y ro id .  
T h e  e lec tro n  microscope s t u d y  of glands in  h y p e r fu n c t io n  m ay  c o n t r ib u te  to  
t h e  k n o w ledge  of th e  m o d e  o f  p a ra th y ro id  secre t ion  b y  revealing th o se  o rga ­
nelles  w hich  exhibit  th e  g re a te s t  changes as com pared  w ith  th e  n o rm a l  
s i t u a t i o n .

I n  th e  cy top lasm  o f  h y p e r fu n c t io n a l  cells secre tory  granules  o f  g rea t  
d e n s i ty  a n d  increased d ia m e te r  are p ro m in e n t .  I n  norm al glands these  g ranu les  
h a v e  a d iam e te r  of 700 m^t whereas in  h y p e r fu n c t io n  th e y  a t t a i n  100 to  
1200 m p  (Figs. 6 and  7). I n  h y p e r fu n c t io n a l  cells a llm ost all sec re to ry  granu les  
a re  f i l led  w ith  a ve ry  dense  substance  a n d  th e  m em brane-bound  g ranu les  of 
lo w  d e n s i ty  which are so f re q u e n t ly  found  in  n o rm a l  glands are a lm o s t  missing 
(F igs .  2 a n d  3). A fu r th e r  d ifference be tw een  th e  tw o granules a p p ea rs  in  the ir

F ig . 2. Low-power view of frog p a r a th y r o id  in n o rm o fu n c t io n .  The mass of th e  c y to p la sm  is 
sm a l l  c o m p a red  to the  large nuc leus  (N) which u su a l ly  co n ta in s  one nucleolus (n). N u m e ro u s  
m i t o c h o n d r ia  (M) few secre to ry  vesicles (V) and s l igh tly  dense  secretory granules  (g) a re  seen in

th e  cy top lasm . X 5200
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m e m b ra n e  which is c o n t in u o u s  in the n o rm a l  g la n d s  b u t  shows d iscon tinu it ies  
in  h y p e rfu n c t io n .  E le c t ro n  m icrographs show  th e  le ak ag e  of th e  secrete th ro u g h  
th e  d iscontinu ities  i n to  th e  cy top lasm  (Figs. 4 a n d  6). Certain granules  h av e  
re ta in e d  only sm all p o r t io n s  of their m e m b ra n e  and  convey th e  im pression  
as i f  th e i r  con ten t  w ere  e lu a te d  in the  c y to p la s m  (Fig. 8). This m ode of release 
of  th e  secre tory  g ra n u le  c o n te n t  is ra re ly  seen  in  norm ofunc tion  (Fig. 6).

M itochondria  a re  s h o r te r  and have an  in te n s e ly  osmiophil m e m b ra n e  
in h y p e r fu n c t io n  (F igs .  3 a n d  8).

The Golgi a p p a r a t u s  is more p ro n o u n ced  in  hyperfunc tion . I t s  g round  
s u b s ta n c e  includes n u m e r o u s  em pty  vesicles. N o  s t ru c tu re s ,  osm iophil s u b ­
s ta n c e  or electron d e n s i ty  a re  found in these  vesic les .  Larger vacuoles m ove  to  
th e  periferic zone o f  t h e  a p p a ra tu s  and m ig ra te  in to  the  cy to p lasm  (Figs. 5 
a n d  8).

In  the  nuclei fo l low ing  changes are o b s e rv e d  and  th o u g h t  ch a rac te r is t ic  
o f  p a ra th y ro id  cells in  h y p e rfu n c t io n .  The n u c le a r  m em brane  has la rge r  an d  
m ore  f re q u e n t  pores t h a n  in  norm al cells. S t r u c tu r e s  of the  ka ry o p la sm  becom e 
e n h a n c e d  as expressed  b y  th e  appearance of  c h a n n e ls  which run  from  th e  pores 
in to  th e  k a ryop lasm . I s o la te d  areas were also seen  in the  k a ryop lasm  in certa in  
cases. W e t z s t e in  [33] f o u n d  similar areas in  a d re n a l  medulla.

I n  the  las t  series o f  experim en ts  frog p a r a th y r o id s  were s tud ied  in hypo- 
fu n c t io n  evoked b y  a r t i f ic ia l  hypercalcaem ia  as  described above.

T ab le  2 shows t h a t  AT 10 and  CaCl2 t r e a tm e n t  induced  a m a rk e d  
h y perca lcaem ia .  T h e  m e a n  serum  Ca-level ro se  f ro m  11.3 mg to  13.5 m g per  
100 m l. Urine Ca-level a lso  increased, f ro m  1.3 m g  to 9.4 mg p e r  100 ml. 
T h e  l a t te r  effect f in d s  i ts  ex p lan a t io n  in th e  p r o b a b le  absence of A T — 10 effect 
on  in te s t in a l  C a-reso rp t io n  in  am phib ia . AT — 10 n e v e r  induces as h igh Ca-levels 
in  a m p h ib ia  as in  m a m m a ls .  In  our u n p u b l i s h e d  experim ents  m u ch  h igher  
Ca-levels were o b ta in e d  in  ra ts  by m eans o f  p ro longed  AT —10 t r e a tm e n t .

The u l t r a s t r u c tu r e  o f  p a ra thy ro ids  in  h y p e r fu n c t io n  differs to  a g re a t  
e x t e n t  from  t h a t  o f  n o r m a l  or h y p e rfu n c t io n a l  g lands . Secretory granu les  a re  
r a r e ly  seen in the  c y to p la s m .  M itochondria a n d  e rgastop lasm  arc largely  d e ­
s t ro y e d .  No nuclear  p o re s  a re  found and th e  u s u a l ly  f inely  homogeneous nuc lea r  
s t r u c tu r e  shows a co a rse  p rec ip i ta t ion  (Fig. 9).

F ig . 3. C ytoplasm ic a re a  o f h y p e rfu n c tio n a l frog  p a ra th y ro id .  Secretory  g ran u les a re  v e ry  
d en se  (g t .). In  c e rta in  g ra n u le s  (g2) th e  m em brane  is d isso lv ed  and  th e  co n te n t re leased  in to  
th e  cy to p lasm . M ito ch o n d ria  (M ) are  bound by  th ic k  o sm io p h il m em brane. T he cells in  h y p e r­
fu n c tio n  are ch ara c te riz ed  b y  n u m ero u s  Pa lade  g ra n u le s  (P )  an d  by th e  m ark ed  d ev elo p m en t 
o f  th e  saccu lar e rg as to p lasm  (E ) . In  th e  upper p a r t  a  n u c le u s  is seen (N). X 15000. Fig. 4. 
P a r t  o f  a h y p e rfu n c tio n a l cell. A ll secretory g ra n u le s  (g) a re  v e ry  dense and  re lease  th e ir  
c o n te n t  in to  the  c y to p la sm . X 16500. Fig. 5. G olgi a p p a r a tu s  of a cell in  h y p e rfu n c tio n . In 
th e  lam ella r ground  su b s ta n c e  (1) of the  ap p a ra tu s  G olgi vesicles (V) in fo rm a tio n . T he size o f  

th e  vesicles in c re a se s  as th ey  a p p ro ac h  th e  p e rip h e ry . X 24000
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Table 2

E ffe c t o f  A T — 10 and calcium  chloride treatment (for 6 days) on serum and urine  Ca-level 
(m g p er  100 m l) in  R a n a  esculenta

No of animal
Normofunction Hyperealcaemia

serum urine serum urine

1 11.0 1.7 13.2 7.0

2 11.3 1.5 14.1 13.1

3 11.5 1.1 13.5 12.5

4 12.0 1.0 13.1 10.4

5 11.0 1.7 13.4 6.5

6 11.2 1.8 13.1 13.5

7 11.4 1.5 13.6 9.4

8 11.3 1.2 14.0 7.2

9 11.0 1.3 13.5 8.4

10 11.6 1.0 13.7 9.3

m ean 11.3 1.3 13.5 9.4

Discussion

A ccording to  th e  r e su l ts  rep o r ted  in a p rev ious [16] a n d  in  th e  p resen t  
p a p e r  m ark ed  differences c a n  be observed in  secre to ry  g ranules ,  Golgi a p p a ­
r a t u s ,  m itochondria ,  e rg a s to p la sm  and nuclei o f  frog p a ra th y ro id s  in norm al,  
h y p o -  or hyperfunc tiona l  s t a t e .  This po in ts  to  a role of these  s t ru c tu re s  in the 
s e c re t io n  of p a ra th o rm o n e .

N um erous  co n tr ib u t io n s  d e m o n s t ra te d  th e  pro te in  syn thes is ,  i.e. in  this 
case  th e  form ation  of  th e  sec re to ry  su b s tan ce  to  proceed in t h e  basophilic  
p a r t s  o f  th e  cy top lasm , i.e . in  th e  cisternes a n d  vesicles of th e  e rg as to p lasm . 
T h is  v iew  is supported  a m o n g  o thers  by  P a l a d e  [18 to 20] and  P o r t e r  [22].  
D e m p s e y  [5] found t h a t  t h e  colloid forms a n d  accum ula tes  in t h e  saccules 
o f  t h e  thy ro id  e rgas top lasm .

I n  h y p e r f u n c t io n a l  r a t  p a r a t h y r o i d s  L e v e r  [14] f o u n d  a d i l a t a t i o n  of  
c e r t a i n  p a r t s  o f  th e  e r g a s t o p l a s m .  T h is  f in d in g  is in  a c c o rd a n c e  w i t h  t h e  views 
o f  t h e  a u t h o r s  re fe r re d  to .  N o  s im i la r  ch a n g es  w ere  o b se rv e d  d u r i n g  t h e  p r e s e n t  
s t u d y  in  frog.  In  t h e  ca se  o f  h y p e r f u n c t i o n  m o s t  m a r k e d  c h a n g e s  w e r e  fo u n d  
in  t h e  s e c re to ry  g r a n u le s .  T r i e r  [30] r e p o r t s  m e m b r a n e - b o u n d  g r a n u le s  from 
p a r a t h y r o i d s  of  p r im a te s ,  w h i c h  w ere  s u g g e s t iv e  o f  th e  g ra n u le s  o b s e r v e d  b y  us.

F ig . 6. C ytop lasm ic area  of a cell in  n o rm o fu n ctio n . E m p ty  secre to ry  vesicles (V) a n d  n um erous 
se m io p a q u e  secretory  g ran u les  (g ) o f 700 m/u d iam e te r  a re  seen. Golgi a p p a ra tu s  (G ), P a lad e  
g ra n u le s  (P ) and  vesicu lar e rg a s to p la sm  (E ) are also show n. X 26400. Fig. 7. C ytop lasm ic  
a re a  o f  cell in  h y p erfunction . S e c re to ry  g ranules (g) a re  increased  to  a d ia m e te r  o f 1200 m/n.

X 26400
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T h e  hyperfunc tion , i.e . en h an ced  horm one  fo rm a t io n  in  frog p a ra th y ro id s  
is a c c o m p a n ied  by  e n la rg e m e n t  a n d  increased d e n s i ty  of the  s ec re to ry  granules .  
O n ti l  ese grounds i t  m a y  b e  assum ed  th a t  these  granu les  ca rry  th e  p a r a t h o r ­
m o n e  or its  precursor. A c c o rd in g  to  l i te ra ry  d a t a  ou tl ined  above th e  ergasto- 
p la s m  is m ain ly  involved  in  t h e  form ation  of th e  s ec re to ry  p ro d u c t .  I n  h y p e r ­
f u n c t io n ,  an increase of  t h e  n u m b e r  of the  P a la d e  granules  was o b se rv ed  also 
in  t h e  p re sen t  s tudy .

T h e  n ex t  two issues o f  t h e  m ode of inne r  sec re t ion  are r ep re sen ted  b y  th e  
genes is  o f  the  secretory  g ra n u le s  and  b y  the  re lease  o f  the  secrete b y  th e  cells.

As to  the genesis o f  t h e  sec re to ry  granules c e r ta in  clues m ight be o b ta in ed  
f r o m  t h e  s tu d y  of the  Golgi a p p a r a tu s .  Our e x p e r im e n ta l  results allow th e  con­
c lu s io n  t h a t  in the Golgi g r o u n d  substance  e m p ty  vesicles are fo rm e d  which 
p ass  i n t o  the  cy top lasm  a n d  g e t  filled there  w i th  th e  secretory  p r o d u c t .  This 
a s s u m p t io n  is su p p o r ted  b y  observa tions  m ad e  b y  F a r q u h a r  and  R i n e h a r t  
[8, 9 ] ,  G o o d s ir  [11] a n d  S e v e r i n g h a u s  [26]. R i n e h a r t  and  F a r q u h a r  [23] 
f o u n d  in t im a te  in te ra c t io n  b e tw e e n  Golgi s u b s ta n c e  an d  th e  g ranu les  in  the  
c h ro m o p h o b e  cells of th e  a n t e r io r  hypophysis .  T h e y  found  u n d ev e lo p ed  Golgi 
s u b s t a n c e  when no g ra n u le s  w ere  present.

I n  variance w ith  th e  o p in io n  of S c h n e i d e r  [27, 28] who assum es t h a t  
th e  d e f in i te  specific p ro d u c t s  are  formed in th e  Golgi subs tance , th e  p re se n t  
o b s e rv a t io n s  do not p e rm i t  a s im ilar  conclusion. W e  observed la rger  sec re to ry  
g r a n u le s  which, especially in  t h e  case of h y p e r fu n c t io n ,  con ta in  a large  a m o u n t  
o f  o sm io p h i l  substance w h e re a s  th e  vesicles re sp .  vacuoles in th e  Golgi s u b ­
s t a n c e  a re  smaller and  e m p t y .  I t  m ay  be assum ed , therefore , t h a t  t h e  role of 
t h e  Golg i appara tus  is to  s u p p ly  e m p ty  vesicles.

T h e  assum ption t h a t  t h e  Golgi system  p ro d u ces  only th e  m e m b ra n e s  of 
th e  s e c re to ry  vesicles w hile  i t  is n o t  involved in  t h e  synthesis  of th e  specific 
ce ll  p r o d u c t ,  is suppor ted  to  a  g re a t  ex ten t  b y  l i t e r a ry  d a ta  concerning th e  ch em ­
ica l  com position  of th e  G olgi ap p a ra tu s .  R a k e r  [12] d e m o n s t ra te d  the 
p re s e n c e  of lecithine, k e p h a l in e  and  sphyngom yeline  b y  h is tochem ical m e th o d s .  
T h e  p redom inance  of l ip id  c o m p o n e n ts  was s u p p o r te d  by  the  o b se rv a t io n s  of 
G r a n a g l i a  112] and B e r g  [12] on the failure o f  th e  A oyam a im p re g n a t io n  
to  d e m o n s t r a te  the Golgi a p p a r a t u s  in pancreas  cells t re a te d  w ith  lipid so lvents .  
G e r s h  [12], A rzac [12] a n d  F l o r e s  [12] found  a pos itive  PAS re a c t io n .  The 
p r o t e i n  con ten t  was r a t h e r  low  according to  seve ra l  au thors .

F ig . 8. C ytoplasm ic area  o f cell in  h y p e rfu n c tio n . T he c o n te n t  o f th e  large and  dense  sec re to ry  
g ra n u le s  (g) is released in to  th e  c y to p la sm . The well d ev elo p ed  vesicu lar e rg asto p lasm  (E ) and  
th e  v e s ic u la r  and lam ellar c o m p o n e n ts  of th e  Golgi a p p a ra tu s  (G ) a re  p ro m inen t. M ito ch o n d ria  
(M ) p o ssess  h ighly osm iophil m e m b ra n e . X 15000. F ig . 9 . C ytop lasm ic a rea  in  hy p o fu n c- 
t io n a l  cell, contains re m a rk a b ly  fe w  m ito ch o n d ria  (M) a n d  sec re to ry  granules (g). N e ith e r  the  

e rg asto p lasm  n o r  th e  Golgi a p p a ra tu s  a re  seen. X 11000
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These  findings c o r r o b o r a te  our a s su m p tio n  t h a t  th e  Golgi a p p a ra tu s  
p r o d u c e s  only the  m a r k e d ly  osmiophil lipid m e m b ra n e  s t ru c tu re s  of the  
s e c r e to r y  vesicles. As i t  is genera l ly  accepted  t h a t  th e  d e v e lo p m e n t  of the  
s e c r e to r y  produc t is th e  r e s u l t  o f  a com plex n u c lea r-cy to p la sm ic  in te rac t ion ,  
o u r  observations co n ce rn in g  th e  nuclei m a y  be  n o t  devoid  of in te res t .  The 
m o r e  m arked  prom inence  o f  t h e  nuclear pores descr ibed  by  W a t s o n  [32] and 
t h e  en h an ced  s t ru c tu re s  o f  t h e  karyop lasm  offer m orpho log ica l  evidence for 
t h e  increased  nuc leo -cy to p lasm ic  in terac tions in  h y p e r fu n c t io n .

O pposite  changes f o u n d  in  pa ra th y ro id s  in  h y p o fu n c t io n  are  also in 
a c c o rd a n c e  with the ab o v e  re s u l t s .  As the t r a n s p o r t  o f  sec re to ry  granules from 
cell to  cell was never seen b u t  th e  release in to  th e  c y to p la sm  of th e  co n ten t  of 
t h e  g ranu les  was often  o b s e rv e d  in h y p e rfunc tion ,  i t  is assum ed  th e  p ro d u c t  
is t r a n s p o r te d  in the  fo rm  o f  inacromolecules in a w ay  u n k n o w n  as yet.

T h e  question m a y  a r ise  w h e th e r  d iscontinu ities  in th e  m em b ran es  of the  
s e c r e to r y  granules are n o t  a r t i f a c t s  due to  a c ry la te  explosions. I n  th is  case 
t h e  a b o v e  explanation  of  r e lea se  were in v a l id a ted .  H ow ever ,  th e  phenom enon  
w a s  observed only in h y p e r fu n c t io n a l  and  n e v e r  in n o rm o fu n c t io n a l  glands. 
O n  th i s  basis it  m ay  be a s s u m e d  th a t  the  d iscon tinu it ie s  in th e  m em branes  of 
t h e  g ran u les  and th e  re lease  o f  p ro d u c t  are ch a rac te r is t ic s  of th e  hyp erfu n c t io n a l  
g la n d s .  Accordingly, th e se  f in d in g s  are m ost p ro b a b ly  re liab le  an d  n o t  due to  
a r t i f a c t s .

Sum m ing  up th e  l i t e r a r y  evidence a n d  p re se n t  resu lts  th e  following 
a s s u m p t io n  can be e s ta b l i s h e d  concerning th e  m ode  of secre tion . Secretory  
v es ic le s  are produced b y  t h e  Golgi ground su b s ta n c e  and  a p p e a r  as e m p ty  
v es ic les .  T hey  separa te  f ro m  th e  g round  su bs tance  a n d  are  filled w ith  th e  secre­
t o r y  p ro d u c t  as a re su l t  o f  sy n th e t ic  processes occurring  in  th e  cy top lasm , 
w h ile  th e  inner densi ty  a n d  size increase, u n ti l  t h e y  becom e sec re to ry  granules. 
As n o  transfe r  from cell to  cell o f  secretory g ranu les  was obse rved  b u t  release 
o f  c o n te n t s  into the  c y to p la s m  takes  place in  h y p e r fu n c t io n  w ith  g rea t  in te n ­
s i t y  — th e  secrete is p r e s u m a b ly  t ran sp o r ted  in  a m ac ro n u c lea r  form  from 
cell  to  cell and f ina lly  i n to  t h e  blood s tream .

I t  m ay  be fu r th e r  a s s u m e d  th a t  granules w hich  are  fo rm ed  as discussed 
a b o v e  con ta in  b u t  a p r e c u r s o r  o f  the  secrete. Th is  p recu rso r  undergoes  fu r th e r  
c h a n g e s  either in th e  g ra n u le s  or being released becom es th e  def in ite  p roduc t  
in  t h e  cy top lasm  of th e  s a m e  or ad jacen t  cells.
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E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G E N  Ü B E R  D E N  S E K R E T IO N S ­
M E C H A N ISM U S D E R  E P IT H E L K Ö R P E R C H E N  V O N  R A N A  E SC U L E N T A

H y p e rfu n k tio n  der E p ith e lk ö rp e rch e n  w urde  d u rc h , m it ED TA  —N a2-G abe au sg e lö s te  
H y p o c a lc a e m ie  u n d  H y p o fu n k tio n  du rch  m it A T — 10 u n d  C aC L-V erabreichung au sg e lö s te  
H y p e rc a lc a e m ie  im  F ro sch  h e rv o rg e ru fen . V e rän d e ru n g en  d e r Zellorganellen w u rd en  in  e le k tro ­
n en m ik ro sk o p isc h en  U n te rsu ch u n g e n  verfolgt. D ie E rg eb n isse  zeigten, dass de r S e k re tio n s­
p ro z ess  d a s  R e su lta t e iner k o m p le x e n  n u k leo -z y to p la sm atisc h en  In te ra k tio n  ist. D en  e inzelnen  
Z e llo rg an e llen  w erden fo lgende R o llen  im  S ek re tio n sp ro zess  zugeschrieben. D er Golgi A p p a ra t  
sp ie lt  e in e  in d ire k te  Rolle d u rc h  d ie  B ildung  von lee ren  V esikeln . Vesikel, w elche die G ru n d ­
s u b s ta n z  des Golgi A p p a ra te s  v e rla ssen , w erden im  Z y to p la sm a  m it dem  spez ifischen  S ek re ­
t io n s p r o d u k t  oder dessen P rä k u rs o r  aufgefüllt u n d  d a d u rc h  in  dunkle  und  grössere  S ek re t-  
g ra n ü le n  u m g ew an d e lt.

ЭЛЕКТРОННАЯ МИКРОСКОПИЯ СЕКРЕЦИИ В ОКОЛОЩИТОВИДНОЙ Ж ЕЛЕЗЕ
ЛЯГУШКИ

Гиперфункция околощитовидной железы лягушки была вызвана эксперименталь­
ной гипокальцемией, появляющейся вследствие введения EDTA-Na2 и гипофункция 
железы была вызвана гиперкальцемией, наступающей вследствие введения АТ—10 
и СаС12. Изменения в отдельных органеллах проследовались в электронном мик­
роскопе". Согласно этим наблюдениям процесс секреции является результатом сложного 
ядерно-цитоплазматического взаимодействия. Авторы приписывают в процессе секреции 
отдельным органеллам следующие значения. Аппарат Голджи играет косвенную роль 
путем образования пустых везикул. Везикулы, мигрирующие из основного вещества 
аппарата Голджи, наполняются в цитоплазме или специфическим секретом или пред­
шественником его и так они становятся более плотными и увеличенными гранулами 
секрета.

T i b o r  M o n t s k ó  

A n d r á s  T i g y i  

I s t v á n  B e n e d e c z k y  

K á l m á n  L i s s á k

Pécs, R ákócz i ú t  80, H ungary
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Synopsis
F e rm e n ta tio n  liq u id s of 361 Streptom yces s tra in s  iso lated  from  soil sam p les 

co llected  from  d iffe ren t geographica l regions w ere  te s te d  for an tib io tic  a c t iv i ty  a g a in s t 
th ree  v iru le n t s tra in s  o f M . tuberculosis and  th e  n o n -p a th o g en ic  acid -fast s tr a in  M . sp. 
M607. A n tib io tic  a c t iv ity  was d e m o n s tra ted  in  29.8, 25.4 and 17.2 p e r c e n t  o f  th e  
fe rm e n ta tio n  sam ples ag a in st th e  s tra in s  H 3 7 R v , H 3 7 R v  (s tre p to m y c in -re s is ta n t)  
an d  H 3 7 R v  (ison ico tin ic  ac id -h y d raz id e -re s is tan t) , respec tive ly . T he M607 s t r a in  w as 
in h ib ite d  b y  5.9 pe r cen t o f th e  sam ples w hen  te s te d  in liqu id  m edium , a n d  b y  12.2 
pe r cen t w hen  ex am in ed  b y  th e  so lid -te stin g  m e th o d . T h e  grow th  of each  o f th e  fo u r 
s tra in s  was co m p le te ly  in h ib ited  b y  2.9 pe r c en t.

T he above  fin d in g s show th a t  in th e  se a rc h  fo r an titu b ercu lo u s su b s ta n c e s  th e  
exclusive  use o f s tra in  M607 is n o t sa tis fac to ry . O f th e  fe rm e n ta tio n  sam ples in h ib itin g  
th e  s tra in  H 3 7 R v  32 p ro v ed  to be ineffective  a g a in s t th e  s tre p to m y c in -re s is tan t v a r ia n t  
o f th e  sam e s tra in . U sing  th e  s tre p to m y c in -re s is ta n t s tra in  in  screening te s ts  e n ab les  
us to  select those  s tra in s  p roducing  s tre p to m y c in  or strep tom ycin -like  su b s ta n c e s . 
Iso la tio n  of th e  a c tiv e  sub stan ces from  th e  m o st e ffec tive  fe rm en ta tio n  sa m p le s  is in 
progress.

A cta  B io l. H ung., 14 (2), 9 5 -1 0 1  (1963)

Introduction

T he a p p ro p r ia te  con tro l  and  e rad ica t ion  o f  tubercu losis  is an u  r g e n t  t a s k  
for H u n g a r y  as well as for o the r  countries .  F o r  th e  complex re se a rc h  a n d  
th e ra p e u t ic  p rocedures  a im ing  a t  th e  con tro l  o f  tuberculosis  the a p p l ic a t io n  
o f  ch em o th e rap eu t ic s  a n d  an ti tu b e rcu lo u s  d ru g s  is of decisive im p o r ta n c e .

In  th e  course of  chem o th e rap eu t ic  s tu d ie s  num erous  ison ico tin ic-ac id-  
h y d ra z id e  (IN H ) der iv a t iv es  h ave  been sy n th es ized ,  b u t ,  u n fo r tu n a te ly ,  n o n e  
of  these  h a d  a s ign if ican t  a d v a n ta g e  to  th e  bas ic  com pound. In  th e  f ie ld  of  
an t ib io t ic  research , on th e  o ther  h a n d ,  p ro d u c t io n  of  nearly  8000 a c t iv e  s u b ­
s tances  has  been re p o r te d ,  b u t  none of  these  is m ore  effective th a n  s t r e p to m y c in  
(STRM ) in th e  th e r a p y  of tuberculosis .

T he  sign if ican t resu lts  so far  o b ta ined  a n d  th e  p resen t  know ledge o f  th e  
b io logy  of M . tuberculosis and  of th e  tu b e rcu lo u s  organ ism  m akes m ore  e x t e n ­
sive research  and  th e  syn thes is  of m ore and  m o re  ac t ive  substances poss ib le  
a n d  necessary .
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F o r  this reason we decided  to te s t  the  fe rm e n ta t io n  liquids of a n ta g o n is t ic  
A c t in o m y c e ta e  o b ta in a b le  from  soils of H u n g a r y  a n d  other countries  for a n t i ­
tu b e rc u lo u s  ac t iv i ty .

I n  general,  M . tuberculosis is no t  used  as t e s t  organism to screen  a n t i ­
b io t ic  s t ra in s .  Some biological p roperties o f  th is  m icroorganism , viz. t h e  long- 
la s t in g  c u l t iv a t io n ,  th e  ques t ionab le  h o m o g e n e i ty  of the inoculum , a n d  the  
h ig h e r  re q u i re m e n t  in n u t r ie n ts  m ake its use u n fav o u rab le .  Besides, because  
of  t h e  r isk  of acc id en ta l  in fec tion  special c a u t io n  is necessary.

N everthe less ,  w h en  th e  ob jec t of research  is to  produce su b s tan ces  ac t ive  
a g a in s t  K o c h ’s bacillus, th e  use o f  v iru len t  s t r a in s  in  vitro tests  is u n a v o id a b le .

W e carried  o u t  ex p e r im en ts  in o rder to  e x te n d  the ap p l icab il i ty  of  th e  
sc reen in g  te s t  used in  th e  search  for s u b s ta n c e s  ac tive  against o th e r  m ic ro ­
o rg an ism s  to  the  p a r t ic u la r  case of M . tuberculosis. We could n o t  f in d  a n y  
re p o r t  on th e  use of  th e  sam e  screening te s t ,  in sp i te  of thorough  su rv e y  o f  the  
r e le v a n t  l i te ra tu re .

F o r  th e  sam e p u rp o se  V a l y i -TNa g y  a n d  co-worker [5, 6], W a k s m a n  

a n d  co-w orker  [8], and  L e c i i e v a l i e r  a n d  P l e d g e r  [4] used n o n -p a th o g en ic  
s t r a in s  of  M . tuberculosis.

As regards  c h e m o th e ra p eu t ic  in v es t ig a t io n s ,  th e  works of Y o u m a n s , D o u b  
a n d  Y o u m a n s  [9], L e m b k e  and  K r ü g e r - T h i e m e r  [1], Ma y e r  [3],  a n d  of 
Z s o l n a y  [10] should  be cited . These a u th o r s  te s te d  a great n u m b e r  o f  sem i­
p ro d u c t s  a n d  c rys ta l l ine  com pounds  a g a in s t  v i ru le n t  and n o n -v iru len t  s tra in s .

Materials and methods
T h e  methods o f  collecting soil samples, of th e  iso la tio n  an d  id en tificatio n  of A c tin o m y ce tae , 

a n d  th e  tec h n iq u es  o f p ro d u c in g  fe rm en ta tio n  liq u id  h a v e  been  published e lsew here  [5, 6, 7].
T h e  sam ples o f fe rm e n ta tio n  were fillé red  th ro u g h  G — 5 bacterium  filte rs a n d  reg ard in g  

th e  n e ce ss ity  of t r a n s p o r ta tio n  an d  storage, sealed  in  am p o u le s  under sterile  co n d itio n s . The 
c o n te n ts  o f th e  am pou les w ere u sed  in each case w ith in  24 h o u rs  a fte r th e  sam ple  w as tak e n .

Test organism . M . tuberculosis var. H 37 R v  (A TC C ); M . tuberculosis v a r . H 37 R v, 
S T R M -re s is ta n t (10,000 //g  pe r m l.); M . tuberculosis v a r .  H 37 R v, IN H -re s is ta n t (100 /tg  per 
m l.) ; a n d  M . tuberculosis sp . M607 (ATCC).

So-called  in o cu lu m  suspension  was p re p are d  f i r s t  fro m  each of these  s tra in s . F o r th is 
re a so n  th e  s tra in s  w ere p assag ed  in  m odified Sula  m e d iu m  th ree  tim es [2].

I n  th e  case o f r e s is ta n t  s tra in s  th e  co rre sp o n d in g  in h ib itin g  su b stan ces w ere ad d ed  to  
th e  m ed iu m . A fter th re e  successive  passages, i. e. a f te r  16 days for th e  v iru le n t s tra in s  and  
fo u r  d a y s  fo r th e  n o n -p a th o g e n ic  cu ltu res, th e  c u ltu re  am o u n tin g  to  a p p ro x im a te ly  150 ml 
w a s  c e n trifu g e d  a t  3000 r. p. m . T he sed im ent w as g ro u n d  in  a “ p o tte r” m ill. T h e  c en tr ifu g a ­
t io n  a n d  w ash ing  w ith  sa line  o f th e  sed im ent w ere r e p e a te d  th ree  tim es, and  th e  f in a l sed im en t 
w as w eighed  in  a sem i-w et s ta te .  T hen a stock  su sp en s io n  con ta in ing  1 m g b a c te r iu m  per ml 
p re p a re d . B y  te s tin g  seria l d ilu tio n s  of th e  su sp en s io n  th e  sm allest q u a n titie s  in  w e ig h t were 
d e te rm in e d  th a t  in d u ced  an  a b u n d a n t g row th  o f v i ru le n t  and  non-pathogen ic  s tra in s  w ith in  
1 2 -  14 an d  3 d ays, re sp ec tiv e ly . T his q u a n tity  b e in g  0 .05 m g for the  H37 R v  s tra in  a n d  0.005 
m g  fo r th e  n o n -p a th o g en ic  s tra in  was used as in o cu lu m  th ro u g h o u t.

As liq u id  m ed iu m  m odified  Sula m ed ium  w as a p p lie d ; 4.5 ml were p laced  in  each  tube. 
T o  th is  f i r s t  0.5 m l fe rm e n ta t io n  liqu id , th en  th e  in o c u lu m  w as added  u n d e r s te rile  cond itions.

On th e  solid m ed iu m  th e  M607 s tra in  o n ly  w as u sed . The agar p la te  w as p re p a re d  from  
p u lv e r iz e d  m ed ium  en rich ed  w ith  1 per cen t g lu co se ; p H  w as ad ju s ted  to  7.2.

T itra tio n  p la te  like  t h a t  used  in th e  ag ar d iffu s io n  techn ique  was p re p a re d  b y  in o cu la t­
in g  e ac h  p la te  w ith  a su sp en sio n  con ta in ing  0.005 m g  M607 in a volum e of 0.5 m l. T h en  pre-
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in c u b a tio n  wells o f 9 m m  d ia m e te r  w ere m ade by a p u n ch , an d  0.1 ml o f sam p le  o f fe rm en ta ­
tio n  was p laced in  each of th e  wells. A fte r an in cu b a tio n  of 48 hours the  in h ib itio n  w as scored 
by m easu rin g  the  d iam e te r o f th e  e x tin c tio n  area.

Sterility  test. G lucose b ro th  (1 pe r cen t) was in o cu la ted  w ith  each  sam p le  im m edia te ly  
a f te r  open ing  the  am poules, u n d e r  sterile  conditions.

p H  control. S im u ltan eo u sly  w ith  th e  s te rility  te s t  th e  a c tu a l p H  o f each  sam ple  was 
e s tim a te d  by using th e  “ R e a n a l” in d ic a to r  pap er series.

Heading and evaluation o f  the test. T he te s t was read  a f te r  14 a n d  21 d a y s  o f in cu b a tio n  
fo r v iru le n t stra ins and a f te r  48 a n d  96 hours for the  M607 s tra in .

T he co tto n  s to p p ers  o f th e  tu b e s  w ere covered  w ith  cellophane  an d  th is  w as fixed  by 
a ru b b e r  ring  to  avoid  ev ap o ra tio n .

G row th  equal to th a t  o b se rv ed  in th e  con tro l tu b e  w as in d ica ted  by +  +  +  ! “ com plete 
in h ib itio n ” m eans no b ac teria l g ro w th  in th e  tu b es w ith  sam ple  o f fe rm e n ta tio n .

Results

The an ti - tu b e rcu lo u s  a c t iv i ty  of the  fe rm e n ta t io n  liquids o f  361 Strepto- 
m yces s tra ins  was te s ted .  O f these  16.3 per cen t  p roved  to  be c o n ta m in a te d  
b y  bac te r ia ,  m ost o f  th e m  b y  ub iqu itous  m icroorgan ism s, viz . B . subtilis, 
S . lu tea , and  Staphylococcus albus ; in four cases A ctinom ycè tes  were presen t .

The p H  of m os t  sam ples  ran g ed  from 7.5 to  8.5, in 32 cases b e tw een  5.5 
a n d  6.5; in  a single sam ple  i t  was u n d e r  4.

The ac t iv i ty  of  th e  acid ic  sam ples was, in general,  low. N one  of the 
fe rm e n ta t io n  liquids w ith  p H  5.5 6.5 were ac t ive  a g a in s t  all t h e  four  tes t
o rgan ism s. The percen tage  d is t r ib u t io n  of th e  fe rm e n ta t io n  liqu ids  as ca l­
cu la ted  from  their  in h ib i t in g  a c t iv i ty  aga ins t  in v id u a l  s tra in s  is p re sen ted  in 
T ab le  1.

I t  is s tr ik ing  th a t  th e  v iru le n t  s tra ins were in h ib ited  b y  m ore  samples 
t h a n  th e  non-pa thogen ic  s t ra in s .  T he  solid -m edium  te s t  and  th e  te s t  in  liquid 
m e d iu m  gave d ivergen t  re su l ts .  O nly  18 sam ples in h ib i ted  th e  g ro w th  o f the  
M 607 s t ra in  in liquid m e d iu m  while 37 sam ples a p p ea red  to  be in h ib i to ry  on 
the  solid m edium .

Table 1

Testing o f  361 actinomyces filtra tes  against f iv e  stra ins o f  M. tu b ercu lo s is

M 607 
liquid 

medium

M 607 
p late test HH7 Rv

H37 Rv 
STRM- 

resistan t

H37 Rv 
IN H- 

resistan t

A ctive strains

N um ber .............. 18 37 9« 53 77

P er cent .............. 5.9 12.2 29.8 17.2 25.4

T ab le  1 also shows t h a t  a large n u m b er  of  sam ples  were found  to  be 
a c t iv e  a g a in s t  the  v iru len t  s t r a in s ;  90, 77 and 53 liquids inh ib ited  th e  H 37 Rv, 
th e  IN H -re s is ta n t ,  and  th e  S T R M -res is tan t  s tra ins ,  respec tive ly .  T h e  a b u n d a n t
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g ro w th  o f  the  v iru lent s t r a in s  in  th e  control tu b e s  p ro v id e d  ev idence t h a t  the  
in h ib i t io n  was caused b y  t h e  ac t iv e  substances p re s e n t  in th e  fe rm e n ta t io n  
l iq u id s .

T a b le  2 gives an  a c c o u n t  o f  the  samples a c t iv e  ag a in s t  m ore  t h a n  one 
o f  t h e  t e s t  organisms. I t  is seen  th a t  the n u m b e r  of  sam ples  in h ib i t in g  each 
of t h e  fo u r  microorganism s w as  as small as e ight. T h ir ty -se v e n  liquids in h ib ited  
th e  H 3 7 R v  strain, b u t  n o t  t h e  STR M -res is tan t  v a r i a n t .  This f in d in g  sup p o r ts  
o u r  a s su m p t io n  th a t  th e  s t r a in s  producing  STR M  or STRM -like subs tances  can 
be  se lec ted  and co n se q u e n t ly ,  o m itted  from f u r th e r  s tud ies ,  b y  using STRM- 
r e s i s t a n t  te s t  organism. W e  h o p e  th a t  the  use o f  fu r th e r  te s t  organism s each 
o f  w h ic h  is selectively r e s i s t a n t  to  one or o th e r  w e ll-know n a n t ib io t ic ,  such as 
N e o m y c in ,  Viomycin a n d  K a n a m y c in ,  will enab le  us  to  select the  s tra in s  p ro ­
d u c in g  these drugs. In  th is  m a n n e r  the n u m b e r  o f  th e  s t ra in s  to  be sub jec ted  
to  f u r t h e r  analysis can  m a r k e d ly  be reduced.

Table 2

Distribution o f  the f il tra te s  active against two or more test organisms

A ctive ag a in s t 
all th e  4 s tra in s

Active against 
H37 Rv, not 
against the 

STRM-resistant 
variant

A ctive against 
v iru len t strains, 
not against M 607

A ctive against 
M 607, not 

against virulent 
strains

A ctive against 
M 607 both in 
liquid and on 

solid media

A c tiv e  stra ins

N u m b e r .................... 8 37 39 5 18

P e r  c en t .................... 2.9 13.5 14.2 1.8 6.5

T h e  num ber of f e r m e n ta t io n  samples t h a t  in h ib i te d  th e  v i ru le n t  s tra ins ,  
b u t  d id  no t  inhibit th e  n o n -p a th o g e n ic  M607 s t r a in  was 39; th e  inverse  s itua t ion  
w as  observed in as few  as  f iv e  cases. C onsequen tly ,  th e  exclusive use of the  
M 607 s tra in  or an y  o th e r  n o n -pa thogen ic  M ycobacterium  does n o t  reflec t the  
in  v i t ro  ac tiv ity  a g a in s t  t h e  v iru len t  s tra ins  of  M . tuberculosis.

Eighteen sam ples e l ic i ted  an tagonistic  effect ag a in s t  th e  M607 s tra in  
b o t h  in liquid and  on so lid  m edia . E very  s t r a in  t h a t  inh ib ited  th is  s t ra in  in 
t h e  fo rm er was ac t ive  w h e n  te s ted  on th e  la t t e r .

Table  3 gives in f o r m a t io n  on the origin of  th e  e igh t  Streptom yces s tra ins  
w h ic h  proved to be a n ta g o n is t ic  against all fo u r  te s t  organism s. The qua li ty  
o f  t h e  soils and th e  a c t i v i t y  of  the s tra ins  a g a in s t  o the r  b ac te r ia ,  viz. Ps. 
pyo cya n ea  and B. p ro teus  a re  also p resen ted . T h e  l a t te r  d a ta  were ob ta ined  
f r o m  previous s tud ies .  As reg a rd s  the  in h ib i t in g  a c t iv i ty ,  no re la t ionsh ip  was 
fo u n d  between th e  o r ig in  o f  th e  stra in and  th e  q u a l i ty  of th e  soil.

The an tagonistic  a c t i v i t y  of four s t ra in s  was specific to  m ycobac te r ia .  
S t r a in s  No. 3668 an d  N o . 3670 had  their  origin in  th e  sam e soil; i t  was shown
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b y  micro-biological tes ts  t h a t  these  tw o s tra ins  were  iden tica l.  The a n t ib io t ic  
sp ec tru m  of s t ra in  No. 2500 is w ide; it  inh ib its  E . coli, В . subtilis, and S ta p h y lo ­
coccus in add i t io n  to  the  b a c te r ia  given in T ab le  3.

Table 3

Data concerning the strains producing the most active ferm entations

No. Strain No. Origin Q uality of soil
A ctivity  against

M.
tubercul.

Proteus
AH.

Proteus
X19

Pyocyanea
CM.

l 2940 Jó sv afő  (H ung .) . . silvan +  +  + - f —

2 2981 T ihany tillage +  +  + +  +  + —

3 2983 T ihany tillage +  +  +  + — — —
4 2500 Szakállas ,, sodic +  +  + +  +  + +  +  + + + +
5 6038 Szakállas ,, . . sodic +  +  + — — —

6 2745 G örbeháza ,, . . sodic +  +  + +  + — —

7 3670 Sochi (U SSR) . . . . palm  grove +  +  + — — —

8 3668 Sochi (U SSR) . . . . palm  grove +  +  + — —

Discussion

Clinical p rac t ice  needs fu r th e r  an t i - tu b e rcu lo u s  d rugs,  and  th e  search  
for such substances  needs p ro p e r  m ethods. A ccord ing  to  our know ledge  th e  
m e th o d  used in th e  p re se n t  s tud ies  h ad  no t  been app l ied  for the  sam e pu rpose .  
O n ly  crysta ll ine  su b s tan ces ,  som e of them  as sem i-p ro d u c ts  had been  te s te d  
in  vitro  and  in  vivo  a g a in s t  K o c h ’s bacillus.

The results  o b ta in ed  b y  using v iru len t  s t ra in s  of  M . tuberculosis as te s t  
o rganism s have  b ro u g h t  ev idence  th a t  a conside rab le  n u m b e r  of A ctin o m y -  
ce tae ,  which are a b u n d a n t  sources of an tib io t ics ,  in  general,  are a n ta g o n is t ic  
a g a in s t  M . tuberculosis.

T he p rac tica l  im p o r ta n c e  of these e x p e r im e n ts  is still ques t io n ab le .  
Y o u m a n s  [9], L e m b k e  [1] an d  o thers  have  show n  t h a t  the  n u m b e r  o f  s u b ­
stances  in h ib it ing  the  g ro w th  of m ycobac te r ia  in  vitro  is high, b u t  m o s t  o f  
these substances  are  ineffec tive  in  vivo. The p re se n t  resu lts  suggest t h a t  th e  
d ivergencies be tw een  in  vitro  a n d  in  vivo  effects o f  th e  sam e su b s tan ce  m a y  be 
due  to  the  d ive rgen t  sensitiY'ity of the  in  vitro te s t  o rgan ism . The use o f  v i ru le n t  
s tra in s  in  vitro tes ts  will c e r ta in ly  reduce  these  d ivergencies , i.e. im p ro v e  th e  
re l iab il i ty  of the  in  vitro  sc reen ing  tes ts  in search  for an t i - tu b e rcu lo u s  d rugs .  
F u r th e r  im p ro v e m e n t  m a y  be expec ted  b y  in t ro d u c in g  re s is tan t  s t ra in s  o f  
M . tuberculosis in th e  screen ing  tes ts .  I t  is hoped  t h a t  th e  t iresome w ork  con ­
cern ing  th e  isolation of  a l re a d y  known an t ib io t ic  subs tances  will be avo id ed  
in  this m an n e r .
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T h e  use of S u la ’s m e d iu m  was found  to  be favourab le  b ecau se  in th is  
m e d iu m  the  drugs w hose e ffec t is suspended  or in h ib ited  by  p ro te in  a p p e a r  to  
be in a c t iv e .

M ost of the  ch em ica l  a n d  biological ch arac ter is t ics  o f  th e  ac t iv e  su b ­
s ta n c e s  of  our f e rm e n ta t io n  liquids are still  u n k n o w n . Iso la t ion  o f  th e  ac tive  
s u b s ta n c e s  from 'the  f e r m e n ta t io n  liquids l is ted  in Table  3 is in  progress .
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D IE  FO R SC H U N G  N A C H  A N T A G O N IST ISC H E N  A K T IN O M Y C E T E N  
IN  U N G A R IS C H E N  B Ö D E N

IV . U n t e r s u c h u n g  d e r  a n t i t u b e r k u l o t i s c h e n  W i r k u n g  
v o n  S t r e p t o m y c e s f e r m e n t f l ü s s i g k e i t e r i

A us B odenproben  v e rsch ie d en e r g eograph ischer H e rk u n f t w urden  361 S trep to m y ces- 
fe rm e n tlö su n g e n  g ezü ch te t u n d  ih re  a n titu b e rk u lo tisch e  W irk u n g  gegen M . tuberculosis var. 
H 37 R v . gegen s tre p to m y c in re s is ten te n  H 3 7 R v -S tam m , gegen den iso n ik o tin säu reh y d raz id - 
re s is te n te n  H37 R v -S tam m , sow ie gegen den a p a th o g en e n , säu refesten  S ta m m  M607 von 
M yco b a k teriu m  sp. u n te rs u c h t. 29 ,8%  der u n te rsu c h te n  F e rm en tlö su n g en  w a ren  gegenüber 
d e m  H 3 7  R v-S tam m . 25 ,4%  g egen  den IN H -re s is te n te n  H 37 R v -S tam m  u n d  17,2%  gegen 
d e n  s tre p to m y c in re s is ten te n  H 3 7  R v  S tam m  w irk sam . Gegen M . tuberculosis sp. M607 
z e ig te n  in  flüssigem  M edium  5 ,9 %  F e rm en tflü ss ig k e iten , bei der T es tm e th o d e  m it festem  
N ä h rb o d e n  12,2%  eine h e m m e n d e  W irkung . 2 ,9%  d e r F e rm en tlö su n g en  h e m m te n  völlig die 
V e rm e h ru n g  aller u n te rs u c h te r  M y c o b ak te riu m stäm m e . A us den U n te rsu ch u n g e n  k an n  fest­
g e s te ll t  w erden , dass im  E x p e r im e n t als W irk sto ff gegen T u b erk u lo se  der a llgem ein  g eb räu ch ­
liche  S ta m m  M607 allein  n ic h t a n w e n d b a r  ist. 32 a u f  den  H 37 R v -S tam m  w irk sam e  F e rm e n t­
f lü ss ig k e ite n  erwiesen sich  als w irk u n g slo s gegenüber d e r s tre p to m y c in re s is ten te n  V arian te  
d e sse lb en  S tam m es. M it u n se re r  M ethode b ie te t sich  bei A nw endung  des S tre p to m y ­
c in re s is te n te n  S tam m es die M öglichkeit zur A u s filtr ie ru n g  von P ilza rten , d ie S trep to m y c in  
o d e r  s tre p to m y c in a rtig e s  M a te ria l p roduzieren . D ie Iso lie ru n g  des W irk sto ffes  de r sich im  
L au fe  u n se re r  U n te rsu ch u n g en  a ls h ö ch st w irksam  erw iesenen  F e rm en tflü ss ig k e iten  is t im  
G an g e .
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ИССЛЕДОВАНИЯ АКТИНОМИЦЕТОВ-АНТАГОНИСТОВ В ПОЧВАХ ВЕНГРИИ

V. И з у ч е н и е  п р о т и в о т у б е р к у л е з н о г о  д е й с т в и я  ф е р м е н т н ы х  
ж и д к о с т е й  с т р е п т о м и ц е т о в

Авторы изучали противотуберкулезное действие 361 ферментных жидкостей 
стрептомицета на штаммы: М . tuberculosis var. H 37 Rv, резистентный к стрептомицину 
Н 37 Rv, резистентный к гидразиду изоникотиновой кислоты Н 37 Rv а также на кислото­
устойчивый апатогенный штамм Mycobacterium sp. М 607. Стрептомицеты были полу­
чены из почвенных проб, происходящих с различных географических мест.

29,8% изученных ферментных жидкостей оказало действие на штамм Н 37 Rv 
25,4% — на резистентный к гидразиду изоникотиновой кислоты штамм Н 37 Rv и 17,2% 
на резистентный к стрептомицину штамм Н 37 Rv

На штамм М 607 М. tuberculosis sp. в жидкой среде оказало тормозящее действие 
5,9% ферментных жидкостей, а при методике на твердой питательной среде — 12,2%.

Размножение всех изученных штаммов Mycobacterium прекращалось полностью 
при действии 2,9% ферментных жидкостей.

Из результатов исследований выясняется, что в исследованиях, направленных 
на поиск противотуберкулезного действующего вещества, нельзя пользоваться применя­
ющимся вообще одним только штаммом М 607.

Действующие на 32 штаммы Н 37 Rv ферментные жидкости оказались недейст­
вительными на устойчивый к стрептомицину вариант того же штамма. Применением 
устойчивого к стрептомицину штамма мы получили возможность для получения сортов 
грибков, вырабатывающих стрептомицин, или стрептомицинподобное вещество.

В настоящее время ведутся работы изолирования действующего вещества фермент­
ных жидкостей, оказавшихся в наших исследованиях самыми эффективными.

P á l  J u h á s z  

T i b o r  V á l y i - N a g y  

G á b o r  K u l c s á r

Szolnok, Vörös Csillag u. 4, H u n g a ry  

D ebrecen  12, G y ó g y sze r tan ,  H un g ary
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Synopsis

The cy to tox ic  effects o f the ferm entation liquids o f 480 Streplomyces isolates 
obtained from various regions of H ungary were exam in ed  in M iyamura’s in  vitro test: 
the positive liquids Were exam ined for antibacterial activ ities. The cy to to x ic  effects 
exerted in the M iyamura test and in tissue cultures by the ferm entation liquids o f 19, 
m orphologically d istinct Streptom yces isolates were com pared. The peculiar d ifficu lties 
of anti-tum our antib iotic  research are analyzed. A lternation  of in vitro and in vivo 
tests are suggested in search for active substances o f natural origin.

In troduc tion

In  p receding  rep o r ts  o f  th is  series [9, 10] an  a c co u n t  was given of the  
inc idence  of Streptom yces s t ra in s  an tagon is t ic  a g a in s t  various p a th o g en ic  
m icroorganism s in d if fe ren t  soils o f  H ungary .

S t im u la ted  b y  works of  o th e r  inves t iga to rs  [3, 4, 5] we en d eav o u red  to 
exam ine  for a n t i - tu m o u r  a c t iv i ty  th e  great n u m b e r  o f  isolates ava ilab le  to  
us and  to  ob ta in  som e in fo rm a tio n  on the  a d e q u a c y  of th e  tes ts  app lied  in 
th e  e x am in a t io n  of  these  “ n a tu r a l  m a te r ia ls” .

M i y a m u r a  [6] was th e  f irs t  to  develop a ro u t in e  agar-diffusion te s t  for 
d e m o n s t ra t io n  of in  vitro  cy to to x ic  and  cy to ly tic  effects  o f  syn the tic  a n d  b io log­
ical p roduc ts .  Since th en  th e  basic principle of th is  p ro ced u re  has been  app lied , 
w ith  or w ith o u t  m o d if ica t ion ,  b y  num erous g ro u p s  o f  inves t iga to rs  [1]. We 
d e m o n s t ra te d  in a p re l im in a ry  s tu d y  [8] t h a t  as te s t  organism s for th e  
M iyam ura  te s t  n o rm a l  or pa tho log ica l  leucocytes  o f  h u m a n  origin are  as 
su itab le  as ascites tu m o u rs .  T he  well know n tu m o u r- in h ib i to rs  also in  these  
conditions exert  a s t ro n g  positive  reaction . On th e  o th e r  hand ,  we fo u n d  th e  
M iyam ura  te s t  su i tab le ,  f i rs t  o f  all, for d em o n s t ra t io n  of  the  cy to tox ic  effect.

The objectives o f  th e  p re se n t  inves t iga t ions  w ere :  (i) to  exam ine  b y  the  
M iy am u ra  te s t  th e  tu m o u r - in h ib i t in g  effects of th e  iso la tes  availab le  an d  (ii) to  
es tab lish  how far th e  re su lts  o b ta in ed  by  the M iy a m u ra  te s t  agree w i th  the  
effects observab le  in  t issue cu ltu res .
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M ateria ls  and m ethods

M o st of the  fe rm e n ta tio n  l iq u id s  exam ined  in  th e  co u rse  o f th e  p re sen t s tu d y  h a d  been 
c h a ra c te r iz e d  in earlier re p o rts  o f th is  series. The spores p re se rv e d  in sterile  san d  w ere in o cu la ted  
on  a so y -b e a n  m edium  c o n ta in in g  2 pe r cen t agar. T he sp o res o f cu ltu res show ing  good vege­
ta t iv e  g ro w th  were suspended  in  sa lin e  by  shak ing  w ith  g lass beads.

T w o  m l of each of th e se  su sp en s io n s were used  fo r in o cu la tio n  of su b m erg ed  cu ltu res . 
T h e  co m p o s itio n  of the  m ed iu m  a p p lie d  was published  e lsew here  [9j. M ycelia f ro m  8-days-o ld  
S trep tom yces  cu ltu res were sp in e d  d o w n  b y  c en trifu g a tio n , a n d  th e  clear s u p e rn a ta n ts  abso rbed  
b y  f i l t e r  p a p e r  disc of 10 m m  in  d ia m e te r  were used  in th e  M iyam ura  te s t. S m all sam ples of 
th e  fe rm e n ta t io n  liquids w ere s te r iliz e d  by  f iltra tio n  th ro u g h  J e n a  G5 filte rs  an d  k e p t  in  frozen 
s ta te  b e fo r  tes tin g  th em  in  tis su e  c u ltu re s .

I n  o rd er to d e m o n s tra te  th e  in  vitro cy to to x ic  e ffec ts  of S trep to m y ces  fe rm e n ta tio n  
liq u id s , essen tia lly  the u n m o d if ie d  M iy am u ra  te s t w as u sed . A scites tu m o u r cells w ere ob ta in ed  
fro m  m ice  inocu lated  w ith  th e  E h r lic h  ascites tu m o u r 8 to  10 d ay s before. T he f in a l cell concen­
t r a t io n  o f th e  agar m edium  w as 5 .106 cells per m l. T he f i l te r  discs soaked w ith  fe rm e n ta tio n  
l iq u id  w ere  k ep t on th e  ag ar fo r 10 ho u rs , a period th a t  p ro v ed  to be suffic ien t fo r th e  cy to to x ic  
su b s ta n c e s  to  diffuse in to  th e  m ed iu m . The in h ib itio n  a c t iv i ty  of fe rm e n ta tio n  liq u id s  acting  
o n  th e  cell dehydrogenases w as reco rd ed  by  read in g  of d iam e te rs  of th e  b lue  zones ap pearing  
a ro u n d  th e  paper discs a f te r  in c u b a tin g  th e  p lates in  37° C th e rm o sta te  for 120 — 180 m inutes.

A m ong  the  fe rm e n ta tio n  liq u id s  used in M iy am u ra  te s t  only those  w ere considered  as 
c y to to x ic  w hich caused an  in h ib i t io n  zonen o t less th a n  15 m m  in  d iam eter. In  eac h  o f th e  experi­
m e n ts  th ree fo ld  contro ls w ere  u se d : (1) disc abso rbed  w ith  no n -in o cu lated  m ed iu m  used  for 
th e  c u lt iv a t io n  of s tre p to m y c es  iso la te s , (2) a disc so aked  in  a  so lu tion  co n ta in in g  100 /ig/m l 
D e g ra n o l*  and (3) a n o th e r d isc  so ak ed  in a so lu tion  co n ta in in g  10 //g/m l H gC l2.

T h e  m edium  alone g av e  n e v e r  positive  re ac tio n . B o th  th e  discs o f th e  ty p e  2 and  3 
se rv e d  as positive con tro ls.

T h e  tissue cu ltu re  te s ts  w e re  carried  ou t as su g g ested  by  P ályi  a n d  G r é c z i  [7]. The 
fe rm e n ta t io n  liquids w ere te s te d  o n  chicken em bryo  h e a r t  f ib ro b la s ts , C rocker’s m ouse sarcom a 
cells  (S 180) and H eL a cell c u ltu re s .  T he f irs t tw o so rts  o f cu ltu re  were o b ta in e d  b y  ex p lan tin g  
in  s te r ile  te s t-tu b es  tissue f ra g m e n ts  of 1 to  22 cubic m m  on c lo ts p roduced  by  m ix in g  chick  em ­
b ry o  e x tr a c t  w ith hen ’s p la sm a . S u b seq u en tly  1 ml o f m ed iu m  was added . T he liq u id  m edium  
c o n s is te d  of 5 per cen t e m b ry o  e x tr a c t ,  10 per c en t in a c tiv a te d  horse se ru m . 85 per cen t 
H a n k s ’ balanced  so lu tion , 100 u n its  o f penicillin an d  100 fig  s trep to m y c in  p e r  ml.

H e L a  cells were c u lt iv a te d  on th e  flask s’ w all. M onolayers were sc rap e d  o ff an d  cells 
w e re  susp en d ed  in fresh  m ed iu m . T he suspension w as d is tr ib u te d  in steril tu b e s , 1 m l in  each. 
T h e  m ed iu m  consisted of 30 p e r  cen t h um an  serum , 70 p e r cen t H a n k s’ so lu tio n , and  a n ti­
b io tic s  as above.

T h e  cultures were in c u b a te d  a t  37° C in an  a p p ro x im a te ly  v e rtica l p o sitio n . U n d ilu ted  
o r d i lu te d  fe rm en ta tio n  l iq u id , 1/I0 th  in  volum e of th e  m edium , was ad d ed  to  each  cu ltu re  
24 h o u rs  a fte r ex p lan ta tio n . T h e  tu b es  w ere re -in c u b a te d  fo r a n o th e r 24 h o u rs  a n d  th e n  ex am ­
in e d  fo r cy to tox ic  changes w ith  low m agn ifica tion . T h e  degree of c y to to x ic  e ffec t was estim ­
a te d  o n  com parison w ith  u n t r e a te d  con tro l cu ltu res . G ra n u la tio n , ro u n d in g  a n d  d is in teg ra tio n  
o f  cells and  the d ifference in  th e  a rea  o f g row th  w ere th e  c rite ria  of c y to to x ic ity , w hich was 
sc o red  as follows.

■±_ =  in itia l m in im u m , sligh tly  increased  g ra n u la tio n  of th e  c y to p la sm , decreased 
cell d iv is io n  r a te ;

-+- =  w ell-defined  lesions o f cells; ro u n d e d  cells a t  the  edges o f c u ltu re s , th e  cells 
are lo o sen ed , cy to p lasm ic  v a cu o liza tio n  ap p ears;

+  +  =  severe le s io n ; m o st of the  cells show  p a tho log ica l ch anges; g re a tly  reduced 
g row th ; th e  c o n tig u ity  of th e  cell lay e r h as ceased;

+  +  +  — com plete  d e s tru c t io n  of cells w hich  are  e ith e r rounded  or d e ta c h e d  from  the  
glass w all;

— =  no e ffec ts ;
0  =  n o t te s te d .

In  the  h eart f ib ro b la s t  c u ltu re s  th e  ra te  o f g ro w th  w as m easured  by  m ean s of th e  ocular 
m ic ro m e te r. For e x a m in a tio n  o f  th e  fine cell s tru c tu re  slide cu ltu res were p re p a re d  an d  sta ined 
a c c o rd in g  to Giemsa (h e a r t  f ib ro b la s t  cu ltu res) or w ith  H a rr is ’ h aem ato x y lin  so lu tio n  (tu m o u r 
cells).

* M annom ustine, l,6 -b is /2 -ch lo ro e th y la m in o /-l,6 -d id e o x y -D -m an n ito l d ihy d ro ch lo rid e .
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Results

The tu m o u r- in h ib i t in g  effects of the  fe rm e n ta t io n  liquids o f  480 Strepto- 
myces isolates from  H u n g a r ia n  soils were e x a m in e d  b y  th e  M iy am u ra  test- 
in h ib i t io n  was show n by  179 liquids (37.2 per  cen t) .  Table  1 su m m arizes  the  
d is t r ib u t io n  by  h a b i ta t s  o f  tu m o u r- in h ib i t in g  Streptom yces s tra in s  as well as 
th e  in h ib it ion  of  th e  g ro w th  of various te s t  m icroorgan ism s due  to  th e  sam e 
liquids. The d a ta  allow to  co m p are  the  a n t i - tu m o u r  effects w ith  th e  a n t ib a c te ­
ria l  effects of th e  sam e m ater ia ls .

Table 1

A n ti-tum our effects o f  S trep tom yces ferm entation liquids demonstrable by the M iya m u ra  lest

Origin of isolate

Number
of

isolates
examined

Ferm enta­
tion liquids 

showing 
anti-tum our 
ac tiv ity  in 

the Miyarnli­
ra test

Coincident e of tum our-inhibition в 
anti-bacterial effect

nd

Liquids 
inhibiting 

tum our and 
Gram-posi­

tive
bacteria

Liquids 
inhibiting 

tum our and 
G ram -nega­

tive
bacteria

Liquids 
inhibiting 

tum our and 
Gram-posi­
tive and 
negative 
bacteria

Liquids 
inhibiting 

tum our only

No. % No. %* No. % • No. %* No. % •

B ékebarlang  .......... 74 27 36.4 7 25.9 — — — — 20 74.1

T okaj-N y írt elek . . 126 44 34.9 14 31.3 — — — — 30 68.2

K a r c a g ..................... 18 3 16.6 2 66.6 — — l 33.3 — —

Szabolcs-Szatm ár . 143 42 29.3 11 26.5 — — 9 31.7 22 52.3

A ggtelek-Jós vafő 119 63 52.9 21 33.3 — — 4 6.5 38 60.2

T o t a l .......................... 480 179 37.2 55 30.7 — — 14 7.8 110 61.4

* As re la ted  to  th e  to ta l o f tu m o u r-inh ib iting  fe rm e n ta tio n  liquids.

The figures in T ab le  1 suggest t h a t  th e  incidence of Streptom ycetes 
qualified as “ a n t i - tu m o u r ”  effect b y  th e  M iy a m u ra  te s t  was h igh in  various 
soils, b u t  only  few of th e  tu m o u r- in h ib i t in g  fe rm e n ta t io n  liquids p roved  to 
be an tag o n is t ic  ag a in s t  bac te r ia .

C o m p ara t iv e  d a ta  o f  19, m orphologically  d i s t in c t  isolates a rc  shown in 
Tab le  2. T he  liquids cy to to x ic  for one k ind o f  t is sue  cu ltu re  were, in  genera l,  
cy to tox ic  for th e  o th e r  tw o  as well. In  c o n tra s t  w ith  th is , the  inh ib it ions  shown 
by  th e  M iyam ura  te s t  were inconsis ten t  w ith  those  ob ta ined  in th e  t issue  cu l­
tu res  in a b o u t  50 per  c e n t  o f  th e  cases.
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Table 2

C om parison  o f  anti-tumour effects demonstrable by the M iya m u ra  test and in  tissue cultures

solate, No.

1 1 8 7

1 0 0 5

1 0 0 8

1 1 4 0

1 0 3 8

1 1 4 5

1000

1 0 6 6

1211
1 3 2 0

1 5 2 5

1 5 3 6

1 7 8 6

2 2 0 4

2 2 2 6

1 3 1 0

1 8 1 2

1 8 7 0

1 9 1 3

Dilution of 
ferm entation 

liquid

1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:10
1:25

1:10

E ffects  on tissue cultures
Miyamura test, 
inhibition in  mm

Fibroblast Crocker HeLa

+ + + 
+  + 

±
+ +

+ +

+ + +

+

+  +  +

Correlation 
betw een the 
tissue-culture 

m ethod and  the 
M iyam ura test

0 20 —

0 — +

0 15 —

0 - +

+  +  + 16 +

+ — +  '

+  +  + 18 _|_

+ 20 +  '

— 16 —

+  + 17 -L

± —

+  -}- — —

+ + — —

+  + — —

+  +  + — —

+  +  + 18 +

+  +  + 20 +

+  +  + 20 +

+  +  + 15 +

E x p lan atio n  in the  te x t.

Discussion

T h e  present s tudies  h a v e  show n  t h a t  a g rea t  n u m b e r  of th e  Streptom yces  
i so la te s  f rom  d ifferent r eg io n a l  un i ts  of H u n g a ry  are  cy to tox ic  in th e  M iya­
m u r a  t e s t .  In  an earlier r e p o r t  o f  th is  series [10] th e  m orphological c h a r a c te r ­
i s t ic s  o f  th e  same isolates w e re  ana lyzed . T he  morphological v a r i e ty  o f  the  
s t r a in s  excludes the  poss ib i l i ty  t h a t  the  cy to to x ic  isolates rep re sen ted  th e  sam e 
s t r a in .

I n  accordance w ith  K a t o  [5] we failed to  f ind  a n y  corre la t ion  be tw een  
c y to to x ic i t y  and a n t ib a c te r ia l  effect. We the re fo re  assume th a t  th e  fac tors  
re sp o n s ib le  for these tw o effec ts  are  m ostly  d if fe ren t  even in the  s t ra in s  possess­
in g  b o th  properties. This a s s u m p t io n  is n o t  a t  va r iance  with th e  o b se rv a t io n  
t h a t  t h e  substance  o b ta in ed  th ro u g h  chem ical en r ic h m e n t  of th e  fe rm e n ta t io n  
l iq u id  o f  isolate 1320 be ing  p os i t ive  both  in th e  M iyam ura  te s t  and  in tissue
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cu ltu res  in h ib ited  th e  g ro w th  of the  te s t  m icroo rgan ism s B . su b tilis  ATCC 
6638 as well.

T he  19 S trep to m y ces  isolates had  no t been se lec ted  in te n t io n a l ly  for the 
co m p ara t iv e  s tu d y .  F o r  th is  reason  i t  is r e m a rk a b le  t h a t  the  19 isolates fre ­
q u e n t ly  exh ib ited  positive  effects n o t  only in th e  M iy am u ra  tes t ,  b u t  even in 
tissue cu ltu res .  T hough  the  corre la t ion  be tw een  th e  re su lts  o b ta in e d  by  the  
tw o m ethodsis  inco m p le te  an d  th e  n u m b er  of  th e  s t r a in s  involved  in  th e  s tu d y  
is low, th e  re la t ionsh ip  is n o t  to  be overlooked as th e  s t ra in s  were d iffe ren t  m o r­
phologically  a n d  th e  t issue cu l tu re  studies were pe rfo rm ed  in th ree  d ifferen t 
cell cu ltu res .  I t  can  be s ta te d  th a t  all the  liqu ids  s t ro n g ly  positive  in tissue 
cu ltu res  also gave th e  M iy am u ra  te s t ;  on th e  o th e r  h a n d ,  in all cases where 
th e  two tests  gave  in c o n s is te n t  resu lts ,  the  in h ib i t io n  was only  m odera te ,  
excep t  for m a te r ia l  No, 1187, th e  s t ro n g  effect o f  w hich  in the  M iy am u ra  te s t  
was p re su m ab ly  nonspecific .

The p resen t  s tu d y  c a n n o t  answ er the  q u e s t io n  w he the r  the  c o m p a ra ­
t ive ly  often observed  tu m o u r- in h ib i t in g  capac ity  o f  the  f e rm e n ta t io n  liquids 
was specific or due  to  th e  tox ic  effects of ce r ta in  m e tabo li te s .  T h e  fac t  t h a t  
on ly  low grade  d ilu tions  of liquids were effective fav o u rs  th e  la t te r  a l te rn a t iv e .

The in v i tro  tes ts  p lay  a sign if ican t role in th e  search  for a n t i - tu m o u r  
an tib io t ic s .  Of c h em o th e rap eu t ic s  of n a tu ra l  origin (an tib io tics ,  phy to n c id es)  
on ly  l i t t le  am o u n ts  of th e  ac t ive  agen t  are u su a l ly  availab le  a n d  th e  con­
c e n tra t io n  of even a h igh ly  ac t ive  substance  m a y  be  so low th a t  i ts  a c t iv i ty  
c a n n o t  be d e m o n s t ra te d  b y  m eans  of an im al e x p e r im en ts .  On the  o th e r  hand , 
a t t e m p ts  to c o n c e n tra te  th e  ac t ive  substance  b y  p hys ica l  or chem ical m eans 
m a y  lead to in a c t iv a t io n  of the  substance .

C onsequently  fa ir ly  rap id  tes ts  requ ir ing  m in u te  a m o u n ts  of ac t iv e  su b ­
s tan ce  are  essential in th e  search  for a n t i - tu m o u r  c h e m o th e ra p eu t ic s .  F or  this 
reason  a t te n t io n  has recen t ly  been d raw n to the  in vitro  m ethods  a l th o u g h  it  is 
well know n  t h a t  in  vivo  an d  in  vitro m ethods often  differ. T he  p re se n t  resu lts ,  
th o u g h  based on a sm all n u m b e r  of experim en ts  suggest  t h a t  even  th e  two 
in  vitro  tests  m os t  genera lly  used are in d isa g re e m e n t  which in ou r  opinion 
should  be ascribed to  th e  in a d e q u a c y  of the  M iy a m u ra  tes t .

W hen  search ing  for a n t i - tu m o u r  an tib io t ics  ra p id  screening tes ts  in 
tissue cu ltu res  are p re fe rab le ,  a l th o u g h  in  vivo ac t iv e  subs tances  lack ing  d irec t 
in  vitro  tox ic i ty  ca n n o t  be recognized by these  te s ts .  The obse rva tions  of 
D i x o n  and  co-workers [2], viz. t h a t  the  in vivo  pos it ive  f i l t ra te s  are  more 
tox ic  in tissue cu ltu res  t h a n  those  found  to be ineffec tive  in  vivo , d im in ish  the 
significance of th is  defic iency  of th e  t issue-cu ltu re  te s ts .

T he  fe rm e n ta t io n  liqu ids  t h a t  have  been found  to  be effective in  vitro 
shou ld  be exam ined  in  vivo. A n im al experim en ts  a re  to  decide w h e th e r  i t  is 
w or thw h ile  to  iso la te  th e  ac t ive  substance  or no t .  W h en  biologically  assay ing  
single frac t ions ,  one should  re tu rn  to the t issue cu l tu re ,  which is the  best
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su i te d  in  vitro  test. The s a m p le  o f  ac t ive  su b s tan ce  requ ired  b y  th e  t issue  cul­
tu r e  a s s a y  is so small a n d  th e  te s t  is so rap id  t h a t  com ple te  loss o f  th e  ac t iv e  
s u b s t a n c e  m u st  not be fea red .  Besides, the  progress of  the  iso la tion  p ro ced u re  
sh o u ld  b e  controlled from  t im e  to  t im e  anim als.

I n  o u r  opinion the re  a re  h a rd ly  any  ava ilab le  m e th o d s  m ore  effective in 
o v e rc o m in g  the  in n u m e ra b le  obs tac les  h indering  th e  a n t i - tu m o u r  an tib io t ic  
r e s e a rc h  th a n  a l te rna tion  o f  in  vivo  and  in  vitro  te s ts .
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FO R SC H U N G  N A C H  A N T A G O N IST ISC H E N  A K T IN O M Y C E T E N  
I N  U N G A R IS C H E N  B Ö D E N

V. W i r k u n g  d e r  F e r m e n t a t i o n s s ä f t e  a u f  T u m o r k ö r p e r  i n  v i t r o

D ie  zyto tox ische W irk u n g  des F e rm en tsa fte s  von 480 Strep/om yces-Isolaten  aus v e r­
s c h ie d e n e n  landschaftlichen  E in h e ite n  U n g arn s w urde an  M iyam u ra-M eth o d e  in  v itro  u n te r ­
s u c h t .  V e rfasse r b eo bach te ten  ob  d ie  p o sitiv en  F e rm en tsä fte  am  M iy am u ra-M eth o d e  ü b er ein 
a n tib a k te r ia le s  S pektrum  v e rfü g e n . D ie zy to tox ische  W irk u n g  des F e rm e n tsa f te s  von  19 
m o rp h o lo g isc h  verschiedenen S trep tom yces-Iso la ten  au f G ew eb ek u ltu ren  u n d  a u f  M iyam ura- 
M e th o d e  w u rd e  verglichen. V e rfasse r  an a ly sieren  die beso n d eren  Schw ierigkeiten  de r F orsch u n g  
n a c h  A n tib io t ik a  gegen G esch w ü lste . E s w ird  die paralle le  A n w en d u n g  der in  v i tro  u n d  in v ivo 
M e th o d e n  in der F orschung  n a ch  n a tü r lich e n  W irkstoffen  em pfohlen .

ИССЛЕДОВАНИЯ АКТИНОМИЦЕТОВ-АНТАГОНИСТОВ В ПОЧВАХ
ВЕНГРИИ

V. Д е й с т в и е  ф е р м е н т а т и в н ы х  с о к о в  н а  р а з л и ч н ы е  о п у х о ­
л е в ы е  т е л а

Исследовалось цитотоксическое действие ферментативных соков изолятов 480 
штаммов стрептомицетов, полученных из различных ландшафтных единиц Венгрии, на 
Miyamura-метод in vitro. Исследовался вопрос, обладают-ли ферментативные соки,
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оказавшиеся на Miyamura-метод положительными, антибактериальным спектром. Срав­
нивалось цитотоксическое действие ферментативного сока изолятов морфологически 
различных 19 штаммов стрептомицетов, вызванное на тканевую культуру и на Miyamura 
метод. Анализируются особые трудности исследования противоопухолевых антибиоти­
ков. Авторы предлагают параллельное применение in  v itro  и in vivo методов при иссле­
довании природных действующих веществ.

A n d r á s  J e n e y  j r . 
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SEARCH FOR ANTAGONISTIC ACTINOMYCETAE 
IN HUNGARIAN SOILS

VI. T H E  E F F E C T S  O F  B A C K G R O U N D  R A D IA T IO N  
O N  S T R E P T O M Y C E T E S

F. H e r n á d i , P. K o v á c s , G. K u l c s á r  and T. V á l y i - N a c y

ANTIBIOTICS D EPA RTM EN T (HEAD: T. VÂLYI-NAGY), R ESEA R C H  IN STITU TE OF E X PE R IM E N T A L  M EDICINE 
(D IRECTO R I. RUSZNYÄK) O F T H E  HUNG ARIA N  ACADEMY O FSC IEN C ES AND INSTITUTE O F PHARM ACOLOGY 

(H EA D  T. VÁLYI-NACY), M EDICAL U N IV ER SITY  OF DEBRECEN

(R ece iv ed  F e b ru a ry  8, 1963)

Synopsis

T w e n ty  Streptomyces s tra in s  iso la ted  fro m  th e  rad io ac tiv e  soil ( 8 — 10 m fi  Curie) 
o f a u ra n iu m  m ine were com p ared  w ith  20 co n tro l s tra in s  from  in ac tiv e  so ils. M acro­
scopic, m icroscopic and e lec tro n  m icroscopic m o rpho logy  of the  two g ro u p s  o f  s tra in s  
an d  th e ir  g row th  on 35 d iffe re n tia tin g  m edia  w ere exam ined . The f e rm e n ta t io n  liqu ids 
w ere te s te d  for an tib io tic  a c t iv ity  ag a in s t St. aureus  D u n can , E. coli 0 111, P s. pyocyanea , 
M ycobacterium  607, B . subtilis  an d  th e  E h rlic h  asc ites tu m our. The ra d io p ro te c t iv e  
effec ts of th e  liqu ids were also d e te rm in ed . B etw een  th e  two groups o f iso la te s  only 
one essen tia l d ifference was d e m o n s tra te d , viz. o u t of th e  Streptomyces s t r a in s  exposed 
to  re la tiv e ly  in tensive  ionizing  ra d ia tio n  fo r a g re a t n u m b er of g e n era tio n s  85 p e r cen t 
be longed  to  P r id h a m ’s section  I w hile ou t o f th e  co n tro l s tra in s  only 26 p e r c e n t. T h eo re ­
tic a l conclusions were d raw n  from  th e  resu lts .

In tro d u c t io n

I n  earlier repo rts  of th is  series [9, 10] an  acco u n t  was given o f  t h e  re la ­
tionsh ips  found  betw een  ce r ta in  chem ical p ropert ie s  and th e  A ctin o m yces  
f lo ra  o f  th e  soil. More recen tly  th e  re la t ions  of  th e  physical c h a ra c te r is t ic s  of 
th e  soil to  its  Streptomyces f lo ra  h av e  b een  inves t iga ted  in th is  l a b o r a to r y .  
O u t  o f  th e  physica l  charac ter is t ics  r a d io a c t iv i ty  was f irs t  chosen fo r  s tu d y .

T h e  U n ited  N a tions’ Scientific  C o m m it tee  on the  Effects  o f  A tom ic  
R a d ia t io n  [7] has called a t te n t io n  to  th e  im p o r ta n c e  of in v es t ig a t io n s  o f  the  
l iv ing organ ism s t h a t  have  been  exposed to  h igh  b ackground  r a d ia t io n .  D u r in g  
th e  la s t  15 years  in tensive  efforts were m a d e  to  clarify  the  possib le  so m a tic  
a n d  gene tic  in juries  elicited b y  h igh  dosage o f  acu te  sh o r t- te rm  ra d ia t io n s ,  
b u t  th e  som atic ,  and  especially th e  genetic ,  consequences of r a d ia t io n s  con ­
t in u in g  for  several genera tions h av e  re m a in e d  alm ost en tire ly  u n k n o w n .

M e w i s s e n  and  co-workers [5] s tu d ie d  th e  biology of higher p la n t s  l iv ing 
in  reg ions w ith  h igh-grade, n a tu r a l  r a d io a c t iv i ty .  These a u th o rs  fo u n d  no 
difference in  rad iosens i t iv i ty  b e tw een  in d iv id u a ls  of Andropogon f i l i fo l iu s  
exposed  to  rad io ac t iv e  back g ro u n d  and  th o se  liv ing in inactive  a rea s  o f  Congo 
w hen  th e  com position  of th e  tw o soils was s im ilar.
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In  oui opinion m icroorgan ism s are th e  m o s t  su itable  to  be s tu d ie d  for 
th e  b iological effects o f  c h ro n ic  rad ia tion  b e c a u se  th e i r  short  life cycle p e rm its  
to  ob se rv e  a long series o f  generations.

F o r  this reason  Streptom yces  isolates o b ta in e d  from the  ra d io ac t iv e  soil 
o f  a u ra n iu m  mine were  e x a m in e d  parallel w i th  c o n tro l  organisms o r ig in a t in g  
f ro m  in a c t iv e  soils. W e  sea rch ed  for biological ch arac ter is t ics  (m orphological 
and  b iochem ical f e a tu re s ,  an tib io tic  p ro d u c t io n )  being possibly r e la te d  to 
c h ro n ic  ir rad ia t ion .

Materials and m e th o d s

T o d e tec t th e  soils w ith  a p p ro p ria te  ra d ia tio n , th e  G. K . 4 p o rtab le  a p p a ra tu s  w as used . 
T h e  soil sam ples were d ried , g ro u n d  and hom ogenized. T h e  ra d ia tio n  of the  hom ogenized speci­
m en s w as m easured  by  th e  2.8 m g  per cm 2 m ica-end-w indow  cou n te r. The d a ta  th u s  o b ta in e d  
w ere co m p ared  to  th e  r a d ia tio n  o f a u ran iu m  s ta n d a rd  (U .,0 8) a n d  calcu la ted  for 1 g soil sam ple .

F o r d e ta iled  s tu d y  20 iso la te s  from  the  m o st a c t iv e  soils were chosen; th e  a c t iv ity  of 
th ese  ra n g e d  betw een  n a rro w  lim its  (8.0 — 10.0 m /i C). E f fo r ts  were m ade to in clu d e  as m an y  
species as possible. O u t o f th e  20 co n tro l stra ins 13 w ere  se lec ted  from  our in te rn a tio n a l s tra in  
co llec tio n  while 7 w ere iso la te d  fro m  the  inac tive  soil o f th e  B ékebarlang-cave  (Jó sv afő , H u n ­
gary)-

T h e  m orphology of th e  s tra in s  was assessed a cc o rd in g  to  P r id h a m ’s schem e [8]. The 
sh ap e  of sporophores w as e x a m in e d  by  O k a m i’s p ro c ed u re  as m odified  in  th is I n s t i tu te  [10]. 
T h e  e le c tro n  m icrographs w ere  p re p are d  in the C en tra l L a b o ra to ry  of the  U n iv e rs ity  M edical 
School, D ebrecen. T he p ro c e d u re s  were published e lsew h ere  [4].

T h e  series of m ed ia  su g g e ste d  by  W aksm an se rv ed  fo r th e  d e te rm in a tio n  of b iochem ical 
c h a ra c te ris tic s  of th e  iso la te s . A few m edia were m o d ified  a n d  some m edia used  b y  G a u s e  
w ere  in c lu d ed  in th e  s tu d y .

T h e  series of d if fe re n tia tin g  m edia was as follow s.
1. Czapek ag ar [13]; 2. g lucose-asparagine a g a r [13 ]; 3. glycerol agar [13]; 4. ty ro s in e  

a g a r  [13]; 5. m ea t-p ep to n e  a g a r  [13]; 6. g lucose-pep tone a g a r  A [13]; 7. g lucose-pep tone  ag ar 
В [13]; 8. m ea t-p ep to n e  g e la tin  [13]; 9. peptone g e la tin  [13]; 10. s ta rch  agar A [13]; 11. s ta rc h  
a g a r  В [13]; 12. eg g-p ro te in  a g a r  [13]; 13. p o ta to  n u t r ie n t  a g a r [13]; 14. p o ta to -g lu co se  agar 
[13]; 15. s ta rc h -n itra te  a g a r  [13]; 16. glucose b ro th  [13 ]; 17. th e  sam e w ith o u t glucose [13]; 
18. C zapek  solution [13]; 19. s ta rc h  solution [13]; 20. y e a s t  e x tra c t  A [13]; 21. y e a s t e x tra c t  
В [13]; 22. y eas t e x tra c t  a g a r  [13 ]; 23. E m erson’s m e d iu m  [13]; 24. corn steep  [13]; 25. soy- 
f lo u r  m ed iu m  [13]; 26. s y n th e tic  la c ta te  m edium  [13]; 27. ca lc ium -m alate  m ed ium  [12]; 28. 
cellu lose  m edium  [1]; 29. l i tm u s  m ilk [12]; 30. p e p to n e -g e la tin  m edium  for liq u efac tio n  te s t  
[1]; 31. n i tra te  m edium  [1]; 32. p o ta to  slice (in 2 m l sa lin e ) [1]; 33. carro t slice (in 2 m l saline) 
j 11 ; 34. te s t  m edium  fo r h y d ro g e n  sulfide p ro d u c tio n  [12 ]; 35. the  sam e w ith o u t cy stin e  [12].

F o u r  parallel m ed ia  w ere  inocu la ted  w ith  each  o f th e  iso lates to  observe g ro w th  and  
b io ch em ica l responses.

T h e  an tib io tic  sp e c tra  o f  fe rm en ta tio n  liq u id s w ere  in v es tig a ted  on th e  te s t  m ic ro ­
o rg an ism s used in  ro u tin e  sc reen in g  tests in th is la b o ra to ry ,  viz. St. aureus D u n can , B . subtilis  
ATCC 6633, Ps. pyocyanea  (rece iv ed  from  the S ta te  I n s t i tu t e  of H ygiene, B u d a p es t) , E . coli 
0 111 a n d  M ycobacterium  607.

T h e  a n ti- tu m o u r a c t iv i ty  o f fe rm en ta tion  liq u id s  w as assayed  by M iy a m u r a ’s te s t  [6] 
as m o d ified  in  th is la b o ra to ry  [11].

T h e  m icrobiological a ssa y  of rad io p ro tec tiv e  a c t iv i ty  was w orked ou t in  th is  In s t i ­
tu te  [2, 3].

Results

M orphological characterization

T h e  two groups o f  s t ra in s  were c o m p a re d  (a) macroscopically , (b) m ic­
roscop ica lly  (sporophores)  and  (c) electron m icroscopically  (spores).
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F ig . 1. P e r  cen t d is tr ib u tio n  of Streptom yces iso la tes acco rd in g  to  th e  P r i d h a m  sch em e. S had ed  
co lu m n s: 89 s tra in s  iso lated  from  ra d io ac tiv e  soils. W h ite  colum ns: 145 co n tro l s tra in s

Figs. 2 to  7. E lec tro n  m icrographs of Streptom yces spores. T h ere  is no difference in  th e  shape  
o f spores betw een  th e  s tra in s  iso lated  from  active  soils a n d  th e  contro l stra ins . R o u n d  (F igs. 
2 and  3), oval (F igs. 4 and 5) and  cornered  (F igs. 6 a n d  7) spores are p resent in  b o th  g ro u p s

3 Acla. liiol. H ung. 14. 1963
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T h e  P r i d i i a m  schem e  was used for c lassif ica tion . As i t  is w ell-know n, 
P r i d i i a m  distinguishes seven  sections o f  th e  Streptomyces subgenus  ran g in g  
th e se  sec tions in six  series b y  the  colour of  a i r  m yce lia  [8]. P re l im in a ry  ex p e r i­
m e n ts  h a d  shown som e difference in the  m ic roscop ic  picture  of th e  spo ro p h o res  
b e tw e e n  th e  two g roups . Therefore, in o rd e r  to  o b ta in  s ta t is t ica l ly  app rec iab le  
re s u l t s ,  th e  sporophores  o f  89 “ ra d io a c t iv e ”  a n d  145 control s t ra in s  were 
e x a m in e d .

I t  appears  from  Fig. 1 th a t ,  in c o n t r a s t  to  th e  26 per cen t  o f  th e  contro l 
s t r a in s ,  85 per cen t ,  i.e. t h e  g rea t  m a jo r i ty ,  o f  th e  stra ins  iso la ted  f rom  rad io-

f i g s .  8  to  11. E lec tro n  m ic ro g rap h s  of Streptomyces sp o re s . T here  is no difference in  th e  spore 
su rface  be tw een  th e  s tra in s  iso la ted  from  ac tive  soils a n d  th e  contro l s tra in s . Spores b o th  
w ith  sm o o th  (Figs. 8 a n d  9) a n d  spinous surface (F igs. 10 and  11) are p re sen t in b o th  groups

a c t iv e  soils belonged to  P r i d i i a m ’s section I .  T he  difference is s ign if ican t ,  
P < 0 . 1  per  cent. In  a d d i t io n  to the  q u a n t i t a t iv e  d a ta  i t  should he n o te d  t h a t  
t h e  “ ra d io a c t iv e ”  s t ra in s  h a d  sporophores as long  and s t ra ig h t  as nev e r  seen 
be fo re .  T hus ,  there  e x is ted  even a q u a l i ta t iv e  difference in th e  spo rophores .

T h e  electron m ic ro g rap h s  (Figs. 2 to  11) s h o w  th a t  the  spores a re  v a r iab le  
in  size , shape  an d  su rface  in bo th  groups. R o u n d ,  oval and co rnered  spores 
a n d  sp o res  of sm o o th  or sp inous  surface were e q u a l ly  found in th e  tw o  g roups, 
w i th  d iam e te rs  of spores  ran g in g  from 0.6 ft  to  1.6 h.

Biological characterization

T o d e tec t  fu r th e r  characteris tics  o f  i so la te s ,  d ifferentia ting  m ed ia  were 
u sed .  C u lt iva t ion  on th e  m ed ia  listed ab o v e  y ie ld ed  in fo rm ation  on p ig m e n t
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p ro duc tion  an d  ce r ta in  b iochem ical p ropert ies ,  v iz . u t i l iza t ion  of  organic and  
inorganic  N and  C sources, l iquefaction  of ge la t in ,  coagu la t ion  of milk, h y d ro ­
lysis of s ta rch  and  h y d ro g en  sulfide p ro d u c t io n  (Tables 1 and  2).

D etailed  analysis  o f  th e  d a ta  revea led  no  essentia l difference in  th e  
behav iou r  on these  m ed ia  be tw een  the  two g ro u p s .

Fig. 12 shows an t ib io t ic  spec tra ,  a n t i - tu m o u r  and  rad io p ro tec t iv e  a c t iv ­
ities of the  f e rm e n ta t io n  liquids. N either  th e  a n t ib io t ic  spec tra  nor — in 
c o n tra s t  to  e x p ec ta t io n s  — th e  a n t i - tu m o u r  ac t iv i t ie s  and  ra d io p ro tec t iv e  
effects o f  th e  tw o g roups  exh ib ited  an y  s ig n if ican t  differences.

Fig. 12. A n tib io tic , a n ti- tu m o u r  and  rad io p ro tec tiv e  a c tiv itie s  of Streptomyces fe rm e n ta tio n  
liqu ids. S haded  co lum ns: n u m b er of s tra in s  o b ta in e d  fro m  rad io ac tiv e  soils. W hite  co lu m n s:

n u m b er of con tro l s tra in s

Discussion

The p re se n t  s tud ies  revea led  b u t  a s ingle  su b s ta n t ia l  difference be tw een  
the  Streptom yces s t ra in s  from  rad ioac tive  soils a n d  those  iso lated  from in a c t iv e  
b ackgrounds .  T he  sporophores  of  the  v a s t  m a jo r i ty  of th e  s tra ins  which for 
a series of genera t ions  h a d  been exposed to  h igh-level (abou t 10 m ft Curie) 
ionizing ra d ia t io n  belong  to  P r i d h a m ’s sec tion  I ,  i.e. th e y  are  s t ra ig h t ,  do n o t  
form  bendings or loops or spiral fo rm ations .  As a c o n tra s t  only  a small p ro p o r ­
tion of th e  contro l s t ra in s  belong to  P r i d h a m ’s section I on the  g rounds  o f  
th e ir  sporophores .

I t  should  be n o te d  t h a t  in P r i d h a m ’s  opin ion  th e  scheme is based  on 
ev o lu t io n a ry  p r incip les ,  i.e. th e  groups d es ig n a ted  w ith  h igher n u m b ers  a re  
supposed  to  h av e  a t ta in e d  higher levels o f  evo lu tion . I f  so, chronic ionizing 
rad ia t io n  would p re fe rab ly  kill cells y o u n g e r  from  th e  ev o lu tiona ry  p o in t  o f  
view, i.e. th e  m o s t  an c ien t  cells had th e  b e s t  chance  to  su rv ive . H ow ever,  th is  
a s su m p tio n  c a n n o t  be accep ted  as a genera l ru le  unless confirm ed b y  d a t a  to  
be  ob ta ined  b y  f ine r  genetic an d  b iochem ica l  m e th o d s  on th e  S tre p to m y c e s
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Table 1
Cultivation characteristics o f  S trep tom yces
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109 4 3 1 2 3 2 3 3 2 1 2 3 0 4 l 2
IV VIII VIII VIII IV 1 VI IV VI

110 0 3 2 2 3 2 4 2 3 1 2 2 4 2 2
VIII VIII IV 1 VI

115 0 2 1 2 2 1 3 0 1 : 2 0 1 3 2 4
VIII IV I VIII IV IV

117 1 3 2 2 2 3 4 4 3 4 1 3 3 4 2
IV VII VIII VIII IV IV IV IV

120 0 4 0 2 2 3 3 2 1 1 0 2 3 1 3
IV IV IV VI VIII VI VI

125 2 4 2 3 4 2 4 3 2 3 0 1 3 2 4
VII IV VI VI VI V

128 0 3 0 2 3 3 3 2 2 , 3 2 1 2 0 4
IV VIII VIII VIII IV VIII

131 4 3 1 1 2 3 3 3 2 1 4 1 3 4 3 4
IV VIII VIII VIII VIII IV IV IV IV VIII IV

136 3 4 2 2 4 3 4 1 2 3 0 1 3 I 3
V VIII VIII VIII IV VI

138 0 4 3 1 3 3 4 1 3 4 0 1 2 0 2
IV VI VI VI

140 2 3 2 2 2 4 3 1 0  I 3 0 1 2 2 1
VIII IV IV IV VIII

142 2 1 1 3 1 2 2 0 0  2 1 0 3 1 2
VIII VI

1535/A 3 3 1 3 4 3 4 3 2 I 4 3 2 4 3 4
V I II VIII VIII II I I VIII IV II

1518 4 4 2 2 2 2 4 4 3 4 3 4 3 1 3
VI II VIII VIII II I VIII IV I

1919 4 4 2 2 4 3 4 3 2 1 4 1 3 4 2 4
VIII IV IV VIII VII

1929 2 4 2 3 2 2 4 2 2 I 4 1 3 3 2 3
II VIII II 1 VIII II

1931 4 4 2 3 4 3 4 2 2 1 4 0 2 3 0 4
IV IV VIII 1 IV

1944 2 4 1 2 4 3 4 2 2 1 4 0 1 2 3 2
VIII II VIII II

1995 3 4 2 3 4 3 4 1 1 1 4 0 1 2 2 4
V IV IV IV VII

Key  to the signs used 
1: m in im um  growth 
4: m ax im u m  growth  
*: hydrogen sulfide p roduc tion

I: blue pigment 
II: red pigment 

II I :  green pigment
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isolates obtained fro m  inactive soils
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3 2 l 3 2 2 2 2 1 3 2 l 0 0 2 3 3 2
и IV V III

2 2 I 2 2 1 1 2 l l 0 3 0 l 0 3 3 — 3 3
IV

2 3 2 1 3 2 3 1 2 2 0 3 0 l 0 1 3 — 3 2
IV

2 2 1 2 2 2 3 2 1 3 0 3 0 l 0 1 3 — 2 3
VI VIII

2 2 2 2 3 2 2 I 1 3 0 4 l — 2 3 2 l 3 3
VI

3 2 1 2 3 3 2 2 1 2 1 4 0 l 0 1 2 — 0 0
IV

2 2 2 2 3 4 1 3 1 3 1 4 0 — 0 3 2 — 2* 2*
VI VI VI III VI

4 4 1 2 2 1 1 2 1 1 1 2 0 l 3 1 2 — 3 2
IV VI V IV

2 2 3 2 3 4 2 О 1 4 0 3 I — 0 2 4 2 2 3
VI

2 3 2 3 2 3 4 1 2 1 0 3 0 l 0 2 3 2 3 3

2 1 1 4 2 1 2 2 1 2 0 2 0 — 0 3 2 __ 2* 3*
II VI

2 1 1 2 3 2 2 2 2 1 1 3 0 — 0 2 2 _ 2* 3*
IV VI

2 2 2 1 4 1 I 1 1 2 0 2 0 — 0 1 3 2 1 3
II

2 4 1 3 3 3 4 3 1 4 2 4 0 l 3 2 4 2 2* 3
II II II II VI
2 2 1 2 4 4 4 1 4 4 3 4 l 1 2 2 4 — 2 2

II II 11 VII II II II V III
3 4 2 3 3 4 3 4 2 2 1 3 0 l 0 2 4 — 4 3

2 4 I 2 2 4 3 2 4 2 0 2 0 — 0 2 3 3 2 2
II 11 II II

4 4 1 2 2 4 2 2 4 3 1 3 0 l 2 2 2 3 3 2
II II

3 3 2 1 1 4 4 3 4 3 1 3 0 l 0 3 2 — 2 2
II II II
3 4 3 3 3 4 2 3 1 4 0 2 0 l 0 2 4 — 3* 3

II V 11 V VI II

IV: yellow pigment 
V: grey pigment 

VI: brown pigment

V II :  pu rp le  pigment 
V III :  no sporulation
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Table 2

C ultivation  characteristics o f  S tre p to m y c es
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2 3 5 5 4 3 3 1 1 2 3 4 2 3 1 2
4

2 4 3

2 3 5 9 4 3 4 3 4 3 1 3 2 4 2 4 3 3 4 2
IV III IV V VI

2 3 6 0 1 3 1 0 0 4 3 2 3 3 0 3 4 0 3 3
VI III VI VI VI

2 3 9 0 4 3 4 1 0 4 3 4 3 4 1 2 4 0 3 3
VI VI VI VI VI VI

2396 4 1 2 0 0 1 1 4 2 3 1 3 4 0 1 2
V V

2 4 0 0 3 3 3 1 1 4 4 4 1 4 0 4 4 4 4 3
VI VI VI III VI II I

2 4 0 8 3 2 2 0 0 3 3 1 0 3 0 1 2 3 1 3
VIII V III VII V II

2 4 3 3 3 2 4 1 0 4 4 4 2 4 0 3 4 3 3 3
VI VI V I VI V VI VI VI

2 2 5 9 4 3 4 3 ï 3 3 4 4 4 2 3 4 3 4 3
V V IV IV

2 3 5 1 3 3 3 1 1 2 3 4 2 3 1 3 4 2 1 3
I I V V IV

2 3 5 3 3 3 4 1 1 3 2 4 3 4 1 1 4 2 t 3
I I V V IV

2 3 8 1 2 2 2 0 0 2 0 3 2 2 1 3 2 0 1 2
VI

2 4 0 7 3 3 4 3 0 4 4 4 0 4 2 4 4 4 3 3
V I VI VI III VI II I

2 4 3 2 4 3 3 0 1 3 3 4 3 4 2 2 4 4 2 3
III VI VI III VI III

2 3 6 1 4 1 3 0 0 1 0 4 2 3 0 1 4 1 1 1

2 3 6 2 4 1 3 0 0 1 0 ï 2 3 0 2 4 0 1 1

2 3 6 4 4 1 3 0 0 1 0 4 2 3 0 2 4 0 1 1

2 3 7 1 4 1 3 0 0 1 0 4 2 3 0 1 4 0 4 1

2 3 7 9 3 3 3 0 0 3 2 4 3 3 1 1 3 0 2 3
III VI

2 3 8 2 3 1 3 0 0 1 1 4 2 3 1 2 4 0 2 1
I V V V V

* See foo tno te  to  T ab le  1.
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isolates obtained from active soils*
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f lo ra s  o f  the  rad ioac tive  soils o f  num erous  geographical areas  r e m o te  from 
e a c h  o th e r .

W e had  hoped to  f in d  in the  ra d io ac t iv e  soil more s t ra in s  p roduc ing  
ra d io p ro te c t iv e  subs tances .  I t  seem s, how ever, t h a t  the  h igher rad io p ro te c t iv e  
a c t i v i t y  of certain S t re p to m y c e s  fe rm en ta t io n  liquids should be a t t r ib u te d  
to  t h e  h igher m etabolic  a c t iv i t ie s  o f  th e  s t ra in s  involved r a th e r  t h a n  to  an 
a d a p t a t i o n  mechanism .
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FO R SC H U N G  N A C H  A N T A G O N IST ISC H E N  A C T IN O M Y C E T E N  
IN  U N G A R IS C H E N  B Ö D E N

V I. D i e  W i r k u n g  d e r  i n t e n s i v e r e n  H i n t e r g r u n d a k t i v i t ä t  a u f
S t r e p t o m y c e s

Z w anzig  aus dem  ra d io a k tiv e n  Boden eines U ranbergw erkes (8 — Ю mju Curie) 
iso lie r te  Streptom yces-Stäm m e  w u rd e n  m it ebenso vielen au s in ak tiv em  B od en  e rh a lten en  
S tä m m e n  verglichen. Die m ak ro sk o p isch e  u n d  e lek tro n en m ik ro sk o p isch e  M orphologie  der 
S tä m m e  w urde  u n te rsu ch t. D ie B e o b ac h tu n g  des V e rh a lten s  der beiden  G ru p p e n  erfolgte 
an  35 v e rsch iedenen  e lek tiv en  N ä h rb ö d e n . Das an tib io tisc h e  S p ek tru m  der F e rm e n tsä f te  der 
u n te r s u c h te n  S täm m e g eg enüber Staphylococcus aureus, E . coli 0111, Ps. p yo cya n eu s, B . subtilis 
M. 607 w u rd e  aufgenom m en u n d  d u rc h  die U n te rsu ch u n g  ih re r  W irkung  a u f  E hrlich sch en  
A sz ite s -T u m o r sowie der S tra h le n sc h u tzw irk u n g  e rg än z t. A u f dieser G ru n d lag e  gelang es
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zw ischen den beiden  G ru p p en  einen w esen tlichen  U n te rsch ie d  aufzuzeigen . Von den viele 
G en era tio n en  h in d u rch  e in e r in te n siv e ren  ion isierenden  S tra h lu n g  un terw o rfen en  Strepto- 
m yces-Stäm m en g eh ö rten  85%  in die e rs te  F rid h am sch e  G ru p p e , gegenüber 26%  der K o n tro ll-  
g ruppe . Aus den E rgeb n issen  w u rd en  th eo re tisch en  F o lg eru n g en  abgele ite t.

ИССЛЕДОВАНИЕ АКТИНОМИЦЕТОВ-АНТАГОНИСТОВ В ПОЧВАХ
ВЕНГРИИ

VI. Д е й с т в и е  б о л е е  и н т е н с и в н о й  р а д и о а к т и в н о с т и  ф о н а  на
ш т а м м ы  с т р е п т о м и ц е т о в

Авторы сравнивали 20 штаммов стрептомицетов, выращенных из радиоактивной 
почвы уранового рудника (8 — 10 m /i Curie) с контрольными штаммами, полученными 
из инактивной почвы. Изучалась макроскопическая и электронномикроскопическая 
морфология исследуемых штаммов. Авторы наблюдали над поведением двух групп на 
35 различных избирательных питательных средах. Они снимали антибиотический спектр 
ферментативных соков исследуемых штаммов против Staphylococcus aureus D u n can , 
Е , coli 0 111, P s. pyocyaneus, В . subtilis M . 607, и исследовали их действие на асцити­
ческую опухоль Эрлиха и защитное действие против излучения. На основании проведен­
ных экспериментов удалось выявить значительное различие между двумя группами; 
85%  штаммов Streptomyces, подверженных в течение многих поколений действию иони­
зирующего излучения более высокой интенсивности, относилось к первой группе Прид- 
хама, в противоположность контрольным штаммам, из которых только 26%  относилось 
к этой группе. Из полученных результатов авторы сделали теоретические заключения.

F e r e n c  H e r n á d i  

P é t e r  K o v á c s  

G á b o r  K u l c s á r  

T i b o r  V á l y i - N a g y

D ebrecen 12, G y ó g y sze r tan ,  H u n g a ry
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Synopsis

C onducting  g astric  d ig es tio n  e x p erim en ts  the  a u th o rs  ex am in ed  th e  len g th  of 
tim e req u ired  for g a s tr ic  d ig es tio n  b y  pike perch  (Lucioperca lucioperca L .), perch  
(  Perea f lu v ia tilis  L.) ,  la rg e m o u th  b ass (  M icroplerus salmoides L a cÉp Èd e ) a n d  sh ea t- 

fish  ( Silurus glanis L .)  a t  5, 10, 15, 20 and  25° C. W ith  a view  to co m p ariso n , th e  d a ta  
p e r ta in in g  to  all four species w ere ex pressed  in  per cen t o f th e  d ig es tio n  p e rio d  reg is­
te re d  a t  5° C. As to  th e  effect o f te m p e ra tu re  on th e  d u ra tio n  of g a s tr ic  d ig es tio n  con­
sid e rab le  differences w ere fo u n d  in  th e  exam ined  species. I t  w as p o in te d  o u t  t h a t  the  
cu rv e  of gastric  d igestion  p lo tte d  a g a in s t te m p e ra tu re  m ay  be ch ara c te riz ed  b y  a q u a d ­
ra tic  eq u atio n , and  th a t  w ith  in creas in g  tem p e ra tu re  th e  period  of g a s tr ic  d igestion  
d im in ishes according to  g eo m e trica l p rogression . T he d u ra tio n  of g a s tr ic  d igestion  
decreased  from  th e  v a lu es e s tab lish ed  a t  5° C to  11 per cen t in pike p e rch , to  18 per 
c en t in  perch , to  17 pe r cen t in  la rg e m o u th  bass and  to  10 per cen t in s h e a t f ish  when 
a te m p e ra tu re  of 25° C was ap p lied . T he d a ta  were also ev a lu a te d  from  th e  a sp e c t of 
fe rm e n t k inetics. T he g rap h ic  re p re se n ta tio n  of ex p erim en ta l reco rds b y  th e  A r r h e n i u s  
eq u a tio n  yielded s tra ig h t lines from  w hich  th e  ac tiv a tio n  energy  could  be  ca lcu la te d .

A cta B iol. H ung ., 14 (2), 123 129 (1963)

Introduction

I n  th e  course o f  ex am in in g  th e  n a tu ra l  food of pike perches  l iv ing  in 
L a k e  B a la to n  and  weighing 300 to  500 g conspicuously  m a n y  s t a rv in g  in d i­
v idua ls  w ith  e m p ty  s to m ach  were found [10]. Searching in to  th e  cau se  and 
degree  o f  s ta rv a t io n  it had to  be clarified w h a t  t im e  the  food-filled s to m a c h  of 
p ike pe rch  needs to  becom e e m p ty  in d ifferen t seasons a n d ,  co n se q u e n t ly ,  
w h a t  is th e  f requency  of food u p ta k e .  W ith  th e  field m e thods  o f  ecology  these 
ques t ions  could no t  b e  solved, there fo re  gastric  d igestion  e x p e r im e n ts  were 
e s tab l ish ed  a t  d ifferen t te m p e ra tu re s .

A pp ly ing  the X - ra y  m e th o d  [2] e labo ra ted  to observe th e  e m p ty in g  of 
p ike perch  s tom ach  and  c o n d u c t in g  experim en ts  a t  5, 10, 15, 20 a n d  25° C 
th e  changes  caused h y  te m p e ra tu re  in the  d u ra t io n  of gastric  d ig es t io n  were 
assessed . The d a ta  th u s  o b ta in ed  express th e  t im e  necessary  for  soften ing  
(pu lp ify ing)  the  food fishes of  k n o w n  size and  reveal w h a t  t im e  th e  d e c o m ­
position  b y  pepsin takes  a t  d if fe ren t  te m p e ra tu re s  in the  h y d ro ch lo r ic  m ed ium
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o f  p ik e  perch s to m ach .  I l lu s t r a t in g  g raph ica lly  th e  m ean  values, the  te m p e ra ­
t u r e  cu rv e  of gastric  d ig e s t io n  period in p ike  p e rc h  was ob ta ined  [3, 4]. F ro m  
th i s  cu rv e  and from th e  p ro p o r t io n  of the re su l ts  o f  te m p e ra tu re  exp er im en ts  
c a r r ie d  on with p ike p e rc h  conclusions m a y  a l re a d y  be d raw n  as to  th e  fre­
q u e n c y  of food u p ta k e  a n d  i ts  seasonal changes  as in fluenced  by  te m p e ra tu re .

P ike  perch e x p e r im e n ts  confirmed th e  v a l id i ty  of the  rad iog raph ic  
m e th o d ,  therefore, c o n s id e r in g  also the p o ss ib i l i ty  of  in terspecific  com parison , 
s im i la r  investiga tions w e re  s ta r te d  w ith  p e rc h ,  la rg e m o u th  bass and  shea t-  
f ish  [5, 6].

T em pera tu re  dependency of gas tr ic  digestion tim e

T h e  tem p era tu re  c u r v e  constructed  f rom  ex p e r im e n ta l  d a ta  p e r ta in in g  
to  t h e  d u ra t ion  of g a s t r ic  d igestion  in th e  t e s t e d  fish  proved  u n su i tab le  for 
d i r e c t  comparison. Th is  w as  d u e  the  fac t t h a t  f ro m  th e  four species only  speci­
m e n s  o f  different size w ere  a t  disposal, th e  r a t io  b e tw een  the  w eight of th e  
e x p e r im e n ta l  fishes a n d  th e  food fish ( A lb u r n u s  alburnus  L. and Acerina  
cernua  L.) was d if fe ren t  fo r  the  four species. T herefo re  i t  had  only to  be 
e s ta b l i s h e d ,  to w h a t  d eg re e  te m p e ra tu re  changes  a ffec t  the  d u ra t io n  of so f ten ­
in g  p rocess  in the  s to m a c h  o f  the  four fish species.

H a v in g  finished t h e  in v es t iga t ions ,  for th e  s a k e  of  com parison  a com m on 
s t a r t i n g  po in t had to  b e  chosen . Because w i th in  th e  sam e species a lw ays 
e n t i r e ly  identical e x p e r im e n ta l  conditions were  p ro v id e d  for, i t  seemed r ig h t  
to  c o m p a re  the d a ta  o b ta in e d  for the four fish species b y  expressing th e m  in 
p e r  ce n t .

C o m p u ta t ion  was b a s e d  in  case of all four species on the  m ean  of gastr ic  
e v a c u a t io n  time reg is te red  a t  5° C while th e  reco rd s  o b ta in ed  a t  th e  o the r  four 
t e m p e r a tu r e s  were e x p re ssed  in  per cent of th e  5° C values . The com parison  
o f  p e rc e n tu a l  ratios a n d  th e  curves con s tru c ted  b y  th e  aid o f  these n u m b ers  
d e n o te  clearly the  d iffe rences  existing am ong  th e  four  fish species.

T h e  com parable  p e r c e n tu a l  da ta  are p r e s e n te d  in Tab le  1, showing th e  
b as ic  va lues  obtained a t  5° C also in hours (be tw een  bracke ts) .

A  g rap h  was c o n s t r u c te d  from the d a ta  o f  T ab le  1 (Fig. 1). F o r  all four 
f ish  species the curve w as p lo t t e d  in a sys tem  of co o rd ina tes  show ing th e  p e r ­
c e n tu a l  values of g as tr ic  d ig es t io n  period as th e  func tion  of  te m p e ra tu re .  
O n th e  o rd inate  the  p e r c e n tu a l  da ta  of gas tr ic  d iges tion  period regis tered  
a t  5° C, on the abscissa t e m p e r a tu r e s  were p lo t te d .  Curves orig inate  n a tu ra l ly  
a t  t h e  sam e  point (5° C =  100). Their fu r th e r  course  d e m o n s tra te s  th e  effect 
e x e r t e d  b y  tem p era tu re  c h a n g e s  on the d u ra t io n  of  g as tr ic  d igestion  and  reveals  
t h a t  in  th is  respect g re a t  d iffe rences  exist a m o n g  th e  four fish species.

A  comparison of t h e  c u rv e s  led to following s ta te m e n ts .
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(1) I t  a t t r a c t s  a t te n t io n  im m ed ia te ly  t h a t  a rise o f  te m p e ra tu re  increases  
th e  in te n s i ty  of  gastr ic  d igestion  m a in ly  in s h e a t  f ish, whereas in perch  th e  
sm allest  “ acce le ra t io n ”  m a y  be observed.

Table 1

Percentual changes o f  gastric digestion period  on the basis o f  
the values obtained at 5° C

c°
Pike pereli Largemouth

bass
Sheat fish Perch

per cent (hours)

5 100 (257h) 100 (1 lot') 100 (206l>) 100 (1151')
10 61 46 42 55

15 32 34 24 43

20 18 22 14 24

25 11 17 10 18

100

90-

80-

70-

60-

^50-

5> -  'S 40

30

20 -

10-

10 15 20 25

F ig . 1. C hanges in  p e rce n tu a l d a ta  o f g astric  digestion  p e rio d , ta k in g  th e  values reg is te red  a t  
5° C as a 100 pe r cen t basis (p ike p e rch  - Lucioperca lucioperca  L ; pe rch  P erea flu v ia tilis  
la rg em o u th  b lack  bass =  M icropterus salmoides L a c é p è d e ; s h 'a t  fish  Silurus g lan is  I,.)
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(2) I n  pike perch , pe rch  an d  sh e a t  f ish  th e  decrease of  g as tr ic  d igestion  
p e r io d  show s — tow ard s  25° C — an  e q u a l  ra t e .  I n  la rgem ou th  bass  th e  increase  
of  i n t e n s i t y  is very  v igorous a t  lower te m p e ra tu re s ,  an d  d ism in ishes  con­
s id e r a b ly  be tw een  15 an d  25° C.

(3) G astric  d igestion  in  sh e a t  f ish a n d  la rg em o u th  bass acce lera tes  spe ­
c ia l ly  b e tw e e n  5 an d  10° C, w hereas  in  p ik e  perch  and  pe rch  th e  acce lera t ion  
is h a r d l y  g rea te r  in th is  low  te m p e ra tu re  ra n g e  th a n  be tw een  10 a n d  15° C.

(4) T he  s to m ach  of s h e a t  fish a n d  p ik e  perch digests a p p ro x im a te ly  
t e n  t im e s  fa s te r  a t  25° C t h a n  a t  5° C. W i th  la rgem ou thed  bass  a n d  pe rch  th e  
s a m e  com par ison  shows on ly  a five to  s ix fo ld  difference.

(5) D ue to  rise of te m p e ra tu re  t h e  d u ra t io n  of gastric  d iges tion  d im i­
n ish e s  accord ing  to  geom etric  p rogression , w ith  m a jo r  or m in o r  differences 
p e r  species.

E n zy m e  kinetic  calculations

T h e  s ta te m e n t  p re sen ted  u n d e r  p a ra g r a p h  5 of the  p rev ious  c h a p te r  
r e n d e r e d  th e  supposition  p ro b ab le  t h a t  th e  connection observed  b e tw een  t e m ­
p e r a t u r e  a n d  gastric  d igestion  o f  th e  t e s t e d  p re d a to ry  fishes re f lec ts  a s im ple  
in te rd e p e n d e n c e  of fe rm en ts  and t e m p e r a tu r e .  This was confirm ed  b y  h a v in g  
o b ta in e d  q u ad ra t ic  em pir ica l  curves [3, 4, 5, 6], and b y  th e  fa c t  t h a t  in th e  
s t o m a c h  of p re d a to ry  fishes a sim ple d ecom posit ion  b y  pepsin  a n d  h y d ro ch lo r ic  
a c id  t a k e s  place.

A ccord ing  to  J o h n s o n ,  E y r i n g  a n d  P o l i s s a r  [1] and S i z e r  [7] several 
c o m p l ic a te d  biological processes are s im ila r  to  fc rm en tk in e t ic  re la t io n s  observed  
in  v i t r o .  These au th o rs  p o in ted  o u t  t h a t  m a n y  biological p rocesses differing 
f ro m  each  o ther  en tire ly ,  a re  in com ple te  con fo rm ity  w ith  th e  following e q u a ­
t io n  well know n in ch e m is t ry  a n d  ap p l ied  f i r s t  b y  A r r h e n i u s :

A  =  (In k ,  — In fc.) • R  ■ T l  ' T<i .
T , _ -  T x

T his  ind ica tes  t h a t  th e  co n n ec t io n  ex is ting  be tw een  th e  n a tu r a l  loga ­
r i t h m s  o f  a k inetic  ve loc ity  c o n s ta n t  a n d  th e  reciprocal va lues  of  ab so lu te  
t e m p e r a t u r e  is rep re sen ted  b y  a s t r a ig h t  l ine , th e  d irec tional angle  of th e  l a t t e r  
b e in g  th e  th e rm a l  coeffic ient f rom  w h ich  th e  ac t iva t ion  e n e rg y  m a y  be ca l­
c u la te d .

T h e  d u ra t ions  of gas tr ic  d iges tion  regis tered  a t  d if fe ren t  t e m p e ra tu re s  
w e re  considered as s e p a ra te  “ re a c t io n -k in e t ic  velocities”  w h ich  m a y  b e  
e x p re s s e d  b y  using rec ip rocal  values.

G rap h in g  the  n a tu r a l  lo g a r i th m s o f  th e  reciprocal va lues  of  digestion 
t i m e  in the  sense o f  the  A rrhen ius  e q u a t io n  a surpris ing ly  close l inea r  regression 
w as  o b ta in e d  (Fig. 2), a n d  also s ta t i s t ic a l ly  checked for four a n d  f ive p o in ts  
r e s p e c t iv e ly .

A cta  Biol. H un.g 14. 1963
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T he la t t e r  procedure  assessed especially  good linearity  for  tb e  10 to  
25° C te m p e ra tu re  range. A ccord ing ly  i t  m a y  be s ta te d  th a t  the gastric digestion  
period o f  predacious f ishes measured at different temperatures changes in  com pli­
ance w ith  the Arrhen ius  equation. I t  is in te re s t in g  to  no te  t h a t  th is  w as  con ­
f i rm ed  also b y  th e  values p e r ta in in g  to  th e  gas tr ic  digestion of Cohitis fo ss i l is  
e s tab lished  b y  V o nk  [8, 9].

In p /t- tO s)
i

pike perch tgooo д cal 
sheat fish -.16000 
perch :13000  
lor детой th

Pass - № 000

74 3 5  1/Т-Ю*

Fig. 2. Values of activation energy exerted by the gastric digestion of different predatory 
fish species (pike perch — Lucioperca lucioperca  L.; perch =  Perea flu v ia tilis  L.; largemouth 

black bass =  M icropterus salm oides L a c É p È d e ; sheat fish =  Silurus g lan is  L.)

A ccord ing  to  calculations th e  te s te d  fish species perform  gas tr ic  d iges­
tion  w ith  following — rounded  off — a m o u n ts  o f  ac t iva t ion  energy  (precise  
resu lts  o f  ca lcu la t ion  are given w ith in  bracke ts) .

Cohitis fossil is  ..........
Lucioperca lucioperca
S i lu ru s  glanis  ............
Perea f lu v ia t i l is  . . . .  
M icropterus salmoides

20.000 (20 257.01) gcal
19.000 (18 970.33) „
16.000 (16 001.06) „
13.000 (12 701.87) „
12.000 (11 547.16) „
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S i z e r  [7] proved  b y  in v itro  experim en ts  t h a t  pepsin decomposes casein 
w i th  18,000 gcal. N a tu r a l ly ,  th e  authors  do n o t  ascr ibe  higher im p o r ta n c e  to 
th e i r  ow n figures r e p re s e n t in g  as absolute  v a lu e s .  However, in  th e  above  
m e n t io n e d  in te res t ing  co incidence  of d a ta  th e  seco n d a ry  physiological c o n ­
sequences  and co m p ar iso n  o f  ac tiva t ion  e n e rg y  va lues  m u s t  be em phasized  

(The findings of  th e  a u th o rs  are no t  in f lu en ced  by the  v a l id i ty  or w ro n g ­
ness  o f  Cr o z ie r ’s t h e o r y  e i ther ,  because th e  t r e n d  m anifesting  i tse lf  in  a 
re la t iv e ly  broad  h e a t  in t e r v a l  is obviously l inear .)

G rouping  and  s e q u e n c e  of d a ta  is all t h e  m o re  n o tew orthy .  A m ong  th e  
fo u r  species la rg e m o u th  b la c k  bass is the sp r ig h t l ie s t ,  m ost ra p tu ro u s  fish show ­
in g  th e  lowest, i.e. m o s t  favourab le  degree o f  a c t iv a t io n  energy. This m a y  
p e rh a p s  p a r t ly  be e x p la in e d  by  the  fact t h a t  th e  s to m a c h  c f  la rg em o u th  b lack  
b ass  ex e r ts  a v igorous c ru sh in g  m ovem en t too  a n d  has  m an y  py lo r i  increasing  
i ts  surface . Perch  a n d  p ik e  perch do no t  a g i t a t e  inges ted  small fishes a t  all.

Conclusion

Sum m ariz ing  th e  re su l ts ,  the  general ecological regu la r i ty  becam e  ev i­
d e n t  t h a t  despite  o f  a n  e v en tu a l  g rea tes t  food  abun d an ce  for p redac ious  
f ishes  in  winter, f e r m e n t  k inetics  re lentlessly  in te rfe res  w ith  th e  d u ra t io n  of 
gas tr ic  digestion. F r o m  th is  fact p isc icu ltu re  h a s  to  d raw  its p rac t ica l  co n ­
c lusions.
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V E R G L E IC H E N D E  A N G A B E N  U N D  F E R M E N T K IN E T IS C H E  B E R E C H N U N G E N  
Ü B E R  D IE  T E M P E R A T U R B E D IN G T E  D A U E R  U N D  Ä N D E R U N G E N  

D E R  M A G E N V E R D A U U N G  E IN IG E R  R A U B F IS C H A R T E N

V erfasser s tu d ie rte n  m it bei T e m p e ra tu re n  von  5, 10, 15, 20 u n d  25° C d u rc h g e fü h rte n  
M agen v erd au u n g sv ersu ch en  die D au er d e r M ag en v erd au u n g  beim  Z an d er (Lucioperca  lucio- 
perca  L .), B arsch  ( Perea flu v ia ti l is  L.), F o re llen b arsch  ( M icropterus salm oides La c épèd e) 
u n d  W els ( S ilu ru s  glanis  L.). Die E rg eb n isse  w urden  v e rg le ichshalber bei a llen  v ie r  A rten  in 
P ro z e n te n  de r bei 5° C e rh a lten en  A n g ab en  ü b e r die V erd au u n g sze it au sg e d rü c k t. In  d e r d u rch  
die T e m p e ra tu r  a u f  die Länge de r V e rd au u n g sp erio d e  au sg eü b ten  W irk u n g  ze ig ten  sich bei 
den  u n te rs u c h te n  F isch arten  b e trä c h tlic h e  U n tersch ied e . E s w urde fe stg es te llt, d a ss  die K u rv e  
de r M ag en v erd au u n g  als F u n k tio n  de r T e m p e ra tu r  m it e in e r q u ad ra tisch en  G le ichung  c h a ra k ­
te r is ie rt  w erden  k an n  und die von ih r  b e an sp ru c h te  Z eit m it ste igender T e m p e ra tu r  e in e r geo­
m etrisch en  P rogression  folgend a b n im m t. W enn  eine T e m p e ra tu r  von 25° C a n g e w a n d t w urde , 
v e rrin g e rte  sich  die M agen v erd au u n g szeit beim  Z ander a u f  11% , beim  B arsch  a u f  1B% , beim  
F o re llen b arsch  au f 17%  und  beim  W els a u f  10%  der bei 5° C e rm itte lte n  W erte . D ie E rgebn isse  
w u rd en  a u ch  vom  fe rm en tk in e tisch en  B lic k p u n k t gew erte t. Die V e rsu ch san g ab en  lie ferten  
n ach  de r G leichung von A rrhen ius d a rg e s te llt  — G eraden , aus denen sich d ie A k tiv is ie ru n g s- 
energ ie  b e rech n en  lässt.

СРАВНИТЕЛЬНЫЕ ДАННЫЕ И ФЕРМЕНТО-КИНЕТИЧЕСКИЕ ИСЧИСЛЕНИЯ 
ИЗМЕНЕНИЙ ВРЕМЕНИ ЖЕЛУДОЧНОГО ПИЩЕВАРЕНИЯ, ВЫЗВАННЫХ 

ТЕМПЕРАТУРОЙ У НЕКОТОРЫХ ВИДОВ ХИЩНЫХ РЫВ

Авторы в опытах по желудочному пищеварению исследовали у судака (Lucio­
perca lucioperca  L .) окуня (Perçu f lu v ia t i l is  L .) большеротного черного Окуня ( M icro­
p terus salmoides L acépède) и у сома (S ilu ru s  glanis  L .) в ремя желудочного пищева­
рения при температуре 5, 10, 15, 20 и 25° С. В интересах сопоставления, полученные 
данные в отношении всех четырех видов рыб выражаются в процентах времени перевари­
вания, полученного при 5° С. В действии температуры на время переваривания у иссле­
дованных видов животных авторы наблюдали значительные различия. Установлено, что 
кривую температуры-желудочного пищеварения можно выразить уравнением второй 
степени и что при повышении температуры время желудочного пищеварения снижается 
по геометрической прогрессии. Полученная при 25° С величина составляет у судака 
11%, у окуня 18%, у большеротного черного окуня 17%, а у сома 10% времени желудоч­
ного пищеварения, полученного при 5° С. Авторы подвергают полученные данные также 
ферменто-кинетическому анализу. Если изобразить экспериментальные данные при по­
мощи уравнения Аррениуса, получаются прямые, по которым можно вычислить энергию 
активизации.

G y u l a  F á b i á n  

G y u i .a  M o l n á r  

I s t v á n  T ö l g

Gödöllő, A g rá r tu d o m á n y i  E gyetem , H u n g a r y  

B u d a p e s t ,  F ö ld m űve lésügy i M inisztérium , H u n g a ry
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EPENDYMOSECRETION 
(EPENDYMAL NEUROSECRETION)

V. T H E  C O R R E L A T IO N  B E T W E E N  G L IA L  C EL L S C O N T A IN IN G  
G O M O R I-P O S IT IV E  SU B STA N C E A N D  E P E N D Y M O S E C R E T IO N  

IN  D I F F E R E N T  V E R T E B R A T E S

B .  V i g h , B. Á r o s , S á r a  K o r i t s á n s z k y , T .  W e n g e r  

and I n GEBORG T e ICHMANN
D E PA R T M E N T  OF H ISTOLOG Y  AND EM BRYOLOGY, M ED ICAL U N IV E R S IT Y , B U D A PEST

(H EA D  : I. TÖRŐ)

(R eceived  April 6, 1963)

Synopsis

T he glial cells c o n ta in in g  G om ori-positive  su b s ta n c e  of th e  cen tra l n e rv o u s 
system  of am p h ib ia , b ird s  an d  m am m als hav e  been  s tu d ied . The cells occur in  ev ery  
species ex am in ed  b y  th e  a u th o rs . T he G o m ori-positive  cells m ay  be d iv id ed  in to  tw o 
d is tin c t g roups: (1) P e r iv e n tr ic u la r  glial cells, lo ca ted  u n d e r  th e  e p en d y m a, possessing 
few  processes, a n d  h a v in g  p o lym orphous nucle i low  in  c h ro m a tin . (2) P e riv asa l ty p e . 
T hese are cells possessing  oval nucleus, rich  in c h ro m a tin , an d  m ore processes, occu rring  
eq u ally  in d iffe ren t p a r ts  o f th e  b ra in  a round  th e  cap illa rie s  an d  veins. T he p e r iv e n tr i­
cu la r ty p e  of glial cells is co rre la ted  w ith  th e  ep en d y m o secre to ry  sy s tem  as reg ard s 
b o th  m orpho logy  a n d  genesis. In  th e  n eu ro sec re to ry  cell g roups th e  p e riv asa l ty p e  of 
cells can  he found .

In troduction

E p e n d y m o sec re t io n  or ep endym al neu rosecrc t ion  is u n d e rs to o d  to  m ean 
t h a t  phenom enon  when th e  e p e n d y m a  produces a G om ori-positive  su b s tan ce [1 3 ] .  
T h e  m ost  classic ex am p le  of  th is  is the  secretion o f  th e  ep itha lam ic  su b co m m is ­
su ra l  organ  [12]. A s im ilar  phenom enon  is d e te c ta b le  in th e  h y p o th a la m ic  
ep en d y m a , too  [13]. In  th is  area  th e  process is s ign if ican t  because th e  e p e n d y ­
m osecre to ry  m a te r ia l  reaches  th e  h y p o phys ia l  p o r ta l  blood vessels. T hus ,  th e  
su bs tance  m a y  be in vo lved  in th e  h y p o th a la m ic  con tro l  of endocrine  a c t iv ­
i ty  [14], which is a t  p re se n t  in  the  focus of in te re s t  in neuroendocrino logy  [1,11].

T hus  far ,  in th e  h y p o th a la m u s  the  n eu ro se c re to ry  su bs tance  as th e  b es t  
know n G om ori-positive  h y p o th a la m ic  su b s tan ce ,  has  been th e  ob jec t  o f  m os t  
ex tensive  s tu d y .  H ow ever ,  beside n eu ro sec re to ry  a n d  e p e n d y m o sec re to ry  
m a te r ia l  th e re  ex ists  also a th ird ,  m orpho log ica lly  d iffe ren t  G om ori-positive  
su b s tan ce :  th e  G om ori-positive  granules a c c u m u la t in g  in cer ta in  glial cells. 
S m i t h  was the  f i rs t  in 1951 to  f ind  glial cells — con ta in in g  G om ori-positive  
su bs tance  — in th e  h y p o th a la m u s  of v e r te b ra te s  [10].  D i e p e n  [4] m en tio n s  
t h a t  s im ilar cells could  be found su b ep en d y m ally  in  ad u l t  mice. He th in k s ,  
j u s t  like N o d a , as well as L ö f g r e n  la te r  [9, 7] t h a t  th e  su b s tan ce  in th e  glial
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cells is ingested  n eu ro sec re to ry  m a te r ia l .  In  c o n t ra s t  to  th is ,  H i l d  [5] claims 
t h a t  su c h  cells occur n o t  o n ly  in the  h y p o th a la m u s ,  b u t  in o th e r  p a r t s  of the 
b r a in  as well; an d  th e  g ran u le s  of  th e  cells can  he s ta ined  w ith  G om ori’s 
m e t h o d  even after  t r e a t m e n t  w ith  a lcohol-chloroform , or ace tone ,  whereas 
th e  n eu ro sec re to ry  s u b s ta n c e  dees n o t  s ta in  a f te r  such t r e a tm e n t .  F ro m  all 
th e se  h e  concludes t h a t  t h e  granu les  of  th e  glial cells are n o t  id e n t ic a l  w ith  
t h e  n eu ro sec re to ry  m a te r ia l .  B a r r y  [2], too , th in k s  t h a t  th e  g ranu les  of the 
g lia l cells are d ifferent f ro m  n eu rosec re t ion .  The p rob lem  has b een  s tu d ie d  in 
m o re  d e ta i l  by  W i s l o c k i  a n d  L e d u c  [17, 18]. As early  as 1952, th e  au th o rs  
d iv id e d  th e  G om ori-positive glial cells in  th e  r a t  in tw o g roups: th e  t ru e  glial 
cells, f o u n d  d irectly  u n d e r  t h e  ep e n d y m a ,  a round  the  th ird  ven tr ic le  and  the  
S y lv ia n  aq u ed u c t ,  and  th e  m acrophage-l ike  cells, t h a t  occur th r o u g h o u t  the  
b r a in  pe r ivascu la r ly  a n d  in  t h e  m eninges. T h ey  did n o t  m en tio n  a n y  corre la ­
t io n  b e tw e e n  the p e r iv e n tr ic u la r  glial cells a n d  th e  n eu rosec re to ry  n e rv e  cells.

I n  our earlier in v es t ig a t io n s  we, too , found  similar cells u n d e r  th e  ep en ­
d y m a l  cells [13], in such  a reas  in w hich  the  e p e n d y m a  produces  Gomori- 
p o s i t iv e  m a te r ia l .  Thus , i t  h a s  been  suggested  t h a t  a co rre la t ion  m a y  exist 
b e tw e e n  th e  Gom ori-positive  glial cells a n d  ependym osecre t ion .

T o  inves t iga te  th e  p ro b lem s  th a t  h av e  em erged , in the  p re se n t  w ork  we 
h a v e  s tu d ie d  in d ifferen t v e r te b ra te s  the  glial cells con ta in ing  G om ori-positive  
s u b s ta n c e .  We have been  seek ing  answ ers  to  th e  following qu es t io n s :  (a) Do 
th e  g lia l  cells m en tioned  occu r  in ev e ry  species exam ined  b y  u s?  (6) W h a t  is 
t h e  m o re  detailed m o rp h o lo g y  of th e  cells l ike? (c) Is there  a m orpho log ica l 
c o r r e la t io n  between these  cells and  ep endym osecre t ion  or n eu ro sec re t io n ?  
A  s h o r t  a b s t r a c t  has been  p u b l ish ed  elsewhere [15].

M ateria ls  and  methods

T h e  follow ing species h a v e  been  in v o lv ed  in  th e  in v es tig a tio n s: T ritu ru s  cristatus, 
T r itu r u s  vulgaris. Pleurodeles w a ltlii , A m blystom a m exica n u m , К апа esculenta , X en o p u s  laevis, 
P asser dom esticus, Columba liv ia , E p im y s  norvégiens.

T h e  to ta l  n u m b er of a n im a ls  s tu d ied  was 90, u sing  an  average  of 10 of eac h  species, 
o f  e ith e r  sex . T he in v es tig a tio n s  to o k  p lace d u rin g  th e  sum m er m onths.

T h e  an im als were k illed  b y  d e ca p ita tio n . T he b ra in  w as fix ed  in  B o u in ’s o r H e lly ’s 
f ix a t iv e ,  em bedded  in p a ra ffin  a n d  sec tioned  seria lly  a t 7 fi. T he sections w ere s ta in e d  w ith  
G o m o ri’s chrom e h em ato x y lin  p h lo x in e  b y  the  m odified  m eth o d  of B a r g m a n 'N ,  as well as 
w i th  p a ra ld e h y d e  fuchsin , a cco rd in g  to  G a b e .

Results

T h e  glial cells s ta in in g  e lec t ive ly  w ith  chrom e h em a to x y l in  a n d  a ldehyde-  
fu c h s in  h a v e  been found  in  ev e ry  species ex am in ed  b y  us. The cells a re  no t 
u n i fo rm  in shape, size and  lo c a t io n ;  th ey  can  be d iv ided  in to  tw o  m o rp h o lo g ­
ic a l ly  d i s t in c t  groups:
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(a) T he  nucleus o f  one ty p e  of cell (F ig . 1 A) is round , in  t h e  r a t  th e  
d ia m e te r  averages 8 ц ,  th e  c h ro m a tin  c o n te n t  is low. By the s ta in in g  m e th o d s  
em p lo y ed  processes were seldom  d e m o n s tra b le  on th e  cells. The cells occur 
in  la rge r  n u m b e rs  per iv en tr icu la r ly ,  u n d e r  th e  ependym a. T h e ir  n u m b e r  
decreases fa s t  w ith  the  increase in th e  d is tan ce  f rom  the  ep endym a. T h is  ty p e  
o f  cell occurs in considerable  n u m b ers  in th e  h y p o th a la m u s ,  b u t  i t  is fo u n d  
in  th e  e p i th a la m u s ,  too, u sua lly  a ro u n d  th e  th i r d  ventricle and  u n d e r  th e  
e p e n d y m a  of th e  a q u e d u c t  of Sylvius. In  some species i t  occurs s u b e p e n d y m a l ly  
a ro u n d  th e  la te ra l  and  fo u r th  ven tr ic les ,  too.

F ig. 1. S ch em atic  re p re se n ta tio n  of th e  “ p e r iv e n tr ic u la r”  ( A )  and  the  “ p e r iv a s a l”
ty p es  o f  G om ori-positive  cells

( B )

T his  Gom ori-positive  ty p e  o f  glial cells is n o t  found in th e  a r e a  o f  th e  
n eu ro sec re to ry  cell g roups, or, a t  the  m ost ,  i t  is found  in such areas  in  w h ich  
th e  sec re to ry  nerve  cells lie n e x t  to  th e  e p e n d y m a .

(b) The o th e r  ty p e  o f  glial cells s ta in in g  Gomori-positive (F ig .  1 B) is 
sm aller  th a n  th e  f i rs t  one. T he  cells h av e  processes, are sp in d le -sh ap ed  or 
e lo n g a ted .  The nucleus, too, is sm aller,  oval r ich  in  ch rom atin .  In  t h e  r a t  th e  
lo n g i tu d in a l  d iam e te r  o f  th e  nucleus averages  6 /i, t h e  shorter  d i a m e te r  a b o u t  
3 /I. This  ty p e  o f  cell occurs n e x t  to  blood vessels, capillaries. The cells o f  th is  
t y p e  can  be de tec ted  in th e  p e r iv en tr icu la r  g r a y  m a t te r ,  in the  n e u ro se c re to ry  
cell g roups , b u t  also in  o ther ,  m ore  d is ta n t  a re a s  o f  th e  brain , in th e  m en in g es ,  
choro id  p lexus , per iphera l  ganglia , e tc .;  ev e ry w h e re  alongside th e  cap il la r ie s .  

T h e  m orphological p ic tu re  varies from  species to  species.
In  R a n a  esculenta th e  glial cells o f  ty p e  one, w ith  the  big r o u n d ,  l igh t  

nuclei,  a re  found  in th e  p ro x im ity  of th e  ce reb ra l  ventricles (Fig. 2). I n  cross 
sec tions th e y  m ak e  a single row  of cells, im m e d ia te ly  under th e  e p e n d y m a l  
ep i th e l iu m . T h ey  can be found  s u b e p e n d y m a l ly  in  th e  area o f  t h e  la te r a l
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F ig . 2 . G om ori-positive  glial cells lo ca ted  p e r iv e n tr ic u la r ly  o f R ana esculenta. T h ird  v e n tric le . 
P a ra ld e h y d e -fu c h s in  s ta in . F ig . 3. G om ori-positive g lia l cells un d er secre ting  ep en d y m al 

cells of R a n a  esculenta. T h ird  ven tric le . P a ra ld e h y d e-fu c h sin  s ta in

v e n tr ic le s ,  optic lobe and  fo u r th  ventric le , to o ,  b u t  they  occur in la rg e s t  n u m ­
b e rs  in  th e  area of th e  th i r d  ven tr ic le . T h ey  a re  fo u n d  always in areas  in  w hich  
th e  e p e n d y m a  shows th e  signs of e p en d y m o sec re t io n ,  G om ori-positive secre­
t io n .  T h e  close co rre la t io n  be tw een  these glial cells conta in ing  th e  Gomori-
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positive  granules a n d  the  sec re to ry  e p e n d y m a  can  be followed up  clearly  
(Fig. 3). The correla tion  does n o t  s im p ly  m ean t h a t  th e y  are  fo u n d  n e x t  to 
one a n o th e r ;  we can  n am ely  f ind  cells rep resen ting  con t in u o u s  form s o f  t r a n ­
sit ion  betw een  the  secre ting  e p e n d y m a l  cells and  the  G om ori-pos i t ive  glial 
cells (Fig. 4). In  th e  e p e n d y m a  i tse lf  regu la r  secre tory  cyclic i ty  is observab le :  
cells d ifferen t in shape  and  filled in d iffe ren t  m easure  w ith  th e  G om ori-positive  
su b s ta n c e  are found . A t f irs t ,  th e  e p e n d y m a l  cell is long, conical,  co n ta in s  a

F ig . 4. G om ori-positive glial cell and  e p en d y m al cells filled in d iffe ren t m easu re  w ith  g ranu les 
in  Hana esculenta. P ara ld eh y d e-fu ch sin  s ta in

few' apical G om ori-positive granu les ,  the  nucleus is oval. T he  cell forms 
c o n ta in in g  more granules  are  sho r t ,  th e  nucleus is d is loca ted  to w a rd  th e  base 
an d  is round .  A fter  th a t ,  th e  ac c u m u la ted  mass of  g ranu les  fills o u t  th e  cell 
as a whole. The nucleus is p ressed ag a in s t  the  base, th e  e p e n d y m a l  cell is 
ro u n d e d  and  lies n e x t  to th e  base  o f  o th e r  cells. H ow ever,  these ro u n d e d  ep en ­
d y m a l  cells filled w ith  secretion  are  abso lu te ly  id en tica l  a l re a d y  w ith  th e  glial 
cells con ta in ing  th e  G om ori-positive  substance  located  su b e p e n d y m a l ly .

The glial cells m en tioned  c a n n o t  be de tec ted  am o n g  th e  n eu ro sec re to ry  
n e rv e  cells (Fig. 5). In  th e  a rea  in which th e  n eu ro sec re to ry  n e rv e  cells are 
found  im m ed ia te ly  u n d e r  th e  v e n tr ic u la r  ep en d y m a , th e  v e n tr ic u la r  e p e n d y m a  
ex h ib i ts  in the  frog no sign of  ependvm osecre t ion  and  no G om ori-positive  
glial cells can be found  s u b e p e n d y m a l ly ,  either.

The cells of th e  o th e r  ty p e ,  w ith  the  small, ch ro m a t in - r ic h  nuc leus  and  
processes occur in th e  b ra in  of  th e  frog too. T hey  m a y  be found  also near 
th e  secre tory  nerve  cells, b u t  a lw ays closely alongside blood vessels. Such 
Gom ori-positive  cells can be d e te c te d  a round  the  cap illaries n o t  on ly  of the
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h y p o th a la m u s ,  b u t  o f  o t h e r  areas  of the  b ra in  as well. T h e y  occur in largest 
n u m b e r s  in the m eninges a n d  in  the choroid p lexus  (Fig. 6).

I n  Xenopus laevis  w e f in d  similar m orpho log ica l  fea tu res .
I n  the brain of th e  n e w t  ( Triturus cristatus)  лее f ind  cells s im ilar to  those 

o c c u r r in g  in the frog’s b r a in .  T h e  subep en d y m al  G om ori-pos i t ive  cells belonging

F ig . 5. N eurosecretory  cells f ro m  th e  h y p o th a lam u s of R a n a  esculenta. No subependym al 
G om ori-positive g lia l cells are visible. P a ra ld e h y d e -fu c h s in  s ta in

to  t y p e  one occur in sm a lle r  n u m b e rs .  However, la rge  n u m b e rs  o f  th e  processed, 
p e r iv a sc u la r  cells are v is ib le  a ro u n d  the  capillaries a n d  veins (Fig. 7).

Essentia lly  the  s a m e  a re  found in th e  species 
Triturus vulgaris,
Pleurodeles waltlii  a n d  
A  mblystoma mexican  и m .
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Fig. 6. P e riv asa l, m u ltip o la r G om ori-positive  cell from  th e  choroid  plexus of R a n a  esculenta. 
P a ra ld eh y d e-fu ch sin  sta in . Fig. 7. G om ori-positive  cell a d h e re n t to c ap illa ry  w all in  the  
d ien cep h a lo n  of T rilu ru s cristatus. P a ra ld e h y d e-fu c h sin  s ta in . Fig. 8. “ P e r iv e n tr ic u la r” Go­
m o ri-positive  glial cell in th e  h y p o th a la m u s  of th e  r a t .  P a ra ld eh y d e  fuchsin  s ta in .  F ig . 9. 
S u b ep en d y m a l G om ori-positive glial cells in th e  h y p o th a la m u s  of the  r a t ,  P a ra ld e h y d e -  
fuchsin  s ta in . Fig. 10. S u b ep en d y m al G om ori-positive  g lial cells w ith p o ly m o rp h o u s  nuclei 

in  th e  h y p o th a la m u s of th e  r a t .  P a ra ld eh y d e-fu ch sin  sta in

In  Passer domesticus and  in Columba liv ia  m an y  G om ori-pos i t ive  glial 
cells are  found  a round  the  th i rd  ven tr ic le  o f  th e  bra in .  The c y to p la s m  stains 
ve ry  l igh tly  w ith  the  s ta in  used b y  us. T he  Gomori-positive g ra n u le s ,  which 
occur in d e p e n d e n t ly  or in sm aller  or b igger g roups, often d ra w  o u t  a few
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s h o r t  cellular p rocesses. T h e  other type  of  cell, to o ,  is presen t in  th e  b ird s  we 
h a v e  s tu d ied .  T hey  a re  fo u n d  perivasally  in  t h e s e  species also.

T h e  two ty p es  o f  Gomori-positive glial cells occur in th e  r a t  ( E p im y s  
norvegicus)  too.

O ne ty p e  is b ig g er ,  t h e  nucleus is r o u n d ,  m easu res  ab o u t  8 p ,  is poor in 
c h r o m a t in ,  processes a re  se ldom  visible on i t  (F ig .  8). I t  is found  a lw ays n e a r  
th e  ep e n d y m a ,  in  th e  la rg e s t  num bers a r o u n d  th e  th ird  ven tr ic le  a n d  th e  
a q u e d u c t  of Sylvius (F ig .  9). I t  is cha rac te r is t ic  t h a t  the  nuclei, j u s t  like th o se  
o f  th e  secre to ry  n e rv e  cells a n d  secretory e p e n d y m a l  cells are p o ly m o rp h o u s .

T h e  o ther  ty p e  o f  cell containing G o m o ri-pos i t ive  substance  is sm aller  
in  size (Fig. 10), th e  n u c leu s  is oval, rich in c h r o m a t in ,  measures a b o u t  3 X  6 p. 
T h e  in trace l lu la r  G om ori-pos i t ive  granules a re  sm a ll ,  m uch  sm aller th a n  those  
o f  th e  o th e r  cell ty p e  a n d  m ost ly  fill the  e n t i r e  cell.

T h e  cell form  d esc r ib ed  occurs in co n s id e ra b le  quantit ies  in  th e  r a t ’s 
b r a in ,  especially n e x t  to  th e  wall of the  cap i l la r ie s  and  smaller ve ins . T h ey  
occu r  also in the  h y p o th a la m ic  neu rosecre to ry  n e rv e  cell groups, b u t  a lw ays 
in  c o n ju n c t io n  w ith  cap il la r ie s .  They can be f o u n d  n o t  only in th e  h y p o th a l a ­
m u s ,  b u t  in  o ther  a rea s  o f  th e  brain  as well.

Discussion

On th e  basis o f  t h e  questions outlined in  th e  in troduc tion ,  t h e  cons id ­
e ra t io n s  connected  w i th  th e  morphological p a t t e r n s  found in d iffe ren t  v e r t e ­
b r a te s  m a y  be g ro u p ed  as follows.

(a) F ro m  th e  p o in t  o f  view of c o m p a ra t iv e  m orphology  i t  is s ign if ican t  
t h a t  th e  glial cells c o n ta in in g  the G om ori-pos i t ive  substance occur in eve ry  
species exam ined  by  us .  In  Urodela the n u m b e r  o f  per iven tr icu lar  glial cells 
is low  a n d  the  G o m ori-pos i t ive  cells are r e p re s e n te d  f i rs t  of all b y  th e  p rocessed  
cells ap p e a r in g  as p e r ic y te s .  This is p ro b a b ly  d u e  to  the  p r im i t iv i ty  of th e  
n e rv o u s  system .

T h e  p e r iv e n tr ic u la r  glial cells appear  in  c le a r -cu t  form f i r s t  in  A n u r a ,  
t h o u g h  th e y  are even  h e re  r a th e r  simple, fo rm in g  a single, scarce ro w  of cells 
a t  t h e  base  of th e  e p e n d y m a l  cells.

In  birds, j u s t  like  in  m a m m a ls ,  the  p e r iv e n t r ic u la r  per iependym al Gomori- 
p o s i t iv e  glia is a l re a d y  a well-defined p e r iv e n t r ic u la r  system.

W e have  e x a m in e d  o n ly  ra ts  from a m o n g  m am m als .  On th e  o th e r  h a n d ,  
s im ila r  glial cells h a v e  b een  described to  o c c u r  in  the  dog b y  N o d a  19 ] . 

W i s l o c k i  and L e d u c  [18] h a v e  studied mice, g u in e a  pigs, as well as a R hesus  
m o n k e y  an d  found  also in  th e m  the p e r iv e n t r ic u la r  Gomori-positive glial 
cells. I t  therefore  a p p e a rs  t h a t  these glial cells e x is t  from the am p h ib ia  to  th e  
h ig h e s t  m am m als .
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T he G om ori-positive  cells of species d if fe ren t  in  the  grade of d e v e lo p m e n t  
are  s im ilar  to  one a n o th e r .

(b) As to  th e  m ore detailed  m o rp h o lo g y  of th e  Gom ori-positive  glia , 
we can  con firm  th e  s ta te m e n ts  m ade  b y  W i s l o c k i  a n d  L e d u c  [18]. T h e  cells 
m ay ,  n am e ly ,  be d iv ided  in to  two groups in t h e  d iffe ren t  v e r te b ra tes :  b igger 
cells w ith  few processes and ro u n d ,  l igh t  nuc leus ,  on th e  one hand , a n d  m u l t i ­
po la r  m acrophage-l ike  cells w ith  oval nucleus r ich  in ch rom atin ,  on th e  o th e r .  
These  tw o m orphologically  d is t inc t  cell ty p e s  a p p e a r  in special a reas .  T hose  
of ty p e  one a lw ays  ap p ea r  per iv en tr icu la r ly ,  fo rm in g  a kind of c o a t  closely 
u n d e r  th e  ep e n d y m a .  T ype  tw o is found  a longside  th e  capillary walls.

T he  nucleus of th e  “ su b e p e n d y m a l”  G om ori-pos i t ive  glial cells is c losely 
sim ilar  to  t h a t  o f  th e  ep en d y m al  cells p ro d u c in g  Gomori-positive s e c re t io n .  
T h e  s im ila r i ty  m an ifes ts  itse lf  f i rs t  of all in  th e  size, shape and c h ro m a t in  c o n ­
t e n t  o f  th e  nuclei. Besides, the  nucleus of  th e  glial cells is also m a rk e d ly  p o ly ­
m orphous  (Fig. 11). Often i t  is q u ite  lo b a te d ,  in trac t io n s ,  g love-finger-like 
p ro longa tions  are visible in it. In  th is  re g a rd ,  too , th e  cell closely re sem b les  
th e  ep en d y m o sec re to ry  cells, whose nuclei sh o w  a s im ilar p o ly m o rp h ism  [13]. 
T h e  cells m a y  co n ta in  var iab le  qu an t i t ie s  o f  g ranu les .  The granules a r e  a lw ays  
r a th e r  big, bigger th a n  those in th e  p e r iv ascu la r  cells of type  tw o ; t h e y  are  
sim ilar  in size to  th e  granules of the  epen d y m o secre t io n ,  which is a n o th e r  
ev idence  suggesting  th a t  a corre la tion  ex ists  b e tw een  ep endym osecre t ion  and 
p e r iv e n tr ic u la r  glia.

Tin ;se cells differ from o ther ,  non -G om ori-posi t ive  glial cells n o t  only  
in  t h a t  th e y  co n ta in  Gom ori-positive s u b s ta n c e ,  b u t  also in t h a t  t h e y  possess 
abso lu te ly  special, well-defined form. M oreover,  the ir  site of o ccu r ren ce  is 
also special, in asm u ch  as th e y  are found  closely su b ependym ally ,  fo rm in g  
a k ind  of p e r iv en tr icu la r  system .

T he  o th e r ,  th e  “ pe r ivasa l” cell ty p e  is c learly  d is tinc t in m o rp h o lo g y  
f rom  th e  “ p e r iv e n tr ic u la r” one; th e  cells o f  t h a t  ty p e  have small, o v a l  nuc leus ,  
h av e  processes or are  sp ind le-shaped . S im ilar  m u lt ip o la r  G om ori-pos itive  cells 
h av e  been  found in  th e  new t a ro u n d  th e  ce reb ra l  blood vessels b y  M a z z i  [8], 
as well as in th e  choroid plexus of  the  axo lo t l  b y  K a p p e r s  [6]. T h e y  t h i n k  the  
cells are  id en tica l  w ith  m as t  cells. I t  is n a m e ly  know n th a t  the  g ra n u le s  of 
m a s t  cells, too , are  G om ori-positive [16]. H o w ev e r ,  i t  is also k n o w n  th a t  
am o n g  sim ilar  cells also the  m elanocy tes  m a y  give positive G om ori-reac tion  [3]. 
T h e  m e lanocy tes ,  too , occur p e r ivascu la r ly ,  a n d  therefore  we th in k  t h a t  the  
p re se n t  in v es t iga t ions  and  the  d a ta  p u b l ish ed  in the  l i te ra tu re  c a n n o t  decide 
w here  th e  ty p e  tw o, per ivascu lar  G om ori-pos i t ive  cells belong to .  F u r th e r  
in v es t iga t ions ,  f i r s t  o f  all de ta iled  h is to ch em ica l  s tudies, will h a v e  to  decide 
th is  p rob lem .

(c) F in a l ly ,  as to  the  re la t ionsh ip  b e tw een  the  G om ori-pos i t ive  glial 
cells a n d  neurosecre tions  it  has to  be p o in te d  o u t  t h a t  there is a d iv e rg e n c e  of

A da  Biol. H ung. 14. 19M



14 0 B . V I G H  e t  a l .

o p in io n  in  th is  r e s p e c t  a m o n g  th e  a u th o r s  c o n c e r n e d  w ith  th is  p r o b le m .  D i e f e n  
a n d  c o -w o rk e r  [4] as  well as N oda  [9] c l a im  t h a t  th e  g ra n u le s  o f  g l ia l  cells 
a r i s e  as  a r e s u l t  o f  a p h a g o c y to s i s  o f  n e u r o s e c r e t o r y  m a te r ia l .  L ö f g r e n  [7] 
t h i n k s  t h e  s a m e .  H o w e v e r ,  H il d  [5] r e fu se s  t o  a c c e p t  th is  v ie w ,  s t a r t i n g  f ro m  
t h e  f a c t  t h a t  s im i la r  cells o c c u r  also o u ts id e  t h e  h y p o th a l a m u s  a n d  t h a t ,  u n l ik e  
t h e  n e u r o s e c r e t io n ,  t h e  g r a n u le s  s ta in  e v e n  a f t e r  t r e a t m e n t  w i th  f a t  s o lv e n t s .  
B a r r y  [2] calls t h e  g r a n u le s  o f  glial cells “ g r a n u le s  d en ses”  a n d  t h i n k s  t h e m  
to  b e  d i f f e r e n t  f ro m  n e u ro s e c re t io n .  T h e  a b o v e  m e n t io n e d  a u t h o r s  h a v e  n o t

F ig . 11. P e riv asa l m u ltip o la r  G om ori-positive cell f ro m  th e  h y p o th a lam u s of th e  r a t .
P a ra ld eh y d e-fu ch sin  s ta in

w r i t te n  a b o u t  th e  tw o  groups  of G om ori-pos i t ive  cells. W i s l o c k i  a n d  L e d u c  

[17, 18] h av e  a n a ly zed  th e  prob lem  in d e ta i l  a n d  found th a t  th e  Gom ori- 
p o s i t ive  glial cells occur  pe r iven tr icu la r ly  a n d  a re  definitely d is t in c t  from  
th e  p e r iv a sc u la r  G om ori-pos itive  cells, w h ich  t h e y  called m acrophage-l ike  
cells, b u t  th e y  h av e  n o t  w r i t te n  ab o u t  th e  re la t io n sh ip  be tw een  th e  n e u ­
ro se c re to ry  system  a n d  th e  Gomori-positive g lia l cells.

In  ou r  p re sen t  in v es t iga t ions  we have  f o u n d  no morphological r e l a t io n ­
ship  b e tw e e n  the  ty p e  one “ p e r iv en tr icu la r”  Gom ori-positive  glial cells and 
the  n e u ro se c re to ry  sy s tem .

O n th e  o the r  h a n d ,  a close correla tion seem s to  exist be tw een  th is  cell 
ty p e  a n d  th e  G om ori-pos itive  secretory  e p e n d y m a l  areas. In  R ana esculenta  
the c lose corre la t ion  b e tw een  these  two areas is o b v io u s .  On the one h a n d ,  th e  cells 
are fo u n d  in the  areas  in  w hich  the  ependym a show s Gomori-positive sec re t ion ,  
an d ,  on th e  o ther ,  eve ry  t r a n s i to ry  cell-form e x is t s  between th e  e p e n d y m a l
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cells in d iffe ren t  phases of secre to ry  a c t iv i ty  and  the  G om ori-positive  glial 
cells u n d e r  th e m  (Fig. 5). F rom  the  p a t t e r n  we th in k  it  likely t h a t  th e  e p e n ­
d y m a l  cells filled w ith  secre to ry  m a te r ia l  a n d  n o t  ev acu a ted  — b ecom e 
ro u n d ed ,  p e n e t r a te  u n d e r  the  ep ith e l iu m  a n d  becom e tran s fo rm ed  th e re  to  
G om ori-pos i t ive  glial cells. A ccord ingly , th e  granu les  of the  glial cells a re  
m orpho log ica lly  iden tica l  no t  w ith  th e  neu ro sec re to ry ,  b u t  w ith  th e  epen-  
d y m o sec re to ry  m a te r ia l .

A lthough  G om ori-positive cells resem b lin g  glial cells do occur  a m o n g  
th e  n eu ro sec re to ry  nerve  cells, th e y  are  a lw ays found  near cap illaries  a n d  
co rresp o n d  to  w h a t  we call ty p e  tw o  of cells, per ivasa l  ones w ith  sm all ,  ova l  
nucleus rich in c h ro m a tin ,  w ith  sm all g ranu les  and  processes. These  G om ori-  
positive  cells often  occur d irec t ly  be tw een  th e  cap il la ry  and nerve  cell. I t  is 
conceivable  t h a t  th e  granules of these  cells o r ig ina te  from  neu ro sec re t io n .  
H ow ever,  a c o n tra d ic to ry  ev idence  is t h a t  th e v  occur in sim ilar or la rge r  
n u m b ers  also in o th e r  areas o f  the  b ra in ,  in  th e  m eninges and in th e  cho ro id  
p lexus. F u r th e r  h is tochem ical and  ex p e r im e n ta l  morphological s tu d ie s  are 
requ ired  to d e te rm in e  their  t ru e  n a tu re  and  th e i r  re la t ionsh ip  to n e u ro se c re to ry  
processes.
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E P E N D Y M O S E K R E T IO N  (E P E N D Y M A L E  N E U R O S E K R E T IO N )

V . G о m  о r  i-p o s i t i v e s  M a t e r i a l  e n t h a l t e n d e  G l i a z e l l e n  u n d  i h r e  
B e z i e h u n g  z u r  E p e n d y  m o s e k r e t i o n  i n  v e r s c h i e d e n e n

W i r b e l t i e r e n

G om ori-positives M a te ria l en th a lten d e  G liazellen  des Z en tra ln e rv en sy stem s von 
g esch w än z ten  u n d  sch w an zlo sen  A m phibien, V ögeln  sow ie S äugern  w urden  u n te rsu c h t. Die 
Z ellen k ö n n en  in  a llen  v o n  u ns u n te rsu ch ten  A rte n  g e fu n d en  w erden. Die G om ori-positiven  
Z ellen  k a n n  m an in zw ei v o n e in an d er g u t zu u n te rs c h e id e n d e  G ruppen  e in te ilen : 1. „ P e r i ­
v e n tr ik u lä re ” , w enig v e rzw e ig te  Gliazellen, die ih re n  P la tz  u n te r  dem  E p en d y m  n eh m en  und  
d ie ü b e r  einen c h ro m a tin a rm e n , po lym orphen  K e rn  v e rfü g e n . 2. „ P e riv a sa le r”  Z ellty p . U m  
K a p illa re n  u n d  V enen h e ru m , in  verschiedenen G eh irn g eb ie te n  in  gleicher W eise erscheinende  
v e rzw eig te  Zellen m it c h ro m a tin re ich em , ovalen  K e rn . D ie p e riv en trik u lä re  G liaze lla rt s te h t 
sow ohl m orpholog isch  als a u ch  h insich tlich  ih re r  G enese m it dem  ependy m o sek re to risch en  
S y stem  in  V e rb indung . D e r perivasa le  Zelltyp  is t  in  den  n eu rosek re to rischen  Z ellg ruppen  
zu  f in d en .

ЭПЕНДИМОСЕКРЕЦИЯ (ЭПЕНДИМАЛЬНАЯ НЕЙРОСЕКРЕЦИЯ)
V. С в я з ь  к л е т о к  г л и и ,  с о д е р ж а щ и х  Г о  м о р и  п о л о ж и т е л ь н о е  
в е щ е с т в о ,  с э п е н д и м о с е к р е ц и е й  у р а з л и ч н ы х  п о з в о н о ч н ы х

Исследовали клетки глии, содержащие Гомори положительное вещество, в цент­
ральной нервной системе хвостатых и бесхвостных земноводных, птиц и млекопитающих.

Клетки глии имеются у всех исследованные видов животных. Г омори положитель­
ные клетки можно разделить на две, хорошо различаемых группы:

1. «Перивентрикулярные» клетки глии, располагающиеся под эпендимой, имею­
щие мало отростков и бедные хроматином полиморфные ядра.

2. «Перивазальные» клетки. Эти клетки отросчатые и располагаются вокруг капил­
ляров и вен в различных областях мозга; ядра их овальной формы и богаты хроматином

Перивентрикулярная разновидность клеток глии, как в морфологическом, так и 
в генетическом отношении связаны с системой эпендимосекреции. В группах нейросекре- 
орных клеток перивазальный тип клеток обнаруживается.

B é l a  V i g h  

B é l a  Á r o s  

S á r a  K o r i t s á n s z k y  

T i b o r  W e n g e r  

I n g e b o r g  T e i c h m a n n

B udapes t  I X .  T ű z o l tó  u. 58, H u n g a ry
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FUNCTION OF HETEROTOPIC SPINAL CORD 
SEGMENTS INVESTIGATED IN THE CHICK

K. S t r a z n i c k y

D EPA RTM EN T O F ANATOMY, HISTOLOGY AND EM BRY OLOG Y , MEDICAL U NIVERSITY, PÉCS
(H EA D: J .  SZENTÄGOTHAI)

(R eceived M ay 15, 1963)

Synopsis

In  chick  em bryos (H am b u rg e r an d  H a m ilto n  stages 15 and 16) th e  p re v io u s ly  
e x tirp a te d  b rach ia l cord segm ents were re p la ce d  b y  brach ial, th o rac ic , o r  lu m b o ­
sacra l cord  seg m en ts ta k e n  from  o th e r em b ry o s o f  th e  sam e age. In n e rv a tio n  a n d  fu n c ­
tion  of th e  w ings in n e rv a te d  by  th e  g ra fted  co rd  segm ents were in v e s tig a te d  a f te r  
h a tch in g . T he b rach ia l segm ents of a n o th e r ch ick  can  su b s titu te  for th e  e x tirp a te d  
b rach ia l segm en ts in  ev ery  respec t. N orm al in n e rv a tio n  and  function  of th e  w ings had  
developed  in such  cases. A lthough  th e  nerves o f  g ra fte d  tho rac ic  segm ents in n e rv a te d  
th e  w ings, w hich becam e sensitive  to p a in , th e  m u sc u la tu re  becam e co m p le te ly  a tro p h ic  
an d  th e  jo in ts  an k y lo tic . H y p e rtro p h y  d ev elo p ed  in  th e  dorsal grey co lu m n s o f th e  
g ra fted  segm en ts, w hereas th e  m o to r co lum n e x h ib ite d  certa in  signs o f d is tro p h y . 
W ings in n e rv a te d  by  h e te ro to p ic  lum bo -sac ra l seg m en ts  showed m o d e ra te  m o tility  
in th e  shou lder, p e rfec tly  synchronized  w ith  th e  m o v em en ts  of the  legs on  th e  sam e 
side. In  sp ite  o f  well developed  and  n o rm ally  in n e rv a te d  m usculature  no c o o rd in a te d  
m o v em en ts  in  th e  o th e r  jo in ts  could be o b se rv ed . T h e  possible m echanism s u n d e rly in g  
th e  im m o b ility  o f th e  d is ta l jo in ts  and  th e  sy n c h ro n ize d  m ovem ents in th e  sh o u ld e r  
are discussed.

In troduc tion

A n u m b e r  of  d a ta  su p p o r t  the a s su m p t io n  th a t  coordinated  l im b  m o v e ­
m en ts  can  be con tro lled  only  by  th e  a p p ro p r ia te  limb in n e rva ting  se g m e n ts  
o f  th e  sp ina l  cord in th e  new t [1 ,3 ,  10, 15]. S u p e rn u m era ry  l im bs, b o th  in 
am p h ib ia  a n d  b ird s ,  in n e rv a te d  by  t r u n k  seg m en ts  rem ained  m otion less  [9 ,1 4 ] ,  
unless a single b ra n c h  from  th e  brachial p lexus ,  how ever small, c o n t r ib u te d  to 
the  lim b in n e rv a t io n  [4]. Q uite  recen tly  d i re c t  experim enta l  ev id e n c e  was 
furn ished  b y  S z é k e l y  [13] for the ex is tence  o f  a specific segm enta l a p p a r a tu s  
in th e  cord a t  l im b level, capab le  of e lic iting  c o o rd in a te d  function of  t h e  in n e r ­
v a te d  lim b. B y  t r a n s p la n t in g  brachial or lu m b o -sac ra l  segm ental g ro u p s  in to  
th e  place of  the  prev iously  excised tho rac ic  seg m e n ts  and  add i t io n a l ly  g ra f t in g  
su p e rn u m e ra ry  lim bs a t  th e  same level, he  succeeded  in d e m o n s t ra t in g  t h a t  
besides perfec t ly  co o rd in a ted  s tepp ing  m o v e m e n ts  the p a r t ic ip a t io n  o f  th e  
s u p e rn u m e ra ry  l im bs in  th e  s tepp ing  p a t t e r n  w as  characteris tic  o f  t h e  n a tu r e  
of th e  lim b in n e rv a t in g  he te ro top ic  cord se g m e n ts .  As all of these e x p e r im e n ts  
were pe rfo rm ed  on a m p h ib ia ,  it  seemed p ro m is in g  to  extend the  in v es t ig a t io n s  
to  b irds whose m ore  e labo ra te  locomotion p a t t e r n s  and  central n e rv o u s  sys tem

Acta Biol. H ung. 14. 1963



144 K . S T R A Z N IC K Y

o f  h is to log ica l ly  h igher d if fe ren tia t ion  m ig h t  c o n t r ib u te  to  the  p ro b le m  of the  
fu n c t io n  of  h e te ro top ic  sp in a l  cord seg m en ts .  W e a t te m p te d ,  th e re fo re ,  to 
re p la c e  t h e  tving in n e rv a t in g  brach ia l se g m e n ts  b y  thoracic  and lu m b o -sac ra l  
s e g m e n ta l  groups in ch icken  em bryos and  to  inves t iga te  the m o ti l i ty  o f  such 
w ings  a f te r  h a tch ing .  An a c co u n t  of these  ex p e r im e n ts  is p re sen ted  in  th is  
p a p e r .  An a b s t ra c t  o f  th is  p a p e r  has been p u b l ish e d  elsewhere [12].

Method

T h e  ex p erim en ts  were p e rfo rm ed  on th e  em b ry o s  o f in b red  stra ins of tw o loca l v a rie tie s  
o f  fow l (H u n g a ria n  Yellow an d  Speckled). The em b ry o s  w ere  operated  upon  on th e  th ird  day  
of in c u b a t io n  in  stages 15 an d  16 of H a m b u r g e r  and  H a m i l t o n  [8 ] .  The th o rac ic  sp in a l cord 
se g m en ts  o f th e  donor were excised  b y  the  aid  o f th e  e lectro m ag n e tic  v ib ra tin g  n eed le  [5], 
th e n  c a re fu lly  cleaned from  ch o rd a  an d  m yotom e m a te r ia l  an d  after tran sferrin g  in  th e  accep­
to r  egg , f i t t e d  in to  the  place of th e  p rev iously  rem oved  b ra c h ia l  (16 to 19) spinal cord  seg m en ts. 
I n  a n o th e r  g ro u p  of em bryos th e  lum bosacral (23 to  29) segm ents were s im ilarly  g ra f te d  in to  
th e  sa m e  p lace . To contro l th e  possib le  influence of th e  o p e ra tio n  itself on w ing fu n c tio n , th e  
b ra c h ia l  seg m en ts  of tw o em b ry o s w ere in te rch a n g e d  in  th e  th ird  group of e x p e rim e n ta l 
an im a ls . F ro m  a to ta l o f 226 o p e ra te d  em bryos w e su cceed ed  in getting  17 v iab le  h a tc h e d  
ch ick s, fro m  w hich  4 bore th o ra c ic , 11 lum bosacral se g m en ts  on the  p lace of th e  rem oved  
b ra c h ia l  seg m en ts , while 2 an im a ls  belonged to  th e  c o n tro l g roup . A fter h a tch in g , th e  an im als 
w ere k e p t  a live  from  2 w eeks to 5 m o n th s . D uring  th is  p e r io d  m o tility  of the  w ings w as o b se rv ­
ed  c o n tin u o u s ly  and  th e  m o st successful cases w ere reco rd ed  by  c in e m a tro g rap h y . A fter 
s a c r if ic a tio n  th e  an im als were f ix e d  in form ol 1:4.

In n e rv a t io n  and  m u sc u la tu re  of the  w ings w ere  s tu d ie d  p a rtly  by  gross a n a to m ic a l 
d isse c tio n  a n d  p a r tly  in  m icroscopica l sections s ta in e d  w ith  B ielschow sky’s silver m e th o d . 
T h e  h is to lo g ic a l in v es tig a tio n  of th e  g ra fted  cord se g m en ts  h as been perform ed also  in  Biel- 
sc h o w sk y  s ta in e d  tran sv erse  sections.

Results

T h u  general b eh av io u r  a n d  grow th of th e  o p e ra ted  chicks — d is rega rd ing  
th e  w in g s  — was norm al in th e  m a jo r i ty  o f  cases. R econstruc tion  o f  the  
v e r t e b r a l  colum n and  fusion of the  grafted  seg m e n ts  with the  re m a in in g  cu t

F ig. 1. D issec tio n  find ing  co n cern ing  an  an im al in  w h ic h  th e  brach ial segm en ts h a d  been 
in te rc h a n g e d  be tw een  tw o em b ry o s . N orm al b rach ia l p le x u s  had developed fro m  th e  12th 
an d  1 3 th  cerv ica l segm ents an d  fro m  the  1st th o rac ic  se g m en t. A strong b ran ch  fro m  th e  2nd 
th o ra c ic  seg m en t co n trib u tes  to  th e  p lexus fo rm atio n . T h is  ch ick  was kep t alive fo r 5 m o n th s . 
Fig. 2. D issec tio n  find ing  in th o rac ic  segm ents g ra fte d  in to  th e  place of b rach ia l seg m en ts. 

T h e  sp in a l  co rd  developed n o rm ally . T he brach ial p lex u s  o rig in a tes  on th e  r ig h t side fro m  th e  
1 1 th , 1 2 th , 13 th  cervical and  fro m  th e  1st th o rac ic  se g m en t, while on th e  left side fro m  th e  
1 2 th , 1 3 th  cerv ica l and  from  th e  1st and  2nd th o rac ic  seg m en ts. The chick w as sacrificed  6

w eeks a fte r h a tc h in g
Fig. 3. D issec tio n  find ing  in  lu m b o -sac ra l segm ents g ra f te d  in to  th e  place of b rach ia l seg m en ts. 

T h e  sp in a l co rd  developed n o rm ally  an d  th e  c h a ra c te ris tic  g lia l swelling (arrow ) w as p re se rv ed . 
T h e  b ra n c h e s  o f th e  b rach ia l p lex u s em erged, as in  n o rm a l anim als, from  four seg m en ts . T he 

chick  w as sacrificed  a t th e  age o f  5 m on ths
F igs. 4 a n d  5. D em o n stra te  th e  d ifference betw een th e  n o rm a l (Fig. 4) and a g ra fte d  (F ig . 5) 
th o ra c ic  c o rd  of the  sam e an im al. T he dorsal ho rn  a n d  th e  in te rm ed ia te  zone of th e  g ra fte d  
se g m en ts  a re  considerab ly  en larged  an d  a reduction  in n u m b e r  of v en tra l m o to n eu ro n s a p p ea rs  

to  h av e  ta k e n  place. M a g n ifica tio n  65 X
F igs. 6  a n d  7. N orm al m o to r en d -p la te s  (arrow ) h a v e  d ev elo p ed  in the  wing m u sc u la tu re , 

in n e rv a te d  b y  g rafted  lu m b o -sac ra l segm ents
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ends  of  th e  sp ina l  cord w as also com plete ,  so t h a t  no sign in d ica ted  th e  site  
o f  o p e ra t ion .  T he  f u n c t io n  of  th e  legs in 5 a n im a ls  was more or less d a m a g e d ,  
th e se  chicks were m o s t ly  s i t t in g  on th e ir  b e l ly  a n d  unab le  to  perfo rm  n o rm a l  
locom otion . Sm all  p ro t ru s io n s  an d  dev ia t io n s  w ere  found  on th e ir  v e r t r e b r a l  
co lu m n  and  th e  g ra f te d  segm en ts  were c o n n e c te d  w ith  th e  lower sp ina l  co rd  
th r o u g h  a so m e w h a t  n a r ro w e d  region. No im m u n o lo g ica l  reaction  was d e te c te d  
even  in anim als  w h ich  were  k e p t  alive for th e  longes t  period. T he  following 
cha rac te r is t ic s  w ere  fo u n d  in th e  several e x p e r im e n ta l  groups.

1. In  th e  tw o  successfully  h a tch ed  cases, in  which b rach ia l  s eg m en ts  
h a d  been  exchanged  b e tw een  tw o  em b ry o s ,  t h e  function  of th e  wings w as

F ig . 8. T he w ing of a  ch ick  w ith  th o rac ic  segm ents g ra fte d  in to  th e  place of th e  b rach ia l ones. 
T h e  m u sc u la tu re  o f th e  free  e x tre m ity  has com ple te ly  d isa p p ea red , save for a th in  b u n d le  a t  
th e  p lace  of th e  tricep s . T h e  m ed ian  nerve  (full line) a n d  th e  ra d ia l  nerve (p a rtly  b ro k en  line) 

follow  th e  n o rm al course o f th e  w ing nerves

in d is t in g u ish ab le  from  t h a t  in norm al an im als  (F ig . 10). The dissection f ind ings  
re v e a le d  com plete  fusion o f  the  ends and n o rm a l  p lexus form ation  (Fig. 1). 
T h e  a rbo r iza t io n  p a t t e r n  o f  th e  periphera l n e rv es  a n d  the  m u scu la tu re  o f  th e  
w ings, in  as m uch  as i t  could  be t raced  u n d e r  d issecting microscope, xvas 
e x a c t ly  sim ilar to  th o se  of  an  in ta c t  an im al.  F o rm a t io n  of regu la r  en d -p la te s  
w as  seen in th e  im p re g n a te d  wing muscles. H e te ro to p ic  b rach ia l  segm en ts  
can ,  therefore ,  s u b s t i tu te  for  th e  norm al ones in  eve ry  respect.

2. W hen  th e  b ra c h ia l  segm ents h a d  b een  rep laced  b y  th e  th o ra c ic  
se g m e n ts ,  the  wings re m a in e d  perfectly  m o tion less .  The jo in ts  becam e an k y -  
lo tic  and  the  xvings were s l igh tly  re ta rd ed  in g ro w th .  The chicks were u n a b le  
to  s ta n d  up when th e y  h a p p e n e d  to fall on th e  side or to be tu rn ed  u p s id e  
d o w n , a l th o u g h  locom otion  b y  the  legs xvas n o rm a l  otherwise. The an im als  
e x h ib i te d  a re m a rk a b le  sen s i t iv i ty  to  pain fu l  s t im u la t io n  of the  xvings, b u t
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th e y  could n o t  localize the  e x a c t  p lace of s t im u la t io n .  The general lo com otion  
of th e  an im als  was o therwise n o rm a l ,  save  for som e slight u n c e r ta in ty  in 
m a in ta in in g  th e  equilib rium  d u r in g  ce r ta in  s tra ined  m o v em en ts  as for in s ta n c e  
ju m p in g .

Accord ing  to the  dissection f ind ings ,  the  fusion betw een  the  g ra f te d  and  
o r th o to p ic  segm ents  was com p le te  (Fig. 2). M acroscopic cervical e n la rg e m e n t  
failed to  develop  and  the  nerves  fo rm ed  a plexus before en te r ing  th e  wings. 
I n  sp ite  o f  th e  fac t t h a t  f ive p r im o rd ia l  thoracic  segm ents  h a d  to  be  t r a n s ­
p la n te d  in o rder to  fill in th e  gap  le f t  b y  th e  e x t i rp a te d  b rach ia l  se g m e n ts ,  
fo u r  segm en ts  developed f rom  th e  g ra f ted  cord, a n d  th e  in n e rv a t io n  of  th e  
w ing , like in  in ta c t  anim als, e m erged  from  th e  13 to  16th  spinal nerves in c lu d in g  
a sm all  b ra n c h  from th e  12 th  ne rve .  T he  nerves, how ever, were v e ry  th in ,  
h a r d ly  exceeding  the  th ickness  o f  n o rm a l  thorac ic  nerves. The sp ina l  gang lia ,  
a s  co m p ared  w ith  the  n o rm a l  th o rac ic  ganglia, were larger in size, ow ing  to  
th e i r  r e la t iv e ly  overloaded per ipher ic  field, b u t  th e y  did no t  reach  th e  size of 
n o rm a l  b rach ia l  ganglia. T h e  per ipher ic  a rb o r iza t ion  p a t te rn  was suggest ive  
o f  th e  n o rm a l  wing (Fig. 8). T he  ra d ia l  and  m ed ian  ne rve  could be well re c o g ­
n ized ;  no side branches, how ever ,  were found  in  m acroscopical p r e p a ra t io n ,  
ow ing , a p p a re n t ly ,  to  th e  lack  o f  m u scu la tu re .  This co rrobora tes  P i a t t ’s [9]  
ea r l ie r  o bse rva tion  th a t  th e  a rb o r iza t io n  p a t t e r n  is de te rm ined  b y  th e  s t r u c ­
tu r e  of th e  inne rv a ted  organ . T h e  histological p ic tu res  of th e  h e te ro to p ic  seg­
m e n ts  revea led  an en la rgem en t,  especially  in th e  h ead  of the  pos te r io r  co lum n , 
c o n ta in in g  m ore neurons th a n  o r th o to p ic  thorac ic  segm ents  (Figs. 4 and  5). 
C onsiderab le  h y p e r t ro p h y  was fo u n d  also in th e  in te rm ed ia te  zone. T h e  n u m b e r  
o f  m o to n eu ro n s  in the  an te r io r  co lum n , on the  o th e r  h an d ,  was n o t  in creased . 
T h is  f in d in g  is in accordance  w i th  H a m b u r g e r ’s observa tions  [7],  w ho has 
d e m o n s t r a te d  th a t  the  m o to r  co lum n  of an overloaded thoracic  sp in a l  cord 
does n o t  change its size in  c o n t r a s t  to  th e  sensoric one which show s a clear 
g a in  in  size co rresponden t to  th e  peripheric  load.

T he  m uscu la tu re  of such  wings was a tro p h ied .  While th e  m uscles  of th e  
g ird le ,  a l th o u g h  m uch sm alle r  in  size, more or less persisted  no m usc le  was 
fo u n d  on th e  free e x t re m ity ,  e x c e p t  for a small d is troph ic  m uscle  b u n d le  in 
th e  place of  the  triceps (Fig. 8). This bund le  was p re sen t  in every  case.

3. T he  most in te res t ing  re su l t  of the  exp er im en ts  was the e s ta b l i s h m e n t  
o f  th e  func tion  of wings in n e rv a te d  b y  he te ro to p ic  lum bo-sac ra l  segm en ts .  
A pecu lia r  m o ti l i ty  had  deve loped  which  occurred  always para lle l  w i th  m o v e ­
m e n ts  o f  th e  legs. W hen w a lk ing , th e  anim als  ra ised  and  ad duced  th e  w ing  to 
th e  sh ou lde r  jo in t  (Fig. 12) ex a c t ly  in t im e  w ith  the  s tep  of th e  leg on th e  sam e 
side . This m ovem ent of w ing  was of lit t le  excursion , a b o u t  in th e  15 to  20 
degree  range . A lthough th e  m u sc u la tu re  of  the  free e x t re m i ty  was fairly  
well m a in ta in e d  and  n o rm a l ly  in n e rv a ted  (Figs. 6 and  7), th e  jo in ts  were 
m obile ,  no m ovem ents  occu rred  in th e  o the r  jo in ts  or th e y  were so sm all  as
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to  escape de tec t io n .  T h e  wings rem a in ed  com p le te ly  motionless un d e r  all 
c i rcum stances  t h a t  e l ic i t  the  cha rac te r is t ic  w ing  reflexes in  i n ta c t  an im als . 
L e t t in g  fall dow n a ch ic k  provokes r a p id  f la t te r in g  of th e  wings, or t i l t ing  
a ro u n d  the  lo n g i tu d in a l  axis an ex tens ion  o f  th e  wing on th e  side tu rn ed  
dow nw ards  and  a f lex io n  a n d  adduction  on th e  o the r .  None of these  responses 
a p p e a re d  in the  o p e r a te d  anim als  (Fig. 11). I t  w as,  on the  o the r  h a n d ,  in te re s t ­

in g .  9. T he wing of a ch ick  w ith  lum bo-sacral seg m en ts  g ra fte d  in to  th e  p lace of b rach ia l 
seg m en ts . All m uscles o f th e  w in g  have developed, p e r ip h e ra l course and  a rb o riz a tio n  p a tte rn  
o f  th e  m ed ian  (full line) a n d  th e  ra d ia l  nerves (b ro k en  line) a re  s im ilar to  those  in  th e  n o rm ally

in n erv a ted  w ing

in g  to  no te  th a t  w hen th e  chick was peck in g  a n d  bend ing  dow n for grains 
on  th e  ground , all m o v e m e n ts  involving th e  h ip  jo in t were accom pan ied  by 
th e  m otions  of th e  w ings described  above. F r o m  th e  s tu d y  of th e  func tion  o f  
t h e  wings the  genera l im press ion  was ga ined  t h a t  th e  in n e rv a t in g  lu m b o ­
sa c ra l  segm ents  on th e  p la c e  of the  b rach ia l  seg m en ts  did no t re a c t  to  cen tra l  
im p u lse s  addressed to  t h e  b ra c h ia l  cord, b u t  were se t  in to  work s im u ltaneous ly  
w i th  th e  o r tho topic  lu m b o -sac ra l  segm ents.

Dissection s tud ies  rev ea led  typ ica l lu m b o -sac ra l  cord in  th e  b rach ia l  
re g io n  w ith  the  c h a ra c te r i s t ic  glial swelling in  th e  rh o m bo ida l  s inus (Fig. 3).

F igs. 10. 11 and  12. Show w ing m o v em e n t and p o stu re  in ch icks w ith  b rach ia l sp inal segm ents 
re p la c e d  hom oplastica lly  in  e a r ly  em bryonic  age. F ig. 10. T h e  b rach ia l segm ents hav e  been 
re p la ce d  by  th e  sam e seg m en ts  o f  a n o th e r  em bryo o f s im ila r  age. C h arac te ris tic  w ing reflexes 
u p o n  q u ick  dow nw ard m o v e m e n t o f the  hand . F ig. 11. L u m b o -sac ra l cord g ra fte d  in to  th e  
p lace  o f th e  b rach ia l seg m en ts . A lth o u g h  wing m uscles a re  well in n e rv a te d  an d  fa ir ly  well 
d ev e lo p ed , there  is no w ing re fle x  du rin g  dow nw ard  m o v em e n t o f th e  han d . F ig. 12. S im ilar 
case  as in  Fig. 11. w ith  c h a ra c te r is tic  wing p o stu re : so m e w h a t e x te n d ed  a n d  ab d u ced . S im ul­

tan eo u sly  w ith  each  s te p  th e  ipsila tera l w ing is c lea rly  e x te n d ed  an d  abd u ced
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F r o m  th e  seven p r im o rd ia l  lum bosacra l  seg m en ts  t ra n sp la n te d  fo u r  cord 
s e g m e n ts  developed a n d  fo u r  nerves em erged  which form ed a p lexus  before 
e n t e r in g  th e  wing. The re a r r a n g e m e n t  o f  th e  he te ro top ic  spinal co rd  in  th e  
n u m b e r  of  segm ents b o th  o f  lum bo-sacra l  a n d  thorac ic  origin, was a p p a re n t ly  
in f lu e n c e d  by  the  n u m b e r  o f  th e  ne ig h b o u r in g  m yotom es, as a l r e a d y  show n 
b y  D e t w i l e r  [2] in  th e  n e w t .  T he  four  p lexus  form ing sp ina l n e rv es  were 
m o s t l y  th ick e r  th a n  those  o f  th e  h e te ro to p ic  thorac ic  segm ents , b u t  d id  no t 
r e a c h  th e  thickness of  t h e  no rm a l  b ra c h ia l  nerves. A lthough  th e  lu m b a r  
e n la r g e m e n t  was p resen t  in  b rach ia l  position  as well, the  histological e x a m in a ­
t io n s  show ed  considerable  loss o f  m o to n eu ro n s  as com pared  w ith  th e  no rm a l  
lu m b o - s a c ra l  segm ents. T h e  genera l h isto logical appearence  of the  m o to n eu ro n s  
le f t  d id  n o t  differ from  t h a t  o f  th e  no rm a l  ones in any  p a r t  of th e  sp in a l  cord. 
T h e  b r a n c h in g  p a t te rn  of  t h e  pe r iphera l  n e rv es ,  as far as it  could  be t raced  
u n d e r  d issection m icroscope, was p e rfec t ly  reg u la r  (Fig. 9) a l th o u g h  the  
n e rv e s  were  considerab ly  sm alle r  th a n  in  th e  no rm ally  in n e rv a te d  wings. 
T h e  s a m e  held t ru e  for th e  m uscu la r  a p p a r a tu s  of these wings: all muscles 
w ere  w ell  developed, b u t  th e i r  size did n o t  re a c h ,  in general, t h a t  o f  norm al 
w in g  m uscles .

Discussion

As th is  inves t iga t ion  a im s  m ain ly  a t  s tu d y in g  th e  function  o f  h e te ro to p ic  
c o rd  se g m e n ts  of d ifferen t orig in , th e  m orpho log ica l  f indings are o n ly  briefly  
o u t l i n e d ,  a more deta iled  d iscussion  of m y o t ro p h ic  aspects being re se rv ed  for 
a  fo l lo w in g  paper.

F r o m  the resu lts  th e  uneq u iv o ca l  conc lus ion  can be d raw n , t h a t  clear 
d if fe ren ces  prevail in th e  fu n c t io n a l  c a p a c i ty  of  d iffe ren t  sp inal cord seg m en ts ,  
w h ic h  a re  de te rm ined  a l re a d y  in  early  e m b ry o n ic  life (H a m b u rg e r -H am il to n  
s ta g e s  15 an d  16). Fore ign  b ra c h ia l  cord can  su b s t i tu te  for the  h o s t ’s own 
b r a c h ia l  co rd  in every  re sp ec t .  As to  the fu n c t io n  of connecting  h ig h e r  an d  
lo w er  leve ls  o f  the  CNS, all seg m en ts  seem to  be eq u iva len t .  Thoracic  segm en ts  
a re  u n a b l e  to  perform  w h a te v e r  m o v e m e n t  in  th e  wing, which s u p p o r t s  th e  
s e v e ra l  d a t a  available  in l i t e r a tu re  [4, 10, 14]. T h e  axons of th o rac ic  m o to ­
n e u r o n s  fo r  some u n k n o w n  rea so n  can n o t  e s tab l ish  effective m y o n eu ra l  j u n c ­
t io n  w i th  wing m uscu la tu re ,  w hich  therefore  soon undergoes com plete  a t r o p h y ,  
j u s t  as  in  th e  exper im en ta l ly  in d u c e d  nerveless l im bs  of the  chick [6]. Sensory  
n e rv e s  in v a d in g  the  wing can ,  on the  o th e r  h a n d ,  p rom ote  pa in  a n d  to u ch  
s e n s i t i v i t y .  This difference is c learly  r e p re se n te d  by  the  d is troph ic  m o to r  
c o lu m n  a n d  th e  h y p e r tro p h ic  sensory  co lum ns in  th e  histological p ic tu re s  o f  
th e  h e te r o to p ic  thoracic  seg m en ts .

W in g s  inne rv a ted  b y  h e te ro to p ic  lu m b o -sa c ra l  segm ents are  ab le  to  
p ro d u c e ,  i f  n o t  com plete , still  considerab le  m o v e m e n t ,  synchronously  w i th  th e
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m ovem en ts  of  th e  ip s i la te ra l  legs. T here  is no sa t i s fa c to ry  ex p lana tion ,  as y e t ,  
to  acco u n t  for th e  inco m p le te  m o v e m e n t  in  th e  o therw ise  norm ally  d eve loped  
and  pe rfec t ly  in n e rv a te d  wings. S z é k e l y  [13] has  re p o r te d  a s im ilar o b se r ­
v a t io n  in  th e  new t,  accord ing  to  which in fore lim bs inne rv a ted  b y  lu m b o ­
sacra l segm en ts ,  a l th o u g h  show ing well c o o rd in a te d  s tepp ing  m o v e m e n ts ,  
the  elbow moves only  to  t h a t  lim ited  e x te n t  w hich  can  be observed in  th e  k n ee  
o f  no rm al h in d l im b s .  B u t  the  a d a p ta t io n  of in a p p ro p r ia te  segm enta l a p p a r a tu s  
to the  ta s k  of m ov ing  a l im b is m uch  b e t te r  in th e  new t.  I t  m igh t  well be t h a t  
some h igher  p la s t ic i ty  of th e  segm enta l  a p p a ra tu s  a t  th e  m o m en t  of th e  t r a n s ­
p la n ta t io n  accoun ts  for th is  difference. I t  m u s t  be considered, how ever,  t h a t  
th e  gross an a to m ic a l  difference and  co n se q u e n t ly  also th e  re q u ire m e n ts  o f  
bu ild ing  up  a h igh ly  specific nervous a p p a ra tu s  for coord inated  lim b m o v e ­
m e n t  are sm alle r  be tw een  a new t fore- a n d  h in d l im b ,  th a n  betw een  w ing  a n d  
leg of the chick. This considera t ion  is su p p o r te d  b y  th e  fac t  t h a t  b o th  in  th e  
new t and  th e  chick  the  m ovem en ts  in  a lim b, in n e rv a te d  by  the  in a p p ro p r ia te  
segm en ta l  a p p a ra tu s ,  are b e t te r  p reserved in th e  p ro x im a l  jo in ts  a n d  p ro g re s ­
sively less in  th e  d is ta l  ones, w here  the  d ivergence  b e tw een  th e  two limbs becom es 
n a tu ra l ly  la rge r  an d  p a r t ic u la r ly  explic it  b e tw een  w ing and  leg.

A n o th e r  o bse rva tion  deserving som e c o m m e n t  is the  perfec tly  s y n c h ro ­
nous m o v e m e n t  of th e  wings w ith  the  legs on th e  sam e  side (Fig. 12). In  s im ila r  
e x p e r im en ts  carr ied  o u t  on new ts ,  S z é k e l y  [13] could  observe b u t  an  in c l in a ­
tion  to  perfo rm  by  th e  forelimbs m o v em en ts  synchron ized  w ith  those  o f  th e  
h ind lim bs ,  when th e  lum bo-sacra l  segm ents  were su b s t i tu te d  for th e  b ra c h ia l  
segm ents .  He suggested  t h a t  the  h ind lim b  c h a ra c te r  of the  lum bo-sacra l  cord 
m igh t  h av e  been no t  com ple te ly  de te rm in ed  a t  th e  t im e  of t r a n s p la n ta t io n ,  
and  the  g ra f ted  segm ents  m ight have  m ore  or less a d a p te d  them selves to  th e i r  
new s i tu a t io n ,  re su l t in g  in forelimb t re n d s  of th e ir  func tion . L i te ra tu re  dea ling  
w ith  em b ry o n ic  d e te rm in a t io n  p henom ena  includes a large body  o f  ev idence  
suggesting  t h a t  em bryon ic  d iffe ren tia t ion  of m o s t  tissues, in general, is ea rlie r  
d e te rm in ed  in  th e  chick  th a n  in the  n ew t.  T he  d iss im ila r i ty  be tw een  th e se  a n d  
Székely’s f ind ings  can , therefore ,  be ex p la ined  b y  assum ing  t h a t  th e  lu m b o ­
sacral cord , being in th e  chick def in i te ly  d e te rm in e d  a t  the  tim e of t r a n s p la n ­
ta t io n ,  can  m a in ta in  th e  h ind lim b  c h a ra c te r  in i ts  func tion . Pe rfec t  s y n c h ro ­
n isa tion  of  m o v em en ts  in b o th  limbs a n d  the  fac t  t h a t  the  wings re m a in  m o t io n ­
less u n d e r  c ircum stances  t h a t  in  no rm a l  an im als  evoke wing responses, sugges t  
fu r th e rm o re  t h a t  th e  g ra f ted  lum bo-sacra l  seg m en ts  can  som ehow se lec t  from  
im pulses descending  from  higher cen tres  to  answ er  only  to  those  w h ich  are 
add ressed  to  th e  no rm al lum bo-sacra l  segm en ts .  T ry ing  to  in te rp re t  such 
selective responses of  th e  g ra f ted  segm ents ,  one m a y  th in k  of tw o a l te rn a t iv e s :
(i) The m o to n eu ro n s  of th e  gra f ted  an d  th e  n o rm a l  lum bo-sacra l  seg m en ts  
m ig h t  e s tab lish  connections w ith  ex ac tly  th e  sam e  descending  n eu ron  sy s tem s ,  
an d  these  specific n eu ro n a l  connections m ig h t  r ise  to  th e  synch ronous  m ove-
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m e n ts  in the  ex trem itie s .  T h e  e s ta b l ish m e n t  of  th e  specific connec tions  m ig h t  
be  reg u la ted  by  some specific p roperties ,  c la im ed  b y  W e i s s  and  S p e r r y  [15, 11] 
to  e x is t  in the  neu ro n s ,  w hich  w ould  a l low  th e  deve lopm en t of  fu n c tion ing  
s y n a p s e s  only be tw een  se ts  of ce r ta in  p a r t ic u la r  neurons hav in g  gained  d u r ing  
neu rogenes is  q u a l i ta t iv e  specif ica tion  to  m a tc h  each o ther,  (ii) T he  a l te rn a t iv e  
is t h a t  ce r ta in  p a r ts  o f  th e  CNS h a v e  th e  c a p a c i ty  to  analyze d iffe ren t  im pulse  
p a t t e r n s  and answ er only  to  th e  a p p ro p r ia te  ones, as suggested  in earlier 
w o rk s  from  this D e p a r tm e n t  [14]. The l im b  segm ents  of the  sp ina l cord m ig h t  
h a v e  som e p ro p e r ty  of  th is  k ind , p ro b a b ly  on th e  grounds of a pecu lia r  s t ru c ­
tu r a l  a r ra n g e m en t  of  neu ro n s  in th e  s eg m en ta l  a p p a ra tu s .  F u r th e r  e x p e r im en ts  
a re  necessa ry  to  ana lyze  th e se  p roblem s.
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D IE  F U N K T IO N  H E T E R O T O P IS C H E R  R Ü C K E N M A R K S E G M E N T E  
BEIM  H Ü H N C H E N

B ei H ü h n e rem b ry o n en  de r S tad ien  15 —16 ( H a m b u r g e r — H a m i l t o n ) w u rd e n  die 
o p e ra t iv  e n tfe rn te n  B rach ia lseg m en te  des M ed u lla rro h res d u rch  b rach ia le , th o ra c a le  u n d  
lu m b o sa c ra le  M ed u lla rro h rab sch n itte  g le ich artig e r a n d e re r  H ü h n e rem b ry o n en  e rs e tz t.  In n e r ­
v a tio n  u n d  F u n k tio n  der d u rc h  solche Im p la n ta te  v e rso rg te n  F lügel w urde n ach  dem  Aus- 
sc h liip fe n  d e r H ü h n ch en  u n te rsu c h t.
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Brachialsegm ente eines anderen Em bryos können die entfernten Brachialsegm ente des 
W irtstieres in jeder Beziehung ersetzen. Innervation und Funktion der Flügel erwiesen sich in 
solchen Fällen als normal.

Obwohl an Stelle des entfernten Brachialteils im plantierte thoracale Segm ente die 
Flügel innervierten und dieselben schm erzem pfindlich waren, war ihre M usculatur vo ll­
kom m en atrophisch und es entw ickelte sich eine Ankylose der Gelenke. Die Hinterhörner der 
im plantierten Rückenm arkssegm ente zeigten wohl eine deutliche H ypertrophie, die Vorder­
hörner waren dagegen atrophisch.

Flügel, die durch im plantierte lum bo-sacrale Segm ente innerviert wurden, zeigten  
lediglich im Schultergelenk kleinere stets m it den Schreitbew egungen der gleichseitigen unteren  
Gliedm assen synchronisierte Bew egungen, aber keinerlei für die Flügel sonst typische Bewe­
gungen und Reflexe. Trotz gut ausgebildeter und normal innervierter Flügelm uskulatur waren 
in  den anderen Gelenken keinerlei koordinierte Bewegungen nachweisbar. Frklärungsm öglich- 
kciten dieser Befunde werden diskutiert.

ИССЛЕДОВАНИЕ У ЦЫПЛЯТ ФУНКЦИИ ГЕТЕР0Т011ИЧЕСКИХ СПИННО­
МОЗГОВЫХ СЕГМЕНТОВ

В зародышах цыплят (стадии 15— 16 по Гамбургеру и Гамильтону) предварительно 
удаленные плечевые спинномозговые сегменты были замещены плечевыми, грудными, 
или пояснично-крестцовыми сегментами спинного мозга, взятыми от других зародышей 
одинакового возраста. После вылупления из яйца исследовались иннервация и функция 
крыльев, иннервированных от пересаженных сегментов спинного мозга.

Плечевой сегмент другого цыпленка может заменить удаленный плечевой сег­
мент во всех отношениях. В таких случаях развивалась совершенно нормальная иннер­
вация и функция.

Хотя нервы пересаженных грудных сегментов разветвлялись в крыльях, которые 
стали чувствительными в отношении болей, мышцы стали совершенно атрофическими и 
суставы анкилозными. В дорсальном сером веществе пересаженных сегментов наблю­
далась гипертрофия, тогда как в двигательном нерве имелись определенные признаки 
дистрофии.

В крыльях, иннервированных от гетеротопических пояснично-крестцовых сег­
ментов, наблюдались умеренные движения плеча, совершенно синхронные с движениями 
ног той же стороны. Вопреки хорошо развитой и нормально иннервированной мускуля- 
туры не удалось установить коордированных движений других суставов. Обсуждается 
предполагаемый механизм анкилоза дистальных суставов и синхронных движений в 
плечах.

K a r o l y  S t r a z n i c k y , Pécs D ischka Gy. и. 5, H u n g a ry
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Synopsis

The am ount o f m itochondria in the three growing zones (m eristem , zone of 
cell elongation and the zone of root hair developm ent) o f lupine roots was determ ined  
by direct counting on thin m icroscopic sections or on the basis o f N  content of 
the m itochondrial fraction obtained by differential centrifugation. The am oun t o f m ito­
chondria changes in the root cells as th ey  pass the various phases o f grow th. M axi­
m um  values are found in cells w hich have ju st com pleted the elongation , 
w hile m inim um  number is obtained for m eristem atic cells. The observed changes m ight 
in part account for the developm ent of gradients of certain physiological characteris­
tics in the lupine root.

Introduction

T he close re la t ionsh ip  of  g ro w th  and  abso rp tion  in the  ro o t  sy s te m  is 
n o w  f i rm ly  established. This exp la ins  recen t  in te re s t  in th e  m e ta b o l ism  of 
g row ing  zones of the  ro o t  a n d  in  th e  e lucidation  of  th e ir  role in u p t a k e  and 
t r a n s lo c a t io n  of inorganic  su b s tan ces .  These s tud ies  supp ly  a p ic tu re  on the 
m etabo lic  changes in cells on d iffe ren t  s tages of g row th , on th e  one h a n d ,  
an d  m a y  charac ter ize  th e  fu n c t io n a l  d e v e lo p m en t  of th e  ro o t  as t h e  o rg an  of 
u p ta k e  a n d  t rans loca tion  o f  su b s tan ces ,  on th e  o the r .  Several s tud ies  [18, 19, 20] 
rev ea led  ce r ta in  differences b e tw een  th e  cells of growing zones o f  th e  roo t 
as to  th e  accum ula tion  of  d ry  m a t te r ,  p ro te in  and  nucleic m e ta b o l ism ,  re s ­
p i ra t io n ,  a c t iv i ty  of ce r ta in  ox idases , etc.

T he  recognition  of  th e  a lm o s t  exclusive role of m ito ch o n d r ia  in release 
a n d  t ra n s fo rm a tio n  of  energy  in liv ing cells induced  th e  s tu d y  o f  d is t r ib u t io n  
a n d  a c t iv i ty  of these organelles in th e  grow ing zones of roo t .

T he  p resen t  p a p e r  involves d a t a  on q u a n t i ta t iv e  d e te rm in a t io n  of  m ito ­
c h o n d r ia  in  cells of grow ing zones in  lupine ro o t .  A u tho rs  are fu l ly  aw are  of 
th e  fa c t  t h a t  m itochondria l  n u m b e r  alone is n o t  an  exclusive c r i te r io n  o f  the 
ene rge tic  capacities  o f  the  cells. The la t te r  can he de te rm in ed  on ly  if  th e  p o te n ­
cies o f  th e  m itochondria  a n d  th e ir  w ork ing  c ap ac i ty  u n d e r  e x p e r im e n ta l  con­
d i t io n s  a re  known.

W e assum e, how ever ,  t h a t  th e  resu lts  o f  th e  f i r s t  phase  o f  o u r  work 
r e p re s e n t  ce rta in  in te re s t  in v iew of th e  p au c i ty  of re liable  q u a n t i t a t i v e  da ta  
on th e  m itochondria l  n u m b e r  o f  p la n t  cells.
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T he num ber of  m i to c h o n d r ia  in cells o f  d if fe ren t  an im al organs has been 
e s t im a te d  in several p a p e r s  [3, 4, 5, 16, 23]. N u m b e rs  rang ing  from  1400 to  
2500  p e r  cell were fo u n d  in  a n im a l  tissues; th e  h a l f  life period of  th e  organelles 
w a s  5 to  10 days [10]. As t o  p lan ts ,  more m i to c h o n d r ia  were found  in young  
cells as com pared to  old cells [21, 22]. T he  n u m b e r  o f  m itoch o n d r ia  per  u n i t  
a r e a  rem ains  re la t iv e ly  c o n s t a n t  even w hen  th e  cell volum e increases [6, 22]. 
T h is  observa tion  p e rm its  t h e  assum ption  t h a t  t h e  m ito ch o n d r ia l  n u m b e r  m igh t  
in c re a s e  as the  e lo n g a t io n  a n d  d iffe ren tia t ion  of cells proceed. A similar 
co n c lu s io n  is suggested  b y  d a ta  concerning th e  p ro te in  c o n te n t  in th e  
m i to c h o n d r ia l  f rac t io n  o f  cells of d if fe ren t  age [1, 2, 9, 15]. In  ro o t  t ip  
cells o f  four grass species t h e  num ber  of m i to c h o n d r ia  per cell a rea  was e s t i ­
m a t e d  to  be 40 to 100 [6, 7 ] .  E lectron m icroscope  and  b iochem ical s tud ies  on 
m i to c h o n d r ia l  d e v e lo p m e n t  in  maize roo t  t ip  [15] revealed  several changes 
o f  m ito ch o n d r ia  d u r in g  cell g ro w th  and d if fe re n t ia t io n .  Im m a tu re  m i to c h o n ­
d r ia  o f  low b iochem ical a c t iv i t y  are t r a n s fo rm e d  in to  d iffe ren t ia ted  ac tive  
o rg an e l le s  in the cells w h ic h  h ave  ju s t  c o m p le te d  elongation . Most p ro b a b ly  
d e s t r u c t io n  of the  s t r u c t u r e  and  decline in  t h e  a c t iv i ty  of  m ito ch o n d r ia  
o c c u rs  in m atu re  cells. T h e  presen t da ta  on p e rc e n tu a l  ra t io  of m i to c h o n ­
d r ia l  to  to ta l  cell p ro te in  co n te n t  also su g g e s t  t h a t  changes occur in m i­
to c h o n d r ia l  num ber ,  s t r u c t u r e  and  func tiona l  a c t iv i ty .

M ateria ls  and m ethods

C hanges in the  m ito c h o n d r ia l  p opu lation  of g ro w in g  cells w ere s tu d ied  in  th e  p re se n t 
w o rk  b y  m eans of d irect c o u n ts  o n  p e rm a n en t slides a n d  b y  d e te rm in a tio n  of to ta l  and  p ro te in  
n i tro g e n  in  th e  m ito ch o n d ria l f r a c t io n  obtained from  th e  grow ing  zones o f lup ine roo ts . F ive  
to  e ig h t  d a y  old seedlings o f th e  lu p in e  v a rie ty  B lue N e m tc h in o v sk a  were used. T he p lan ts  
w ere  g ro w n  in 1/5 K nop so lu tio n  o f  p H  6.2. For d irec t c o u n ts  ro o t tip s  w ere c u t in to  zones, 
f ix e d  in  R eg au d  and L ev itsk y  [11, 21]. 3 fi th ick  cross sec tio n s  w ere cu t, sta in ed  w ith  H e i­
d e n h a in  h aem ato x y lin  an d  th e  m ito c h o n d ria  co un ted  in  se ria l sections. T he d a ta  were o b ­
ta in e d  b y  counting  in 10 ro o ts . I n  add ition , m ito c h o n d ria l co u n ts  were m ade on sections 
o f l iv in g  ro o ts  a fte r re ac tio n  fo r succ in ic  dehydrogenase  [6]. T he m ito ch o n d ria l frac tio n  
w as p re p a re d  by d iffe ren tia l c e n tr ifu g a tio n  (35 m in . 17000 rp m ) in  an  MSE re frig e ra ted  
c e n tr ifu g e . T he p rep ara tio n  w as p e rfo rm e d  in a re fr ig e ra te d  ro o m  a t  0-]-3o C. T he m a te ria l 
w as hom o g en ized  and c en tr ifu g e d  in  sucrose solu tions m ad e  u p  w ith  p h o sp h a te  b u ffe r  o f p H  
7.4 to  w h ic h  5.10—1 M v ersen e  w as  ad d ed . 0.88 M su cro se  w as used  for th e  d iv is ion  zone, 
w h e re a s  0 .25 M solution fo r th e  s tre tc h in g  zone an d  fo r th e  zone of ro o t ha irs . T o ta l and  
p ro te in  n itro g en  were d e te rm in e d  accord ing  to th e  m e th o d  of L u b o c h i n s k y  an d  Z a l t a  
[14]. Cell n u m b er in the  g ro w in g  zo n es has been c o u n te d  acco rd in g  to  B b o w n ’s m eth o d  [ 8 ] .

R esu l ts  and discussion

T h e  num ber  of m i to c h o n d r ia  in the  cell a rea s  on th e  section of  th e  cell 
is r a t h e r  co n s tan t  (Table 1). D a ta  obtained w i th  p la n t  sections (42 to  58 
[6, 7]) a n d  in sea urch in  la rv es  (10 to 30 [12]) a re  in  good ag reem en t  w ith  the
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p re se n t  obse rv a t io n s .  T ab le  1 shows the  m i to c h o n d r ia l  num ber  in cells o f  
tissues in  th e  zone o f  cell d ivision (0 to  2 m m ) a n d  o f  cell e longation (2 to  7 m m ).

Table 1

M itochondrial number per cell in the tissues o f  the first cm 
o f  lup ine  root (8  day old seedlings)

Number o f mitochondria

Tissue on the section 
in one cell

the sa ne on the 
basis of tetra/o’ium 

reaction
in m e cell

0— 2 mm
root cap .............. 12.8 ± 0 .5 15.6 ± 0 .9 864 ± 4 9
m eristem  .............. 22.0 ±0.1 2 4 .6 ± 0 .8 149 , 1.

2— 7 mm
cortex  ..................... 3 5 .9 ± 0 .7 35.1 ± 1 .2 1176 ±  38

e p id e rm is .............. 31.2 ± 1 .5 29.9 ± 1 .5 936 , 43

endoderm is .......... 27.3 ± 2 .1 — 810 ±41

pericycle .............. 25.3 ±2.1 800 ± 3 7
cell of c en tra l 
cy linder (p lerom e) 15.0 ± 0 .4 1696 ± 5 8

The m ito ch o n d r ia l  popu la t ion  in  an a v e ra g e  m eris tem atic  cell is a b o u t  
150. This n u m b e r  increases parallel to  the  g ro w th  of the  cell and d i f f e r e n t ia ­
tion  o f  p r im a ry  tissues. A considerable n u m b e r  o f  m itochondria  is f o u n d  in 
th e  e longating  cells o f  v ascu la r  bundle  w h ich  will form la ter  where sieve  t u ­
bes of the ph loem  are  a lread y  developed. T h e  co u n t in g  in p e rm a n e n t  m o u n ts  
of th e  root ha ir  zone encoun ters  difficulties because  the  c y to p la sm  is lo c a t ­
ed a t  th e  cell wall and  no reliable coun ts  c a n  be obtained. The m i to c h o n ­
dria l  n u m b e r  in cells o f  th is  zone m ay  be assessed on the  basis o f  t h e  to ta l  
a n d  p ro te in  n i t ro g en  c o n te n t  in th e  m i to c h o n d r ia l  fraction (Table 2).

Table 2

N itrogen content o f  the mitochondrial fraction separated fr o m  growing zones o f  lu p in e  seedlings
(mg 10 9 per cell)

Growing zone

A e

5 days 8 days

total N protein N total N prote’n N

division ............................ 40.2 30.2 24.5 19.0
e lo n g a t io n ........................ 92.1 60.1 75.6 44.7
root h a ir developm en t 73.2 34.9 76.1 31.8
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T h e  values shown in T able  2 are m e a n s  of  8 experim ents . T h e y  show  a 
d e c re a s e d  m itochondria l  p ro te in  co n te n t  in  t h e  d iv id ing and  e lo n g a t in g  cells 
a n d  n o  changes in th e  m a tu re  cells.

T h e  protein  n i trogen  c o n te n t  of th e  m ito ch o n d r ia l  f rac tion  d e p e n d s  on 
th e  age  o f  the  cells. I t  a t t a in s  a m a x im u m  leve l  in the cells o f  th e  zone of 
e lo n g a t io n  an d  decreases aga in  in the  m a t  ure  cells of the  zone of  ro o t  ha irs .

A t  th e  same t im e  th e re  is an increase  o f  non-pro te in  n i t ro g e n  in  the  
m i to c h o n d r ia l  frac t ion  of th e  zone of ro o t  h a i r s  which is p ro b ab ly  d u e  to  th e  
d e s t r u c t io n  of the  in te rn a l  s t ru c tu re  of  m ito c h o n d r ia .  The increase  of  m i to ­
c h o n d r ia l  n itrogen in th e  zone of e longa tion  m ig h t  depend on an  in c rea se  in 
th e  n u m b e r  of  m ito ch o n d r ia ,  on th e  on e liand (T a b le l ) ,  and  on th e ir  in c rea sed  in ­
t e r n a l  d if fe ren tia t ion ,  i.e. on th e  increase in  n u m b e r  of their  c r is tae ,  on th e  
o th e r .  I n  m a tu re  cells in th e  zone of ro o t  h a i r s  th e  num ber  of  m i to c h o n d r ia  
p r o b a b ly  decreases w ith  para l le l  changes in  th e i r  s t ru c tu re  and a c t iv i ty .  W hen  
th e  t o t a l  n itrogen  c o n te n t  o f  the  m i to c h o n d r ia l  frac tion  is expressed  as per  
c e n t  o f  t h e  to ta l  n i trogen  c o n te n t  of all f ra c t io n s  a ra th e r  c o n s ta n t  v a lu e  is 
o b t a in e d  which does n o t  d e p en d  on the  age o f  th e  cells and  roo ts  (T ab le  3). 
T h e se  v a lu es  fall a t  th e  sam e  tim e  w ith in  th e  ra n g e  reported  in th e  l i t e ra tu re  
for  d i f f e r e n t  an im al t issues (26.9 to  34.0 pe r  cen t) .

Table 3

Total nitrogen content o f  the mitocdondrial fra c tio n  in per cent o f  total 
nitrogen content o f  all fra c tio n s  studied

Growing zone
Age of seedlings in days

5 8

division ................................... 35.1 37.9

e lo n g a t io n ............................... 38.9 40.7

root h a ir d ev e lo p m en t . . . 32.8 34.5

A  com parison  of th e  p re se n t  f ind ings w i th  d a ta  published ear l ie r  [13] 
show s a re m a rk a b le  a g re e m e n t  in the  to ta l  p r o te in  con ten t  per cell in r a t  liver 
a n d  in  t h e  two f irs t  g row ing  zones of lu p in e  ro o t .

T h e  resu lts  ob ta ined  in  th e  p resen t  s t u d y  m u s t  be tak en  w i th  g re a t  
c a u t io n  in  view  of th e  g rea t  difficulties c o n n e c te d  with d irect c o u n t in g  and 
of t h e  u n c e r ta in ty  of th e  com pleteness  of th e  m itochondria l  f rac t io n  iso la ted  
b y  m e a n s  o f  differentia l cen tr ifuga tion .  H o w e v e r ,  a comparison of th e  p re s e n t  
d a t a  w i th  resu lts  o b ta ined  w i th  an im al cells sh o w  th a t  our resu lts  a re  rea l .  
E .g . t h e  m ito ch o n d r ia l  p o p u la t io n  in cells o f  c o r te x  or of the c e n t ra l  cy l in ­
der  is o n ly  slightly  less t h a n  in  an im al cells. T h e re  is a very  close a g re e m e n t  
in  th e  m ito c h o n d r ia l  n i t ro g en  co n ten t  per cell. I n  view of th e  ideas ou tl ined  
ab o v e  t h e  resu lts  o b ta ined  in  th is  work seem to  be quite real.
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A ccordingly a g ra d ie n t  o f  m itochondria l  n u m b e r  was found  in th e  grow ing  
zones o f  th e  lupine roo t .  T h e  n u m b e r  of m ito ch o n d r ia  changes  in  th e  cells as 
th e y  pass th e  various phases  of  g row th . M ax im um  values are  found  in  cells 
w hich  h ave  ju s t  com ple ted  th e  e longation while th e se  values  so m ew h a t  d e ­
cline in th e  cells of th e  ro o t  h a ir  zone. M inim um  n u m b e r  is ob ta ined  for meris- 
t e m a t ic  cells. The observed  changes m igh t  in p a r t  d e te rm in e  th e  d eve lopm en t 
o f  cer ta in  physiological g rad ien ts  in th e  lupine ro o t .
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ANZAHL DER MITOCHONDRIEN IN DEN ZELLEN DER WACHSTUMSZONEN 
DER WURZEL VON LUPINEN

Die Anzahl der Mitochondrien in den Zellen der drei Wachstumszonen (Teilungszone, 
Streckungszone und Zone der Wurzelhaare) wurde durch Zählung in dünnen Mikrotomschnit 
ten und auf Grund des Stickstoffgehaltes der durch Differenzialzentrifugierung erhaltenen 
Mitochondriumfraktion bestimmt. Es wurde eine Veränderung der Anzahl der Mitochondrien 
in den Wurzelzellen festgestellt, welche darauf zurückzuführen ist, dass die Zellen nacheinander 
zu den aufeinanderfolgenden Zonen gehören. Die grösste Anzahl wurde in den Zellen gefunden, 
die soeben die Streckung vollzogen haben, während die kleinste in den Meristemzellen. Die 
nachgewiesenen Veränderungen gehören nach der Meinung der Verfasser zu den Faktoren, 
welche das Auftreten von Gradienten in bestimmten physiologischen Eigenschaften der 
Lupinenwurzel bedingen.

О КОЛИЧЕСТВЕ МИТОХОНДРИЙ В КЛЕТКАХ ЗОН РОСТА КОРНЯ ЛЮПИНА

В статье приводятся результаты количественного распределения митохондрий в 
клетках трех зон роста корня люпина (меристема, зона растяжения и зона корневых во­
лосков). О количестве митохондрий авторы судили по данным непосредственного под­
счета их на тонких микротомных срезах и по количеству азота во фракции митохондрий, 
полученной дифференциальным центрифугированием. Авторы установили, что при про­
хождении клеткой корня отдельных этапов роста количество митохондрий в ней меняется. 
Число митохондрий максимально в клетках, закончивших растяжение, минимально -  
в клетках меристемы. Обнаруженные изменения в клетках зон роста корня люпина, по 
мнению авторов, являются одним из факторов, обуславливающих возникновение гра­
диента ряда физиологических свойств в них.

Н. Г. П о т а п о в , Москва В— 234, М ГУ, Кафедра физиологии растений, СССР.
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Synopsis

The 14CO„ assimilation of normal and albino corn seedlings was compared at 
different light intensities. It has been established that more 14C02 was fixed by the 
alcohol soluble and insoluble fractions of albino leaves at 5 and 100 lux intensities, 
than by the corresponding fraction of the normal leaves. At higher intensities (1000, 
10 000 lux), however, it was found that the fractions of the normal leaves were label­
led much more intensively than the corresponding fractions of the albino leaves, 
which at these intensities already exhibited a decreasing trend. The 14C fixation maxi­
mum of albino leaves appears between 100 and 1000 lux, which is clearly illustrated 
also by the initial increase and subsequent destruction of pigment content.

By the quantitative distribution of l4C among the alcohol soluble compounds 
it may be seen that light, besides affecting the extent of 14C fixation, largely influences 
the further pathway of carbon too. As light intensity is raised, the 14C contents of 
alanine, serine, glycine, and aspartic acid increase in normal leaves, whereas in albino 
leaves the 14C fixation over 100 lux is shifting towards the organic acids. These data 
show that the difference between the light enduring capacity of normal and albino 
leaves influences the further mechanism of t4C02 fixation.

In troduction

T h e  efficiency o f  p la n t  pho to sy n th es is ,  and  th e  d i s t r ib u t io n  of  C 0 2 
in c o rp o ra te d  in to  th e  d if fe ren t  com pounds ,  is g rea t ly  in f lu e n c e d  b y  the 
w a v e le n g th  and in te n s i ty  o f  light.  This  effect m a y  assert  i t se l f  d i f fe re n t ly  in 
th e  va r ious  p h o to sy n th e t ic  processes. L igh t  in te n s i ty  also p lays  a role in  the 
fo rm a t io n  of the  p ig m en t  c o n te n t  of th e  leaves which is c o n n e c te d  to  the 
re la t io n  betw een  th e ir  sy n th es is  and  decom position  [27, 45, 46]. T o  m a in ta in  
th e  d y n a m ic  equ il ib r ium  a l igh t  in te n s i ty  is needed , a t  which p ig m e n t  con ten t  
a n d /o r  p h o to sy n th e t ic  a c t iv i ty  of th e  p ig m e n t  are a t  a m a x im u m . T h e re  is an 
a c t iv i ty  decrease, a t  i l lu m in a t io n  ap p rec iab ly  s tronger  t h a n  o p t im u m ,  which 
m a y  be followed b y  an  increas ing  p ig m en t  decom position  [52, 31, 50]. This 
p rocess occurs even a t  low er l igh t  in tens i t ies  in  th e  case of v e ry  l ig h t  sensitive 
a lb ino  p lan ts  [22, 48].

S tro n g  i l lum ina tion  has  an  effect on C 0 2 assim ila tion  processes  too. 
In  such  cases CO,, in c o rp o ra t io n  p a r t ly  or com ple te ly  d isco n t in u es  a n d  “ dark  
f ix a t io n ”  dom ina tes  [47].

L ig h t  in ten s i ty  changes  —  besides in f luenc ing  th e  e x te n t  o f  C 0 2 incorpo­
r a t io n  —  m ay  influence  th e  fu r th e r  p a th w a y  of oxygen a n d  c a rb o n  also in 
leaves hav ing  norm al p ig m e n t  con ten t .
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B a s s h a m  [6] h a s  s h o w n  th a t  dur ing  n o rm a l  assim ila tion  m o s t  o f  14C 
(7 0 — 85% ) is fixed w h e n  r ib u lo sed ip h o sp h a te  c a rb o x y la se  is p resen t .  E x p e r i ­
m e n t s  conducted  w i th  e t io la te d  bean leaves [10] show ed a fast  inco rpo ra t ion  
o f  14C 0 2 at 20,000 lu x  l i g h t  in tens i ty  and  th e r e  was of 14C in to  th e  leaf  
p ig m e n ts  too. I l lu m in a t io n ,  f i rs t  of all, s t im u la te s  a -a lan ine , serine, and 
g ly c in e  synthesis. T h e  s t a r t  of the /S -carboxyla tion  of p h o sphoeno lpy ru -  
v ic  ac id  is ind ica ted  b y  in c re a se d  ac tiv ity  o f  a s p a r t i c  and  g lu tam ic  acid.

Pro te ins  are th e  f i r s t  t o  be labelled a t  w e a k  i l lu m in a t io n ,  while a t  s trong  
i l lu m in a t io n  — on a c c o u n t  o f  the  increased a c t iv i t y  of the  Calvin cycle —  
t h e  syn thes is  of c a r b o h y d r a t e s  p redom inates  [40, 41]. W hen  i l lu m in a ted  w ith  
l ig h t  o f  different w a v e le n g th ,  it  was found t h a t  a h igher  p ropo r t ion  of C 0 2 
w as  in co rpo ra ted  in to  t h e  a m in o  acids of  leaves  k e p t  in blu ish-green l igh t;  
in  r e d  light,  however, t h e  fo rm a t io n  of c a rb o h y d ra te s  comes in to  p rom inence  
[17, 42].

T h e  synthesis o f  o rg a n ic  acids continues [20, 21] b o th  in ligh t a n d  d a rk ,  
t h e  Krebs-cycle, h o w ev e r ,  is inhibited  in in te n s e ly  i l lu m in a ted  leaves,  and 
C 0 2 f ix a t io n  is of less s ig n if ican ce  [4].

C 0 2 assimilation t e s t s  conducted  w ith  14C, show  th a t  th e  w av e len g th  
a n d  in te n s i ty  of light in f lu e n c e s  th e  d is tr ibu tion  o f  a c t iv i ty  w ith  in th e  molecule. 
C a y l e  and  E m e r s o n  [13] f o u n d  th a t  in a lan ine  th e  pos ition  of 14C sy n th e t ized  
in b lu e  an d  red ligh t w as s im i la r ;  in glycine th e  a m o u n t  of 14C in a posit ion  
w a s  2 1 %  in red light,  a n d  4 2 %  in blue light.  B r a d b e e r  [12] d e te rm in in g  the  
p ro p o r t io n  of labelling in  t h e  C-l and C-4 a to m s  o f  m alic  acid fo rm ed  d u r in g  
a ss im ila t io n ,  pointed  o u t  t h a t  C 0 2 inco rp o ra t io n  in to  th e  C a tom s o f malic 
ac id  w as  different d e p e n d in g  upon  light in te n s i ty .  T h e  m etabolic  d ifferences 
r e f e r r e d  to  arise from th e  f a c t  t h a t  light i n te n s i ty  is d iverse ly  invo lved  in  th e  
v a r io u s  p a th s  of m e ta b o l ism  [32, 56].

Shade-p lan ts  are  m o re  sensitive to  l igh t  o f  d if fe ren t  w av e len g th  and  
e n e rg y  [58], which is also s h o w n  by  the re la t io n  b e tw e e n  th e  d is t r ib u t io n  of 
s y n th e t i z e d  C 0 2 and  l ig h t  to le ra n c e .

T h e  aim of our w o rk  w a s  to  examine, w h ich  w a y  th e  C 0 2 ass im ila t ion  of  
t h e  gene tica l ly  e x t re m e ly  l i g h t  sensitive a lb ino  p la n t s  differs —  a t  v a r io u s  
l ig h t  in ten s i t ie s  — from  t h e  s im ila r ly  tre a te d  n o rm a l  leaves.

M ater ia ls  and m ethods

O u r experim ents w ere m a d e  w ith  the  offspring o f Zea m ays  h e te rozygo te  for a lb in o  
m u ta t io n .  O ur albino s tra in  s y n th e tiz e s  p ro toch lorophyll in th e  d a rk  to an  e x te n t a p p ro a c h ­
ing  n o rm a l, which on lig h t b e co m es transform ed in to  c h lo ro p h y ll-a , and  ch lo ro p h y ll-b . 
T h e  c a ro te n o id  synthesis o f th e  s t r a in  is abnorm al, since i t  a cc u m u la te s  a p a r tly  sa tu ra te d  
c a ro te n o id :  f-caro tene  [18]. T h e  h o m o zy g o te  recessive a lb in o  p h e n o ty p e  can be d istin g u ish ed  
e a s ily , b y  th e  pale yellow c o lo u red  e n d o sp e rm  of kernels, fro m  th e  hom ozygote  d o m in a n t and  
h e te ro z y g o te  norm al gra ins. T h e  s t r a in  was inbred  a t  th e  A lsógöd  Biological S ta tio n  o f th is  
U n iv e rs i ty .  T he corn seeds, u sed  fo r  th e  14CO, a ss im ila tio n  te s ts , were g e rm inated  in th e
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d a rk  a t  27° C. T he 3 d a y s  o ld  seedlings were p laced in th e  l4C 0 2 a tm o sp h e re , th en  k e p t a t  ligh t 
in ten sitie s  o f 5, 100, 1000, an d  10,000 lux , supplied  by  a 500 w a t t  low pressure X enon  bu lb . 
T he 14C 0 2 a tm o sp h ere  w as p ro d u ced  in a 4 -c o m p a rtm e n t case o f plexig lass [23], in w hich 
the  lig h t in ten sitie s  m en tio n ed  above could be secured  u n d e r  o therw ise  sim ilar cond itions. 
A sm all dish was p laced  in to  th e  low er, in n er m eeting  p o in t o f th e  c o m p a rtm e n ts  w here 20 
mg B a 14C 0 3 h av in g  an  a c t iv ity  a b o u t 900 ц c, and  m eth y l red  in d ic a to r  show ing th e  e n d p o in t 
of th e  lib e ra tio n  an d  f ix a tio n  re ac tio n  were placed.

T he shoots of th e  seed lings were d isposed in th e  c o m p a rtm e n ts , in sm all dishes c o n ta in ­
ing p h ta la te  b u ffer (0.005 M p h ta lic  acid ; pH  4.8). S u b seq u e n tly , the  case was h e r­
m etica lly  sealed. A fte r p ro d u c in g  a low vacuum , C()2 w as re leased  by an  excess o f lac tic  
acid m ade availab le  from  a g ro u n d  glass b u re tte . A fter 48 h rs . l4C 0 2 ab so rp tio n  the  C 0 2 co n te n t 
of th e  a tm o sp h ere  was fix ed  b y  an  excess o f B a (O H )2. T h e  leaves were hom ogenized w ith  
sa n d  an d  some M gC 03 in ace to n e , th e n  the  lipid so luble  c o m p o n en ts  were rem oved  by  e th e r- 
e x tra c tio n  [32, 3 3 1. T h e  soluble  co m p onen ts were d isso lved  from  th e  residue b y  rep ea ted  
alcoholic e x tra c tio n , an d  were ad d ed  to th e  w a te r-ace to n e  e x tra c t .  An a liq u o t was b ro u g h t 
from  th e  to ta l p ig m e n t as well as from  th e  alcohol so lub le  f rac tio n s , on a sm all a lum inum  
dish  an d  th e  ac tiv itie s  w ere m easured  a fte r  during . T h e  to ta l  a c tiv ity  of the  p ro te in  frac tio n s 
were m easu red  by  hyd ro ch lo ric  hydro lysis [43].

To ev a lu a te  each  o f th e  com p o n en ts  o f th e  a lcohol so luble  frac tio n s , a q u a n ti ty  of the  
m a te ria l co rresp o n d in g  to  an  a c t iv ity  of 5 X l0 5 tp m . w as ta k e n  up  on a W h a tm an  No 1. 
p ap er w ashed p rev iously  in oxalic  acid. T he soluble c a rb o h y d ra te s , am ino an d  organ ic  acids 
were se p a ra ted  by tw o -d im en sio n a l c h ro m a to g rap h y  u sin g  B e n s o n ’s [ 9 |  so lv en t system  (1. 
w a te r-sa tu ra te d  ph en o l, 2. n -b u tan o l-p ro p io n ic  a c id -w a te r  100/50/70). T he c h ro m a to ­
g ram s, when ru n , w ere p laced on “ Agfa L au e”  X -ra y  f ilm s an d  exposed for 10 days. T he 
developed film  show ed th e  p osition  of the 14C lab e lled  m ate ria ls . F o r q u a n ti ta t iv e  
e v a lu a tio n  — on  th e  basis o f com parison  w ith  X -ra y  film s — th e  c o n s titu e n ts  were 
e lu ted  by  ho t w a te r fro m  th e  p ap er, th en  placed on  a sm all p la te  and  th e  ac tiv itie s  were 
m easu red  by  2n  g eo m e try  gas-flow  GM tub e . T he c h a ra c te riz a tio n  of the  v a rio u s sp o ts was 
based on R v a lu es and  m ap , as well as in fo rm a tio n  by  specia l developers.

Results and discussion

Table  1 shows th e  14C activ it ies  in c o rp o ra te d  in to  the  lipid soluble f rac ­
t ions  (p igm ents ,  o th e r  lip id  m ateria ls)  of leaves k e p t  in 14C 0 2 a tm o sp h e re  for 
48 hrs a t  d if fe ren t  li g h t  in tensities .

F ro m  T ab le  1 it  m a y  be seen th a t  th e  14C c o n te n t  of the  lip id  soluble 
f rac t io n  of n o rm a l  leaves increases w ith  g row ing  l igh t  in ten s i ty .  A t  s t ro n g  
i l lu m ina tion  (10 000 lux) th e  a c t iv i ty  is s ign if ican t .  T here  is an  increas ing  
t r e n d  of a c t iv i ty  in  a lb ino  leaves a t  lowr l ig h t  in tens i t ie s  while a t  s tro n g er

Table ]

The distribution  o f  ,4COs f ix e d  by the lip id  soluble fra c tio n s  o f  norm al and albino leaves o f  corn
subjected to different light in tensities  

(103 cpm /g fr. w.)

Light intensity
о ,,,) 5 100 1000 10,000

material normal albino normal albino normal albino normal albino

1 0 :{ cpm /g .......... 5 .6 4 .7 5 .7 5 .2 1 6 .0 5 .1 7 4 .0 4 .8

1 0 3 cpm /lux . . . 0 .0 6 0 .0 5 0 .0 2 0 .0 0 5 0 .0 0 7 0 .0 0 0 5

a /n  ....................... 0 .8 0 .9 0 .3 0 .0 7
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Table 2

T h e  q u a n tity  o f  14C 0 2 f ix e d  by the alcohol soluble com pounds o f norm al and  albino leaves
at d ifferen t light in tesities 

(103 cpm /g  fr. w.)

L igh t in tensity  
(lux)

5 100 1000 10,000

M aterial normal albino norm al albino normal albino norm al albino

103 c p m /g  ......... 44.0 54.0 34.0 55.0 310.0 59.0 5832.0 58.0
103 c p m /lu x  . . . 0.3 0.6 0.3 0.06 0.5 0.006
to ta l  f i x . %  . . . . 0.96 0.95 1.10 0.61 4.18 0.53 11.20 0.70

a /n  ........................ 1.2 1.6 0.2 0.01

i l lu m in a t io n  it  drops to  the  level co rre sp o n d in g  to  th e  value of th e  d a r k  v a r ia n t .  
14C 0 2 in c o rp o ra t io n  is th e  m o s t  in ten s iv e  a t  100— 1000 lu x  in ten s i t ie s .  The 
d if fe ren ces ,  betw een  th e  a m o u n ts  o f  HC in co rp o ra ted  in to  th e  l ip id  soluble  
f r a c t io n s  of  norm al a n d  a lb ino  leaves, are i l lu s t ra te d  by  th e  a c t iv i ty  increase  
(c p m /lu x )  re la ted  to  th e  d if fe ren t  l ig h t  in tens i t ie s  and /o r  b y  th e  a lb ino /no rm al,  
(a /n )  r a t io .  The cpm /lux  va lu es  are  th e  sam e in no rm al and  a lb ino  leaves a t  
100 lu x  in ten s i ty .  F ro m  th is  i t  m a y  be conc luded  t h a t ,  a t  th is  ligh t in te n s i ty ,  
th e  p ig m e n t  synthesis  o f  th e  a lb ino  leaves is also norm al.

A t  1000 lux light in te n s i ty  t h e  cpm /lux  va lue  h a rd ly  differs f ro m  the  
v a lu e  o f  th e  100 lux v a r i a n t ;  in  th e  a lb ino leaves, howex^er, i t  is a b o u t  1/10 
of  th e  o rig inal value. This  t e n d e n c y  is m ore explic it  a t  10 000 lux , in  so far 
as th e  c p m /lu x  value in  th e  n o rm a l  leaves drops  to  1/10 of the  c p m /lu x  va lue  
of  t h e  v a r i a n t  k ep t  a t  100 lu x ;  in th e  a lb inos th is  d rop  m a y  a m o u n t  to  txvo 
o rd e rs  o f  m agn itude .  A t th is  l igh t  in te n s i ty  the  a lbino leaves are  p ra c t ic a l ly  
b le a c h e d .

T h e  a/n quo t ien t  is t h e  h ig h e s t  a t  100 lu x  ligh t in tens i t ie s ,  th e n  —  
b e c a u se  o f  th e  decom position  o f  th e  a lb ino  le a f  p igm ents ,  and  m a in ly  d u e  to  
in te n s iv e  increase of th e  p ig m en ts  in th e  norm al leaves —  it  ra p id ly  decreases  
w i th  t h e  increase  of i l lu m in a t io n .

I n  o u r  previous w o rk  we h a v e  s t a t e d  t h a t  th e re  was a d ifference of  a b o u t  
txvo o rd e r s  of m agn itude  b e tw e e n  th e  l igh t  to le ran ce  of th e  n o rm a l  a n d  a lb ino  
le a f  p ig m e n ts  [22]. C onsidering  th e  re la t iv e ly  h igh  ac tiv it ies  a t  10,000 lu x ,  
one m a y  a rr iv e  a t  the  conc lus ion  t h a t  th e  h igh ligh t  in ten s i ty  in  a lb ino  leaves, 
t h o u g h  inc reas in g  th e  d e co m p o s i t io n  o f  th e  p ig m en ts ,  only s l igh tly  d am ag es  
th e  p ig m e n t  sy n the tiz ing  sy s te m . C oncern ing  th e  p ig m en t  d e s t ru c t io n  in  th e  
s t r o n g ly  i l lu m in a ted  m u ta n t  p la n ts ,  th e  h y p o th es is  seems p ro b ab le  t h a t  th is  
p rocess is connec ted  w ith  th e  in c re a se d  light sen s i t iv i ty  of th e  c a ro te n e id s  of  
th e  a lb in o  le a f  p igm ents  [18].
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T h e  d is tr ib u t io n  of  14C in c o rp o ra te d  in to  th e  alcohol so lub le  f rac t io n  
c o n ta in in g  am ino acids, sugars ,  a n d  organic  acids o f  norm al a n d  a lb in o  leaves 
k e p t  a t  d iffe ren t  light in ten s i t ie s  is show n in T ab le  2.

I t  appea rs  from  T ab le  2 t h a t  th e  14C c o n te n t  of the  n o rm a l  leaves, 
e s tab l ish ed  a t  5, or 100 lu x  l ig h t  in tensities ,  was nea r ly  the  sam e, a n d  lower 
th a n  th e  corresponding  v a lu es  of  th e  a lbino v a r ie ty .  A t 1000 and  10,000 lux  
th e  a c t iv i ty  is su b s ta n t ia l ly  h igher .

T he  ac t iv i ty  change is s l igh t in  th e  a lbino leaves w ith  a m a x im u m  v a lu e  
a t  100 lux . A t 10,000 lu x  i t  beg ins  to  slightly  decrease.

A t  100 lux the  c p m /lu x  v a lue  of  th e  a lb ino  leaves is th e  d o u b le  of  th e  
n o rm a l  ones; a t  1000 lux  th is  v a lu e  decreases ten fo ld ,  while th e re  is no  change  
in  th e  no rm a l  leaves. A t  10,000 lux  the  cp m /lu x  value  of th e  a lb in o  leaves  
decreases  again tenfold , w hile  in  the  norm al leaves th e  decrease a m o u n ts  to  
6 0 % ,  as com pared  to  th e  va lu es  o b ta in ed  a t  th e  prev ious l igh t  in ten s i t ie s .  
A com par ison  of the  a /n  ra t io s  reveals  th a t ,  a t  100 lux in te n s i ty ,  th e re  is a 
m u c h  s tro n g er  f ixa t ion  o f  C 0 2 by  th e  a lbino leaves, th a n  by  th e  n o rm a l .  T h is  
r a t io  la rge ly  decreases a t  h ig h e r  l igh t  in tensities ,  on account o f  th e  m ore  in t e n ­
sive l4C 0 2 fixa t ion  of th e  no rm a l  leaves. This in tens ive  f ixa t io n  is s ign if ican t ,  
even  as com pared  to  th e  to ta l  f ixed  14C 0 2 (11 .2% ), which m a y  be m a in ly  
co r re la ted  w ith  the  a c t iv i ty  decrease  of th e  “ solid” frac t ion . T h e  ac t iv i ty  
sh if t  to w a rd  the  alcohol soluble  com pounds  m a y  be exp la ined  b y  a d ro p  in 
th e  fo rm a tio n ,  or an increase  in  th e  decom posit ion  of th e  insoluble  c o m p o u n d s .

T ab le  3 shows th e  ac t iv i t ie s  of 14C fixed  b y  th e  insoluble f ra c t io n s  m ade  
up  b y  p ro te ins  and d iffe ren t  po lysaccharides .  T here  was a g ra d u a l  increase  
in  a c t iv i ty  — a p a r t  f rom  th e  low value  a t  100 lu x  —  in th e  leaves  o f  norm al

Table 3

The qu a n tity  o f  1JC 02 f ix e d  by the alcohol insoluble fra c tio n s o f  norm al a n d  a lbino leaves
at d ifferen t light in tensities  

(103 cpm /g  fr. w.)

Light intensity 5 100 1000 10,000

Material normal albino normal albino normal albino norm al albino

103 cp in /g  .........

103 cp m /lu x  . . .

4600.0 5700.0 3100.0

31.0

9100.0

91.0

7400.0

7.4

11 200.0 

11.2

52 000.0 

5.2

8200.0

0.8

a /n  ........................ 1.2 3.0 1.5 0.2

p la n ts ,  w hen  light in te n s i ty  increased . The a c t iv i ty  reaches i ts  m a x im u m  at 
1000 lu x  in albino leaves ;  i t  is som ew ha t lower a t  10,000 lu x  i l lu m in a t io n .  
B y  co m p ar in g  the  c p m /lu x  va lues  one can see, t h a t  a t  100 lu x  l ig h t  in ten s i ty  
th e  14C ac t iv i ty  fixed  b y  th e  “ solid”  f rac t ion  of  th e  a lb ino leav es ,  is th ree
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t im e s  as high, as th e  14C a c t iv i ty  of th e  sam e  f ra c t io n  of the  n o rm a l  leaves. 
A t  1000 lu x  th is  d if fe ren ce  is smaller, b u t  a t  th is  in te n s i ty  th e  va lues  are 
h ig h e r  for albinos. A t  10,000 lux  — c o m p a re d  to  n o rm al leaves —  th e  14C 
f ix a t io n  b y  the  “ so lid”  f r a c t io n  of the  a lb ino  leaves  decreases, a n d  so th e  
c p m / lu x  value rem ain s  a p p re c ia b ly  below th e  v a lu es  of the  n o rm a l  leaves. 
T h e  a /n  ra t io  shows a m a x im u m  a t  100 lu x ,  s im ila r ly  to  th e  co rrespond ing  
v a lu e s  of  Table  2, th e n  i t  d ro p s  considerably  a t  s t ro n g e r  i l lum ina tion .

T h e  decrease in p r o t e in  con ten t  of th e  a lb in o  leaves during  i l lu m in a t io n  
m a y  be explained b y  in c re a s e d  protein d e co m p o s i t io n ,  as referred  to  also in 
th e  l i t e r a tu re  [50]. T h is  v ie w  is supported  also b y  experim en ts  show ing  th a t  
th e  l ig h t  sensitiv ity  of  t h e  p h o to sy n th e t ic  a p p a r a tu s  depended  considerab ly  
u p o n  p ro te in  synthesis  [28, 30].

i n  our fu r the r  in v e s t ig a t io n s  we h av e  s tu d ie d  the  d is t r ib u t io n  of  14C 
in c o r p o r a te d  in to  th e  v a r io u s  com ponents  o f  t h e  alcohol soluble f rac tion . 
A f te r  exposition , 25 to  30 a c t iv e  spots a p p e a re d  on  th e  rad iog ram s,  m ad e  for 
I he  d e te rm in a t io n  of th e  d i f fe re n t  com ponen ts ,  a n d  for th e  com parison  of the 
a m o u n t  of 14C fixed b y  ea c h  o f  them . We succeeded  in  iden tify ing  20 of these 
b y  se lec t ive  developers, a n d  R e v a lu e s :  a sp a r t ic  ac id  (1), g lu tam ic  acid (2), 
a la n in e  (3), glycine +  se r in e  (4), pheny la lan ine  (5), leucine (6), p roline (7), 
ty r o s in e  (8), g lu tam ine (9), sucrose  (10), ph o sp h o g ly ce ra ld eh y d e  (11), phospho- 
g lyce r ic  acid  (12), malic a c id  (13), glycolic ac id  (14), succinic acid (15), citric- 
iso c i t r ic  acid (16), a - k e to g lu ta r ic  acid (17), g lyceric  ac id  (18), ta r ta r ic  acid (19), 
f u m a r ic  acid  (20).

T h e  characteris tic  r a d io g ra m s  of the  a lcohol soluble co m ponen ts  in the 
a lb in o  a n d  norm al leaves k e p t  a t  10,000 lu x  in te n s i t ie s ,  are shown b y  Fig. 1.

F ig .  1 shows c lear ly  t h e  re la tive d ifference in  d is t r ib u t io n  of ac tiv it ies  
f ix ed  b y  th e  alcohol so lub le  co m ponen ts  of n o rm a l  a n d  albino leaves.

A sp a r t ic  acid, g lu ta m ic  ac id ,  alanine, g lycine ~\~ serine show an in tens ive  
lab e l l in g  in  th e  leaves of  n o r m a l  p lan ts .  The o rg an ic  ac id  con ten t  —  com pared  
to  th e  a lb inos  — is low a t  th i s  light in tens i ty .  C h ief ly  malic acid, and  am ong 
th e  a m in o  acids aspar t ic  a n d  g lu ta m ic  acid spo ts  h a v e  s t ro n g  ac t iv i ty  in a lbino 
leaves .

O n  th e  basis of th e  q u a l i ta t iv e  ev a lua tion  o f  th e  rad iogram s, th e  com ­
p o n e n ts  —  charac ter is t ic  o f  a lb in ism  and l igh t  e ffec t —  showing th e  g rea tes t  
d if fe rences ,  were ana lyzed  q u a n t i ta t iv e ly .  T hese  c o m p o n e n ts  are th e  following: 
a s p a r t ic  acid , g lu tam ic ac id ,  a lan in e ,  glycine -\- se r ine ,  malic acid, and glycolic 
acid . T h e  ac t ive  spots w ere  d isso lved , from th e  p a p e r  a n d  th e ir  iso tope co n ten t  
m e a s u re d .  The percen tage  d i s t r ib u t io n  of the  f ixed  14C per  u n i t  w eight m a te r ia l  
is s h o w n  b y  Table  4.

I t  m a y  be seen, f ro m  T a b le  4, th a t  in th e  d a r k  th e  a c t iv i ty  is m ain ly  
due  to  glycolic acid, a sp a r t ic  a c id  an d  malic acid. As l ig h t  in ten s i ty  is increased , 
th e  14CO„ co n ten t  of am ino  ac id s  increases in  n o rm a l  an d  decreases in  a lbino
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Fig. 7. R adiogram s m ade  fro m  the  alcohol soluble f rac tio n s  of n o rm al an d  a lb in o  leaves 
k e p t a t  10,000 lux  lig h t in te n sity , a — a lb ino , b — no rm al
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le av es .  The ten d en cy  is t h e  sam e for glycolic a n d  malic acids, b u t  th e  dif­
fe rences  between th e  n o r m a l  a n d  albino leaves a re  m u ch  smaller.

T h e  a/n values o b ta in e d  a t  different l ig h t  in tens i t ies  show t h a t  more 
14C is f ixed , a t  5 an d  100 lu x ,  b y  the  alcohol so lub le  com ponen ts  o f  th e  albino 
leav es ,  t h a n  in the  n o rm a l .  T h e  a/n  values, be lo n g in g  to  these  tw o l ig h t  in te n ­
sit ies ,  a re  nearly  th e  sam e , o n ly  a t  100 lux decrease  in  a /n  concern ing  glycine -f- 
se r in e  is observed. T h is  s h i f t  in  th e  ra t io  is due  to  th e  fac t  t h a t  th e  c o rre sp o n d ­
in g  v a lu es  of the a lb ino  d ro p  to  h a lf  of the  5 lu x  values .  A t  1000 lu x  th e  a/n 
r a t i o  is low on accoun t o f  t h e  m ore  in tensive  labe ll ing  of th e  alcohol soluble 
c o m p o n e n ts  in the  n o rm a l  leaves .  Also, a t  th is  l ig h t  in ten s i ty ,  th e  a /n  value  
o f  g lyc ine  -)- serine is t h e  lo w es t ,  s im u ltaneous ly ,  th e  a/n v a lue  of  glycolic

Table 4

T he UC content o f  some o f  the alcohol soluble com ponents o f  norm al and albino leaves 
at d ifferen t light in tensities

L ig h t in tensity  (lux) 5 100 1000 10,000

M aterial normal albino a/n normal albino a/n norm al albino a/n normal albino „П

a sp a rt ic  a c i d ......... 4.0 6 .0 1.5 2.4 4.0 1.7 45.5 4.8 0.16 2840 3.4 0.001
g lu ta m ic  acid  . . . . 2 .2 2.5 1.1 2 .1 2.4 1 .2 2 0 .1 2 .8 0.14 735 3.6 0.005
a lan in e  ................... 0 .8 1 .2 1.5 0 .6 0.9 1.5 5.0 0 .8 0.16 226 0 .8 0.004
glycine  -f- serine . . 0.4 0 .8 2 .0 0.4 0.4 1.0 4.4 4.4 0.09 516 0.3 0.006
glyco lic  acid  ......... 5.0 7.4 1.5 4.5 6 .2 1.4 16.4 5.2 0.32 58 3.7 0.06
m alic -ac id  .............. 2.7 3.5 1.3 2 .1 3.2 1.5 6 .2 3.4 0.55 35 2.9 0.08

a n d  m alic  acid is m a rk e d ly  h ig h .  The s i tu a t io n  is s im ilar  a t  10,000 lu x ,  the  
d iffe rences  are, however, e v e n  g rea te r :  the  a /n  r a t io  o f  glycine -|- serine is th e  
sm a l le s t ,  while the  a/n v a lu e  o f  glycolic and m alic  acid  is ap p rec iab ly  h igher 
t h a n  o f  th e  rest. A t th is  l ig h t  in te n s i ty  the a/n r a t io  decrease for to  a sp a r t ic  
ac id  is also more im p o r ta n t .

T h e  diagram s in F ig .  2 s h o w 14C fixa tion  b y  t h e  co m ponen ts  a t d if fe ren t  
l igh t  in ten s i t ie s .  Light i n t e n s i t y  is shown on th e  abscissae, while th e  o rd i­
n a te s  e p re se n t  the p e r re e n ta g e  a c t iv i ty  d is t r ib u t io n  re la ted  to  th e  a m o u n ts  
( 5 x  105 tp m )  b rough t up.

T h e  following va lues  w ere  ob ta ined  by  q u a n t i t a t i v e  e v a lu a t io n  o f  the  
c o m p o n e n ts  of the  alcohol so lu b le  fraction .

A sp a r tic  acid : A sp a r t ic  ac id  14C a c t iv i ty  o f  th e  n o rm a l  leaves is lower 
a t  d im  l igh t  th a n  in  th e  d a r k ,  while  a t  more in te n s iv e  light it s ign if ican tlv  
inc reases .

A c t iv i ty  decreases w i th  in c rea s in g  i l lu m in a t io n  in  a lbino leaves. D u r in g  
14C 0 2 ass im ila t ion  —  in a c c o rd a n c e  w ith  l i te ra tu re  —  asp ar t ic  acid is labelled  
b o th  in  d a r k  and light [16, 35] .  F ix a t io n  m a y  t a k e  p lace  d irec tly , v ia  oxalo-
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F ig . 2. T he effect o f v a rio u s  lig h t in ten sitie s  on th e  p e rcen tu a l d is tr ib u tio n  o f th e  alcohol 
soluble com ponen ts o f n o rm al an d  a lb ino  leaves, a —  asp a rtic  acid, b —  g lu ta m ic  acid,
c — a lan ine, d — serine +  g lycine , e — glycolic acid , f  — m alic acid , n o r m a l : --------------,

a l b i n o : ............... , a /n : - ............ ............
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a c e t ic  acid, from p y ru v ic  ac id  of p h o to sy n th e t ic  orig in , or in d irec t ly  th ro u g h  
t h e  K re b s  cycle [14, 15]. W i th  stronger i l lu m in a t io n  —  on acco u n t  o f  more 
in te n s iv e  protein  sy n th e s is  —  fixation  in to  a s p a r t ic  acid d im inishes [2].

T h e  possibility  o f  th e s e  p a th w ay s  m a y  re fe r  to  th e  fac t  t h a t  th e  processes 
in  n o rm a l  and albino leav es  a re  essentially d if fe re n t .  P re su m a b ly  d a rk  f ixa t ion  
m a y  be  th e  only m ean s  o f  a sp a r t ic  acid fo rm a t io n ,  because  of th e  absence  of 
p h o to s y n th c t ic  14C 0 2 f ix a t io n  in  albino leaves a t  in tens ive  i l lu m in a t io n .  This 
m a y  be th e  pyruvic  ac id  —  oxaloacetic  acid  p a t h .

G lutam ic acid : G lu ta m ic  acid a c t iv i ty  is n e a r ly  th e  sam e a t  low and  
m e d iu m  light in tens i t ie s  in  no rm a l  leaves, in c re a s in g  only  a t  10,000 lu x .  This 
a c t i v i t y  increase, how ever ,  is o f  much lesser e x t e n t  t h a n  in th e  case of  asp a r t ic  
a c id .  T h e  values were s im i la r  in albino leaves  t o  th o se  of the  no rm al ones, 
a t  a low'er level.

F ro m  the sim ilar  t r e n d  appearing  in  n o r m a l  and  albino leaves,  the  
c o n c lu s io n  can be d ra w n ,  t h a t  the  p a th w ay s  o f  g lu tam ic  acid fo rm a t io n  are 
th e  sam e . D uring  11C ass im ila t io n ,  sh o r t ly  a f t e r  exposition , g lu tam ic  acid 
a c t i v i t y  appears  b o th  in t h e  l ig h t ,  and in th e  d a r k  [5]. The am o u n t  of  g lu tam ic  
ac id  m a y  be increased th o u g h  a t  more in tens ive  i l lu m in a t io n  by  th e  increasing  
o x id a t io n  processes th e  in h ib i t io n  of the K re b s  cycle , how ever, in te rfe res  th is  
p rocess  to  a certa in  e x t e n t  [40]. This would e x p la in  th e  re la t ive ly  insign if ican t 
a c t i v i t y  increase d u r in g  i l lu m in a t io n .

Som e au thors  a s su m e ,  t h a t  g lutamic ac id  is fo rm ed  from  th e  re d u c t io n  
p r o d u c t s  of C 0 2 (ace ta te ,  g lyco lic  acid, p h o sp h o en o lp y ru v ic  acid, a lan ine) [51]. 
T h is  hyp o th es is  would a c c o u n t  for the  fac t t h a t  t h e  g lu tam ic  acid c o n te n t  is 
lo w er  in  albino, th a n  in  n o r m a l  leaves.

A la n in e  : 14C a c t iv i ty  in  alanine is r e la t iv e ly  low a t  less in tens ive  
i l lu m in a t io n  in norm al le av es ,  while a t  high in te n s i t ie s  (10 000 lux) it increases 
to  a g re a te r  ex ten t .  As a c o n t r a s t ,  in albino leav es  th e  labelling of a lan ine  is 
low a t  a n y  light in te n s i ty .

A lan ine  is one of  t h e  ch a rac te r is t ic  p ro d u c ts  o f  pho tosyn thes is  [57]. The 
v iew s a re  different as f a r  as i t s  form ation is c o n ce rn ed .  E arlier  e x p e r im en ts  
m a d e  w i th  l4CO, po in t o u t  phosphoglyceric  acid  as i ts  s ta r t in g  m a te r ia l  [55]; 
a c c o rd in g  to  recent d a t a  it  fo rm s by the  re d u c t iv e  am in a t io n  of  p h o sp h o ­
e n o lp y ru v ic  acid [35, 42]. T h e  la t t e r  may ex p la in  t h e  opposite  a c t iv i ty  change 
fo u n d  in  th e  albino leaves.  So fa r ,  however, we w ere  unab le  to  in te rp re t  the  
h ig h  a c t iv i t y  observed a t  5 l u x  in  normal leaves.

Serin e  -)- glycine : T h e  change  in th e  14C c o n te n t  of these tw o  am ino  
ac id s  is s im ilar  to  t h a t  o f  a la n in e ,  which is u n d e r s ta n d a b le ,  since d u r in g  p h o to ­
sy n th e s is ,  s ta r t in g  f rom  p y r u v ic  acid, th e y  fo rm  p a r t  of a com m on t r a n s ­
f o r m a t io n  process [44].

Glycolic acid : We h a v e  fo u n d  th a t  the  a c t iv i t y  o f  glycolic acid decreased  
a p p re c ia b ly  a t  increasing  l ig h t  in ten s i ty  in n o rm a l  leaves.  T here  is a decrease
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also in  a lb ino leaves, b u t  to  a sm aller  e x te n t .  Several au th o rs  h a v e  shown 
[7, 8] t h a t  glycolic acid a p p ea rs  am ong  th e  f i r s t  p roduc ts  o f  p h o to sy n th e s is  
in  algae an d  in h igher p la n ts ,  an d  i t  would  serve as in te rm e d ia ry  to w a rd s  the  
fu r th e r  — m ain ly  am ino  acid —  syn thes is  [54]. In  our e x p e r im en ts ,  how ever ,  
th e  considerab le  decrease of  a c t iv i ty ,  upon  increased  light in te n s i ty ,  refers 
r a th e r  to  connections w ith  th e  increas ing  o x id a t io n  processes.

M alic  acid : The 14C a c t iv i ty  of  malic acid decrease co n s id e rab ly  w ith  
inc reas ing  il lum ina tion  in n o rm a l  leaves. At th e  sam e tim e , the  h ig h  a c t iv i ty  
o f  malic acid is n o t  affec ted  b y  th e  l ight in te n s i ty  change in a lb in o  leaves.

T here  are tw o w ays of  fo rm a t io n  of malic acid : one of  th e m  b y  r ibu lose-d i-  
p h o sp h a te  carboxy lase ,  th e  o th e r  b y  p h o sphoeno lpy ruv ic  acid c a rb o x y la se  
[38, 12]. L y t t l e t o n  [37] a n d  F u l l e r  [26] w ere  unab le  to  f in d  r ibulose- 
d ip h o sp h a te  carboxylase  in  a lb ino  b rom e grass and  x a n th a  ba r ley  leav es ,  and  
so th e  Calvin cycle did no t  fu n c t io n ,  e ither .  T h e ir  objects  were p la n ts  w i th o u t  
ch lo rophy ll .  I t  seems p ro b ab le  t h a t  d a rk  f ix a t io n  is the  m a in  p a t h w a y  of 
m alic  acid  fo rm ation  also in th e  leaves of a lb ino  corn  used in our e x p e r im e n ts .  
This w ould  exp la in  w hy  m alic  acid ac t iv i ty  is n o t  affected b y  d i f fe re n t  ligh t 
in ten s i t ie s .  A t I oav  l igh t in te n s i ty  th e re  is a poss ib i l i ty  for p h o to s y n th e t ic  C 0 2 
f ix a t io n ,  b y  th e  leaves c o n ta in in g  a considerab le  am o u n t  of p ig m e n t .  U pon  
th e  effect of h igh ligh t in te n s i ty ,  th e  14C 0 2 f ix a t io n  is sh if t ing  to w a r d  the  
c a rb o h y d ra te s  [41, 3], or r a th e r ,  th e  malic acid  form ed in l igh t  is ra p id ly  
oxid ized  138]. This p rob lem  could  be solved w ith  c e r ta in ty  by th e  e x a m in a t io n  
of th e  labelling  of the  C-l a n d  C-4 a tom s of malic acid.

W hen  in te rp re t in g  re su l ts ,  o b ta ined  in ou r  experim en ts  a n d  fo u n d  in 
l i te ra tu re ,  th e  question  arises: how are th e  d ifferences observed in  th e  14CO., 
ass im ila t ion  of norm al a n d  alb ino p lan ts  re la ted  to  a lb in ism ? I t  has  been 
e s tab lished  t h a t  th e  d ifferences observed in am ino  acid c o n te n t  show  a 
pa ra l le l ism  re la t ive ly  easy  to  tra c e  w ith  the  changes in th e  p ig m e n t  c o n te n t  
[24, 23, 19]. A ccording to  ce r ta in  d a ta  in l i te ra tu re ,  the re  are m ore free  am ino  
acids in th e  leaves of p ig m e n t  defective  m u ta n t s ,  th a n  in norm al le av es  kep t  
u n d e r  s im ilar  conditions [25, 29]; a t  th e  sam e tim e , the ir  p ro te in  c o n te n t  
decreases [53]. This m ay  be due  to  th e  d e s tru c t io n  processes of th e  ch lo ro p la s t  
s t ru c tu re  [1]. The C 0 2 p h o to sy n th e t ic  f ix a t io n  curve  considerab ly  f la t te n s ,  
on a c co u n t  of p ro te in  a n d  p ig m e n t  d e s tru c t io n  processes due to  h ig h  ligh t 
in te n s i ty .  I t  seems v e ry  p robab le ,  th a t  the  ab n o rm a l  p h o to s y n th e t ic  CO., 
f ix a t io n  b y  th e  a lbino leaves is caused  by  tro u b led  p ro te in  — p ig m en t  sy n th es is .  
F ro m  th e  d ive rs i ty  o f  th e  differences, how ever,  it  m ay  be co n c lu d ed  th a t  
th e re  are  abnorm ali t ies  a t  severa l po in ts  of m e tabo lism .

T he a u th o rs  owe a d e b t o f g ra ti tu d e  to  N o r a  J e r m y  s tu d e n t o f b iology a n d  ch em istry , 
to  M á r i a  P a c s é r y  research  a s s is ta n t, an d  S a r o l t a  A n d a  la b o ra to ry  tec h n ic ian  fo r th e ir  
v a lu ab le  help  in  th e ir  w ork.
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E IN B A U  VON CIJ0 2 IN  N O R M A L E  U N D  A L B IN O  M A ISB L Ä T T E R  
B E I V E R S C H IE D E N E N  L IC H T IN T E N S IT Ä T E N

D ie C140 2-A ssim ilation v o n  n o rm a len  u n d  a lb ino  M aiskeim pflanzen  w u rd e  bei v e r­
s c h ie d e n e n  L ich tin ten s itä ten  v e rg lich e n  u n d  h ierbe i fe s tg es te llt, dass bei 5 u n d  100 L u x  in 
d ie  lipo id lö slich e , alkohollösliche u n d  unlösliche F ra k tio n  d e r A lb in o b lä tte r  m eh r C14 e in­
g e b a u t  w ird , als in die e n tsp re c h e n d e n  F ra k tio n e n  der n o rm alen  B lä tte r . Bei h ö h e re r  L ic h t­
in te n s i t ä t  (1000, 10 000 L u x ) w u rd e  dagegen  die B eo b ach tu n g  g em ach t, d ass die obigen 
F r a k t io n e n  der norm alen B lä t te r  v ie l s tä rk e r  m a rk ie r t  w erden , als die der A lh in o h lä tte r , 
d e re n  C14-G eh a lt bei diesen L ic h tin te n s i tä te n  schon eine ab n eh m en d e  T endenz  au fw eist. D ie 
A lb in o b lä t te r  zeigen zw ischen 100 u n d  1000 L ux  ein  M ax im um  des C14-E in b au es  w as au ch  
d u rc h  d ie  paralelle  E rh ö h u n g  u n d  D e s tru k tio n  des P ig m en tg eh a lte s  v e ran sc h a u lic h t 
w ird . D ie  U ntersuchung  d e r q u a n ti ta t iv e n  V erte ilu n g  v o n  C14 zw ischen  d en  e in ­
z e ln en  V erb in d u n g en  der a lk o h o llö slich en  F ra k tio n  h a tte  geze ig t, dass das L ich t au sse r dem  
A u sm a ss  d e r C14- In k o rp o ra tio n  a u c h  den  W eg der W eitergabe  s ta rk  b eein flusst. In  den  B lä t­
te r n  s te ig t  d e r C14-G ehalt an  A la n in , Serin , G lycin u n d  A sp arag in säu re  m it z u n eh m en d e r 
B e lic h tu n g s in te n s itä t  an, in  den  A lb in o b lä tte rn  w ird  dagegen ü b e r  100 L u x  die C14-In k o rp o ra - 
t io n  in  d e r  R ich tu n g  der o rg a n isch e n  S äu ren  verschoben . A us den  V ersu ch san g ab en  geh t 
h e rv o r ,  d a ss  der U n tersch ied  d e r  L ic h tin te n s i tä t  der n o rm alen  bzw. a lb ino  B lä t te r  auch  
a u f  d e n  M echanism us der C140 2-F ix ie ru n g  u n d  der W eiterg ab e  des assim ilierten  K o h len sto ffes 
a u sw irk t .

УСВОЕНИЕ 14C02 В ЛИСТЬЯМИ НОРМАЛЬНОЙ И АЛЬБИНОСНОЙ КУКУРУЗЫ 
ПРИ РАЗЛИЧНОЙ ИНТЕНСИВНОСТИ СВЕТА

Авторы провели сравнение ассимиляции 14С02 нормальных и альбиносных про­
ростков кукурузы при различной интенсивности света. Установлено, что в липоидраст- 
воримую, спирторастворимую и нерастворимую фракцию альбиносных листьев при осве­
щении в 5 и 100 люксов включается больше 14С, чем в соответствующие фракции нормаль­
ных листьев. Однако, при более сильной освещении (1000, 10 000 люксов) фракции нор­
мальных листьев становятся гораздо сильнее мечеными, чем соответствующие фракции 
альбиносных листьев, содержание 11С которых при этих интенсивностях света уже не­
сколько снижается. Максимум усвоения 14С в альбиносных листьях обнаруживается 
между 100 и 1000 люксами, что хорошо видно также из параллелного увеличения и 
деструкции содержания пигментов. Из количественного распределения 14С между 
отдельными соединениями спирторастворимой фракции видно, что кроме степени 
включения 14С свет в значительной степени влияет также и на его дальнейшую судьбу. 
По мере увеличения интенсивности освещения в нормальных листьях увеличивается 
содержание 14С аланина, серина, глицина и аспарагиновой кислоты. Напротив этому, в 
альбиносных листьях выше 100 люксов усвоение 14С сдвигается в сторону органических 
кислот. Полученные данные показывают, что разница между светочувствительностью 
нормальных и альбиносных листьев оказывает действие на механизм усвоения и после­
дующей передачи 14СО„.
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Synopsis

T he effect o f co rtiso n e , d eso x y co rtico s te ro n e  ace ta te  (DOCA), h e p a r in , p ro ta ­
m in e  su lfa te  and  h y a lu ro n id ase  on m a s t cells w as stud ied  in ra ts . C ortiso n e  w as found 
to  in fluence th e  fo rm a tio n  a n d  d e s tru c tio n  o f m a s t cells. DOCA a n ta g o n ize s  th e  effect 
o f co rtisone only to  a lim ited  e x te n t. H ep arin  g iven  alone has no e ffec t on  th e  n u m b er 
a n d  m orphology  of m a s t cells b u t  ad m in is te re d  to g eth e r w ith co rtiso n e  i t  h a s  such 
e ffec t. These re su lts  su g g est t h a t  co rtiso n e  m ay  hav e  a role in  p h y sio lo g ica l contro l 
o f  m as t cells.

In tro d u c t io n

M ast cells re p re se n t  ch a rac te r is t ic  cell ty p es  of the  loose c o n n e c t iv e  tissue 
a n d  co n ta in  heparin ,  h is tam in e  and  se ro to n in e  in  the ir  c y to p la s m  [3, 15]. 
T h e ir  m ost conspicuous fea tu re  is a m e ta c h ro m a t ic  s ta in ing  o b ta in e d  after 
t r e a tm e n t  w ith  basic dyes. This g am m a  m etach rom as ia  is c h a ra c te r i s t ic  of 
h e p a r in .  The m as t  cells are a p t  to  d e s in te g ra te  w ith  a release of  s to r e d  heparin .  
As m ost  m as t  cells are pe r icap i l la ry  localized th e  heparin  released m o s t  p ro b ab ly  
en te rs  th e  blood s t re a m  and  leads to  an  increased  level of se rum  ac id  m ucopo ly ­
saccharides .  The origin of th e  m a s t  cells is n o t  fully u n d e rs to o d .  In d e e d ,  all 
cells ca r ry in g  the  ch a rac te r is t ic  m e ta c h ro m a t ic  granules are t e r m e d  as m ast 
cells [4, 9]. I t  is well k n o w n  from  l i te r a tu re  [18, 19] t h a t  f ib ro b la s t s  or m acro­
phages m ay  t ra n s fo rm  in to  such  cells b y  h e p a r in  up take . O ur  e a r l ie r  studies 
[6, 7, 8, 11] revealed  an  in ten se  p r im a ry  m a s t  cell fo rm ation  in  r a t  th y m u s .  
Large a n d  m edium  sized th y m o c y te s  ta k e  u p  the  PAS positive  su b s ta n c e  of 
H assa ll’s bodies an d  cys ts  a n d  t r a n s fo rm  i t  in trace llu la r ly  in to  m e ta c h ro m a t ic  
su b s tan ce ,  i.e. h e p a r in .  Cortisone p lays  an  im p o r ta n t  role in  t h e  m a s t  cell 
fo rm a tio n  th u s  occurr ing  in th y m u s  [10, 12] b y  eliciting m a s t  cell fo rm ation  

para lle l  to  th e  ev a c u a t io n  of th y m u s  —  and  subsequen t  d e s t ru c t io n  of 
h y p e rg ra n u la te d  m as t  cells which  leads to  increased  acid m uco p o ly sacch arid e  
level in blood serum .

T here  are several re p o r ts  on th e  in f lu en ce  of cortisone on  m a s t  cells. 
A  decrease  o f  th e ir  n u m b e r  up o n  h o rm o n a l  effect was o b se rv ed  b y  A s b o e - 
H a n s e n  [2] and  C a v a l l e r o  a n d  B r a c c i n i  [5]. O thers, e .g. A r v y  [1] in 
c o n t r a s t  found an  increase  of  m as t  cell n u m b e r  after co r t iso n e  t r e a tm e n t .
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O th e r s  again e.g. S m i t h  a n d  L e w i s  [17] and  D e v i t t , P i r o z y n s k y  a n d  S a m u e l s  
[13] reg a rd  the  co r t isone  to  h ave  no effect on m a s t  cell num ber  and  in  general 
on  th e se  cells.

As in our e x p e r im e n ts  [10, 12] co r t isone  unequ ivoca lly  p ro d u c e d  the  
a b o v e  described ch an g es ,  in  this s tudy  th e  e f fec t  o f  gluco- and  m ineralo-  
co r t ico ids  on m ast  cell fo rm a t io n  was te s te d  a lso  in  loose connective  tissue . 
F o r  th e  sake of c o m p a r i s o n  some other s u b s ta n c e s  hav ing  an a f f in i ty  to  
h e p a r in o id s  were also te s t e d .

Materials and m ethods

T h e  m ethod  of H igginbotham [14] seemed to  be  m o s t su itab le  to follow up  th e  faee 
o f  m a s t  cells in  loose co n n ec tiv e  tissues. A pp ro x im ate ly  10 m l a ir is in fla ted  w ith  a sy rin g t 
in to  th e  sub cu tan eo u s co n n ec tiv e  tis su e  in the in te rsc a p u la ry  a rea  o f ra ts . (The pouch  o b ta in e d  
in  th is  w ay  is sim ilar to  th e  a ir  p o u c h  which is th e  f i r s t  s ta g e  in  th e  p rep ara tio n  o f Sely e’s 
g ra n u lo m a  pouch  [16].) T h e  sk in  is dissected to leave o n ly  a  tw o -th ree  layer th ic k  co n n ec tiv e  
tis su e  w all above th e  p o u ch . T h e  a ir  is then  a sp ira ted  a n d  rep laced  by physio logical saline. 
T h e  su b s ta n c es  to be te s te d  cou ld  be  in troduced  a t  w ill in to  th e  fluid-filled  pouch.

H igginbotham re m o v e d  a n d  p laced the m em b ran e  o n  a slide prior to sta in in g . I n  our 
m o d if ic a tio n  1 per cen t to lu id in e  b lu e  in  physiological sa lin e  w as d ropped  on th e  m em b ran e  
in  v iv o  w hich  resu lted  in  a  red  s ta in in g  of m ast cell g ra n u le s . E xcess s ta in  was r in sed  w ith  
sa lin e . T h e  nu m b er a n d /o r th e  n u m erica l and m o rp h o lo g ica l changes of m ast cells due  to 
d if fe re n t ag en ts  were a sc e r ta in e d  u n d e r  a stereom icroscope in  v ivo . Changes were expressed  
as p e r  c e n t o f the in itia l n u m b e r  o b se rv ed  in the sam e fie ld . I f  c e r ta in  substances w ere r e p e a t­
ed ly  ad m in is te re d  a fte r w ash in g  o f  th e  pouch or w ere a p p lie d  a f te r  previous t re a tm e n t  w ith  
o th e r  su b s ta n c es , the  changes w ere  expressed  as per c en t o f  th e  n u m b er observed im m ed ia te ly  
b e fo re  th e  la s t t re a tm e n t.

T h e  experim en ts w ere p e rfo rm e d  on a to ta l o f 60 W is ta r  r a ts  of ab o u t 150 g w eigh t. 
A n a e s th e s ia  was perform ed w ith  in tra p e rito n ea lly  a d m in is te re d  In tra n a rc o n . The o b se rv a tio n s  
la s te d  15 m inu tes. A fter th is  tim e  th e  wall of the p ouch  w as re m o v e d , placed on a slide, fix ed  
w ith  C arn o y  and  sta ined  w ith  to lu id in e  blue. M ic ro p h o to g rap h s p resen ted  in th is p a p e r  were 
m ad e  o f  such  m em branes.

T h e  effect of follow ing su b s ta n c es  was te s te d : P re d n iso lo n  (D i-adreson F -a q u o su m  
O rg an o n ) — 5 m g; d e so x y c o rtico s te ro n e  aceta te  (D o c aq u o su m , O rganon) — 2 m g; h ep arin  
(H e p a r in  pu lv is , 100 IU /m g R ic h te r )  — 4 mg; P ro tam in e  s u lp h a te  (R oche) — 5 m g; h y a lu - 
ro n id ase  (H y aso n , O rganon) — 50 IU .

R esu lts  and discussion

T a b le  1 shows th e  r e s u l t s  of observations fo r  3 an d  15 min. (i.e. m a s t  
cell n u m b e rs  as per cen t  o f  t h e  num bers obse rved  befo re  the  ad m in is t ra t io n  
o f  th e  subs tances  te s ted ) .  T h e se  moments were ch o sen  as prelim inary  o b se r­
v a t io n s  revea led  th a t  inc rease  o f  the mast cell n u m b e r  a t ta in s  m ax im um  va lu e  
a f te r  3 m in u tes  and t h a t  no f u r th e r  des truc tion  is o b se rv ed  after 15 m in u te s  
w i th  th e  exception of p r o ta m in e  sulphate w hich  e l ic i ted  m axim al d e s tru c t io n  
as e a r ly  as after  5 m in u tes .

T h e  1 per cent so lu t io n  o f  toluidine b lue p r o d u c e d  a sharp  s ta in ing  of 
the  m a s t  cells b u t  h ad  no a d v e rs e  effect on th e  cells w i th in  the  d u ra t ion  of  th e  
e x p e r im e n ts .  This is show n  b y  th e  fact t h a t  n o t  o n ly  des truc tion  b u t  also
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Table 1

Changes o f  mast cell number 
( %  i  S. D. o f  or ig ina l  value)

Treatment

H e p a r i n .........................................................................

Cortisone ......................................................................

Cortisone and heparin  ..........................................

R ep ea ted  adm in is tra t ion  of cortisone and  
h e p a r i n ......................................................................

DOCA ...........................................................................

DOCA and  h e p a r i n .................................................

Cortisone,  DOCA and h e p a r i n ..........................

P ro tam in e  sulphate  (5 min.)  ............................

Cortisone a f te r  p ro tam ine  s u l p h a t e ..............

H ya lu ron idase  ...........................................................

* Significance against  init ial value
** Significance against 3 min. value

E f f e c t  a f t e r

3 min.* 15 min.**

no effect no effect

11% ±  6.5% - 7 %  ±  6 .5%
(P <  5) ( P <  О

30 %  +  11.0% - "25%  ±  8.0%
( p <  1) (P <  0.1)

15%  ±  4.0% 1 %  ±  4.0%
(P >  5) (P >  5)

no effect no effect

no effects no effects

10%  ±  3.0% — 4 %  ±  9 .0%
(P >  5) (P >  5)

— 6 1 %  ±  9.0%
( P <  0.1)

no fu r ther  effect no fu r th e r  effect

no effect no effect

increase  of m as t  cell n u m b e r  occurred  fu r th e r  b y  the  fact t h a t  th e  cells regained 
i ts  ab il i ty  to  stove  a f te r  w ashing  an d  re m o v a l  of the pouch  c o n te n t .

T he  experim en ts  revea led  t h a t  co r t isone  has a m a rk e d  e ffec t  on mast 
cells re su lt ing  in changes b o th  of  th e i r  n u m b e r  and of th e i r  morphology. 
Cortisone produced  a 10 per  cen t in crease  of cell n u m b e r  a f te r  3 minutes 
followed b y  a des tru c t io n  of  th e  h y p e rg ra n u la te d  cells a m o u n t in g  to  a 10 
per cen t  decrease o f  th e  n u m b e r  a f te r  15 m inutes . The s im u l ta n e o u s  adm in­
i s t r a t io n  of cortisone an d  h epar in  in to  t h e  pouch gave a m ore  ex p lic i t  effect. 
A 30 per  cen t increase and  a s u b se q u e n t  25 per cent decrease  w as  observed 
a f te r  com bined  t r e a tm e n t .  H ep a r in  a lone has no effect on m a s t  cell num ber. 
These  resu lts  suggest th e  a ssu m p t io n  o f tw o  factors con tro ll ing  th e  m as t  cell 
n u m b e r :  (1) cortisone w hich  elicits m a s t  cell fo rm ation a n d  (2) h e p a r in  which 
m u s t  be p resen t  to  enable  th e  t r a n s fo rm a t io n  of cells in to  m a s t  cells. Heparin 
n o rm a lly  presen t in the  c ircu la t ing  b lood  can  p resum ab ly  a lso  be ta k e n  up 
b y  th e  cells —  th is  m igh t  acco u n t  for th e  increase of m a s t  cell n u m b e r  after 
cortisone  a d m in is t ra t io n  in i tse lf  — b u t  excess heparin  is p ro m o tin g  the 
t ra n s fo rm a t io n .  Cortisone p roduces  increased  granula tion  in  a d d i t io n  to  higher 
cell n u m b e r  (Figs 1 and  2). This h y p e rg ra n u la t io n  is p r e s u m a b ly  one of the
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m a in  causes of cell d e s t r u c t io n  a n d  consequent d ec rease  of m ast cell n u m b e r  
(F igs  2 to  4). In th e  p re se n c e  o f  excess h e p a r in ,  co rtisone  induces n o t  only  
inc rea sed  m ast  cell n u m b e r  b u t ,  subsequen tly  in c re a se d  destruction  as c o m ­
p a re d  w i th  the  effect o f  co r t i so n e  alone. These o b se rv a t io n s  support  th e  above  
a ssu m p t io n .

T h e  prevalence o f  in c rea se  of m ast cell n u m b e r  a t  the  beg inn ing  of 
co r t iso n e  effect and  th e  su b s e q u e n t ly  ap p ea r in g  dec rease  m ight exp la in  th e  
inconsis tencies  in th e  f in d in g s  of other au th o rs .  T h o se  who m ade only  sho r t  
r a n g e  experim en ts  found  in c re a se d  cell n u m b e r  w h e re a s  those coun ting  only 
a f te r  a while found d e c re a sed  nu m b er .  S imilar e x p la n a t io n  has most p ro b a b ly  
g iven  for  observations re v e a l in g  no changes in  cell n u m b e r .  Changes of  cell 
n u m b e r  are, however, m o s t  p ro b a b ly  also dose d e p e n d e n t  in addition  to  th e  
t im e  fac to r .

R e p e a te d ly  a d m in is te r e d  cortisone has a s im i la r  b u t  less p ro n o u n ced  
effect.  I f  th e  pouch is w a s h e d  a f te r  short cortisone t r e a t m e n t  and the  t r e a tm e n t  
is r e p e a te d  after  a c e r ta in  t im e ,  again  an in it ia l  in c rea se  followed by  a decrease  
of  m a s t  cell n um ber  w as o b se rv e d .  I t  can no t  be dec ided ,  however, w h e th e r  
h e p a r in  was tak en  u p  b y  t h e  sam e cells or b y  o th e r  cells indifferent so far .

T h e  origin of th e  cells t ra n s fo rm in g  in to  m a s t  cells u n d e r  cortisone effect 
p re se n ts  an  in te res t ing  p ro b le m .  S m i t h  and L e w i s  [IB] produced  a d e s tru c t io n  
of  p e r i to n ea l  m ast cells b y  in trap e r i to n ea l  in je c t io n  o f  w ater .  The re leased  
g ra n u la  were taken  u p  b y  f ib ro b las ts ,  m ac ro p h ag es  an d  leucocytes w h ich  
th e n  gave  “ abnorm al m a s t  ce lls” . Others, e.g. V e l i c a n  and V e l i c a n  [19] 
o b se rv ed  th e  t r a n s fo rm a t io n  of  macrophages in to  m a s t  cells which w ere ,  
h o w ev er ,  no t  com plete ly  id e n t ic a l  with genuine m a s t  cells. No differences 
b e tw e e n  new ly  form ed a n d  p re e x is te n t  m ast  cells cou ld  be observed in  ou r  
e x p e r im e n ts  which allows t h e  assum ption  t h a t  t h e  m ore  or less ind if fe ren t  
cells g iv in g  rise to  new m a s t  cells are po ten tia l  m a s t  cells even if  th e y  do n o t  
c o n ta in  ac tu a l ly  m e ta c h ro m a t ic  substances. The e x is ten ce  of such p o te n t ia l  
m a s t  cells was a lready  a s su m e d  in an  earlier p a p e r  [9].

D esoxycort icos te rone  a c e ta te ,  a m inera locort ico id ,  alone or given w i th  
h e p a r in  h a d  no effect on th e  n u m b e r  or m orpho logy  o f  m a s t  cells b u t  s l igh tly  
b lo ck ed  th e  increase of  cell n u m b e r  and more m a r k e d ly  the  d es truc tion  o f  
m a s t  cells un d er  cortisone  e f fec t  i f  given s im u l ta n e o u s ly  w ith  cortisone a n d  
h e p a r in .  This  result co r re sp o n d s  to  earlier f ind ings o f  inc reased  heparin  s to rag e  
in  th y m u s  un d e r  the  effect o f  D O C A  [12].

T h e  effect of p ro ta m in e  su lp h a te  should be espec ia l ly  mentioned. T h is  
s t ro n g ly  basic protein  has g r e a t  aff in i ty  to  the  h ig h ly  nega tive  heparin  and  
th is  is m o s t  p robab ly  th e  e x p la n a t io n  of its d ec reas in g  effect on m ast  cell 
n u m b e r .  T he  b inding is so in te n s e  t h a t  even cor t isone  c a n  not induce th e  cells 
to  ta k e  uj> more heparin .  P r e s u m a b ly  the  heparin  a n d  p ro ta m in e  su lpha te  fo rm  
a c o m p le x  w hich  is inaccessib le  for  th e  cells or th e  p ro ta m in e  sulphate  kills t h e
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Figs 1 to 4. Wall of  the  p o u ch  s ta ined  w i th  to lu id in e  b lu e .  F ig . /. Norm al m as t  cells. 
Fig. 2. Commencing d e s tru c t io n  of h y p erg ranu la ted  m a s t  cells u n d e r  cortisone effect. 

Fig. 3. Increased d es tru c t io n  of m a s t  cells. F ig . 4. Very in ten se  d e s t ru c t io n  producing only 
m etach ro m atic  p a tch es  where  no cell b o u n d a r ie s  are seen. X 200
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cells a n d  n o  substra te  rem ain s  fo r  cortisone effect. B o th  suggested  m odes  of 
ac t ion  s h o w  th e  effect of p ro ta m in e  su lp h a te  to  be non-physiological.

H y a lu ro n id a s e  had  no e ffec t  on m as t  cells, showing t h a t  th e  m u c o p o ly ­
s a c c h a r id e  p resen t  in  these  cells is no hya lu ron ic  acid-like su b s ta n c e  h u t  
h igh ly  c o m p le x  heparin. This  f in d in g  renders  im p ro b a b ly  t h a t  m a s t  cells 
were re sp o n s ib le  for the  p ro d u c t io n  of connective  tissue g round  su b s tan ce
[3, 15].

O f  all substances te s ted  on ly  cortisone p ro d u ced  a re g u la r  b iphas ic  
effect.  T h i s  f ind ing  and earlier  re su l ts  concerning m as t  cell fo rm a t io n  suggest 
t h a t  c o r t i s o n e  is the physio log ica l reg u la to r  su bs tance  of m a s t  cell fo rm a tio n  
a n d  d e s t r u c t io n .  This is to  say  t h a t  th is  su bs tance  occurs in n o rm a l  o rgan ism  
and  is n o t  artificially in t ro d u c e d  as p ro ta m in e  su lpha te ,  h is tam in e  l ib e ra to rs ,  
e tc . C o r t i so n e  has cen tra l  (on  th e  th y m u s )  and peripheric  (on connec tive  
t is su e )  e f fec t .  Only fu r th e r  s tu d ie s  m ay , how ever,  show w h e th e r  o th e r  su b ­
s ta n c e s ,  n o t  ye t tested, h av e  a n  effect on m as t  cells.
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D I E  P H Y S IO L O G IS C H E  R E G U L A T IO N  D E R  M A ST Z E L L E N  DES B I N D E G E W E B E S

E s w urde  die W irk u n g  von Cortison, D esoxycor t icos te ronaze ta t  (D O C A ),  Heparin ,  
P r o ta m in s u lp h a t  u n d  Hyaluron idase  a u f  M astzel len  un tersuch t .  Cortison bee in f luss te  im  
Versuch  die B i ldung  u n d  den Zerfall von  M astzel len .  DOCA wirkte n u r  in g e r in g e m  Masse 
an tag o n is t isch  zu m  Cortisoneffect.  Allein v e r a b r e ic h t  erwies sich Heparin  als u n w i rk sa m  in 
bezug a u f  Morphologie u n d  Anzahl der M astzel len ,  w a r  aber mit Cortison w i rk sa m .  N ach  
d en  Ergebnissen  sp ie lt  Cortison bei der physio log ischen  Regulat ion  der M astzel len  eine gewisse 
Rolle.

ФИЗИОЛОГИЧЕСКИЙ КОНТРОЛЬ ТУЧНЫХ КЛЕТОК СОЕДИНИТЕЛЬНОЙ
ТКАНИ

Авторы исследовали влияние кортизона, ацетата дезоксикортикостерона (ДОКА), 
гепарина, протамин-сульфата и гиалуронидазы на тучные клетки. Кортизон оказал 
влияние на образование и распад тучных клеток. Один только ДОКА в малой степени пре­
пятствовал влиянию кортизона. Один только гепарин не оказал влияние на число и мор­
фологию тучных клеток, однако применяя вместе кортизоном оказал заметное влияние. 
Исходя из полученных результатов можно сказать, что кортизон играет роль в физиоло­
гическом контроле тучных клеток.

B u d a p e s t  IX . ,  T ű z o l tó  u. 58, H ungary
G y ö r g y  C s a b a  I 
L a j o s  K u l m a n n  J
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SUGAR ANTAGONISMS IN PLANT TUMOUR CELLS 
INDUCED BY 2,4-DICHLOROPHENOXYACETIC ACID
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Synopsis

The effects of  different sugars  on th e  tu m o ro u s  growth of p o ta to  t is sue  cu ltu res  
h ave  been com p ared .  I t  was found t h a t  th e  12 different  sugars,  ad d ed  to  th e  m ed iu m ,  
m a y  he classified in to  three  types  d ep en d in g  on  th e i r  effect exerted  on th e  tu m o ro u s  
g ro w th  of p o ta to  t issue cultures:  (a) sugars  w i th  a positive s t im ula ting  e f fec t  on grow th  
of cu l tu res  (sucrose, trehalose, D-glucose);  (b )  sugars  ineffective or p o o r ly  util ized 
(glycerine, D-ribose ,  I)-fructose, m al tose ) ;  (c) defin i te ly  toxic, an ta g o n iz in g  even the 
u til iza t ion  o f  sugars ensuring basic g ro w th  (L-arabinose,  D-ga lac tose ,  L-sorbose,  
lactose). C om paring  th e  effect of  d i f fe ren t  sugars  upon tissue cu ltu res  w i th  the  d a ta  
fo u n d  in l i te ra tu re ,  the  conclusion was d ra w n  t h a t  the  observed a n ta g o n ism s  p ro b a b ly  
a re  due to c om pe t i t ion  connected  w i th  ep im eriza t io n  difficulties.

Introduction

C om plica ted  s t im u la t in g  and  in h ib i t in g  effects, depending  on  th e  ob jec t  
a n d  sort  o f  sugar  h ave  heen observed while s tu d y in g  the  influence o f  d iffe ren t  
sugars  on th e  g ro w th  of p la n t  tissue [14, 19, 27, 30]. Certain sugars  (galac tose ,  
lac tose ,  a rab inose) in  roo t tips h ave  show n a def in i te  toxic effect ; t h e y  in h ib i ted  
even  th e  m e tab o l ism  of sugars orig inally  p re se n t  in p lan t  t issues [13, 16, 29].

I t  is well k n o w n  t h a t  sugar m e ta b o l ism  is changed  by th e  a u x o n h e rb ic id e  
2 ,4-D : in v e r ta se  a c t iv i ty  is increased  [25]; re sp ira t ion  tends  to w a rd s  d irec t 
o x id a t io n  [21]; several ketonic  acids are  m obilized by  th e  d e a m in a t io n  of 
am ino  acids [8]. I t  was shown t h a t  2 ,4 -D , as a growth re g u la to r  decreases  
su g a r  in c o rp o ra t io n  in to  pectin  and  cellulose molecules, w h ich  in d i re c t ly  
co n tr ib u te s  to  th e  c o n t in u a t io n  of g ro w th  in  an  und iffe ren tia ted  m a n n e r  [28].

The ob ject o f  th e  presen t su rv ey  w as to  s tu d y  the influence o f  d iffe ren t  
sugars  on tu m o ro u s  g row th  ch a rac te r is t ic  o f  th e  auxin  effect o f  2 ,4-D  on 
p o ta to  t issue  cu ltu res .

Material and m ethods

The tissue cu ltu res  serving as ex p er im e n ta l  m a te r i a l  were prepared f rom  th e  tu b e rs  o f  
t h e  2,4-D sensitive “ Gül B a b a ”  (GB), and  the  re la t iv e ly  re s is tan t  “ M argit” (M) v a r ie t ie s  (10). 
T he  m ate r ia l  was o b ta in e d  from  the N a tiona l  I n s t i t u t e  o f  Agricultural B otan ies  (Tápiószele) 
in 1959, an d  was g row n a t  the  Alsógöd Biological  S t a t io n  of this University.
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50 to  100 g tu b e rs  were used  fo r  the  experim ents .  T h e  su rface  o f  the  tubers  were w a sh ed  
accord ing  to  surgical  s te r il i ty ,  a n d  steril ized for 20 m in u te s  in  a 2%  solution of so d iu m - 
b e nzenesu lphonech lo ram ide .  Pieces o f  tu b ers  of o p t im u m  size a n d  weight for g ro w th  [11] 
(6 m m  X 6 m m  X 0.5 m m  a n d  25 -Ji 1-6 mg) were c u t  f ro m  th e  tubers ,  under  sterile c o n d i ­
tions.  T h e  c u l tu re s  were g row n on  [7] W h i te ’s modified n u t r i e n t  so lu tion  [24] con ta in ing  10 4 
M2,4-D, 0 .0 5 %  case inhydro lysa te  a n d  0.058 M different  su g a rs  equ iva len t  to 2%  sucrose.

T h e  effec ts  of the  d ifferen t  sugars  were s tud ied  in  th r e e  series, each comprising  80 to 
120 p ieces o f  tissue.  Tissue cu l tu re  g ro w th  was e v a lu a te d  o n  th e  basis of fresh w e igh t  ga in  
a f te r  14 days .

Results

E x p e r im e n ts  were concerned  w ith  g lycer ine ,  pentoses, liexoses, a n d  
d isa c c h a r id es  genera lly  o ccu rr ing  in  p lan ts .

T a b le  1 shows th e  v a r ia t io n  of fresh w e ig h t  in  “ Gül B a b a ”  l iab le  to  
in te n s iv e  t u m o u r  fo rm a tio n  as affected b y  2 ,4 -D  and  the less in te n s iv e ly  
g row ing  “ M a rg i t”  cu ltu res ,  g row n on cu ltu re  m ed ia  con ta in in g  different su g ars .

Table 1

The grow th o f  potato tissue cultures on nutrient m edium s conta in ing  different sugars and  
10 4 M  2 .4-dichlorophenoxyacetic acid

Gül Baba Margit

S u g a r s weight gain weight gain

rate %
nig f  s

rate %

Base l ine  g ro w th  w i th o u t  sugars
a d d ed 83 ±  20.6 3.3 100 48 ±  12.6 1.9 100

Triose

G l y c e r i n e ............................................. 101 ±  36.3 4.1 124 43 ±  12.9 1.7 89

Pentoses

D - r i b o s e ............................................... 75 ±  20.4 3.0 91 34 ±  1.7 1.4 73

D-xylose  ............................................. 37 ±  4.6 1.5 46 30 ±  2.0 1.2 63

L -arab inose  ...................................... 48 ±  17.3 1.9 58 41 ±  6.0 1.6 84

Hexoses

D - g l u c o s e ............................................. 119 ±  27.5 4.6 139 75 ±  20.4 3.0 158

D-fruc tose  ........................................... 97 ±  44.7 3.9 118 49 ±  8.5 2.0 110

D-galac tose  ........................................ 28 ±  1.4 1.1 33 29 ±  2.2 1.2 63

L -so rbose  ............................................. 28 ±  1.0 1.1 33 29 ±  1.7 1.2 63

Disaccharides

S u c r o s e .................................................. 122 ±  32.5 4.9 149 87 ±  25.4 3.5 184

t reh a lo se  .......................................... 106 ±  21.1 4.3 130 103 ±  31.9 4.1 216

Maltose ............................................... 75 ± .3 4 .2 3.0 91 35 ±  9.7 1.4 74

L actose  ............................................... 28 ±  1.0 1.1 85 29 ±  1.4 1.2 63

T h e  r a te  of weight gain  is re la ted  to the init ial 25 m g  fresh weight
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F ro m  T ab le  1 i t  m ay  be seen t h a t  t is sue  cu ltu res  s ign if ican tly  in c rease  
also on su g a r  free m edium . G row th  tak es  p lace  by  th e  u tilization  o f  th e  in n e r  
reserve : th e  deg rad ing  s ta rch  [6]. This  basic  g ro w th  (100) consp icuously  shows 
th e  sen s i t iv i ty  o f  th e  tw o species as far as 2 ,4-D  is concerned: “ G ül B a b a ”  
increase  i ts  w eigh t th reefo ld  d u r in g  th e  g row ing  period, while “ M a rg i t”  
on ly  doubles.

Table 2

The interaction o f  d ifferent sugars in the growth o f  Gül Baba tissue cultures

No S u g a r s mg t s
rate %

l Basic g ro w th  w ithou t  sugar ...................................... 81 ±  18.0 3.2 100

2 1°4) sucrose ......................................................................... 104 ±  30.6 4.2 128

3 ,, ,, -f- 1%  D - r i b o s e ......................................... 106 ±  25.0 4.2 131

4 ,. „  +  1%  D - x y lo se ......................................... 88 ±  21.0 3.5 109

5 ,, ,, -f- 1%  L-arabinose .................................. 92 ±  18.5 3.7 113

6 +  1%  D-glucose .................................... 108 ±  24.0 4.3 133

7 „ ,, -f- 1%  D-fructose .................................... 93 ±  26.4 3.7 114

8 ,, ,, +  1%  D-galactose ................................. 30 ±  3.6 1.2 .37

9 1%  L-sorbose ...................................... 27 ±  5.3 1.1 33

10 ,, - ( -1 %  sucrose ........................................... 107 ±  18.5 4.2 1.32

11 ,, -f- 1%  lactose ........................................... 46 ±  28.1 1.8 57

G lycerine  has  a slight s t im u la t in g  effect on the  grow th of G B  c u l tu re s  
while i t  has  no effect upon  M. As to  pen toses ,  D-ribose is not u ti l ized  b y  GB, 
b u t  i t  in h ib i ts  th e  g row th  of M. B o th  va r ie t ie s  resu lt  in a lower g ro w th  ra te  
as c o m p a re d  w ith  basic g row th  in m edia  c o n ta in in g  D-xylose and  L -a ra b in o se .

F ro m  hexoses, D-glycose is uti l ized  v e ry  effic ien tly  by  the  t is su e  cu l tu re s .  
Basic g ro w th  was no t effected in  e i th e r  v a r i e ty  b y  D-fructose. D -g a lac to se  
a n d  L-sorbose p roved  to  be to x ic :  w eight inc rease  was p rac tica l ly  in h ib i te d .

A m ong  th e  d isaccharides app lied  sucrose  seemed to be o p t im a l  for GB, 
a n d  v e ry  benefic ia l for M. In  GB treha lose  v e ry  closely ap p roached  a n d  in  M 
su rpassed  th e  g row th  p ro m o tin g  effect o f  sucrose. Maltose p ro v e d  to  be 
ind if fe ren t  in b o th  varie ties . W hen  feed ing  lac tose  a toxic effect, s im ila r  to 
t h a t  caused  by  D -galactose was observed .

To s tu d y  th e  mode of ac t ion  of  th e  d if fe ren t  s t im u la t ing  a n d  in h ib i t in g  
sugars ,  th e i r  effect on th e  g row th  of t is sue  cu ltu res  was e x a m in e d  in  th e  
presence  of  sucrose. E x p e r im e n ta l  resu lts  a re  condensed  in Table  2.

Fig. 1 shows the  ch a rac te r is t ic  p ic tu re  of  th e  tissue cu l tu re s  o b ta in e d  
in ex p e r im e n ta l  v a r ian ts  p resen ted  in T ab le  2.
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F r o m  T able  2, a n d  F ig . 1 i t  appears  t h a t  D-ribose does no t  in f luence  
th e  u t i l i z a t io n  of  sucrose  while D-xylose a n d  L-arab inose  even i f  app l ied  
t o g e th e r  w ith  sucrose cause  a w eight gain su rp a s s in g  the  basic g ro w th  on ly  
to  a sm a l l  ex te n t .  F o r  sucrose  u t il iza tion  D -g lucose  is ind ifferen t;  D -fruc tose  
h as  a s l ig h t  in h ib i t in g  effect.  D-galactose a n d  L-sorbose  in th e  p resence  of

F ig . 1. T h e  g row th  of p o t a to  t is sue  culture  in g ro w th  m e d ia  containing different  sugars  
a n d  su c ro se  ( 10—1 M 2.4-D; t h e  concen tra t ion  o f  su g a rs  w as  1 %  -)- 1%). Serial n u m b ers

th e  same as in T a b le  2

suc rose  a re  sim ilarly  to x ic  as when app lied  s e p a ra te ly .  The toxic  effect of 
la c to se  on  th e  o th e r  h a n d  is p a r t ly  ba lan ced  b y  sucrose. H ow ever, i t  shou ld  
be n o t e d  t h a t  th e  c u l tu re s  f ro m  th e  in d iv id u a l  p o t a to  tubers  w idely d iffe rred  
as f a r  as th e  lactose in h ib i t in g  effect of sucrose  w as concerned, w h ich  was 
re f le c te d  b y  th e  u n u su a l ly  h igh  s ta n d a rd  d e v ia t io n .

Acta B io l. Hung. 14. 1963



S U G A R  A N T A G O N IS M S  I N  P L A N T  T U M O U R  C E L L S 187

Discussion

T he 12 sugars used  m ay  be classified in to  th re e  ty p e s  based  on th e  effect 
ex e r ted  on the  g ro w th  r a te  o f  tu m o ro u s  p o ta to  t issues:

a)  Definite  g ro w th  p ro m o te rs  (sucrose, t reh a lo se ,  D-glucose);
b)  Ineffec tive  or p oo r ly  utilized (g lycerine ,  D-ribose, D -fructose ,  

m altose);
c)  E xp l ic i t ly  to x ic  i.e. an tagon iz ing  even  th e  u t i l iza t ion  o f  sugars 

assu r ing  basic g ro w th  (L -arab inose , D-galac tose , L-sorbose, lactose).
The com position  of  these  groups in d ica tes  t h a t  the  effect p ro d u ced  by  

sugars  on p o ta to  t issue cu l tu re s  does no t  d e p e n d  u p o n  the n u m b e r  of  C a tom s 
of th e  sugars.

A m ong th e  s t im u la t in g  sugars sucrose serves as a s t a n d a r d  energy 
source in p lan t  t issue  cu l tu re s  [32]. Accord ing  to  ou r  know ledge concern ing  
i ts  m ode of u t i l iza t io n ,  sucrose absorp tion  is uneffec ted  in th e  p resence  of 
2,4-D [4, 12]. In  m e tab o l ism , U D P  serves as ca rr ie r  of glycosyl rad ica l  [23]. 
Since P O , u p ta k e  [3, 9] an d  phosphory lase  a c t iv i ty  are reduced  b y  2,4-D  [33], 
sucrose u til iza t ion  th ro u g h  fe rm en ta t io n  is supp ressed ,  and it is m etabo lized  
m ain ly  th ro u g h  the  p en tose  cycle [2, 21].

The effect o f  t reha lose  is similar o f  t h a t  o f  sucrose. T h is  m a y  be 
co rre la ted  w ith  glycose, invo lved  in the  s t r u c tu r e  of b o th  an d  w i th  the ir  
C - l-a  glycosidic bo n d .  T h e  g row th  p rom oting  a c t io n  of t rehalose is p a r t icu la r ly  
conspicuous in M cu ltu res .  F u r th e r  in v es t iga t ions  are  needed to  exp la in  th is  
pheno m enőn.

D-glycose resem bles  th e  previously  m e n t io n e d  sugars in th e  m ode and 
e x te n t  of its action  u p o n  g row th . I n cases, w h e n  th e  effect of sugars is ind ifferen t 
or only  slightly  s t im u la t in g  tum orous  g ro w th  of p o ta to  t issue  cultu res , 
pe rm eab il i ty  or u t i l iza t io n  troub les  m ay be in vo lved .

In  connec tion  w i th  glycerine i t  was show n  [15] t h a t  t issue  cultures 
p rep a red  from  d if fe ren t  p la n t  species u ti l ized  glycerine to  v a r io u s  e x ten t ,  
a n d  som etim es on ly  a f te r  several passages. N i c k e l  and  B u r k h o l d e r  [27] 
succeeded to  grow v ira l  p la n t  tu m o u r  on g lycerine  as a carbon  source ; th e  same 
was achieved by  H i l d e b r a n d t  [19] using th e  n o rm a l  tissues of  seve ra l  species. 
GB cu ltures  u ti l ized  g lycerine apprec iab ly  in  o u r  exp er im en ts ,  w i th  M cultures, 
how ever, this was n o t  observable .

T here  are no d a t a  ava ilab le  in l i te ra tu re  concern ing  th e  w ay  of u ti l iza t ion  
o f  D-ribose in h ig h er  p la n ts .  The ca tabo lism  o f  D-ribose in b a c te r ia  occurs by 
p h o sphory la t ion  [22]. I t  was no t possible to  s t im u la te  the  p en tose  cycle, from 
outs ide ,  by  D-ribose in  a n im a l  tissue and  y e a s t  [20]. S imilar p h en o m en o n  was 
observed  in p o ta to  t issue  cu ltu res ,  m oreover th e  d eve lopm en t of  M cultures  
was s lightly  in h ib i te d  b y  D-ribose. I t  was possible to  lift th e  in h ib i t io n  by  
sucrose.
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A ccord ing  to  l i t e r a tu r e  D -fructose  is u ti l ized  sim ilarly  to  glucose [19], 
o u r  e x p e r im en ts ,  how ever ,  d id  no t  support  th is  v iew: D-l’ructose  w as found 
to  be  considerab ly  more p o o r ly  utilized.

M altose  did n o t  a p p e a r  to  be a su itab le  c a rb o n  source for e i th e r  v a r ie ty .  
S im i la r  resu lts  wrere o b ta in e d  b y  A r y a  and  co-w orker [1] in  Vilis  t issue  c id tu res .  
T h e  ab sen ce  of the g ro w th  p ro m o t in g  effect in  th e  case of m altose is p re su m a b ly  
d ue  to  th e  fact t h a t  i ts  g lucose  molecules, un l ik e  to  trehalose , fo rm  a C-4-/? 
g lucos id ic  bond. This v iew  is su p p o r te d  by  d a t a  in l i te ra tu re ,  g iv ing acco u n t  
o f  t h e  inefficiency o f cellobiose co n ta in ing  C-4-a glucosidic b o n d  118].

I t  is characteris tic  o f  su g ars  hav ing  a p o s i t iv e ly  tox ic  effect on p o ta to  
t i s su e  cu ltu res ,  t h a t  th e y  d i f fe r red  in the c o n f ig u ra t io n  of one of th e i r  C a tom s,  
f ro m  m o re  or less sim ilar an a lo g u es .

T h e  tox ic i ty  of D -xy lose  was observed also on th e  g row th  of ro o t  t ip s  [13]. 
P e n to s e  fe rm en ta t io n  d a t a  on  m icroorganism s m a y  give an e x p la n a t io n  for 
th is  [17]. I t  was show n t h a t  C-4 ep im erase  was need ed  to  th e  in te rconvers ion  
of  D -x y lu lo se  and D -r ib idose , which possibly is missing from th e  t issues  of 
th e  h ig h e r  plants . In  c o n n e c t io n  w ith  th e  d e v e lo p m e n t  of inh ib it ion  i t  m us t  
be s u p p o se d ,  however, t h a t  exogenic  xylose m a y  be in te rco n n ec ted  w i th  some 
b ra n c h  o f  sugar m e ta b o l ism ,  engaging  the re  one of th e  m a jo r  m ed ia to rs ,  
p o s s ib ly  U D P  [26].

T h e re  may be a s im ila r  ex p la n a t io n  for th e  tox ic  effect o f  L -arab inose . 
W i t h  t h e  la t te r ,  how ever, C-4 is th e  critical C a to m  for ep im eriza t ion .  The 
c o m p e t i t io n  of D-xylose a n d /o r  L -arab inose  w ith  th e  no rm al m e tab o l i te s  m ay  
n o t  b e  \  e ry  hard , because  i t  is possible to  supp ress  th e ir  g row th  in h ib i to ry  
e ffec t  b y  add ing  sucrose.

T h e  tox ic i ty  of D -ga lac to se  is exp la ined  by  t r a n s p o r t -a n ta g o n is m  [5]. Since 
th e  l a t t e r  is not to  be th o u g h t  o f  in  tissue cu ltu res ,  i t  m a y  be suggested  th e  tox ic  
e ffec t  o f  D-galactose is c o n n e c te d  w ith  C-4 c o n f ig u ra t io n  c o n tra ry  to  glucose 
a n d  f ru c to se .  The sterie d iffe rence  forms an in h ib i t io n  for th e  m etabo lic  
in c o rp o ra t io n  of galactose, i f  th e  t issue does n o t  possess sufficient ep im erase  
a c t i v i t y  w hen  C-4 m akes a W a ld e n  tu rn .  L-sorbose to x ic i ty  can be ex p la ined  
s im i la r ly  w hen the  necess i ty  for  ep im eriza t ion  arises be tw een  L-sorbose  and 
D - f ru c t  ose for the C-5 a to m . D -ga lac tose  an d  L-sorbose have  a s t ro n g e r  tox ic  
e ffec t,  poss ib ly  involv ing  m e ta b o l ism  a t  a d iffe ren t  p o in t  t h a n  D -xylose  and  
L -a ra b in o se ,  since i t  is n o t  possib le  to  suppress  th e  effect 1 y 1 %  sucrose 
I t  w as  possib le  to  successfully  supp ress  galactose to x ic i ty  in  roo t  t ip s  b y  A T P  
a n d  in o rg a n ic  PO, [13].

T h e  tox ic  effect of la c to se  is p ro b ab ly  a t t a c h e d  to  i ts  D -galac tose  c o n te n t .  
I t  is in te r e s t in g  to  no te  t h a t  in  th e  presence of sucrose  th is  in h ib it ion  is p a r t ly  
r e m o v e d  w hich  ind ica tes  t h a t  th e  a t ta c h m e n t  of  th e  la rger  lac tose  m olecule  
to  t h e  in h ib i to ry  point is less s ta b le ,  th an  th a t  of D-galac tose .
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Z U C K E R A N T A G O N IS M E N  I N  D E N  D U R C H  2 .4 -D I C H L O R P H E N O X Y E S S I G S Ä U R E  
I N D U Z I E R T E N  P F L A N Z L IC H E N  T U M O R G E W E B E N

I n  K ar to ffe lg ew eb ek u ltu ren  w u rd e n  die W irk u n g e n  versch iedener  Zucker  a u f  das 
T u m o r w a c h s t u m  verglichen. E s  w u rd e  festgestell t ,  dass v o m  G es ich tsp u n k t  d e r  a u f  das 
A u s m a s s  des T u m orw achstum s a u s g e ü b te n  W irkung die 12 in d as  N ä h rm ed iu m  v e ra b re ic h ten  
Z u c k e r  i n  d re i  Typen e ingereih t  w e rd e n  können: (a) das W a c h s tu m  der G ew eb ek u l tu r  a u s­
d r ü c k l i c h  fördernde (Saccharose ,  T reh a lo se ,  I)-Glucose); (b)  w irkungslose  oder  n u r  wenig 
v e r w e r t b a r e  (Glycerin, D-R ibose ,  D -F ru c to se ,  D-Maltose);  (c) ausgesprochen tox ische  Zucker,  
w e lche  so g a r  die V erw ertung  d e r  d a s  G rundw achs tum  fö rd e rn d e n  Zucker an tagon is ie ren  
( L -A ra b in o se ,  D-Galaktose, L -S o rb o se ,  Lactose). Aus der  ve rg le ichenden  U n te r su c h u n g  der 
W ir k u n g  verschiedener Zucker  a u f  d a s  Gewebew achstum  u n d  aus den L i te r a tu ra n g a b e n  
w u rd e  gefo lger t ,  dass die b e o b a c h te t e n  Antagonismen w ahrsche in l ich  m it  einer K o m p e t i t io n  
zu  e r k l ä r e n  sind, die m it  S c h w ie r ig k e i te n  der Ep im ér isa t ion  v e rb u n d en  ist.

АНТАГОНИЗМ САХАРОВ В ИНДУЦИРОВАННЫХ 2,4-ДИХЛОРФЕНОКСИ- 
УКСУСНОЙ КИСЛОТОЙ РАСТИТЕЛЬНЫХ ОПУХОЛЕВЫХ ТКАНЯХ

В культуре тканей картофеля авторы сравнивали влияние различных сахаров на 
рост опухолевых тканей. Установили, что с точки зрения влияния на степень роста опу­
холей тканевых культур картофеля, добавленные к питательному раствору 12 разновид­
ностей сахаров можно распределить в три группы: а) сахара, определенно стимулирую­
щие рост культуры (сахароза, трегалеза и D-глюкоза); б) сахара, недействительные, 
или слабо используемые (глицерин, D-рибсза, D-фруктсза, мальтоза); в) сахара, опре­
деленно токсичные, т. е. подавляют использование сахаров, обеспечивающих основной 
рост (L-арабиноза, D-галактоза, L-сорбоза, лактоза). Сопоставляя различное действие 
отдельных сахаров на рост тканей с литературными данными, авторы пришли к выведу, 
что обнаруженные антагонизмы по всей вероятности основываются на компетиции, свя­
занной с эпимеризационными трудностями.

B u d a p e s t  V I I I . ,  M úzeum  k r t .  4/а, H u n g a ry

B é l a  F a l u d i  

A g n e s  F .  D á n i e l  

I s t v á n  G y u r j á n  

S a r o l t a  A n d a
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Synopsis

T he  a u th o r s  have  stud ied  the  d iam e te r  d is t r ib u t io n  of the  secre to ry  e le m en ts  
of  th e  H a rd e r ia n  gland, the  lipid d rop lets  or  vesicles, using a s ta tis t ica l  m e th o d .  
According to th e  observations  m ade ,  s ignificant differences in lipid v es icu lar  d ia ­
m ete rs  can be d e m o n s tra ted  in th e  n a t iv e  g lan d u la r  hom ogenate  sm ears ,  e lectron  
microscopic p repara t ions  a n d  c h rom odacryorrhoe ic  secretions ob ta ined  from  in fan t i le  
a n d  adu lt  anim als ,  in the  sense t h a t  the  g ran u le s  are the  smallest  in th e  in fan t i le  
a n im a l ’s g land, larger in the  adu lt  a n im a l ’s g land  a n d  largest in the c h ro m o d a c ry o r ­
rhoeic  secretion.

In troduc tion

T h e  H ard e r ian  g land is an in t ra o rb i ta l  g land  which occours in m os t  
la n d -v e r te b ra te s  and  con ta in s  a high a m o u n t  of  p o rp h y r in  in ce r ta in  ro d e n ts .  
Light m icroscopy  shows th e  c y to p la sm  of th e  ep ithe lia l  cells of th e  g la n d  of 
tu b u lo -a lv eo la r  s t ru c tu re  to  be filled w ith  f ine  sudanophilic  lipid g ran u le s ;  
accord ingly , in em b ed d ed  sections th e  cy to p la sm  of th e  g landu lar  a c in a r  cells is 
o f  fo a m y  s t ru c tu re .  In  the  lu m in a  of  th e  acin i an d  th e  efferent d u c ts  b ro w n ish ,  
p re su m a b ly  p o rp h y r in ,  c rysta ls  are found . E le c t ro n  microscopic e x a m in a t io n  
revea ls  t h a t  the  g lan d u la r  ep ithelia l  cells are  f i lled  w ith  in n u m erab le  vesicles, 
possessing well-defined m em branes .

As to  th e  func tion  of  the  apocrine  g land ,  th e  secretion of  th e  g land  
ap p ea rs  as a f lu id  rich in lipids and  m ay  c o n ta in  po rphyrins ,  too. In  th e  s ta te  
of h y p e r fu n c t io n  blocd-like “ tea r  d ro p s” , r e su l t in g  from massive p o rp h y r in  
secre tion , a p p e a r  in  th e  pa lp eb ra l  f issure  (ch rom odacryo rrhoea )  [7].

In  ag reem en t  w ith  th e  resu lts  of K a n w a r  [2], obta ined  by  l igh t  m ic ro ­
scopy , earlier  inves t iga t ions  conducted  in th is  D e p a r tm e n t  in d ica ted  t h a t  th e  
lipid vesicles bu ild ing  up th e g la n d u la r  ep ithe l ia l  cc l lshad  complex s t r u c tu r e  [4]. 
These o b se rva tions  supplied  in fo rm a tio n  a b o u t  th e  genesis of th e  vesicles, 
m a tu ra t io n  of th e  g land  and  dev e lo p m en t  o f  th e  g landu la r  ep i th e l ia l  cells. 
F u r th e r  in v es t iga t ions  [3] showed th a t  in th e  H a rd e r ia n  gland of t h e  r a t  the  
b io syn thes is  of p o rphyr in  d ifferred  from  t h a t  in th e  liver and  th e  k id n e y ,  
an d  was suggestive  r a th e r  o f  th e  analogous process tak in g  place in  t h e  bone 
m arro w  a n d  in ch lorom a. The p o rp h y r in e  c o n te n t  o f  the  H a rd e r ia n  g land
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in c re a se s  w ith  the  a d v an ce  of age [6], a n d  correspond ing ly  p o rp h y r in  b io­
s y n th e s i s  is less def in i te  in th e  g lands of  y o u n g  anim als  th a n  in  th o se  of  older 
ones [1]. T he  obse rva tions  concern ing  th e  H a r d e r ia n  gland m ade  so fa r  in  th is  
D e p a r t m e n t  [3, 4, 5, 6] in  th e i r  to ta l i ty  p o in t  to  th e  fac t t h a t  th e  n u m b e r  of 
l ip id  vesicles o r ig ina ting  in  th e  cy to p lasm  increases  g radually  w ith  th e  m a t u r a ­
t io n  o f  th e  g landu la r  ep ithe l ia l  cells, while th e  l ip id  vesicles fuse to  fo rm  m ajor  
s t r u c tu r e s  and  these  a p p e a r  in th e  sec re t ion . T he  increase in vesicle count 
a c c o m p a n y in g  th e  m a tu r a t io n  of th e  g la n d u la r  epithelia l cells seem s to  ru n  
p a ra l le l  w ith  the  changes in  the  p o rp h y r in  c o n te n t  of th e  g land . M oreover, 
O r b á n  a n d  K e l é n y i  [ 5 ]  re p o r te d  t h a t  a c co rd in g  to  the ir  e lec tron  microscopic  
o b s e rv a t io n s  co n cu rren t ly  w i th  the  m a tu r a t io n  o f  th e  g landu lar  ep i th e l ia l  cells 
n o t  o n ly  th e  n u m b er ,  b u t  also d iam e te r  or size o f  th e  vesicles show ed a g radua l  
in c rea se .

I n  th e  im m a tu re  g lands of in fan ti le  a n im a ls  a few lipid vesicles o f  small 
d i a m e te r  can  be found , w hile  in th e  g la n d u la r  acini of bigger an im a ls  th e y  
o c c u r  in  m asses and seem to  have  larger  d ia m e te rs .

T h e  func tion  of the  H a rd e r ia n  g land  seem s to  be corre la ted  p r im ar i ly  
w i th  th e  lip id  vesicles. T herefore  i t  w as ex p e c te d  th a t  by  ana ly s in g  more 
e x a c t ly  th e  differences in  d ia m e te r  of th e  vesicles by  elec tron  m icroscopy , 
a d e e p e r  insigh t m igh t  be gained  in to  th e  p rocess  of  g landu lar  fu n c t io n .  In  these 
in v e s t ig a t io n s  the  d iam e te rs  of th e  lip id  vesicles in the H a rd e r ia n  g lands  of 
a n im a ls  o f  d ifferent ages were s ta t is t ica l ly  a n a ly se d  and the  d ia m e te r  d is t r ib u ­
t io n  in  g lan d u la r  h y p e r fu n c t io n ,  or ch ro m o d a c ry o r rh o e a  s tud ied . T h e  resu lts  
c o n f i rm  th e  suggestions m ad e  on th e  basis o f  th e  e lectron m icroscopic f ind ings,  
since t h e  d iam ete rs  of th e  l ip id  vesicles a p p e a re d  to  be sm aller in th e  y o ung  
a n d  la rg e r  in  the  a d u l t  an im als .

Methods

In fa n t i l e  an d  a d u l t  a lbino r a t s  of 30 a n d  220 to  280 g b. w., respec tive ly ,  k e p t  u n d e r  
t h e  s a m e  condit ions,  were used. T h e  an im als  were d e c a p i t a te d  under  l igh t  e th e r  anaes thes ia ,  
e x s a n g u in a te d ,  the  H a rd e r ia n  g lands  rem oved ,  w eighed ,  m inced  and  hom ogenized  a t  a con­
c e n t r a t i o n  of 100 mg w e t  t issue/0 .5  ml saline in  a P o t t e r  glass homogenizer w i th  t h e  same 
n u m b e r  o f  b ray ings  (25 X).  T he  n a t iv e  sm ears  of  t h e  f resh  hom ogenates  were covered  w ith  
sa l ine  a n d  exam in ed  by  ph ase  c o n t r a s t  m icroscopy. S e t t in g  the  secondary  m ag n if ica t io n  to 
e x a c t l y  2000 X ,  the  en larged ,  posi t ive  p ic tu res  were  e v a lu a te d  by  m eans  of a TGZ-3 sem i­
a u t o m a t i c  g ranu le  coun te r  (IPTC, Zürich),  in th e  fo rm  o f  d is t r ibu t ion  curves p lo t t e d  acco rd ­
ing to  e x p o n e n t ia l  progression. T h e  a p p a ra tu s  reco rds  t h e  vesicles in 48 orders  o f  m ag n i tu d e .

I n  connec tion  w i th  th e  e v a lu a t io n  of the  sm ears  o b ta in e d  from  th e  g lan d u la r  h om oge­
n a te s  i t  w as  suggested t h a t  h o m o g en a t io n  m ig h t  cause  f rag m e n ta t io n  of th e  l ipid vesicles.  
To m a k e  th is  clear, we hom ogenized  m an u a l ly  a n d /o r  m echanical ly  the  g lan d u la r  specim ens 
in sa l in e  fo r  d if ferent  periods,  a n d  com pared  the  g ra n u le  d is t r ib u t io n  curves of th e  subs tances  
t h u s  o b ta in e d  w ith  those  o f  g lan d u la r  specimens sq u a sh e d  w i th  a cover-slip. T he  o b se rv a t io n s  
m a d e  it  c lear  t h a t  the  25 X h o m o g en a t io n  in the  P o t t e r  hom ogenizer  produces no apprec iab le  
f r a g m e n ta t io n  of the  vesicles. T h is  is ind ica ted  also b y  th e  f a c t  t h a t  the  vesicle d is t r ib u t io n  
c u rv e s  o b ta in e d  e lectron m icroscopically  in em b e d d ed  m a te r i a l  had  the  sam e sh ap e  as those  
o f  th e  n a t iv e  hom ogenates .
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We p lo t ted  the d is t r ib u t io n  curves  also of tlie e lectron  m icrogram s o f  u l t r a t h in  sec­
tions of OsO,-fixed, e th a n o l -d e h y d ra te d  a n d  m eth a c ry la te -e m b ed d e d  H a r d e r i a n  glands,  
using the  Elmi-Do Zeiss e lectron  microscope o f  th e  Centra l  L ab o ra to ry ,  Medical U n iv e rs i ty  
of  Pécs,  a n d  the  BS 242 Л ty p e  Tesla  a p p a r a tu s  o f  th e  E lectron  Microscopic L ab o ra to ry ,  
Coal Mining T ru s t  of  Pécs.*

C hrom odacryorrhoea  was induced  b y  a  single in t rav en o u s  in jec tion  o f  2 p e r  cent 
p i locarpine or 20 per cent  choline chloride,  in 100 m g/kg  doses. The sm ears  o f  t h e  excre tion  
were  covered , pho to g rap h ed  a n d  e v a lu a te d  in the sam e  w ay  as described above.

Results

T he  H ard e r ian  g lands of 5 an im als  o f  th e  30 g w eight g ro u p ,  a n d  of 8 
an im als  o f  th e  220 to 280 g w eigh t g roup  were sub jec ted  to  a s tu d y ,  m easu r in g  
1000 vesicle d iam eters  in  each  case. T h e  d is t r ib u t io n  curves o b ta in e d  ind ica te

F ig. 1. P h ase  c o n tra s t  m ic rogram s of n a t iv e  sm ears  of a) H a rder ian  g lands  o f  infanti le ,  
b) a d u l t  r a t  an d  c) ch rom odacryorrhoe ic  excretion. X 2000

t h a t  w ith  th e  in fan tile  an im als  the  m a x im u m  of the  d is t r ib u t io n  of  vesicle 
d iam e te rs  fell in to  th e  1.29 0.07 f i  order  o f  m agn itude ,  as c o m p a re d  w ith
th e  1.66 ^  0.18 f i  value  found  in ad u l ts .  T h e  phenom enon  in d ica te s  t h a t  the  
m a jo r i ty  of the  vesicles of the  ad u l t ,  ac t ive ly  func tion ing  g lands  are  larger 
th a n  those  of the  a lm ost  inac tive ,  im m a tu re ,  h a rd ly  secre ting  ones. T h e  dif­

* We wish to express our  th a n k s  to the  Coal Mining T ru s t  of  Pécs, a n d  to I s t v á n  
G y u r k Ó, chemical engineer, in p a r t icu la r ,  for  h av ing  p laced the a p p a ra tu s  a t  o u r  disposal.
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fe rence  in  the  m a x im a  o f  t h e  vesicle d iam e te rs  b e tw een  the  in fan ti le  an d  
a d u l t  anim als is s ig n if ican t  (p  <  0.001).

Fig. 1 shows th e  n a t iv e  sm ears of the  g la n d u la r  hom ogenates  of  in fan t i le  
a n d  a d u l t  animals, as well as  t h a t  of the  n a t iv e  sm ea r  of the ch rom odacry -  
o rrhoe ic  discharge.

F ig . 2 shows th e  vesic le  d iam eter  d i s t r ib u t io n  curves of in fan ti le  an d  
a d u l t  anim als.

F ig . 2. L ip id  vesicle d i s t r ib u t io n  cu rves ,  p lo tted  f rom  n a t iv e  sm ears  of infantile  a n d  a d u l t  
g la n d s  a n d  of c h ro m o d acry o rrh o e ic  excretion. The  m a x im a  o f  th e  values are:  for in fan ti le  

g lan d ,  1.29 (----------); fo r  a d u l t  g land ,  1.66 (---------- ); secre t ion ,  (- • - .................. ) 2.02 //.

F o r  th e  electron m ic roscop ic  studies 2 H a r d e r ia n  g lands of th e  in fan t i le  
a n d  2 o f  th e  adult  g roup  w ere  em bedded . 1000 vesicles per  an im al were c o u n ted  
in t h e  u l t ra th in  sections. T h e  re su l t  for in fan ti le  a n im a ls  was 1.05 ^  0.042 /л 
for a d u l t s  1.37 ±  0.057 /л.

Figs 3 and 4 show t h e  electron m icroscopic  view  of th e  H a rd e r ia n  
g lan d s  o f  infantile  and a d u l t  a n im a ls ,  as well as th e  d i s t r ib u t io n  curves o b ta ined .

T h e  curves are s im ila r  in  shape  to those o b ta in e d  f rom  th e  hom o g en a te s ,  
b u t  in  b o th  age groups th e  m a x im a  are sm aller  b y  3 orders of m a g n itu d e .
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F ig . 3. E le c t ro n  m ic rogram  of the  H a rd e r ia n  g land  of in fan t i le  (a) and a d u l t  (b) ra t .  F ix a t io n  
w ith  OsO,, e m bedd ing  in m e th a c ry la te ,  X 4000

Fig. 4. L ipid vesicle d is t r ibu t ion  curves p lo t te d  from  the  e lectron  m icrogram s o f  th e  H a rd e r ia n
g lan d  of in fan ti le  and  adu lt  ra ts .  M axim a: in fan ti le  an im als ,  1.05 // (................); a d u l t  ones,

1.37 /I (---------- )
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T his  d ifference a m o u n ts  to  a b o u t  0.3 fi a n d  m a y  a p p a re n t ly  be due  to  t issue  
sh r in k a g e  re su lt ing  f ro m  fixa tion  and e m b e d d in g  for electron m icroscopy.

I n  th e  second g ro u p  of observations we an a ly sed  the  p ic tu re  o f  the  
vesicles in  the  sm ears  p re p a re d  from c h ro in o d ac ry o rrh o ea  induced  b y  pilo­
ca rp in e  a n d  choline ch lo r ide  t r e a tm e n t ,  r e sp ec t iv e ly .  No significant difference 
could  be de tec ted  in  th e  response to  these  tw o  pa ra sy m p a th ico m im e tic s .  
P i lo c a rp in e  was in je c te d  in to  tw o ad u l t  a n im a ls  w eighing  170 and  190 g, and 
choline  chloride in to  one an im al. The d i s t r ib u t io n  curves were p lo t te d  by  
m e a su r in g  1000 vesicles in  each  smear. The m a x im u m  of the  values found  was 
2.02 ±  0.081 Ц (see F ig . 2).

I n  th e  ch ro m o d acry o rrh o e ic  discharge th e  la rg e r  vesicles are exc re ted ,  
in  th e  f i r s t  place, while, as ind ica ted  by  the  a scen d in g  b ran ch  of the  d is t r ib u t io n  
cu rv e ,  th e  vesicles of m in u te  size are no t ex c re te d  a t  all. The outflow  of vesicles 
beg ins  w i th  those  a b o u t  1.2 fi in d iam e te r ,  w h e reas  the  vesicles of la rger  
d ia m e te r ,  p resen t  in  c o m p a ra t iv e ly  small q u a n t i t i e s  in the  g land, occur in 
re la t iv e ly  larger n u m b e rs  in  the  excretion. In  each  o f  th e  ch rom odacryorrhoe ic  
cu rves  th e re  is a sm all  p e a k  in  the  3.41 to  3.64 ц  r an g e ,  clearly visible in  th e  
overa l l  cu rve , too. T h is  p re su m ab ly  co rresponds  to  th e  m a x im u m  of th e  
m a tu r e  vesicles, r e a d y  to  be excreted .

Discussion

O n th e  basis o f  e x p e r im e n ta l  observa tions  th e  conclusion has been a rr ived  
a t  t h a t  in  paralle l  w i th  th e  m a tu ra t io n  of th e  H a rd e r ia n  gland th e  d ia m e te r  
size of  t h e  lip id  vesicles of th e  g landular  ep i th e l ia l  cells g radually  increases. 
This  p h en o m en o n  can  be observed bo th  u n d e r  th e  l igh t and e lectron m icro ­
scope. H ow ever ,  th e  e le c t ro n  microscopic s tu d ie s  call a t te n t io n  to  th e  fac t  
t h a t  besides  th e  g ra d u a l  increase  in  vesicle size a n o th e r  factor:  th e  increase  
in n u m b e r  of the  vesicles shou ld  also be t a k e n  in to  accoun t in the  process of 
m a tu r a t io n  of the  g la n d u la r  cells. A lthough no q u a n t i t a t i v e  da ta  are ava ilab le  
in  th i s  re spec t ,  we sti l l  t h i n k  th a t  th e  tw o f a c to r s :  th e  increase in  size a n d  
n u m b e r  of  the  vesicles c lear ly  define the  process of  g landular  m a tu ra t io n .  
T h is  o b se rv a t io n  seems to  be in parallel w i th  an  earlier one m ad e  in th is  
D e p a r tm e n t  accord ing  to  w h ich  in the gland o f in fa n t i le  animals th e  q u a n t i ty  
of  p o r p h y r in  b o und  to  t h e  u n s a tu ra te d  lip id  m e m b ra n e  of the  lipid vesicles is 
sm a lle r  t h a n  t h a t  in th e  g lands  of ad u lt  an im a ls  [6].

S u m m in g  up  th e  m orpho log ica l an d  fu n c t io n a l  evidence o b ta in ed  th u s  
fa r  in  co nnec tion  w ith  t h e  H a rd e r ia n  gland, th e  fu n c t io n  of the  g land  m a y  be 
c h a ra c te r is e d  as follows: th e  vesicles a ris ing  f ro m  th e  cy top lasm ic  Golgi 
a p p a r a tu s ,  possessing a n  u n s a tu r a te d  lipid m e m b ra n e ,  increasing g rad u a l ly  in 
size a n d  n u m b e r  enclose th e  cy top lasm ic  c o m p o n e n ts  (lipids, p o rp h y r in )  a n d
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in  th e  course of  secre t ion  leave the  g la n d u la r  ac in i toge ther  w ith  th e se  com ­
ponen ts .

M any  deta ils  of th is  process are n o t  fu l ly  unders tood . So v e ry  l i t t le  or 
n o th in g  is know n of th e  chem ical s t ru c tu re  o f  t h e  lip id  of the H a rd e r ia n  g land , 
of th e  cellular loca lisa tion  of  the  b io syn thes is  o f  porphyrin ,  of t h e  apocrine  
or holocrine n a tu re  of  g lan d u la r  secretion.

A t th is  s tage  of  ou r  observations i t  is still  questionable  how  th e  lipid 
vesicles increase in  size. E arlier  e lectron m icroscopic  observa tions  p o in t  to 
ap p o s it iona l  g ro w th  from  th e  cy top lasm ic  Golgi a p p a ra tu s  [5], b u t  a fusion  of 
single lipid vesicles m a y  also be involved . S ta t i s t ic a l  analysis of th e  l ip id  vesicle 
d iam e te rs  of th e  chrom odacryo rrhoe ic  ex c re t io n s  suggests  t h a t  those  a re  th e  larger 
vesicles in th e  f i rs t  p lace t h a t  leave th e  g la n d u la r  acini b y  c h ro m o d ac ry o rrh o ea .  
H ow ever, i t  should  be em phasized  th a t  u n d e r  th e  presen t e x p e r im e n ta l  con­
d itions ch ro m o d ac ry o r rh o ea  can by  no m ean s  b e  considered to be a physiological 
phenom enon ,  since th e  an im als  w ith  ra re  e x c e p t io n s  are lost d u r in g  th e  ex p e r i­
m e n t:  the  p h en o m en o n  should  ra th e r  be conside red  as su p ra v i ta l .  F o r  th is  
reason  no fa r - reach ing  conclusions can be d r a w n  from  the  ch ro m o d ac ry o r rh o ea  
ex p e r im en ts ,  as to  g lan d u la r  function. N ev er the less ,  the  c irc u m sta n c e  th a t  
th o se  are th e  vesicles o f  la rg e r  size t h a t  a p p e a r  in  th e  f irs t  place in  t h e  c h ro m o ­
dacryorrhoe ic  exc re t io n ,  th e  ones t h a t  are  n e a re r  to  th e  lum inar  su r fa c e  of  the  
g la n d u la r  ep ithelia l  cells, as de te rm ined  b y  e lec tro n  microscopy, su g g es ts  t h a t  
th e  m a x im u m  of th e  in c rem en t  in d ia m e te r  obse rved  during  th e  m a tu r a t io n  
o f  th e  vesicles occurs in  th e  secretory  s tag e .
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U N T E R S U C H U N G  D E R  D U R C H M E S S E R - V E R T E I L U N G  IN  D E N  S E K R E T O R I S C H E N  
L I P O I D T R O P F E N  VO N  H A R D E R - D R Ü S E N

Die D urchm esser-V erte i lung  der  sek re to r i sch en  E lem ente ,  der L ip o id t ro p fen  oder 
Vesiculae der H a rd e r -D rü se  w urde  u n te rsu ch t .  Die U n te rsuchungsergebnisse  la s sen  sich wie 
folgt zusam m enfassen :  In  den  na tiven  D rüsenhom ogen isa t-A uss tr ichen ,  in  d e n  e lek tro n én -
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m ik ro s k o p is c h e n  P r ä p a r a t e n  v o n  in fan t i len  u n d  ausgew achsenen  Tieren sowie im  ch rom o-  
d a c ry o r rh o e is c h e n  S ek re t  weisen die L ipo id tropfen-  (Vesiculae-) D urchm esser  erheb liche  
U n te r s c h ie d e  auf. Die D rü sen  in fan t i le r  Tiere e n th a l te n  die k leinsten , die Drüsen au sg e w ac h se ­
n e r  T ie re  grössere ,  u n d  d as  ch rom odacryorrhoe ische  S ek re t  die grössten Körnchen .

И С С Л Е Д О В А Н И Я  Р А С П Р Е Д Е Л Е Н И Я  Р А З М Е Р О В  Д И А М Е Т Р А  С Е К Р Е Т О Р Н Ы Х  
Л И П О И Д Н Ы Х  З Е Р Н Ы Ш Е К  Г А Р Д Е Р О В О Й  Ж Е Л Е З Ы

Авторы статистическим способом исследовали условия распределения размеров 
диаметра секреторных элементов, липоидных зерен или пузырьков Гардеровон железы. 
Согласно полученным результатам диаметры липоидных зерен (пузырьков) в нативных 
мазках гомогенизата железы, в электронномикроскопических преператах и в хромода- 
криорейном секрете инфантильных и взрослых животных показали значительную раз­
ницу в том смысле, что железы инфантильных животных содержат наименьшие зернышки; 
размеры диаметра зернышек в железе взрослых животных больше, а наибольшие диа­
метры зернышек наблюдались в хромодакриорейном секрете.

M Á R IA  A .  MÁZLÓ 

B É L A  B O H O N Y I
Pécs, D isch k a  u. 5, H u n g a r y
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R E G E N E R A T IO N  A N D  SOMATIC E M B R Y O G E N E S IS  
OF ACTINIA E Q U IN A  IN D IF F E R E N T  STAGES  

OF ONTOGENETIC D EVELO PM ENT

D i a n a  G . P o l t e v a

D EP A RT M E N T OF ANIMAL EMBRYOLOGY, LE NIN G RAD  STATE UNIVERSITY (HEAD: B. P. TO K IN)

(R ece ived  d u ly  20, 1963)

Synopsis

A ctin ia  equina L. in different  s tages  of d evelopm en t  (late la rvae  w i th  12 ten tac les  
t a k e n  from  the  gas tra l  cav i ty  of th e  m o th e r ,  y o u n g  sessile individuals w i th  24 ten ta c le s  and 
a d u l t  fo rm s of 3 to 4 cm d iam e te r )  were  t r an s se c ted  a t  different levels o f  th e  body. 
A bora l  pieces lacking oral s t ru c tu re s  were cap ab le  to restore them. R e s to ra t io n  was m ost  
ra p id  in the  young  animals .  R em o v ed  pedal  disc was regenerated  on ly  in la rvae .  The 
l a t t e r  process was f requen t ly  acco m p an ied  b y  th e  form ation  of a  second in d iv id u a l  
from the  regenera ted  pedal disc. T h e  resu l ts  are discussed on the  basis o f  T o k i n ’s theo ry  
on th e  dependency  of regenera t ion  a n d  so m a tic  embryogenesis on th e  level of in teg ­
ra tion .

Introduction

T he dependency  of reg en e ra t io n  p h en o m en a  and of so m a t ic  em bryo-  
genesis on th e  level of o rgan iza t ion , age an d  physiological s ta te  o f  t h e  ex p e r i­
m e n ta l  an im al  (i.e. on th e  level o f  i ts  in te g ra t io n )  is an ac tua l a n d  in te re s t in g  
p rob lem  of m odern  expe r im en ta l  e m b ry o lo g y  [17, 18J. The c o m p a r iso n  of 
reg en e ra t iv e  pow er and  som atic  em bryogenesis  w ith in  ind iv idua l  p h y la  is of 
special in te re s t .  I t  follows from  T o k i n ’s th e o ry  [13, 17, 18] c o n c e rn in g  the  
re la t io n sh ip s  of regenera t ion  an d  so m a tic  em bryogenesis  on one h a n d  a n d  the  
level o f  th e  organ iza tion  on th e  o th e r  t h a t  decreased regen e ra t iv e  c a p a c i ty  
is to  be ex p ec ted  w ith  aged organ ism s w h en  th e  in teg ra t io n  m ech an ism s  
con tro ll ing  th e  life of th e  organ ism  change . Peculiar  forms of reg e n e ra t io n  
m u s t  occur in  la rvae  if th e y  are s im pler  a n d  less in teg ra ted  th a n  th e  adu lts .

In  th is  connec tion  cer ta in  obse rv a t io n s  on changes in re g e n e ra t iv e  pow er 
d u r in g  th e  ontogenesis  of A ctin ia  equina L .  m a y  be of in te res t .

A sexual rep ro d u c t io n  and  reg en e ra t io n  of  anemones h av e  b een  con­
s ide rab ly  s tu d ied  11 to 7, 9, 10, 14, 16 e tc .]  in  view of the r ich  a n d  va r ious  
m a te r ia l  p resen ted  b y  these an im als .  In  m a n y  species of anem ones m ore  th a n  
one ty p e  of  asexua l  rep ro d u c t io n  are a s su m ed  to  occur. Ca r l g r e n  [4 to  7], 
H a m m a t t  [11], T o r r e y  [19] s tud ied  th e  effect o f  asexual re p ro d u c t io n  on th e  
m orp h o lo g y  of M etr id ium  sup p ly in g  d a t a  on va r ia t io n  of s ip h o n o g ly p h s ,  on 
the  n u m b e r  of  sep ta  and  general s y m m e try ,  fu r th e r  on the  f requen t  fo rm a t io n  of 
do u b led  m onste rs ,  assum ing  th a t  M etr id iu m  rep roduces by  fission, b u d d in g
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a n d  lace ra t io n .  In  th e  case  o f  A ctin ia  equina  l a c e ra t io n ,  budd ing  a n d  long i­
tu d in a l  fission are a s su m e d  as norm al modes o f  r e p ro d u c t io n  in a d d i t io n  to  
v iv ip a r i ty .  S t e p h e n s o n  [16], a recognized a u th o r i t y  on  th is  group, show ed, h o w ­
ever,  t h a t  only one m ode  o f  re p ro d u c t io n  is a specific  charac ter is t ic  of anem ones  
w hile  all o th e r  cases of  a s e x u a l  reproduction  a re  b u t  resu lts  of t r a u m a t i s a t io n  
of  th e  an im als  u n d e r  n a t u r a l  c ircum stances . T o r r e y  [19] found th e  f req u en cy  
of f iss ion  and  b u d d in g  in  M etr id iu m  to  a t ta in  b u t  2.5 p e r  cent of the  f req u en cy  
of la c e ra t io n .  I f  e.g. b u d d in g  is reported  to  o ccu r  w i th  certa in  species i t  is 
a c tu a l ly  n o th ing  else t h a n  a su p e rn u m era ry  t u f t  o f  ten tac les  (som etim es 
w i th  oral d isk  and  p h a r y n x )  on  one side of  t h e  a n im a l .  The fo rm ation  of  th is  
s t r u c tu r e  is due to  r e s to r a t io n  after  in ju ry ,  i.c. to  th e  process refe rred  to  as 
so m a tic  em bryogenesis  [13, 17, 18]. In  th is  c o n te x t  th e  different cases of 
h e te ro m o rp h o s is  found  in  anem ones  should also be m en tio n ed  [4, 5, 6, 12, 14]. 
Ce r f o n t a i n e  [8] fo u n d  e.g. t h a t  pieces of  t r a n s v e r s e ly  cu t  Asteroides caly- 
cularis  fo rm  ten tac les ,  m o u th  and p h a ry n x  on th e  abora l  side. H a h n  [10] 
a sc r ib ed  d im orph ism , i.e. t h e  existence of a n im a ls  w i th  one or two d irec t ives  
in  M etr id ium  to  a sex u a l  rep ro d u c t io n .  This  occurs  spon taneously  b y  m eans  
of  b a sa l  f ra g m e n ta t io n  a n d  c a n  be induced  b y  c u t t i n g  pieces from th e  peda l  
disc. T h e  ty p e  (m o n o g ly p h ic  or diglyphic) o f  t h e  developing  polyp  d ep en d s  
on th e  presence or ab sen ce  o f  a p a r t  of th e  d i re c t iv e  in  th e  f ragm en t because  
th e re  is an  obligate  n e o fo rm a t io n  of th is  s y s te m  in regenerating  tissues of 
y o u n g  polyps. The fo rm a t io n  of animals w i th  tw o  direc tives  which deve loped  
s im u lta n e o u s ly  in th e  re g e n e ra t in g  tissue a n d  w i th  s e p a ra te  oesophagi, p re se n t  
th e  ex p la n a t io n  of th e  occu rrence  of doub led  m o n s te r s  and  tr ig lyph ic  polyps. 
I t  is ev id en t  t h a t  th e se  a re  cases of som atic  em bryogenesis .  The fo rm a tio n  of 
a second  direc tive  in  th e  s e p a ra te d  piece in a d d i t io n  to  the  ex is ten t one which  
f re q u e n t ly  leads also to  t h e  fo rm ation  of a new  p h a r y n x  is no th ing  else th a n  
a m a n ife s ta t io n  of th e  t e n d e n c y  to  form a n ew  organism . Accordingly  th e  
w ays  of  n a tu ra l  r e p ro d u c t io n  of  anemones are  n o t  so various as i t  is genera l ly  
a s su m ed  because a co n s id e rab le  p a r t  of th e  r e p o r te d  cases rep resen t  in  r e a l i ty  
cases of asexual r e p ro d u c t io n  artificially in d u c e d  (by  injuries), i.e. so m atic  
em bryogenesis .

S t e p h e n s o n  [16] p ro p o sed  the  sexual re p ro d u c t io n  (v iv ipar i ty )  to  be 
r e g a rd e d  as the  n o rm a l  w a y  of rep roduc tion  in  A c t in ia  equina.

A nem ones possess a well know n high r e g e n e ra t iv e  power. C erta in  obser­
v a t io n s  [1 to  7] rev ea led ,  however, t h a t  c o m p le te  anim als reg en era ted  on ly  
f ro m  frag m en ts  c o n ta in in g  b u t  a small p a r t  o f  t h e  p eda l  disc. D uring  n o rm a l  
a sex u a l  rep ro d u c t io n ,  m o s t  f req u en t ly  by  lo n g i tu d in a l  fission or pedal l a c e ra ­
t io n ,  th e  d a u g h te r  in d iv id u a ls  necessarily o b ta in  p a r ts  of th e  p ed a l  disc. 
A n  in te re s t in g  ex cep t io n  f ro m  this rule c o n s t i tu te  th e  more p r im itive  genera  
Protanthea  and Boloceroides which are p r o b a b ly  less in teg ra ted  a n d  h av e  a 
m ore  sim ple m orpho log ica l  o rganization. In  Protanthea  a t ransverse  fission
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w ith  furrow fo rm a t io n  is observed p roduc ing  an  u p p e r  h a lf  w ith o u t  pedal 
disc which, how ever ,  develops in to  a com ple te  organ ism .

Ca u l g r e n  [7] m a d e  a com parison of d e v e lo p m e n ta l  processes in isolated 
p a r ts  of the  co lum n  w all  in  Protanthe and  M etrid iu m . T he  f i rs t  species forms 
ten tac les  and  p h a r y n x  in  th is  case, while th e  l a t t e r  on ly  ten tac les .  These d if­
ferences were a t t r i b u t e d  to  d ifferent levels o f  o rgan isa t ion .  Boloceroides is 
capab le  of a u to to m y  of ten tac les  which, be ing  se p a ra te d ,  give again com ­
p le te  anim als [15]. A ccord ingly , th e  presence of th e  peda l  disc or p a r t  of it  is an

obligate  cond it ion  for  th e  deve lopm ent of com p le te  organ ism  in  A ctin ia  
equina  and  in  m ost  anem ones . The physiological basis of th is  p h enom enon  
is unknow n.

The results  o f  o u r  earlier  unpub lished  e x p e r im e n ts  w ith  d iffe ren t  pieces 
of a d u l t  A ctin ia  equina  are  in complete acco rdance  w ith  th e  above  discussed 
l i te ra tu re .  Basal p a r t s  o f  th e  bo d y  easily re s to red  rem o v ed  ten tac les  (Fig. 1 A )  
or th e  distal bo d y  reg ion  (Fig. 1 B ). A com plete  or incom ple te  peda l  disc gives 
rise to  complete o rgan ism s (Fig. 1 C and D). In  c e r ta in  e x p e r im en ts  the  pedal 
disc iso la ted  by  a h o r izo n ta l  cu t t in g  and th e n  d iv ided  in to  four sectors give 
four complete o rgan ism s. Long itud ina l c u t t in g  p roduced  tw o  organism s
(Fig. 1 E ).

In  the  p resen t  w o rk  th e  b ehav iou r  of oral a n d  abo ra l  p a r ts  o b ta in ed  by  
t ran sv e rse  cu t t in g  of  an im als  in different on to g en e t ica l  s tages were s tud ied  
in  view of possible d ifferences in the  reg en e ra t io n  due  to  d iffe ren t  levels o f  
in teg ra t io n .

Materials and methods
T he experim en ts  w ere pe rfo rm ed  on A ctin ia  equina L . co llected  from  th e  B a ren ts  sea.
To s tu d y  th e  o n to g en e tic  d ifferences in th e  re g en e ra tio n , an im als  in  th e  follow ing 

stages w ere used:
(1) L ate  la rv ae  ta k e n  from  th e  g astro v ascu lar c a v ity  o f  th e  m o th er. T h e ir  pedal disc 

did n o t function  y e t a n d  w as m orpholog ically  no t q u ite  d is tin c t.  I t s  d iam e te r  was 1 to  1.5 
m m . In  m ost cases tw o row s o f ten ta c le s  (6 large and  6 sm all) w ere p re sen t.
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(2 )  Y o u n g  animals w hich  h a v e  le f t  t h e  b o d y  of the  m o th e r  and  were a t t a c h e d  to the  
b o t t o m  o f  t h e  aquarium . T h ey  h a d  24 te n ta c le s  an d  a pedal  disc o f  5 to 7 m m  d iam e te r .

(3) A d u l t  animals h av ing  n o t  less t h a n  48 tentacles .  I t  is diff icul t  to s t a te  th e i r  age 
b u t  t h e y  w e re  the  largest avai lab le  sp ec im en s  w ith  a d iam e te r  of  3 to 4 cm.

T r a n s v e r s e  cutt ings were m a d e  a t  th re e  levels (Fig. 2), on ly  th e  oral disc a n d  the  t e n ­
tac les  w e re  c u t  off (I), the mid p a r t  a n d  th e  p h a r y n x  were cu t  (II)  or only th e  p edal  disc  w ith  
th e  a t t a c h m e n t s  of septae was lef t  ( I I I ) .  E a c h  set of e xper im en ts  included  a b o u t  40 animals .  
T h e  o p e r a t e d  individuals were k e p t  in  a q u a r i a  fed w i th  ru n n in g  sea w a te r  of 6 to  8° C. The 
a n im a ls  w e re  regularly  checked a n d  d ra w in g s  were m ade  in l iv ing  s ta te .  Some a n im a ls  were 
f ix ed  a n d  sec tioned .  The m ax im a l  s p a n  o f  p o s to p e ra t iv e  follow up  was 45 to  50 days .

F ig . 2. L ev e ls  of t ransverse  t r a n s e c t io n s  on  anem ones in  different  s tages o f  on togenetic
d evelopm en t

All th e  experim ental  w ork  w a s  e x ec u te d  in the  M u rm a n sk  Biological I n s t i tu t e  of the 
U S S R  A c a d e m y  of Sciences in  J u n e  a n d  J u l y ,  1957, 1958 a n d  1960.

Results

T a b le s  1 and 2 p re se n t  t h e  resu lts  of the  e x p e r im en ts .  T he  basa l  p a r t  
o f  t h e  b o d y  in  all e x p e r im e n ts  in v a r ia b ly  re s to red  th e  rem oved  oral p a r t  bu t  
th e  d u r a t io n  of the r e g e n e ra t io n  w as different. T ab le  1 shows th e  t im e  (mean 
v a lu e s  w i th  ind iv idual d if ferences o f  3 to  4 days) necessary  to  the  ap p ea ran ce  
o f  c le a r ly  visible anlagen of te n ta c le s  on th e  new ly  form ed oral disc. T ab le  1 
sh o w s  a d irect re la t ionsh ip  b e tw e e n  the  period of re s to ra t io n  and  th e  size of 
th e  r e m o v e d  part .

Table 1

D uration  ( in  d a ys)  o f  complete regeneration 
o f  Actin ia  e q u in a  fr o m  the basal p a rt o f  the body

Stage

Level of cut ting
Larval Young Adult

I 19 и 16

и 23 16 25

i n 30 19 45
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The, re la t io n sh ip  b e tw een  regenera tion  a n d  age of the  an im al p ro v ed  to  
be more com plex. F a s te s t  regeneration  w as fo u n d  in  young  an im als  w i th  24 
ten tac les  (11 to  19 d a y s  a f te r  different ty p e s  o f  cu t t in g s ) ;  i t  was m uch  slower 
in  la te  la rvae  (19 to  30 days) which is m os t  p ro b a b ly  due to  less p ronounced  
in teg ra t io n  o f  th e  la rv a e .  Still slower r e s to ra t io n  o f  th e  oral p a r t  is o b ­
served  w ith  ad u l t  specim ens (16 to  45 days)  w h ich  can  be m ost  p ro b a b ly  
exp la ined  b y  p re -su m a b le  occurrence of old age changes lead ing  to  e lim i­
n a t io n  of cer ta in  in te g ra t iv e  m echanism s. M echanophysio log ica l ph en o m en a  
(changes in tu rg o r ,  w e a k e r  sphincters  w hich  close th e  w ounds) m ig h t  also be 
invo lved . The fa te  o f  th e  d is ta l  parts  w as r a t h e r  va r ied  in d ifferen t e x p e r i ­
m en ts  (Table 2).

Table 2

Fate o f  oral parts o f  Actinia e q u in a  after cutting

Stage
Adult

Level of cutting

I Survive  for 45 days; 
b asa l  disc not 
res to red

Surv ive  for 45 days;  
basal  disc n o t  
res to red

Die af te r  6 days

i l T he  sam e; m ay  late­
ra l ly  a t t a c h  for a 
cer ta in  t im e

T he  sam e Die af te r  23 days

i n Com ple te  regeneration 
of basal  disc

C om m encem en t  of 
w ound  healing

Survive for 45 days;  
basal disc not 
restored

D istal p a r ts  o f  a d u l t  anim als never show ed  a n y  sign of regenera t ion . 
A fte r  level I or I I  c u t t in g s  oral pa r ts  died a n d  s t a r t e d  to  decay  a f te r  6 to  23 
days .  After  level I I I  c u t t in g s  m ost pa r t  o f  th e  b o d y  su rv ived  for 45 days  an d  
responded  to  m echan ical  s t im u la t io n  w ith  s l igh t  changes of bo d y  form . The 
co n trac t io n  of th e  c ircu la r  muscles closed th e  w o u n d  b u t  no fo rm ative  processes 
could  be observed on th e  w ound  surface. T he  g re a te r  v iab i l i ty  of th e  oral p a r ts  
a f te r  level 111 cu t t in g s  is c e r ta in ly  explained by t he ir  size. 1 n fact th ey  are a lm ost 
com ple te  ind iv idua ls  w ith  only th e  pedal disc lack ing .

The oral p a r ts  o f  y o u n g  animals, w ith  24 ten tac les ,  show th e  sam e 
b eh av io u r  after  level I c u t t in g s ;  th ey  su rv ive  for long  t im e  b u t  show no signs 
of deve lopm ent.

After  level I I  t r a n s e c t io n  th e  oral p a r t s  o f  y o u n g  anim als  were in  a 
b e t te r  condition . In  sp i te  o f  the  absence of b a sa l  disc regenera t ion  th e y  m ay  
adhere  to  the  s u b s t r a te  w i th  th e  la teral b o d y  wall. T he  v iab i l i ty  of y o ung  
an im als  after  level I I I  c u t t in g s  is still higher. T h e  f rag m en ts  show an increase 
in size (p resum ab ly  th e y  feed), a m em brane  covers  th e  w ound  fa in t ly  reveal-
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ing  t h e  s e p ta .  No pedal disc is, how ever ,  fo rm ed  an d  th e  an im als  a t t a c h  to  
th e  s u b s t r a t e  w ith  th e ir  la te ra l  side, as in  th e  p rev ious  case.

T h e  re su lts  of ex p e r im e n ts  w i th  la rv a e  p roved  to  be th e  m o s t  in te re s t in g .  
S u b s e q u e n t ly  to  level I t r a n s e c t io n  th e  ora l p a r t  su rv ived  for 45 d a y s  b u t  
no p e d a l  d isc  was form ed. O ral p a r t s  o b ta in ed  by  level I I  cu tt ings  show  s im ila r  
b e h a v io u r  as found in y o u n g  a n im a ls  a f te r  level I I  or I I I  t ran sec t io n s .

T h e  ora l  p a r t  of la rvae  o b ta in e d  b y  level I I I  t ran sec t io n  show ed, how ever ,  
signs o f  p rogressive d e v e lo p m e n t .  T h e  w o u n d  is closed b y  m uscu la r  c o n t ra c t io n

Fig. 3. Sch em a tic  long itud inal  sec t ion  t h r o u g h  a n im a l  w i th  “ b u d ” , a —  orig inal  in d iv id u a l ,
b —  “ b u d ”

a t  f i r s t  a n d  b y  g row th  of t h e  ecto- an d  e n d o d e rm  la te r .  A genuine  p ed a l  disc 
w i th  w ell  formed m u sc u la tu re  develops se rv ing  th e  a t ta c h m e n t  to  th e  su b ­
s t r a t e .  Accordingly , co m p le te  sm all  an im als  are form ed in th is  case f ro m  th e  
o ra l  f r a g m e n t  which was n e v e r  observed  w ith  m ore  ad v an ced  s tages .  P re s u m ­
a b ly  t h e  physiological d o m in a n c e  of  th e  peda l  disc over o the r  b o d y  reg ions is 
less p ro n o u n c e d  in th is  s tag e  o f  dev e lo p m en t .

I n  8 cases out of 45 level I I I  c u t t in g s  on la rvae  (i.e. 17.8 per  cen t)  on th e  
m a r g in  o f  the  newly fo rm ed  p eda l  disc a small bud-like  a p p e n d ix  ap p ea red .  
O n lo n g i tu d in a l  sections (F ig . 3) th e  “ b u d ”  is seen to  rep re sen t  an  o u tg ro w th  
o f  t h e  b o d y  wall w ith  fo rm in g  rad ia l  e n to d e rm a l  folds, i.e. s ep ta .  T h e y  ru n  
in  v a r i a n c e  to  the  m o th e r  o rg an ism  n o t  to w a rd  th e  p h a ry n x  h u t  to  each  o ther.  
T h e  su b se q u e n t  fa te  could n o t  be observed  due to  short  range  of  th e  ex p e r i­
m e n ts  perform ed in 1958.
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Tw o years la ter  th e  l a t te r  e x p e r im e n ts  were rep ea ted  on  35 l a rv a e  which 
were followed up  for 50 days .  30 an im als  o f  35 survived u n t i l  t h e  e n d  of the  
o b se rv a t io n  period. On th e  3rd  to  4 th  d a y  all specimens a t t a c h  them selves  
to  th e  b o t to m  of the  vessel w ith  th e  m ucus-covered  body  walls. O n  th e  10th 
d a y  th e  w ound is closed u n d e r  th e  m ucus  b y  en toderm al an d  e c to d e rm a l  layer 
c reep ing  from th e  p e r ip h e ry  to  th e  cen te r .  A layer of m esog loea  invades 
b e tw e e n  the  two layers.

Fig. 4. So m a tic  em bryogenes is  of  la rva l  A ctin ia  equina

T h e  f irs t  “ b u d s”  a p p e a r  tw o  weeks a f te r  operation . I n  t h e  5 th  week 
these  processes form ed on th e  ab o ra l  side of  th e  animals a l re a d y  h a v e  an  oral 
disc w i th  a  m o u th  and  a c irc le t o f  te n ta c le s ,  i.e. th e y  represen t a new  in d iv id u u m  
(Fig . 4). T h u s  no typ ica l  reg en e ra t io n ,  b u t  som atic  em bryogenesis , i.e. a r tif ic ia l 
a sex u a l  rep roduc tion  was o b ta in ed  in  th is  case.

T h e  developing d a u g h te r  a n im a l  te n d s  to  assume a v e r t ic a l  position. 
T h e  oral discs of b o th  in d iv id u u m s  a p p ro a c h  an d  on a c o m m o n  p ed a l  disc 
th e re  a re  two columns b o th  ca rry in g  oral discs w ith  ten tac les .  T h e  ten tac le  
n u m b e r  is d ifferent —  i f  th e  m o th e r  has 12, th e n  the  d a u g h te r  h a s  on ly  6 
w h ich  a re  also th in n e r  a n d  sm aller.

T h e  fo rm ation  of th e  ten tac le s  re p e a ts  th e  events of e m b ry o g en es is ,  a t  
f i r s t  th e  f i rs t  circlet (6) a n d  th e n  th e  second one is formed. T h e re  a re  no dif­
ferences in  sep ta  fo rm ation  e ither .
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T h e  new oral p a r t  is as a c t iv e  as the  old one , i t  c ap tu re s  the  p ra y  w i th  
i ts  te n ta c le s  and on s t im u la t io n  th e  whole oral d isk  w i th  the  ten tac les  w i th ­
d ra w s  in to  the  body.

F ig . 5 shows a sch em e  o f  a longitud inal s e c t io n  th ro u g h  an an im al w ith  
accesso ry  m outh , p h a r y n x  a n d  tentacles. F ix a t io n  u n fo r tu n a te ly  led to  con­
t r a c t io n  which obscured  th e  new  column a n d  th e  te n ta c le s  are also d raw n  
in to  th e  pharyngea l  c a v i ty .  T h e  new oral o p en in g  w i th  th e  p h a ry n x  lead ing  
to  t h e  old one can be, h o w e v e r ,  clearly seen.

9 h

F ig . 5. Longitud ina l  sec tion  o f  a n  a n im a l  with accessory m o u t h  a n d  pharynx ,  a —  m o u th ,  
b —  te n ta c le ,  c — p h a ry n x  a n d  d —  se p ta  of the m o th e r  o rg a n ism s ,  e —  m o u t h , / —  p h a r y n x  

a n d  g  — ten tac le  o f  t h e  d a u g h te r  organism, h —  r e g e n e ra te d  pedal disc

I n  18 animals o u t  o f  30 su rv ivo rs  (i.e. in  60 p e r  cen t)  was somatic em bryo-  
genesis  observed.

A  fu r th e r  in te re s t in g  r e s u l t  was the  a p p e a ra n c e  of  well developed pedal 
discs. These carried th e  “ d o u b le d ”  animals w h ich  were  formed as a re su l t  o f  
so m a t ic  em bryogenesis  o r  s ing le  forms in  w h ich  t h e  fo rm a tio n  of p eda l  disc 
w as  th e  only result of th e  reg en era t io n .

Discussion

T he level of c o m p le x i ty  and  of in teg r i ty  of  o rgan ism s  m ay  be d iffe ren t  
in va r io u s  stages o f  o n to g e n e t ic  deve lopm ent.  T h ere fo re  the ir  c a p a c i ty  to  
r e g e n e ra te  or to  un d erg o  so m a t ic  embryogenesis will also change [13, 17, 18].
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Y o u n g  anem ones w hich  were co m p le te ly  formed and  were  a t t a c h e d  to  
t h e  s u b s t r a te  showr the  m os t  r a p id  reg en e ra t io n .  A dults  and  la rv a e  reg en e ra te  
m ore  slowly. T he  la rvae  of  A c tin ia  equina  can  produce new p e d a l  disc which 
is never  observed  w ith  deve loped  in d iv id u a ls .  The rem oval o f  th e  p eda l  disc 
of  la rv a e  is no t  an  ir repa rab le  d a m a g e  (as i t  is in more a d v a n c e d  s tages  of 
d ev e lopm en t) .

T he  w ork  of A b e l o o s  [1] on re s to ra t io n  of A ctin ia  equina  f ro m  pedal 
disc shou ld  be referred  to  in  th is  connec tion .  I f  the  pedal sac ( th e  f i r s t  resu lt  
of reg en e ra t io n  from  pedal disc) is t r a n sv e rse ly  cu t  a t  th e  b e g in n in g  of its 
re g u la t io n ,  th e  abora l  f rag m en t  reg en e ra te s  again  an oral p a r t ,  t h e  ora l  pa r t ,  
how ever ,  changes an d  forms a peda l  disc. A b e l o o s  a t t r ib u te s  th e  absence  of 
re g e n e ra t io n  of pedal disc f rom  n o rm a l  co lum n  wall to  the  lack  of  h is to g cn e t ic  
p o te n c y  in th e  la t te r .  We are  inc lined  to  assum e t h a t  the  p h e n o m e n o n  m ight 
be in te rp re te d  as a consequence of s t ro n g e r  in te g r i ty  and s l igh te r  la b i l i ty  of 
p a r ts  of th e  fully form ed an im als  as co m p ared  w ith  la rvae  a n d  w i th  early  
re g e n e ra t io n  stages of an  iso la ted  p ed a l  disc.

T he  la rvae  of A ctin ia  equina  a re  capab le  to  undergo so m a tic  em bryo-  
genesis [13, 17, 18]. At th e  end of th e  la rv a l  period  when th e  p e d a l  disc does 
n o t  fu n c t io n  a n d  is only s ligh tly  d is t in c t ,  a local dés in tégra t ion  a n d  a con­
seq u en t  te n d e n c y  to  form a new in d iv id u a l  is easily produced  in  t h e  abora l  
region. This points  to  w eaker  re la t io n sh ip s  of  the  pa r ts  of the  l a r v a e  i.e. to  
its  w eak er  in te g r i ty  as com pared  w ith  a d u l t  forms.

P re su m a b ly  several cases of so m atic  em bryogenesis  were r e p o r te d  in  th e  
l i t e r a tu re  as modes of n a tu ra l  asexual re p ro d u c t io n .
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R E G E N E R A T I O N  U N D  SO M ATISC H E E M B R Y O G E N E S E  IN  V E R S C H I E D E N E N  
ST A D IE N  D E R  O N T O G E N E S E  V O N  A C T IN IA  E Q U IN A

A c tin ia  equina L. w u r d e  in  verschiedenen S ta d ie n  d e r  E n tw ic k lu n g  (junge L arv en  m i t  
T e n ta k e ln  aus dem  G a s t r a l r a u m  d e r  M utter ,  sessile J u n g t i e r e  m it  24 T entake ln  u n d  ad u lte  
T ie re  m i t  e inem D u rch m esse r  v o n  3 bis 4 cm) in v e rsch ie d en e n  E b en en  zerschnitten .  Abora le  
Teile,  die keine oralen  S t r u k t u r e n  besassen, k o n n te n  diese neubilden. Diese N eu b i ld u n g  
v e r l ie f  a m  schnellsten be i  j u n g e n  Tieren. E n tfe rn te  F u s ssch e ib e n  konn ten  n u r  L a rv e n  rege­
ne r ie ren .  I m  weiteren V e r l a u f  dieses Prozesses w u rd e  v o n  d e r  regenerie r ten  Fusssche ibe  
h ä u f ig  a u c h  ein zweites I n d i v id u u m  gebildet.  Die R e s u l ta t e  w e rd en  a u f  G rund der ToKlNsclien 
T heor ie  ü b e r  die A b h ä n g ig k e i t  v o n  Regeneration u n d  so m a tisc h e r  Embryogenese  v om  G rad -  
d e r  In te g ra t io n  behande lt .

Я В Л Е Н И Я  Р Е Г Е Н Е Р А Ц И И  И С О М А Т И Ч Е С К О Г О  Э М Б Р И О Г Е Н Е З А  
В О Н Т О Г Е Н Е З Е  A C T IN IA  E Q U I N A

A ctin ia  equina L . на трех стадиях онтогенеза (поздние зародыши, имеющие 12 щупа 
леи, извлеченные из гастро-васкулярной полости матери; молодые актинии, снабженные 
24 щупальцами и ведущие прикрепленный ббраз жизни и взрослые актинии диаметром 
3—4 см) разрезались поперек на трех уровнях тела. Базальная часть регенерировала 
удаленную оральную часть. Быстрее всего этот процесс осуществляется у молодых 
актиний. Удаленная подошва восстанавливается только у зародышей. Этот процесс 
часто сопровождается развитием дочерной актинии из восстановленной подошвы. Автор 
обсуждает результаты с точки зрения теории Токина о зависимости регенерации и 
соматического эмбриогенеза от уровня интеграции.

D i a n a  G. P o l t e v a , M endele jevsky  s tree t ,  5, L en in g rad ,  U .S.S.li .
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Synopsis

P a r a m e c iu m  m u l t im ic r o n u c le a tu m  taken directly from the culture or starved 
for a day takes up more or less readily different non-nutritive particles (iron particles, 
calcium carbonate, talc, China ink, carmine) and forms vacuoles containig exclusively 
these particles. The vacuoles invariably show liistochemically demonstrable intense 
acid phosphatase activity. The results support the view that the appearance of activ­
ity in vacuoles is not dependent on the nature of ingested substances but on the 
vacuole formation itself.

In troduction

F ood  vacuoles of  p ro tozoa  con ta in ing  n u t r i t iv e  partic les  are kn o w n  to 
exh ib it  a s trong  a c t iv i ty  of  liistochemically  d e m o n s t ra b le  h yd ro ly tic  enzym es 
(for reviews see [1, 13]).  I t  is assum ed  th a t  these  enzym es p a r t ic ip a te  in  the  
b reak d o w n  of inges ted  m a te r ia ls  [4]. R o se n b a u m  a n d  W it t n e r  [16] recen t ly  
r e p o r te d  th a t  no enzym e a c t iv i ty  was observed  in  P aram ecium  caudatum  
vacuoles which co n ta in ed  on ly  n on -nu tr i t ive ,  ind iges t ib le  substances  (carm ine 
or China in k  partic les) .  M ü l l e r  a n d  co-workers [12, 13] h ave  found, how ever,  
t h a t  vacuoles of  P . m ultim icronuclea tum  con ta in ing  po ly s ty ren e  la te x  par tic les  
exh ib it  an  a c t iv i ty  no t  in fe rio r  to  t h a t  of vacuoles in an im als  fed w ith  bac te r ia .  
T he  discrepancies in  these  re su lts  p ro m p ted  us to  t e s t  i f  the re  were a n y  dif­
ferences in reactions of  p a ram ec ia  to  different ty p e s  of  n o n -n u tr i t iv e  partic les. 
The p resen t  co m m u n ica t io n  con ta ins  in fo rm atio n  concern ing  an im als  which 
ingested  d ifferent k inds  of  n o n -n u tr i t iv e  partic les. P o ly s ty re n e  la te x  does no t 
figure  am ong  these .  T he  u p ta k e  of  and  reactions to  th e  po lys ty rene  partic les  
are  d ea l t  w ith  in  a s e p a ra te  com m unica tion  [12] w here  also the  significance 
o f  the  resu lts  o b ta in ed  is d iscussed in detail.

Materials and methods

Paramecium multimicronucleatum , a Hungarian clone, used also in previous studies» 
was grown in a crude agnotobiotic culture on diluted manure infusion. The animals were 
collected with the aid of a hand driven centrifuge, repeatedly washed and resuspended in
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L o s in a -L o s in sk y  solution [9] w i th o u t  p ep tone .  T he  an im als  were used e i the r  im m ed ia te ly  
a f te r  w a sh in g  or k ep t  in large a m o u n t s  o f  th is  so lu t ion  for one d ay  before th e  e x p er im en ts  
were  c a r r i e d  out.  This period of t im e  a p p ea red  to he long enough for o b ta in in g  a v e ry  high 
p e r c e n ta g e  of vacuole free anim als .

T h e  an im als  were g iven  d i f fe ren t  inorgan ic  a n d  organ ic  subs tances  as n o n -n u t r i t iv e  
p a r t ic le s .  T h e  substances used were: i ron  pa r tic les  (F e r ru m  re d u c tu m  Ph .  H u n g .  Y), calcium 
c a r b o n a te  (Calcium carbon icum  p rec ip .  P h .  H ung .  V), powdered  ta lc  (T alcum  pulvis) ,  pow­
d e red  g las s  (p repared  in a ball  mill),  China in k  (o b ta ined  b y  grinding a rod),  c a rm in e  (Carmin 
r u b r u m  op tim ale) .  H eavy  suspens ions  o f  an im als  were p laced in depressionsli des a n d  a c o m p ar ­
a t iv e ly  la rge  am o u n t  of  the  re spec t ive  su b s tan ce  was added .  The d u ra t io n  of feeding was 
30 m in u t e s .

T h e  histochemical reac t ions  were  s tu d ied  in  to ta l  m oun ts .  A drop  of f lu id  con ta in ing  
a la rge  a m o u n t  of animals was sp re a d  on a n  a lbum in ized  slide and  ra p id ly  d r ied  in  an  air  
c u r re n t .  T h e  slides were f ixed in cold Ca-formol fo r  15 to 30 min. w ashed  in  t a p  w a te r  and 
m o u n te d  in  balsam  or g lycerine  j e l ly  a f te r  pe rfo rm ing  th e  h is tochem ical  reac t ions .  Acid 
p h o s p h a t a s e  ac t iv i ty  was d e m o n s t r a t e d  w i th  the  lead  p h o sp h a te  m e th o d  of G o m o r i  [15] 
a t  p H  5.0 a n d  30° C or л\~пЬ th e  a lp h a - n a p h th y l  pho sp h a te -h ex azo t ized  rosanilin  m eth o d  of 
B a r k a  [2] a t  p H  6.0 an d  25° C.

Results

A n im als  stud ied  im m e d ia te ly  a f te r  w ash in g  con ta ined  a la rge  n u m b e r  c f  
b a c t e r iu m  filled food vacuo les .  A cid  p h o sp h a ta se  s ta in ing  rev ea led  ac t iv i ty  
in  m o s t  of the  vacuoles a n d  in  a m o d era te  a m o u n t  of cy to p la sm ic  granules. 
T h o se  an im als  which h a d  b e e n  s ta rv e d  for 24 hours were e i th e r  vacuo le  free 
or c o n ta in e d  only a v e ry  sm all  n u m b e r  of small vacuoles. A fte r  acid p h o sp h a ­
ta s e  re a c t io n  these an im als  show ed  a d a rk e r  cy top lasm ic  s ta in in g  th a n  the  
fo rm e r  ones. The in f re q u e n t  ind iv id u a ls  c o n ta in in g  vacuoles show ed  in tense  
v a c u o la r  ac t iv i ty  visible as sm all  circles.

B o th  washed and s t a r v e d  an im als  in ges ted  most k inds of  the  particles 
t e s t e d .  Vacuole fo rm a tio n  w as  r a p id  in  th e  case of calc ium  c a rb o n a te ,  talc, 
C h ina  in k  and  carm ine. T h e  la rg e r  a n d  heav ie r  i ron  partic les w ere  less read ily  
a c c e p te d .  Only the  glass pow der  xvas re je c te d  by  m ost an im als .  In  certa in  
a n im a ls ,  however, glass v acuo les  also ap p ea red .  T he  n u m b er  of th e se  ind iv idua ls  
w as n o t  enough for h is to ch em ica l  ev a lua tion .

H is tochem ica l re a c t io n s  p e rfo rm ed  on s ta rv e d  in d iv id u a ls  w hich  took 
up  i ro n ,  calcium ca rb o n a te ,  ta lc  or ca rm ine  c learly  revea led  a n  in te n se  enzy­
m a t ic  a c t iv i ty  in m ost la rge  vacuo les  c o n ta in in g  th e  n o n -n u tr i t iv e  substances  
(F igs .  1 to  4). E ven  in  a n im a ls  w hich  were n o t  com ple te ly  vacuo le  free the  
p r e e x i s t e n t  small vacuoles a n d  th e  new ly  fo rm ed  larger ones could  easily be 
d is t in g u ish e d .  The a c t iv i ty  re su l te d  in  a periferic s ta in ing  o f th e  vacuole, 
i.e. m o s t  p robab ly  th e  v a c u o la r  wall was s ta in ed .  Vacuoles fo rm ed  in  anim als 
fed  on  China ink  were so d a r k  t h a t  th e ir  b lack  co n ten t  co m p le te ly  obscured 
th e  p ic tu re  and it could n o t  be decided  if  a n y  s ta in ing  was p re sen t .

S im ila r  ac t iv i ty  was fo u n d  in vacuoles filled w ith  n o n -n u t r i t iv e  partic les 
w h e n  th e y  were fo rm ed  b y  no t  s ta rv e d  an im als  which c o n ta in e d  num erous  
b a c t e r i a  filled vacuole , too.
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f i g s .  1 to  4. Acid p h o sp h a ta s e  reac tion  accord ing  to B a r k a  i n  vacuoles  con ta in ing  exclusively 
pa r tic les  of  iron (Fig.  1), ca lc ium  carb o n a te  (Fig. 2), ta lc  (Fig .  3) a n d  carm ine  (Fig. 4) fo rm ed  
b y  Paramecium m ultim icronuclea tum  w h ich  s ta rved  for 24 hours .  T o ta l  m o u n ts ,  X 1750

Discussion

The ingestion  of  n o n -n u tr i t iv e ,  ind igestib le  su b s tan ces  by  d ifferen t 
species of P aram ecium  was re p e a te d ly  re p o r te d  e i th e r  in papers  concern ing  
feed ing  in  th is  a n im a l  or in  com m unica tions  on o th e r  physiological p rob lem s. 
T h e  following list o f  inges ted  par t ic les  p resen ts  o n ly  ce r ta in  exam ples  and  is 
fa r  from  com plete :  su lp h u r  [5], i ro n  pow der [8], a lu m in iu m  pow der  [10], 
ca lc ium  ca rbona te ,  s t ro n c iu m  ca rb o n a te ,  m ag n es iu m  ca rb o n a te ,  b a r iu m  
c a rb o n a te  [5, 9], b a r iu m  ch ro m ate  [6], glass p o w d er  [3, 5, 10], China in k  
[9, 10, 16], ca rm ine  [9, 10, 16], ind igo  [9, 10], sep ia  [10], p o lys ty rene  la te x

4 * Acta Biol. Hung. 14. 1963
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[12, 13]. T h e  results o f  all th e se  s tud ies  c learly  show th a t  n o n -n u tr i t iv e  s u b ­
s ta n c e s  a r e  readily  inges ted  b y  p a ram ec ia .  In  some of these  s tud ies  th e  n o n ­
n u t r i t i v e  par tic les  were a d d e d  to  an im als  in b ac te r ized  m edia . In  th e se  cases 
th e  v a c u o le  fo rm ation  m ig h t  b e  due to  the  b ac te r ia  p resen t.  In  a fa ir  n u m b e r  
of  s tu d ie s ,  however, th e  p a r t ic le s  were  ad d ed  to  th o ro u g h ly  w ash ed  an im als  
sh o w in g  no  vacuole fo rm a t io n  w i th o u t  added  par t ic les  [3, 12, 16]. F o o d  vacuoles  
a p p e a r in g  u n d e r  such co n d i t io n s  d e m o n s t ra te  t h a t  vacuole fo rm a t io n  can  be 
in d u c e d  b y  non -n u tr i t iv e  pa r t ic le s .

I n  t h e  present e x p e r im e n ts  several of the  above lis ted  su b s tan ces  an d  
som e w h ic h  were no t e m p lo y e d  fo rm erly  were ad d ed  to  w ashed  and  vacuo le  
free a n im a ls .  All su b s tan ces  te s te d  were found  to  evoke vacuo le  fo rm a tio n  
th u s  c o n f irm in g  the view o u t l in ed  above. T he  speed  of vacuole fo rm a t io n  and 
the  n u m b e r  of vacuoles were  com p le te ly  neg lected  in  view of th o se  large and 
n o n -co n tro l lab le  differences in  these  values w hich  were due to  d ifferences in 
th e  size a n d  other p roper t ie s  o f  th e  particles.

T h e  results  of h is to eh em ica l  tes ts  pe rfo rm ed  in th is  w ork  c lear ly  show 
t h a t  in te n s e  ac t iv i ty  o f  ac id  p h o sp h a ta se  can be localised in  p a ra m e c iu m  
food  v acu o le s  which c o n ta in  b u t  on ly  n o n -n u tr i i iv e  particles. T he  sam e resu lt  
w as  o b ta in e d  in anim als  fed w ith  p o lys ty rene  partic les  [12, 13]. A ccord ingly , 
no fu n d a m e n ta l  differences in  th is  respect can  be d e m o n s t ra te d  be tw een  
v a c u o le s  con ta in ing  n u t r i t iv e  [11, 13, 14, 16] or n o n -n u tr i t iv e  par t ic les .  The 
v iew  sugges ted  in o th e r  p a p e rs  [12, 13] t h a t  th e  ap p earan ce  of  a c t iv i ty  does 
n o t  d e p e n d  on the  co n ten ts  o f  th e  vacuoles b u t  only  on th e ir  fo rm a t io n  seems 
to  b e  f u r th e r  suppor ted  b y  th e  p resen t  observa tions .  So fa r  no e x p la n a t io n  
c a n  b e  g iven  for th e  r e p o r t s  concern ing  th e  absence of a c t iv i ty  in  vacuoles  
c o n ta in in g  only n o n -n u tr i t iv e  subs tances  [16].

In  th e  present c o m m u n ic a t io n  only th e  ap p ea ran ce  of th e  a c t iv i ty  was 
e m p h a s iz e d  and discussed a n d  th e  possible differences in th e  t im e  course and  
in  t h e  leve l  of hyd ro ly t ic  a c t iv i ty  are  no t considered. No d o u b t ,  th e  existence 
o f  s u c h  differences due  to  t h e  n a tu re  of th e  inges ted  partic les can  be p roved  
or d isp ro v e d  only b y  b iochem ica l  s tud ies .
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Ü B E R  D IE  N A H R U N G S A U F N A H M E  U N D  V E R D A U U N G  B E I  P R O T O Z O E N

VI. D i e W i r k u n g  d e r  A u f n a h m e  v o n  u n v e r d a u l i c h e n  P a r t i k e l n  
a u f  d i e  s a u r e  P h o s p h a t a s e a k t i v i t ä t  i n  P a r a m e c i u m  

m u l t i m i c r o n u c l e a t u m

Param ecien ,  die e n tw ed e r  d irek t  der  K u l tu r  en tn o m m en  w u rd en  o d e r  e inen  T ag  lang 
h u n g e r te n ,  nehm en versch iedene  u n v erdau l iche  P a r t ik e ln  (Eisen, K a lk ,  T a lk u m ,  Glas, Tusche 
u n d  K a rm in )  m ehr  oder  m in d e r  schnell  au f  u n d  b i lden  Vakuolen , die ausschliesslich diese 
Su b s tan zen  e n th a l ten .  Diese V akuolen  zeigen eine s ta rke ,  h is tochem isch n a ch w e isb a re  A k t i ­
v i t ä t  von  sauren  P h o sp h a ta se .  Dieser E rgebnis  u n t e r s tü t z t  die A n n ah m e,  d ass  d a s  E rscheinen  
der  A k t iv i t ä t  in der  V akuole  n ich t  von  der  chem ischen B eschaffenheit  d e r  Par t ike ln ,  
sondern  von der A u sb in d lu n g  der Vakuole  ab häng ig  ist.

З А Х В А Т  П И Щ И  И П И Щ Е В А Р Е Н И Е  У  П Р О С Т Е Й Ш И Х

VI. В л и я н и е  з а г л а  т ы в а н и я н е п ере  в а р и м ы х  ч а с т и ц  на а к т и в н о с т ь
К И С Л О Й  ф о с ф а т а з ы  У P a r a m e c i u m  m u l t i m i c r o n u c l e a t u m

P aram ecium  m ultim icronucleatum  взятая непосредственно из культуры или голо­
дающая на сутки усваивают более или менее охотно разные непереваримые частицы (же­
леза, карбоната кальция, талькума, стекла, туши и кармина) и образовывают вакуоли, 
содержащие исключительно эти частицы. Эти вакуоли имеют высокую, гистохимически 
доказаемую активность кислой фосфотазы. Результаты подкрепляют мнение о том, что 
появление активности в вакуолях не зависит от химической природы частиц, а связана 
с появлением вакуоли.

M i k l ó s  M ü l l e r  
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Synopsis

In v e s t ig a t in g  the  genetic  conditions of n a tu r a l  im m u n i ty ,  we h ave  p o in ted  
o u t  t h a t  r a t s  belonging to d iffe ren t  va r ie ties  (grey ,  l ab o ra to ry  white  an d  W is ta r )  
differ f rom  one a n o th e r  reg ard in g  their  im m unob io log ica l  t i t r e s  — nam ely  c o m p le m e n t  
t i t re  an d  bac te r ic id a l  p rope rt ie s  — of th e i r  sera. S e ru m  of  grey ra ts  had  the  h ighes t  
and t h a t  o f  l ab o ra to ry  white  ones the lowest c o m p le m e n t  t i t re  and  bac ter ic ida l  
activity .  W h e n  W is ta r  and  g rey  ra ts  were crossed, the  com plem en t  t i t re  a n d  b a c t e ­
ricidal pow er  of the h y b r id s ’ sera showed in te rm e d ia te  va lues as com pared  w ith  th e  
titres of  th e  pa ren ts .

I t  also has  been p o in ted  o u t  th a t ,  s imilarly  to  the  com plem ent t i t re  a n d  b a c te r i ­
cidal a c t iv i ty ,  th e  sera of g rey  r a ts  con ta ined  th e  h ig h es t  a m o u n t  of p rope rd in ,  while 
sera of l a b o r a to r y  white ra ts  t h e  lowest.  I t  m ay  be supposed  therefore t h a t  p ro p e rd in  
level, a n d  conseq u en t ly  fac to rs  involved in the  f o rm a t io n  of n a tu ra l  im m u n i ty ,  are 
different n o t  on ly  in species, b u t  also in var ie ties .

Crossing of grey and  l ab o ra to ry  w hite  r a t s  show ed a surprising resu l t .  W hile  
the average  properd in  c o n te n t  in the  grey r a t s ’ sera  was 36.6 U/ml and  t h a t  of  l a b o ra ­
tory  white  ones 18.3 U/ml,  t h e  sera of h y b r id  an im a ls  c on ta ined  48.3 U. o f  p ro p e rd in  
per ml. On th e  s t ren g th  of these  results  i t  m a y  be suggested  t h a t  im m unobiological  
titres are d e te rm in e d  by genetic  factors, an d  he te ros is  effect m ay  occur in th em .  On 
the o ther  h a n d  i t  is ev iden t  t h a t  en v iro n m en ta lfa c to rs  (such as exposure  to cold) can 
change the  degree  of i m m u n i ty  within a com p a ra t iv e ly  shor t  period.

In troduction

I t  is a well know n  fac t t h a t  anim als be long ing  to  various species differ 
f rom  each o th e r  as to  the ir  im m unobio log ica l  t i t r e s .  This has been p o in ted  
o u t  for exam ple  b y  H e g e d ű s  a n d  G r e i n e r  [3] as well as P i l l e m e r  a n d  co­
w orkers [6] in  re spec t  to  th e  com plem en t a n d  p roperd in ,  by  p rov ing  t h a t  
h u m a n  serum  co n ta in s  80 u n its ,  while sera o f  gu inea  pigs 200, r a b b i t s  20, 
ra ts  100, pigs 50, dogs 40 u n i ts  o f  com plem en t per  ml., and serum  of c a t t le ,  
horses, sheeps a n d  gophers ( Sperm o p h ilu s)  h av e  no com plem en t a c t iv i ty  a t  all. 
N o t only th e  to t a l  com plem en t,  h u t  also its c o m p o n e n ts  m ay differ am o n g  
species; to m e n t io n  only one exam ple ,  th e  se ru m  of pigs contains  100 u n i ts  
o f  C’l ,  800 u n its  o f  C’2, 12,500 u n i ts  of C’3 a n d  50 u n i ts  o f  C’4 per ml. As re la te d  
to  the p roperd in  th is  difference is also e x te n t .  Sera  of  ra ts  con ta in  2 5 — 30, 
sera  of mice 10— 20, ca t t le  10— 20, m a n  and  r a b b i t  4 — 8, sheep 2— 4 a n d  
guinea pigs 1— 2 u n its  of p ro p e rd in  per ml. K e n t , T o u s s a in t  an d  H o o k ’s [4] 
d a ta  differ f rom  these f ind ings. T hey  e s tab lished  t h a t  hu m an  sera  c o n ta in
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4 — 8, w h ile  sera of guinea pigs 8— 12 u n i ts  o f  p ro p e rd in  per ml. On th e  o the r  
h a n d  C s e h  and  S z a b ó  [1] w ho  used  a m odif ied  m e th o d  for d e te rm in in g  p ro ­
p e rd in  fo u n d  2 un its  of i t  in  a ml. o f  gu inea  p ig s’ sera, 8 un its  in  r a b b i t s ’ and 
12 u n i t s  in  pigs’ sera.

F r o m  these find ings i t  m a y  be in fe r red  th a t  the  im m unob io log ica l  
p ro p e r t i e s  a n d  con seq u en t ly  th e  re s is tan ce  a g a in s t  infections of  th e  various 
species  h a v e  evolved in  th e  course  of  h is to r ica l  deve lopm en t a n d  a re  h e re d i ta ry  
c h a ra c te r i s t ic s .

O u r  own exper im en ts ,  how ever ,  h a v e  c learly  shown t h a t  t h e  effect of 
e n v i r o n m e n t ,  nam ely  acc l im a tiza t io n  to  cold, m a y  raise the  co m p le m e n t  t i t r e  
o f  g u in e a  pigs and  t h a t  such  a rise is a cco m p an ied  b y  an increased  bac te r ic id a l  
c a p a c i ty  o f  the  serum  as well as an  in c rea sed  phagocytic  a c t iv i ty  of th e  
l e u c o c y te s  [2, 9, 11]. I t  w as also fo u n d  t h a t  none  of these changes  —  excep t  
in c re a se  d p h a  gocytosis —  d isa p p e a re d  a f te r  th e  an im als  h ad  been  t r a n s fe r re d  
to  a n d  k e p t  in  norm al e n v iro n m e n t  for a y e a r  or longer.

I n  earlier  pub lica t ions  we h a v e  a l re a d y  em phasized  t h a t  th e  pr inc ipa l  
o b je c t  o f  ou r  experim ents  w as  to  e luc ida te  th e  prob lem  of h e re d i ty  o f  n a tu ra l  
i m m u n i t y  [2]. I t  is th e  w a y  in  w hich  l iv in g  organism s h ave  d eve loped  th e  
p o w er  to  resis t  infections t h a t  we t r ie d  to  f ind  o u t ,  and to a sce r ta in  th e  role 
of  h e r e d i t a r y  factors in  such  d ev e lo p m en ts .

F r o m  our experim en ts  i t  ap p ea rs  t h a t  p ropert ie s  acquired  in  th e  course 
of  a c c l im a t iz a t io n  to  cold d e te rm in e  th e  degree of im m u n i ty  a n d  are  t r a n s ­
m i t t e d  b y  h e red i ty  m ore or less u n c h a n g e d  to  th e  f irs t  genera tion . I t  m a y  be 
a s s u m e d  t h a t  the  great d ifferences in  su sc e p t ib i l i ty  of various species to  infec­
t io n s  a re  d ue  to the  in h e r i ta b i l i ty  of  im m unolog ica l  factors, a n d  t h a t  some 
species  m u s t  a t  some t im e  in  th e  p a s t  h av e  lived under cond it ions  a l te r ing  
th e  t i t r e  o f  im m une  fac to rs  m ore  rad ica l ly ,  while others were n o t  su b je c te d  
to  s u c h  conditions.  This a s su m p t io n  seems to  be confirm ed by  th e  well know n 
fa c t  t h a t  persons (and th e i r  descen d an ts )  w ho  (and whose a sc e n d a n ts )  h ad  
m u c h  to  suffer from  exposu re  to  c l im atic  v iciss itudes are m ore  re s i s ta n t  to  
in fe c t io u s  diseases t h a n  persons  w hose fo rebea rs  were c o m p a ra t iv e ly  m ore 
p r o te c te d .  I t  is highly p ro b ab le  t h a t  good re su l ts  ob ta ined  from  ra is in g  calves 
a n d  o th e r  y oung  dom estic  an im als  in open  air are likewise due to  p h e n o m e n a  
of th i s  k in d .

C o n sequen tly ,  e n v iro n m e n ta l  fac to rs  shou ld  be ta k e n  in to  co n s id e ra t io n  
in  th e  d e v e lo p m e n t  of im m u n i ty .

O u r  resu lts  o b ta in ed  b y  com par ison  of im m unobiological va lues  of 
d i f fe re n t  varie ties  w ith in  t h e  sam e species deserve  special in te re s t  [2, 10]. 
I t  h a s  b e e n  found in ou r  e x p e r im e n ts  t h a t  f ro m  grey, l a b o ra to ry  w h ite  and  
W is ta r  r a t s  the  grey ra ts  h a d  the  h ig h es t  com plem en t t i t r e ,  bac te r ic id a l  
c a p a c i ty  a n d  even p ro p e rd in  level, while th e  se ru m  of la b o ra to ry  w h i te  r a ts  
h a d  th e  low est t i tres .  This d ifference was considerab le  as re la ted  to  bac te r ic id a l

Acta B iol.. H ung. 14. 1963



H E R I T A B I L I T Y  O F  T H E  F A C T O R S  O F  N A T U R A L  I M M U N I T Y  I N  R A T S 217

a c t iv i ty  (48 per cen t) ,  g rey  ra ts  showing a 24 per  cent h igher,  anil l a b o ra to ry  
w h ite  ones a 24 per  c e n t  lower b ac te r ic ida l  cap ac i ty  as c o m p a re d  w ith  the 
m ean  value . I t  is r e m a rk a b le  t h a t  se ru m  of ra ts  be longing to  th e  W is ta r  s tock  
s tood  very  close to  t h a t  o f  grey ra ts  in  re sp ec t  of bacteric idal c a p a c i ty .

F ro m  the  above  m e n tio n e d  resu lts  i t  is obvious t h a t  th e  n a tu r a l  im m u n i ty  
fac to rs  s tud ied  are p re se n t  to  d ifferen t e x te n t  in  the  various va r ie t ie s ,  grey 
r a t s  possessing th e  h ig h e s t  a m o u n t  of  these  fac tors  and  la b o ra to ry  w hite  
ones the  lowest. T he  fav o u rab le  values  of grey  ra ts  did not con s id e rab ly  decrease 
w h en  th e y  were k e p t  or even bo rn  in c a p t iv i ty .  Special in te re s t  is due  to  the  
fac t  t h a t  ra ts  of W is ta r  s to ck  ap p ro ach ed ,  if no t  reached , t h e  co m plem en t 
a n d  bac te ric idal va lues  found  in  grey ra ts .  The im p o r ta n c e  o f  th is  f ind ing  
lies in revealing t h a t  th is  w idely used s t ra in  exhib its  — besides i ts  o th e r  well 
know n  good p ro p e r t ie s  —  its ad v a n ta g e s  in th is  respect too . Th is  p ro p e r ty  
of  W is ta r  ra ts  is p ro b a b ly  connec ted  w ith  the  higher p ro te in  re q u ire m e n t  of 
these  anim als  an d  shou ld  be ta k e n  in to  considera t ion  when e v a lu a t in g  im m uno- 
bioloeical and  even  m etab o l ic  tes ts  ca rr ied  ou t  w ith  th is  v a r ie ty .

These re su lts  confirm ed  our belief t h a t  the  factors of n a tu r a l  im m u n i ty  
are developed b o th  b y  h e red i ty  a n d  env iro n m en ta l  influences, for th e  m uch 
lower im m unobio log iea l values of la b o ra to ry  w hite  ra ts  d o m e s t ic a te d  long ago 
as com pared  w ith  those  of  th e i r  wild re la t ives  can ce r ta in ly  n o t  be accidental.  
The re la t ive ly  h ig h er  values  of W is ta r  ra ts  may be due  to  conselection  or 
accum ula tion  in th e  course  of inbreed ing .

Assum ing  t h a t  th e  h e red i ty  of n a tu ra l  im m u n i ty  could  be e lucidated , 
we exam ined  th e  p ro p e rd in  level in th e  sera of hybrids  of  g rey  a n d  lab o ra to ry  
w hite  ra ts  an d  o b ta in e d  the  following results .

Materials and  methods

The an im als  s tu d ied  were bred  in our  own labora tory .  O rd in a ry  g rey  r a ts  k ep t  in the 
l ab o ra to ry  a t  least  for a y e a r  a f te r  h av in g  been cap tu red  were crossed w i th  l ab o ra to ry  white 
ra ts ;  albino males w i th  grey females on  the  one h a n d  and  grey males w i th  a lb ino females on 
th e  o ther.  H y b r id s  were ra ised  an d  a t  the  age o f  3 to 5 m on ths  the  p ro p e rd in  level of their 
sera was exam ined .

Blood for the  e x p er im en ts  was d raw n  from  male anim als  on ly  b y  c u t t in g  an  a bou t  
4 m m  piece of th e i r  tails  w i th  sha rp  scissors in e th e r  narcosis. The  o u tf low ing  blood was col­
lected in centrifuge tubes .  Im m e d ia te ly  a f te r  c lo t t ing  the  blood was cen tr ifuged ,  the  serum 
draw n off a n d  k e p t  o v e rn ig h t  a t  —20° C in a deep freezer.

The d e te rm in a t io n  of p roperd in  was based  on i ts  well know n ab i l i ty  to combine with 
zym osan ,  an  insoluble  c a rb o h y d ra te  derived from  yeas t  cell walls,  to  fo rm  complex (PZ) 
t h a t  inac t iv a ted  th e  th ird  co m p o n en t  of  com plem ent  (C’ 3) a t  37° C.

So when z y m o san - t rea ted  and  zym osan-free  sera were s im u lta n eo u s ly  in cu b a ted  and 
a C’ 3-free h em o ly t ic  sys tem  (sensitized sheep ery th rocy tes  t r e a te d  w i th  R ’3) was added, 
the  z y m o san - t rea ted  se rum  showed a decrease  of hemolytic  a c t iv i ty  a n d  from  the  degree 
of th is  decrease, a f te r  p h o to m e tr ic  e va lua t ion ,  the  absolute  a m o u n t  o f  p roperd in  originally 
p resen t  in the  sy s tem  could be com puted .

Owing to th e  d raw b ack s  of the  var ious m ethods  for the  d e te rm in a t io n  of properdin 
originally  described by  P illemer a n d  o th e rs  [5, 6, 7, 8 | ,  and  the  d iff icu l ty  in obtain ing 
reagents ,  a m e th o d  developed by Cseh  and  Szabó [1J was used. T he  r e ag e n ts  requ ired  (zymo-
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sa n ,  R P  and  R ’3 sera) were p r e p a r e d  in th is  lab o ra to ry .  T h e  schem e of the  techn ique  w as as 
follows.

0.3 ml of buffered  sa l t  so lu t io n  conta in ing 0.003 m ol v e ro n a l ,  0.002 mol veronal  sodium , 
0.0005 mol m agnesium  chloride  a n d  0.00015 mol calc ium  ch lo r ide  per  litre was filled in to  
e a c h  o f  six te s t  tubes .  To th e  f i r s t  a n d  th i rd  tubes 0.3 ml each  o f  t h e  t e s t  serums were added .  
F r o m  these  two tubes  a m o u n t s  o f  0.3 ml each were d i lu ted  in to  th e  second and  fo u r th  tu b es  
acco rd in g  to W id a l’s m e th o d .  A f te r  a d d in g  0.3 ml of R P  (P ro p e rd in  defic ient)  se rum  to  each 
t u b e  a n d  0.1 ml of z y m o san  so lu t io n  to th e  first ,  second a n d  f i f th  one, the  co n te n t  o f  each 
t u b e  was b rough t  up  to 1 ml b y  bu ffered  salt  solution. T he  tu b e s  were th en  shaken and  in cu ­
b a t e d  a t  37° C in  a w a te r  b a t h  fo r  30 m inu tes  an d  a f te r  cooling to 0° C and  se p a ra t in g  by 
c e n t r i fu g a t io n  the  C’ 3 a c t iv i ty  o f  t h e  su p e rn a ta n t  f lu id  was de te rm in ed .

R esu lts  and discussion

T h e  p roperd in  t i t r e s  o f  24 ra ts  from a n d  20 from  th e  F2 genera tion  
w ere  e x am in ed  and  th e  fo llow ing  results ob ta ined .

T h e  p roperd in  level o f  t h e  Fj ra ts  ran g ed  f ro m  34.5 U/ml to  68 U/ml 
(a v e ra g e :  48.31 U/ml). S e p a ra te  eva lua tion  o f  th e  p ro p e rd in  levels of the  
d e s c e n d a n ts  of w hite  m o th e rs  a n d  grey fa the rs  a n d  vice v ersa  revealed  t h a t  
th e  d irec t io n  of crossing does n o t  essentially  in f luence  th e  resu lts ,  as the  sera 
o f  r a t s  b o rn  from  la b o ra to ry  w h i te  m others  a n d  g rey  fa th e rs  con ta ined  34.5 
to  65 U /m l of p roperd in  (av e rag e :  48.56 U/ml), while se ra  of  r a ts  from reciprocal 
c ro ss ing  con ta ined  37.5 to  68 U /m l (average: 48.07 U /m l).

Sera  of h yb r id  r a t s  f ro m  th e  inbred  F 2 g e n e ra t io n  show ed similar p ro ­
p e rd in  values . The p ro p e rd in  v a lu es  of the  an im als  e x a m in e d  were found  to  
ra n g e  30 U /m l to  58.5 U /m l (av e rag e :  43.67 U/ml).

C om paring  these d a t a  w i th  th e  properdin  t i t re s  o f  th e  d ifferen t varie ties, 
th e  p ro p e rd in  level of h y b r id  r a t s  was found to  be h ig h e r  even  th a n  th e  t i t re s  
o f  g rey  r a t s  though  in th e  o r ig ina l  exam in a t io n  th e  l a t t e r  h ad  the h ighest 
v a lu es  (from  30.5 U/ml to  40 U /m l).

F ro m  these su rp r is ing  r e su l ts  th e  following in fe rences  m a y  be d raw n:
(1) T h o u g h  the  resu lts  o f  ou r  earlier ex a m in a t io n s  [2, 9, 10, 11, 12] 

sh ow ed  t h a t  th e  changes in p ro p e rd in  and co m p le m e n t  t i t r e s  were closely 
c o r re la te d ,  factors causing th e  sh i f t  of com plem en t t i t r e  a l te re d  the  p roperd in  
t i t r e  to o ,  a n d  so the  degree of n a tu r a l  im m u n i ty  wTas s t ro n g ly  influenced by  
e n v i ro n m e n ta l  conditions, nev er th e less  the  p ro p e rd in  level of serum  proved 
to  be a n  inhe r i tab le  q u a n t i t a t iv e  cha rac te r .

(2) F ro m  the  fo rm er s t a t e m e n t  i t  is also obv ious  t h a t  th e  change of 
c o m p le m e n t  and  p roperd in  t i t r e s  r u n  parallel w i th  each  o th e r  only as long 
as th is  chan g e  is in fluenced  b y  e n v iro n m e n ta l  fac to rs ,  b u t  th e i r  hered ity  is 
in d e p e n d e n t  from each o the r .  T h is  seems to  be s u p p o r te d  b y  th e  well know n 
fac t  t h a t  an  an im al species h a v in g  a high com p lem en t  t i t r e  (as for exam ple  
gu inea  pigs) m ay  no t  necessarily  h a v e  a high p ro p e rd in  c o n te n t  in its serum  
as well.
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(3) I t  m ay  be e s tab l ish ed  th a t  b y  m ean s  of  crossbreeding we h av e  
succeeded to  p roduce  a n im a ls  hav ing  the  h ighes t  level o f  th is  im p o r ta n t  im m u n e  
globuline (i.e. p ro p e rd in )  in  th e ir  sera am o n g  all th e  species h i th e r to  ex am in ed .

(4) C o n sequen tly  i t  m a y  be suggested t h a t  p ro d u c in g  anim als o f  h igher  
p ro p e rd in  level b y  th e  j o in t  effect of crossing on th e  one h an d ,  and e n v iro n m e n t  
on th e  o ther,  m a y  be an  efficient and w o rk ab le  m ean s  of ob ta in ing  pu r if ied  
p roperd in .

(5) On the  s t r e n g th  of  our results it  m a y  be  s ta te d  th a t  heterosis  effect 
m ig h t  have  a role in  th e  h e re d i ty  of im m u nob io log ica l  characteris tics .  T hese  
re su lts  m ay  su p p ly  an  e x p la n a t io n  to  th e  well k n o w n  fact th a t  v i ta l i ty  and  
resis tance  of  h y b r id  a n im a ls  to  the dele te r ious  effect of e n v iro n m en t  a n d  
consequen tly  th e i r  ch an ce  of survival d u r in g  ra is in g  are much b e t t e r  th a n  
those  of the  p u re b re d  ones. P ro b ab ly  th e  exce llen t  p roper t ie s  of h y b r id  an im a ls ,  
especially  th e ir  h igh re s is tan ce  to  infections a re  causa lly  connected  w ith  th e  
re la t iv e ly  high p ro p e rd in  level of their se rum .
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G E N E T I S C H E  UN D  U M W E L T F A K T O R E N  IN  D E R  E N T W IC K L U N G  D E R  N A T Ü R L I ­
C H E N  IM M U N IT Ä T  V O N  R A T T E N

V e rfa s se r  u n te rsu ch te  in  f rü h e re n  A rb e i ten  die genetischen  Beziehungen d e r  n a tü r l ich e n  
I m m u n i t ä t  u n d  stell te fest ,  dass die im m unbio log ischen  T ite r ,  besonders der K o m p le m e n t t i t e r  
u n d  d ie  b a k te r iz id e  A k t iv i t ä t  bei v e rsch iedenen  R a ssen  der  R a t t e  (wilde R a t t e n ,  Albino- 
u n d  W i s t a r r a t t e n )  un tersch ied l ich  sind . Den  h ö c h s te n  K o m p lem e n t t i te r  u n d  die gröss te  
b a k te r i z id e  A k t iv i t ä t  h a t t e n  die w ilden  R a t t e n ,  a m  n iedr igs ten  waren die W e r te  bei den 
A lb in o s .  D ie  H y b r id e n  einer K re u z u n g  zwischen W is ta r -  u n d  wilden R a t t e n  z e ig ten  einen 
i n t e r m e d i ä r e n  W ert  in bezug a u f  K o m p le m e n t t i t e r  u n d  bakteriz ide  A k t iv i t ä t .  E s  gelang 
au ch  n a c h z u w e isen ,  dass ebenso wie b e im  K o m p le m e n t t i t e r  u n d  bei der b ak te r iz id en  A k t iv i t ä t ,  
das  S e r u m  d e r  wilden R a t t e n  den  hö ch s ten ,  d agegen  jenes  der Albinos den  n ied r ig s te n  P r o ­
p e rd in s p ie g e l  besitz t .  Es sche in t  also zweifellos,  dass  d e r  Properdinspiegel u n d  j e n e  F a k to re n  
die b e im  Z u s ta n d e k o m m e n  einer n a tü r l i c h e n  I m m u n i t ä t  eine Rolle spielen, n ic h t  n u r  bei 
v e r s c h ie d e n e n  A rten ,  sondern  a u c h  bei R assen  derselben  A r t  verschieden sind.

D ie  K re u zu n g  von  wilden u n d  A lb in o ra t ten  zeigte in te ressan te  E rgebnisse.  D e r  d u rc h ­
s c h n i t t l ic h e  Properdinspiege l  der  w i lden  R a t t e n  is t  36.6 E /m l.  Derselbe b e t r ä g t  bei Albinos 
18,3 E /m l  u n d  bei den H y b r id e n  48,3 E /m l .  H ie rau s  geh t  hervor,  dass die im m unbio log ischen  
T i te r  d u r c h  genetische  F a k to re n  b e s t im m t  w erden  u n d  dass au ch  eine H e te ro s isw irk u n g  möglich 
is t .  D ie s  i s t  u m  so in te ressan te r ,  als es in f rü h eren  A rb e i te n  gelang nachzuweisen, dass  U m w e l ts ­
f a k to r e n  (wie  z. B. Zucht  bei n ied r iger  T e m p e r a tu r )  den  G rad  der Im m u n i t ä t  in  k u rz e r  Zeit 
v e r ä n d e r n  k ö n n e n .  Der G rad  de r  I m m u n i t ä t  eines Lebewesens ist  d e m n a ch  sowohl von 
g e n e t i sch e ,  als auch  von  U m w e l ts fak to ren  ab häng ig .

ВЛИЯНИЕ НАСЛЕДСТВЕННОСТИ И ОКРУЖАЮЩЕЙ СРЕДЫ НА ОБРАЗОВА­
НИЕ ЕСТЕСТВЕННОГО ИММУНИТЕТА KFbIC

Изучая наследственные отношения естественного иммунитета, автор показал, что 
иммуннобиологические титры, в частности титр комплемента сыворотки крови и ее бак­
терицидная активность, у различных видов крыс (серых, лабораторных белых и Вистар) 
различны. Самые высокие титры комплемента и бактерицидная активность наблюдаются 
у серых крыс, самые низкие — у белых лабораторных крыс. У гибридов, полученных 
при скрещивании Вистар и серых крыс, наблюдается промежуточная степень титра ком­
племента и бактерицидной активности. Автор также показал, что подобно титру ком­
племента и бактерицидной активности, наибольшее количество пропердина содержится 
также в сыворотке серых крыс, и наименьшее — в сыворотке белых лабораторных крыс. 
Таким образом, количество пропердина и факторы, играющие роль в образовании естест­
венного иммунитета, отличаются не только у разных видов, но даже у различных под­
видов.

Скрещивание серых и лабораторных белых крыс привело к неожиданным резуль­
татам. Содержание пропердина в сыворотке у серых крыс было 36,6 Е/мл, а в сыворотке 
лабораторных белых крыс 18,3 Е/мл; в то время сыворотка их гибридов содержала 48,3 
Е/мл пропердина. Эти результаты говорят о том. что иммуннобиологические титры опре­
делены наследственными факторами и в них могут проявляться действия гетерозиса, 
несмотря на ранние исследования автора, несомненно показывавшие, что степень имму­
нитета за относительно короткое время может изменятся под влиянием окружающей 
среды (как например, суровые условия). Таким образом, степень иммунитета живого 
существа в одинаковой мере зависит как от наследственных факторов, так и от факторов 
окружающей среды.

G y ö r g y  S z e m e r e , Szeged, K o s s u th  L. sg t.  35, H u n g a ry
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T H E  N U C LEA R  A PP A R A T U S OF R E M A N E LL A  
M ULTINUCLEATA K AHL  
(CI LI ATA, HOLOTRICHA)

I . B. R a i k o v

LABORATORY OF PROTOZOAN CYTOLOGY, IN ST ITU TE OF CYTOLOGY OF T H E  ACADEMY 
OF SCIENCES OF T H E  U .S .S . R ., LEN IN G RA D  (H EA D: G. POLJANSKY)

(R ece ived  A u g u s t  15, 1963)

Synopsis

The nuclear a p p a r a tu s  of R em anella  m ultinucleata  K a h l  (Cilia ta ,  H o lo tr icha ,  
fam ily  Loxididae) consists of  7 to  35 m acronucle i  a n d  of 2 to 16 m icronucle i.  Usually ,  
a b o u t  20 macro- and  5 micronuclei a re  p resen t .  T he  micronuclei are r ich  in  D N A  and 
c o n ta in  no RN A . The  m acronucle i  co n ta in  several (up  to 10) nucleoli o f  u n e q u a l  size 
w hich  are rich in R N A  an d  p ro te ins .  T h e  q u a n t i t y  of DN A  per m ac ro n u c le u s  is com ­
p a ra t iv e ly  small  which allows to consider  these  nucle i to be diploid. Pe r iod ical ly ,  the 
nuc leolar  a p p a ra tu s  of all m acronucle i  undergoes synchronous cyclical changes.  The 
l a t t e r  consist in a dissolution o f  the  la rg es t  nucleolus of each m acronucleus ,  th u s  fo rm ­
ing a vacuole con ta in ing  R N A  a n d  p ro te in ,  a n d  in a gradual  d isp lac em e n t  o f  the  con­
t e n t s  of th is  vacuole  f rom  the  m ac ronucleus  to the  cytoplasm . D ur ing  d iv is ion  of the 
cil iate, all ex is ting m acro- a n d  m ic ronucle i  are d is t r ibu ted  a t  r a n d o m  b e tw een  the 
d a u g h te r  indiv iduals .  T he  m acronucle i  of  th is  species, as well as those  o f  o th e r  Loxo- 
d idae ,  are incapab le  of  divis ion. T h e  reo rgan iza t ion  of the  nuc lear  a p p a r a tu s  takes 
place be tw een  two cell divis ions, a n d  includes t ran s fo rm a tio n  of a n u m b e r  o f  micronuclei 
in to  m acronuclear  anlagen. The  n u m b e r  o f  m acronucle i  is th u s  su p p le m e n te d .  No sign 
o f  endoin i to tic  po lyploid iza t ion  could  be d e m o n s tr a te d  during the d e v e lo p m en t  of  the 
m acronuclear  anlagen.

Acta lliol. Hung.,  14 (3), 2 2 1 -2 2 9  (1963)

In troduc tion

In a previous paper  [11] we re p o r te d  th a t  in tw o  species o f  th e  m arine  
p sam m o b io t ic  genus R em anella  ( fam ily  Loxodidae), nam ely  in  R . rugósa 
K a h l  an d  R . granulosa  K a h l , th e  m acronucle i  are unab le  to  d iv ide ,  poor 
in D N A , an d  a p p a re n t ly  d ip lo id . B o th  these  forms possess 2 m acronucle i 
and  1 m icronucleus. D uring  p la s in o to m y , th e  macronuclei a re  d is t r ib u te d  
w i th o u t  division, while th e  m icronuc leus  divides m ito t ica l ly  tw ice . E ach  
d a u g h te r  ind iv id u a l  receives 1 m acronuc leus  an d  2 m icronuclei,  one of the 
l a t t e r  be ing  g radua lly  t ra n s fo rm e d  in to  a m acronucleus. This  re o rg a n iz a to ry  
process th u s  resu lts  in re s to ra t io n  o f  th e  norm al n u m b er  of nuclei —  2 m acro ­
nuclei an d  1 m icronucleus. A s im ila r  sequence  of nuclear  ev e n ts  w as found 
in  a f re sh -w a te r  re p re se n ta t iv e  of  th e  fam ily  Loxodidae , also h a v in g  2 macro- 
a n d  1 m icronucleus, in Loxodes rostrum  O. F . M. [8]. In  a species w i th 2 m a c r o -  
a n d  2 micronuclei —  Loxodes s tria tu s  ( E n g e l m .) —  changes of  t h e  nuclear  
a p p a r a tu s  d u r ing  cell division are  e ssen tia l ly  analogous, b u t  th e i r  sequence 
is so m ew h a t  d ifferent. F in a l ly ,  in a th ird  f resh -w ater  species —  th e  multi- 
nuc lea r  Loxodes m agnus S t o k e s  —  th e  mitoses of the  m ic ronuc le i  and  the
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t r a n s f o r m a t io n  of a p a r t  o f  t h e  micronuclei in to  m acronuc le i  occur a sy n c h ro ­
n o u s ly  b e tw een  tw o d iv is ions  of  the  ciliate. D u r in g  p la sm a to m y ,  only a ra n d o m  
d i s t r ib u t io n  of the m acro-  a n d  micronuclei t a k e s  p lace in  this species [8]. 
T h e  d ip lo id y  of th e  m a c ro n u c le i  of Loxodes m agnus  w as recen tly  p roved  p h o to ­
m e t r ic a l ly  [13].

T h e  m acronucle i c o n ta in  large nucleoli b o t h  in  Loxodes and  Rem anella . 
Cyclical changes of th e  nuc leo li  re la ted  to  a t r a n s f e r  o f  nucleolar R N A  in to  th e  
c y to p la s m  were obse rved  [11] in  R . rugósa an d  R . granulosa, while лее failed 
to  f in d  su ch  p h en o m en a  in  Loxodes.

K e e p in g  in m ind  th e se  peculiarit ies  of th e  n u c le i  o f  Loxodidae , we wished 
to  s t u d y  th e  caryological fe a tu re s  of a m u l t in u c le a r  species of  th e  genus 
R em anella , n am ely  of  R . m ultinucleata  K a h l , a n d  to  com pare  i ts  nuc lea r  
p rocesses  w ith  those in  o th e r  species of R em anella  a n d  Loxodes.

T h e  s t ru c tu re  of th e  n u c le i  of R . m ultinuclea ta  was briefly  descr ibed  by  
F a u r é - F r e m i e t  [3] and  D r a g e s c o  [1]; in  p a r t ic u la r ,  w eak  s ta in a h i l i ty  o f  
th e  m ac ro n u c le i  by  th e  F e u lg e n  reaction was n o te d .  I n  a n o th e r  paper ,  F a u r é - 
F r e m i e t  [4] poin ted  o u t  t h a t  th e  m acronuclei o f  th is  species did n o t  d iv ide 
d u r in g  p la sm a to m y ,  a n d  sugges ted  th a t  th e  m ac ro n u c lc i  of R . m ultinuclea ta  
as well as those  of Loxodes, were  incapable  of  d iv is ion  (“ caryosté rose” ). The 
c i l ia tu re  o f  R . m ultinuclea ta  w as  tho ro u g h ly  s tu d ie d  b y  D r a g e s c o  [2].

M ateria l  and m ethods

S pec im ens  of R . m ultinuclea ta  were collected in  J u n e —Ju ly ,  1961, on an  in te r t id a l  
s a n d y  b e a c h  o f  the  W h ite  Sea, m a in ly  on th e  R jash k o v  I s l a n d  w ith in  the  K an d a la k sh a  R ese r­
v a t io n  (for de ta i ls  see [10]). T ab le  1 shows a com parison  o f  some taxonom ic  charac te rs  of  
R . m ultinuc lea ta  f rom  the  W h i te  Sea w ith  d a ta  ob ta ined  f ro m  th e  l i te ra tu re .

Table 1

Som e taxonom ic characters o f  R . m u l t in u c le a ta

C h a r a c t e r
K A H L

[5, 6]
F A U R É - F R E M I E T

[3, 4]*
D R A G E S C O

[I. 2] This study

B o d y  le n g th  in  in ic r o n e s .............. 400- -700 400— 700 500— 800 450— 600
N u m b e r  o f  cineties ........................ ? 9 20 -22 25— 30
N u m b e r  o f  Miiller’s vesicles . . . . 2— 5 4— 8 4— 6 2— 10 (Mo =  4)
N u m b e r  o f  macronuclei .............. «zahlreiche« — 1 0 - 1 4 12 -23 7— 35 (Mo 20)
N u m b e r  o f  micronuclei ................. ? — 5— 7 3— 8 2— 16 (Mo 5)

* T h is  form is considered by  D r a g e s c o  [1] to be a se p a ra te  species, R .fa u re i.

T h e  cil iates were f ix ed  a n d  a t t a c h e d  to coverslips w i th  N issen b au m ’s [7] sub l im ate  
m ix tu re .  A p a r t  of  the  m a te r ia l  w as  s tud ied  in 5fi sections a f te r  f ix a t io n  w ith  sub lim ateace t ic  
acid m ix tu r e  or Zenker’s f lu id .  T h e  prepara t ions  were s ta in e d  w i th  H e idenha in ’s i ron  h em a-
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loxyline, M ayer’s h e m a lu m  or b o ra x  carm ine .  Cytochem ical  m e th o d s  for nucle ic acids (Feulgen 
reaction, m e th y l  green  —pyron in ,  to lu id ine  blue a n d  ga llocyan in  s ta in in g )  were w'idely 
used. P ro te ins  were s ta ined  w ith  M azia ,  Brewer a n d  A lfe r t ’s m ercuric  b ro m p h en o l  blue. 
In  all, a b o u t  350 specim ens of R . m ultinucleata  were cytologically  s tudied .

Results

Structure o f  the nuclear apparatus

The nuc lea r  a p p a ra tu s  o f  R . m ultinucleata  consis ts  of 7 to  35 m acronucle i 
a n d  of 2 to  If) m icronuclei,  a r r a n g e d  in the  m idd le  p a r t  of th e  b o d y  in  a longi­
tu d in a l  row (Fig. 1). F o r  s tu d y in g  th e  v a r ia b i l i ty  of th e  n u m b e r  of  nuclei,  the  
m acronuclei and  the  m icronucle i were coun ted  in  142 specim ens of  R . m ulti- 
nucleata. H is tog ram s rep re sen t in g  th e  d is t r ib u t io n  of  these  specim ens according

F ig . 1. Remanella m ultinucleata. Whole m o u n t ,  s ta ined w ith  b o ra x  carm ine ;  view  from  the  
r ig h t  body face. M a  — m acronucleus ,  M i  — m icronucleus,  M vs  —  Miiller’s vesicles
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to  t h e  n u m b e r s  of the m acro -  a n d  micronuclei are g iven  in  Fig. 2. T h e  m ac ro ­
nucle i as  well as the  m ic ro n u c le i  showed ty p ic a l  u n im o d a l  d is t r ib u t io n  curves 
i n d i c a t in g  th e  ho m o g en e i ty  o f  th e  m a te r ia l .  T h e  m odal  n u m b e r  of  m ac ­
ro nuc le i  is 20, t h a t  of m ic ro n u c le i  is 5; the  m ean s  (M ^  m) are co rrespond-

7 9 11 13 15 17 19 21 23 25 27 28 31 3335 Ma
a,

n

1 232 6 8 10 12 К 16 Mi
bj>

F ig . 2. D is tr ibu tion  of 142 sp ec im en s  of R . m ultinuclea ta  according to  th e  n um bers  of 
m a c ro n u c le i  (a) and m ic ro n u c le i  (6). Abscissae: n u m b e r  o f  nuclei, o rd ina tes :  frequencies.

i n g ly  19.17 ^  0.42 a n d  5.58 ^  0.17. T h e re  is a defin ite  pos itive  corre la­
t i o n  be tw een  the n u m b e rs  o f  macro- a n d  m icronuc le i  (r =  0.592 ^  0.055).

T he  micronuclei o f  R . m ultinucleata  are ova l ,  3.5 /t long. T h e  ch rom atin  
o f  a micronucleus has  a s l ig h t ly  vacuolar  s t ru c tu re .  I t  gives a s t ro n g  Feulgen 
r e a c t io n  (Fig. 3) a n d  s ta in s  in tensively  w ith  m e th y l  green (Fig. 4), suggesting 
a h ig h  concen tra t ion  o f  D N A  an d  the  absence  o f  R N A . The m icronuclei are 
r i c h  in  proteins, th e  r e a c t io n  for to ta l  p ro te in  be ing  c learly  positive  not only 
in  t h e  chrom atin  h u t  a lso  in  the  m icronuclear  m e m b ra n e  (Fig. 5).
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Figs. 3 to 11. M orphology and  c y to c h em is t ry  o f  nuclei of H. multinucleata  (from whole  m ounts  
a n d  sections). F ig s. 3 to 5 — m acronucle i  (w i th  o rd in a ry  nucleoli) and m icronucle i.  Figs. 6 
to  9 nucleolar cycle of the  m acronucle i:  Figs. 6 and  7 -  fo rm ation  of vacuoles  a ro u n d  nuc­
leoli: Fig. 8 — dissolution of nucleoli,  th e  s tage  of RNA-vacuoles;  F ig. 9 th e  stage of 
c lear  vacuoles. F igs. 10 and 11 tw o  s tages  o f  d evelopm en t  of m acronuclear  an lagen .  Fig. 3 

Feulgen reac t ion ,  Figs. 4, 6 and 8  to  11 m e th y l  green —  pyroi ' in ,  F igs. 5 and  7 — 
m ercuric  b ro m p h en o l  blue. M a  —  m acronucleus ,  M i  m icronucleus,  I \  —  nucleolus,

Chr ch ro m a tin
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T he m acronucle i  are spherica l,  6 to  9 /i, in d iam eter;  occass iona lly  th e y  
have an  oval or i r regu la r  shape  (Figs. 3 to  5). The m em brane  o f  m a c ro ­
nuclei gives defin ite ly  positive reac t io n s  for  to ta l  protein  on ly  (F ig . 5); it  
does no t co n ta in  R N A  (Fig. 4). T he  D N A  con ten t  of m ac ro n u c le i  is 
co m p a ra t iv e ly  sm all,  as it  is in o th e r  species o f  Rem anella  and Loxodes. A m ode­
ra te  q u a n t i t y  of  small granules an d  a few la rg e r  chrom ocenters  in th e  karyo- 
ly m p h  are th e  only Feu lgen-posit ive  e le m e n ts  of m acronucle i (F ig .  3). 
C hrom atin  e lem en ts  conta in  no R N A , s ta in in g  pu re  green w ith  m e th y l  green 
pyronin  m ix tu re  (Fig. 4). T heir  p ro te in  c o n te n t  is re la tive ly  m o d e ra te  (Fig. 5).

M acronucle i com m only  co n ta in  severa l  spherical nucleoli, t h e  n u m b e r  
of th e  l a t t e r  a t ta in in g  10. The d im ens ions  o f  the  nucleoli in  m ac ro n u c le i  
are nea r ly  a lw ays  unlike: well visible la rg e r  nucleoli coexist Axith sm aller  
ones, the  sm alle s t  being a t  th e  l im it  of th e  reso lv ing  power of th e  l ig h t  m icro ­
scope. Som etim es  th e  largest nucleoli do n o t  exceed 2 f_i in d iam e te r  (F ig  4), b u t  
more often  one nucleolus s ta n d s  ou t  s h a rp ly  am ong the  o thers , b e in g  up  to 
3 [I or 4 f t  large (Figs. 3 an d  5). T he  nucleo li  are Feu lgen-nega tive  (F ig . 3), 
defin ite ly  basophilic  (p a r t icu la r ly  th e ir  p e r ip h e ry ,  Fig. 4). Control p re p a ra t io n s  
digested w ith  r ibonucléase show t h a t  th e  s ta in a b i l i ty  of nucleoli w ith  py ro n in ,  
to lu id ine  b lu e  and  ga llocyanin  d e p e n d s  o r  R N A . Nucleoli show  a lso  a high 
c o n te n t  o f  to t a l  p ro te in s  (F ig . 5).

Nucleolar cycle

Cyclical changes in the  nucleo lar  a p p a r a tu s ,  observed in th e  m acronuc le i  
o f  a p p ro x im a te ly  20 per cen t of t h e  e x a m in e d  specimens, are p ro b a b ly  c o n n e c t ­
ed w ith  a t ra n s fe r  of nucleolar R N A  in to  th e  cy top lasm  (Figs. 6 to  9). A t  the  
beg inning  o f  these  changes, the  la rges t  nuc leo lus  of each m ac ro n u c leu s  be­
comes s u r ro u n d e d  w ith  a clear vacuole  and  is d isplaced to the p e r ip h e ry  of  the  
nucleus (Figs. 6 an d  7). The c o n te n t  o f  R N A  (Fig. 0) and p ro te in s  (Fig. 7) 
in th is  nucleo lus  diminishes so t h a t ,  w i th  a d e q u a te  m ethods , i t  s ta in s  more 
fa in t ly  th a n  th e  o the r  nucleoli.

This  nucleo lus  seems la te r  to  be d isso lved  in the conten ts  o f  th e  s u r r o u n d ­
ing vacuole . D istinc t boundaries  of the  nucleo lus  fade aw ay, and th e  vacuole  
appears  to  be filled w ith  a m o d e ra te ly  basoph il ic  m a t te r  (Fig. 8). T h e  s tronges t  
basophilia  ap p ea rs  a t  the  spo t  w here  th e  v acu o le  contain ing R N A  a n d  pro te in  
comes in  c o n ta c t  w ith  the  nuc lea r  m e m b ra n e .

T hen  a g rad u a l  loss of basoph il ia  occurs  in the  R N A -vacuo le ;  s im u l ta ­
neously i ts  p ro te in  con ten t  also d im in ishes .  As a result th e  v a cu o le  soon 
tu rn s  in to  a c lear vesicle which  gives p ra c t ic a l ly  negative reac t io n s  for R N A  
and  p ro te in  (Fig. 9). The clear vacuole  d im in ishes in size u n ti l  i t  vanishes.

Th is  p h enom enon  m a y  be ex p la in ed  b y  postu la t ing  a t r a n s f e r  o f  R N A  
(and  p ro te in )  from  the  vacuole  of  th e  m acronucleus to  th e  c y to p la s m .  No
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e m p ty in g  of th e  vacuo le  c o n te n ts  in to  th e  c y to p la s m  (as visible for e x a m p le  in 
Geleia orbis [12]) could  be observed  u n d e r  t h e  m icroscope in  R . m ultinuclea ta . 
Tt is the re fo re  possible t h a t  R N A  m ig ra tes  in to  th e  cy top lasm  d iffu se ly  
th r o u g h  subm icroscop ic  pores  of the  nuc lea r  m e m b ra n e .

N ucleo la r  changes  occur  always s y n c h ro n o u s ly  in  all m acronuc le i  o f  a 
g iv en  specim en. T he  desc r ibed  cycle can  a p p a r e n t ly  be repea ted  in  a single 
m a c ro n u c leu s :  one of  th e  rem a in in g  nucleoli m a y  grow and  occupy th e  p lace  
o f  t h e  dissolved one. A f te r  a t ta in in g  a c e r ta in  size, i t  m ay  in i ts  t u r n ,  g ive 
r ise  to  an  R N A -vacuo le .  W e h ave  so far fa iled  to  a sce r ta in  w he the r  n u c leo la r  
p rocesses  in  the  m acro n u c le i  arc te m p o ra l ly  co n nec ted  w ith  th e  d iv is ion  
of  th e  ciliate.

D ivision

All p re sen t  o b se rv a t io n s  allow us to  c o n f i rm  th e  d a ta  of F a u r é - F r e m i e t  

[4] a b o u t  the  absence  of nuc lea r  divisions d u r in g  p lasm otom y  in R . m u lti-  
nucleata . D u r in g  th e  d iv is ion  of  the  ciliate, t h e  m acro- and m icronucle i are 
m e c h a n ic a l ly  (and  a p p a r e n t ly  a t  random ) d i s t r ib u te d  be tw een  the  tw o d a u g h te r  
in d iv id u a ls  (Fig. 12). T h e  d a u g h te r  anim als u s u a l ly  receive an  unequal  n u m b e r  
of  n u c le i :  so, in  Fig. 12, th e  a n te r io r  cell receives  12 m acronucle i and  3 m ic ro ­
nuc le i ,  t h e  pos te r io r  one 13 m acronuclei a n d  5 micronuclei.

F ig . 12. Division  of R . m ultinucleata . W hole  m o u n t ,  h e m a lu m  sta ined ,  viewed from th e  r ig h t .  
M a  •—- m acronucleus ,  M i  —  m icronucleus
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T h e  reo rg an iza t io n  of the  nuc lear  a p p a r a tu s ,  invo lv ing  an  increase  in 
th e  n u m b e r  of nuclei, occurs during  th e  in te rd iv is io n  period (as in  Loxodes 
m agnus  [8]). The m ic ronuc le i  a p p a re n t ly  m u l t ip ly  b y  m eans of m itoses ; ye t  in  
sp ite  o f  a considerab le  n u m b er  of spec im ens  s tu d ied ,  we failed to  f ind  an y  
f igu res  of m icronuc lear  division. The m itoses  are  p re su m a b ly  of  a v e ry  sho r t  
d u ra t io n .  A n u m b e r  of  micronuclei t r a n s fo rm  in to  m ac ro n u c lea r  an lagen  
b e tw een  two cell d iv is ions ,  as well. The fo rm a t io n  o f  m acro n u c lear  an lagen  is more 
or less synchronous in  R . m ultinucleata : th e  an lagen  w hich  were observed  in  
a p p ro x im a te ly  10 p e r  cen t  of the in d iv id u a ls  were  a lw ays p re sen t  in  consi­
de rab le  num bers  (5— 10) and at id e n t ic a l  s tages  of d e v e lo p m e n t  (Figs. 10 
and  11).

The beginning  of the  dev e lo p m en t  o f  m acronuc lear  a n lag en  (Fig. 10) 
resem bles  a m ito t ic  p rophase .  A k n o t ty  ne t- l ike  ch ro m a t in  s t ru c tu re ,  obv iously  
fo rm ed  by ch rom osom es, is visible w i th in  th e  an lagen . T he  d ia m e te r  of an 
an lage  is a t th is  s ta g e  a p p ro x im a te ly  5 //. T he  ch ro m a tin  y ields nega tive  
reac t io n s  for R N A , s ta in ing  pure green  w i th  th e  m e th y l  g reen— pyron in  
m ix tu re  (Fig. 10). T h e  m acronuclear  an lag en  grow su b se q u e n t ly  to  6— 7 fi, 
a n d  several small nucleoli con ta in ing  R N A  a p p e a r  th e re in  (Fig. 11). C hrom a­
t in  e lem ents becom e more loose and  pale ,  p ro b a b ly  as a re su l t  o f  chrom osom e 
desp ira liza tion . N o  signs of d u p l ica t io n  o f  c h ro m a t in  e lem en ts  or of D N A  
syn thes is  to in d ic a te  an  endom ito tic  process were  found  in th e  m acronuc lear  
an lagen .

Discussion

A com par ison  of the  nuc lea r  a p p a r a tu s  of R em anella  m ultinucleata  
w i th  th a t  of o th e r  low er ciliates (m em b ers  o f  th e  fam ily  L oxod idae  in  p a r t icu la r)  
revea ls  a n u m b e r  of  in teresting  pecu lia r i t ie s .  F irs t ,  th e  m acronucle i  o f  R . 
m ultinucleata  sh o u ld  be regarded  as d ip lo id  like  th e  m acronucle i  o f  m a n y  o the r  
lower ciliates. T h is  fea tu re  d is tingu ishes  th e m  sh a rp ly  from  th e  m aeronuclei 
o f  h igher c iliates w h ich  are know n  to  be h igh ly  po lyploid  (for references see 
[13]). The conclusion  regard ing  th e  d ip lo id y  o f  th e  m aeronucle i  i n R .  m u ltin u c­
leata  is based on th e i r  low c h ro m a t in  (D N A ) c o n te n t  and  on the  absence of 
a n y  sign of end o m ito s is  during  th e  d ev e lo p m e n t  of m ac ro n u c lea r  anlagen.

The sequence  of nuclear p h e n o m e n a  seems to  d e p en d  d irec t ly  on the  
n u m b e r  of nucle i.  In  all forms w i th  a sm all an d  c o n s ta n t  n u m b e r  of  inacro- 
a n d  micronuclei, m itoses of m icronucle i a n d  th e  dev e lo p m en t  o f  m acronuclear  
an lagen  occur synch ronous ly  d u r in g  p la sm o to m y  (Loxodes rostrum , L . striatus, 
Rem anella rugósa, R . granulosa, Geleia n igriceps , G. orbis e tc . [8, 9, 11, 12]). 
N uclear  reo rg an iza t io n  occurs d u r in g  th e  in te rv a l  be tw een  tw o  divisions in 
all m u lt inuc lea r  form s. In  Loxodes m agnus, th e  m itoses o f  th e  micronuclei 
a n d  the fo rm a t io n  o f  the  m ac ro n u c lea r  an lagen  are asyn ch ro n o u s .  In  Rem a-
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nella  m ultinucleata , these  processes are a p p a re n t ly  m ore synch ron ized  a l th o u g h  
t h e y  do not ta k e  place d u r in g  p la sm o to m y . All m u lt in u c lea r  form s w i th  
d ip lo id  m acronuclei are ch a ra c te r iz e d  b y  a w ide  v a r ia b i l i ty  of th e  n u m b e r  
o f  nucle i,  a phen o m en o n  d u e  to  th e  ra n d o m  d is t r ib u t io n  of nuclei d u r in g  
p la s m o to  my.

As to  the  nuc leo la r  cycle, i t  ce r ta in ly  re f lec ts  a high physio log ica l 
a c t iv i t y  of diploid som atic  nucle i —  the  m acronucle i.  A t p resen t ,  m os t  in v e s t i ­
g a to r s  believe th a t  all R N A  o f  th e  cell or at least a m a jo r  p a r t  of it  is s y n th e ­
sized w ith in  the  nucleus, a n d  m ig ra tes  th e re a f te r  in to  the  c y to p la sm . One 
o f  t h e  R N A  frac tions,  th e  so-called messenger R N A , was show n to  c a r ry  
g e n e t ic  in fo rm atio n  from  th e  nuc lea r  chrom osom es to  the  cen ters  o f  p ro te in  
sy n th e s i s  in the  c y to p la sm . I n  th is  connection , d a ta  a b o u t  t ran s fe r  o f  R N A  
f ro m  th e  m acronuclear  nuc leo li  o f  R. m ultinucleata  to  th e  c y to p la sm  are , 
w o r t h y  of note.

As regards th e  c h a ra c te r  o f  th e  nucleolar cycle, R . m ultinucleata  resem bles  
m o s t  closely Rem anella granulosa  [11]. In  b o th  species only  a single R N A  
v a c u o le  is form ed in each  m acronuc leus ,  and  th e  “ sec re t ion”  of R N A  in to  
th e  c y to p la sm  occurs d iffuse ly ,  w ith o u t  r u p tu re  of the  nuclear  m e m b ra n e .  
In  R . rugósa  all nucleoli o f  th e  m acronucleus dissolve s im u ltan eo u s ly  [11]. 
w hile  species of Geleia a re  ch a ra c te r iz e d  by  e m p ty in g  th e  co n ten ts  o f  R N A  
v acu o le s  in to  the  c y to p la sm  th r o u g h  a gap in th e  nuc lea r  m em b ran e  ( Geleia 
orbis [12]), or by  ex tru s io n  f ro m  th e  m acronucleus o f  a dense R N A  sp h a e ru lu m , 
l ikew ise  th ro u g h  a ru p tu r e  o f  th e  nuc lear  m em b ran e  (Geleia nigriceps  [9]).

T h e  presence or absence  o f  a nucleo lar  cycle does no t  ap p e a r  to  d ep en d  
on  th e  n u m b e r  of nuclei. This  cycle is cha rac te r is t ic  o f  all species of R em anella  
w h e th e r  t h e y  have tw o  or m o re  m acronucle i,  a n d  also of all m em bers  of th e  
genus  Geleia [9, 12]. On the  o th e r  h an d ,  in Loxodes a n d  in T rache locerc idae , 
we fa i led  to find a n y  m icroscopic  nucleolar changes connec ted  w i th  R N A  
m ig ra t io n  in to  the c y to p la sm .
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D E R  K E R N A P P A R A T  VON R E M A N E L L A  M U L T IN U C L E A T A  K A H L  
(CI LI ATA, H O L O T R IC H A )

Der K e rn a p p a ra t  v o n  Rem anella m ultinucleata  K a h l  (Ciliata , H o lo tr ich a ,  Familie  
L oxodidae) b e s teh t  aus 7 bis 35 M akronuclci und  2 bis 16 Mikronuclei.  Gewöhnlich  sind 
u n g e fäh r  20 M akronuclei u n d  5 Mikronuclei vo rhanden .  Die Mikronuclei s ind  re ich  an  DNS 
u n d  e n th a l ten  keine RNS. Die M akronucle i  e n th a l ten  m ehre re  (bis 10) N ucleo len  ungleicher 
Grösse, die an R NS u n d  P ro te in e  reich sind. Die Menge von DNS in e inem  M akronucleus 
ist verhäl tn issm ässig  klein so, dass  diese Kerne als d ip lo id  b e t r a c h te t  w e rd en  können .  Per io ­
disch wird der N u c le o la ra p p a ra t  aller Makronuclei sy n ch ro n en  zyklischen V eränderungen  
un terw orfen .  Die L e tz te ren  bes tehen  in der Auflösung des g röss ten  Nucleolus jedes  Makro­
nucleus,  wobei eine RNS- u n d  p ro te inhalt ige  Vakuole  gebilde t  wird, u n d  in e iner a llm äh­
lichen Abgabe  des In h a l te s  dieser Vakuole  aus dem M akronucleus  ins C y top la sm a .  W ährend  
der  Teilung des Ciliats geschieht eine zufällige V er te i lung  aller v o rh a n d e n e n  Makro- und  
Mikronuclei zwischen den T o ch te r t ie ren .  Die M akronuclei dieser A rt .  wie au ch  solche andere r  
Loxodidae , sind gänzlich  te i lungsunfäh ig .  Die R eo rg an isa t io n  des K e r n a p p a r a te s  f indet 
zwischen zwei T eilungen  s t a t t ;  sie b e s teh t  in einer U m w a n d lu n g  eines Teiles d e r  M ikronuc­
lei in M akronucleusan lagen .  D ad u rch  wird die M akronucleuszah l  e rgänz t .  W ä h re n d  der E n t ­
wicklung der M akronucleusan lagen  fehlen jegliche Anzeichen e iner en d o m ito t i sch en  Poly- 
ploidisierung.

ЯДЕРНЫЙ АППАРАТ REMANELLA MULTINUCLEATA KAHL 
(CILIATA HOLOTRICHA)

Ядерный аппарат Rem anella multinucleata  Kaiil (Ciliata ,  H o lo tr icha ,  сем. 
Loxod idea)  состоит из 7 — 35 макронуклеусов и 2— 16 микронуклеусов. Чаще имеется 
около 20 макро- и 5 микронуклеусов. Микронуклеусы богаты ДНК и не содержат РНК. 
Макронуклеусы содержат несколько (до 10) нуклеол неодинакового размера, богатых 
РНК и белками. Количество ДНК в одном макронуклеусе сравнительно невелико, что 
позволяет считать эти ядра диплоидными. Периодически нуклеолярный аппарат всех 
макронуклеусов подвергается синхронным циклическим изменениям. Последние заклю­
чаются в растворении самой крупной нуклеолы каждого макронуклеуса, превращении 
ее в вакуоль, содержащую РНК и белок, и в постепенном выходе содержимого вакуоли 
из макронуклеуса в цитоплазму. Во время деления инфузории происходит случайное 
распределение имеющихся в наличии макро- и микронуклеусов между дочерними осо­
бями. Макронуклеусы этого вида, как и других Loxod idae  вообще неспособны к делению. 
Реорганизация ядсрного аппарата происходит в промежутке между двумя делениями и 
включает превращение части микронуклеусов в зачатки макронуклеусов. Тем самым 
число последних пополняется. При развитии зачатков макронуклеусов отсутствуют 
какие-либо признаки эндомитотической полиплоидизации.

I g o r  В. R a i k o v , I n s t i t u t e  o f  Cytology, P r.  M aklina32 , L en in g rad  F -121 ,U .S .S .R .
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Synopsis

U lt r a s t r u c tu r a l  o rgan izat ion  of an  “ e n d -p la te ” ty p e  of in sec t  fibered(leg- 
inuscle in n e rv a t io n  is described in A p is  m ellifica  (H y m e n o p te ra )  a n d  Geotrupes vernalis, 
Cetonia aurata  (Coleoptera) .  This ty p e  a p p ea rs  to be com m on in  th e  fibered(leg-) 
muscles of  H y m e n o p te r a  a n d  Coleoptera a n d  is one of the  s im plest  en d -p la te  types  
of insect m usc le  in n erv a tio n .  Effec tive  c o n ta c t  b e tw een  axon  t e rm in a l  a n d  muscle 
f iber is e s tab l ished  b y  pillar-like p lasm a t ic  p ro tru s io n s  of the  l a t t e r  t h a t  are a t ta ch e d  
from  b o th  sides a l t e rn a t in g ly  to small  regions o f  the  axon. All o th e r  p a r t s  of the  axon 
te rm in a l  are c o v ered  b y  a th in  cellular lam in a  of the  lem m oblas ts  an d  s e p a ra ted  from 
the  m uscu la r  (p la sm a )  m em b ran e  by  a c o m p lica ted  lab y r in th  of in te rce l lu la r  cysterns.  
Some p ro m in e n t  s t r u c tu r a l  properties o f  lem m o b la s t ic  cellular e lem ents ,  a xon  te rm ina ls  
an d  p a r t icu la r ly  o f  p o s tsy n ap t ic  muscle f ib e r  regions are described a n d  th e i r  possible 
func tional  significance briefly referred to.

In troduc tion

N e u ro m u scu la r  ju n c t io n s  of in sects  h a v e  w idely  been in v e s t ig a te d  w ith  
the  aid of ligh t m ic roscopy  [1, 7, 12, 13, 14] a n d  recen t ly  also b y  th e  electron 
microscope [2, 3, 4, 16]. A ccording to  all in fo rm a t io n  availab le , insec t  muscle 
in n e rv a t io n  is “ m u l t i te rm in a l”  —  i. e. each  muscle  fiber  h a v in g  several nerve 
endings or c o n ta c ts  w i th  nerve  e lem ents  —  a n d  in  m a n y  cases “ p o ly n eu ra l” , 
i. e. th e  sam e m usc le  f ibe r  and/or en d in g  be ing  supplied  b y  n e rv e  f ibres of 
d ifferen t origin. A  good exam ple  of  th is  ty p e  of in n e rv a t io n  is th e  h ighly  
specialized ju m p in g  muscle  of th e  locus ts ,  w hich , accord ing  to  th e  inv es t ig a ­
tions  of  H o y l e  [9] is in n e rv a te d  a t  th e  sam e  sites b y  “ fa s t”  as well as “ slow” 
fib res . F ro m  m a n y  confusing a n d  o f ten  seem ingly  con trovers ia l  d a ta  on 
m orphological a n d  fu n c t io n a l  p roper t ie s  s c a t te re d  in r a th e r  h a p h a z a rd  m an n e r  
over  d ifferent o rd e rs  of insects and  also over  d ifferen t muscles o f  th e  same 
species i t  is obv ious  t h a t  a sy s tem atic  ana lys is  o f  th e  s t ru c tu re  of  n eu ro m u scu ­
la r  ju n c t io n  in  in se c ts  is b a d ly  needed  before  a n y  a t t e m p t  can  be m ad e  to  cor­
re la te  h istological a n d  func tional p ro p e r t ie s  on a b ro a d e r  scale. W e have 
been  t ry in g  [8] to  red u ce  the  w ea l th  of  s t ru c tu ra l  details  to  a few m ain  types 
o f  n eu ro m u scu la r  ju n c t io n ,  w ith  th e  overa ll  a rch i tec tu ra l  design being  id en ­
tical or a t  leas t  s im ila r .  A p a r t  from  th e  difference a lready  m en tio n ed  t h a t  the  
in n e rv a t io n  m a y  be  “ m ono n eu ra l”  —  a lb e i t  “ m u l t i te rm in a l”  —  or “ poly­
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n e u r a l ”  —  two en tire ly  d i f fe re n t  ty p es  of a r ra n g e m e n t  of n e u ro m u sc u la r  
j u n c t i o n  can  readily  be reco g n ized  even a t  th e  level of th e  l igh t m icroscope: 
n e u ro m u s c u la r  endings o f  (1) t h e  “ e n d p la te ”  ty p e  and  (2) of a genera lly  m ore  
d iffu se  a r ra n g e m en t  w h ich  fo r  th e  sake of  s im p lic i ty  m ight be called  “ non  
e n d - p l a t e ”  type . The fo rm er  t y p e  appears  to  he m ore  general in  th e  f ih e red ,  
( leg -)m usc les  of Coleoptera  a n d  H y m e n o p te ra ,  b u t  b y  no m eans o b l ig a to ry ,  
s ince  m o re  diffuse ty p es  of  in n e rv a t io n  occur in th e  leg muscles of  ce r ta in  
C o le o p te ra  as for exam ple  D ytiscu s  [5]. The l a t t e r  is th e  m ain  ty p e  of  
n e u ro m u s c u la r  junction  in  t h e  f ib ril la r  (f l ight-)m uscle  of C oleoptera  and 
H y m e n o p te r a .  The leg m usc les  of O r th o p te ra  h a v e  a r a th e r  com plex  m ode  
o f  i n n e r v a t io n  w ith  diffuse a n d  end -p la te  ty p e s  com bined  [7].

As th e re  is not m u ch  to  b e  gained b y  an a t t e m p t  to estab lish  a m o rp h o ­
log ica l s y s te m  of insect m uscle  in n e rv a t io n  m erely  on th e  level of th e  l igh t  m ic­
ro sco p e ,  we have s ta r ted  a c o m p a ra t iv e  series of e lec tron  microscope s tud ies  
of  th is  s u b je c t ,  with th e  a im  to  b r ing  some o rd e r  and  u n d e rs ta n d in g  a t  the  
u l t r a s t r u c t u r a l  level in to  th e  h o s t  of con troversia l  or not suffic iently  re la ted  
s t r u c t u r a l  details .  Such in v e s t ig a t io n s  are ex p ec ted  to  supp ly  sooner or la te r  
a s o u n d e r  basis  for fu tu re  sy s te m a t iz a t io n .  T he  p re se n t  p ap e r  is th e  f i r s t  o f  a 
series d e a l in g  exclusively w ith  a c o m p ara t iv e ly  s im ple  form  of “ e n d -p la te ”  
t y p e  in n e rv a t io n .

M ate r ia l  and methods

F e m o r a l  muscles of Cetonia au ra ta  a n d  Geotrupes vernalis (Coleoptera) as well as of  
A p is  m e llific a  (H ym enop te ra)  were p re f ix e d  in  s itu  for a few m in u te s  w ith  1 per  c en t  OsO, 
so lu t ion  b u f fe re d  to pH  7,5, th e n  d issec ted  a n d  the  f ix a t io n  c o n tin u ed  for 1 h o u r  a t  4° C in 
th e  s a m e  f ix a t iv e .  The muscles were t h e n  d e h y d ra ted  in  g raded  e thano l ,  s ta ined  in some cases 
w i th  1 p e r  c e n t  phosphotungst ic  ac id  in  abso lu te  e thano l  for 1 h o u r  a n d  em b ed d ed  in  Aral- 
d i te  [11]. U l t r a th in  sections were c u t  w i th  th e  LKB-TJltro tom e,  f loa ted  on distil led w a te r :  
f rom  t h e r e  t h e y  were picked up  on  c o p p e r  grids covered w i th  F o r m v a r  films. Some sec tions  
were s t a in e d  w i th  lead h y d ro x y d e  [Ю ],  o th e rs  left u n t r e a te d .  O bserva tions  were m ad e  w i th  
the  Zeiss ( J e n a )  El-Mi. II ,  and “ T e s la ”  e lec tron  microscopes.

Results

A  d e ta i le d  descrip tion  of  per ipher ic  nerves be ing  b eyond  th e  scope o f  
th is  p a p e r ,  on ly  two p ic tures  a re  given in Figs 1 and  2 of the  fem oral nerve  
in t h e  h o n e y  bee (A p is  m e llifica  w i th  tw o  large a n d  one (or in  o th e r  
cases s e v e ra l )  small axons, w hile  in  Cetonia aurata  th e re  occur genera lly  b u t  
one la rg e  a x o n  and several sm a lle r  ones add it iona lly .  T h e  axons are e n sh e a th e d  
by l e m m o b la s t s ,  highly d if fe ren t ,  however, in s t ru c tu re  from  those of  th e  
v e r t e b r a te s .  In s te a d  of the  c lea r  re la t io n  be tw een  lem m oblas t  and u n m y e l i ­
n a ted  f ib r e  o f  the  v e r teb ra te  w i th  i ts  m esaxon , a com plex  sys tem  of only m ore  
or less c i r c u la r  double m e m b ra n e s  is seen to  su r ro u n d  th e  larger axons in  a 
p a t t e r n  re se m b lin g  the “ loose m y e l in ”  s t ru c tu re s  of som e sensory  [15] and  m o st
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Fig. I Cross section  of pe r ipheral  (leg) nerve in A p is  mellifica. Two large (In ,, la2) an d  one 
sm aller  (sa) ax o n s  covered  by several layers o f  t h in  lem m o b la s t  processes (Ip). No m esax o n s  

m ay  be seen in th is  section . X 8000

au to n o m ic  ganglion cells (own u n p u b lish ed  ob se rv a t io n ) .  True m esax o n s ,  h o w ­
ever,  can  be recognized in groups of sm a lle r  axons , th e  re la tion  o f  w h ich  to  th e  
lem m o b la s ts  ap p ea rs  to  he en tire ly  s im ila r  to  t h a t  of p re te rm ina l  au to n o m ic  
f ib res  to  th e  S chw ann  cell (Fig. 2); T h e  n uc leus  of th e  lem m oblas t  is s i tu a te d  
on th e  p e r ip h e ry  (Fig. 2); so are som e axon-l ike  profiles c o n ta in in g  s t ra n g e  
osmiophilic  bodies, w hich  can  be seen especia lly  in  Geotrupes be low  th e  b ase ­
m en t m e m b ra n e  em bedded  in to  th e  su rface  of the  lem m oblas t .  W e shall 
r e tu rn  to  these  profiles and  th e ir  osm iophilic  g ranules  in the  d e sc r ip t io n  o f  the  
te rm in a ls .  T he  expression “ tu n ic a te d ”  [2] is therefore a p p r o p r ia te  also 
for th e  d is t in c t io n  from  the  m ye l in a ted  f ib re  of  th e  ve r teb ra te .  T h is  express ion  
shou ld  no t ,  howrever, obscure th e  fac t ,  t h a t  we do no t  know th e  re a l  re la t io n  
b e tw een  th e  lem m oblas ts  and  th e  la rge r  axons , w he the r  i t  is e s sen t ia l ly  a 
loose c ircu la r ,  a lbe it  i r regular ,  a r ra n g e m e n t  of  a t ru e  mesaxon w i th  a p la sm a t ic  
cellular laye r  c o n ta in in g  m itochondria  (Fig. 1) in  be tw een  two double  m e m b ra n e s ,  
or w h e th e r  th e  p lasm a  of th e  lem m o b la s t  is s im ply  long i tu d in a l ly  fo lded  in 
an in t r ic a te  m a n n e r  an d  th e  folds of  severa l  lem m oblasts  are in te rd ig i ta t in g ,
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F ig . 2. Cross section o f  p e r ip h e ra l  (leg) nerve in A p is  m ellifica . Two large a n d  severa l  
sm alle r  ax o n s ;  only th e  sm alle r  axons  have  m esax o n s  (т а). T he  nucleus of th e  lem m o h la s t  
(n u )  o ccu rs  a t  the  p e r ip h e ry  o f  th e  nerve. Axons a re  f i l led  w ith  axofilam ents  ( a / ) ;  b o th  

axons an d  lem m o b la s t s  con ta in  m i to c h o n d r ia  (am , lm). X 8500

w ith  th e  la rge r  axons  w ed g ed  in  be tw een , as s ch em a tica l ly  in d ica ted  in  Fig. 
3. T h e  re la t io n  of th e  sm a lle r  axons to  th e  le m m o h la s t  is shown a t  th e  cross 
s ec t io n  o f  th e  lower cell a n d ,  as m en tioned , does n o t  differ from t h a t  in  th e  
v e r t e b r a t e  sm all u n m y e l in a te d  fibre. An o u te r  l a y e r  of th e  lem m oblas ts  w i th  
s ig n i f ic a n t ly  denser p la s m a t ic  s t ru c tu re ,  fo rm s  som e kind of “ b a se m e n t  
m e m b r a n e ”  on th e  su rface  of  th e  nerve. More d e ta i le d  inves tiga tions  in v o lv in g  
p r o b a b ly  p las t ic  r e c o n s t ru c t io n  of u l t r a th in  se c t io n  series as well as e x p e r i ­
m e n ta l  deg en era t io n ,  will be, how ever, n ecessa ry  in  o rder to  clarify  th e  s t r u c ­
tu r e  o f  per ipher ic  in sec t  nerves.

The neurom uscular end-plate  in its  s im p le s t  form  — more c o m p lex  
ty p e s  will be described in  a fo r thcom ing  p a p e r  —  is essentially  a lon g i tu d in a l  
a t t a c h m e n t  of an u n d iv id e d  te rm in a l  f ib re  to  a specialized an d  so m ew h a t  
e le v a te d  p a r t  of th e  m uscle  f ib re  (D oyère’s h il lock).  The lem m oblastic  tu n ic  
of th e  p re te rm in a l  f ib re  w i th d ra w s  from th e  site  o f  a t ta c h m e n t  and  covers  
th e  e n d -p la te  region w i th  th e  b u lk  of its  p la sm a t ic  b o d y  from  the  o u te r  surface .

Acta B iol. Hung. 14. 1963



E L E C T R O N  M I C R O S C O P E  S T U D I E S  O N  N E U R O M U S C U L A R  J U N C T I O N S 2 3 5

F ig . 3. Ли a t t e m p t  to exp la in  the  s t ru c tu re  o f  the  per ipheral  nerve of A p is  mell ific  a, Cetonia 
a urat a , a n d  Geotrupes vernalis, in a h ighly  schem atized  stereoscopic d ia g r a m  showing the 
re la t io n sh ip  be tw een  large an d  sm aller  ax o n s  a n d  lemmoblasts.  O nly  sm a lle r  axons have

m esaxon
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T h e  e leva ted  m u sc u la r  p a r t  of the  end -p la te  cons is ts  of a l te rn a t in g ,  so m ew h a t  
c u rv e d  sa rcop lasm atic  p il la rs ,  which p ro t ru d e  f ro m  bo th  sides and  a t t a c h  
th em se lv es  closely w i t h t h e i r  concave surfaces —  concav it ie s look ing  in w ard  — to  
b o th  sides of the  te r m in a l  p a r t  of the  axon , as s h o w n  in  a stereoscopic d iag ram  
(F ig . 4). All o ther  p a r t s  o f  th e  axonal surface , especia lly  the  side facing the  
m usc le  fibre , are e x p l ic i t ly  sep a ra ted  from th e  l a t t e r .  These s t ru c tu ra l  p roper-

Fig. 4. S tereoscopic  d iag ram  o f  e n d -p la te  in A p is  m ellifica , Cetonia aurata, and  Geotrupes 
vernalis, show ing  re la tionship  b e tw e e n  axon  terminal,  m usc le  cell, muscle pillars a n d  lemmo- 
b las t .  E x t r a c e l lu l a r  cystern  a r o u n d  p i lla rs  and  p a r t icu la r ly  b e tw e e n  the  nerve f ibre  and  the  
surface  o f  t h e  muscle cell s i t u a t e d  b e tw ee n  the origin of t h e  pi llars  is also i l lu s t ra ted

ties c a n  be seen clearly in  F ig .  5, showing a s l ig h t ly  oblique cross section 
— hence  tw o  seemingly o p p o s i te  pillars in the  s am e  p la n e  — of an  en d -p la te  

w ith  a single  large axon  t e r m in a l ,  filled w ith  s y n a p t i c  vesicles of th e  usual 
size, as seen in most s y n a p se s  of ve r teb ra tes .  T h e  in se t  pho tom ic rog raph  
(Fig. 6) o f  h igher  m a g n if ica t io n  shows the  dense s t r u c tu r e  of the  pos tsy n ap t ic  
pillar w i th  i ts  clearly t h ic k e n e d  postsynap tic  m e m b ra n e .  Concerning the  
more d e ta i le d  s t ru c tu re  of  th e  p o s tsy n a p t ic  m e m b ra n e  n o th in g  can be inferred 
from  p ic tu re s  of such re so lv in g  power. — O ften  i t  a p p e a rs  as if  th e  dense 
p o s tsy n a p t ic  pillars were s e p a r a te d  from th e  m usc le  fib re  hv m em b ran e
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Fig. 5. Semi-cross section  of an  end-p la te  showing axon te rm ina l  (a), m usc le  pillars (mp), 
lem m oblas t  (lb) a n d  ex trace l lu la r  c y s te rn  (ec. c). am axon m ito c h o n d r ia ;  n i y . f  — myo­
fi lam en ts ;  sv — sy n a p t ic  vesicles. A p is  m ellifica, X 21,000. Fig. 6 . H ig h e r  power electron 
m icrograph,  i l lu s t ra t in g  th e  a p p a re n t  localized th ickening of the  p o s t s y n a p t ic  m em brane 
(ps. m) a t  the  region o f  synapse.  N ote  p o s tsy n ap t ic  endoplasmic r e t icu lu m  (er) connecting 
the  base of muscle pillar (m p) w ith  the  surface  of myofibril ( f i) .  A p is  m e llifica , X 32,000. 
Fig. 7. Oblique section  of an  en d-p la te  w ith  a n  ex tended  lem m obla s t  en velope  (lb) and e x tr a ­

cellular  cystern  (ec. c). A p is  m ellifica , X 20.000
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s y s te m s ,  generally t a n g e n t i a l  to  th e  c ircum ference  of  th e  muscle fibre  (Fig. 
5). T h is  is, however, on ly  c a u se d  by  a sys tem  o f  m e m b ra n e s  suggestive of  an 
e n d o p la sm ic  re t icu lum  c lose ly  connected  w ith  t h e  bases  of th e  pillars (Figs 
6 a n d  8). I t  is difficult to  t r a c e  the  fu r th e r  con n ec t io n s  of th is  m e m b ra n e  
s y s te m  —  corresponding  to  rete synapticum  o f  E d w a r d s  [3] in th is  ty p e  of 
n e u ro m u s c u la r  ju n c t io n .  I t  is m u ch  more p r o m in e n t  in o the r  types  of n e u ro ­
m u s c u la r  endings and  will th e re fo re  he t r e a te d  in  m ore  de ta il  in su b seq u en t  
p a p e rs .

T h e  rela tion  of th e  le m m o b la s ts  to the  n e u ro m u sc u la r  junction  can  be 
seen  m u c h  b e t te r  in  sem ilo n g i tu d in a l  (Fig. 10), or long itud ina l  (Fig. 12) 
sec t io n s .  As seen in Fig. 10, t h e  lem m oblas t  covers  th e  whole surface of th e  
a x o n ,  t h a t  is left free f ro m  a t ta c h m e n t  to  th e  p o s ts y n a p t ic  pillars w i th  a 
t h i n  p la sm a l  layer h a v in g  s t r a n g e  finger sh a p e d  villous p ro trus ions ,  w hich  
h a n g  free ly  in to  a sy s tem  o f  ex tracellu lar  cy s te rn s  of th e  end-p la te .  T he  
e x t r a c e l lu la r  cystern  sy s te m  su rro u n d s  most p a r t  o f  th e  te rm ina l  axon  a n d  
s e p a ra te s  it  also from th e  m u s c u la r  part of th e  en d in g ,  w ith  the  excep tion , 
o f  cou rse ,  of the  sites w here  t h e  pillars are a t ta c h e d .  As seen in several of th e  
f ig u re s  (Figs 5, 7, 9, 10 b o t to m )  th is  cystern  sy s te m  com m unica tes  w ith  th e  
free in te rce l lu la r  space e i th e r  th ro u g h  the  clefts b e tw e e n  muscle f ib re  an d  
le m m o b la s t s  or th ro u g h  c lefts  s e p a ra t in g  th e  ce llu la r  a reas  of d ifferent lem m o­
b la s ts .  —  Most p a r t  of th e  p o s ts y n a p t ic  pillars is free o f  a t ta c h m e n t  o f  lem m o­
b la s t  processes so t h a t  t h e y  a re  sep a ra ted  from  th e  in te rce l lu la r  cysterns  only  
b y  th e  b a se m e n t  m em b ran e .  A s seen in Figs 8 a n d  especia lly  12, t racheoles  
in v a d e  th e  region of the  e n d -p la te  even  as far as b e tw e e n  ax o n  an d  muscle f ib re .

V e ry  strange f ind ings a re  profiles, so m ew h a t  re sem bling  axon t r a n s ­
v erse  sec t ions ,  m en tioned  a l r e a d y  in  the  fem oral n e rv es ,  w7hich  con ta in  v e ry  
la rge  osm iophilic  bodies (F ig . 11). T hey  are c learly  s e p a ra te d  from  th e  cell 
b o d y  b y  a double m em b ran e ,  one  being the  in v a g in a te d  surface m em b ran e  
of  th e  lem m oblas t ,  the  o th e r  t h e i r  own lim iting  m e m b ra n e .  T hey  have  never  
been  o b se rv e d  in im m ed ia te  c o n n e x io n  with th e  m usc le  f ib re ,  b u t  have  alw ays 
a r a t h e r  la rge  free surface on t h e  o u te r  side of th e  e n d -p la te ,  covered only by  a 
th in  b a s e m e n t  m em brane . O u r  orig inal ex p la n a t io n  w as  t h a t  th ey  m u s t  be 
som e k in d  of neu rosec re to ry  n e rv e  endings. T h is  in fe rence  was based  (1) 
on th e  an a lo g y  of the  so called  n eu rosec re to ry  ty p e  sy n ap ses  w ith  large osmio- 
philic  g ra n u la  or vesicles as f r e q u e n t ly  seen in v e r t e b r a te s ,  (2) on th e  occur­
ence in  th e se  profiles o f  v e s ic u la r  s truc tu res  r e se m b lin g  synap tic  vesicles, 
a n d  (3) on  observa tion  o f  s im ila r  profiles in th e  p e r ip h e r ic  nerves lead ing  to  
th e se  en d in g s .  T hey  are v e ry  r a r e  in  A p is , b u t  c o m m o n  in  th e  end-p la tes  o f  
G eotrupes. Now we are n o t  su re  of our e x p la n a t io n  m a in ly  because w'e 
could  n e v e r  observe such p ro f i les  in  longitud inal sec t ion . I t  m igh t  therefore  
w7ell be ,  t h a t  these profiles c o r re sp o n d  to vesicu lar  inc lusions of the  lem m o ­
b las ts  o f  u n k n o w n  n a tu re  (n eu ro sec re to ry ?  pa tho log ica l-v irus-?) .
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Figs. 8 and  9. O blique sections o f en d -p la tes . Fig. 8. Two n eig h b o u rin g  p illa rs (m pl9 mp2) 
m ay  be seen, w hich cam e in to  th e  sam e section  because of its  h ighly  o b liq u e  p lane , a — axon; 
ag —  ap o sy n a p tic  g ran u le s; er —  endoplasm ic re ticu lu m ; lb —  le m m o b la s t;  m y . f — m yo­
fila m en ts ; sy. s — sy n a p tic  surface ; sy  — sy n a p tic  vesicles; tr —  tra c h e o le s . A pis  mellifica, 
X 21,000. Fig. 9. Tw o o p posite  p illars in  close c o n ta c t w ith  th e  axon  te rm in a l. See relationship  
of e x tra ce llu la r  c y s te rn  (ec. c) to  axon (a), lem m o b la st (lb) and  m uscle f ib re . Geotrupes vernalis,

X 21,000
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F ig. 10. S em ilong itud ina l section  o f  e n d -p la te , a —  axon; ec. c —  e x tra ce llu la r  cy stern ; /6 - -  
le m m o b la s t ;  m p  — muscle p illa rs ; m y . /  — m yofilam ents. A p is  mellifica, X 21,000. 
F ig . 11. O b liq u e  section of e n d -p la te  w ith  osmiophilic g ra n u le s  (og) em bedded  in to  th e  

lem m o b last (lb). A p is  mellifica, X 21,000

4cti Biol. H ung. 14. 1963
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Fig. 12. L o n g itu d in a l, so m e w h a t tan g en tia l sec tion  of a n  en d -p la te , show ing on one side 
th e  p illars (m p ), th e  su rro u n d in g  cystern  (ec. c) a n d  on  th e  opposite  side som e of th e  ends 
o f th e  a lte rn a tin g  o p p o site  p illa rs  (mpe). a - a x o n -  lb —  lem m o b la st; tr - tracheo le ; 

zm  —  Z -m em brane . A pis  m ellifica , X 21,000

0 Acta Biol, llung. 14. 1963
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F ig. 13. L o n g itu d in a l section  of e n d -p la te  w ith  s tru c tu ra l e lem en ts  resem bling  a Golgi 
a p p a r a tu s  (g). am  — axon m ito c h o n d ria :  av — ap o sy n a p tic  vesicles; lb —  lem m o b la s t; 
lm  le m m o b la s t  m itochondria ; m p  —  m uscle  p illa rs; nu  —  nucleus of th e  m uscle  f ib re ; 

— sv  —  sy n ap tic  vesicles; sy . s —  sy n a p tic  surface. Cetonia a urat a, X 23,000

A d o  Biot. H ung. 14. 1963
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F in a lly  an  o b se rv a tio n  shou ld  be n o te d  th a t  m igh t th ro w  som e lig h t 
oil th e  orig in  o f sy n a p tic  vesicles. F ig . 13 show s a lo n g itu d in a l sec tio n  o f  an 
e n d -p la te  in  Ce,Ionia. T he  w hole te rm in a l p a r t  o f  th e  axon is filled  w ith  th e  
usual sy n a p tic  vesicles, in  th e  cen tre  o f th e  lo w er th ickened  p ro file , h o w ev er, 
th e re  is a co n cen tric  m em b ran e  sy stem  closely  resem bling  a Golgi a p p a ra tu s .  
U n fo r tu n a te ly  th is  p re p a ra tio n  w as n o t in  th e  best s ta te  of c o n se rv a tio n , 
n ev erth e less  i t  conveys th e  im pression  th a t  th e  sy n ap tic  vesicles m ig h t be 
d eriv ed  from  th is  m em b ran e  system .

W e have n o t b een  able so fa r  to  a sc e r ta in  th e  m ode o f te rm in a tio n , 
especia lly  of c o n ta c t e s tab lish ed  w ith  th e  m uscle  of th e  sm all ax o n s t h a t  are 
fo u n d  in  m ost lim b m uscle nerves.

Discussion

A t th is  f irs t s te p  in  a longer series o f in v es tig a tio n s  it m ig h t p ro b a b ly  be 
ad v isab le  to  re fra in  from  draw ing  fa r  re a c h in g  functional co n c lu sio n s. Wc 
w a n t, th e re fo re , o n ly  to  p o in t ou t c e r ta in  c h a ra c te r is tic  fea tu res  o f  th e  insect 
n eu ro m u scu la r ju n c tio n  Avhich, as will be seen la te r , in sp ite  o f co n sid e rab le  
d ifferences in  s t ru c tu ra l  d e ta ils  are com m on  fea tu res  of th e  a rc h ite c tu ra l 
design.

(1) T h ere  is no su ch  th in g  in  in sec t m uscle  in n e rv a tio n  as th e  “ su b n eu ra l 
a p p a ra tu s ”  of th e  v e r te b ra te s ;  i.e. no fo lded  reg ion  of th e  su b sy n a p tic  m em b­
ra n e . One cou ld , o f course, consider th e  m u scu la r  p illars as th e  an a lo g u es of 
th e  to p s of th e  fo lds, w here th e re  is an  im m e d ia te  a tta c h m e n t to  th e  axo lem m a

an d  th e  reg ion  b e tw een  the  p illa rs  as th e  analogues of th e  fu rro w s betw een  
in d iv id u a l fo lds. B u t besides th e  d ifference in  th e  o rder of m a g n itu d e  o f these  
s tru c tu re s , a d ire c t com parison  o f th e  tw o  is d ifficu lt also from  th e  h istochem - 
ica l v iew p o in t. T h e  cho linesterases of th e  in sec t n eu ro m u scu la r  endings 
a re  n e ith e r  specific  (ace ty l-)ch o lin este rase , no r b u ty rilch o lin e s te ra se  of the  
v e r te b ra te s  [6], b u t  o f a d iffe ren t k in d . M oreover th e ir  lo ca liza tio n  is presyn- 
a p tic  and  p ro b a b ly  to  some e x te n t lem m o b la s tic  ra th e r  th a n  p o s tsy n a p tic .

(2) I t  is a re m a rk a b le  p ro p e r ty  o f th e  in sec t n eu ro m u scu la r synapse , 
th a t  on ly  a sm all a frac tio n  of th e  ax o lem m al surface is in  f a c t  a tta c h e d  
d ire c tly  to  th e  p o s tsy n a p tic  m uscle f ib re  m em b ran e . This lead s to  an o th e r 
p ro m in e n t fe a tu re  of th is  ty p e  of sy n ap se , th e  cyste rns of in te rc e llu la r  spaces 
th a t  s e p a ra te  m o st p a r ts  o f th e  su rface  m em branes of th e  p re s y n a p tic  and 
p o s tsy n a p tic  e lem en ts . T hese cy s te rn s  cou ld  be very  usefu l in  exp la in in g  
c u rre n ts  or e x tra c e llu la r  ionic flu x es th a t  a re  supposed  to  occur d u r in g  im pulse 
tran sm iss io n . I t  w ould  be, how ever, d a n g e ro u s  to  draw  fa r  re a c h in g  conclu­
sions from  th e se  o b se rv a tio n s, because —  as we shall see in  fo rth co m in g  
p ap ers  —  th ese  in te rce llu la r  cy ste rn s  are  fa r  less p ro m in en t a n d  ev en  alm ost

6* Acla B iol. H ung. 14. 1963
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c o m p le te ly  absen t in  o th e r  fo rm s. As seen fro m  F ig . 13, th e y  are r a th e r  in sig ­
n i f ic a n t  a lread y  in  th e  e n d -p la te s  of Cetoniu. A p a rt from  th e  ex is ten ce  of 
in te rc e l lu la r  cysterns th e  reg io n  of “ ac tiv e ”  (?) c o n ta c t betw een th e  ax o lem m a 
a n d  p o s tsy n a p tic  m em b ran e  is in  all ty p es  o f in se c t n eu ro m u scu la r syn ap ses  
r e s t r ic te d  to  h igh ly  sp ec ia lized  regions o f th e  p o stsy n ap tic  m uscle  p a r t .

-  T h is  m ig h t be re la te d  to  th e  “ m u lti te rm in a l”  c h a rac te r  of in sec t m uscle 
in n e r v a t io n  w here th e re  is no necessity  fo r im p u lse  p ro p ag a tio n  from  th e  
e n d -p la te  reg ion  — as i t  is th e  case in  v e r te b ra te  neu ro m u scu la r en d in g  -  
d u e  to  th e  m any  places a lo n g  th e  m uscle f ib re  t h a t  have im m ed ia te  c o n ta c t 
w ith  n e rv o u s  e lem ents.

(3) T he p o s tsy n ap tic  reg io n  of the  m u sc le  fib re  is h igh ly  specialized  
in  a ll ty  pes of insect m uscle  in n e rv a tio n . T h is  h a s  been co rrec tly  described  
a lr e a d y  b y  E d w a r d s  an d  co-w orkers. [3] . A lth o u g h  th e  s tru c tu re  of p o s tsy n a p tic  
re g io n s  is re la tiv e ly  sim ple, as co m p ared  w ith  o th e r  ty p es  of insect m uscle in n e r ­
v a t io n , th e  p o stsy n ap tic  p illa rs  are  densely p a c k e d  w ith  ap o sy n ap tic  g ran u le s ; 
h u t  e v e n  m ore s ign ifican t a re  m em b ran e  system s t h a t  ap p ear to  o rig in a te  in  th e  
b ase  of th e  p illars. As to  be show n in su b se q u e n t papers, th is  re tic u lu m  of 
m e m b ra n e  system s seem s to  be  connected  w ith  (i) p e rifib rilla r m em b ran es , 
(ii) / -m e m b ra n e s  and  occasio n a lly  w ith  (iii) m u sc u la r  m ito ch o n d ria . F ro m  th e  
v ie w p o in t o f the  tran sm iss io n  o f  th e  e x c ita to ry  p rocess from  th e  p o s tsy n a p tic  
m e m b ra n e  to  the  m yofib rils , th e  connexions o f  th e se  p o stsy n ap tic  m e m b ra n e  
sy s te m s  m en tio n ed  u n d e r (i) a n d  (ii) m ight he o f  p a r tic u la r  in te re s t.
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E L E K T R O N E N M IK R O S K O P IS C IIE  S T U D IE N  U B E R  D IE  M U S K E L IN N E R V A T IO N  
DES E N D P L A T T E N -T Y P U S  B E I IN S E K T E N

D er subm ikroskop ische  B au n eu ro m u sk u lä re r  E n d p la tte n  der F ase r-(B ein -)M u sk u la - 
tu r  bei A p is  mellifica  (H y m e n o p te ra ) , Geotrupes vernalis und  Cetonia aura ta  (C oleoptera) 
w ird besch rieben . D ieser T y p u s  der E n d p la t te n  is t  in der F ase r-M u sk u la tu r v o n  Iiym enopleren  
und Coleopleren re ch t a llgem ein  und  zugleich  ein e in facherer Fall des sogen. » E n d p la tte n ty p u s« . 
D er ta tsä ch lich e  K o n ta k t zw ischen A x o n en d streck - u n d  M uskelfaser w ird  d u rc h  pfeilerförm ige 
A usw üchse der M uskelfaser h e rg este llt, d ie  von  zwei Seiten a lte rn ie ren d  a n  d ie längs der 
M uskelfaser paralle l verlau fen d en  A x o n -E n d stü ck e  von beiden Seiten h e ra n tr e te n  u n d  m it 
dense lben  m itte ls  einer sy n a p tisch e n  D o p p e lm em b ran  verb u n d en  sind . A lle ü b rig en  Teile 
der O berfläche der N erv en en d ig u n g  sind  d u rch  eine d ünne  Z ellschicht d e r N ervenscheiden- 
zellen d ic h t um schlossen u n d  ausserdem  v o n  der O berfläche der M uskelfaser no ch  d u rch  ein 
k om pliz ie rte s L ab y rin th  e x tra ze llu lä re r  Z y ste rn en  g e tre n n t. E inige b e d e u tsa m e re  s tru k tu re lle  
E ig en h eiten  der zellu lären  N erv en sch e id en e lem en te , der N ervenend igung  u n d  b esonders des 
p o s tsy n ap tisch en  G ebietes de r M uskelfaser w erden  e ingehender b esch rieben  u n d  ihre m u t­
m assliche fu n k tionelle  B e d eu tu n g  k u rz  besp rochen .

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ МИОНЕВРАЛЬНЫХ
СИНАПСОВ У НАСЕКОМЫХ

На основании электронномикроскоппческих исследований автор описывает ультра­
структуру иннервации мышц ножек A p is  mellifica  (H y m en o p te ra), Geotrupes vernalis, 
Cetonia aurata  (C oleoptera). Иннервацию можно причислить к синаптическому типу мо­
торных бляшек, к их самой простой форме.

В образовании действительной, относительно небольшой соприкасающейся (синап­
тической) поверхности участвуют поверхность аксона, обращенная к мышце, и <мостики» 
мышцы, выступающие попеременно с обеих сторон. Аксон, за исключением небольшой 
синаптической поверхности, покрыт везде леммобластом. Поверхность аксона, покрытая 
леммобластом, отделена от саркоплазматической мембраны на территории нервных бля­
шек очень сложной, так называемой системой интерцеллюларных цистерн. Пространст­
венная реконструкция этого тина нервных бляшек изображена на рисунке 3.

Вконце автор пытается дать функциональное объяснение леммобласта, окончания 
аксона и постсинаптпческой области.

J ó z s e f  H á m o r i , B u d a p e s t IX ., T ű zo ltó  и. 58, H ungary .
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RECENSIONES

D. R . P i t e l k a : E lectron-m icroscopic s truc tu re  o f P rotozoa

P erg am o n  P ress , O xford  (1963). 269 p p ., 84 s.

T he ra p id  d ev elo p m en t o f electron  m ic ro sco p y  b ro u g h t ab o u t an  in c re a sed  in te re s t 
in th e  fine  s tru c tu re  o f all ty p es  of b iological m a te ria l.  P ro tozoa  w hich fa sc in a te d  b io logists 
using  lig h t m icroscope for m any  years were of co u rse  included  in  the  lis t o f o b je c ts  stud ied  
u n d e r th e  new  in s tru m e n t. T h eir study  rev ea led  a g re a t  n u m b er of in te res tin g  new  fe a tu res  
o f p ro to p lasm ic  o rg an iza tio n  and  a t  lhe sam e tim e  su p p lied  new su p p o rt to th e  id ea  concern ing  
basic sim ila rities  in  th e  s tru c tu ra l com position  of d iffe re n t k inds of life a t  th e  c e llu la r  level. 
T he in ten se  resea rch  w ork re su lted  in a long series o f  p u b lica tio n s sca tte red  in  v a r io u s  cyto- 
logical, p a rasito lo g ica l, zoological and m edical jo u rn a ls  th a t  bad ly  needed to be su m m arized  
an d  c ritica lly  e v a lu a te d . T he book un d er review  is a w elcom e and h ighly successfu l a tte m p t 
of th is  c ritica l ev a lu a tio n .

An in tro d u c to ry  c h ap te r  is followed by  a d e ta ile d  tre a tm e n t of the  p ro to z o a  as cells 
w ith  a com parison  of d iffe ren t cell organelles as fo u n d  in p ro tozoa and m e ta zo a n  cells. The 
fin d in g s rev iew ed  in th is  c h a p te r  clearly reveal t h a t  th e  basic  task s of p ro to p la sm ic  fu n c tio n s 
are realized  in  e ssen tia lly  sim ilar ways in d iffe ren t o rg an ism s. T his u n ity  of c e llu la r o rg an iza ­
tion  over b o th  k in g d o m s of life is one of th e  m o st p o w erfu l a rg u m en ts  in favour o f in o n o p h ile tic  
orig in  o f  life. T he g re a te s t  p a r t  o f the  book p re se n ts  th e  deta iled  findings on in d iv id u a l spe­
cies g rouped  acco rd in g  to  th e  m ajo r p ro to zo an  ta x o n s . These chap ters  re m a rk a b ly  show 
th e  g re a t d iv e rs ity  o f p ro to zo an  form s of life. A lm o st all m ajo r groups hav e  b een  s tu d ied  
u n d e r  th e  e lectron  m icroscope as ye t, b u t  th e re  is  a n  enorm ous num ber o f in te re s t in g  and 
im p o r ta n t  species still aw aitin g  s tu d y . A f in a l c h a p te r  sum m arizes th e  m ain  fe a tu re s  o f p ro to ­
zoan b o d y  an d  g ives an  ou tlook  for fu tu re  w ork.

88 well se lec ted  an d  execu ted  e lectron  m ic ro g rap h s  illu s tra te  the  te x t. T h e  c o m p re h en ­
sive list o f re ferences ex ten d s  over 27 pages.

T he book is an  ind ispensab le  basic s ta r tin g  p o in t for all fu tu re  w orkers in  e lectron  
m icroscopy of p ro to zo a  an d  can be w arm ly  reco m m en d ed  to  all p ro tozoologists a n d  cyto lo- 
g ists.

Miklós Müller (Budapest)

M. F ingerman: The contro l of chrom atophores

P e rg am o n  P ress , O xford  (1963), IX , 184 pp ., 50 s.

F ingerman , professor o f zoology a t N ew com b College, T ulane U niversity  (N ew  O rleans), 
is know n to hav e  b een  engaged for m any  y ears in  re sea rc h  w ork concerning c h an g es  in  the  
p ig m e n ta tio n  of c rab s a n d  th e  m echanism  of such  ch an g es. O ur au th o r began h is c a re e r a t  th e  
side o f F. A. B rown J r ., a likew ise re p u te d  sc ien tis t in  th is  field.

F ingerman’s book under rewiew is not the f i rs t  work on the subject, nor can it  be said 
that it is unique in its class; however, the work has no such pretentions since th e  principal 
object of the au thor  was to present the most recent results and hypotheses regarding the 
subject indicated by the title.

T he book u tilizes  d a ta  from  475 pap ers  and  c o n sis ts  o f 7 chap ters .
C h ap te r 1 covers 18 pages and deals w ith  th e  ty p es , chem istry  and c la ss if ica tio n  of 

ch ro m a to p h o re s, th e  fu n c tio n a l significance of co lo u r changes. I t  presen ts a concise  su rv ey  
of th e  c u rre n t n o tio n s an d  theo ries regard ing  ch ro m a to p h o re s  and colour ch anges.
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C h a p te r  2, th e  longest o f th e  book, covers 66 p ag es a n d  is devoted  to th e  c h fo m a to -  
p h o re s  o f  c rab s . The orig in  o f c h ro m a to p h o re s  and  th e ir  ch em ica l com position are d iscussed  
in  th e  f i r s t  p a r t  o f the  c h ap te r , w hile th e  re s t th e reo f d eals w ith  th e  chrom atophores a n d  th e ir  
co n tro l in  th e  Iso poda , B ra c h y u ria , A stac id ae  and  S to m a to p o d a .

C h a p te rs  3, 4 and 5 d eal w ith  th e  ch ro m a to p h o re s  o f  th e  In sec ta  (8 pp .), C eph alo p o d a  
(4 p p .)  a n d  E ch in o d erm a ta  (3 pp .). T h e  v e ry  b re v ity  o f th e  ch ap te rs  b e tray s th e  d e fic ien cy  
of o u r  k n o w led g e  regard ing  these  g ro u p s of anim als.

C h a p te r  6 (43 pp .) deals w ith  th e  ch ro m a to p h o re s  o f v e rteb ra te s . I t  beg ins w ith  a 
g en era l d iscussion  concerning th e  o rig in  and  ch em istry  o f  ch ro m a to p h o ro tro p in s a n d  goes on 
to  t r e a t  o f  th e  ch ro m ato p h o res and  th e ir  con tro l in  th e  C y c lo s to m a ta , E lasinobranchii, T e leo s te i, 
A m p h ib ia  a n d  R ep tilia .

C h a p te r  7, th e  la s t an d  sh o rte s t  of the  book (“ R e sp e c tiv e s” ), sum m arizes th e  c h a ra c ­
te r is t ic  fe a tu re s  o f th is  v a lu ab le  m o n ograph .

T h e  book  offers an  in te re s tin g  an d  c lear su rv ey  o f re su lts  achieved during  th e  la s t  15 
y ea rs . V e ry  a p tly , th e  a u th o r  occasionally  goes b e y o n d  a sim ple  listing  of th e  o ften  c o n tr a ­
d ic to ry  p h y sio log ica l d a ta  an d  trie s  to  co ord ina te  th em . T h e  w o rk  under review  is a su ccessfu l 
r e p re s e n ta t iv e  o f tendencies to w a rd  bridg ing  th e  w ide g ap  b e tw een  th e  two p rim ary  d iv is io n s  
o f th e  a n im a l k ingdom .

T h e  w o rk  w ould hav e  ga in ed  in  value  if  th e  a u th o r  h a d  — however briefly  — in c lu d e d  
in  i t  a ll a n im a ls  w hich are  k n o w n  o r supposed  to  be p ro v id e d  w ith  ch rom atophores a n d  th e  
m ec h an ism  reg u la tin g  th em . C h a p te r  2 m ig h t th u s  h a v e  b een  ex tended  to th e  E n to m o tra c a  
a n d  M a laco straca .

T h e re  can  be no d o u b t th a t  th e  m o n ograph , w ith  i ts  illu stra tio n s and in d ex es , is a 
v a lu a b le  w ork  and  m igh t s t im u la te  fu r th e r  fru itfu l re se a rc h  w ork.
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AMINO ACID METABOLISM A N D  RESISTANCE TO  
USTILAGO MAYDIS (DC.) CD. IN MAIZE

M. P e t h ő

COLLEGE OF AGRICULTURE, DEBRECEN 

(R eceived  J u ly  20, 1963)

Synopsis

A p a p e r  ch ro m atograph ic  s tu d y  o f a m in o  acid  c o n ten t o f h e a lth y  a n d  d iseased  
m aize p la n ts  in fec te d  w ith  Ustilago m aydis  w as u n d e r ta k e n  a t various s ta g es  o f  d isease  
d ev elo p m en t. M aize varie ties e x h ib itin g  v a r io u s  degrees o f resistance  to  U. m aydis  
were in c lu d ed  in  th e  ex p erim en ts. A n e g a tiv e  c o rre la tio n  betw een a m in o -ac id  c o n te n t 
of h e a lth y  p la n ts  and  their re sis tan ce  to  in fe c tio n  was established. In  g a ll t is su e s  o f 
in fec ted  p la n ts  a m arked  accu m u la tio n  of a s p a r t ic  and  g lu tam ic acid  w as o b se rv ed , 
p a r tic u la r ly  in  th e  susceptible v a r ie ty .  T he se rin e  and  glycine c o n te n t m a rk e d ly  
decreased  in  th e  susceptible v a r ie ty . T he a la n in e  co n te n t decreased in  a ll  v a r ie tie s  
te s ted ; th e  g re a te s t  decrease c h a ra c te riz ed  th e  less susceptib le v a rie ty . T h e  in fec tio n  
induced  a rise  in  keto-acid  level in  gall tis su es . T h e  effect o f infection  w as p e rc e p tib le  
in th e  m e ta b o lism  of neighbouring  h e a lth y  lea v es  as well. On th e  basis o f  th e  d a ta  
p resen ted  i t  is p o stu la te d  th a t  th e  in fec tio n  re s u lts  in  th e  stim u la tio n  o f b io sy n th e tic  
m echanism s a n d  th is  leads to an  a c c u m u la tio n  o f  k e to  acids and am ino ac id s p ro v id in g  
carbon  sk e le to n s  for the  in tense  p ro te in  sy n th e s is  o f developing fungal h y p h a e  and  
for p ro life ra tio n  o f gall tissue. The d ifferences in  su sce p tib ility  m ight p a r tly  be  e x p la in ed  
by  the  d iffe re n t capacities of th ese  b io sy n th e tic  system s to  operate  u p o n  p a ra s it ic  
a tta c k . In  a d d itio n , th e  p re in fec tio n al am ino  a c id  level o f the  young tis su e s  a p p e a rs  
to  p lay  a ro le  in  resistance.

In tro d u c tio n

I t  was fo u n d  in  previous s tu d ies  [12] t h a t  th e  d icaryo tic  stage  o f  Ustilago  
m aydis  is able to  grow  only in th e  p resence  o f  ce rta in  am ino ac ids. O f th e  
exam ined  am ino  ac ids, glycine, a lan in e  a n d  serine proved  to  be th e  m o st 
effective. In  th e  p resence  of ino rgan ic  N -sou rces th e  am ino acid re q u ire m e n t 
o f th e  d ica ry o tic  h y p h a e  of U. m ayd is  is n o t  h ig h ly  specific. The g ro w th  o f 
hyphae  in  sy n th e tic  m edia is ensu red  b y  a n u m b e r  of am ino acids.

As th e  p a ra s it ic  stage of th e  fu n g u s is u n a b le  to  synthesize a m in o  ac ids 
from  inorgan ic  N -com pounds, an  im p o r ta n t  m an ife s ta tio n  of p a ra s it is m  in
U. m aydis  is th e  u tiliz a tio n  of am ino  acids p re s e n t in th e  host tissu es . I t  w as 
found  [13] t h a t  th e  decrease of am in o  acids in  th e  gall was due to  t h a t  th e y  
were necessary  fo r th e  developm ent o f th e  h y p e r tro p h ic  tissue an d  w ere , on 
th e  o th e r h an d , u t  ilized  by  the fungus for its  p ro life ra tio n  a t the  site o f in fe c tio n .

In  th e  le a f  tissu es  of the y o u n g  m aize p la n t  a lan ine is th e  p re d o m in a n t 
am ino acid [14]. I t  con ta in s fu r th e r  co n sid e rab le  q u an titie s  of serine , g ly c in e  
and  g lu tam ic  ac id . T he am ount o f  o th e r  a m in o  acids is in s ig n ifican t. I t  is, 
therefo re , n a tu ra l  t h a t  it  is chiefly  th e  a m o u n t o f  a lan ine, serine a n d  g licine
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w h ich  decreases in  th e  in fe c te d  tissues. T he lev e l o f g lu tam ic  acid in  th e  gall 
tis su e  increased  in all e x a m in e d  varie ties. C o n cern in g  glu tam ine th e  p ic tu re  is 
m o re  confusing . D eV a y  a n d  R o w e l l  [4] r e p o r te d  on a low ered level o f  g lu ta ­
m in e  in  U stilag o -in d u ced  galls  of young m aize p la n ts . B y co n tras t, T ur iaiv  [20] 
o b se rv e d  increased  g lu ta m in e , g lu tam ate  a n d  k e to -a c id  levels in  galls co llec ted  
in  th e  fie ld .

I t  w as a fte r  su ch  an teced en ts  th a t  th e  p re se n t de tailed  in v e s tig a tio n s  
w ere  s ta r te d  concern ing  th e  am ino acid m e ta b o lism  of maize p la n ts  in fec ted  
w ith  U. m aydis. T hese in v es tig a tio n s  h ad  th e  fo llow ing  aims.

(1) To s tu d y  th e  e ffec t of the  in fec tio n  on  th e  level o f am ino ac id s  in 
d ise a se d  tissues, in  th e  h e a lth y  tissues su rro u n d in g  th e  galls, and  in  tis su e s  a t  
a g re a te r  d istance  from  th e  site  of in fec tion .

(2) To c a rry  o u t  th e se  investiga tions a t  d iffe ren t stages of th e  d isease .
(3) To asce rta in  th e  possible co rre la tio n  b e tw een  am ino-acid c o n te n t  an d  

su sc e p tib il i ty . To th is  e n d  th e  am ino-acid  c o n te n t  o f various m aize v a r ie tie s  
e x h ib it in g  d iffe ren t deg rees of resistance to  in fec tio n  w ith  U. m a yd is  w as 
s tu d ie d .

(4) To s tu d y  th e  e ffec t of infection on  d iffe re n tly  susceptib le  v a r ie tie s .

M ateria l and  m e th o d s

T h e  ex p erim en ts  w ere c a rried  ou t w ith  th e  m aize  v a r ie ty  “ M in d szen tp u sz ta i sá rga  
ló fo g ú ” , m o d era te ly  su scep tib le  to  U. m aydis ; w ith  th e  in b re d  line “ 42-313” , h a rd ly  su scep tib le  
to  in fec tio n ; and w ith  th e  e x tre m e ly  susceptib le in b re d  line  “ 62-411” . T he in b red  lin e s  were 
p ro d u c e d  from  local v a r ie tie s . S p o rid ia  of co m patib le  s t r a in s  o f U. m aydis , o b ta in e d  fro m  a 
3 6 -h o u r c u ltu re , were su b c u tan e o u s ly  in jec ted  n e a r  th e  grow ing p o in t. T he f i r s t  sam ples 
w ere  co llected  14 days a f te r  in fec tio n , ju s t  a fte r  th e  a p p ea ran c e  of young galls. S am p le s w ere 
ta k e n  a lso a t  la te r  s tages in  o rd e r to  s tu d y  the  re la tio n s h ip  be tw een  hosts and  p a ra s ite s  in  d if­
fe re n t  p h ases of th e  d isease.

T h e  tissues w ere e x tr a c te d  w ith  alcohol (80 p e r  c e n t  f in a l co n cen tra tion ). T h e  c o n te n t 
o f  t o ta l  free am ino acids w as de te rm in ed  by th e  p ro c ed u re  o f K isfaludy and  B raun [10] 
m o d if ie d  as follows: 0.15 0.30 m l o f th e  alcoholic e x tr a c t  w as added  to  4 ml fresh ly  p re p a re d
n in h y d r in  reag en t (60 m g SnC l2- 2 H 20  -f- 50 m l a c e ta te  b u ffe r  pH  4.7 -f- 0.75 g n in h y d r in  -f- 
50 m l e thy leneg lyco l); th e  tu b e s  were shaken, th e n  le f t  s tan d in g  for a few m in u te s , a f te r  
w h ic h  we p laced th em  in  a b o iling  w a te rb a th  for 20 m in u te s . This was follow ed b y  cooling 
in  ic e -w a te r  for 3 m in u te s . T h e  reac tio n  m ix tu re  w as f i lle d  up  to  10 ml w ith  a 7 : 3 m ix tu re  
o f  a c e to n e  and  w ater. A fte r  15 m inu tes, th e  a m in o -ac id  c o n te n t was d e te rm in ed  b y  co lo ri­
m e try .  A ca lib ra tio n  cu rv e  p re p a re d  from  a lan ine se rv ed  as s tan d ard .

T h e  co n ce n tra tio n  o f v a rio u s  am ino acids w as d e te rm in e d  by p ap er c h ro m a to g ra p h y  
a f te r  d e sa ltin g  th e  e x tra c ts  on  a V ario n  K . S. ca tion  e x ch a n g e  colum n and elu tion  b y  2 N  N H  ,O H . 
T h e  e lu a te s  were e v a p o ra te d  to  d ry n ess on a w a te rb a th  a n d  th e  residue was ta k e n  u p  in  30 per 
c e n t  iso p ro p an o l. D escend ing  p a p e r  ch ro m ato g rap h y  w as a p p lied  (filte r p aper: W h a tm a n  No. 4), 
a n d  th e  m ix tu re  was ru n  in  a  sy s te m  com posed of p h e n o l a n d  w a ter (100 : 20). T he c h ro m a to ­
g ra m s  w ere developed w ith  0.1 per cen t c h lo ro fo rm -co n ta in in g  n in h y d rin  so lu tio n . T he 
q u a n t i ta t iv e  d e te rm in a tio n  of am ino  acids was c a rr ie d  o u t  by  v isual com parison  o f  sp o t size 
a n d  co lo u r in te n sity  w ith  a s ta n d a rd  series of a m in o -ac id  co n cen tra tio n s [8].

K e to  acids w ere d e te rm in e d  according to  F riedemann and  H augen [7].
T he resu lts  a re  p re se n te d  on a fresh-w eigh t b a s is . A verage values o b ta in e d  fro m  th e  

a n a ly s is  o f a t  lea s t 3 p la n t  in d iv id u a ls  are given.
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R esults

Free am ino acids in  maize varieties exh ib iting  different degrees 
o f  susceptib ility  to U . m ayd is

The to ta l  free am ino-acid  c o n te n t o f th e  th re e  m aize v a rie tie s  inc luded  
in  th e  ex p e rim en ts  is show n in F ig . 1. I t  c a n  be seen th a t  th e  am in o -ac id  
co n ten t is h ig h es t in th e  lea f b lades o f v a r ie ty  N o. “ 42”  w hich is th e  m ost 
re s is ta n t to  in fec tio n  w ith  U. m aydis. T he  lo w est am ino-acid  level w as found  
in  th e  m ost su scep tib le  v a rie ty  (“ M in d szen tp u sz ta i sá rg a” ). I t  seem s im p o r ta n t

leal number

Fig. 1. F ree  am in o -ac id  c o n te n t in h e a lth y  leaves o f th re e  m aize  varie ties o f d iffe re n t su s­
cep tib ilities  to  Ustilago m aydis (---------- ) loca l v a r ie ty  N o. 6 2 ; ----------- local v a r ie ty  N o. 42;

— . — . —  “ M in d szen tp u sz ta i sá rg a” ). T h e  leaves a re  nu m b ered  acro p e ta lly

th a t  in  very  y o u n g  leaves the  re la tio n  be tw een  am ino-acid  co n ten t a n d  re s is t­
ance is ju s t  th e  op p o site . A t th is  s tag e  th e  leav es o f the m ost su scep tib le  
v a r ie ty  show th e  h ig h est am ino-acid  levels. T h ere fo re , th e  in v es tig a tio n s  w ere 
ex ten d ed , an d  th e  am ino-acid  c o n te n t o f v e ry  y o u n g  leaves o f s ix  m aize 
v a rie tie s  was d e te rm in ed . In  Fig. 2 th e  c o rre la tio n  betw een  re s is tan ce  and  
am in o -ac id  c o n te n t can be seen. H ig h er degree o f  su scep tib ility  is a sso c ia ted  
w ith  a h igher am ino-ac id  level.

In  Fig. 3 th e  levels o f five am ino  acids in  th e  leaves of th e  th re e  v a rie tie s  
in v es tig a ted  in  d e ta il are given. T h e  am in o -ac id  co n ten ts  of th e  low er (I), 
m iddle  (II) an d  u p p e r  ( I I I )  leaves a re  given se p a ra te ly . The leaves o f  g ro u p  I I  
co rrespond  to  th e  leaves bearing  galls in  th e  in fe c te d  p lan ts .

I t  can be seen from  F ig . 3 th a t  a lan in e  is th e  m a jo r  am ino acid . T h e  m o st 
suscep tib le  v a r ie ty  (N o. “ 62” ) co n ta in s  th e  sm a lle s t am o u n ts  of am in o  acids, 
inc lud ing  alan ine .
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F ig . 2 . F re e  am ino-acid c o n te n t  (co lu m n s) in th e  y o u n g  leav es o f six m aize v a r ie tie s , a n d  its  
r e la t io n  to  suscep tib ility  (c o n tin u o u s  line). S u scep tib ility  is g iven  as “ th e  in fec tio n  in d e x ”  =  
n u m b e r  o f  diseased p lan ts  m u lt ip lie d  w ith  th e  degree o f in fec tio n  and d iv ided  b y  th e  n u m b er 
o f  in fe c te d  p lan ts . 6— 321 =  “ R e d  K in g  F e lső szen tiv án i” ; 42 — 313 =  “ Iregszem csei” ; 62— 411 
=  “ Ű jsz e n tiv á n i”  3-year old in b re d  lines o f local v a rie tie s . MV. 1. =  “ M arto n v ásá ri 1. h y b r id ” ;

M P .S . =  “ M in d szen tp u sz ta i s á rg a ”

-Э1
6

i w

0.8

alanine

II. III.

F ig . 3. F ree  am ino-acid c o n te n t  in  th e  lea f b lades o f  th re e  m aize varie ties o f d iffe re n t su s­
c e p tib il i tie s  to  Ustilago m a yd is . I . =  lower, I I . =  m id d le , I I I . == up p er leav es (cf. te x t) .  
E m p ty  colum n =  local v a r ie ty  N o . 42. S tr ia te d  co lum n =  “ M in d szen tp u szta i s á rg a ” . B lack

c o lu m n  =  local v a r ie ty  N o. 62

E ffe c t o f  infection on the am ino-acid  content o f  the highly susceptible variety  
itN o . 6 2 ”  at different stages o f  the disease

I t  can be seen in  F ig . 4 th a t ,  a f te r  an  in itia l increase, th e  am in o -ac id  
c o n te n t  o f the galls d ec rea sed  an d  th a t  th e  am ino  acid su p p ly  o f th e  host 
t is su e s  was jm actically  e x h a u s te d  28 d ay s  a f te r  in fec tion . This m a y  h a v e  been  
d u e  to  th e  u tiliza tio n  o f am in o  acids b y  th e  fungus.

O nly  m inor chan g es w ere observed  in  th e  am ino-acid c o n te n t of th e  
“ h e a l th y ”  p a rts  o f g a ll-b ea rin g  leaves. S im u ltan eo u sly , am ino ac ids accum u-
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la tc d  in  the  low er leaves. In  leaves of h ig h er in se rtio n s (above those  bearing  
galls), a fte r som e in itia l decrease, the  am ino-acid  level also increased .

The q u a lita tiv e  analy sis  o f am ino-acid  c o n te n t, in  line w ith  prev ious 
re su lts  [14], in d ic a te d  th a t  th e  various am ino  acids w ere a ffec ted  d ifferen tly  
b y  th e  in fec tion . T h is is show n in Table 1.

5

F ig . 4. E ffec t o f in fec tio n  w ith  Uslilago m aydis on th e  free am in o -ac id  c o n te n t o f th e  local
v a r ie ty  No. 62, 14, 21 a n d  28 d ay s a f te r  in fec tion , f gall t i s s u e ; ------------ u n in fec ted  p a r t
o f gall-bearing  l e a v e s ; -----------leaves below  th e  in fec ted  ones, — .•— . —  leaves above th e

infec ted  ones

In  the  leaves below  th e  in fec ted  ones, th e  am ino-acid  level (excep t the  
c o n c e n tra tio n  o f a lan in e) w as n o t a lte red  to  an y  m ark ed  e x te n t. T he a lan ine 
level increased u p o n  in fec tio n .

In  leaves ab o v e  th e  in fec ted  ones, a h igh ly  increased  serine level w as found 
14 d ay s a fte r  in fec tio n . In  c o n tra s t , th e  g lu tam ic-acid  an d  a lan in e  c o n cen tra tio n  
decreased . L a te r , also th e  serine level decreased. H igh  serine levels are  ch a rac ­
te r is tic  for young  leaves in  general. T herefore, th e  h igh  serine c o n te n t o f th e  
leaves in  questio n  m ig h t be ex p la ined  w ith  th e  red u ced  g ro w th  o f in fec ted  
p la n ts  [15]. D ue to  th e  red u ced  g row th  of in fec ted  p la n ts , th e  leaves above 
th e  galls are “ y o u n g e r”  th a n  th e  correspond ing  leaves o f h e a lth y  p la n ts .

T he effect o f  in fec tio n  on th e  am ino-acid  level is s tro n g e s t in th e  in fec ted  
leaves. A n increase in  a sp a rtic -ac id  co n cen tra tio n  is c h a ra c te r is tic  b o th  for th e  
galls an d  for th e  tissu es  o f ga ll-bearing  leaves. As can  be seen in F ig . 5, in 
y o u n g  galls th e  c o n c e n tra tio n  of g lu tam ic  acid w as also h ig h ly  increased  
(700% ) as com pared  to  th e  g lu tam ic-ac id  level in co m p arab le  h e a lth y  leaves.

Acta Biol. Hung. 14. 1964



A
cta 

B
iol. H

ung. 14. 1964

Table 1

E ffect o f  infection w ith  U stilago  m ay d is  on the am ino-acid content o f  the leaves o f  the highly susceptible maize variety No. 62*
(a) 14 days a f te r  in fec tion

Lower leaves (1st group) Middle leaves (2nd group) Upper leaves (3rd group)

Amino acid К cg l К f g к eg2

mg/g “ g/g «g/к m g/g m g/g f/K ™g/g g/K g/f “ g/g m g/g «g/к

A spartic  acid . + 0.025 + 0.106 + + 0.286 2.69 + 0.038 "Г
G lutam ic acid . 0.091 0.084 - 1 .0 8 0.050 0.243 4.86 0.353 7.06 1.45 0.056 0.027 - 2 .0 7

Serine .............. 0.041 0.041 1.00 0.076 0.159 2.09 0.231 3.03 1.45 0.172 0.437 2.54

G ly c in e .............. 0.023 0.030 1.30 0.044 0.043 - 1 .0 2 0.065 1.47 1.51 0.081 0.079 - 1 .0 2

A lanine ............ 0.318 0.460 1.44 0.330 0.295 - 1 .1 1 0.223 -  1.47 -  1.32 0.336 0.322 - 1 .0 4

(b) 21 days a f te r  in fec tion

A spartic  acid . + 0.012 H" + 0.054 4- 0.061 + 1.12 + 0.009 ±
G lutam ic acid . 0.091 0.051 - 1 .7 8 0.050 0.152 3.04 0.196 3.92 1.28 0.056 0.012 -  4.66

Serine .............. 0.041 0.058 1.41 0.076 0.137 1.80 0.114 1.50 — 1.20 0.172 0.152 - 1 .1 3

G ly c in e .............. 0.023 0.025 1.08 0.044 0.058 1.31 0.023 1.91 -  2.52 0.081 0.073 - 1 .1 0

Alanine ............ 0.318 0.721 2.26 0.330 0.309 - 1 .0 6 0.161 -  2.04 1.91 0.336 0.180 - 1 .8 6

(c) 28 days a f te r  in fec tion

A spartic  acid . 4- ± + 0.016 -f- + ± — 0.011 4-
G lutam ic acid . 0.091 0.065 - 1 .4 0 0.050 0.035 - 1 .4 2 0.111 2.22 3.17 0.056 0.036 - 1 .5 5

Serine .............. 0.041 0.051 1.24 0.076 0.084 1.10 0.033 2.30 -  2.54 0.172 0.157 - 1 .0 9

G ly c in e .............. 0.023 0.044 1.91 0.044 0.092 2.09 0.010 - 4.40 — 9.20 0.081 0.085 1.04

Alanine ............ 0.318 1.100 3.45 0.330 0.634 1.92 0.030 - 11.00 - 2 1 .1 3 0.336 0.327 - 1 .0 2

* К  - leaves o f co n tro l p lan ts ; eg l =  leaves u n d e r th e  in fec ted  ones; eg2 =  leaves above th e  in fec ted  ones; f  =  “ h e a lth y ”  tissue  
a d ja c e n t to  th e  gall; g =  gall; eg /K , f/K  and  g /K  =  re la tiv e  am ino acid  co n ten ts .
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In  the  la te r  s tag es  o f th e  disease, a decrease  in  th e  am o u n t of a sp a r tic  ac id  and 
g lu tam ic  acid  also  c o n tr ib u te d  to  a genera l decrease  in the  level o f  am in o  acids 
in th e  galls (F ig . 4). H ow ever, decrease w as m o st conspicuous in re sp e c t o f th e  
o th e r th ree  ex am in ed  am ino  acids.

T he level o f  serine an d  glycine was in it ia lly  h igh in b o th  th e  galls a n d  in 
th e  tissues o f  ga ll-b earin g  leaves, h u t dec reased  in  th e  la te r  p h ases  o f  th e

Fig. 5. A m ino-ac id  c o n te n t  o f in fec ted  p lan ts  o f v a r ie ty  N o. 62 in various p h ases  o f  th e
disease (14, 21 a n d  28 d ay s  a f te r  in fection). R e la tiv e  am in o -ac id  co n ten t o f th e  galls ( ---------- )
an d  ga ll-bearing  leav es ( ------------ ) as com pared  to  co rre sp o n d in g  contro l leaves (h o rizo n ta l
line), and  re la tiv e  am in o -ac id  c o n te n t o f th e  galls (— . — . — ), as com pared  to  th e  g a ll-b ea rin g

leaves (h o rizo n tal line)

disease. B y c o n tra s t ,  th e  co n cen tra tio n  of a la n in e  was low even in  th e  gall 
tissues th ro u g h o u t th e  in fection .

The o bserved  p ic tu re  m ig h t be ex p la in ed  b y  tw o processes ta k in g  p lace 
s im u ltan eo u sly  in  in fec ted  tissues:

(a) In c rea se  in  am ino  acid syn thesis  u p o n  infec tion .
(b) S y n th es is  o f  p ro te in s  of th e  gall tis su e  an d  of the  fungal m yce lia  

from  th e  free am in o  acid  pool.
These to w  processes lead  fina lly  to  a decrease  o f free am ino ac ids in  th e  

leaves of th e  m aize.
I t  was show n in a p rev ious s tu d y  [13] t h a t  th e  lev e l o f reducing  su g a rs  is 

increased  in th e  gall tissue . T h is m ight he re la te d  to  th e  higher re sp ira to ry  ra te  
o f th e  gall. T he in c reased  ra te  of am ino-acid  sy n th e s is  is p robab ly  c o rre la ted  
w ith  th e  s tim u la te d  re sp ira tio n  w hich p ro v id es  th e  carbon  sceletons (k e to  
acids) for am in o -ac id  sy n th esis . The increased  g lu tam ic-ac id  level o f  th e  galls
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is in  lin e  w ith  th is  idea. T he o th e r  am ino acids p ro b a b ly  arise seco n d arily  b y  
t r a n s a m in a tio n . The low a la n in e  co n ten t re m a in s  u n exp la ined  unless th e  s y n ­
th e s is  o f  a lan ine  is p rim a rily  a p h o to sy n th e tic  p rocess. The gall tissu e  c o n ta in s  
l i t t le  ch lo ro p h y ll.

T o  sum  up, it  ap p ea rs  t h a t  th e  fungus in d u ces  a stim u la ted  m e ta b o lism  
in th e  h o s t  tissues and  uses th e  p roduc ts o f  s tim u la te d  m etabo lism  fo r th e  
s y n th e t ic  processes n ecessa ry  for fungal g ro w th . T he p a rasitica lly  in d u ced  
a l te r a t io n s  are not localized  to  th e  im m ed ia te  neighbourhood  of th e  in fec tio n  
site .

T he effect o f  infection on the amino-acid, content o f  maize varieties exh ib iting  
various degrees o f  resistance to U stilag o  m aydis

R e su lts  o b ta ined  w ith  th re e  v a rie tie s  a re  su m m arized  in  Fig. 6. I t  c a n  be 
seen th a t  th e  co n cen tra tio n  o f  am ino acid d ec reased  in the  lea f tissu es  o f  th e  
m o re  o r less re s is tan t a n d  o f  th e  m o d e ra te ly  su scep tib le  v a rie ty , b o th  in  th e

'S

F ig . 6. D ifferences in  th e  a m in o -ac id  c o n ten t of s im ila rly  s itu a te d  infected  an d  h e a lth y  leaves. 
E G 1  =  leav es below th e  in fec te d  ones. EG2 =  leaves a b o v e  th e  infected  ones. -G =  “ h e a lth y ” 
p a r t s  o f  gall-bearing  leaves. G =  ga ll tissue. E m p ty  c o lu m n  =  local v a rie ty  N o. 42. S tr ia te d  

co lum n =  “ M in d szen tp u sz ta !  sá rg a” . B lack  c o lu m n  =  local v a r ie ty  N o. 62

u n in fe c te d  p a rt o f th e  ga ll-b earin g  leaves an d  in leaves below  in fec ted  ones. 
D e te rm in a tio n s  were m ad e  14 days a fte r  in fe c tio n . The am ino-acid  c o n te n t 
in c re a se d  in  the  co rresp o n d in g  tissues of th e  h ig h ly  susceptible v a r ie ty . The 
t r e n d  o f  the  change in  th e  am ino-acid  level w as th e  sam e in th e  gall tissue .

P o st-in fec tio n a l chan g es in th e  level o f  v a rio u s  am ino acids a re  show n in 
T a b le s  1 and  2 and  F ig . 7. I n  th e  figure, th e  ch an g e  in  co n cen tra tio n  (increase
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Table 2

Effect o f  infection ivith U stilago m ayd is on the am ino-acid content o f  moderately 
susceptible maize varieties*

Local v a r ie ty  No. 42

Amino acid

Lower leaves (1st group) Middle leaves (2nd group) U pper leaves (3rd group)

К egl К f g К eg2

mg/g mg/g eg/k mg/g mg/g f/K mg/g g/K  g/f mg/g mg/g 1 rg  К >

A spartic  acid . 

G lutam ic acid .

Serine ..............

G ly c in e ..............

A lanine ............

0.117

0.059

0.040

0.761

+
0.138

0.012

0.012

0.831

1.16

- 4 .9 1

- 3 .3 0

1.09

0.029

0.127

0.268

0.083

0.938

0.188

0.245

0.111

0.088

0.654

6.48

1.92

- 2 .4 1

1.06

- 1 .4 3

0.170

0.216

0.144

0.101

0.187

5.86

1.70

- 1 .8 6

1.21

- 5 .0 1

— 1.10

— 1.13

1.29

1.14

- 3 .4 9

0.032

0.213

0.526

0.323

0.814

0.870

0.261

1.044

z

>______ n

1.65 jg 

- 1 .2 3  'Í

1.28 о

„ M in d szen tp u sz ta i sá rg a”  -

A spartic  acid . 

G lutam ic acid .

Serine ..............

G ly c in e ..............

A lanine ............

0.017

0.200

0.074

0.057

0.901

0.026

0.148

0.056

0.040

0.795

1.52

- 1 .3 5

- 1 .3 2

- 1 .4 2

- 1 .1 3

0.089

0.143

0.137
0.062

0.681

0.294

0.307

0.345

0.124

0.447

3.30

2.14

2.51

2.00

- 1 .5 2

0.125

0.190

0.062

0.032

0.090

1.40

1.32

- 2 .2 0

- 1 .9 3

- 7 .5 6

-  2.35 

- 1 .6 1  

- 5 .5 6  

- 3 .8 7  

- 4 .9 6

0.097

0.119
0.542

0.177

0.608

0.020

0.068

0.500

0.185

0.721

- 4 .8 5  g
я

- 1 .7 5  

— 1.08 

1.04 

1.18

* F or legends see T ab le  1.
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or dec rease)  is given w ith  reference  to  correspond ing  h e a l th y  leaves. I t  c an  be  
seen t h a t  in  all the  th re e  va r ie t ie s  the level o f  a sp a r t ic  and g lu tam ic  acid 
in c re a se d  b o th  in th e  n o n - in fec ted  p a r t  of th e  ga ll-bearing  leaves and in  th e  
galls. T h e  g rea tes t  increase w as found in h ig h ly  susceptib le  v a r ie ty  No. 62.

T h e  serine co n te n t  w as red u ced  in the  galls a n d  in the  un infected  p a r t s  
of ga l l -h ea r in g  leaves in  v a r i e ty  No. 42. I n  th e  v a r ie ty  “ M indszen tpusz ta i  
s á rg a ” , t h e  serine c o n te n t  decreased  in th e  gall t issues  only. In  th e  h igh ly  
suscep t ib le  v a r ie ty  th e re  was a general increase in  serine content.

F ig . 7. E ffe c t of infection  on th e  am ino-ac id  c o n ten t o f m aize  va rie tie s . The colum ns re p re se n t 
p lus a n d  m in u s  differences b e tw een  th e  am ino-acid  c o n te n t o f “ h e a lth y ” p a rts  o f g a ll-b ea rin g  
leaves a n d  co n tro l leaves (f— k), g a ll tissu es an d  co n tro l leav es (g — k), gall tissues a n d  “ h e a l th y ”  
p a r ts  o f  g a ll-b ea rin g  leaves (g— f). E m p ty  colum n =  loca l v a r ie ty  No. 42. S tr ia te d  c o lu m n  =  

“ M in d szen tp u sz ta i s á rg a ” . B lack  co lum n =  loca l v a r ie ty  No. 62

T h e  glicine co n ten t  u n d e rw e n t  no m a rk e d  change. By c o n tra s t ,  th e  
a lan in e  level decreased in  th e  infected leaves of  all th e  three var ie ties .  T he  
g re a te s t  decrease in a lan ine  was found in th e  galls. This m ay  have b een  due  
to  a p rocess  of rap id  u t i l iz a t io n .  The decrease in  a lan ine  was sm allest in  th e  
h ig h ly  susceptib le  v a r ie ty  in  all exam ined  tissues. T h e  increased u ti l iza t ion  of 
a lan in e  w as there  p ro b a b ly  som ew ha t m asked  b y  increased  alanine syn thes is .

T h e  differences in  am ino -ac id  co n ten t  in  in fec ted  and h ea l th y  tissues ,  
a n d  th e  v a r ie ta l  differences a re  show n in th e  co lu m n  g /K  of Table  l a  a n d  T ab le  
2. T h e re  w as a m a rk e d  post- in fec t iona l  a c c u m u la t io n  of g lutamic acid  in  th e  
su scep t ib le  va r ie ty .  I t  a p p e a rs  th a t ,  in the  suscep tib le  var ie ty ,  i t  is p r inc ipa lly  
th e  s y n th e s is  of p r im a ry  a m in o  acid which is gea red  to  a higher level.

I n  p re l im ina ry  inv es t ig a t io n s ,  the  effect o f  in fection  on the  k c to -ac id  
level w as  also tes ted . T he  re su l ts  are su m m arized  in  Tab le  3. I t  is e v id e n t  t h a t
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th e  k e to -ac id  c o n te n t increased up o n  in fec tio n , p a rticu la rly  in  th e  h ig h ly  
suscep tib le  v a r ie ty . P a p e r  ch ro m a to g rap h ic  s tud ies ind icated  t h a t  th e  m ajo r 
co m p o n en t w as a -k e to g lu ta ric  acid. T his o b se rv a tio n  is in line w ith  th e  th eo ry  
th a t  th e  in te n s ity  o f p rim a ry  am ino-acid  sy n th e s is  is increased u p o n  in fec tio n .

Table 3

E ffect o f  infection on the keto-acid content o f  maize varieties

Local varieties

Total keto- 
mg/100

acid co n ten t 
g tissue

c/g

control (c) g»11 (g)

No. 62 2.12 6.15 2.90

No. 42 2.66 3.62 1.36

In fec tio n s  localized  to  th e  s tem  also  a ffec t th e  am ino-acid  m e tab o lism  
o f th e  lea f tis su e s . As show n in F ig . 8, th e  am ino-acid  co n ten t in  th e  lea f 
tissues d ecreased  p a r tic u la r ly  in  leaves a b o v e  th e  gall developing o n  th e  in te r ­
node. All am ino  ac id s  w ere affec ted  to  a p p ro x im a te ly  the  sam e e x te n t  (F ig . 9).

leaf number

Fig. 8. E ffec t o f ga lls  developed  on th e  3rd a n d  4 th  in te rn o d es  on the  level o f  free  am ino  
acids in th e  leaves o f  th e  local v a rie ty  No. 42. (-----------c o n t r o l ; ------------- in fec ted  p la n t)

D iscussion

As th e  p a ra s itic  phase o f Ustilago m a yd is  is unab le  to  m eet i ts  am in o - 
acid re q u ire m e n t b y  syn th esis  from  ino rg an ic  N -sources [12], i t  seem s ju s t if ie d  
to  assum e th a t  th e  am ino-acid  m etabo lism  o f  th e  m aize p lan t p lay s a ro le  in  
th e  resistance  o f th e  h o st to  p a ras itic  a tta c k . H o w ev er, no correlation  w as found

A da Biol. Hung. 14. 1964



2 6 0 M . P E T H Ő

to  e x is t b e tw e e n  th e  am in o -ac id  con ten t of h e a lth y  p la n ts  and th e ir  re s is ta n c e  
to  U. m a rd is .  This in d ica te s  t h a t  th e  re la tio n  b e tw e e n  am ino-acid level a n d  
su sc e p tib il i ty  is com plex. O lder leaves are c o m p le te ly  re sis tan t to  in fe c tio n  
d esp ite  th e i r  re la tiv e ly  h ig h  am ino-acid  c o n te n t. I n  younger leaves of su sc e p ­
tib le  v a r ie tie s , how ever, th e  am ino-acid  c o n te n t is h ig h  (Fig. 2), and  th e  h ig h  
am in o -ac id  level of th ese  leaves m ight have a ro le in  th e ir  su scep tib ility . T h is  
p o ss ib ility  is p a rtic u la r ly  suggestive , as the m a jo r free  am ino acids in th e  m a ize  
lea f  a re  id en tica l w ith  th o se  show n to  be e ffec tiv e  in  prom oting th e  d e v e lo p ­
m en t o f  th e  p a ras itic  p h ase  o f  th e  fungus on s y n th e tic  m edia.

leaf number leaf number
F ig . 9. E f fe c t  o f galls d ev elo p ed  on  th e  3rd  and  4 th  in te rn o d e s  on th e  level o f som e am in o  
acids in  th e  lea f tissues o f loca l v a r ie ty  No. 42. (---------- c o n tro l; — . — . —  in fec ted  p la n t)

I t  h as been show n b y  a n um ber of a u th o rs  th a t  the  n itrogen  n u tr i t io n  
of th e  h o s t has an im p o r ta n t  effect on the o u tco m e  o f the  host-p arasite  r e la t io n ­
sh ip  [1, 3, 5, 14, 16, 18, 20 ,  21 ] .  A l t e n  an d  O r t h  [1] d em o n stra ted  t h a t  an  
in c re a se d  N  : К  ra tio  in c rea sed  th e  c o n c e n tra tio n  o f free am ino acids in  th e  
p o ta to  tissu es  and also th e ir  su scep tib ility  to  P hytophthora. O f course, n o t  on ly  
th e  t o ta l  am ino-acid  c o n c e n tra tio n  is im p o r ta n t b u t  th e  change in am in o -ac id  
s p e c tru m  as well. Som e am ino  acids m igh t be in h ib ito ry  for th e  fu n g u s  ev e n  
a t  lo w  co n cen tra tio n s . T h is has been show n in p rev io u s  stud ies on th e  in  vitro  
g ro w th  o f the  fungus [12].  In  th is  connec tion  th e  selective in h ib ito ry  e ffec t 
e x e r te d  b y  ex trac ts  from  o lder leaves on th e  g ro w th  of the  p a ras itic  p h a se  o f 
fu n g u s  shou ld  also be  m en tio n ed .

T h e  com plex ity  o f  th e  situ a tio n  is in d ic a te d  b y  the  fac t t h a t  v a r io u s  
d iseases  are ch a rac te rized  b y  a d ifferen t re la tio n sh ip  betw een n itro g en  m e ta b ­
o lism  a n d  resistance . T h u s , th e re  appears to  be  a  positive co rre la tion  b e tw e e n  
am in o -a c id  co n ten t an d  su scep tib ility  to  “ b ru s o n e ”  in  rice [21]. B y c o n tra s t ,  
c a b b a g e  v arie ties r e s is ta n t  to  Botrytis cinerea  c o n ta in  5 — 6 tim es h ig h e r levels 
o f  so m e am ino acids th a n  th e  susceptib le v a r ie tie s  [16]. In  ad d itio n , som e am ino
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ac ids have  no effect on th e  p a ra s ite  in  vitro  b u t  increase th e  re s is ta n c e  of the 
h o s t if  supp lied  to  th e  tissu es  p re in fec tio n a lly  in vivo [11].

T he rise in th e  level o f a sp a r tic  an d  g lu tam ic  acids in  y o u n g  galls, as 
re p o r te d  in th e  p re se n t p a p e r, is in  line w ith  th e  earlier find ings o f  T uriain [20]. 
T h e  increased  level o f  a -k e to g lu ta r ic  acid found  by  him  an d  co n firm e d  in the 
p re se n t s tu d y  (Table 3) is a fu r th e r  im p o r ta n t  fea tu re  of the  p a ra s it ic a lly  a lte red  
m e tab o lism  and  in d ica tes  th a t  a w hole b io sy n th e tic  sequence is s tim u la ted  
u p o n  in fection . I t  seem s possib le t h a t  th e  v a r ie ta l  d ifferences in  su scep tib ility  
d esc rib ed  in th e  p re sen t p ap e r can he ex p la in ed  w ith  a d iffe re n t response  to  
in fec tio n  of th is  b io sy n th e tic  sy stem .

In  add ition  to  th e  role o f p r im a ry  am ino-acid  syn thesis , tra n sa m in a tio n s  
also  govern  th e  am in o -ac id  level. T h u s , it  w as show n b y  S h a w  a n d  Co l o t e l o  
[18] th a t  th e  co n c e n tra tio n  o f  a g re a t n u m b e r of am ino acids b ecam e  higher 
in  ru s t- in fec ted  suscep tib le  w h ea t leaves. T he h igher level o f g lu ta m in e  m ay  be 
d u e  to  th e  en h an ced  a c tiv i ty  o f g lu tam in e  sy n th e ta se  and to  a h ig h e r am m onia  
level [5]. I t  m u st he s tressed  th a t  n o t on ly  d icarboxy lic  am ino  ac id s  m ay  be 
in v o lv ed  in th e  tra n sa m in a tio n  process. T he m u tu a l tra n s fo rm a tio n  of serine 
an d  glycine has also been  d e m o n s tra te d  in m aize [9].

In  our ex p erim en ts , a decrease in a lan ine  co n cen tra tio n  w as found  in 
gall tissu es  induced  b y  U. m ayd is. T h is is in  c o n tra s t Avith T u r i a n ’s obser­
v a tio n s  [20] who found  an  increase in  th e  a lan ine  level of y o ung  galls. I t  should 
he n o te d  th a t  th e  d a ta  av a ilab le  on am ino-ac id  m etabo lism  in th e  gall tissues 
o f  m aize  in fec ted  w ith  U. m ayd is  are  co n tra d ic to ry . D e V a y  a n d  R o w e l l  [4] 
fo u n d  no m ajo r a lte ra tio n  o f th e  am in o -ac id  sp ec tru m  excep t a decrease in 
g lu t a m ine. B y c o n tra s t , T u r i a n  [20] re p o rte d  on a m arked  in crease  in  g lu ta ­
m ine in U stilag o -in d u ced  galls. T hese d iscrepancies m igh t be e x p la in e d  b y  the  
fa c t th a t  th e  vario u s a u th o rs  used  p la n ts  o f d iffe ren t su scep tib ilitie s  in  th e ir 
s tu d ie s , an d  th e  disease w as d iffe re n tly  ad v an ced  in th e ir m a te r ia l .

I t  is im p o r ta n t to  s tre ss  th a t  th e  effect o f infection  e x te n d s  to  th e  u n in ­
fec ted  p a r ts  of th e  p la n t . T he obv iously  to x ic  effect of th e  fu n g u s  has been 
o b serv ed  by  o th e r a u th o rs  also [17].

In fec tio n  of th e  s te m  also induces a decrease of am ino acids in  th e  leaves 
(F ig . 8). The fa c t th a t  th e  c o n c e n tra tio n  of all exam ined  am ino ac ids d im in ished  
to  th e  sam e e x te n t (F ig . 9) suggests th a t  p ro b a b ly  some early  s te p s  o f am ino- 
acid  sy n th esis  were a ffec ted . I t  is possible th a t  th e  galls u tilize  th e  inorgan ic  
N -resources of th e  p la n t  fo r th e  sy n th esis  o f am ino  acids. T herefo re , th e  p h y sio ­
logical effect of in fec tion  m an ifests  itse lf  in a d ifferen t w ay  in th e  in fec ted  
leaves a n d  in those ab o v e  or below  th e  galls.

In  ad d itio n  to  th e  sy n th esis  o f k e to  acids [20], a su ffic ien tly  h igh  in o r­
g an ic  N -level is n ecessary  for increased  am ino-acid  syn thesis  a t  th e  site  of 
in fec tio n . As 80 to  95 p e r cen t of th e  N -com pounds tak en  up b y  th e  ro o ts  are 
tra n s fo rm e d  a lready  in  th e  ro o t sy stem  in o rgan ic  form  [2], i t  seem s possible
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t h a t  th e  inorganic  n itro g en  c o n te n t  of the  o v e rg ro u n d  organs ham pers in te n ­
sive am in o -ac id  sy n th esis  in  th e  infected  tissu es . D ifferences in th e  levels of 
free a m in o  acids in th e  in v e s tig a te d  m aize v a rie tie s  m a y  be in connection  w ith  
d iffe ren ces  in the  m e tab o lic  a c t iv i ty  of th e ir  ro o t sy s tem s. I t  is well know n 
th a t ,  in  th e  m aize, th e re  is a close co rrelation  b e tw e e n  th e  grow th of th e  ro o t 
sy s te m  a n d  th a t  o f o v e rg ro u n d  organs [6].
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A M IN O S Ä U R E S T O F F W E C H S E L  U N D  R E S IS T E N Z  G E G E N  U STILA G O  M A Y D IS
B E I D E R  M A IS P F L A N Z E

V erfasser u n te rsu c h te  p a p ie rch ro m a to g ra p h isch  den  A m inosäuregehalt v o n  v e rsch ie ­
d en en  gesunden  u n d  in fiz ie rten  In d iv id u e n  v o n  Zea m a ys , die gegen Ustilago m a y d is  einen 
u n te rsch ied lich en  R esis ten zg rad  aufw iesen. E s w u rd e  fe s tg es te llt, dass zw ischen d em  A m ino­
sä u reg e h a lt u n d  de r R esis ten z  gegen Ustilago m ayd is  de r gesunden In d iv id u e n  d e r  v e rsch ie ­
d en en  Sorten  ein  n e g a tiv e r Z u sam m en h an g  b e s te h t .  In  den  Gallen der in f iz ie r te n  P flan zen  
s te ig t  der A sp arag in - u n d  G lu tam in sä u reg e h a lt an . D ieser Prozess is t bei d e r u n te rs u c h te n  
an fä llig en  S orte  m eh r a u sg ep räg t. D er Serin- u n d  G ly c in g eh alt n im m t n u r bei d e r  anfälligen  
S o rte  ab . D er A lan in g eh a lt s in k t  bei den  u n te rs u c h te n  S o rten , besonders a b e r  in  d en  ju n g en  
G allen  der w eniger an fälligen  S o rten ; bei der s ta rk  an fällig en  Sorte t r i t t  d ie A b n a h m e  erst 
sp ä te r  ein . U n te r  dem  E in flu ss  de r In fek tio n  s te ig t  a u ch  der K eto säu reg eh alt in  d e n  G allen  an. 
D ie physio logische W irk u n g  des Pilzes e rs tre c k t sich  a u f  d ie G allen trag en d en  B la tte ile  und 
a u ch  a u f  die gesu n d en  B lä tte r .  V erfasser n im m t a u f  G ru n d  der V e rsu ch san g ab en  a n , dass 
es sich  in den in fiz ie rten  G ew eben um  eine a llgem eine  S tim u la tio n  eines b io sy n th e tis ie re n d e n  
S y stem s h a n d e lt, d ie an  H an d  des e rh ö h ten  K e to sä u re - bzw . A m inosäuregehaltes d ie  in ten siv e  
E iw eisssy n th ese , d ie zu r s tä rk e re n  P ro life ra tio n  d e r in f iz ie r ten  Gewebe u n d  zum  P ilzw ach stu m  
n ö tig  is t ,  e rm ö g lich t. D ie un tersch ied lich e  A n fä llig k e it de r Sorten  kann  du rch  d ie ab w eichende  
A k t iv itä t  dieses b io sy n th e tis ie re n d en  System s e rk lä r t  w erden . Die u n te rsch ied lich e  R esistenz 
w ird  ab er au ch  d u rc h  den G eh alt an  fre ien  A m in o sären  von  jungen  in f iz ie rb a re n  G eweben 
b ee in flu sst.

А М И Н О К И С Л О Т Н Ы Й  О Б М Е Н  И У С Т О Й Ч И В О С Т Ь  К У К У Р У З Ы  П Р О Т И В
U STIL A G O  M A Y D IS

При помощи метода хроматографии на бумаге автор изучал аминокислотный состав 
здоровых и пораженных особей сортов кукурузы, в различной степени восприимчивых 
к U stilago  m ayd is, на различных этапах взаимосвязи хозяина и паразита. Установил, 
что между аминокислотным составом здоровых особей отдельных сортов и их восприим­
чивостью к головне имеется отрицательная связь. В желваках пораженных растений 
повышается содержание аспарагиновой и глютаминовой кислот. У сильно восприимчи­
вых сортов это повышение более значительное. Содержание серина и глицина снижается 
только у сильно восприимчивых сортов. В испытанных сортах наблюдается снижение 
содержания аланина, особенно в желваках менее восприимчивых сортов, а у сильно 
восприимчивых это снижение происходит только позже. Под влиянием заражения в 
желваках повышается также и содержание кетокислот. Физиологическое действие грибка 
распространяется и на части листьев, пораженных головней, а также и на незараженные 
листья. На основании полученных данных автор предполагает, что в зараженных тканях 
имеет место общее стимулирование определенной биосинтетизирующей системы, что в 
свою очередь путем повышенного содержания кето- и аминокислот обеспечивает условия 
для интенсивного синтеза белка, необходимого для интенсивной пролиферации зара­
женной ткани и для размножения гиф грибка. Наблюдаемая между восприимчивостью 
отдельных сортов разница объясняется неодинаковой активностью этой биосинтетизирую­
щей системы, но повидимому находится также и под влиянием содержания свободных 
аминокислот молодых восприимчивых тканей отдельных сортов.

M e n y h é r t  P e t h ő , D ebrecen , B öszö rm ény i ú t  104, H u n g a ry
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WATER-SOLUBLE MELANIN PREPARATION

L .  H a h ANGHY  and  Z. KOVATS

SECOND IN ST ITU TE O F PATHOLOGICAL ANATOMY, M EDICAL U N IV ER SITY , BU DA PEST 
(H EA D : L. HARANGHY)

(R ece iv ed  A ugust 15, 1963)

Synopsis

For s tu d ies  co n ce rn in g  th e  biology of m elan o tic  tu m o u rs , m elan in  soluble 
in  n e u tra l w a te ry  m ed iu m  w as needed . S o lub ility  is m ain ly  en su red  b y  th e  p ro te in  
co m p o n en t linked  to  th e  p ig m e n t. A “ n e u tra l”  m elan in  p re p a ra tio n  from  th e  p ig m en ted  
la y e r  o f th e  bovine  eye w as o b ta in e d  w ith  th e  m eth o d  o f H o h e n a d l  an d  D e  P a o l a  
b y  w ashing in d is tilled  w a te r , b u t  i t  was no t soluble. It has  been possible to  iso la te , by  
m ean s of v acu u m  ex sicca tio n  a n d  d ialysis, a su b s tan ce  fro m  th e  u rin e  o f m elan o m ato u s 
p a tie n ts  w hich w as re v e rs ib ly  soluble in d is tilled  w a te r . T he to ta l  n itro g en  c o n te n t 
o f th is  m elan in  p re p a ra tio n s  w as 6.6 per cen t. B y  m eans of th e  n in h y d rin  reac tio n , 
11 am ino acids w ere d e m o n s tra te d  in  its  h y d ro ch lo ric -ac id  h y d ro ly sa te  b y  p ap er 
ch ro m a to g rap h y , th re e  o th e r  sp o ts  were d e tec ted  b y  tr e a tm e n t  w ith  a m m o n ia ted  
silver so lu tion , an d  an  u n id e n tif ie d  yellow  sp o t w as d e te c te d  by  th e  fe rri-fe rri-cy an id e  
reag en t. T he lig h t-a b so rp tio n  cu rve  o f th e  u r in a ry  m elan in  is in  m an y  re sp ec ts  sim ilar 
to  th a t  of a rtif ic ia l m elan in  p re p a re d  from  ty rosine .

In tro d u c tio n

In v estig a tio n s in to  th e  b io logy  of m a lig n an t m elan o tic  tu m o u rs  requ ire  
s tu d ies  to  be m ade o f th e  p ro p e rtie s  of m elan in  p ig m en t. A serious d ifficu lty  
in such stud ies is th e  fac t th a t  b o th  the m elan in  in jec ted  su b cu tan eo u s ly  and  
th e  m elan in  d ep o t c rea ted  b y  in tra m u sc u la r  in jec tio n  rem ain  u n ab so rb ed  and  
ex ert only  a local effect.

A ccording to  H a r a n g h y  an d  co-w orkers [6] m elan in  w ould nevertheless 
cond itio n  th e  effect o f cancerogen ic  substances even  in  subcancerogen ic  doses. 
T he p rob lem  could  be b e s t ap p ro ach ed  by  the  use o f a soluble form  o f m elan in , 
especially  by  in jec tio n  th ro u g h  th e  in trav en o u s ro u te , an d  th e re fo re  th e  m ain  
ta s k  w as to  develop a su ita b le  m elan in  p re p a ra tio n  and  to  dissolve it  in  a 
m ed ium  no t noxious fo r th e  o rgan ism . H a r a n g h y  [5] recom m ends 10 per cen t 
p o tassiu m  carb o n a te  as so lv en t. I t  is, accord ing  to  P e a r s e  [8], abso lu te ly  
inso luble  in organic so lv en ts  or in a n y  o ther so lv en t harm less for th e  tissues.

G j e s d a l  [3] has described  a few “ g en tle”  p ro ced u res  b y  m eans o f w hich 
“ n a tiv e ”  m elan in  could  be p rep a red . The essence o f th ese  m e th o d s is to  
m echan ically  d es tro y  th e  cells co n ta in in g  m elan in , e x tra c t  th e m  w ith  so lu tions 
o f biological p H , th e n  to  s a lt ou t th e  p ig m en ted  frac tio n s  w ith  am m onium  
su lp h a te . M elanin in such  p re p a ra tio n s  is linked  to  a p ro te in  o f p seudog lobu la r
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n a tu r e ,  an d  th is puotein en su re s  th e  s ta b ility  of th e  suspensions -which can be 
p re p a re d  w ith  w ater or w ith  b u ffe rs  of ab o u t p H  7. T he m elan in  of h a ir  and 
f e a th e r s  is a kera tinous in c lu sio n  w hich req u ires  in tense  a lka line  hydro lysis. 
M ed ia  w ith  pH  far from  n e u tr a l  d en a tu re  or even hydro lyze  th e  p ro te in  com ­
p o n e n t  o f  m elanin. T he so lu b ility  of p ig m en ts  so p re p a re d  is considerab ly  
in fe r io r  to  th a t  of n a tiv e  p re p a ra tio n s . W hen  boiled  w ith  acid  or base long 
e n o u g h , th e  p ro tein  c o m p o n e n t o f m elan in  can be b ro k en  dow n com plete ly , 
a n d  th e  so-called rest p ig m e n t, w hich is in fac t th e  com pound  we call m elan in , 
is in so lu b le  even in  1 n  N a O H . In  physica l an d  chem ical p ro p e rtie s  i t  becom es 
m o re  a n d  m ore sim ilar to  th e  h u m in  substances an d  to  m in era l coals as a result 
o f  a n  increase  in C and  ash , a n d  a decrease in H  an d  N co n ten t.

Preparation  o f native m elanin

T o  prepare  n a tiv e  m e la n in , su itab le  for in jec tio n  a n d  s tab le  also when 
s u s p e n d e d  in w ater, we ex c ised  th e  p ig m en ted  lay e r o f th e  bov ine  eye and 
su sp e n d e d  it in d istilled  w a te r , accord ing  to  H o h e n a d l  and  D e  P a ol a  [7]. 
T h e  p ig m e n t fraction  se ttle s  o n  cen trifu g a tio n , th e  p ro te in s  d isso lved  in  w ater 
a n d  th e  f lo a tin g  residues o f th e  m em brane  can  be d ecan ted . R esu sp en d in g  the  
s e d im e n t and  rep ea tin g  p u r if ic a tio n  8 to  10 tim es, we get th e  o cu la r m elanin  
p re p a ra t io n  called “ n e u tra l” , w h ich , in  th e  process of its  p re p a ra tio n , has been 
e x p o se d  to  no reagen t o th e r  th a n  d istilled  w a te r. One th ird  of th is  is boiled 
w ith  azeo tro p ic  acid, an  o th e r  th ird  w ith  10 per cen t K O I! for 24 ho u rs , un d er 
r e f lu x  cooling. On n e u tra liz a tio n , m elan in  p re c ip ita te s  from  th e  alkaline 
so lu tio n , and is no t so luble in  HC1. A fter cen trifu g a tio n  an d  w ash ing  several 
t im e s  in  d istilled  w ate r as w ell as d ry ing  in an  ex sicca to r we o b ta in  th e  bovine- 
eye  m e la n in  p rep ara tio n s su b je c te d  to  “ ac id ”  or “ a lk a lin e”  a f te r - tre a tm e n t.

I n  sp ite  of the  fa c t t h a t  i t  h ad  been exposed  to  no k ind  o f d en a tu rin g  
a g e n t ,  th e  n eu tra l b o v in e-ey e  m elan in  was n o t soluble in  n e u tra l  aqueous 
m e d iu m . The alkaline p re p a ra t io n  was also inso lub le , an d  th e  acid  p re p a ra tio n  
w as d o w n rig h t h yd rophob ic . W e tr ie d , there fo re , to  use sunflow er-seed  oil as 
s o lv e n t an d  to  d isaggregate  th e  acid p re p a ra tio n  by  exposu re  to  u ltra so u n d  
(0.2 W /sq u a re  cm, for fiv e  m in u te s ) . A suspension  stab le  for a few  d ays was 
o b ta in e d , b u t when i t  w as in je c te d  su b cu tan eo u sly , fo re ign -body  reaction  
d e v e lo p e d  around  the  p ig m e n t g ranu les, p rov ing  th a t  th e  m a te r ia l in  th e  h e te ro ­
gen ic  p h ase  was insoluble.

Preparation and properties o f  soluble m elanin

N e x t, we collected u r in e  from  p a tie n ts  w ith  m elanom a as th e  m a te ria l 
f ro m  w h ich  m elanin su itab le  fo r  in jec tio n  could  be p rep a red . In  o rd e r to  avoid 
e ffec ts  lead in g  to  d é n a tu ra t io n , we ough t to  h av e  em ployed  ly o p h ilisa tio n  for
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F ig. 1. U rin e , from  a m elanuric  p a tie n t, d e s icca ted  in a v acu u m  ex siccato r
(ap p ro x , n a tu ra l  size)

deh y d ra t io n .  Possessing no suitab le  eq u ip m e n t ,  we tr ied  exsiccation in vacuo  
which saves th e  p re p a ra t io n  from  th e  effects o f  b o th  h e a t  and  o x ida tion  b y  air. 
H ow ever ,  the  m a te r ia l  k e p t  foam ing over, a n d  so v a c u u m  e v a p o ra t io n  in C 0 2 
a tm osphere  p roved  unfeasib le .  W an tin g  to  a v o id  th e  use of an t i fo am  agen ts ,  
we place th e  urine  in  H 2S 0 4 v a c u u m  exsiccator  a n d  dried  it  for 3 to  4 m o n th s ,  
replacing the  d e h y d ra t in g  agen t  several t im es . D uring  th a t  period, m o s t  of 
th e  p ro te in s  becam e  p u t r id ;  u ra te s  and  p h o sp h a te s  p rec ip i ta ted  from  th e  redd ish  
b row n  sed im ent c o n ta in in g  m elanin , in the  fo rm  o f  big, white  c rysta ls  (Fig. 1).

The m a te r ia l  th u s  o b ta in ed  was su sp en d ed  in  w ater ,  poured  in to  a d ia ­
lyzing shea th  a n d  d ia lyzed  aga ins t  ru n n in g  t a p  w a te r  for 3 days. T he  d a rk  
b row n solution w as s e p a ra te d  from the  inso luble  p a r t  b y  cen tr ifuga tion  and  
sub jec ted  to  v a c u u m  d ry in g  as described above .  Th is  second phase  of  d e h y ­
d ra t io n  lasted  a b o u t  3 to  4 weeks. The residual su b s ta n c e  coated  th e  wall o f  th e  
f lask  as an  a lm os t  b lack  laye r  of ve lve ty  sh ine . I t  dissolved revers ib ly  and  
w ith o u t  residue in  d istilled  w ater .  The yields d e te rm in e d  in several t r ia ls  are 
shown in Table  1.

The u r in a ry  m e lan in  p rep a red  b y  th e  ab o v e  described m e th o d  was m ad e  
in to  a 40 mg p e r  cen t  distilled w a te r  solution a n d  th e  ex tinc tion  was m easu red  
a t  10 wave- leng ths  in an U vifot u l trav io le t  s p e c t ro p h o to m e te r .  T he  curve
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sh o w in g  th e  values E  =  10 g-
10
I

p lo t ted  ag a in s t  wave- length  was co m p ared

w i th  t h e  l ig h t-abso rp tion  c u rv e  of the  ty ros ine -m elan ins  form ed d u r in g  th e  
o x id a t iv e  désam ina tion  of  ty ro s in e  so lutions (40 m g per cent, p H  a ro u n d  7) 
b y  h y d ro g e n  peroxide in  th e  presence of  copper  (tyrosine 1 : c o p p e r  0.1 : 
h y d r o g e n  peroxide 10) [5]. T h e  artif ic ia l ty ros ine-m elan ins  p re p a re d  u n d e r  
co n d i t io n s  s im ula ting  b io log ica l conditions as regards  p H  an d  t e m p e ra tu re ,  
sh o w e d  ligh t  abso rp tion  t h a t  was in m a n y  respec ts  similar to  t h a t  o f  n a tu ra l  
u r i n a r y  m elanin .

Table 1

P r e p a r a t io n  o f  u r in a r y  m e la n in

A
Urine ml

B c

solids Dialyzed water-soluble preparation

g per cent A g per cent В per cent A

530  ................ 2 3 .4 4 .4 1 .6 4 7 .0 0 .31

1 150 ................ 6 5 .5 5 .7 0 .4 5 0 .7 0 .0 3 9

1000  ................ 5 8 .3 5 .8 0 .3 6 0 .6 0 .0 3 6

I t  was par t icu la r ly  consp icuous th a t  ev e ry  exam ined  curve show ed  peaks 
a t  510 an d  564 m/i B u ’ L o c k  [1] claims t h a t  from  am ong the  in te rm e d ia te s  
o f  t h e  m elan in  p o lym eriza te  p rep a red  from  5 .6-d ihydroxyindole  b y  e n zy m a tic  
o x id a t io n  those showing ab so rp t io n  m a x im u m  a t  530 m /< are d im ers ,  while 
t h e  540 т/л  peak  ind ica tes  tr im ers .  I t  is b e y o n d  d o u b t  t h a t  in th e  ex am in ed  
so lu t io n  o f  the  sy n th e t ic  ty ro s in e -m elan in  th e  second and th i rd  m em b ers  of 
t h e  p o ly m er  chain were fo rm ed  in the  course of  the  synthesis  of th e  m a c ro ­
m olecu le .  B u t  it  is unc lea r  w h e th e r  in th e  so lu tion  o f  the  u r in a ry  m e lan in  the  
s a m e  com pounds  are in te rm e d ia te s  o f  syn thes is  or b reakdow n.

Moreover, the  q u es t io n  emerged w h e th e r  th e  excellent so lub il i ty  of  the  
u r i n a r y  m elanin  p re p a re d  b y  th e  above m e th o d  was due to  the  considerab le  
p r o p o r t io n  of dimers a n d  t r im ers  it  co n ta in ed ,  resu lting  in  a low  re la tive  
m o le c u la r  weight, or to  th e  lyophilic  p ropert ie s  of th e  protein  c o n ju g a te d  w ith  
th e  p ig m en t .  To solve th e  p ro b lem , we su b je c te d  th e  melanin p re p a ra t io n  to 
HC1 hydro lysis , d r ied  i t  in  vacuo, redissolved it in distilled w a te r  a n d ,  a f te r  
t h a t ,  exam ined  i t  b y  p a p e r  c h ro m a to g ra p h y  (bu tano l  : acetic ac id  : w a te r  
4 : 1 : 5 ,  Schleicher-Schiill 20436 paper ,  oned im ensiona l descending techn ique) .  
T h e  n u m ero u s  u n m is ta k a b le  spots app ea r in g  on deve lopm ent w ith  n in h y d ro n  
p ro v e d  th a t  the  u r in a ry  m e lan in  con ta ined  p ro te in .  In  the h y d ro ly z a te ,  so o t­
like  insoluble granules were found : th e y  rep re se n te d  m acro-m olecular  m elanin  
o f  “ re s t-p ig m en t”  n a tu re ,  dep rived  b y  acid hydro lysis  of th e  p ro te in  which
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ensures solubili ty . The liquid phase  of  th e  h y d ro ly z a te  was d a rk  b ro w n ;  th e  
p re p a ra t io n  h ad ,  th u s ,  also com ponen ts  o f  low  m olecular weight, so lub le  even  
w ith o u t  p ro te in .

F o r  th e  sake  of  com parison th e  c h ro m a to g ra m s  of a few m e lan in  p r e p a ­
ra t ions ,  those  of  th e ir  hyd ro lyza tes  and  one or  tw o po ten tia l  in te rm e d ia te s ,  
developed b y  d iffe ren t  reagents ,  are p resen ted  in  the following.

F ig. 2. A b so rp tio n  cu rv es o f m elan in  so lu tions (40 m g/100  m l) m ade up w ith  d iffe re n t b u ffers  
o r 0.1 n  sod ium  h y d r o x y d e .------------ m elan in  fro m  u r i n e , ----------- m elanin  fro m  ty ro s in e

T he c h ro m a to g ra m  developed w ith  n in h y d r in  shows m a n y  a m in o -ac id  
spots o f  th e  m elan in  hyd ro lyza tes  (u r in a ry  m e lan in ,  n eu tra l  bovine-eye p r e p a ­
ration). In  th e  h y d ro ly za te s  of the  bovine-eye  m elan ins ,  boiled p rev io u s ly  w i th  
acid o f  base , no am ino  acids were d em o n s trab le .  I n  the  hydro lyza tes  c o n ta in in g  
am ino acids th e  spo ts  h ave  the  sam e positions, b u t  owing to  differences in  c o n ­
cen tra t io n  the  c h ro m a to g ra m  of th e  h y d ro ly z a te  of the  eye m e lan in  is tw o  
spots sh o r t  because  am ino acids of  th e  low est concen tra t ions  did n o t  a p p e a r .  
In  ag reem en t  w i th  th e  d a ta  pub lished  b y  G j e s d a l  [3], th e  am ino ac ids  were 
iden tif ied  as glycine, alanine, valine, leucine, serine, cystine, a sp a ra t ic  acid, 
g lu tam ic  acid, a rg in ine , pheny la lan ine  and  ty ros ine .

A fte r  dev e lo p m en t  w ith  a m m o n ia te d  silver solution (0.1 n A g N O ;i : 
5 n N 11,011 1 : 1 ) ,  th ree  greyish b lue spots ,  separab le  b y  runn ing  for  longer  
periods o f  t im e  could  be visualized. T he ir  R f  va lues  were 0.07, 0.16 a n d  0.25. 
Three g rey  spots  o f  s im ilar Ri value  (0.06, 0.24 and  0.30) were fo u n d  b y  
G h i s l a n d i  [2] in th e  ur ine  of pa t ien ts  w ith  m e lan o m a . He claimed th e m  to  h av e  
been p ro d u ced  b y  some m elanotic  su b s tan ces .  T hese  spots are invisible w i th o u t  
d eve lopm en t,  and  we regard  them  as leuko-eom pounds  produced in th e  course
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of HC1 hydro lys is  o f  m e lan in s  t h a t  arc cap ab le  o f  reducing silver, desc r ibed  to  
he c h a ra c te r is t ic  from  th e  p o in t  of view o f  th e  iden tif ica tion  of m e lan in .  The 
th r e e  c h a rac te r is t ic  p ro d u c ts  o f  m elanin  h y d ro ly s is  occurred  no t  on ly  in  th e  
u r i n a r y  m e lan in  b u t  also in  th e  h y d ro ly za te  o f  th e  eye melanins (n eu tra l ,  acid 
a n d  a lkaline) .

T h e  fe rr i-fe rr icyan ide  reagen t ,  r e c o m m e n d e d  for the  d e m o n s t ra t io n  of 
a ro m a t ic  acids an d  phenols  [4], p roduced  a l ive ly  yellow spot a t  R f 0.32 on  th e  
d isco lo u red  paper .  T he  non -reduc ing  c o m p o u n d  giving the  reaction  is u n k n o w n .  
T he  re d u c in g  substances ,  for exam ple D O P A , a p p e a re d  as d a rk  b lue sp o ts  on 
th e  p a p e r  s ta ined  green.

W e  de te rm in ed  also th e  to ta l  N c o n te n t  o f  th e  m elanin  p re p a ra t io n s  
c o m p a re d  in th is  s tu d y  b y  th e  K je ldah l  m e th o d .  T he  results are su m m ar ized  
in  T a b le  2.

Table 2

S o m e  p r o p e r t ie s  o f  m e la n in  p r e p a r a t io n s

Total-N  per cen t
Solubility in 

distilled water Protein content

6.6

B ovine-eye m elanin , n e u t r a l .............. 10.1 —

B ovine-eye m elanin , acid ................... 4.4 — —

B ovine-eye m elan in , a lkaline  ............ 6.1 — —

T y ro sin e  m elanin , sy n th e tic  .............. 5.3 + —

T h e  lowest n i trogen  co n ten t  was fo u n d  in  th e  acid bovine-eye m e lan in  
w hose  p ro te in  com ponen t h a d  been rem o v ed  to  a m ax im u m  ex ten t  b y  h y d r o ­
lysis. L ikewise, a lm os t  all o f  th e  p ro te in  w as re m o v e d  from the alkaline bovine- 
eye m e lan in .  The inso lub il i ty  of these p re p a ra t io n s  is due to  the  absence  o f  th e  
ly o p h i l  p ro te in  c o m p o n en t ,  and  the ir  p ro p e r t ie s  are  identical w ith  th o se  o f  th e  
r e s t -p ig m e n t  described b y  G j e s d a h l  [ 3 ] .  N o a m in o  acid could he d e m o n s t ra te d  
in t h e  c h ro m a to g ra m  of th e i r  acid h y d ro ly z a te s .

T h e  read ily  soluble u r in a ry  m elan in  c o n ta in s  m uch  more to ta l  n i t ro g en ,  
a p h e n o m e n o n  due to  th e  p ro te in  c o n ju g a ted  to  i t  which contains  an  average  
of  17 p e r  cen t N, as co m p ared  w ith  the  4.4 p e r  cen t  value of the  rc s tp ig m e n t .  
T h e  h ig h e s t  to ta l  N va lues  were found in th e  n e u t ra l  bovine-eye m e lan in ,  no t 
t r e a t e d  e i th e r  w ith  acid or base, so t h a t  th is  c o n ta in e d  the highest c o n c e n tra t io n  
of  p ro te in .  This is con f irm ed  b y  th e  p resence  o f  th e  HC1 hyd ro ly za tes  o f  the  
tw o  l a t t e r  p rep a ra t io n s .

I t  is n o te w o r th y  t h a t  no t all n a t iv e  m e lan in  p repara t ions  c o n ta in in g  
p r o te in  are soluble in  d istilled  w ater ,  or fo rm  suspensions stable  in  bu ffe rs  of 
a b o u t  p H  7. A ccord ing  to  G j e s d a h l  [3],  bov in e -ey e  m elanin p roduced  b y  th e
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gen tles t  m e th o d ,  i.e. no t t rea ted  w ith  e i th e r  acid or alkaline re a g e n ts ,  was no t 
soluble e i th e r  in w a te r  or in vege tab le  oil. On tin* other h an d ,  t h e  m elan in  
p re p a ra t io n  described above is rev e rs ib ly  soluble w ithout re s id u e  even  in 
distilled w a te r  and  also 4 to  5 pe r-cen t  so lu t io n s  for injection can  be p rep a red  
of it .
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E IN  W A SSE R L Ö SL IC H E S M E L A N IN P R Ä P A R A T

Z ur U n te rsu ch u n g  der Biologie m e la n o tisc h e r G eschw ülste b en ö tig ten  V e rfasse r  ein 
in n e u tra le m  w ässerigem  S u b s tra t  lösliches M e la n in p rä p a ra t.  Die Löslichkeit w ird  in  e rs te r  
Linie d u rc h  d ie an  das P ig m en t gebundene E iw e iß fra k tio n  gew ährleistet. M it d e r  M ethode 
von  H o i i e n a d l  u n d  D e  P a o l a  ste llten  V erfasser a u s  de r P igm en tsch ich t des R in d e ra u g es  
d u rch  A usw aschen  in  d estillie rtem  W asser ein »neutra les«  M elan in p räp ara t h e r , w elches 
aber n ic h t lö slich  w ar. A us dem  H arn  von M e lan o m k ran k e n  isolierten sie —- in  E rm a n g e lu n g  
eines L y o p h y lis ie ra p p a ra te s  — nach  E in tro c k n u n g  im  V ak u u m ex sik k a to r u n d  n ach fo lg en d e r 
D ialyse d ie in  der L ösung  verb le ibende  S u b s tan z . D ieses M elan inpräpara t is t  in  d e s tillie r tem  
W asser rev ersib e l löslich. E s e n th ä lt  6 ,6%  G e sa m ts tic k s to ff. Im  salzsauren I ly d r o ly s a t  des 
P rä p a ra te s  w u rd en  p a p ie rch ro m a to g rap h isch  m it te ls  N in h y d rin reak tio n  11 A m in o sä u ren , 
m it H ilfe von  am m o n iu m h a ltig e r S ilberlösung w e ite re  d re i Flecke und sch ließ lich  m it Hilfe 
von F e rrife rro z y an id -R ea g e n s  noch ein u n b e k a n n te r  g e lb e r Fleck nachgew iesen. D ie L ic h t­
a b so rp tio n sk u rv e  des H arn -M elan ins is t in  v iele r B ez ieh u n g  der K urve des au s T y ro s in  h e r­
geste llten  sy n th e tisc h e n  M elanins ähnlich .

Р А С Т В О Р И М Ы Й  В В О Д Е  П Р Е П А Р А Т  М ЕЛ А Н И Н А

В целях исследования биологии меланотических опухолей авторы стремились 
получить меланин, растворимый в нейтральном водном субстрате. Растворимость обеспе­
чивается прежде всего белковой фракцией, связанной с пигментом. По методу Х о х е н а д л а  
и Д е  П а о л а  авторы из пигментовой оболочки глаза крупного рогатого скота вымыванием 
дистиллированной водой изготовляли «нейтральный» препарат меланина, который, од­
нако, не растворился в воде. Из мочи больных меланомой, не имея лиофилизирующего
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аппарата, авторы после высушки в вакуумэксикаторе и последующего диализа изолиро­
вали оставшееся в растворе вещество. Этот препарат меланина обратимо растворим в 
дестиллированной воде. Препарат содержит 6,6% общего азота. В его солянокислом 
гидролизате при помощи ингидриновой реакции на бумажной хроматограмме удалось 
выявить 11 аминокислот, при помощи раствора серебра с содержанием аммония — еще 3 
пятна, а при помощи берлинской лазури — еще одно невыясненное желтое пятно. Кривая 
поглощения света меланином из мочи во многих отношениях подобна кривой синтетиче­
ского меланина, полученного из тирозина.

B u d a p e s t  IX ,  Ü llő i ú t  93 Hungary .
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Synopsis

T o p ro v id e  a m eth o d  for th e  in v e s tig a tio n  o f  m etabolism  of n ico tin e  in  to b acco  
a p ro ced u re  h as  been  e lab o ra ted  for th e  s e p a ra t io n  of am ino acids a n d  n ic o tin e  on 
D ow ex 2 ion  ex ch an g e  re sin  (O H  -form ). B y  th e  use  o f th is  m ethod i t  h as b een  show n 
th a t  n ico tin e-C 14 fed to  N icotiana labacum  is a lm o s t com plete ly  broken  d o w n . S im u lta ­
neously  C 14-labe lled  free  am ino  acids are  fo rm ed . T h e  re su lts  suggest a close c o rre la tio n  
be tw een  n ico tin e  b reak d o w n  and n itro g en  m e ta b o lism  in  tobacco.

Introduction

The physiological role of alkaloids in p la n ts ,  including n ico tins ,  is l i t t le  
unders tood .  H ow ever,  th e  old idea t h a t  th e  a lka lo ids  are inert b y -p ro d u c ts  of 
p la n t  m e taho lism  is no longer m a in ta in e d  [8, 10, 11]. D a ta  are a c c u m u la t in g  
to  show th e  im p o r ta n t  physiological role of  n ico tine .  I t  has been found  t h a t  the  
syn thes is  o f  n ico tine  tak es  place in  th e  y o u n g  m eris tem atic  t issues e x h ib i t in g  
a high m etabo lic  a c t iv i ty  [11, 14]. I t  is also im p o r ta n t  t h a t  a conside rab le  
a m o u n t  o f  n ico tine  is con ta ined  b y  r ipen ing  a n d  germ inating to b a c c o  seeds 
w hereas no n ico tine  was found  in res t ing  seeds [6].

R ecen tly ,  b y  ta k in g  a d v a n ta g e  of  t r a c e r  techniques, a la rge  b o d y  of 
in fo rm atio n  has been  o b ta in ed  concern ing  th e  role of nicotine in m e tab o l ism . 
I t  has been show n th a t  th e  in f i l t ra t ion  o f  Nicotiana  glutinosa  w i th  n ico tine  
resu lts  in  th e  fo rm a tio n  o f  norn ico tine  d u e  to  oxidative d é m é th y la t io n  of 
n icotine [2, 5, 16, 20]. The m etabolic  a c t iv i ty  o f  th e  m e thy l  group of n ico t in e  is 
also in d ica ted  b y  th e  w ork  of L e e t e  an d  B e l l  [9]. These au th o rs  observed  
th e  fo rm atio n  o f  rad io ac t iv e  choline a f te r  in f i l t r a t io n  of the  tobacco  p l a n t  w ith  
n icotine labelled w ith  C14 in  the m e th y l  g ro u p .  T hus  evidence was p resen ted  
for th e  role of  n ico tine  as a donor o f  m e thy l  g ro u p s  in plants.

O th e r  w orkers  succeeded in d e m o n s t r a t in g  the  role of n ico tine  in the  
b iosynthesis  of n ico tin ic  acid, a n o th e r  i m p o r t a n t  m etabolite  in l iv ing  tissues 
[4]. I t  is h igh ly  p ro b ab le  t h a t  an ox ida tive  b re a k d o w n  of pyrrolidine is involved  
in th e  reac tion  an d  t h a t  th e  pyrid ine r ing  o f  th e  alcaloid is th e  p re c u rso r  of 
nicotinic acid.

The p y r id in  r ing  of  some o th e r  c o m p o u n d  can  also derive f rom  n ico tine .  
Feeding  of the  tobacco  p la n t  w ith  double  labe lled  (C and N) n ico tine  re su lted

Acta Biol. H ung. 14. 1964



2 7 4 M . J .  L O V K O V A

in  t h e  fo rm ation  of labe lled  nornicotine  and  an ab as in e  [18]. E v id e n c e  was 
o b ta in e d  th a t  the  p y r id in e  r ing  of n icotine u n d e rw e n t  no change d u r in g  th e  
r e a c t io n .

F u r t h e r  studies  on th e  m etabo lism  o f  C 14-labelled nicotine in  p la n t  
t i s su e s  ind ica ted  t h a t  n ic o t in e  is b roken  d o w n  read ily  and the  ra d io a c t iv i ty  
d e r iv in g  from it ap p ea rs  in  a large v a r ie ty  of  c o m p o u n d s  [19]. T here fo re ,  it  is 
safe  t o  conclude t h a t  n ico t in e  takes  an  ac t iv e  p a r t  in p lan t  m e ta b o l ism  and  
c a n  n o t  be  regarded  as an  in e r t  subs tance . As am in o  acids p a r t ic ip a te  in  th e  
b io s y n th e s i s  of n icotine i t  seem ed possible t h a t  am ino  acids occur a m o n g  the  
b r e a k d o w n  p roduc ts  o f  n ic o t in e  as well. T he  a im  of the  present p a p e r  w as to  
t e s t  th e  v a l id i ty  of  th is  hypo thes is .

M aterials and m ethods

Preparation o f  nicotine-Cu

I n  o rder to  ob ta in  lab e l led  nicotine 4 - m o n th  old Nicotiana tabacum  p la n ts  
■were fed  w ith  N a-a c e ta te -2 -C 14 via  the  ro o t  sy s te m . The precursor was ad d ed  
to  t h e  n u t r i e n t  so lu tion. A f te r  a 10-day t r e a t m e n t  th e  p lan ts  were k i lled  and  
th e  n ic o t in e  was iso la ted  f ro m  the  tissues acco rd in g  to  s tandard  m e th o d s  [15]. 
F i f t y  p e r  cen t of the  r a d io a c t iv i ty  of th e  n ico t in e  syn the tized  from ace ta te -2 -  
C14 is localized in the  C2 a to m  of the  pyrro lid ine  r in g  a n d  the rest in th e  p y r id in e  
r in g  [3]. The nicotine d ip ic ra te  ob ta ined  was dissolved in 1 N  N a O H . MgO 
a n d  N aC l was added  to  th e  solu tion  and th e  n ico t in e  was separa ted  b y  s te a m  
d is t i l la t io n .  Nicotine w as d e te rm in ed  in th e  d is t i l la t ion  produc t b y  t i t r a t i o n  
w i th  0.1 N  HoSOj in th e  p resence  of m e th y l  red  in d ica to r .  P a r t  of th e  so lu tion  
o b ta in e d  was used for th e  d e te rm in a t io n  of  n ico t in e  concentra tion  b y  th e  use 
of  t h e  sam e m ethod  [15].

A  s ta n d a rd  so lu tion  c o n ta in in g  2 m g n ico t in e /m l was prepared  for feed ing  
e x p e r im e n ts .  The r a d io a c t iv i ty  of the  s t a n d a r d  solution was d e te rm in e d .

M ethod  fo r  the separation o f  nicotine and am ino  acids on Dowex 2 ion exchange
resin (O H ~ -fo rm )

A  m e th o d  for th e  s e p a ra t io n  of n icotine a n d  am ino  acids was e la b o ra te d  
to  m a k e  th e  s tudy  o f e v e n tu a l  t ra n s fo rm a t io n  o f  nicotine into am ino  acids 
poss ib le .  The usual m e th o d  o f  isolating n ico tine  f ro m  alcaline m edia  b y  s te a m  
d is t i l l a t io n  [15] proved u n sa t is fa c to ry  as th e  a m in o  acids undergo a considerab le  
d eco m p o s i t io n  under  these  conditions. T herefo re ,  a t te m p ts  were m ad e  for  the  
s e p a r a t io n  of nicotine a n d  am ino  acids b y  th e  use of  an ion exchange resin 
(D o w e x  2 in h y d roxy l fo rm ). A  1 c m x 2 0  cm co lu m n  was p repared  essen tia l ly  
a c c o rd in g  to  P a v l o v s k a j a  e t  al. [12]. Before p re p a r in g  the  column th e  resin 
(D o w e x  2 —4/20/50 mesh) w as  washed w ith  b id is t i l led  w ater  to  rem o v e  th e
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partic les  o f  undesirab le  size. In  o rd e r  to  achieve an  even d is t r ib u t io n  of  the 
par tic les  th e  resin suspension was p o u red  in to  th e  column filled w i th  bidistilled 
w a te r  to  a he igh t  o f  10— 15 cm . F i r s t  0.5 1 10 per  cent N a O H  w as  passed 
th r o u g h  th e  colum n. The excess of  N a O H  was rem oved  w ith  H 20 .  T h e  resin 
was w ashed  w ith  w a te r  un t i l  a n e u t ra l  reac tion  was reached. This w as  followed 
by  w ashing  the  colum n w ith  1 1 pu rif ied  2 N  1IC1. (Concentra ted  h y d roch lo r ic  
acid was purif ied  b y  threefo ld  bo iling  in th e  presence of SnCl2. T h is  t r e a tm e n t  
seem ed im p o r ta n t  to  rem ove su b s tan ces  giving reaction w ith  n inh y d r in e .)

T he  excess of  acid was rem oved  b y  w ash ing  w ith  bidistilled w a te r  u n t i l  the  
te s t  for Cl-ions w ith  A g N 0 3 p ro v e d  n eg a t iv e .  The resin was th e n  t ra n s fo rm e d  
in to  th e  O H -fo rm  b y  t r e a tm e n t  w i th  2 N  N aO H . (The N a O H  so lu t io n  was 
a lw ays  freshly  prepared .)  The excess o f  alcali was again rem o v ed  b y  H 20  as 
described  above and  th e  co lum n was r e a d y  for use.

In  o rder to  f ind  out w h e th e r  or n o t  th e  resin is able to  s e p a ra te  t h e  am ino 
acids an d  n icotine a n u m b e r  of  am ino  acid -f- nicotine m ix tu re s  w ere  tes ted .

The concen tra t ion  of  am ino  acids  [7] a n d  nicotine [15] was d e te rm in e d  
in con tro l  tobacco  p lan ts  and  s ta n d a rd  am ino  acid -f- nicotine m ix tu re s ,  co r­
respond ing  to  th e  n a tu ra l  levels o f  these  substances,  were p re p a re d  for the  
assays. T h e  substances  were d issolved in a final am o u n t  of 10 — 15 ml H 20  
a n d  th is  so lu tion was p u t  on th e  co lum n. The resin was th en  w ash ed  w ith  1.5 1 
doub le  distilled w ater .  U n d e r  these  cond itions  all the  alcaline subs tances ,  
sugars  a n d  non- e lec tro ly tes are re leased  [13].

N ico tine  was ob ta ined  b y  con tro lled  e lu tion . The end o f  e lu t io n  was 
es tab lished  by  con tinuously  te s t in g  th e  e lua tes  for the  presence o f  n ico t in e  by  
a d d in g  s il icotungstic  acid to  th e  so lu tion  [15]. B y  the  end of e lu t ion  th e  n icotine 
con ta in in g  solution was acidified and  e v a p o ra te d  to  a small vo lum e  on a w a te r  
b a th .  F ro m  th e  co n cen tra ted  so lu tion  th e  a lkaloid was p rec ip i ta ted  w i th  picric 
acid u n d e r  cooling. In  order to  o b ta in  p u re  p rep a ra t io n s  rec rys ta l l isa t ion  proved  
necessary . The f ina l p ro d u c t  was iden tif ied  on the  basis o f  c ry s ta l  form, 
op tica l p ropert ies  (absorp tion  sp ec tru m ) an d  m elting  po in t o f  th e  d ip ic ra tes .  
T he  yield o f  nicotine ob ta ined  a f te r  passing  th ro u g h  the co lum n is show n in 
T ab le  1.

Table 1

Recovery o f  nicotine after passing  through a colum n o f  Domex 2 ion exchange resin  (O H  -farm )

Nicotine put 
on the column, 

mg

Nicotine obtained 
mg

Melting point 
of nicotine 

dipicrate
Recovery in %

40.0 39.7 217° C 99.2

45.0 44.0 217 98.0

50.0 49.4 218 98.8

55.0 54.8 217 99.6
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As m a y  be seen from  T ab le  1 the n ico tine  passed  th rough  th e  colum n 
w as  a lm o s t  en tire ly  reco v e red .  I t  teas also i m p o r t a n t  to  find out w h e th e r  or 
n o t  t h e  am ino acids are  q u a n t i ta t iv e ly  b o u n d  to  th e  resin under  th e  sam e 
c o n d i t io n s .  This has been  checked  by  w ashing  th e  co lum n w ith  0.5 1 N  HC1. 
T h e  excess of  HC1 was re m o v e d  from the  e lu a te  u n d e r  v acu u m  a t  36° C.

A f te r  the  rem o v a l  o f  HC1 the  pH  of th e  so lu t io n  was ad ju s ted  to  6.8. 
T h e  c o n cen tra t io n  o f  a m in o  acids was d e te rm in e d  colorim etrically  b y  a d d in g  
n in h y d r in e  to  the  e lu a te  [7]. The results o b ta in e d  are  sum m arized  in Tab le  2.

Table 2

Recovery o f  am ino acids after p a ss in g  through a colum n o fD o w e x  2 ion exchange resin ( O H ~ -form )

Mixture No. 1 Mixture No. 2 Mixture No. 3

Amino acids put 
on the column 

injxg

Amino acids 
eluted

from the column
Amino acids put 

on the column

Amino acids 
eluted

from the column
Amino acids put 

on the column

Amino acids 
eluted

from the column

Mg 1 % Mg % Mg %

211.8 186.4 88.0 232.0 227.3 98.0 29.9 29.3 98.0

424.0 381.6 90.0 464.0 459.4 99.0 59.8 59.3 99.1

M ix tu re  No. 1: L y sin e , h is tid in e , asparag ine
M ix tu re  No. 2: G lyc ine , v a lin e , serine, a la n in e , p h en y la lan in e , p ro line , leuc ine, 

ty ro s in e  a n d  cysteine
M ix tu re  No. 3: A sp a ra tic  a n d  g lu tam ic  acids

As m a y  be seen f ro m  T ab le  2 the  acidic a n d  n e u t ra l  am ino acids were 
a lm o s t  com plete ly  recovered .  B y  con tras t ,  a cons id e rab le  loss was experienced  
w ith  th e  basic am ino acids. O n the  average, h o w ev e r ,  a 95 per  cent recovery  
was ach ieved .

I t  m a y  he conc luded  f ro m  the  results p re se n te d  t h a t  the  m e thod  applied  
is s u i ta b le  for the  q u a n t i t a t i v e  separa tion  of  t h e  am ino  acid f rac tion  and  
n ico tine .

F o r  a fu r th e r  p u r i f ic a t io n  of amino acids, m a in ly  to  remove o th e r  con ­
t a m in a t in g  acidic c o m p o u n d s ,  th e  solutions were passed  th ro u g h  a co lum n of 
D ow ex  50 ion exchange  resin  in H +-form.

A  D ow ex 5 0 x 4 /2 0 0 /3 0 0  mesh colum n w as  p re p a re d  as follows [17]: 
The sm a ll  partic les were re m o v e d  from th e  resin  b y  w ashing  rep ea ted ly  w ith  
b id is t i l le d  w a te r  followed b y  sed im en ta t ion .  T he  res in  was then  t r e a te d  w ith  a 
doub le  vo lum e  of 1 N  N a O H  a t  100° C for 16 h o u rs .  A fter  th is  t r e a tm e n t  a 
1 cm  X 15 cm colum n w as p re p a re d  and th e  re s in  w as washed  with  bid isti l led  
w a te r  u n t i l  n eu tra l  r e a c t io n  was reached. T h e  re s in  was tran sfo rm ed  in to  
H  + - fo rm  b y  t r e a tm e n t  w i th  6 N  HC1 followed b y  w a s h in g  with  w ater  to  rem ove  
the  Cl ions (eluate te s te d  w i th  A g N 0 3). A fte r  th is  p ro ced u re  the  co lum n was 
re a d y  fo r  use.
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R esu lts  a n d  d iscussion

F o u r -m o n th  old N . tabacum  p la n ts  g row n in the  greenhouse  were used 
for th e  exper im en ts .  The p la n ts  were fed  w ith  n u t r ie n t  so lu t ion  a n d  48 mg 
labelled  n ico tine  ( to ta l  ac t iv i ty  84 000 im p ./m in .) .  I t  has been  sh o w n  t h a t  in 
a b o u t  48 hours  p rac t ica l ly  all th e  n ico tine  was tak en  up b y  th e  p l a n t  roots. 
A 4 -d a y  in cu b a t io n  period was app lied  in  th e  experim ents .  T h is  le n g th  of 
in cu b a t io n  period was in line w i th  th e  f ind ings  of o ther  w orkers as well which 
in d ica tes  a m ark ed  b reakdow n  of n ico tine  in  fou r  days [4, 9]. I n  th e  case of 
longer in cu b a t io n  periods th e  n ico tine  fed to  th e  tobacco p la n t  seem ed  to  be 
p ro te c te d  ag a in s t  b reakdow n. This  is exp la ined  b y  the  above a u th o r s  b y  the 
fac t  t h a t  d u r ing  the  long in c u b a t io n  th e  n icotine reaches th e  ab ove-g round  
p la n ts  o rgans in which th e  b re a k d o w n  o f  n icotine is m uch  s low er  t h a n  in the 
roo t.

A fte r  th e  incuba tion  period th e  p la n ts  were hom ogenized in  m o r ta r  and 
e x t ra c te d  for 100 hours un d e r  c o n s ta n t  s t i r r ing  w ith  a 20fold vo lu m e  o f 70 per 
cen t  e th an o l .  U nder  these cond itions  am ino  acids [1] a n d  n ico tine  [15] go into 
so lu tion . T he  e x t r a c t  was f i l te red  th ro u g h  f il te r  p ap e r  on a B iich n e r  funnel. 
F o r  th e  re m o v a l  of lipids and  p ig m en ts  th e  f i l t ra te  was t r e a te d  w i th  an  equal 
vo lum e of pe tro l  (low boiling p o in t  f rac t ions)  in a sep a ra to ry  funne l .  In  co n tra s t  
to  T so  a n d  J e f f r e y  [19] no e th e r  was u se d  for the  e x t ra c t io n  o f  l ipids as 
accord ing  to  our experience th is  re su lts  in  a 15 to  20 per  cen t  loss o f  amino 
acids.

As shown b y  s p e c t ro p h o to m e try  th e  app lica tion  of the a b o v e  p rocedure  
re su l ted  in a com plete  rem oval  o f  ch lo rophy ll  from the  te s t  so lu t io n .  P a r t  of 
th e  ca ro teno ids  was also rem oved .

The d e fa t te d  alcoholic e x t r a c t  was e v a p o ra te d  under  v a c u u m  a t  36° C. 
A yellowish so lution was ob ta ined  w hich  co n ta in ed  a m ix tu re  of  v a r io u s  organic 
substances .

F o r  th e  sepa ra t ion  of n ico tine  th e  m ix tu re  was passed th r o u g h  th e  Dowex 
co lum n in th e  O H - -form as descr ibed  above . T he p H  of the  n ico t in e -co n ta in in g  
so lu tion  o b ta in ed  was a d ju s te d  to  4.0 w ith  0.1 N  H 2S 0 4 a n d  th e  solution 
was e v a p o ra te d  on a w a te r  h a th .  F ro m  th e  co n cen tra ted  so lu tion  n ico tine  was 
p re c ip i ta te d  b y  picric acid acco rd ing  to  a m e th o d  described ab o v e  [15]. The 
n ico tine  d ip ic ra te  ob ta ined  was used  for th e  d e te rm ina tion  of a lka lo id  con ten t  
and  ra d io a c t iv i ty .

The am ino  acid f rac t ion  s e p a ra te d  in th is  w ay  from n ico tine ,  o th e r  basic 
co m p o u n d s ,  and the  none lec tro ly te  frac t ion  was fu r the r  purif ied  on D ow ex  50 
in th e  H +-form  [17]. The p u r if ied  am ino  acids were used for q u a n t i ta t iv e  
d e te rm in a t io n  and  for the  a ssay  o f  r a d io a c t iv i ty  [7].

N ico tine  con ten ts  and  th e  ra d io a c t iv i ty  of nicotine iso la ted  are  shown 
in Tab le  3.
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Table 3

N ico tine  content and the radioactivity  o f  nicotine

Nicotine content 
of control plants, 

mg

Nicotine content 
o f experimental 

plants mg

Specific activity 
of nicotine imp./ 

min./in mmol

Total activity  
of nicotine imp./ 

min.

Recovery 
of radioactivity

%

29.4 36.5 1.4X10* 3120 3.7

28.5 30.5 1.4Х Ю 4 2790 3.3

A v erag e  d a ta  from  2 p a ra lle l  experim ents.

As m a y  be seen f ro m  T a b le  3 th e  nicotine c o n te n t  o f  ex per im en ta l  p lan ts  
teas v e r y  near  to  th a t  o f  th e  controls. This m e a n s  t h a t  abou t 84 per  cen t  o f  
th e  a lca lo id  fed to  th e  p la n t s  (48 mg) was d e g rad ed .  Therefore, th e  m e tabo lism  
of n ic o t in e  in the  to b acco  p l a n t  is very  in tens ive .

T h e  results are in full ag reem en t  with th o se  p rev ious ly  published  on th e  
in ten se  breakdow n of n ico t in e  in ripening to b a c c o  seeds [6].

T h e  high m etabolic  a c t iv i ty  of nicotine is also in d ica ted  by  the  low va lues  
of  r e c o v e ry  of r a d io a c t iv i ty  w hich  ranged b e tw e e n  3.3 and  3.7 per cent.

T h e  results  o b ta in ed  a re  fully  in  line w i th  t h e  d a t a  of  L e e t e  and  B e l l  [9]. 
T h e y  also obta ined  on ly  5 to  8 p e r  cent recovery  in  feeding N . tabacum  p la n ts  
w i th  n ico tine-C 14. By c o n t r a s t ,  a 70 per cent r e c o v e ry  o f  labelling was rep o r ted  
b y  G r i f f i t h  et al. [4 ] .  T his  is p robab ly  ex p la in ed  b y  the  fact t h a t  a n o th e r  
p l a n t  species ( N . glu tionosa)  was used an d  th e  dev e lo p m en ta l  s tage  of th e  
p la n t s  w as  also d ifferen t.

T h e  decrease in specif ic  ac i t iv i ty  of the  n ico tine  iso lated  from th e  ex p e r i­
m e n ta l  p la n ts  (Table 3) as co m p ared  to  th e  specific  a c t iv i ty  of nicotine fed to  
th e  t is su es  m ight be e x p la in e d  e ither  b y  su p p o s in g  t h a t  th e  nicotine ta k e n  up  
b y  th e  p la n ts  is d ilu ted  b y  endogenous n icotine or b y  th e  fac t t h a t  th e  n ico tine  
u n d e rg o e s  an  active m e ta b o l i s m  in the  t issues.

T h e  results  o b ta in e d  w i th  th e  free am ino  ac id s  are shown in T able  4.

Table 4

A m in o  acids and their ra d ioactiv ity

Content of amino ,
Total activ ity

acids, jUg/plant imp./min./plant

500 3000

590 2980

A v erag e  d a ta  from  2 ex p erim e n ts .

As m a y  be seen f rom  T ab le  4 the  f rac t io n  o f  am ino  acids con ta ins  con- 
s ide rab le  rad ioac tiv i ty .  T h is  ind ica tes  t h a t  th e  b re a k d o w n  produc ts  o f  n ico tine  
m ig h t  serve as p recursors  for  th e  b iosynthesis  o f  a m in o  acids.
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D IE  U M W A N D L U N G  VO N  N IK O T IN  IN  D E R  T A B A K P F L A N Z E

Um  die U m w an d lu n g sm ö g lich k eiten  des N ik o tin s  in  de r T ab ak p flan ze  u n te rsu ch e n  
zu k önnen , w urde eine Io n en au stau sch -M eth o d e  zur T ren n u n g  der A m inosäuren  u n d  N ik o tin  
a u f  einer D ow ex-2-K olonne (O H _ -F o rm ) au sg earb e ite t. M it H ilfe  der neuen M ethode k o n n te  
V erfasserin  nachw eisen , d ass d a s  in  die Pflanzengew ebe e in g e fü h rte  N ik o tin -C 14 fa s t  vo ll­
s tä n d ig  in e tab o lis ie rt w ird . G le ichze itig  w erden C14-m a rk ie r te  freie  A m inosäuren  g eb ilde t. 
D ie e rh a lten en  E rgebnisse  w eisen  d a ra u f  h in , dass zw ischen  N ik o tin -A b b au  u n d  N -S toff- 
w echsel der T ab ak p flan ze  eine enge B eziehung b esteh t.

П Р Е В Р А Щ Е Н И Е  Н И К О Т И Н А  В Р А С Т Е Н И И  T A B A K A

При изучении процесса превращения никотина в растении табака разработан 
метод хроматографического разделения аминокислот и никотина на анионите Дауэкс 
2 в О Н -  форме. С помощью этого метода показано, что введение никотина — С -14 в N . 
tab a cu m  приводит почти к полному его распаду и образованию свободных аминокислот 
С 14. Представленные результаты указывают на связь процесса распада никотина с азо­
тистым обменом табачного растения.
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Synopsis

T he l i te ra tu re  on p h o to sy n th es is  reg ard s  th e  f ix a tio n  of C 0 2 by  sp ec ific  accep to rs  
as th e  in it ia l  process o f C 0 2 u p ta k e . T he p o ss ib ility  th a t  C 0 2 is f irs t  d isso lv e d  is care ­
fu lly  d iscussed ; in  th is  case th e  assoc ia tion  w ith  th e  accep tor w ould be  a  p rocess of 
seco n d ary  n a tu re . T he in tra c e llu la r  m ilieu is g e n e ra lly  th o u g h t to be to o  a c id  to  allow 
th e  d isso lu tio n  of C 0 2, w hich  is an  e x trem e ly  m ild  an h y d ric  acid. T h is  m isco n cep tio n  
is seem ingly  su p p o rted  by  th e  c u rre n t p rac tice  o f re m o v in g  C 0 2 from  c a rb o n a te -c o n ta in ­
ing so lu tio n s b y  m eans of s tro n g e r acids. T he p re se n t stud ies have sh o w n  t h a t  C 0 2 is 
ra th e r  in ten se ly  soluble b y  th e  ex pressed  sap  o f  p la n ts  and by aq u eo u s so lu tio n s  of 
o rg an ic  an d  in o rgan ic  acids. T he pxinciple t h a t  C 0 2 u p tak e  from  th e  e n v iro n m e n t 
m ay  beg in  w ith  sim ple  d isso lu tio n  seem s to  be u n o b jec tio n ab le .

Introduction

In  th e  l i te ra tu re  on p h o tosyn thes is  th e  ques t ion  of how a tm o sp h e r ic a l  
CO 2 p e n e t ra te s  th e  cells has no t  been ra ised  in  a c lear-cut way. As a ru le ,  d is­
cussion begins w ith  th e  accep to r  p rob lem  a n d  is focussed on th e  a l te rn a t iv e  
o f  C„ or C- acceptor. I r re spec tive  of the  n a tu r e  o f  the  acceptor, h o w e v e r ,  we 
suppose  t h a t  CO., m u s t  f irs t  p e n e t ra te  th e  cell an d  can com bine  w i th  th e  
accep to r  on ly  there .

T h e  n eg lec t io n  o f  t h e  in i t ia l  p a r t  o f  C 0 2 u p t a k e  is all th e  m o r e  s u r p r i s in g  
b e c a u s e  t h e  in i t ia l  p h a s e  h a s  b e e n  m o s t  t h o r o u g h l y  d iscussed , e.g . b y  M e n g e l  
[3],  in  c o n n e c t io n  w i th  t h e  ion  u p t a k e  o f  cells .

I t  seems likely t h a t  th e  lack of an op in ion  suggesting t h a t  d isso lu tion  
should  be th e  f irs t  s tep  of  C 0 2 u p ta k e  is due to  th e  difficulty of co nce iv ing  the  
ab so rp t io n  of th e  acid C 0 2 b y  th e  cell sap , w h ich  is also acid. T a b le  1 shows 
th e  wide range  o f  ac id i ty  of  cell saps expressed  f ro m  the  leaves of v a r io u s  p lan ts .

T he  cell sap  obviously  does no t re p re se n t  in every case th e  cond it ions  
p reva il ing  inside th e  cell, where, sep a ra ted  f ro m  each other in a m ic ro h e te ro -  
geneous sys tem , qu ite  d ifferen t processes m a y  t a k e  place side b y  s id e ;  y e t  it 
can  be supposed  t h a t  C 0 2 w hen diffusing f ro m  th e  a tm osphere i n to  th e  cell 
c a n n o t  m ee t  its acceptors  unless it  has passed  over the h y d ra te  c o v e r  o f  the  
cell wall mycelles and  diffused to  a ce r ta in  d is tance  in the  cell sap  being 
p re sen t  in  th e  cy top lasm . A ccording to  V e j l b y  [4] the  C 0 2 a c c e p to r s  are
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Table 1

A c id ity  o f  the expressed  sap o f  leaves ( a d a p te d  fro m  D raw ert  [1])

Plan t p H  value M ethod A uthor

high acid ity

B egonia  semperflorens 1.3 1.6 9 R uhland  W e t z e l  1926

O xalis repens  ....................... 1.9 — 2.2 H -electrode R ogers—Sh iv e  1932

R u m e x  acetosella .................. 2.5 — 2.7 H -electrode R ogers—Sh iv e  1932

medium  acid ity

B ry o p h y llu m  calycinum  . . 3 . 5 - 4 .9 H -electrode I ngalls—Su iv e  1931

F a g o p yru m  sagittatum  . . . . 4 .9  — 5.4 H -electrode I n g a l l s — Sh iv e  1931

S ed u m  weinbergii .............. 4.5 C hinhydron e lec tro d e Drawert 1948

S e m p erv iv u m  glaucum  . . . . 4.6 C-hinhydron e lec tro d e K essler  1935

low acid ity

Zea m a y s ................................ 5 . 0 - 5 .6 H -electrode Gustafson  1924

L yco p ersicu m  esculentum  . . 5 . 6 - 6 .9 H -electrode I ngalls—Sh iv e  1931

S o la n u m  tuberosum  ............ 5.8 colorim etry W agner 1916

T r it ic u m  aestivum  .............. 5 . 9 - 6 .2 H -electrode D raw ert 1948

Secale cereale ......................... 5 . 9 - 6 .2 ch inhydron-e lec trode K ey ssn er  1931

S p in a c ia  o lera cea ................ 6.2 glass half-cell J orgensen  1939

C ucurb ita  m axim a  .............. 6.4 H -electrode Gustafson  1924

A ve n a  sa tiva  ....................... 6.4 colorim etry Arland  1924

C henopod ium  vulvaria 6.5 ch inhydron  e lec tro d e K ey ssn er  1931

loca l ized  in  the ch lo rop las t ;  such acceptors a re  accessible only th r o u g h  the  
c y to p la s m  and the cell sap  lay e r  su rro u n d in g  th e  chloroplast.  In  m a n y  cases 
th i s  in te r io r  env ironm en t is ce r ta in ly  m uch  m o re  ac id  th a n  the  a c id i ty  a t t a i n ­
ab le  b y  dissolving C 0 2.

Since dissolution o f  CO., is not analogous to  chemical reactions, i t  is no t  
s u rp r i s in g  th a t  c o m p a ra t iv e ly  even mild o rgan ic  acids are able to  expell  CO., 
f ro m  ca rbona tes .  The fo llow ing  series of e x p e r im e n t  were perform ed in  order 
to  d e m o n s t r a te  w h e th e r  o r  n o t  simple d isso lu tion  can  be the  in itia l p rocess  of 
C 0 2 u p ta k e .

M a te r ia l  and m e th o d s

T h e  ab so rp tion  of ch em ica lly  p u re  C 0 2 gas b y  a c id  so lu tio n s , nam ely  (1) b y  expressed  
s a p s  o f  p la n ts ;  (2) by  so lu tio n s  o f  v a rio u s c o n c e n tra tio n s  o f acids tak in g  p a r t  in  th e  K reb s 
c y c le  a n d  o f o th er acids p re se n t in  th e  p lan t cell; (3) b y  so lu tio n s  of o th er o rgan ic  ac id s ; (4) by  
so lu t io n s  o f s trong  in o rgan ic  a c id s , w as m easured.

A  specia l gas p ip e tte  [2] w as  filled  w ith  th e  so lu tio n  to  be tes ted . C 0 2 w as th e n  in tro ­
d u c e d  in to  th e  p ip e tte  a n d  th e  v o lu m e  of the  C 0 2 w as c a lc u la te d  from  th e  le n g th  o f th e  gas 
c o lu m n  a ris in g  in th e  c ap illa ry  tu b e  o f th e  a p p a ra tu s . T h e  g as  a n d  th e  solution w ere th o ro u g h ly  
m ix e d  w ith  a th read ed  nozzle a n d  th e  am o u n t o f  th e  g a s  abso rb ed  was c a lcu la ted  fro m  th e  
s h o r te n in g  of th e  gas co lum n.

A cta  B iol. Hung. 14. 1964
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R esults

The exp er im en ts  were carried ou t  a t  th e  te m p e ra tu re  of  th e  su m m er  
season, 1963 (28 — 31° C). The d a ta  shown in T ab le  2 were read  a f te r  m ixing 
for a few m inu tes .

Table 2

Solub ility  o f  CO., in  liqu ids o f  acid  nature

Liquid Dissolved gas COa 
mm3/ l  ml liquid

Pressed-sap  of Sam bucus nigra leaf . . . app ro x im ate ly 10
Pressed-sap  of Tradescantia  spec.............. app ro x im ate ly 40
Citric acid 25%  ...................................... app rox im ate ly 108
Citric acid 1 2 .5 % ................................... app rox im ate ly 134
Citric acid 6 - 3 % ................................... app rox im ate ly 163
Citric acid 3-1%...................................... app rox im ate ly 210
Malic acid 0 .1 % ................................... app rox im ate ly 93
A conitic acid 0 .1 % ................................... app rox im ate ly 205
Succinic acid sa tu ra ted  ............................... approx im ate ly 175
F u m aric  acid sa tu ra te d  .............................. app ro x im ate ly 103
A scorbic acid 0 .1 % ................................... app rox im ate ly 225
M alonic acid 0 .1 % ................................... app rox im ate ly 195
T arta ric  acid 0 .1 % ................................... approx im ate ly 175
Maleic acid 0 .1 % ................................... ap p rox im ate ly 230
A spartic  acid sa tu ra te d  ............................... ap p rox im ate ly 140

H ,SO , 10%  ...................................... ap p rox im ate ly 115

IE SO , 5%  ...................................... ap p rox im ate ly 140

D iscussion

The d a ta  p re sen ted  in  Table  2 are only v a l id  u n d e r  the  given conditions. 
T he  cau tions  of  the  ex p e r im e n t  were no t  s t r ic t :  t h e  a m o u n t  of  th e  in tro d u ced  
CO ., and th e  ra te  o f  m ix ing  were variab le  e tc .:  y e t  all th e  tes ted  liqu ids  ac tua lly  
absorbed  C O ,

One should  n o t  t r y  to  f ind  s to ichiom etric  re la t ions  in Table  2 for  th e  ve ry  
reason  t h a t  th e  liqu ids  were n o t  s a tu ra te d  w ith  C 0 2. Thus, in fact,  th e  e x p re s ­
sed saps and  th e  solutions of  th e  organic and  inorgan ic  acids te s te d  are able 
to  absorb  m ore C 0 2 th a n  show n by  the  figures.

Succinic, fum aric ,  a n d  aspa r t ic  acids were  used in s a tu ra te d  aqueous 
solutions. This fac t  does n o t  m ean  high c o n cen tra t io n s ,  for the w a te r-so lub il i ty  
of  these substances  is poor. The p H  values o b ta in e d  w ith  th e  M E T R O H M  
a p p a ra tu s  were 1.5, 1.8 an d  2.3, respectively .

3* Acta Biol. Hung. 14. 1964
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A lth o u g h  our d a t a  a re  c e r ta in ly  ob jec t io n ab le  from  the  an a ly t ic a l  p o in t  
o f  v ie w ,  the  fact t h a t  th e  so lu tions  u n d e r  s tu d y  are  able to  abso rb  m ore  CO., 
t h a n  sh o w n  in the  T ab le  su p p o r ts  our h y p o th es is  in s tead  of  w eak en in g  i t .  
T h e re fo re ,  it is reasonab le  to  regard  d isso lu tion  as th e  initial process of  C 0 2 
u p t a k e .

W e are of the op in ion  t h a t  a tm ospher ica l  C O , read ily  m eets t h e  re q u ire ­
m e n t s  o f  pho tosyn thes is  th r o u g h  the  in te rce l lu la r  spaces of the  lea f  (on th e  
a v e r a g e ,  20 mg C 0 2 p e r  h o u r  are f ixed  b y  1 d m 2 of leaf  surface), a l th o u g h  a 
q u i t e  d ifferen t d isso lu tion  e q u i l ib r iu m  w ould  be expec ted  if c a lcu la ted  from  
t h e  c o n cen tra t io n  of 0 .0 3 % . H ow ever ,  the  sy s te m  is no t  a s ta t ica l  one ;  th e re  is 
n o  eq u i l ib r iu m  be tw een  th e  gas and  th e  l iqu id  p h ase  because gas equ i l ib r iu m  
is g r a d u a l ly  shifted to w a rd s  d isso lu tion  b y  th e  p h o to sy n th e t ic  C 0 2 accep to rs  
r e g e n e ra t in g  cyclically in t h e  cells. Thus, a pecu lia r  “ s tead y  s t a t e ”  is e s t a b ­
l ish ed .
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P A R T IE  IN IT IA L E  D E  L ’A B S O R P T IO N  D E  C O , P A R  LES F E U IL L E S

L ’a u te u r  a tt ire  l ’a t te n t io n  su r le fa it <[ue, d a n s  la l i te ra tu re  tech n iq u e  su r la p h o to ­
s y n th è s e ,  l ’a tta ch e m e n t à  des a cc ep te u rs  spéc ifiques e s t considéré  com m e le p ro cès in it ia l  
de  l ’a b so rp tio n  de C 0 2. L a  q u e s t io n  de la d isso lu tio n  év en tu e lle  de C 0 2 e s t t r a i té e  avec p ré ­
c a u t io n ;  d an s  ce cas, la  c o m b in a s io n  avec l ’acc ep te u r  ne  se ra it  que de n a tu re  seco n d aire . 
E n  g é n é ra l,  le m ilieu in té r ie u r  de la  cellu le e s t b eaucoup  p lu s ac id ique  que C 0 2 qu i e s t ,  en  e ffe t, 
u n  a c id e  an h y d riq u e  e x trê m e m e n t fa ib le , la d isso lu tio n  p e u t  donc p a ra ître  im p o ssib le . C ette  
e r re u r  e s t  supportée  pa r la  p ra t iq u e  assez  rép an d u e  de fa ire  so r tir  C 0 2 des so lu tions de ca rb o n a te s  
à  l ’a id e  d ’acides plus fo rts . A u  c o u rs  de ses ex am en s, l ’a u te u r  v ie n t de c o n s ta te r  que  les sucs 
v a c o u la ire s  des p lan tes, a in s i q u e  les so lu tions aq u eu ses des acides o rgan iques e t  an o rg an iq u es  
d is so lv e n t  le CO, d ’une m an iè re  assez  in ten se . L ’op in io n , selon  laquelle  l ’ab so rp tio n  de CO, 
d e  l ’a m b ia n c e  com m ence p a r  u n e  sim ple  d isso lu tio n , ne  se h e u rte  pas á des o b stac les  de 
p r in c ip e .

Н А Ч А Л Ь Н Ы Й  П Р О Ц Е С С  П О Г Л О Щ Е Н И Я  СО, Л И С Т Ь Я М И

Автор обращает внимание на то, что в литературе по фотосинтезу начальным про­
цессом поглощения СО, считают присоединение двуокиси углерода к специфическим 
акцепторам. Очень осторожно обращаются с вопросом, не имеет-ли здесь место раство­
рение С 02; в этом случае соединение ее с акцептором являлось бы уже процессом вторич­
ного характера. Так как СО, представляет собой черезвычайно слабую англидро-кислоту, 
по сравнению с которой внутренняя среда клетки значительно более кислая, поэтому 
растворение может казаться невозможным. Это мнение поддерживается также и той рас­
пространенной практикой, согласно которой С02 освобождают из растворов карбонатов 
более сильными кислотами. В процессе своих исследований автор установил, что выжа­
тый растительный сок, далее водные растворы органических и неорганических кислот 
довольно интенсивно растворяют СО,. Следовательно, мнение, согласно которому погло­
щение С02 из окружающей среды начинается просто растворением, не встречается с прин­
ципиальным возражением.

V i l m o s  F r e n y Ó, B u d a p e s t  V I I I ,  M úzeum  k r t  4/o, H u n g a ry
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COMPARATIVE STUDIES ON D A T U R A  STRAMONIUM  
A N D  ITS SYMBIOTIC MICRO-ORGANISM

J .  K ardos

D EPA RTM EN T OF PATHOLOGICAL ANATOMY, M EDICAL U N IV ER SITY , PÉCS 
(H EA D : G. ROM HÂNYI)

(R ece iv ed  in  rev ised  form  S e p tem b e r 21, 1964)

Synopsis

A m icro -o rgan ism  h as  been iso la ted  from  D atura stram on ium  seeds. I t  has been 
show n th a t  th e  sam e p ig m e n t is co n ta in ed  by  b o th  th e  m icro -o rgan ism  a n d  th e  Datura  
seeds. A q u a lita tiv e  an d  q u a n ti ta t iv e  s im ila r ity  b e tw een  th e  am ino  acid s o f Datura  
seeds and  those  o f th e  m icro -o rgan ism  iso la ted  from  th e  seeds has been  d e m o n s tra ted . 
Im m uno log ica l in v e s tig a tio n s  (ag g lu tin a tio n , p re c ip ita tio n  te s ts )  rev ea led  a m arked  
s im ila r ity  be tw een  th e  im m uno log ica l p ro p e rtie s  o f  p ro te in s  iso la ted  fro m  D atura  
seeds and  from  th e  m icro -o rgan ism  resp ec tiv e ly . T he m icro-organ ism  c o n ta in ed  a fac to r 
w hich ex h ib ited  a ph arm aco lo g ica l an d  b io logical a tro p in e -re a c tio n . T he fa c to r  iso la ted  
in  c ry s ta llin e  form  in d u ced  an  a tro p in e-lik e  re ac tio n  in  th e  eye o f c a t. A ll th ese  resu lts  
suggest a new  form  o f sym biosis betw een  th e  p la n t  cell and  th e  m ic ro o rg an ism  stu d ied

In tro d u c t io n

I t  has been shown in a prev ious c o m m u n ic a t io n  t h a t  the re  is a close 
s im ila r i ty  be tw een  th e  pharm aco log ical ac t ion  of  Datura s tram onium  and 
A l l iu m  сера and  a m icro -o rgan ism  isolated  f rom  th e  tissues o f  these  higher 
p la n ts  [2]. The m icro-organism  isolated from  Datura s tram onium  exe r ted  on 
frog h e a r t  even a f te r  50 passages an  a trop ine-like  effect.  T he  s im ila r i ty  be tw een  
th e  effects of the  h igher  p la n t  tissues in v es t ig a ted  and  th e  m icro-organism  
isola ted  from  th e m  raises th e  question  as to  th e  natvire of sy m b io t ic  re la t io n ­
ship in th is  p a r t ic u la r  case. Are we facing a b iochem ically  h igh ly  specific 
symbiosis or, as it has been p o s tu la te d  by some a u th o rs  [12, 13], should  the 
iso la ted  m icro-organism s be rega rded  as ex trace llu la r  d e v e lo p m en ta l  stages of 
m itochondria?  In  th e  a u th o r ’s opinion this ques t ion  can  no t  be answ ered  as yet.

The p re sen t  s tud ies  were aim ed a t  th e  e luc ida tion  of  th e  chem ical re la t ion ­
ship be tw een  th e  Datura  seeds and  the  iso la ted  m icroorganism . C om pounds 
exh ib it ing  sim ilar p ro p e r t ie s  were looked for b o th  in the  seeds a n d  in th e  m icro­
organism . The com m on occurrence  in the  h o s t  and m icro -o rgan ism  o f  a h em o­
ly tic  fac to r  a n d  a f luorescen t  p igm en t was s tud ied .  The s im ila r i ty  o f  im m u n o ­
logical p ropert ies  an d  am ino  acid com position  was also inves t ig a ted .

A t te m p ts  were m ad e  to  isolate in h igher q u a n t i t ie s  an  a trop ine- l ike  su b ­
s tan ce  from th e  m icro-organism  in order to  ca rry  ou t  a te s t - re a c t io n  w ith  the 
eye of  ca t  which p roved  unsuccessful in fo rm er exp er im en ts  p ro b a b ly  due to
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t h e  low  concen tra tion  o f  t h e  co m p o u n d  to  be te s te d .  Also, pu re  su bs tance  was 
n e e d e d  to  s ta r t  in v e s t ig a t io n s  on th e  e lucidation  o f  th e  chem ical s t ru c tu re  of 
t h e  a c t iv e  agent.

E xperim en ta l

Hemolytic effect

I n  th e  course o f  s tu d ie s  on th e  biological p ro p e r t ie s  of th e  m icro-organism  
is o la te d  from  Datura  seeds a n  in tens ive  hem oly tic  effect was observed  on blood- 
a g a r -p la te s .  In  order to  t e s t  as to  w hether  th e  hem o ly t ic  fac to r  is p re sen t  in 
D a tu ra  seeds as well th e  fo llow ing  ex per im en t w as carried  o u t :  2 g ram s of 
D a tu ra  seeds were t r e a te d  w i th  90 per  cent alcohol for 5 m inu tes .  The alcohol 
a d s o r b e d  to  the surface o f  seeds was rem oved  b y  b u rn in g  and  th e  seeds were 
h o m o g en ized  in a sterile  m o r t a r  in  the  presence o f  5 m l sterile saline. The 
e x t r a c t  w as centrifuged a n d  sub jec ted  to  u l t r a f i l t r a t io n .  Seven to  e igh t d rops 
o f  t h e  f i l t ra te  were p laced  in  th e  holes of th e  b lood -agar  p la te .  In  a b o u t  12 
h o u rs  t o t a l  hemolysis w as o b se rv ed  a round  the  holes con ta in ing  e x t ra c ts  from 
D a tu ra  seeds. The d ia m e te r  o f  th e  hem olytic  r ing  a m o u n te d  to  10 to  12 m m . 
T h e se  experim en ts  c learly  s h o w  t h a t  bo th  the  D atura  seeds a n d  the  m ic ro -o rgan ­
ism  iso la te d  from th e m  c o n ta in  a hem oly tic  su b s tan ce .

Fluorescent analysis

I t  has  been rep o r ted  in  a prev ious c o m m u n ica t io n  t h a t  b o th  th e  Datura  
seeds a n d  the  m icro -o rgan ism  iso la ted  from  th e m  exh ib i t  green f luorescence 
u n d e r  th e  fluorescence m ic roscope  [2].

T w e n ty  grams of th e  m icro -o rgan ism  grown on Bouillon con ta in ing  3 per 
c e n t  glucose were e x t ra c te d  w i th  alcoholacetic ac id  m ix tu re .  The e x t ra c t  was 
e v a p o r a t e d  and after the  r e m o v a l  of alcohol a lkalif ied  w ith  10 p e r  cen t  N11,011. 
T h e  a lca l ine  solution e x h ib i te d  an  in tense b lue-green  coloration.

E x t r a c t s  were p r e p a r e d  as described above  from  Datura stram onium  
seeds as well. The a d d i t io n  of  N H ,O H  also re su l ted  in th e  fo rm atio n  of 
b lu e -g re e n  colour. As r e p o r t e d  b y  R ich te r  [cit. 1] “ D er  Sam en des Datura  
u n d  des  Hioscyamus niger  e n th a l te n  einen g rü n  f luoresz ierenden  K örper ,  
w e lc h e r  in  angesäuertem  W a sse r  löslich is t  u n d  aus a lkalischen  F lüss ig ­
k e i te n  m i t  A m ylalkohol e x t r a h ie r t  werden k a n n ” . On the  basis  o f  th is  
r e p o r t  I h av e  succeeded in  iso la t in g  the b lue-green p ig m e n t  from th e  alkaline 
m e d iu m .  The ex trac ted  p ig m e n t  has  a green f luorescence in UY light (Fig. 1). 
T h a n k s  are due to Dr. J .  S z ő k e  for the  p re p a ra t io n  of spec trogram s. The same 
c o m p o u n d  could be e x t r a c te d  from  the  m icro -o rgan ism  isolated from  Datura  
seeds.
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F ig . 1. A b so rp tio n  sp ec tru m  o f th e  p ig m e n t e x tra c te d  from  Datura stra m o n iu m  seeds and
fro m  th e  m icro -o rgan ism  iso la ted  fro m  th em . A b so rp tio n  m ax im a a t  298 m ft

Im m unological studies

The above results  p ro m p te d  s tud ies  on the  possible im m u n o lo g ica l  
re la t ionsh ip  be tw een  the p ro te ins  o f  the  D a tu r a  seeds and  those of  m ic ro -o rg a n ­
ism isola ted  from  th em . T he  im m unolog ica l  m e th o d s  are of a g re a t  v a lu e  in 
es tab lish ing  th e  n a tu re  of  re la t ionsh ip  b e tw een  various organism s [7, 8].

R a b b i ts  were in jec ted  w ith  a sterile  u l t ra f i l te red  e x t ra c t  o f  D atura  seeds 
(5 gram s of seeds hom ogenized in 25 ml saline). S im ultaneously  c o n tro l  blood 
sam ples  of  th e  sam e ra b b i ts  were te s te d  for possible unspecific  p rec ip i ta t io n  
w i th  th e  Datura  ex trac ts .  These te s ts  gave  n ega tive  results. The in je c t io n s  were 
th e n  rep ea ted  w ith  increasing doses (0.5, 1.0, 1.5, etc. ml) on e v e ry  3rd  day.

At th e  sam e tim e o th e r  ra b b i ts  were in jec ted  w ith  sam ples o f  a 18-hour 
B ouillon-cu lture  of the m icro-organism . T he  control te s t  for unsp ec if ic  reac­
t io n  was carried  ou t w ith  th e  m icro -o rgan ism  as well.

A fte r  the  8 th  in jec tion  th e  ra b b i t s  were killed and  the ir  se ru m  w as used 
for ag g lu tina t ion  tes ts .  T he  m icro-organism s isola ted  from  Datura  seeds agglu­
t in a te d  th e  sera  of r a b b i ts  in jec ted  w i th  seed ex trac ts .  A g g lu t in a t io n  was 
o b ta in e d  up  to  a d i lu tion  of 1 : 1280.

P rec ip i ta t io n  reac tion  was also ca rr ied  o u t  w ith  the  im m une  se ru m  (d ilu ted  
to  1 : 3 )  and  th e  u l t ra f i l te red  suspension . I n  a b o u t  10 to  20 m in u te s  s trong  
p rec ip i ta t io n  r ing  was ob ta ined . E . coli a n d  P. pyocyaneus  gave  no  prec ip i­
ta t io n  reac tion  w ith  suspensions of Datura  seeds.

T he  resu lts  of serological s tud ies  c learly  ind ica te  t h a t  the re  is a specific 
re la t ionsh ip  be tw een  the  D a tu ra  sedes a n d  th e  micro-organism  iso la te d  from 
th em .

The im m unological re la t ionsh ip  described  above is ve ry  s im ila r  to  t h a t  
described b y  L e i n e r  [5, 6 ] .  He has fo u n d  t h a t  the  serum  of r a b b i t s  in jec ted  
w i th  Pelom yxa  agg lu t in a te s  a m ic ro -o rgan ism  isolated from P elom yxa .
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A m in o  acid composition

T h e  am ino acid c o m p o s i t io n  of Datura  seeds a n d  of the m icro -o rgan ism  
iso la te d  from  th em  was also inves tiga ted . T h e  m e th o d  of S z á r a  [14] was 
app l ied .  T he  h o m ogena tes  o f  seeds and  the  m ic ro -o rg an ism  to be te s ted  were 
t r e a te d  w i th  20 per cen t  HC1 for 2 hours a t  120° C in autoclave . The m a te r ia l  
was th e n  dried  b y  a ir  s t r e a m  on a w ater  b a th .  T h e  d ry  h yd ro lysa te  was ta k e n  
u p  in  1 m l distilled w a te r .  T h e  w a te r  was e v a p o r a te d  again to  dryness . This 
p ro c e d u re  was rep ea ted  twdce a n d  the  res t  o f  th e  h y d ro ly sa te  was f ina l ly  ta k e n
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F ig . 2. P a p e r  ch ro m a to g ram s show ing  th e  am ino acid  co m p o sitio n  of D atura stram on ium  

seeds (a) a n d  th a t  o f  th e  m icro-organ ism  iso la te d  fro m  th em  (b)
F ig . 3. P a p e r  ch ro m a to g ra m s show ing  th e  am ino ac id  com position  of D atura  seeds (a), 
o f  A ll iu m  сера (b) and  of m ic ro o rg an ism s iso lated  fro m  D a tu ra  seeds (c) or from  A lliu m  сера (d )

u p  in 2 — 3 ml I i . ,0 .  T he  so lu tion  was n eu tra l iz e d  w ith  silver oxide, followed 
b y  f i l t r a t io n .  The f i l t r a te  w as again e v ap o ra ted  a n d  the  residue was ta k e n  up  
in  w a te r .  The h y d ro ly sa te  w as subjected  to  p a p e r  ch rom atog raphy .  Acetic  
ac id  — b u ta n o l  — H 20  so lv e n t  m ix tu re  ( 1 : 4 : 5 )  a n d  M acherey—619 f i l te r  
p a p e r  w as used th ro u g h o u t  th e  experim ents .

As m a y  be seen in  F ig .  2, th e  am ino ac id  sp ec tra  of the  h y d ro ly sa te  
from  D atura  seeds a n d  th e  inves t iga ted  m ic ro -o rgan ism  are identical.

O th e r  m icro -o rgan ism s were also i n v e s t ig a te d  as to  the ir  am ino  acid 
co m pos it ion  (E .  coli, Pyocyaneus, Staphylococcus aureus) .  C om parative  s tud ies  
in d ic a te d  th a t  th ey  h a v e  an  en tire ly  d ifferen t a m in o  acid spectrum . S im ilarly
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i t  m a y  be seen from  Fig. 3 t h a t  the  am ino  ac id  sp ec tru m  of the  m icro -o rgan ism  
iso la ted  from Allium сера and  t h a t  o f  th e  mircoorganism  iso la ted  from  
Datura  seeds is to ta l ly  d ifferent. B y  c o n t r a s t ,  there  is a close re la t io n sh ip  
b e tw een  th e  am ino  acid spec trum  of t h e  m icroorganism  derived  f rom  A .  
сера  and  th e  am ino  acid com position  of  А .  сера itself.

Pharmacological studies

I t  has been  repo r ted  in a prev ious p a p e r  t h a t  the  m icro -o rgan ism  isola ted  
from  Datura  seeds, even a f te r  a 50 fold passage ,  exer ts  an  a trop ine- l ike ,  a c e ty l ­
choline in h ib i t in g  effect on th e  iso lated  frog h e a r t  [2]. By c o n tra s t ,  e ffo r ts  to  
induce  an open ing  of the  pupil failed to  give conclusive results. T h is  could  he 
exp la ined  b y  th e  low concen tra t ion  of  th e  ac t ive  substance .

A t te m p ts  were m ade to  produce th e  ac tive  ingred ien t in a su ff ic ien tly  
h igh c o n cen tra t io n :

M ass-cu ltu re  was p rep a red  acco rd ing  to  R é d e y  and K e l e m e n  [11]. 
3000 ml of  a 3 p e r  cent Glucose-Bouillon m ed iu m  (pH  7.2) was in o c u la te d  
w ith  th e  m icro-organism  isolated  f rom  D atura  seeds. The cu ltu re  w as p r e in ­
c u b a te d  a t  37° C for 12 hours  in a th e r m o s ta t .  F u r th e r  m u lt ip l ic a t io n  of  th e  
b a c te r ia  to o k  place in a w a te r -b a th  u n d e r  a e ra t io n  and co n s tan t  s t i r r in g .  The 
p H  o f  th e  cu l tu re  was checked d u r in g  in c u b a t io n  and  ad jus ted  to  t h e  original 
v a lu e  w ith  5 p e r  cen t  N H ,O H . After  in c u b a t io n  the  b ac te r ia  were cen tr i fu g ed .  
10 — 15 g (wet w t) o f  b ac te r ia l  cells were ob ta ined .

A t t e m p t s  were m ade  for the  e x t r a c t io n  of the  active a g en t  f rom  the  
b a c te r ia  b y  th e  m e th o d  of S tass  [cit. 1]. T h e  b ac te r ia l  cells were bo iled  for 4 
to  5 hours  in a lcohol acidified w ith  ace tic  acid. The cells were f i l te re d  o ff  and 
the  f i l t ra te  was sub jec ted  to  d is t i l la t ion . T he  residue ob ta ined  w as d i lu ted  
w ith  w ater .  T he  oil layer observed on th e  surface was rem oved. T h e  so lu tion  
was m ad e  alcaline w ith  5 per  cent N H ,O H  and  shaken  out w ith  ch lo ro fo rm . 
T he  ch loroform  was e v ap o ra ted  an d  th e  re s id u e  ta k e n  up in w ater .  T h e  so lu tion  
gave a positive reac tion  (orange red  colour) w ith  the  D rag g en d o rf  a lkaloid  
reag en t  and  ex h ib i ted  an acety lcholine  inh ib i t in g  effect in te s ts  w i th  frog 
h e a r t .  T re a tm e n t  o f  cat eye w ith  1 ml o f  ihe  so lu tion  resulted  in  15 m in u te s  
in a m ax im a l  opening  of the pupil. T he  effect las ted  for 24 h o u rs ,  a n d  was 
easy  to  rep roduce  w ith  th e  ac tive  in g red ien t  repea ted ly  iso la ted  f ro m  new 
cu ltu res .  The atrop ine-like  effect of th e  su b s ta n c e  is shown in Fig. 4.

I h av e  succeeded in iso lating  th e  a c t iv e  substance  in crys ta l l ine  fo rm . 28 
g ram s of dried  cells o f  the  m icro -o rgan ism  served as s ta r t in g  m a te r ia l .  The 
m e th o d  p roposed  by  K losa  [3] for th e  e x t ra c t io n  of  a trop ine  w as  app lied . 
T he  dried  cells were boiled for 8 hours  in 1000 ml alcohol acidified w i th  acetic 
acid. A fte r  e x t ra c t io n  the  alcohol was e v a p o ra te d  and  the residue w as  ta k e n  
up  in w a te r .  T he  oil layer was rem oved  f ro m  th e  surface of th e  so lu t io n  which 
was shaken  o u t  several t im es w ith  ch lo ro fo rm . The chloroform was e v a p o ra te d
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a n d  th e  residue was t a k e n  u p  in w arm  alcohol. T h e  cooling of alcohol re su l ted  
in th e  p rec ip i ta t io n  o f  a crystall ine  su b s tan ce .  A f te r  lOfold rec rys ta l l iza t ion  
from  alcohol 300 m g  p u re ,  white, c rysta ll ine  su b s tan ce  was ob ta ined  w hich  
e x h ib i te d  an a trop ine- l ike  ac tion  in tests w ith  c a t  eye.

F ig . 4. A trop in e-lik e  e ffec t on  c a t  eye of th e  a c tiv e  su b s ta n c e  iso lated  from  th e  sy m b io tic  
m ic ro -o rg an ism  of D atura s tra m o n iu m

Discussion

I t  has been sh o w n  t h a t  a sym biotic  m ic ro -o rgan ism  isolated from  seeds 
of  D atura  s tram onium  p roduces  th e  same p ig m e n t  as th e  Datura  seeds. In  
a d d i t io n ,  a m ark ed  s im i la r i ty  was found  in  t h e  am ino  acid com posit ion , 
im m uno log ica l  and  p harm aco log ica l  p ropert ies  o f  th e  micro-organism a n d  th e  
D atura  seeds.

T he  p ro duc tion  b y  th e  micro-organism  o f  a su bs tance  exh ib iting  a t ro p in e ­
like ac t ion  is of a p a r t i c u l a r  in te res t  and suggests  a close re la tionship  b e tw een  
th e  h o s t  a n d  the  sy m b io t ic  m icro-organism . I t  is c lear  from the  results  p re se n te d  
t h a t  th e  cha rac te r is t ic  b iochem ical p roperties  o f  t h e  micro-organism, in p a r t i c ­
u la r  th e  p ro duc tion  o f  th e  atropine-like s u b s ta n c e ,  are m ain ta in ed  a f te r  its 
iso la t io n  in pure  cu l tu re .

A n u m b e r  o f  d a t a  a ra  available as to  th e  b iochem ica l effect of sym bio tic  
m icro-organism s on th e i r  a n im a l  and p lan t  hos ts  [3, 5, 8, 9]. I t  m ight he a ssu m ed  
t h a t  th e  m icro-organism  g rea t ly  influences th e  physiological properties  o f  th e  
hos t .

I t  is quite  p ro b a b le  t h a t  the  re la t ionsh ip  b e tw e e n  Datura  seeds a n d  th e  
m ic ro -o rgan ism  iso la ted  f rom  th e m  rep resen ts  a n ew  form of sym bios is  w h ich  
has  b een  u n k n o w n  so far.
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V E R G L E IC H E N D E  U N T E R S U C H U N G E N  Ü B E R  DA TU RA ST R A M O N IU M  
U N D  S E IN E N  S Y M B IO T ISC H E N  M IK R O O R G A N ISM U S

E s gelang  in  dem  aus dem  D a tu rasam en  iso lie r ten  M ikroorganism us d e n se lb e n  f lu o res­
z ie ren d en  F a rb s to f f  nachzuw eisen , den de r D a tu ra s a m e n  e n th ä lt.  Es k o n n te  d ie  q u a lita tiv e  
u n d  q u a n ti ta t iv e  Ä h n lich k e it der A m inosäuren  des D a tu rasam en s und des a u s  dem selben  
iso lie rten  M ik roorgan ism us fe s tg es te llt  w erden . A u f  G ru n d  von im m u n b io lo g isch en  U n te r ­
su ch u n g en  (A g g lu tin a tio n , P rä z ip ita tio n )  k a n n  w e ite rh in  eine w eitgehende I d e n t i t ä t  der 
im m u n b io lo g isch en  E ig e n sc h afte n  zw ischen d em  D a tu ra sa m e n  und dem  au s ih m  iso lie rten  
M ik ro o rg an ism u s fe s tg e s te ll t  w erden. A us g rö sse re n  M engen des M ik ro o rg an ism u s, die w ir 
aus dem  D a tu ra sa m en  iso lie rten , k o nn te  nach  dem  A tro p in rea k tio n sv e rfa h re n  e in e  p h a rm a k o ­
logisch  u n d  b io log isch  a tro p in äh n lich e  W irk u n g  n ach g ew iesen  werden. A us 28 g tro ck en em  
M ikroorgan ism us is t  es ge lungen  0,3 g k r is ta ll in isc h e n , re inen  S toff zu g e w in n en , w elcher 
a u f  das K a tze n au g e  eine a tro p in a r tig e  W irk u n g  a u s ü b t .  Alle diesen U m stä n d e  w eisen  au f 
e ine  zw ischen de r P flan zen ze lle  u n d  dem M ik ro o rg an ism u s bestehende neue F o rm  d e r  Sym biose, 
ü b e r die in  de r B iologie  bis j e tz t  keine A ngaben  b e k a n n t  w aren.

СРАВНИТЕЛЬНЫЕ ИССЛЕДОВАНИЯ C DATURA STRAMONIUM И ЕЕ 
СИМЬИОТИЧЕСКИМИ МИКРООРГАНИЗМАМИ

В микроорганизмах, изолированных из семян дурмана обыкновенного, авторам 
удалось обнаружить то-же самое флюоресцирующее красящее вещество, которое содер­
жат и семена дурмана. Установили далее качественное и количественное сходство амино­
кислот в семенах дурмана и в изолированных из семян микроорганизмах. На основании
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иммунобиологических исследований (агглютинация, преципитация) установили даль­
нейшую далекоидущую идентичность между иммунобиологическими особенностями 
семян дурмана и изолированных из них микроорганизмов. Из большого количества 
микроорганизмов, изолированных из семян дурмана, на основании атропиновой реакции 
обнаружили атропиноподобное действие, проявляющееся как в фармакологическом, 
так и в биологическом отношении. Из 28 г сухой массы микроорганизмов получили 0,3 г 
кристаллического, чистого вещества, которое в глазах кошки вызвало атропиноподобное 
действие. Все эти факты свидетельствуют о наличии новой формы симбиоза между расти­
тельными клетками и микроорганизмами, о которой до сих пор в биологии не было из­
вестно.

J ó z s e f  K a r d o s , Pécs, J á n o s  u. 18, H u n g a ry .
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Synopsis

T he hom ogeneous (G om ori-positive) su b s ta n c e  filling th e  e n d o ly m p h a tic  sac of 
th e  r a t  g ives po sitiv e  reac tio n s w ith  m e th o d s  fo r th e  d em o n stra tio n  o f acid  m u co p o ly ­
sacch arid es, w ith  th e  P A S -reac tio n , a n d  w ith  reac tio n s  d e m o n s tra tin g  p ro te in . In  th e  
a u th o rs  o p in io n , th e  m ate ria l o f th e  sac  is com posed of an  acid  m u co p o ly sacch a rid e  
a n d  m u co p ro te in . I t  is supposed  t h a t  th e  G o m o ri-p o sitiv ity  co rre sp o n d s w ith  th e  acid 
m ucopo ly sacch arid e . The G om o ri-p o sitiv e , hom ogeneous substance  a c c u m u la te d  in  the 
d is ta l p a r t  o f  th e  e n d o ly m p h a tic  d u c t is h is to ch em ica lly  id en tica l w ith  th e  m ate ria l 
fo u n d  in  th e  en d o ly m p h a tic  sac.

I n t r o d u c t io n

B a r g m a n n  [1] and G a b e  [5] o b se rv ed  th a t  the  h y p o th a la m ic -h y p o ­
physea l  neurosecre t ion  was e lectively  s ta in e d  h y  Gomori’s c h ro m e a lu m  haem a- 
to x y l in  [7] an d  para ldehyde-fuchsin  [8]. T h e  enorm ous vo lum e o f  w o rk  done 
since th en  by  m eans  of the two m e th o d s  has led to the co in ing  of th e  te rm  
“ G om ori-posi t ive” , which m eans t h a t  th e  subs tances  in ques t ion  s ta in  equally  
well w i th  chrom e haem a to x y l in  a n d  w i th  para ldehyde-fuchsin .

T he  two dyes can, however, be used  for  m ore purposes th a n  th e  d em o n ­
s t r a t io n  of  neurosecre tion . After  p rev ious  p e rm a n g an a te -su lp h u r ic  acid  oxi­
d a t io n ,  th e y  s ta in  also the  in te s t ina l  cu tic le ,  re t icu la r  tissue; w i th o u t  o x ida tion  
th ey  s ta in  e lastin , hyaline  cartilage, th e  g ran u les  of m ast cells, e tc .  [9, 13, 18]. 
I t  is l ikely th a t  b o th  basic dyes, w hen  used  a f te r  oxidation, com bine  m a in ly  w ith 
th e  acid  groups con ta in ing  su lphur ,  fo rm ed  in th e  course of o x id a t io n ;  a n d  in 
the  absence of  ox id a t io n  with the  acid g ro u p s  originally presen t in th e  tissues, 
m os t ly  w'ith acid m ucopo lysaccharides  [2, 3, 6, 11, 18]. A ccord ing  to  R o d e c k  
[17], G om ori-pos i t iv i ty  d em o n s tra te s  t h e  sulpho (S 03H - ) g ro u p s ,  while 
K o n e c n y  and  P l ic k a  [11] claim t h a t  t h e  d ye  m a y  combine n o t  o n ly  w ith  the 
SO jH -g roup  b u t  also with the  S 0 2H ~ ,  C O H  , OSO.,H , a n d  poss ib ly  also 
w ith  o th e r  acid groups (C.OOH ). T h u s ,  th e  G om ori-positiv ity  a lone  reveals 
n o th in g  b u t  th e  chemical group to  w h ich  th e  substance in q u e s t io n  belongs.

T he  p resen t  investiga tions were u n d e r ta k e n  to  analyze v a r io u s  Gom ori- 
pos itive  subs tances ,  f i rs t  of all those  o ccu r ing  in the  nervous sy s te m . T h is  paper  
deals w i th  s tud ies  concerning th e  G om ori-pos i t ive  substance a c c u m u la te d  in
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th e  e n d o ly m p h a t ic  sac whose histocheinical n a tu r e  has  n o t  ye t  been discussed 
in  th e  l i te ra tu re .

T h e  G om ori-positive  su b s ta n c e  being in  th e  en d o ly m p h a t ic  sac has  b een  
d esc r ib ed  b y  V igh a n d  co-w orkers  [21]. The lu m e n  o f  th e  endo lym pha tic  sac, 
f ro m  th e  lower species up  to  m an ,  contains a hom ogeneous  substance w hich  
s ta in s  well w ith  ch ro m e  h a e m a to x y l in  a n d  pa ra ldehyde-fuchsin .  In  som e 
species th e  m a te r ia l  is a b u n d a n t ;  in the axo lo tl ,  for example, the  G om ori- 
p o s i t iv e  su bs tance  a c c u m u la te d  in the  vo lum inous  endo lym pha tic  sacs m ak es  
up  a b o u t  one-fourth  of  th e  to ta l  bra in  m ass. T h e  substance  is p re su m a b ly  
s e c re te d  b y  th e  ep ithelia l  cells of th e  m e m b ra n o u s  la b y r in th  [21].

T h e  resu lts  of th e  p re se n t  investiga tions h a v e  a lready  been pub lished  in 
a s h o r t  a b s t ra c t  [20].

M a te r ia l  and m e th o d

N ew b o rn  an d  a d u lt  r a ts  w ere  used . T he an im als w ere k ille d  b y  d ecap ita tio n , th e  p e tro u s  
bone  w as rem oved  to g e th e r w ith  th e  a d ja c e n t b ra in  tis su e  a n d  f ix ed  in  Bouin, I le lly , 10 p e r ­
c e n t fo rm a lin  or in 4 p e r-c e n t n e u tra l  Ca-form ol. T h e  a d u lt  an im a ls  were sub jected  to  a b o u t 
six  h o u rs , th e  new borns to  a b o u t tw o  hours of e le c tro ly tic  d eca lc in a tio n  by th e  m e th o d  of 
K u l e n k a m p f f  [12]. A m ix tu re  o f  3 p e r-cen t HCL a n d  10 p e r-c e n t form ic acid  w as u sed  fo r 
th is  p u rp o se . One p a r t  o f th e  new  b o rn  ra ts  were n o t e le c tro ly tic a lly  decalc inated  b u t  in  B o u in  
f ix a t iv e  fo r  24 hours. T he sp ec im en s fo r lip id  te s ts  w ere e m b e d d ed  in  nonex, all o th e rs  in  
p a ra f f in .  T h e  sections w ere 7 to  12 m ic ro n s th ick .

A to ta l  o f 39 la b y r in th s  w as s tu d ie d . The s ta in in g  m e th o d s  a n d  reac tions em ployed  w ere:
G o m o ri’s chrom e h a e m a to x y lin  sta in in g , as m o d ifie d  b y  B argmann [1], w ith  a n d  

w ith o u t  o x id a tio n ; p a ra ld eh y d e -fu ch s in  s ta in in g  acco rd in g  to  Ga be  [5] w ith  an d  w ith o u t  
o x id a tio n , a f te r  f ix a tio n  by  B o u in ’s m eth o d .

PA S reac tio n  w ith  an d  w ith o u t  digestion  (sa liv a ), a f te r  H elly , Ca-form ol. an d  B o u in  
f ix a t io n . T h e  S ch iff re ag e n t w as p re p a re d  according to  d e T omasi [14].

T ry p a flav in e  re ac tio n  fo r th e  d em o n s tra tio n  o f m u co p o ly sacch a rid es co n ta in in g  su lp h u r , 
a cc o rd in g  to  Takeuchi [19], a f te r  H elly  and C a-form ol f ix a t io n . In  th e  reac tio n , a n  M /20 
a q u eo u s  a c rif lav in e  so lu tio n  w as u se d  fo r 30 m inu tes a n d  1 h o u r , respec tive ly .

M e th y len  b lue  e x tin c tio n  (M B E ) fo r th e  e s tim a tio n  o f  th e  degree of b aso ph ilia , a f te r  
B o u in  f ix a t io n . M ethy len  b lue  w as dissolved in  M ichaelis v e ro n a l-ac e ta te  buffer a t  p H  8.1 ; 
7; 5 .3 ; 4 .1 ; 3.7; 2.3 in  a c o n c e n tra tio n  of 0.0005 M .

T o lu id in e  blue for th e  d e m o n s tra tio n  of m e ta c h ro m a s ia , w ith  0.5 and 0.1 p e r-c e n t 
a q u eo u s  dye  so lu tion  [14], a f te r  H e lly  f ix a tio n . Som e o f th e s e  sec tions were m o u n te d  w ith  
g ly ce ro l-g e la tin e , o th e rs  w ere p assed  th ro u g h  te r t ia ry  b u ta n o l  a n d  xy lene, and m o u n te d  w ith  
D P X . F u r th e r ,  a  to lu id in e  b lue  (Т В ) s ta in in g  w as c a rr ied  o u t  a t  various p H . 0.1 p e r-c e n t 
to lu id in e  b lue  in  M ichaelis’s v e ro n a l-a c e ta te  buffer a t  p H  6 .5 ; 3.8; 2.8; 2.1 was used  fo r 5 to  
20 m in u te s  a f te r  B ouin  f ix a tio n . D ig estio n  w ith  h y a lu ro n id ase  (“ H y a so n ”  from  N. V. O rg an o n , 
N e th e r la n d s , 30 E /m l 0.1 M  p h o sp h a te  buffer a t  p H  6.0) w as fo llow ed by  s ta in ing  w ith  0.5 p e r ­
c e n t a q u eo u s  or 0.1 p e r-c e n t to lu id in e  blue in M ichaelis b u ffe r  a t  p H  3.8.

A s tra  b lue  s ta in in g  fo r th e  d e m o n s tra tio n  o f ac id  m u copo lysaccharides. T he d y e  w as 
p re p a re d  acco rd ing  to  P ioch [15]; s ta in in g  a fte r B o u in  f ix a t io n  la s te d  3 m inutes.

C oupled  te traz o n iu m  re a c tio n  w ith  stab le  d iazo n iu m  sa l ts ,  as a general p ro te in  re a c tio n  
[16]. F ix a tio n  w ith  n e u tra l  C a-form ol an d  B ouin’s f ix a t iv e .  N inhydrin -S ch iff m e th o d  for 
p ro te in -b o u n d  N H „ g ro u p s a f te r  B ou in  f ix a tio n , a n d  d e m o n s tra tio n  of SS- and  S H -g ro u p s 
b y  th e  D D D  m eth o d  acco rd in g  to  B arrnett  and  Seligman  (14], a f te r  Ca-form ol a n d  B o u in  
f ix a t iv e .  D em o n stra tio n  o f ty ro s in e  accord ing  to L illie [14] a f te r  B ouin fix ation .

N ucleic  acids w ere e x am in ed  b y  th e  Feulgen a n d  m e th y l  g reen-pyronine re ac tio n s  [10], 
fo rm ol f ix a t io n  was used.

T o d e te c t lip ids, C a-form ol f ix a t io n  was follow ed b y  s ta in in g  w ith  Oil R ed О a n d  S u d an  
B lack  В [14].
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R esu lts  ob ta ined  b y  th e  s ta in in g  m e th o d s  and  h is tochem ica l  reactions 
are  show n in Table  1.

Table 1

Results obtained by the sta in in g  methods and histochemical reactions

Stain or reaction F ixation
Reaction of the sub­
stance contained in 

the  endolym phatic sac

1. Chrom e haem atoxylin  w ith  ox id a tio n B ouin stro n g ly  p ositive

2. C hrom e haem atoxylin  w ith o u t o x id a ­
tio n  ............................................................. B ouin stro n g ly  positive

3. P araldehyde-fuchsin  w ith  o x idation  . B ouin stro n g ly  positive

4. P araldehyde-fuchsin  w ith o u t o x id a ­
tio n  ............................................................. B ouin stro n g ly  positive

5. PAS reac tion  ............................................. I le lly , Ca-form ol stro n g ly  p o sitive

6. PA S reac tion  afte r d igestion  w ith  
sa liva  ........................................................ Ca-form ol, B ouin stro n g ly  positive

7. T ry p aflav in e  ............................................. I le lly , Ca-form ol stro n g ly  p ositive

8. M BE ............................................................. B ouin

orange-co lored  reac tion  

s trong  baso p h ilia  a t  pH  3.7

9 .T o lu id in e  blue .......................................... Helly purp le  m etach ro m asia

К). ТВ  a t  various pH  ................................. B ouin purp le  m etach ro m asia  a t

l l .T o lu id in e  blue w ith  h y a lu ron idase  
digestion  ................................................. H elly , B ouin

p H  3.8

purp le  m etach ro m asia

12. A stra  b l u e .................................................... B ouin positive

13. T etrazo n iu m  r e a c t i o n ............................. Ca-form ol, B ouin positive

14. F eu lg en ’s r e a c t io n .................................... form ol (10 per-cent) negative

15. M ethylgreen p y ro n in e ............................. form ol (10 per-cent) n eg ative

16. N inhydrin -S ch iff for p ro te in -b o u n d
N H ............................................................... B ouin positive

17. D D D  reaction  for SH groups .......... Ca-form ol, B ouin w eakly  po sitiv e , p ink  re-

18. D D D  reac tion  for SS groups ............ Ca-form ol, B ouin

action

n eg ative

19. T est for tyrosine .................................... B ouin n eg ative

20. S u d an  Black В ........................................ Ca-formol negative

21. Oil R ed  О ................................................. Ca-form ol negative

The homogeneous su b s ta n c e  accu m u la ted  in the lum en  o f  th e  en d o ly m ­
p h a t ic  sac reac ted  in tens ive ly  w ith  b o th  chrom e h a e m a to x y l in  a n d  para lde- 
hyde-fuchsin  (Fig. 1). T he  s ta in in g  rem ained  even if  no p rev ious  ox ida tion  
h a d  been  employed.
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F ig . 1. E n d o ly m p h a tic  sac  o f th e  r a t ,  its  lum en filled  w ith  G om ori-positive  su b stan ce

T h e  substance in  t h e  sac  gave an in tens ive  P A S  reac tion  (Fig. 2). P re ­
v io u s  d igestion w ith  sa l iva  d id  no t  d im inish  th e  in te n s i ty  of th e  reac tion .

T h e  m aterial s ta in ed  o ran g e  yellow w ith  t ry p a f la v in e ,  in an  in ten s i ty  
s im i la r  to  t h a t  shown b y  h y a l in e  cartilage (Fig. 3).

W i th  m ethylen b lue  ex t in c t io n  the  m o s t  s t ro n g  degree of  basophilia  
w as  seen at pH  3.7.

S ta in ing  with to lu id in e  b lu e  a t  p H  3.8 re su l ted  in purp le  m e tach rom as ia .  
T h e  m e tach ro m a tic  s ta in in g  rem a in ed  after  18 and  23 hours of d igestion  w ith  
h y a lu ro n id a se .

W i th  Astra blue, th e  s u b s ta n c e  in the  e n d o ly m p h a t ic  sac gave a positive 
sk y -b lu e  staining.

T h e  te trazon ium  a n d  n inhydr in -S ch if f  re ac t io n  was positive in th e  endo­
ly m p h a t i c  sac and in th e  c y to p la s m  of the  ep ith e l ia l  cells composing th e  wall 
o f  t h e  sac (Fig. 4).

T h e  substance d id  n o t  s ta in  w ith  the  F eu lgen  reac tion , nor w ith  m ethy l-  
g reen -py ron ine .

T h e  D D D  reac tion  d e te c te d  no SS-groups, a n d  i t  was only a pale  p ink  
c o lo u r  t h a t  was o b ta in ed  in  th e  te s t  for S H -g ro u p s .  The te s t  for ty ros ine  
y ie ld e d  likewise nega tive  re su l ts .

2 9 6 I .  T E I C H M A N N .  В . V IG H  a n d  B . A R O S

A cta  Biol. Hung. 14. 1964



H I á T O C H E M I C A L  S T U D I E S  O N  G O M O R I - P O S I T I V E  S U B S T A N C E S 297

T he m ater ia l  o f  th e  sac s ta ined  ne i th e r  w ith  Sudan  Black B, no r  w ith  
Oil Red ().

Gomori-positive su b s tan ce  was found no t on ly  in the  lum en of th e  e n d o ­
ly m p h a t ic  sac hu t also in t h a t  of the e n d o ly m p h a t ic  d uc t  (Fig. 5). The m a te r ia l

Fig. 2. E n d o ly m p h a tic  sac, PA S reac tio n , Fig. 3. E n d o ly m p h a tic  sac s ta in ed  w ith  try p o - 
flav ine . In  the  u p p e r left co rner, deta il of a p o sitiv e ly  s ta in e d  hyaline  cartilag e  is visible. 
Fig. 4. E n d o ly m p h a tic  sac o f th e  r a t .  T e trazo n iu m  re a c tio n . M arked p o sitiv ity  in  th e  cells 
com posing the  wall. Fig. 5. E n d o ly m p h a tic  d u c t o f th e  r a t  s ta ined  w ith  p a ra ld eh y d e - 

fuchsin. N ote  G om ori-positive  hom ogeneous su b s ta n c e  in the  lum en

4 Acta Biol. Hung. 14. 1964
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in  t h e  d u c t  gave th e  sam e re a c t io n s  as t h a t  in  th e  sac. The a m o u n t  o f  th e  su b ­
s ta n c e  w as very  small a t  t h e  beg inn ing  of th e  d u c t  and  increased to w a r d  th e  sac.

N o  difference was f o u n d  in these s tud ies  be tw een  the n e w b o r n  a n d  adult  
a n im a ls  as regards th e  q u a l i t y  of th e  e n d o ly m p h a t ic  m ateria l .

Discussion

T h e  strongly p o s i t iv e  reac t io n  o b ta in ed  w ith  Gomori’s ch ro m e  haem a- 
t o x y l i n  and  p a ra ld eh y d e -fu ch s in  even w i th o u t  ox idation , in d ica tes  t h a t  the  
s u b s t a n c e  contains n u m e ro u s  acid groups. A t  th e  sam e tim e, s ta in in g  according 
to  G o m o ri  separates c le a r ly  th e  m a te r ia l  o f  th e  sac from th e  neu rosec re t ion , 
th e  l a t t e r  being positive only' a f te r  ox ida tion  [1, 5].

T h e  m ethylen blue e x t in c t io n  below p H  4, th e  m e tach ro m as ia  on s ta in ing  
w i t h  to lu id ine  blue, f u r th e r  th e  nega tive  re su l t  of th e  Feulgen  r e a c t io n  and  
t h e  s ta in in g  with m e th y lg reen -p y ro n in e  p o in t  to  th e  presence o f  ac id  m u c o ­
p o lysacchar ides .  The sam e is in d ica ted  b y  th e  pos itive  s ta in ing w i th  A s t r a  blue. 
T h e  o range  yellow co lour o b ta in ed  by  s ta in in g  w ith  t ry p a f la v in e  suggests, 
a c c o rd in g  to  T a k e u c h i , t h a t  th e  substance  is com posed  of m ucopo lysaccharides  
c o n ta in in g  sulphur.

T here  was no d iffe rence  in the  in te n s i ty  o f  the  PAS re ac t io n  w i th  and 
w i t h o u t  digestion. This in d ic a te s  th a t  th e  su bs tance  contains  no glycogen, 
a n d  t h a t  i t  seems to  be  p e r h a p s  composed of n e u t ra l  m ucopo lysaccharides ,  
m u c o p ro te in  or glycolipid. T h e  failure of th e  s ta in s  Oil R ed О and  S u d a n  B lack 
В to  s ta in  the m a te r ia l  in t h e  sac rules o u t  th e  possibility  t h a t  th e  exam ined  
s u b s ta n c e  possesses g lyco lip id  properties.

T h e  te trazon ium  r e a c t io n  was positive. T h is  resu lt  was in te rp re te d  as a 
g e n e ra l  indication  of p ro te in s .  According to  R a p p a y  and  P ó s a l a k y  this 
r e a c t io n  is positive n o t  o n ly  a t  the  presence of  h is tid ine , ty ros ine  a n d  t r y p t o ­
p h a n ,  as described in th e  l i t e r a tu re ,  b u t  o f  cys te ine , d io x y p h en y la lan in e  and 
d iio d o ty ro s in e  as well [16]. T h e  tes ts  for ty ro s in e  yielded nega tive  re su l ts ,  nor 
w e re  d isulphide l inkages d e m o n s tra b le  in the  substance . The po s i t iv e  sulph- 
h y d r i l  reaction, how ever, in d ica te s  cysteine con ta in in g  p ro te in  a n d  th e  result 
o f  t h e  n inhydrin-  Schiff  m e th o d  d em o n s tra te s  th e  presence of p ro te in -b o u n d  
N H 2 groups.

So, the  strong p o s it iv i ty '  of the  PAS- a n d  of th e  protein  re a c t io n s  m ay  
in d ic a te  a m ucoprotein . O n  th e  basis of our re su lts  we suppose t h a t  t h e  endo­
ly m p h a t i c  sac contains  tw o  m ater ia ls ,  p ro b a b ly  a su lpha ted , acid  m u co p o ly ­
sa c c h a r id e  and a m u c o p ro te in .  F ina lly  we th in k  th a tb e tw e e n  th e  tw o  m en tio n ed  
m a te r i a l s  the  acid m u co p o ly sacch a rid e  corresponds  w ith  the  G om ori-positive  
s u b s ta n c e  since the m a te r i a l  o f  th e  en d o ly m p h a t ic  sac shows G om ori-pos i t iv i ty  
w i t h o u t  oxidation. In  su ch  a case the G om ori s ta ins  combine w i th  th e  acid 
g ro u p s  originally p re sen t  in  a m ater ia l ,  m o s t ly  w ith  th e  acid m u co p o ly sacch a ­
r id e s  [2, 3, 6, 11, 18].
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T here  was no d ifference in th e  reac tio n s b e tw e e n  th e  substance  in  th e  sac 
an d  in th e  d ista l p a r t  o f  th e  en d o ly m p h a tic  d u c t.
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H IS T O C H E M IS C H E  S T U D IE N  G O M O R I-P O S IT IV E R  SUBSTANZEN

I .  U n t e r s u c h u n g  d e s  G o m o r i - p o s i t i v e n  M a t e r i a l s  
i m S a c c u s  e n d o l y m p h a t i c u s  d e r  R a t t e

Das hom ogene (Goinori-posi tive) M aterial ,  das d en  Saccus  en d o ly m p h a ticu s  der  R a t t e  
ausfü l l t ,  g ib t  positive R e a k t io n en  m it  M ethoden zum N ach w eis  saurer M ucopolysaccharide ,  
m it  der P A S -R eak t io n ,  sowie m i t  Eiweiss nach w e isen d en  Verfahren . Nach  M e inung  der 
A u to ren  is t  das M ater ia l  des Saccus zu sam m engese tz t ,  es b e s te h t  aus einem sau ren  Mucopo- 
lysaccharid  u n d  e inem  M ucopro te id .  Es ist  a n zu n e h m e n ,  d ass  das  saure M ucopo lysacchar id  
fü r  die G o m o rip o s i t iv i tä t  v e ran tw o r t l i c h  ist. Die G om ori-posi t ive ,  homogene S u b s ta n z ,  die 
sich im d is ta len  Teil des D u c tu s  e n d o ly m p h a t icu s  a n h ä u f t ,  en tsp r ich t  h is tochem isch  dem  
Material  des Saccus en d o ly m p h a t icu s .
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ГИСТОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ГОМОРИ-ПОЛОЖИТЕЛЬНЫХ
ВЕЩЕСТВ

I. Г о м о р и - п о л о ж и т е л ь н о е  в е щ е с т в о  э н д о л и м  ф а т  и в е с к о г о
м е ш к а  у к р ы с

Гистохимическими методами показано, что (Гомори-положительное) вещество, 
заполняющее эндолимфатический мешоку крыс дает положительные реакции на белки, 
кислые мукополисахариды и дает положительную ШИК-реакцию. Авторы считают, что 
эти вещества состоят из кислых мукополисахаридов и мукопротеинов. Очевидно, Гомори- 
положительность зависит от кислых мукополисахаридов. Однородное Гомори-положи­
тельное содержание эндолимфатического потока является идентичным с гистохимической 
точки зрения с веществом эндолимфатического мешка.

I n GEBORG T k iCHMANM I

BÉLA ViGH B u d ap est I X ,  T űzo ltó  u. 58. H u n g a ry .
B é l a  Á r o s
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Synopsis

The a u th o rs  h ave  s tu d ied  the  imm unological  co m p e ten ce  of the  n ew born  th y m u s  
and  spleen, a n d  t h a t  o f  th e  a d u l t  th y m u s  a n d  spleen in  th e  r a t .  I t  has been  found ,  in 
accordance w i th  th e  ev idence  re p o r te d  by  Miller t h a t  th e  newborn th y m u s  possesses 
p ro m in en t  im m unolog ica l  potenc ies ,  which by  th e  t im e  a d u l t  age is reached  are t r a n s ­
ferred  to the  spleen a n d  l y m p h  nodes;  meanwhile ,  t h e  th y m u s  loses these  p ropert ies  
to a g rea t  e x te n t .  Phylo-  a n d  on togenetical  causes a re  discussed.

Introduction

M i l l e r  rep o r ted  in 1961 t h a t  in the  m ouse th e  spleen and  ly m p h  nodes 
w ould develop poorly  in case th y m e c to m y  was p e rfo rm ed  in new born  age [18]. 
I m m u n i ty  d iminishes and a t  th e  same tim e  th e  to le rance  to  heterologous 
(foreign) t ra n sp la n ts  increases. According to  M i l l e r  in em bryonic  age the  
th y m u s  contains  im m unolog ica lly  com p e ten t  cells, w hich  pass over in to  the  
var ious  ly m p h a t ic  tissues a f te r  t h a t  age [18, 19]. H is  resu lts  have  been  co n ­
f i rm ed  b y  J a n k o v ic  and  co-workers [1, 16, 27] in  th e  r a t ,  b y  S h e r m a n  and  
D a m e s h e k  [23] in th e  h a m s te r ;  m a n y  o th e r  e x p e r im e n ts  were p e rfo rm ed  in 
th is  respect [5]. The suggestion  itse lf  th a t ,  as in d ic a te d  b y  these exp er im en ts ,  
the  th y m u s  m igh t  he considered  to  be the  m ost im p o r ta n t  organ of im m u n i ty ,  
gave rise to  lively d eb a tes  [20]. T here  is an a b u n d a n c e  of  research works c o n t r a ­
d ic t ing  th a t  th e  th y m u s  would he involved in im m u n i ty .

F o r  exam ple , A silonas  a n d  W h i t e  [2] found  no im m u n e  b o d y  p ro d u c ­
ing ac t iv i ty  of th e  th y m u s  in  guinea pigs e x am in ed  b y  th e  use of  f lu o re s ­
cen t  an tigen , while H a r r i s  and  H a r r is  [15] h av e  observed th e  sam e in 
th e  case of in v i tro  im m u n isa t io n  against d y se n te ry .  A zar  [3] has e x a m ­
ined  th e  p lasm acy topo ie t ic  a c t iv i ty  of ly m p h a t ic  t issue after  im m unisa t ion  
a n d  found  t h a t  i t  was d e tec tab le  in  the  ly m p h  nodes a n d  spleen, h u t  n o t  in 
th e  th y m u s .  T h o r b e c k e  a n d  K e u n i n g  [26], also s tu d y in g  tissue cu ltu res ,  
h ave  found t h a t  im m u n isa t io n  evoked responses in  various ly m p h a t ic  t i s ­
sues, h u t  n o t  in th e  th y m u s .  According to  S c h e l i n  and  co-workers [22] 
p la sm a  cells are n o t  p re se n t  no rm ally  in th e  th y m u s ,  and  ap p ea r  in i t  in 
small q u an ti t ie s  only even in  response to  e x p e r im e n ta l  in te rven tions .  F i c h -
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T E L iu s  [14] has a s im ila r  opinion. Some w orkers , e.g. Cz a p l i c k i  [12, 13] 
go as  fa r  as to  c la im  t h a t  a su bs tance  producing  agam m ag lobu-  
l in a e m ia  would be p re s e n t  in th e  th y m u s .  O ur  earlier in v es t iga t ions ,  too 
[10, 11], indicated t h a t  e v e n  if p la sm a  cells were formed in th e  th y m u s ,  th is  
c e r t a in ly  is not so s ign if ican t  t h a t  th e  organ  should  be ascribed a k e y  position 
in  im m u n e  body p ro d u c t io n .  T hus ,  it  seems, if only in the  l igh t  o f  th e  c o n tro ­
v e r s ia l  evidence repo r ted ,  t h a t  some incongruence  exists be tw een  th e  potencies 
o f  th e  em bryonic  and  n e w b o rn  th y m u s  a n d  th e  a c tu a l  capabili t ies  o f  th e  gland 
in  a d u l t  age. We have th e re fo re  carried  o u t  inves t iga t ions  to  e luc ida te  w he the r  
th e r e  is an  iden ti ty  in im m u n e  com petence  be tw een  th e  n ew b o rn  and  adu lt  
t h y m u s  a n d  how th is  c o m p a re s  w ith  th e  corresponding  ac t iv i t ies  o f  th e  new ­
b o r n  a n d  adult  spleen.

M a te r ia l and  m eth o d s

T h e  m orta l i ty  due to  “ r u n t  d isease”  was used as th e  tes t  in our e x p e r im e n ts  [4]. T here ­
fo re  w e in jec ted  into 486 n e w b o rn s  of 62 ra ts  w i th in  24 hours f rom  b i r th  cell suspensions 
o f  h o m o lo g o u s  newborn spleen o r  t h y m u s ,  and  a d u l t  t h y m u s  a n d  spleen suspens ions  respec tive ly  
i n t r a p e r i to n e a l ly ,  in 0.1 ml physio log ic  saline. E a c h  new born  an im al received 3 m g w et weight 
t i s su e .  T h e  tran sp lan ts  were o b ta in e d  from  200 new borns  of ano the r  30 fam il ie s ,  an d  from 
36 a d u l t  r a t s .  The ra ts  cam e f ro m  our  s tock,  considered  to  be a no t- inb red ,  o r ig ina l ly  W is ta r  
s t r a in .  A f te r  having received t h e  in jec tion  of cell suspension, the  new borns  were p u t  back 
to  t h e i r  o w n  mothers.  Only  one  k in d  of t r a n s p la n ta t io n  was carried  o u t  w i th in  one li t ter .

T h e  r u n t  disease m a n i fe s te d  i tse lf  in  r e ta rd a t io n  of g row th  (Fig. 1), ro u g h in g  of th e  fur, 
w e a k n e s s ,  d iarrhoea th en  d e a th .  Considering  t h a t  th e  te s t  is eva lua ted  on th e  bas is  o f  the  m o r­
t a l i t y  r a t e  an d  time of d e a th ,  t h e  an im als  were n o t  necropsied  un til  a f te r  the  age of 1 m onth ,  
t h u s ,  we could not observe th e  i n te r n a l  changes p ro d u ced  by the  ru n t  disease.  The  animals 
s u r v iv in g  30 days were n ec ro p s ied ,  the  organs were weighed, b u t  we fo u n d  no significant 
d i f fe ren ces  between the  v a r io u s  groups,  which is u n d e rs tan d a b le ,  because  the  animals 
s u r v i v e d  a n d  thus the changes p ro d u c e d  were n o t  m ark ed .

F ig . 1. R u n t  disease evoked  b y  the  t r a n s p la n ta t io n  of a d u l t  spleen (below). Above:  well
deve lo p ed  control of s im ila r  age
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R esu lts  an d  discussion

T he  results  have been t a b u la te d .  Tab le  1 shows the  n u m b e r  o f  anim als 
in th e  group , th e n  the  m o r ta l i ty  r a te  in per  cen t from 0 till 3 d a y s .  In  our 
op in ion  in t h a t  period th e  an im als  perish  n o t  necessarily  as a r e s u l t  o f  t r a n s ­
p la n ta t io n ,  b u t  e ither  because  th e  m o th e r  does n o t  le t  the  offsprings suck , or 
th e  new borns  fall victim  to cann iba lism , as i t  often  occurs w ith  ra t s .  Therefore  
f u r th e r  resu lts  are expressed as th e  percen tage  of th e  animals still a live  on the 
3rd d a y  and  th is  is accepted  as the rea lis tic  basis for fu r th e r  ca lcu la tions .

As the  descrip tion  o f  th e  e x p e r im e n ta l  p rocedure  has rev ea led ,  we have 
reversed  M i l l e r ’s te chn ique  [18] in our s tud ies  of the  role of  th e  th y m u s .  
W hile  M i l l e r , and  since th e n  o thers  [1, 16, 23, 27], e x t i rp a te d  th e  th y m u s  
and  observed  the  effect, we t r a n s p la n te d  th e  th y m u s  and spleen a t  an  age, at 
w hich  th e  im m unological to le rance  is still e x is te n t  in th e  r a t  [4]. B ecause  of 
th is ,  th e  new born  rat does no t  d e s t ro y  th e  cells in jec ted  in to  it, on th e  c o n tra ry ,  
th e y  will p re su m ab ly  con tinue  to  grow in i t .  A n d  if  the  t r a n s p la n t  conta ins  
im m unolog ica lly  p o te n t  cells, t h e y  will p roduce  im m une  bodies a n d  will kill 
th e  im m unolog ica lly  im m a tu re  or less m a tu re  hos t  organism.

T he  u l t im a te  results  of th e  ex p e r im en ts  ind ica te  th a t  if we ta k e  in to  con­
s id e ra t io n  th e  n u m b er  of  su rv ivors  in th e  d ifferent groups, th e  d e s t ru c t iv e  
effects o f  th e  new born th y m u s  and  adu lt  spleen are clearly m an ifes t ,  while the  
n ew b o rn  spleen and  ad u l t  th y m u s  were by  fa r  less destruc tive .  W h a t  does th is  
im p ly ?  T he  only possible im p lica t ion  is th a t  th e  im m unological po ten c ie s ,  or 
im m unolog ica lly  po ten t  cells o f  th e  em bryon ic  th y m u s  are t r a n s fe r re d  to the  
spleen a n d  n a tu ra l ly ,  and even to  a g rea te r  e x te n t ,  to  the  ly m p h  n o d es  b y  the 
t im e  a d u l t  age is reached, when  th e  th y m u s  shows a g rea t  loss of these  po tencies . 
T h u s ,  th e  evidence pub lished  b y  M i l l e r  has been  corrobora ted :  th e  t h y m u s  of 
th e  n ew born  possesses in fac t h igher  im m unolog ica l potencies th a n  th e  spleen 
of  th e  new born ,  even th o u g h  w i th  these  ex per im en ts  th e  abso lu te  p o s i t iv i ty  
a n d  abso lu te  n eg a t iv i ty  could n o t  be p roved , b u t  we m u s t  ad d  to  th i s  t h a t  all 
these  c a n n o t  be applied to  a d u l t  age. I t  seems t h a t  B u r n e t  [5] is r ig h t :  he 
does n o t  claim a t  all t h a t  th e  th y m u s  w ould  ta k e  p a r t  in th e  p ro d u c t io n  of 
th e  classic im m une  bodies, b u t  th in k s  t h a t  the  cells involved in sys tem ic  
defence are  descendan ts  of th e  th y m ic  cells, which a t ta in  full im m uno log ica l  
p o te n c y  in  the  S2>leen and  ly m p h  nodes. T hus ,  from  th e  experim en ts  o f  M i l l e r  
a n d  th e  o th e r  au thors  referred  to  one in  no w ay  draw s the  conclusion t h a t  in 
ev e ry  age th e  th y m u s  p lays  a role in im m u n e  b o d y  p roduc tion , or t h a t  i t  p lays 
such  a role a t all; we m a y  only  claim  t h a t  in a cer ta in  age, in th e  em b ry o n ic ,  
th e  th y m u s  is a carrier of im m unolog ica l  potencies, which i t  loses to  a signifi­
c a n t  e x te n t  la ter .  Thus, d u r in g  th e  period  be tw een  em bryonic  a n d  a d u l t  age 
a m ig ra t io n  of im m unological po tenc ies  is observable , a t  th e  sam e t im e  th e  
d ifferen t ly m p h a t ic  organs becom e specialized. Therefore  the  ly m jih a t ic  sys tem
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c a n  n e v e r  be considered to  b e  essentially h o m ogeneous  [9, 10, 11], because  
a t  t h e  t im e  the th y m u s  is h ig h ly  po ten t  im m u no log ica lly ,  the  spleen is less 
p o t e n t ,  whereas by th e  t im e  th e  la t te r  not on ly  ca rr ie s  in it the  potencies, h u t  
also rea lizes  them , th e  t h y m u s  has  lost th em  p a r t i a l ly ,  as it is ind ica ted  b y  the  
p r e s e n t  experim ents ,  or t o t a l l y ,  as i t  is in d ica ted  b y  earlier  ones [10, 11]. On 
th e  o th e r  hand , by  losing th e  general im m uno log ica l  potencies th e  th y m u s  
has  a t t a in e d  its specia lized  function in th e  p rocesses  of tissue corre la tion , 
b e c a u se  as we have d esc r ib ed  earlier [7, 8] th e  a d u l t  th y m u s  is m u ch  more 
c a p a b le  of  producing m a s t  cells, th an  is th e  e m b ry o n ic  th y m u s .

Table 1

G roup
N um ber 

of anim als 
a t s ta r t

M ortality rate M orta lity  ra te  (%) Alive a t 30 days

till 3rd day 4 to  6 days 7 to  14 days 14 to 30 days
per cent

N ew born thym us . 102 28.5 31.5* 31.5 5.5 31.5
N ew born spleen 109 18.4 20.0 29.1 3.4 47.5
A dult thym us . . . . 99 35.1 11.2 31.2 8.1 49.5
A dult s p le e n .........

* significant:

176 

P <  1 %

40.5 18.1 29.5 19.0* 33.4

I f  we analyze th e  t a b u l a t e d  da ta ,  or r e p re s e n t  th e m  sem i-d iagram m ati-  
c a l ly  (F ig . 2) it  will seem  t h a t  during the  f i r s t  th re e  days th e  a d u l t  tissues

Mortality till 
3 rd  day

Acute stage o f the runt Normal immune 

disease A to 6 days reaction 7 to Ц days

Durable e f f ect  

К to 30 days 
(+ )

Fig. 2 . Sem i-diagram m atic representation of the e ffec ts o f various transplantations

t h y m u s  and  spleen, were  m o re  destructive t h a n  th e  em bryon ic  ones. H ow ever,  
th e  d e s tru c t io n  observed  d u r in g  th a t  period teas n o t  ta k e n  in to  considera tion  
in  su b se q u e n t  ev a lua tion ,  l e t  us therefore a n a ly ze  th e  la te r  points  of t im e . In  
o u r  op in ion  the  period u n t i l  th e  4 th —6th  d a y  is th e  acu te  stage of th e  r u n t  
d isease ,  i t  is a t t h a t  t im e  t h a t  th e  actual d e s t ru c t io n  begins in our ex per im en ts  
in  case  im m unologically  p o t e n t  cells are t r a n s p la n te d .  I n  t h a t  phase  th e  new ­
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b o rn  th y m u s  was p ro m in e n t ly  des truc tive ,  while th e  a d u l t  th y m u s  was 
h a rd ly  des truc tive .  Significance analysis b y  th e  4-field chi square  m ethod  
shows t h a t  the  new born  th y m u s  is s ignif ican tly  m ore ac tive  th a n  th e  other 
organs. The nex t  m ore or less a rb i t ra r i ly  selected period  is t h a t  from  th e  7th 
t i l l  th e  14th day . Th is  period  is considered to  be th e  one in  w hich  im m une 
bodies norm ally  begin  to  a p p e a r  and  in the  case o f  t r a n s p la n ta t io n  i t  is usually  
in  th is  period th a t  necrosis begins and  the  t r a n s p la n t  is cas t  off. B y  t h a t  time 
th e  effects of the  d ifferen t splenic  an d  th y m ic  t r a n s p la n ts  show an  equa lisa tion , 
th e  m o rta l i ty  ra te s  are closely similar, there  are no s ign if ican t differences. 
In  th e  n e x t  period th e  a d u l t  spleen was p ro m in e n t ly  an d  s ign if ican tly  more 
d e s t ru c t iv e  th a n  th e  o th e r  organs. Thus, in our schem atic  figure  th e  a rea  m arked  
A corresponds to  th e  acu te  r u n t  disease effect o f  th e  n ew born  th y m u s  a n d  this 
gives th e  difference from th e  new born  spleen, w hereas  th e  a rea  B ,  shows the 
lack  of such ac t iv i ty  of  th e  a d u l t  th y m u s ,  and  th e  a rea  B 2 in d ica te s  t h a t  the 
a d u l t  spleen has a d u rab le  effect. Thus, В , -)- B 2 gives th e  difference existing 
b e tw een  th e  effects of th e  a d u l t  spleen and  th y m u s .  I f  we t r y  to  exp la in  all 
these  in the  light o f  the  clone selection th eo ry ,  it m a y  be s ta te d  t h a t  in the 
em b ry o n ic  age it  is a c tu a l ly  in th e  th y m u s  t h a t  we f ind  the  im m unologically  
m ost p o te n t  cells, bu t  in a d u l t  age th e y  are p resen t  in sm alle r  n u m b e rs ,  on the 
one h an d ,  and , on th e  o the r ,  th e re  is no ab ili ty  to  produce  such cells for a long 
t im e  (14 to  30 days), w hereas  th e  spleen possesses these  p roper t ie s .  W e shall 
r e tu r n  to  th is  special ab i l i ty  o f  th e  spleen, in  which lies p r im a r i ly  th e  difference 
b e tw een  th e  new born  and  a d u l t  spleen from th e  im m unolog ica l  p o in t  o f  view, 
in  connexion w ith  th e  s ta t i s t ic a l  analysis.

The above eva lu a t io n  o f  th e  chronological differences in  th e  m o r ta l i ty  
r a te s  can n o t  yield an a b so lu te ly  realis tic  p ic tu re ,  because  th e  d u ra t io n  of the  
periods has been d e te rm in ed  a rb i t ra r i ly .  How ever, i t  seems to  be r a th e r  u n e q u iv ­
ocal t h a t ,  even th o u g h  no t  in th e  rh y th m  of th e  effect, b u t  in  i ts  fac t  th e  role 
of th e  new born  th y m u s  is t a k e n  over from  th is  p o in t  o f  view  b y  th e  spleen 
in ad u l t  age, if we ta k e  in to  considera tion  the  f i r s t  m o n th  only . I f  we p lo t  the 
d y n a m ic  curves of  su rv iva l ,  th e  whole process can  be followed u p  a n d  the  re ­
su l ts  will be similar to  those o u t l in ed  above (Fig. 3).

E v a lu a t io n  accord ing  to  d ay s  has been carried ou t  on th e  basis  o f  the  
“ po tencies  of the  effect” , m e a su re d  b y  the  ve loc ity  of  m o r ta l i ty  (m orta l i ty /100  
days) .  In  the  ca lcu la tion  100 was d iv ided  b y  th e  days  of  d e a th  ( su b tra c t in g  in 
e v e ry  case the  f irs t  4 days) . T he  po ten cy  of the  effect th u s  m e asu red ,  i.e. the  
average  velocity  of  th e  ch a in  reac tion  causing d ea th ,  can  be considered  to 
shotv norm al,  G aussian  d is t r ib u t io n  (Fig. 4). The average  t im e  of d e a th  was 
ca lcu la ted  by  d ividing 100 b y  th e  average velocity . D oubtless ly ,  th is  analysis 
a l th o u g h  more precise in i ts  m e th o d ,  has the  sho rtcom ing  of ignoring  th e  values 
before  th e  4 th  day , a n d  considering  only  th e  sum  of th e  values  a f te r  th e  30th 
d a y ,  and  thus  ne i th e r  th e  averages ,  nor th e  d is t r ib u t io n s  re f lec t  th e  whole
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Fig. 3. D ynam ic curves o f survival (untransform ed data)

998 - 0.2

99.5- 
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-0.5  

-  1.0

- 2 D

Fig. 4. R elative m ortality rate p lo tted  against tim e. (1 /day  XlOO [i.e. the velocity] is plotted  
on the tim e-scale. S u rv iva l rate is p lotted  on the frequency-scale)
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t r u t h .  Nevertheless, th e y  can  he used  in com p ara t iv e  work. As F ig . 4 indicates, 
th e  d is tr ibu tions  of  th e  n ew b o rn  th y m u s ,  ad u l t  th y m u s  an d  n e w b o rn  spleen 
can  be clearly d is t ingu ished , and  a l th o u g h  w ith  all th ree  of th e m  th e  average 
su rv iv a l  is a round  -f-7 d ay s ,  and  th e  t t e s t  shows no s ign if ican t  differences 
b e tw een  th em , var iance  analysis  h y  the  F  te s t  yields a ve ry  h ig h ly  significant 
r e s u l t  (p  <  0.1 per  cent).  O n th e  basis o f  the  t te s t ,  th e  average  su rv iv a l  of 9%  
d a y s  ob ta ined  for the  a d u l t  spleen is ve ry  h igh ly  s ign if ican tly  d if fe ren t  (p  <  0.1 
p e r  cent) from all th ree  of  th e m .

I f  we con tinued  th e  ex p e r im en ts  in  sim ilar m a te r ia l  o v e r  30 days to 
d e te rm in e  more com ple te ly  th e  su rv iva l  tim es, and  th e  f i r s t  few  d ay s ,  too, 
were ta k e n  in to  accoun t,  in  ana logy  to  th e  “ n a tu ra l  m o r ta l i ty ” , th e  results 
w ould  be m uch m ore re liable . T h is  w ay , however, i t  m a y  m ere ly  be surmised 
t h a t  as a resu lt  of th e  above  corrections th e  average su rv iva l  t im e s  would  be 
a ro u n d  12 days in th e  case of  th e  new born  th y m u s ,  17— 18 d ay s  in  t h a t  of the 
a d u l t  and  new born spleen, a n d  over 40 days  in th e  case of th e  a d u l t  thym us .  
T h u s ,  it  is a fact t h a t  th e  a d u l t  th y m u s  has a m uch  w eaker effect t h a n  th e  new­
b o rn  th y m u s ,  b u t  th e  a d u l t  spleen canno t be called “ s tro n g e r”  t h a n  th e  new ­
b o rn  spleen, its effect is m ere ly  delayed , as com pared  w ith  th e  o th e r  three, 
a n d  therefore  it  acts  m ore  p o te n t ly  in th e  la te r  period, b y  th e  t im e  th e  main 
per iods  of  action of th e  o th e rs  are over.

In  an earlier p a p e r  [11] we h ave  suggested  t h a t  th e  t h y m u s ,  as a phylo- 
gene tica l ly  and  on togenc tica l ly  an c ien t  o rgan, carries w ith  it  c e r ta in  potencies 
a n d  these  lead to  a specia lisa tion  of th is  organ  in ad u lt  age. To th is  we m a y  add 
now  t h a t  a p p a ren t ly  i t  is a lw ays th e  phylo- an d  on togene tica l ly  m o s t  ancient 
defensive  organ t h a t  carr ies  w ith  it  all th e  defensive potencies, w h ich  i t  d is tr i­
b u te s  la te r  in connexion w ith  specialisation . This is ind ica ted  a m o n g  others 
b y  th e  fac t t h a t  for ex am p le  in b irds  th e  e x t i rp a t io n  of  th e  b u rs a  o f  Fabric ius 
p roduces  the  same effect as th y m e c to m y  in th e  m am m als  f rom  th e  p o in t  of 
v iew  of th e  im m une  sy s tem  [17, 21, 24], while th y m e c to m y  h a s  no  sequelae 
a t  all  in birds [25].
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Ü B E R  D IE  IM M UNOLOGISCHE K O M PE T E N Z  
VON T H Y M U S U N D  MILZ BEI N E U G E B O R E N E N  

U N D  E R W A C H SE N E N  R A T T E N

E s wurde an R atten  m it der »runt-disease« M etode die im m unologische K om petenz  
des T h ym u s und der Milz von  neugeborenen und erwachsenen T ieren untersucht. Dabei konnte  
fe s tg e s te llt  werden, dass in Ü bereinstim m ung m it den B efunden  M i l l e r s  der Thym us von  
neugeborenen  Tieren stark sch ä d ig t, während die »runt-disease«-W irkung des erwachsenen  
T h ym u s bedeutend geringer is t . In  G egensatz dazu hat M ilzgewebe von erwachsenen Tieren  
ein e stark e  W irkung, während die der Milz von Neugeborenen etw a der W irkung des erwach­
senen T hym u s entspricht. D araus wird der Schluss gezogen, dass der Thym us seine im m uno­
log isch en  Potenzen im Laufe der Entw icklung verliert, bezw . den lym phatischen Organen 
üb ergib t. E s werden m utm assliche phylo- und ontogenetische Ursachen dieser Erscheinung  
besprochen .
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ИММУНОЛОГИЧЕСКАЯ КОМПЕТЕНЦИЯ ЗОБНОЙ Ж ЕЛЕЗЫ И СЕЛЕЗЕНКИ 
У НОВОРОЖДЕННЫХ И ЗРЕЛЫ Х КРЫС

Исследовали иммунологическую компетенцию зобной железы и селезенки у ново­
рожденных и зрелых крыс. В согласии с результатами Миллера нашли выраженную 
компетенцию в зобной железе у новорожденных особей, которая передается селезенке 
и лимфатическим узлам, когда животные позреливают. Одновременно эти потенции 
большей частью исчезают из зобной железы. Обсуждаются фило- и онтогенетические 
причины явления.

G y ö r g y  C s a b a  

I m r e  T ö r ő  

I r é n  B e r n á d

B u d a p e s t IX .  T űzo ltó 58, H u n g a ry .
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EXAMPLE OF AGEING IN ANIMALS OF TELOMETRIC

GROWTH
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Synopsis

For a sce r ta in in g  specific  fe a tu re s  of  ty p e s  in  te lom etr ica l ly  g ro w in g  an im als ,  
ch an g e s  connected  w i th  age h ave  been  s tu d ie d  in f reshw ate r  m o llu sc s  ( Ancdonta  
сУёпеа a n d Unio p ic lo ru m ). T he  v a r ia b i l i ty  of  t h e  ovary increases in  old age ;  th e  h is to ­
logical p ic ture  shows th r e e  ty p es :  (a) i n ta c t  o v a ry  f illed w ith  oocytes ( th is  is also char­
ac te r i s t ic  of  young  an im a ls ) ;  (b) the  o v a ry  is m ore  or less in ta c t ,  b u t  t h e  cy top lasm  
o f  t h e  oocytes shows a f f in i ty  for m eth y lg ree n  too  a n d  conta ins d ispersed  p y ron inoph il ic  
c lum ps;  (c) d isorganized a t ro p h ied  o v a ry  w i th  egg-cells con ta in ing  a sm a l l  num ber  
o f  vacuoles  an d  m an y  y o lk  g ranu les .  T h e  n u m b e r  o f  follicles a n d  o f  o o c y te s  p e r  un it  
o f  space  does no t  decrease ,  while t h e  to ta l  n u m b e r  of oocytes a n d  th e  q u a n t i t y  of 
g loch id ia  in th e  gill inc rease  in  old age.  No m icroscopical in v o lu t io n a ry  change  was 
o bse rved  in th e  gonads o f  m ale  spec im ens .  Senile  changes in the  ca lc ium  a n d  p igm en t  
c o n te n t s ,  fu r th e r  those  o f  t h e  p e r io s t r a c tu m  a n d  the  c ap ac i ty  of  s e d im e n ta t io n  a re  also 
described .

Introduction

T here  are two opposite  views reg a rd in g  th e  phenom enon of age ing . Some 
reg a rd  it  as a universal b io logical law, o thers  as a pathological p rocess .  The 
f i rs t  th e o ry  dem ands  t h a t  p h e n o m e n a  o f ageing ap p ea r  also in te lo m e tr ica l ly  
grow ing  anim als, i.e. those  growing th ro u g h o u t  the ir  life. A cco rd ing ly , the  
in v es t ig a t io n  of senescence in  te lo m e tr ica l ly  growing animals is a biologically 
f u n d a m e n ta l  problem  [13]. Since m ussels are te lom etrica lly  g row ing  anim als, 
it  is a p p a re n t ly  easy to  use th e m  for th e  s tu d y  of th e  problem u n d e r  discussion. 
T he  inves t iga t ions  are, how ever,  m ade  diff icu lt  b y  the  fact t h a t  i t  is n o t  easy 
to  d e te rm in e  the  age of th e  an im als  u n d e r  n a tu ra l  conditions.

M ate r ia l  and  m ethod

B etw een  1959 a n d  1963, a b o u t  2500 sp ec im ens  o f  U nio p ictorum , U. tu m id u s , Anodonta  
cygnea , A . complanata  a n d  A . a n a tin a  were collected  from a b ra n c h  of the  D a n u b e  b y  Soroksár .  
T h e i r  age w as  d e te rm ined  on th e  ev idence  of the  shells  f rom  which the  soft  p a r t s  h ad  been 
r e m o v e d .  A f te r  s ta t is t ica l ly  e v a lu a t in g  th e  r a t io  of  the  d is tance  of the  t ru e  a n n u a l  g ro w th  
r ings ,  we es tab l ish ed  th e  c h a ra c te r i s t ic  a n n u lu s - p a t t e r n  o f  the  Unio p ic to ru m , A nodonta  
cygnea  a n d  Anodonta  complanata  u n d e r  t h e  ab o v e  m en t io n ed  hydrological c ircu m s tan c es .  
T he  r a te  o f  o v u la t io n  was in ferred  f ro m  the  h is to log ical  p ic tu re  of  the  ovaries. T w o  to  t h i r t e e n  
year-o ld  spec im ens  of Anodonta cygnea  were killed in 60° C w a te r ;  a f te r  dividing t h e i r  a d d u c to r s ,  
t h a t  p o r t io n  o f  th e  foot which c o n ta in ed  the  g onads  was f ixed  in 5 per-cent fo rm a l in ,  C a rn o y ’s
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f lu id  a n d  T el lyesn iczky’s p o t a s s i u m  b ich rom ate  so lu t ion .  A f te r  alcoholic d e h y d ra t io n  an d  
e m b e d d in g  in  p a raff in ,  5 / ( -sec t ions  w ere  m ade. The fo l lowing s ta in s  were used: h a em a to x y l in -  
eosin,  G iem sa-P ap p en h e im ,  M a llo ry ,  v a n  Gieson, F o o t ’s im p re g n a t io n ,  PAS, T riPAS, m eth y l -  
g r e e n -p y ro n in ,  and  th e  F e u lg en  r e a c t io n .  Using a f i la r  o c u la r  m ic rom ete r ,  we d e te rm in e d  for 
e ac h  a g e  g ro u p  the  n u m b e r  (p e r  3 m m 2) of the  ripe a n d  r ip e n in g  oocy tes  in th e  lum en ,  a n d  the  
o o gon ia  i n  t h e  wall o f  th e  fo l lic les ,  f u r t h e r  th e  n u m b er  o f  follic les in  the  ovary .  T he  quest ion  
as  to  h o w  fa r  th e  oocytes o f  o ld  m u ss le s  are suitable  fo r  f e r t i l iz a t io n  and g row th  w as decided 
b y  c o m p a r in g  th e  gill o f  y o u n g  w i t h  t h a t  of old fem ales .  I n  A nodonta  cygnea, eggs m ig ra te  
th e  i n t e r s e p t a  o f  the  gill d u r in g  A u g u s t —Septem ber  so t h a t  t h e  n u m b e r  of glochidia developing 
th e r e  c a n  be a scer ta ined  f ro m  N o v e m b e r  to  th e  b eg in n in g  o f  Apri l .  After  the  open ing  o f  the  
gills, t h e  l a rv a e  were w ashed  w i t h  w a r m  glycerine, c e n t r i fu g e d  fo r  f i f teen  m inu tes  a t  8000 r.  p. 
m . ,  d ig es te d  w i th  a 33 per  c e n t  so lu t io n  of po tass ium  h y d r a te ,  w ash ed  w ith  distil led w a te r  a n d  
t h e n  h e a t e d .  T he  g lochidium  she l ls  w e re  weighed to fo u r  d e c im a ls ;  following th is ,  we e s tab l ished  
th e i r  n u m b e r  f rom  sam ples o f  2 — 3 m g  a n d  referred i t  to  t h e  whole  mass. The  re su l t  allowed 
co n c lu s io n s  to  th e  fe r t i l i ty  o f  eggs d e r iv ed  from  young  a n d  o ld  ind iv idua ls .

Results

O n  th e  evidence o f  o u r  investiga tions a n d  th e  l i te ra ry  d a ta  i t  has  been  
a sc e r ta in e d  th a t  the  age o f  U nionidae  living in H u n g a r ia n  w aters  (of which 
U nio p ic to ru m  and  A n o d o n ta  cygnea have been e x a m in e d  in large num bers ) ,  does 
n o t  exceed  13 to  14 yea rs .  E x a c t  values can n o t  be g iven  as the  las t  annu li  are 
closely p ack ed  and b lu r r e d ;  th e ir  m echanical a b ra s io n  can, m oreover, falsify 
th e  re su l ts .  Besides, i t  is possible th a t ,  a f te r  r e a c h in g  a certa in  n u m b e r  of 
a n n u l i ,  th e  mussels live on for years w ith o u t  g row ing . The size of f re sh -w a te r  
m usse ls  affords no e x a c t  in fo rm a tio n  a b o u t  t h e i r  age; the  oldest e x am in ed  
a n im a ls  wrere usually  sm all .  Size seems to  d e p e n d  m ore  on locality , n u t r i t io n  
and  o th e r  hydrological fa c to rs  and less on age. I n  th e  mussels — th e  age of 
w h ich  w as p re su m ab ly  m o re  th a n  9 to  10 y ea rs  — a conspicious ab ras ion  of 
th e  p e r io s tracu m , a d e p o s i t  o f  lime-granules espec ia l ly  in the  b ranch ia l  lam ellae  
and  th e  papillae  of the  in c u r r e n t  orifice and  th e  accum ula tion  of l ipoch rom e 
p ig m e n ts  in the  v iscera l m a ss  were observed . Since the  in te rconnec tion  of 
th e se  p h en o m en a  c a n n o t  be apprec ia ted  w ith  a ccu racy ,  we co n c e n tra ted  our 
a t t e n t i o n  on changes in  t h e  p h en o m en a  of life a n d  th o se  changes in th e  gonads 
w h ic h  were supposed to  be  conditioned b y  age.

I t  w as shown in e a r l ie r  repo rts  [6, 7] t h a t  t h e  degree of sed im en ta t io n  
w as  p ro p o r t io n a l  to  size; w e, therefore, c o m p a re d  sed im en ta t ion  in mussels 
o f  id e n t ic a l  size b u t  d i f fe re n t  age. I t  was fo u n d  [8] t h a t  the  s e d im en ta t io n -  
r a t e  o f  o lder anim als w as be low  th a t  of y o ung  ones d u r ing  the  f irs t  2 to  3 h o u rs ;  
th e  difference w^as p a r t i c u la r ly  str ik ing  u n d e r  un fav o u rab le  cond it ions  of  
o x id a t io n .

T h e  m ajo r i ty  of  th e  an im als  were a l t e rn a t in g  types: (i) in th e  m a jo r i ty  
th e  follicles were p a c k e d  w i th  ripe oocytes; th e  cyto log ica l pic ture  corresponded  
to  t h a t  of oocytes in  y o u n g  animals (Fig. 1). (ii) In  some of the  old anim als  
th e re  were hard ly  a n y  r ip e  oocytes;  we found  o n ly  sm aller  cells nea r  th e  follicles, 
a n d  th e y  s ta ined m a u v e  w i th  m e th y lg reen -p y ro n in .  The most cha rac te r is t ic
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fea tu re  of  these cells is t h a t  the ir  cy top lasm  includes num erous s ca t te red  clum ps; 
h istochem ical inves t iga t ions  have shown th e  l a t t e r  to  con ta in  ribonucleic- 
acid (Fig. 2). Similar cells ap p ea r  also in y o u n g e r  an im als ,  h u t  these  are h o m o ­
geneous and  less n u m ero u s .  Since th e  above -m en tio n ed  cells ( those nea r  the  
wall o f  th e  follicles) are sm aller  th a n  th e  m a tu re  ones, and  since we saw  all 
t r a n s i to ry  forms be tw een  these  cells and  th e  oogonia, we reg a rd  th e m  as 
im m a tu re  oocytes. T he  ovary  is s trong ly  d iso rganized  in th e  th ird  g roup  of

F ig . 1. M ature  oocyte  f ro m  th e  ov a ry  of a young an im al.  Also to  be found  in some old speci­
m ens .  H aem atoxyl in -eos in .  X 1050

old mussels. Eosinophilic  and  pyroninophilic  g ranu les  are accu m u la ted .  The 
ovaries con ta in  h a rd ly  a n y  oocytes, the  ex is t ing  ones are defo rm ed , filled 
w ith  vacuoles, and p re sen t  th e  p ic tu re  of cellular necrosis (Fig. 3). In  th e  given 
b io tope  and  a t  th e  given t im e ,  such cells occurred  exclusively in  old an im als .  
In  the  oocytes of old mussels, beside th e  p y ro n inoph il ia  of th e  cy top lasm , a 
light a f f in i ty  to  m e th y lg reen  was observed. T h e  cy top lasm  was def in i te ly  
Feu lgen-nega tive ,  a n d  it is an open question  w h e th e r  th is  p ro p e r ty  is due to 
fac to rs  in th e  m e tabo lism  of nucleic acid. I t  shou ld  be no ted  th a t ,  according 
to  R a v e n  [9], th e  nucleus is Feulgen-nega tive  in  L am e ll ib ran ch ia ta  during  
the  g row th  of the  oocytes.

As th e  p ro p ag a t io n  o f  mussels is seasonal, we com pared  th e  A ugust  
specim ens w ith  sam ples collected a t  d ifferent periods of th e  year.  I t  was found 
t h a t  ovaries em p tied  a f te r  S ep tem b er  were ve ry  s im ilar  to  th e  above-described  
th i rd  ty p e  irrespective  of  age.

B u t  for a few excep tions ,  there  was no difference b e tw een  y o ung  a n d  old 
males in respect of sperm atogenesis .
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Q u a n t i t a t iv e  e x a m in a t io n  show ed t h a t  th e  n u m b e r  of  m a tu re  a n d  m a t u r ­
ing  o o c y te s  per u n i t  of space d id  n o t  decrease w i th  age (Table 1). In  old an im als ,  
h o w e v e r ,  th e  n u m b e r  of oo cy te s  in th e  follicles was found  to  v a ry :  som e follicles

F ig . 3. O ocy te  w ith  vacuoles in  th e  a tro p h ized  o v a ry  of an  old an im al. G iem sa-P ap p en h eim .
X 950

c o n ta in e d ,  on an average , 0.95, o thers  4.95 egg cells, w hereas th e i r  n u m b e r  
w a s  fo u n d  fairly un ifo rm  in  y o u n g  anim als.

I n  order to  s tu d y  th e  fe r t i l i ty  and  dev e lo p m en t  of th e  oocytes , we m ade 
c o m p a r a t iv e  inves tiga tions  in  O ctober  and  N o v em b er  rega rd ing  th e  q u a n t i ty

A cta  B iol. Hung. 14. 1964

F ig . 2. O o cy te  from  th e  o v a ry  of a n  old an im al. N o te  p y ro n in o p h ilic  c lum ps in  th e  cy to p lasm .
M e th y l g reen -p y ro n in . XlOOO
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of glochidia  in th e  gills of y o u n g  a n d  old females (Table 2). The n u m b e r  of 
glochidia  in old anim als (referred  to  size) show ed no significant decrease.  T h u s ,  
in  c o n tra s t  to  p lanar ians ,  the  oocytes of  old mussels are no t infertile  a n d  the

Table 1

Q uantita tive m easurem ents in  the ovary o f  young  and old specim ens o f  A n o d o n ta  c y g n e a

Age N um ber of N um ber of Ratio
(years) follicles/3 m m 2 oocytes/3 nun2 oocyte/l'ollicles

l 31 69 2.23

l 18 80 4.45

l 13 41 3.15

l 10 17 1.75
2 17 21 1.23

2 17 34 2.00

3 22 45 2.04

3 37 121 3.28

3 16 66 4.11

3 21 45 3.24

3 29 51 1.76

3 30 48 1.60

4 19 33 1.74

4 20 39 1.95

4 28 96 3.43

5 28 71 3.09

5 18 42 2.56

6 25 66 2.64

8 23 42 1.83

9 31 34 1.10

10 28 29 1.04

11 19 18 0.95

11 18 42 2.34

11 22 109 4.95

11 15 21 1.40

13 35 50 1.43

process of  g a s tru la t ion  and th e  dev e lo p m en t  of  glochidia are co n t in u o u s .  
W h e th e r  th e  v iab ili ty ,  e.g. th e  pow er to  adhere  to  the  organism of th e  host-  
fish is equa l  to  t h a t  of y o ung  an im als ,  is still undecided .
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Discussion

D a ta  concerning th e  life-span of m ussels  h av e  been com piled  h y  H a a s

[5], B r a n d e r  [2] a n d  C o m f o r t  [3]. T h e ir  re su l ts  respecting  A n o d o n ta  and  
U n io  are  in ag reem en t  w i th  our findings. T h e y  too  deem  the  sep a ra t io n  of 
a n n u l i  and  p seu doannu li  necessary  and em phas ize  the  d iscrepancy  betw een  
size a n d  age. In v e s t ig a t io n s  in th is  re spec t  h a v e  also been carried  ou t by  
H u n g a r ia n  workers [4, 10].

Table 2

N u m b e r  a n d  w e ig h t o f  g lo c h id ia  in  th e  g i l l s  o f  v a r io u s ly  ag ed  s p e c im e n s  
o f  A n o d o n t a  c y g n e a

Age
(years)

Shell Glochidia

length
(mm)

width
(mm)

height
(mm)

weight
te)

number

3 80 25 51 0.3091 410 400

3 95 37 61 0.1944 66 500

3 78 23 51 0.1780 126 000

3 119 36 75 0.3918 80 700

3 112 36 60 0.4745 306 000

4 118 39 74 0.6205 208 000

4 127 42 73 0.4556 148 900

4 110 33 62 0.1545 63 700

4 103 30 54 0.2390 66 000

5 113 42 61 0.4041 221 000

5 86 31 56 0.2418 39 800

5 130 62 80 0.6140 197 600

7 120 42 67 0.1080 93 500

8 154 50 67 1.1946 746 000

9 157 57 81 0.7963 632 000

9 135 45 69 0.3248 187 100

9 146 50 71 0.5725 386 300

10 130 52 74 0.4448 32 800

12 140 52 74 0.8915 469 000

T he present m orpho log ica l  and h is to log ica l investiga tions h ave  shown 
t h a t  t h e  la s t  phase in  th e  life of mussels differs  from  th a t  of m am m als  am ong  
o th e r s  in  th is  t h a t  th e  process  of sperm atogenes is  an d  the  p roduc tion  o f  v iab le  
o ocy tes  continue even  in q u i te  old mussels.

A  certa in  degree o f  invo lu tion  can be o b se rved  in mussels nevertheless .  
I t  m an ifes ts  itself p a r t l y  b y  morphological s igns a n d  p a r t ly  physiologically  by
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a w eaken ing  of sed im en ta t io n .  Its fu r th e r  sy m p to m  is the d iffe rence  in the 
r ip en in g  of the egg-cells and  an  increased v a r ia b i l i ty  of the oocytes .

All th is  goes to  show th a t  p h e n o m e n a  of ageing occur e v e n  in telo- 
m e tr ica l ly  growing mussels which produce  oocytes till the en d  o f  th e i r  life. 
The biological law of senescence applies to  these  animals as well, even  if  its 
m an ife s ta t io n s  are no t th e  sam e as in an im als  of the higher o rd e rs .  F u r th e r  
inves t iga t ions  are necessary  to  ascer ta in  th e  fac tors  leading to  t h e  d e a th  of 
m ussels  which have com ple ted  th e ir  p o te n t ia l  age of life.
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A L T E R U N G S E R S C H E I N U N G E N  B E I  F L U S SM U SC H E L N  ( U N I O N I D A E )
ALS B E I S P I E L  D E R  A L T E R U N G  

VON T E L O M E T R IS C H  W A C H S E N D E N  T I E R E N

Z ur Fes ts te llung  d e r  E ig en h e i ten  bei den v e rsch ied en en  A l te ru n g s ty p e n  te lo m etr isch  
w a ch sen d e r  Tiere w urden  die vom  Alter  b e d in g te n  Ä n d e ru n g en  der Anodonta  cygnea  u n d  Unio 
p ic to ru m  u n te r su ch t .  Die Ä n d e ru n g en  sind die fo lgenden:  bei a lten  Tieren s t e ig t  d ie  V a r iab i l i tä t  
des O v a r iu m s ,  das histologische Bild zeigt dre i  T y p e n :  (a) in tak te r ,  m it  O o z y te n  gefüllter 
E ie rs to ck  (dies is t  auch fü r  die ju n g e n  Tiere c h a ra k te r i s t is ch ) ,  (b) e igentlich i n t a k t e r  E ierstock ,  
doch  es b e s teh t  eine A ff in i tä t  des P la sm as  der  O o z y ten  auch  gegenüber M e th y lg r ü n  u n d  es 
s ind  in ih m  dispergierte  py ro n in o p h y le  Schollen zu seh en ,  (c) desorgan is ie r te r ,  a tro p h isch er  
E ie rs tock ,  m it  einigen (von  V ak u o len  gefü ll ten)  E ize l len  u n d  v e rm eh r ten  D o t te rk ö rn c h e n .  
Die Zahl der  a u f  eine F lä ch e n e in h e i t  e n tfa l lenden  Fo l l ik e ln  bzw. Oozyten b l e ib t  u n v e r m in d e r t ,  
d ie G esam toozy tenzah l  u n d  die Menge der  in den K ie m e n  vorhandenen  G lo c h id ie n  n im m t 
im  A l te r  zu.  In  den Geschlechtszellen der m än n l ich e n  M uscheln lassen sich k e in e  In v o lu t io n s ­
e rsche inungen  nachweisen. E s  w erden  a u ß e rd e m  die a l te rsb ed in g ten  V e rä n d e ru n g e n  des  Kalk- 
u n d  P igm en tgehal tes ,  des P e r io s t rac u m s  u n d  der S ed im en ta t io n sfäh ig k e it  b e sc h r ie b e n .
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ЯВЛЕНИЯ СТАРЕНИЯ У UNIONIDAE КАК ПРИМЕР СТАРЕНИЯ 
ЖИВОТНЫХ С ТЕЛОМЕТРИЧЕСКИМ РОСТОМ

В целях установления типовых свойств старения животных с телометрическим 
ростом авторы исследовали связанные с возрастом изменения A n o d o n ta  c y g n e a  и U n ió  
p i c t o r u m .  Эти изменения следующие: вариабельность яичника у старых животных по­
вышается, гистологическая картина показывает 3 типа: (а) неповрежденный, наполнен­
ный ооцитами яичник (это характерно также для молодых животных), (б) неповрежден­
ный яичник, но плазма ооцитов имеет сродство также с метиленовой зеленью и в ней 
обнаруживаются диспергированные пиронинофильные глыбы, (в) дезорганизованный, 
атрофированный яичник с небольшим количеством ооцитов, наполненных вакуолями и 
повышенным количеством желточных зерен. У старых животных число фолликулов или 
ооцитов на единицу площади не снижается, а количество глохидиев в жабрах и общее 
число ооцитов повышается. В половых железах мужских раковин под микроскопом 
инволюционных изменений выявить не удалось. Кроме этого авторы описывают изменения 
содержания извести и пигмента, периостракума и седиментационной способности, наблю­
даемые у старых животных.

L á s z l ó  H a r a n g h y  

A n d r á s  B a l á z s  

M i k l ó s  B u r g

B u d ap es t  IX ,  Üllői ú t  93, H ungary .

A cta  Biol. Hung. 14. 1964
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EFFEC T OF COLCHICINE ON THE C A R B O H Y D R A T E  
METABOLISM D U R IN G  FORMATION OF M YCELIAL  

FELTS OF CLJNNINGHAMELLA SP.

M. I. N a g u i b

BOTANY DEPARTM ENT, FACULTY OF SCIEN CE, CAIRO U NIV ERSITY , UNITED  A R A B IC  R E P U B L IC
(H EA D : H. SAID)

(R ece ived  N o v e m b er  5, 1963)

Synopsis

In c u b a t io n  o f  C unningham ella  spores in  R ic h a rd ’s so lu tion  c o n ta in in g  5, 10 and 
20 p .p .m . colchicine for 5 d a y s  a t  25° C d id  n o t  a ffec t  the d ry  w e ig h t  o f  th e  produced 
m ats .  F u r th e rm o re ,  th e  h ig h es t  co n ce n tra t io n  of colchicine favoured  su c ro se  absorption  
while the  o ther  t r e a tm e n ts  h ad  no effect.  In  a ll  cases, glucose was a b s o r b e d  in surplus.

Analysis of  th e  funga l  m a ts  p roved  t h a t  low concen tra t ions  of co lch ic ine  favoured 
po lysaccharide  syn thes is  p a r t icu la r ly  the  g lucosans and  galactosans w hile  th e  soluble 
sugars  seemed to be  u n a f fe c te d .  O n  the  o th e r  h a n d ,  20 p .p .m . co lch ic ine  favoured 
th e  accum ula t ion  of th e  a b so rb ed  sugars  i n  the  fo rm  of d isaccharides  a n d  lowered the 
co n ju g a ted  pentoses c o n te n t .  F u r th e rm o re ,  th e  com para t ive ly  sm all  inc rease  of the 
g lucosans and  ga lactosans  was acco m p an ied  by a rem arkab le  decrease  in  t h e  pentosans; 
a n  in d ica t ion  of t h e  in h ib i to ry  e ffec t  of th e  d ru g  on nucleotide fo rm a t io n .

In t ro d u c t io n

D a ta  is accum ula ting  on th e  effects of colchicine on th e  l iv in g  organism s. 
All r ep o r ts  are in favour o f  th e  fac t t h a t  colchicine induced a low ering  in th e  ra te  
o f  re sp ira t io n  [2, 14] accom pan ied  by  an  increase in most of th e  c a rb o h y d ra te  
and  n i trogen  fractions of th e  h igher  p lan ts  e.g. cabbage, to m a to ,  b a r le y  and 
sw eet p o ta to  [1, 4, 7]. In an im als  colchicine caused  the  inh ib iton  o f  th e  d e h y d ro ­
genases and esterases accom pan ied  by  a loss in d ry  weight [3, 6, 8, 10, 16].

V ery little has been  p u b l ish ed  on th e  effects of colchicine on  fungi. In  a 
p rev io u s  publica tion , th e  a u th o r  [12] found th a t  colchicine caused  a persistent 
in h ib i to ry  effect on C 0 2 o u tp u t  by  the  fungal hyphae  even a f t e r  th e  transfer  
o f  th e  m a ts  to  fresh m ed ia  w i th o u t  colchicine. Accordingly, i t  w as  though t 
to  s tu d y  th e  effect of th is  d ru g  on th e  ca rb o h y d ra te  m etabo lism  o f  th e  fungus 
u n d e r  tes t .

M a te r ia l  and  m ethods

T h e  fungus  used in  th is  e x p e r im e n t ,  C unningham ella  sp. was isolated f ro m  th e  E g y p tian  
g a rd en  soil, purif ied an d  k ind ly  suppl ied  by Dr. A. M. S a l a m a . Stock cu ltu res  w e re  m ain ta in ed  
a t  25° C on Dox slopes. T he  fu n g u s  was su b c u l tu re d  ev ery  two weeks fo r  t h e  inocula tion  
pu rp o ses .

I n  e x p er im e n ta l  work ,  th e  fungus  was g rown in 250 ml. conical f l a s k s  conta in ing 
50 ml o f  m odified  R ich a rd ’s so lu t ion  of th e  following composition:
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S u c r o s e ................................................... 20 m gs
P o t .  d i h y d r o g e n  phosphate  . . . .  5 gms
F e r ro u s  s u l p h a te  crystals ..........  0.1 gm
P o ta s s iu m  n i t r a t e  .......................... 10 m gs
M a g n e s iu m  su lp h a te  crystals . . 2.5 gms
D is t i l led  w a t e r  to  .......................... 1000 ml.

A f t e r  s teril iza tion  a n d  coo ling  o f  th e  culture m ed iu m ,  co lch ic ine  in 5, 10 and  20 p .p .m .,  
w as  a d d e d  aseptical ly  a n d  c a u t io u s ly .  T h e  flasks were t h e n  i n o c u la te d  w ith  0.2 ml c o n ce n tra ted  
s u s p e n s io n  f rom  7 days old f u n g a l  s l a n ts  and in cu b a ted  a t  25° C for 5 days.  The  p roduced  
m a t s  w e re  d r ied  a t  70° C t i l l  c o n s t a n t  d r y  weight and  b o th  t h e  m a t s  a n d  media  w ere  an a lyzed  
fo r  t h e i r  c a rb o h y d ra te  c o n te n t  a c c o rd in g  to  the  m ethods  p r e v io u s ly  m en t ioned  by  th e  a u th o r  
[11, 13]. A t least  5 rep lica tes  w ere  u s e d  in  each t r e a tm e n t .

E x p e r im e n ta l  re su lts

E ffec t o f  colchicine on dry w eight

T h e  average values  o f  t h e  d ry  weight o f  th e  co lch ic ine- trea ted  m a ts  are 
r e c o rd e d  in Table 1. The r e s u l t s  indicate  t h a t  co lch ic ine , u p  to 20 p .p .m .,  had 
v e ry  l i t t le ,  if  at all, effect on th e  mycelial d ry  w e ig h t  o f  C unningham ella  g row n 
for 5 d a y s .

E ffec t o f  colchicine on sucrose up take

T h e  u p ta k e  of glucose a n d  fructose c o m p o n e n ts  o f  sucrose, as well as th e  
t o t a l  su g a r  up take  b y  C unningham ella , du r ing  i ts  g ro w th ,  is rep resen ted  in 
T ab le  2. T he  table  shows t h a t  5 and  10 p .p .m . colch ic ine  seemed to  h av e  no 
effect on  sugar up tak e  w hile  20 p.p.m. e n h a n c e d  th is  process. In  all cases 
(co n tro l  or t rea ted  sam ples)  t h e  growing fungus a b so rb e d  more of th e  glucose 
t h a n  th e  fructose c o m p o n en t  o f  sucrose, a p h e n o m e n o n  t h a t  w as fu r the red  in th e  
p re sen ce  o f  the high c o n c e n t r a t io n  of colchicine.

Table 1

D ry  w eight o f  mycelial m ats o f  C u nn ingham e lla  sp. spores suspended  in media containing  
d iffe re n t concentrations o f  colchicine

(E xpressed  in m gm )

Med ium D ry weight

Richard’s

Richard’s

277±  20.6

+  5 p .p .m . Colchicine ........................... 280±18 .0

Richard’s -}- 1 0  p .p .m . Colchicine ........................... 241 23.3

Richard’s ! 20 p .p .m . Colchicine ........................... 243 19.2
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Table 2

Total sucrose uptake as well as uptake fro m  the glucose and fructose com ponents o f  sucrose by 
C unningham ella  sp. grotvn on media contain ing different concentrations o f  colchicine

(E x p ressed  as m gm  p e r  m at )

Medium
Sucrose absorpt on

Glucose Fructose T otal

R ichard’s solution ............................. 64.0 29.3 93.3
R ichard’s }- 5 p .p .m . Colchicine 60.6 28.9 89.5
R ichard’s -j- 10 p .p .m . Colchicine 61.8 27.2 89.0

R ichard’s -f~ 20 p .p .m . Colchicine 84.1 27.2 111.3

Carbohydrate ana lysis o f  the tissues

The m ean  values  of th e  results  of analysis  of the  d i f fe re n t ly  t rea ted  
sam ples  are recorded in  T ab le  3. I t  shows t h a t  colchicine d id  n o t  cause any 
app rec iab le  change in th e  t o ta l  soluble sugars excep t  when p re se n t  in  20 p .p .m . 
co n cen tra t io n  where th e  m a ts  a c cu m u la ted  large am ounts  o f  th e  d issacharides 
while th e  m onosaccharide  c o n te n t  was ve ry  m uch  lowered.

The initial hexose c o n te n t  o f  th e  funga l liyphae was n e a r ly  one th ird  
the  to ta l  m onosaccharides and  was k ep t  as such in the  p resence  of  the  low 
concen tra t io n s  of colchicine. On th e  o the r  h an d ,  20 p .p .m . inc rea sed  this 
ra t io  to  h a lf  the  m onosaccharide  co n ten t .  In  all cases, the  f ru c to se  com ponen t 
of th e  m onosaccharides  was nea r ly  double  th e  glucose; a ra t io  t h a t  seemed to 
be unaffec ted  by  th e  presence  of colchicine. F u r th e r ,  the  h igh  c o n cen tra t io n  
of  colchicine seemed to  reduce  the  p en tose  c o n te n t  of the t issues  to  nea r ly  one 
th i rd  the  initial; the  decrease be ing  m ostly  from  the  c o n ju g a te d  f rac t ion ;  an 
in d ica t ion  th a t  this c o n cen tra t io n  of  the  d ru g  h ad  lowered th e  m o n o n u c leo t id e  
c o n te n t  of the fungal h y p h ae .

Table 3

Average values o f  the results o f  ana lysis o f  m ycelial m ats o f  C unningham ella  sp. suspended in
d ifferen t concentrations o f  colchicine

(expressed  as m g  su g a r  p e r  m at )

Medium Glucose Fructose
Total

hexose
Free

pentose
Conjugated

pentoses
T o ta l

pentoses
Total
mono­

saccharides

R ic h a rd ’s solution 
R ic h a rd ’s -f- 5 p. p.

1.31 2.73 4.04 3.02 4.50 7.52 11.56

m. colchicine . . . 
R ic h a rd ’s -}- 10 p. p.

1.23 2.49 3.72 2.93 4.37 7.30 11.02

m. colchicine . . . 
R ic h a rd ’s -f- 20 p. p.

1.20 2.36 3.56 2.87 4.41 7.28 10.84

m . colchicine . . . 0.82 1.81 2.63 2.04 0.74 2.78 5.42
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M edium
Disaccha­

rides
T o ta l
soluble
sugars

j Gluco- Fructo­
sans

G alacto­
sans

T o ta l
hexo­
sans

Pento­
sans

Total
poly­

saccha­
rides

Total
carbo­

hydrates

R i c h a r d ’s solu­
t io n  ................... 16.20 27.76 1.95 3.01 3.67 8.63 6.44 15.07 42.83

R i c h a r d ’s -\- 5 
p .p .m .  colchi­
c ine  ................... 16.42 27.44 5.53 3.82 7.55 16.90 6.00 22.90 50.34

R i c h a r d ’s -|- 10 
p .p .m .  colchi­
c ine  .................... 17.28 28.12 5.51 3.14 7.53 16.18 6.28 22.46 50.58

R i c h a r d ’s -f- 20 
p .p .m .  colchi­
c ine  ................... 41.12 46.53 5.53 3.14 7.96 16.63 3.55 20.18 66.71

Tnvertase hydrolysis  o f  t h e  fungal ex trac ts  d id  n o t  show the  presence of 
suc rose .  On the other h a n d ,  a c id  hydrolysis, in 1 N  t o t a l  acid concen tra t ion  a t  
100° C for  1 hour, p roved  t h e  p resence  of large a m o u n ts  o f  o ther d isaccharides; 
a v a lu e  t h a t  remained n e a r ly  u naffec ted  in presence o f  th e  lower co n cen tra t ion  
o f  co lch ic ine . On the  c o n t r a r y ,  20 p.p.m. of th e  d r u g  seemed to  induce  the  
ex cess iv e  accum ulation o f  t h i s  fraction  inside t h e  t issues .

T h e  to ta l  p o ly sacch a r id e  con ten t  of the  c o n t ro l  samples form ed a b o u t  
o n e  t h i r d  the  to ta l  c a r b o h y d r a te s .  This ratio inc rea sed  in  presence of th e  lower 
c o n c e n t r a t io n s  of colchicine b u t  seemed u naffec ted  in  presence of 20 p .p .m . 
o f  t h e  drug .

F u r th e rm o re ,  th e  p re s e n c e  of colchicine (in a n y  concen tra t ion  te s ted )  
c a u s e d  th e  doubling of th e  t o t a l  hexosans of the  fu n g a l  cells; the  increase being 
m o s t ly  in  the  glucosans a n d  galac tosans while th e  f ruc to sans  seemed to  be 
u n a f f e c te d .  F u r the rm ore ,  t h e  galac tosans were n e a r ly  double  while th e  gluco­
s a n s  w ere  trebled, i r re sp e c t iv e  o f  the  colchicine c o n c e n tra t io n .

O n  th e  other h a n d ,  t h e  p e n to sa n  con ten t  o f  t h e  fungal hyphae  seemed 
to  be  unaffected  by th e  p re s e n c e  of the lower co n c e n tra t io n s  of colchicine. 
H  o w e v e r ,  20 p.p.m. in d u c e d  a rap id  decrease of  th is  frac t ion  to ha lf  th e  initial 
v a lu e .  In  all cases colchicine low ered  the ratio of p e n to s a n s  to  hexosans p a r t i c ­
u l a r ly  in presence of 20. p .p .m .  concentration .

Discussion

T h e  results of th is  e x p e r im e n t  show th a t  co lch ic ine  h ad  no effect on the  
d r y  Aveight of the fungal m a t s  during  their g ro w th .  F u r th e r ,  sucrose u p ta k e  
w as  u n a ffec ted  by  the  p re s e n c e  of  the lower c o n c e n tra t io n s  of th e  d ru g  b u t  
th e  h ig h e r  doses seemed to  b e  s t im u la to ry  to  th is  p rocess ,  an  ind ica tion  th a t ,  
u n d e r  t h e  la t te r  conditions, colchicine is s t im u la to ry  to  phosphorylases. I n  all 
cases ,  absorp tion  of g lucose  w as  in surplus o v e r  f ru c to se ;  a p h enom enon  
a l r e a d y  noticed by T o l b a  a n d  S a l a m a  [18, 19] u s in g  Rhizoctonia solani.
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Tissue analysis  proved  th a t ,  in sp i te  o f  th e  fac t th a t  the  to ta l  c a rb o h y d ra te  
c o n te n t  o f  th e  fungal m ats  grown on R ic h a r d ’s m edia  con ta in ing  5 or 10 p .p.m . 
colchicine was m ore or less iden tica l  w i th  t h a t  o f  the  control sam p le s ,  y e t  both 
c o n cen tra t io n s  o f  the  d rug  fa v o u red  th e  accum ula tion  of  po lysaccharides  
p a r t ic u la r ly  the  glucosans and  ga lac to san s ;  a phenom enon t h a t  suggests  the 
a c t iv a t io n  of phosphory lase  and  hexose  isomerase. On the  o th e r  h a n d ,  the 
excessive sugar  absorp tion  recorded  in presence  of 20 p .p .m . colchicine was 
accom pan ied  b y  a rem arkab le  increase  in  th e  disaccharide c o n te n t .  This  Mas 
followed by  a lowering of th e  m ono sacch a r id e  level p a r t icu la r ly  t h e  con juga ted  
pen toses ;  an observa tion  t h a t  leads  to  th e  suggestion t h a t  th i s  t r e a tm e n t  
th o u g h  en hanced  th e  phosphory lase  a c t iv i ty  y e t  re ta rd ed  th e  fo rm a t io n  of 
nucleo tides .  This was fu r th e r  obse rved  in  th e  polysaccharide f r a c t io n  where 
th e  pen to san s  were reduced  to  h a lf  th e  n o rm a l  while the  g lucosans a n d  ga lac to ­
sans wrere iden tica l  to  those recorded  for  th e  o the r  t r e a tm e n ts ;  a n  indication  
t h a t  20 p .p .m . fu r th e r  inh ib ited  th e  nuc leo p ro te in  formation.

I t  is w o r th  no ting  th a t  the  ra t io  o f  polysaccharide  to to ta l  c a rb o h y d ra te s  
increased , in  presence of low co n c e n tra t io n s  of  colchicine, b u t  w as  m ore  or less 
una ffec ted  in presence of th e  h ig h er  concen tra t ion . This p ro v e s  t h a t  low 
co n cen tra t io n s  of  the  d rug  favoured  p o lysaccharide  build ing in s p i te  o f  norm al 
sugar  abso rp tion  while the  h igher  c o n c e n tra t io n  did no t a ffec t th e  process. 
T he  increased  polysaccharide  c o n te n t  o f  such t rea ted  sam ples  was merely 
p ro p o r t io n a l  to  the  increased sugar  a b so rp t io n  while m ost o f  t h e  sugars  ab ­
sorbed  accu m u la ted  as d isaccharides .

In  th is  connection  it  m a y  be m e n t io n e d  t h a t  S u l l i v a n  [17], E k d a h l  [4] 
and  Ha r r  [1] showed th a t  sucrose c o n te n t  was higher in t e t r a p lo id  t h a n  di­
plo id  p lan ts .  L e t t r é  [9] p roved  t h a t  colchicine destroyed th e  ad en o s in e  t r i ­
p h o sp h a te  of th e  cells while S k i p p e r  [15] c la im ed th a t  colchicine is ineffective 
as an in h ib i to r  for nucleic acid syn thes is  in ra ts .  On the  o the r  h a n d ,  F r i e d m a n  

[5] p roved  t h a t  colchicine increased  th e  deoxyribonucleic  acid a n d  decreased 
th e  r ibonucleic  acid of the  tu m o u r  cells. F u r th e rm o re ,  К о с а  [7] p ro v e d  th a t  
colchicine favoured  s ta rch  syn thes is  in  sweet po ta to .
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D I E  W I R K U N G  DES C O L C H IC IN S  A U F  DEN K O H L E N H Y D R A T S T O F F W E C H S E L  
W Ä H R E N D  D E R  B I L D U N G  D E S  MYCELIUM S B E I  C U N N IN G H A M E L L A  SP.

Die  In k u b a t io n  von  C unningham ella  Sporen m i t  5, 10 u n d  20 p p m  Colchicin e n th a l te n d e r  
R ic h a r d s  L ö su n g  h a t t e  a u f  d a s  T rockengew ich t  des e r z e u g te n  Myceliums keinen E inf luss .  
W e i t e r h in  h a t t e  die g röss te  C o lch ic inkonzen tra tion  die R o h rzu ck e rab so rp t io n  b ev o rzu g t ,  
w ä h r e n d  d ie  and eren  B e h a n d lu n g e n  keine W irkung a u s ü b t e n .  I n  allen Fällen w urde  Glucose 
in  Ü b e r f lu s s  absorb ier t .  A n a ly se n  d e r  Pilzmycele bewiesen, d a s s  n iedrige Colchic inkonzentra-  
t io n e n  die P o ly sa c ch a r id sy n th e se ,  speziell  die der G lu co san en  u n d  G alak tosanen  fö rd e rn ,  
w ä h r e n d  die unlöslichen Z u ck e r  n i c h t  beeinflusst  werden .  A n d e re r s e i t s  förderte  20 p p m  Colchi­
c in d ie  A n h ä u fu n g  von a b s o r b i e r t e n  Zuckern  in F o rm  v o n  D isaccha r iden  und v e rm in d e r te  
d en  p o ly m e r is ie r ten  P e n to se g e h a l t .  W eiterh in  wurde die v e rh ä l tn ism ä ss ig  geringe Z u n ah m e  
d e r  G lu k o sa n e n  und  G a la k to s a n e n  von  einer b e a c h te n s w e r te n  A bnahm e der P e n to sa n en  
b e g le i te t ;  d a s  spricht  fü r  die h e m m e n d e  W irkung der V e r b in d u n g  a u f  die N ucleo t idsyn these .

ВЛИЯНИЕ КОЛХИЦИНА НА УГЛЕВОДНЫЙ ОБМЕН В ТЕЧЕНИЕ 
ОБРАЗОВАНИЯ МАССЫ МИЦЕЛИЯ У CUNNINGHAMELLA SP.

Споры C unningham ella sp . инкубировали на среде Рихарда, содержащей 5; 10 и 20 
колхицина, в течение 5 дней при 25°. На сухой вес образовавшейся массы мицелия обра­
ботка колхицином не влияла. Самая высокая концентрация кодхицина способствовала 
поглощению сахарозы, в то время как остальные концентрации оказались неэффектив­
ными. Глюкоза была поглощена в каждом случае в избытке. Анализ массы мицелия по­
казал, что малые концентрации колхицина благоприятно влияют на синтез полисаха­
ридов, особенно глюкозанов и галактозанов, в то время как на растворимые сахара не 
оказывают влияния. С другой стороны колхицин в концентрации 20 ppm. благоприятно 
влияет на накопление поглощенных сахаров в дисахаридной форме и снижает содер­
жание полимеризированной пентозы. Кроме этого, параллельно сравнительно неболь­
шому увеличению содержания глюкозанов и галактозанов, в значительной степени сни­
зилось количество пентоз; этот факт указывает на то, что колхицин оказывает тормозя­
щее действие на образование нуклеотидов.
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Synopsis

The a c t iv i t y  o f  glycolic acid oxidase  a n d  g lyoxylic  acid r e d u c ta se  has  been 
m easured  in h o m o g en a tes  f rom  d e tached  ba r ley  a n d  w h ea t  leaves.  I t  w as found  t h a t  
the  root  sy s tem  ex er ts  a n  in d irec t  regu la to ry  e ffec t  on  th e  level of glycolic acid oxidase 
an d  glyoxylic  acid re d u c ta se  in the  leaf  t issues.  T h e  a c t iv i ty  o f  glycolic acid oxidase 
was m ark e d ly  r e d u ced  in  d e tach ed  leaves. B y  c o n t r a s t ,  th e  a c t iv i ty  o f  glycolic acid 
reductase  increased  u p o n  d e ta ch m e n t .  T r e a tm e n t  o f  d e ta ch e d  leaves w i th  10-5 M 
k ine t in  re s to red  th e  a c t iv i ty  o f  glycolic acid ox idase  to  the  level found  in in ta c t  contro l 
leaves. Glyoxylic  acid reductase  was no t  m a rk e d ly  a ffec ted  b y  k in e t in - t r e a tm e n t .  
Considerable a m o u n t s  o f  glycolic acid oxidase p ro en zy m e  were found  in th e  lea f  tissues. 
T he  proenzym e could  he a c t iv a te d  by  a d d in g  10-4 M FM N to th e  h o m ogena tes .  In 
c o n tra s t  to  th e  l io loenzym e, the  a m o u n t  of p ro e n zy m e  was n o t  red u ced  in de tached  
leaves. K in e t in  h ad  no m a jo r  effect on proenzym e level.

Introduction

K ine tin  (6 -fu rfu ry lam inopurine)  affects a n u m b e r  o f  physiological p ro ­
cesses in higher p la n ts  inc lud ing  cell division, va r ious  aspec ts  o f  deve lopm en t,  
t r a n sp o r t  p h en o m en a ,  h e a t  to lerance  an d  re sp ira t io n  [1, 3, 6, 16, 19, 21, 23, 35]. 
H owever, the  in te re s t  cen te rs  a round  the  effect o f  k ine tin  on p ro te in  and 
nucleic-acid m e tab o l ism  [14, 15, 24, 27, 30, 35, 36] as i t  is suspec ted  th a t  
nucleic-acid and  p ro te in  m e tabo lism  m ight be th e  p r im a ry  p o in t  o f  a t t a c k  of 
k ine tin .  I t  is su rp r is ing , therefore ,  t h a t  little a t te n t io n  has been  d ev o ted  to  the  
effect o f  k ine tin  on enzym es, excep t  some w ork  on th e  influence of  k ine tin  on 
nucleases [17] a n d  x a n th in e  oxidase [5] in  vitro. In  th e  p re sen t  s tu d y ,  the  
in-vivo  effect o f  k in e t in  on th e  level (ac tiv ity )  in d e tach ed  leaves of  tw o d is tinc t 
p ro te ins ,  glycolic acid oxidase and  glyoxylic acid reduc tase ,  has  been tes ted .

I t  was d e m o n s t ra te d  in a prev ious w ork  t h a t  th e  ro o t  sy s tem  exerts  a 
reg u la to ry  effect on th e  enzym e level in lea f  tissues. E v idence  has  been p re ­
sen ted  th a t  th e  a c t iv i ty  o f  a n u m b e r  of enzym es increases in th e  lea f  tissues 
u p o n  rem oval o f  th e  roo t  sy s tem  [4]. An excep tion  to  th is  rule is s ta rc h  phospho- 
ry lase  and  glycolic acid oxidase, the  a c t iv i ty  of  which  decreases w ith  th e  b re a k ­
dow n of p ro te in  in th e  yellow ing leaves [4]. As th e  level of p ro te ins  in  de tached  
leaves can easily he re g u la te d  w ith  k inetin , a n d  a n e t  p ro te in  a n d  chlorophyll 
syn thes is  can he in d u c e d  in k in e t in - t re a te d  iso la ted  leaf  t issues [24], experi-
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m e n ts  w ere  s ta r ted  to  f ind  o u t  w h e th e r  or no t th e  glycolic acid ox idase  level 
w as c o r re la te d  with th e  p r o te in  co n ten t  and ch lo rop las t  a c t iv i ty  in green 
leav es .  T h e  possible c o n n ec t io n  of  glycolic acid oxidase level w ith  th e  fu n c t io n ­
ing o f  ch loroplasts  is su g g e s te d  b y  l i te ra ry  d a ta  ind ica t ing  (a) th e  general 
a b se n c e  o f  glycolic oxidase in  ro o ts  and  tu b e rs  [22, 32] ( c f., how ever,  th e  low 
a c t i v i t y  fo u n d  in rice roo ts  b y  M i t s u i  [20] and con firm ed  in our experience) 
(b )  t h e  occasional ap p e a ra n ce  o f  glycolic acid ox idase  in greening tu b e rs  and 
ro o ts  [22, 31], (c) the  low a c t iv i ty  of  glycolic acid oxidase in e t io la ted  leaves 
[2, 8, 9] w h ich  greatly  inc reases  u p o n  il lum ina tion  [12, 13, 31].

I n  add i t io n  to  th e  fu l ly  ac t ive  ho loenzym e, considerable  a m o u n ts  of 
g lycolic  ac id  oxidase p ro e n z y m e  are  presen t in m o s t  tissues. As show n by  
K u c z m a k  and T o l b e r t  [ 1 3 ] ,  th e  add it ion  of f lav ine  m ononucleo tide  ( F M N )  

to  ce ll-free  hom ogenates r e su l ts  in the  ac t iv a t io n  of  th e  inac tive  proenzym e. 
T h e  e f fec ts  o f kinetin on th e  p ro e n z y m e  level and th e  en zym e/p roenzym e ratio  
were a lso  determ ined.

M a te r ia l  and m ethods

B a r le y  seedlings ( H u n g a r ia n  v a r ie ty  MFB) were g row n u n d e r  o rd in a ry  greenhouse  
c o n d i t i o n s ;  t h e  p r im ary  leaves w ere  d e ta c h e d  in the  tw o-lea f  s ta g e  a n d  p laced w i th  th e i r  bases 
in to  t a p  w a t e r  a n d  10-5 M k in e t in  r e sp e c t iv e ly .  Afte r  4 to  7 d a y s  the  lea f  t issues were hom oge­
n ized  in  a  cold m ortar  in a ten fo ld  a m o u n t  of  0.1 M  p h o sp h a te  buffer ,  p H  7.8. L eaves  o f  i n ­
t a c t  p l a n t s  o f  the  same age se rv ed  as  contro ls .

G ly co lic  acid oxidase a c t i v i t y  w as  d e te rm in ed  color im etr ica lly  accord ing  to  K o l e s n i k o v  
[11] o n  t h e  basis  of the a m o u n t  o f  g ly o x y l ic  acid fo rm ed  by th e  ho m o g en a tes  u p o n  th e  a d d it ion  
o f  g ly c o la te .  I n  strongly acidic m e d iu m ,  in  the  presence of p h e n y lh y d ra z in e  a n d  K 3Fe(C N )6, 
g ly o x y l ic  a c id  gives a red colour.

A l te rn a t iv e ly ,  glycolic ac id  o x id ase  w as assayed by  th e  s t a n d a r d  m an o m e tr ic  procedure  
a t  30° C in  a W arburg  c o n s ta n t -v o lu m e  re sp iro m e te r  on th e  basis  of  0 2-u p tak e  o b ta in e d  upon 
a d d i t i o n  o f  g lycolate to the  h o m o g e n a te s  [13].

P r o e n z y m e  levels were d e te r m in e d  accord ing  to  K u c z m a k  an d  T o l b e r t  [13]. The 
d i f fe re n ce  in  0 2-uptake o b ta in e d  in  t h e  m an o m e tr ic  assay  w i th o u t  a n d  w i th  10-4 M F M N  was 
t a k e n  a s  a  m easure  of the  a m o u n t  o f  p ro en zy m e  p re sen t  in t h e  ex tra c ts .

G ly o x y l ic  acid reductase  w as  a s sa y ed  sp e c tro p h o to m etr ica l ly  in  cell-free hom ogena tes  
[38] o n  t h e  basis of the decrease  in  a b s o rb a n c y  a t  340 m /i in  th e  presence of N A D H  (n ico t in ­
a m id e  a d e n in e  dinucleotide, r e d u c e d  fo rm )  a n d  g lyoxyla te .  A Zeiss YSU 1 sp ec tro p h o to m e te r  
w as  u s e d  th ro u g h o u t  the  e x p e r im e n ts .

A v e r a g e  values ca lcu la ted  f r o m  a h igh  n u m b er  of e x p e r im e n ts  are given in  the  figures 
for g lyco l ic  acid  oxidase a c t iv i t y  a n d  proenzym e levels. A r e p re se n ta t iv e  ex am p le  is given 
fo r  t h e  sp ec tro p h o to m etr ic  d e t e r m i n a t i o n  o f  glyoxylic  acid red u c tase .

G ly o x y l ic  acid and N A D H  were pu rch ased  from  S igm a Chemical Co., St.  Louis , 
M issour i .  Glycolic acid was o b ta in e d  f ro m  th e  f i rm  R E A N A L ,  B u d ap es t .

Results

T h e  de te rm ina tion  o f  g lycolic  acid oxidase a c t iv i ty  in d e tach ed  barley  
leav es  in d ica ted  a m ark ed  d ec rease  in ho loenzym e level upon  th e  rem o v a l  of 
th e  r o o t  system . The e n z y m e  a c t iv i ty  was red u ced  to  a b o u t  50 p e r  cen t  of 
th e  c o n t ro ls  (leaves of i n ta c t  p la n ts ) .  D etached  leaves k e p t  in 10~5 M k inetin
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r e ta in e d  the ir  n o rm a l  glycolic acid ox idase  ac t iv i ty  (Fig. 1). B o th  th e  effect 
o f  d e ta c h m e n t  and  t h a t  of th e  k in e t in - t r e a tm e n t  proved  rep ro d u c ib le .  B o th  
m e th o d s  y ielded iden tica l  results .  E x p e r im e n ts  were carried  o u t  th ro u g h o u t  
the  y ea r  w ith  essentia lly  the  sam e resu lts .

Fig. 1. E ffec t  of  d e ta c h m e n t  an d  t r e a tm e n t  w i th  10 5 M kinetin  on the  a c t iv i ty  o f  glycolic
acid oxidase  in b a r le y  leaves

P roenzym e levels were also d e te rm in e d  by  bo th  m e thods .  T h e  colori­
m e tr ic  p rocedure ,  for unknow n  reasons, gave  erra tic  results  in th e  presence 
of  FM N . Therefore , th e  detailed  s tud ies  were carried  ou t w ith  th e  m a n o m e tr ic
assay.

As m a y  be seen in Fig. 2, th e  p ro e n z y m e  level was h a rd ly  ch a n g e d  upon  
d e ta c h m e n t .  T here  was a slight te n d e n c y  for  an increase in p ro e n z y m e  level 
in th e  iso lated  leaves. The proenzym e level w as m arked ly  h igher t h a n  th e  holo- 
enzym e concen tra t io n  b o th  in contro l an d  d e ta c h e d  leaves. U pon  d e ta c h m e n t ,  
th e  proenzym e/ho loenzym e ra t io  sh if ted  s tro n g ly  tow ards  p ro en zy m e  con­
ce n tra t io n .  The effect of k inetin  on p ro e n z y m e  level was slight. I f  a n y ,  i t  was a 
sm all  reduc tion  of p roenzym e co n c e n tra t io n  in some experim ents .

holoenzyme proenzyme total enzyme

Fig . 2. E ffec t  of  d e ta c h m e n t  and  t r e a tm e n t  w i th  10~5 M kinet in  on the  level o f  glycolic  acid 
oxidase  holoenzyme an d  p ro e n zy m e  in barley  leaves
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T h e  effect of d e t a c h m e n t  and  k ine tin  on th e  to ta l  (pro holo) en zy m e  
level is also shown in Fig. 2. As th e  changes in  p ro en zy m e  concen tra t ion  were 
sm all ,  t h e  effects o f  d e ta c h m e n t  and  k ine tin  on th e  to ta l  enzyme level were 
s im ila r  to  those exe r ted  on holoenzym e c o n c e n tra t io n .  The p ercen tage  d iffe r­
ences in  to ta l  enzym e co n c e n tra t io n  due to  d e ta c h m e n t  or k in e t in - t r e a tm e n t  
are , o f  course, sm aller t h a n  those  enco u n te red  in th e  holoenzyme level.

R esu l ts  essentia lly  s im ila r  to  those r e p o r te d  above  were o b ta in e d  in 
e x p e r im e n ts  w ith  w h ea t  p la n ts .

F ig . 3. E f fec t  of d e ta c h m e n t  a n d  t r e a tm e n t  w i th  10-5 M k in e t in  on the  ac t iv ity  of  g lyoxylic  
acid  r e d u c ta s e  in b a r ley  leaves.  C om position  of th e  sy s te m :  0.5 /unole N A D H , 20 /uno le  
g ly o x y la te ,  enzym e co rresponding  to  25 mg fresh w e igh t  of  l e a f  tissue,  0.1 M  Tris buffer  p H  7.0. 
F in a l  v o lu m e  2.0 ml. L ig h t  p a th  0.5 cm. Composition of th e  b lan k :  th e  complete e x p e r im e n ta l
m ix tu r e  m in u s  g lyoxyla te .  B l a n k ------------ . E x p e r i m e n t a l --------  ф  =  E x t r a c t  f rom  c o n tro l

lea v es ,  О  — E x t r a c t  f ro m  d e ta c h e d  leaves, Д  =  E x t r a c t  f rom  k in e t in - trea ted  leaves

T h e  response to  d e ta c h m e n t  and k in e t in  t r e a tm e n t  of the  o th e r  k ey  
e n z y m e  of glycolic acid m e tab o l ism , g lyoxylic  ac id  reduc tase ,  was en t i re ly  
d if fe ren t  from th a t  given b y  glycolic oxidase . T h e  ac t iv i ty  of glyoxylic  acid 
re d u c ta s e  was m ark ed ly  inc reased  upon d e ta c h m e n t  (Fig. 3) s imilarly to  m a n y  
o th e r  enzym es of ox id a t iv e  m etabo lism  [4]. K in e t in  affected the a c t iv i ty  o f  
g lyoxy lic  acid reduc tase  to  a sm all  e x ten t  if  a t  all. I t  m a y  also be seen in  Fig. 3 
t h a t  t h e  e x tra c ts  f rom  d e ta c h e d  leaves ox id ized  N A D H  even in th e  absence  
of  g ly o x y la te  fas te r  t h a n  th o se  p rep a red  from  th e  controls. A lth o u g h  th is  
“ N A D H -o x id a se ” a c t iv i ty  was weak, th e  effect of de tach m en t  on N A D H  
o x id a t io n  was h igh ly  rep roduc ib le .  The difference  in the  speed in N A D H  
o x id a t io n  in  the  presence  a n d  in the  absence  o f  g lyoxy la te  is reg a rd ed  as a 
m e a s u re  of  glyoxylic acid re d u c ta se  ac t iv i ty .
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Discussion
The role of th e  va r io u s  p a r t ic u la te  e lem en ts  o f  the  p la n t  cell in the 

sy n th es is  of enzym es an d /o r  in th e  regu la tion  o f  th e ir  ac t iv i ty  is a basic  p rob ­
lem  of p lan t  physiology. T h e  ch loroplasts  are know n to  he i m p o r t a n t  sites of 
s y n th e t ic  activ ities  inc lud ing  p ro te in  syn thesis . The direct role of  ch loroplasts  
in th e  synthesis  o f  enzym es localized in th e  ch loroplasts  is obv ious.  H owever, 
th e  chloroplasts  have  c e r ta in ly  an ind irec t effect on the  sy n th es is  o f  cy to ­
p lasm ic  enzymes as well. T he  localization o f  glycolic acid oxidase in  th e  p lan t 
cell is an  open prob lem . H ow ever,  p revious re su lts  and  the  d a t a  p re se n te d  in 
th is  p a p e r  s trongly  fav o u r  th e  view th a t  d irec t ly  or ind irec t ly  th e  ch loroplasts  
are  involved  in th e  regu la t ion  of  glycolic acid oxidase level a n d /o r  a c t iv i ty  in 
th e  p la n t  cell. P a r t  of th e  evidence (d is tr ibu tion  of glycolic o x idase  and  the 
effect of light on glycolic oxidase ac t iv i ty )  has been listed in th e  in t ro d u c t io n .  
I t  should  be added  t h a t  p la n t  diseases which lead to  the  ye llow ing  o f  leaves 
are  associated  w i th  a decreased  glycolic acid-oxidase  ac t iv i ty  [7, 28, 29]. 
T h e  p resen t  resu lts  also ind ica te  a s tr ik ing  paralle lism  b e tw een  yellowing 
(ch loroplast  and chlorophyll  b reakdow n) an d  decrease in glycolic acid oxi­
dase  a c t iv i ty  in d e ta c h e d  leaves. The a c t iv i ty  is fully m a in ta in e d  if the 
d e ta c h e d  leaves are t r e a te d  w ith  k ine tin .  In  th e  k in e t in - t r e a te d  leaves the 
ch lo rophy ll  co n ten t  rem ain s  u n a lte red  (or surpasses  th e  control) ,  a n d  th e  ac t iv ­
i ty  of the  p h o to sy n th e t ic  a p p a ra tu s  is also m a in ta in ed .  T h e  evidence, 
there fo re ,  s trong ly  su p p o r ts  th e  idea t h a t  th e  ch loroplast  a p p a r a tu s  has a 
fa ir ly  d irec t  role in th e  re g u la t io n  of  glycolic acid oxidase level. As th e  ac t iv i ty  
o f  glycolic acid oxidase depends  on the  a m o u n t  o f  available F M N  as well [13, 
28], the  reg u la to ry  role of  ch loroplasts  m igh t  consist in (<i) a s t im u la t io n  of 
enzym e pro te in  (proenzym e) synthesis , (b) in th e  s t im u la t io n  of FM N  synthesis , 
a n d  (c) in the  regu la t ion  o f  the  coupling  o f  FM N  to  the  p ro te in  m o ie ty  of the 
enzym e. Indeed , th e  decrease  of glycolic acid oxidase ac t iv i ty  in  yellowing 
tissues is evoked b y  d iffe ren t  m echanism s. F o r  exam ple ,  in  som e  diseased 
tissues th e  decrease in ac t ive  FM N  level seems to  be alone responsib le  for the 
effect. P roenzym e s im u ltaneous ly  accum ula tes  [28]. The l ig h t- in d u ced  s t im u ­
la t ion  of  glycolic acid ox idase  a c t iv i ty  is based  on b o th  p roenzym e a n d  to ta l  
enzym e synthesis . The t o t a l  level of flavins is also increased u p o n  i l lum ina tion  
[13] . As shown b y  th e  p re se n t  s tu d y ,  in d e tach ed  yellowing leaves t h e  decrease 
in enzym e ac t iv i ty  is p r im ar i ly  due to  a decrease in ho loenzym e level. The 
sm all  accum ula tion  of  p ro en zy m e found in some experim en ts  m ig h t  be due to 
a release of p roenzym e from  th e  holoenzym e. U n d e r  the  effect o f  k in e t in ,  the  
ho loenzym e level rem ains  c o n s ta n t  af te r  d e ta c h m e n t .  As k in e t in  s tim ula tes  
p ro te in  synthesis , th is  obse rv a t io n  m igh t  re f lec t  a k ine tin - in d u ced  synthesis  
o f  holoenzyme.

I t  is in te res t ing  t h a t ,  in  co n tra s t  to  glycolic oxidase, th e  a c t iv i ty  of 
glyoxylic acid reduc tase  increases in d e tach ed  leaves. The sh if t  in t h e  ac t iv i ty
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o f  th e s e  tw o enzymes m ig h t  induce  a p ro found  effect on the  level of glycolic 
ac id  in  p la n t  tissues. T h e re  is som e evidence t h a t  th is  is indeed th e  case [28]. 
As g lycolic  and glyoxylic  ac id s  are key m e tab o l i te s  for a n u m b e r  of  sy n th e t ic  
p ro cesse s  [10, 26, 32], a n d  t h e  glycolic oxidase -— glyoxylic red u c ta se  system  
m i g h t  pa r t ic ip a te  in th e  t e r m in a l  hydrogen t r a n s p o r t  in  green leaves [37, 38], 
th e  e ffec t of k inetin  on  g lycolic  acid oxidase h a s  ce r ta in ly  side-effects in a 
n u m b e r  of phases of j d a n t  m etabo lism .
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D I E  W I R K U N G  D E S K IN E T IN S  A U F  E N Z Y M E  
D E S  G L Y K O L S Ä U R E -S T O F F W E C H S E L S  IN  G E R S T E N -  U N D  W E I Z E N B L Ä T T E R N

Die A k t iv i t ä t  der  G lykolsäureoxydase  u n d  G ly o x y lsäu re red u k ta se  wurde in  a b g e t r e n n ­
ten  Gersten- u n d  W eizen b lä t te rn  b e s t im m t.  Es w urde  g e fu n d en ,  dass das W u rze lsy s tem  ü b e r  
die A k t iv i t ä t  der  obigen zwei E n zy m e  in den B lä t te rn  eine  in d irek te ,  regulierende W irk u n g  
a u sü b t .  Die A k t iv i t ä t  der  G lykolsäureoxydase  w ar  in d en  a b g e t r e n n te n  B lä t te rn  s t a r k  r e d u ­
z ie r t ,  u n d  die der G ly o x y lsäu re red u k ta se  e rhöht.  Die B e h a n d lu n g  der a b g e t r e n n te n  B lä t t e r  
m i t  10-5 M K in e t in  h a t  die A k t iv i t ä t  der G ly ko lsäu reoxydase  a u f  dem Niveau d e r  i n t a k t e n  
K o n t ro l lb lä t t e r  geha lten .  Die G ly o x y lsä u re re d u k ta se -A k t iv i tä t  erwies sich im  w esen t l ichen  
als k in e t in u n ab h ä n g ig .  In den  B la t tgew eben  w urden  b e t r ä c h t l ic h e  Mengen von G lyko lsäu re-  
o x y d a se -P ro en z y m  gefunden .  Das P roenzym  k o n n te  d u rc h  10~4 M FMN in den H o m o g e n a te n  
a k t iv ie r t  werden.  Im  Gegensatz  zum  Holoenzym  w ar die Menge an  Proenzym  in den a b g e t r e n n ­
te n  B lä t t e rn  n ich t  reduzier t .  K in e tin  ha t  au f  den P ro e n z y m g e h a l t  keinen w esen t l ichen  E in ­
fluss  a u sg e ü b t .
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ДЕЙСТВИЕ КИНЕТИНА НА ФЕРМЕНТЫ ОБМЕНА ГЛИКОЛЕВОЙ КИСЛОТЫ
В ЛИСТЬЯХ ЗЛАКОВЫХ

Авторы определили активность оксидазы гликолевой кислоты и редуктазы глиок- 
салевой кислоты в гомогенатах изолированных листьев ячменя и пшеницы. Обнаружили, 
что корневая система оказывает косвенное регулирующее действие на активность окси­
дазы гликолевой кислоты и редуктазы глиоксалевой кислоты в тканях листа. В изоли­
рованных листьях активность оксидазы гликолевой кислоты значительно снижается. 
Напротив этому, активность редуктазы глиоксалевой кислоты значительно повышается 
под влиянием изолирования. Кинетин в концентрации Ю-5 М поддерживает на нор­
мальном уровне активность оксидазы гликолевой кислоты в листьях даже в отсутствии 
корневой системы. На активность редуктазы глиоксалевой кислоты обработка кинети- 
ном не влияет существенно. В тканях листьев обнаружено значительное количество 
профермента оксидазы гликолевой кислоты. В гомогенатах профермент можно было 
активировать добавлением флавон-мононуклеотида в концентрации 10-4 М. Напротив 
голоферменту, количество профермента не снижалось в изолированных листьях. Кине­
тин только в незначительной мере влияет на уровень профермента.

L ászló  D ézsi 
G á b o r  F arkas  j

B u d a p e s t  V I I I ,  M uzeum  krt .  4/a, H u n g a ry .
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Synopsis

T he  m e th o d  is based  on the old c o n ce p t  o f  p la n t  species as in d ic a to rs  o f  h a b i t a t .  
A pplica t ion  o f  n u m er ica l  scales of ecological v a lu es  (T, W, R) and  c a lcu la t io n  o f  G ru p ­
penan tei l  or G ru p p en m en g e  coefficients lead  to  ab s t rac t  numerical v a lu es  in s tead  of 
species or  g roups  of species. Thus global c o m p a r iso n  o f  vegeta t ional  u n i ts  a n d  o f  h a b i t a t s  
and  use of m a th e m a tic a ls ta t i s t ic a l  m e th o d s  b eco m e  possible.

The new m e th o d  is based on th e  old ind ica to r  concept o f  th e  p lan t  
species ( ind ica tors  o f  h a b i ta t ) .  The ecological s t ru c tu re  and  h a b i t a t  o f  p lan t  
com m unities  m a y  be  characterized  w ith  th e  a id  of  a 10-degree T  ( te m p e ra ­
tu re  ecology n u m b e r)  scale (new, 1 —TO, a rc t ic  — aequatoria l) ,  a 10-degree 
W (w a te r  ecology n u m b e r)  scale refined  a f te r  P o g r e b n ia k  [2] a n d  a 5-degree 
R  (soil reaction  n u m b e r )  scale a f te r  E l l e n b e r g  [1]. Ecological s t r u c tu r e  is 
to  be u n d e rs to o d  as th e  proportion  of in d ic a to r ,  respectively o f  ecological 
species groups p a r t a k in g  in the  p la n t  a ssoc ia t ion  according to  GA or GM 
(“ G ru p p en an te i l -G ru p p en m en g e” T Ü X E N — E l l e n b e r g  [3]). All th e  species as 
well as all th e ir  occurence  in the  p h y to ceno log ica l  tab le  are th u s  t a k e n  in to  
accoun t.  E m p lo y in g  charac ter is t ic -curve  t r a c e d ,  a b s t r a c t e d  o f  species, 
we m ay  effect a g l o b a l  com parison o f  h a b i ta t s .  M ath em a tica l-s ta t is t ica l  
m ethods  m ay  also be em ployed (carried  o u t  b y  I. P r ÉCSÉn y i ). T h e  com ple te  
t a b u la r  m a te r ia l  o f  f ive p lan t  com m unit ies  o f  a succession series has  been  in ­
v es t iga ted  in th is  w ay  as an exp e r im en t  ( f rom  Seslerietum to  Q uerco-Carpi-  
n e tu m , from ren d z in a  to  brow n soils). T h e  m e th o d  has also been d e m o n s t ra te d  
w ith  a single species (  W aldsteinia geoides) .  I n  can  he ap tly  shown on a m u l t i ­
d im ensional e c o s t ru c tu re  d iagram . O ur m e th o d  m edia tes  be tw een  th e  “ ta b u la r  
p la n t  cenology”  o f C en tra l  Europe  and  th e  E n g l i s h —American “ p la n t  ecology” . 
W e th in k  to  add  b y  th is  though t to  th e  p r e p a r a to r y  work of th e  In te rn a t io n a l  
Biological P ro g ra m  (Sect. A. 1.).
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Fig. 1. C h a rac te r i s t ic  curves of th e  T  ( A ) ,  W  and  R  ( B )  degrees-values of the  f iv e  p l a n t  
c o m m u n i t i e s .  T he  black str ipe  m ark s  t h e  95%  confidence in te rv a l  of means of W  a n d  R  r e ­

fe rr ing  to the  h a b i t a t

E x p l i c a t io n  and d a ta  (ca lcu la ted  b y  I. P r e c s e n y i ).
Sum  of GA

a) =  S e s le r ie tu m ..................................................  358
b) =  W alds te in io -Sp iraee tum  .....................  586
c) =  T i l i o - F r a x in e tu m ...................................... 644
d)  =  M ercuria li-T il ie tum  ............................... 951
e) =  Q u e rco -C arp ine tum  ............................. 1269
f )  =  Waldsteinia geoides ( ecospec trum  b y

Fig. 3 . ) ........................................................  3932

C om m unit ie s  and  h a b i t a t  a) b) c) d) e)
T ж 4.99 5.27 5.16 5.15 5.09
W  X 2.84 2.89 3.93 4.63 4.66
R  ДГ 4.45 4.16 3.85 3.77 3.51

C om m unit ie s
W s2 3.00 1.89 1.66 1.51 1.01
R  s2 0.41 0.47 0.41 0.36 0.35

H a b i ta t*
W  s2 0.44 0.15 0.07 0.11 0.04

95% ± 0 .3 6 ± 0 .2 0 ± 0 . 1 8 ± 0 . 1 7 ± 0 .0 8
R  s2 0.03 0.02 0.01 0.01 0.01

95% ± 0 .0 9 ± 0 .0 8 ± 0 . 0 7 ± 0 .0 4 ± 0 .0 4

C om parison  of c o m m u n i t ie s  (by  y 2 tes t)
T W R

a )  — b) P  <  0 .1% P <  0 .1 % P <  0.1%
b)  -  c) P <  0 .1% P <  0 .1 % P <  0.1%
c)  — d) P  <  0 .1% P <  0 .1 % P <  5.0%
d )  — e) P  <  1.0% P <  0 .1 % P <  0.1%

* 95%  confidence in te rva l  re fe rs  to h a b i t a t  m eans .
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Figs. 2 and  3. E x am p les  of m ult id im ensional  e c o s tru c tu re  d iagram s.  The  %  o f  f requency  
of the  coupled W  —R  degree-values  are equal to th e  ra d iu s  o f  the  circle and  the  T values 
be longing to th em  are m easured  on the  circumference of th e  circle in %  of f requency .  P e rc e n t ­

ages u n d e r  3 a re  n o t  indica ted .  See th e  exp lica t io n  by  the Fig. 1.
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N E U E  M E T H O D E  Z U M  Ö K O L O G IS C H E N  V E R G L E IC H  D E R  
V E G E T A T I O N S E I N H E I T E N  U N D  D E R  S T A N D O R T E

Die M ethode geh t  von  d e r  a l te n  K onzep t ion  der  In d ik a to r -A r ten  aus.  D u rc h  A n w en ­
d u n g  v o n  ökologischen W er t -S k a le n  (T, W, R)  u n d  d u rc h  G ruppenan te i l  (GA oder  even tue l l  
a u c h  GM) B erechnung k o m m t  m a n  s t a t t  A r ten  oder  A r te n g ru p p e n  zu a b s t r a h ie r t e n  Z ah len ­
w e r t e n .  D a d u r c h  wird ein g lobaler  Vergleich  der V ege ta t isuse inhe iten  und  d e r  S ta n d o r te  u n d  
die A n w e n d u n g  der allgemein ü b l ic h e n  M ethoden  der  M a th em a t isc h en -S ta t is t ik  möglich.

Н О В Ы Й  М Е Т О Д  Д Л Я  Э К О Л О Г И Ч Е С К О Г О  С Р А В Н Е Н И Я  Е Д И Н И Ц  
В Е Г Е Т А Ц И И  И М Е С Т О Н А Х О Ж Д Е Н И Й

Метод основан на старой концепции о видах-индикаторах. Используя шкалы 
экологических величин (T, W, R) и проводя вычисление участие пазных величин в 
группах (G ruppenan te i l  или G ru p p e n m en g e )  получаются абстрактные численные вели­
чины вместо видов или групп видов. Таким образом всесторонное сравнение единип 
вегетации и местонахождений и примение обычные методы математической стати­
стики становятся возможными.

B á l i n t  Z ó l y o m i , B u d a p e s t  X IV . ,  V árosliget,  V á jd a h u n y a d v á r ,  H u n g a r y
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RECENSIONES

Cl e m e n t s , A. N.: The Physiology of Mosquitoes 
P e rg a m o n  Press ,  Oxford  (1963), pp .  393, 80 s.

T he  resu lts  of  resea rch  a n d  e x p er im e n ta l  work d one  on  the  physiology o f  m o sq u i to es  
in the la s t  decades are su m m arized  in a concise fo rm .  Such  synthesis  was b a d ly  n eed ed  in 
culicidology, — since a n u m b e r  of the  original papers  a re  unaccessib le ,  the  workers  o f ten  have 
no t im e  to spare  to keep up  w i th  special l i te ra tu re ,  a n d  f req u e n t ly  encounter  l in g u is t ic  d i f f i ­
cult ies.

F o r  m osquito  resea rch  workers ,  h andbooks  l ike  M a r t i n i ’s Culicidae, B o y d ’s I n t r o ­
d uc tion  to Malariology, and  B a t e s ’ N atu ra l  H is to ry  of Mosquitoes,  (beside t a x o n o m ic  works),  
are (juite ind ispensab le .  H ow ever ,  all  these works b e ca m e ,  in the  course of t im e ,  obso la te .  
Cl e m e n t s  book successfully fills the  gap of the  last  d ecades .

Som e of the  16 c h ap te rs  o f  the book are more o f  a theore tical  ch arac te r ,  — th o u g h  
in close connection  w ith  pract ice ,  w ith  the ev ery d ay  w o rk  of culicidologists a n d  m ala rio -  
logists.

T he  f i r s t  c h a p te r  on the egg reviews the  works a b o u t  em b ry o n a ry  d ev e lo p m en t ,  e x p e r i ­
m en ta l  e m bryo logy ,  genetic  con tro l  of  deve lopm en t ,  s t r u c tu r e  and properties of th e  egg shell, 
an d  ends  w ith  the  m echanism  o f  ha tch ing .

In  the  c h ap te r  of larval nu tr i t ion , excretion and respiration , the  an a to m ica l  s t ru c tu re  
o f  m o u th  p a r ts ,  a l im en ta ry  cana l,  p H  of the  larva l  gu t .  i ts  enzym es and digestion a re  described. 
T he  d ie ts  on which h e a l th y  la rv ae  can  be p roduced  u n d e r  s te r ile  conditions are g iven  in  T ab les .  
Food reserves are s to red  m ain ly  in the  fa t  body,  b u t  also in o ther  organs. T he  M alp igh ian  
tubes  a n d  the  re c tu m  serve for excretion . T he  trachea l  sy s te m  opens to the a tm o sp h e re ,  b u t  
some species m ake  ex tensive  use also of cu taneous  re sp i ra t io n .  The organs e f fec tua t ing  osm otic  
and  ionic regu la t ion  of the  body  flu ids are the  anal  p ap il lae ,  Malpighian tubes ,  m id g u t  and 
rec tu m .  Most f reshw a te r  bodies are su i table  for  severa l  species, b u t .  due to a d isc r im in a t io n  
by  ov iposi ting  females,  the  n u m b e r  of species is re s t r ic ted .

T em p e ra tu re  affects growth and metamorphosis  o f  t h e  larvae,  pupae and  th e  s t ru c tu re  
o f  imagos: size, n u m b e r  of follicules, color and  wing len g th .  A detailed descrip t ion  is given 
of the  d ev e lo p m en t  of  im ag ina i  buds,  the  m e ta m o rp h o s is  in the  p upa  and th e  m a t u r a t i o n  
of the  ad u l t .

T he  circulatory system  is r a th e r  simple and  e x p e r im e n ts  suggest t h a t  t h e  m o sq u i to  
h e a r t  is o f  the  n o n - in n e rv a te d  m yogenic  type.

T h e  th e rm a l  l im its  of  survival and longevity a re  in f luenced  by a n u m b e r  o f  fac to rs .  
Surv iva l  a t  low a n d  h igh tem p e ra tu re s  and  the  in f luence  o f  acc lim atiza t ion  on i ts  c r i te r ia  are 
discussed.

F ro m  the  e x a m in a t io n  o f  the  o rgans and  the  m ec h an ism  of adult feeding  i t  m a y  be 
in ferred  t h a t  the  chem orecep to rs  on the  labella , on th e  t ip  of lab ru m  and w ith in  t h e  c iba r ia l  
p u m p  m ed ia te  the  responses o f  m osquitoes to blood a n d  su g a r  solutions. Much w ork  h as  been 
done on  th e  sa l iva ry  g lands  and  th e i r  secretions,  the ir  c o n te n t  of  agglutinins an d  a n tico ag u l in s ,  
and  the  causes of skin reac t ions  o f  the  host.  A dult  nu tri t ion  and  metabolism are closely d e p e n d e n t  
on t e m p e ra tu r e  a n d  also on h u m id i ty .  The  n u t r i t iv e  v a lu e  o f  various c a rb o h y d ra te s  a re  given, 
to g e th e r  w i th  n u t r i t io n a l  req u irem en ts  for  rep ro d u c t io n .  T he  amino acids,  e ssen tia l  fo r  egg 
p ro d u c t io n ,  are shown in a Table .

A f te r  a de ta i led  desc r ip t ion  of the o rgans of reproduction , the  g rowth  of th e  egg follicle 
is d iscussed. A u togeny  is now know n to occur very w ide ly  in m an y  genera. O v a r ia l  d e v e lo p ­
m ent is contro l led  by g o n ad o tro p h ic  horm ones ,  as has been  proved experim ental ly .  O v u la t io n  
a n d  ov iposi tion  a p p ea r  to be u n d e r  nervous control.  F e c u n d i ty ,  t h a t  is, the n u m b e r  o f  eggs, 
is  p ro p o r t io n a l  to the  a m o u n t  of  b lood-meal a n d  the  size of  the  female. Because m o sq u i to es
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m u s t  fe ed  twice  to t r a n s m i t  p a th o g e n s ,  the  d e te r m in a t io n  of the ir  rep ro d u c t iv e  h i s to ry  is 
o f  g r e a t  im p o r tan ce .

T h e  m ain  sensorial organs  o f  mosquitoes a re  t h e  co m pound  eyes, the  a n t e n n a e ,  and 
th e  c h em o rec e p to rs  of  th e  m o u th  p a r t s  and  legs. T h e  c o m p o u n d  eyes are of th e  a p pos i t ion  
t y p e .  T h e i r  responses to l igh t  of d i f fe ren t  w ave-lengths ,  th e  a t t rac t iv en ess  of d i f fe ren tly  coloured 
s u r f a c e s ,  t h e  course of a d a p ta t i o n  to  da rkness ,  had  b e en  s tu d ie d  by m an y  au thors .  T h e  a n te n n ae  
a re  a n a to m ic a l ly  an d  physio log ica l ly  different  in b o t h  sexes.  The ex trem ely  d eveloped  second 
j o i n t  is  f i l led  w ith  Jo h n s to n ’s o rg a n .  I t  serves as a h e a r in g  o rg an ,  sensible only to  t h e  f requency  
o f  t h e  f e m a le ’s f l ight  tone ,  — w h e rea s  t h a t  of the m ale  is o u ts id e  of i ts  range  — an  o b se rv a t io n  
in  c o n t r a d i c t i o n  to the  ear l ie r  be l ie f  t h a t  swarms of m ale s  a re  kep t  together by  th e i r  o w n  tunes.  
T h e  f l a g e l lu m  has m an y  d if fe re n t  chem oreceptors ,  b u t  t h e i r  func tion  is still to  be  disclosed. 
C o n t a c t  chem orecep tors  sensible  to  glucose are on th e  labe l lae  and tars i;  those in t h e  cibarial  
p u m p  a r e  sensi t ive  to blood. O th e r  sensorial  organs a re  on  th e  halteres ,  m ax i l la r  p a lp s ,  th o ra x  
a n d  w in g s .

M a n y  unsolved prob lem s ar ise  from the  p h e n o m e n o n  o f  diapause.  There  is a  difference 
b e tw e e n  quiescence, t h a t  ceases on  am eliora tion  o f  t h e  e n v iro n m en t ,  and  d iap au se  w hich  is 
t e r m i n a t e d  on ly  a f te r  r e a c t iv a t io n  by  cold or o th e r  fa c to rs .  In  un ivolt ine  species,  th e  eggs 
e n t e r  a n  ob l iga to ry  d iapause ,  w h e reas  in m u lt iv o l t in e  species, the  d iapause is fa cu l ta t iv e .  
T h e  s t i m u l i  to egg ha tch in g  are  su bm ergence  in w a te r  a n d  low oxygen tens ion, b u t  t h e y  also 
d e p e n d  o n  conditioning. E v id e n ce  is insuff ic ient  to  decide  w he ther  the o v e rw in te r in g  larvae 
a re  s i m p ly  quiescent  and  able  to  c o n t in u e  d ev e lo p m en t  a t  a n y  t im e af te r  a rise in  t e m p e ra tu r e ,  
o r  r e q u i r e  an  increase in d ay  l e n g th .  The  h ib e rn a t io n  o f  a d u l t s  is found in m o s t  A n o p h e le s , 
b u t  is  r a r e  am ong aedine m o sq u i to e s .  Females w h ich  p ass  th ro u g h  gonotrophic  cycles never 
s u b s e q u e n t ly  en te r  h ib e rn a tio n .  T h e  in d u c t io n  of d i a p a u se  is due to exposure of th e  developing 
in s e c t s  t o  sh o r t  day.

B ehaviour o f  larvae and p u p a e  can  be analyzed i n to  t a c t ic  and k inetic  responses .  L arvae  
sw im  a lo n g  un t i l  they  a t t a in  th e  p re fe rred  t e m p e ra tu r e  zone. Under the  in f luence  o f  s trong 
l ig h t ,  A nophe les  messeae la rv a e  sw im  and  dive in ce ssan t ly .  Diving is also the  o n ly  defense 
a g a i n s t  p re d a to rs  and is s t im u la te d  by  v ib ra t io n  a n d  shade .

Control o f  adult activity  dep en d s  m ain ly  on  t h e  c ircad ian  rh y th m ,  m a in t a in e d  by a 
p h y s io lo g ic a l  clock w ith in  th e  o rgan ism . This m u s t  be  “ s e t”  by  ex te rna l  s t im u l i ,  such  as 
c h a n g e  f ro m  l ight to dark .  T h e re a f te r  i t  can be i n d e p e n d e n t  of the  e n v iro n m en t .  Circad ian  
r h y t h m  con tro ls  oviposition, b i t in g  a c t iv i ty ,  and  f l ig h t  a c t i v i t y  which are, on th e  o t h e r  h a n d ,  
in f lu e n c e d  b y  the m icroclim ate:  h u m id i ty ,  t e m p e ra tu r e ,  l ig h t .  Low te m p e ra tu re ,  l ig h t  and 
w in d  c a n  in h ib i t  activit ies,  or  t h e y  m a y  incite  th em  befo re  t im e.

Fligh t  behaviour was t h o ro u g h ly  in v es t ig a ted ,  a n d  surrendered  an in s ig h t  i n to  the  
m e c h a n i s m  of or ien ta t ion  of f l ig h t .  Mosquitoes u s u a l ly  f l y  upwind, no t  to le ra t in g  images 
p a s s in g  o v e r  the ir  eyes f rom  b a c k  to  f ron t ,  nor m o v in g  la te ra l ly .  Downwind, t h e y  f l y  only 
h ig h  a b o v e  th e  ground, — in  th is  w ay  they  can t r a v e l  g r e a t  distances.

H os t  seeking behaviour o f  t h e  m osquitoes d ep en d s  on  th e  phase of the  g o n o t ro p h ic  cycle, 
t h e  c i r c a d ia n  rh y th m ,  m ic roc l im a te  an d  responses to  in d iv id u a l  factors, such as b o d y  t e m p e r a ­
t u r e ,  m o is tu re ,  carbon dioxide ,  o d o u r  (sweat,  b lood, u r in e ) ,  a n d  various visual fa c to r s  of the  
h o s t .  A n te n n a e  are of g rea t  i m p o r t a n c e  in the  pe rcep tio n  o f  a ir -borne  factors;  odour  is i m p o r t a n t  
in a t t r a c t i o n  from a d is tance.

Reproductive behaviour is charac te r ized  by  m a t in g ,  sw arm ing  and  ov ip o s i t in g .  Males 
a re  a t t r a c t e d  to females n o t  b y  odour ,  b u t  by  so u n d .  C opulat ion  is in i t ia ted  d u r in g  f l ight ,  
b u t  so m e  species will m a te  also w h e n  a t  rest .  B o th  m ales  a n d  females will copu la te  re p ea te d ly ,  
b u t  m a le s  can  insem inate  on ly  a sm a ll  num ber  of fem a le s .  In  overwintering  f em a le s  sperm  
m u s t  l iv e  fo r  several m o n th s .  S w arm in g  of the  m ale s  t a k e s  place over some m a r k e r s  which 
c o n t r a s t  w i th  the  b a ckground ,  e .g . ,  t rees ,  ch im neys,  s teep les .  Females are also a t t r a c t e d  by 
m a r k e r s ,  t h u s  swarms c o n c e n tr a te  a populat ion  w i th  obv io u s  advan tages  for m a t in g .  O ther  
a u t h o r s  c o n te n d  t h a t  sw arm ing  is j u s t  a co n su m m a to ry  a c t ,  t h e  func tion  of which is n o t  known. 
O v ip o s i t in g  females are a t t r a c t e d  b y  sight,  and b y  u s in g  chem oreceptors  on th e  legs when  
e x a m i n in g  water.

T h e  book gives an  u p - to - d a te ,  comprehensive  su rv e y  of the  organism, p h y s io lo g y  and 
b e h a v i o u r  of  mosquitoes, a n d  will be  an  ind ispensab le  gu id e  for all workers in the  f ie ld  of pure  
a n d  a p p l i e d  culicidology.

F e r e n c  M i h á l y i  ( B u d a p e s t )
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Bio-Telemetry (The use of te l e m e try  in an im al  b eh av io u r  a n d  physiology in re la t ion  to  ecolo­
gical p rob lem s.)  Proceedings of th e  In te rd isc ip l ina ry  Conference, New York, M arch  1962. 
E d i te d  b y  L. E. S l a t e r .
Perg am o n  Press ,  Oxford  (1963) £6/6/5.

T he  te rm  te le m e try  recalls  to  a lm ost  ev er ib o d y ’s m in d  no tions like space f l ig h t ,  rocke ts ,  
airforce, war,  etc . I t  is q u i te  a surpr ise  to learn  by  read ing  th is  in te res t ing  book t h a t  th e  s ign if i­
cance of biological te lem e try ,  however  closely re la ted  in i ts  deve lo p m en t  to techno logy  of space 
probes,  is d if feren t  a n d  of a h igher  order. We learn  t h a t  i t  m ay  assure a general  e x te n s io n  of 
h u m a n  scope a ro u n d  our world. I t  m ay  p rom ote  a m o re  ex ten s iv e  knowledge of o u r  n a tu r a l  
e n v i ro n m en t  an d ,  as a consequence,  m ay  fac i li ta te  to  p la n  p roperly  the  u t i l iza t io n  of n a tu ra l  
resources to  cope w ith  the  p rob lem s aris ing from an  e v er  increas ing  popula t ion .  T h e  h ighly  
h u m an is t ic  a tm o sp h e re  of the  book is best exem plif ied  by  the  q u o ta t io n  of one of i t s  co -au thors  
N. J .  H o l t e r  who says: “ I h ave  a feeling t h a t  the  m a te r i a l s  to  be discussed in  the  n e x t  four 
days  . . . co n s t i tu te  a good a d v an ce  tow ard  u n d e r s ta n d in g  th e  an im al  world a n d  are  of such 
significance t h a t  th ey  could  ev en tu a l ly  be a p ro m in en t  f a c to r  in solving the  g re a te s t  p ro b lem  in 
h is to ry  — t h a t  of  c rea t ing  world peace.”  I t  is e v id en t  t h a t  th e  real iza tion  of su c h  a p ro g ram  
calls for  bold  an d  im ag in a t iv e  th in k in g  and  the  u t i l i z a t io n  of m odern  resea rch  tech n iq u es  
requ ir ing  the  p e rm a n e n t  co-opera tion  of b o th  biologists  a n d  physical sc ientis ts .

T he  book “ B io - te lem etry ”  consists of the  d o c u m e n ts  of an  in te rd isc ip l in a ry  conference 
organized in 1962 in the  A m erican  Museum of N a tu ra l  H i s to r y  in New York, w i th  t h e  p a r t i c ip a ­
t ion  of more t h a n  50 sc ien tis ts  represen t ing  in  a sound  eq u i l ib r iu m  b o th  biological a n d  physical  
sciences. T he  original re p o r ts  were d iv ided in to  th e  fo llowing six sessions: (1) T h e  p o ten t ia l  
for te le m e try  in biological research ,  (2) The  cu r re n t  s t a t e  of  biological te le m e try ,  (3) R e p o r ts  
on t e le m e try  in an im a l  t rack in g ,  o r ien ta t io n  an d  ecology, (4) R ep o r ts  on te le m e try  in s tud ies  
of  an im al  social behav iour ,  (5) R e p o r ts  on te le m e try  in  s tu d ie s  of  an im al physio logy, (6) R ep o r ts  
of  te le m e try  in s tud ies  of physio logy in man.

These 6 sessions cover a lm o s t  comple te ly  the  f ie lds where  th e  use of te le m e tr ic a l  m e th o d s  
seems or p roved  to be succesful.  E v e ry  pap er  is followed b y  a s t im u la t in g  d iscussion ,  which 
gives a c lear in s igh t  in to  the  work ing  m ethod  of the  conference , m oreover i t  fa c i l i ta te s  the 
c r it ica l  e v a lu a t io n  of th e  m ate r ia l  presented.

T he  f i r s t  session deals w i th  general p rob lem s,  l im i ts  and app licab i l i ty  o f  te l e m e try  
in biology. We ge t  sober warn ings  n o t  to abuse  t e l e m e t r y  when  direc t  o b se rv a t io n  or o th e r  
s imple  m eans  are helpful.  We lea rn  t h a t  te le m e try  is a special  b ranch  of sc ience which  can 
on ly  be succesfully  c u l t iv a ted  w i th  a close co -opera t ion  o f  biologists and p h y s ic is ts .  Special 
problem s arise b y  the  need to c rea te  comm on basis for  u n d e rs tan d in g .  B oth  sciences use h ighly  
specific languages and  M c Cu l l o c h , one of the  p ioneers  in  the  coupling of th e  tw o  sciences 
rem inds  the  p a r t i c ip a n ts  of the  im p o r tan ce  to  lea rn  to  t a lk  to  one ano ther .  F r o m  th is  po in t  
of view th e  p apers  p re sen ted  are ex em p la ry  on b o th  sides. T h ey  do no t  pass  t h e  l im i ts  by  
p re sen t ing  d a ta  where  t h e y  would  overcom plicate  t h e  p ic tu re  and  h inder c o m m o n  u n d e r ­
s tan d in g .  References are given a f te r  each paper.

T he  second session is p a r t icu la r ly  in te res t in g  for biologists because in  th is  section 
c o m p e ten t  e x p er ts  of t e l e m e try  technologies give d e ta i ls  concerning new ach iev e m en ts .  
I t  appea rs  t h a t  i n d u s t ry  p roduces  a g reat  v a r ie ty  o f  aerospace  ha rdw are ,  a v a i lab le  off-the 
shelf, u n fo r tu n a te ly  o f ten  surpass ing  the  f inanc ia l  ab i l i t ie s  available  for biological research . 
T he  fu n c tio n a l  capacit ies  of  these  te lem e try  sys tem s g en era l ly  offer even more t h a n  req u ired  
by  p re sen t  d ay  biological prob lem s.  B oth  a d a p ta t i o n  o f  these  complex sys tem s a n d  c o n s t ru c ­
t ions  o f  new a n d  sim pler  devices encounter ,  however ,  e conom ica l  and  com m erc ia l  d i f f icu l ties .  
I t  is h a rd  to f in d  com panies w hich  could afford to in v es t  in to  the  developm ent o f  new  biological 
te lem e tr in g  co inponenets  in view  of the uns tab le  a n d  re la t iv e ly  small  d e m a n d .  T h a t  is the  
p o in t  where a well o rganized a n d  con tinuous  f inanc ia l  s u p p o r t  f rom  special or g o v e rn m e n t  
m ig h t  help.

T he  m ost  serious req u ire m e n ts  of biological t e l e m e tr y  ap p ea r  in the  field of m in i a tu r i z a ­
t ion. The  second section  of the  book offers a lot of in fo rm a t io n  concerning new ach iev e m en ts  
in d iffe ren t  p a r ts  of te lem e tr in g  sys tem s,  t ran sd u ce rs ,  t r a n s m i t te r s ,  an ten n as ,  e tc .  T h e  p ro d u c ­
t ion  of m icro-electronic  techno logy  — e.g. the  high d e n s i ty  packing techn iques ,  in te g ra te d  
c ircu its ,  fu n c tio n a l  block or m olecular  circuits  — are  re a l ly  amazing and  a t  the  sam e  t im e 
very  p rom is ing also for th e  field of m ic ro m in ia tu r iza t io n  of bio-medical te le m e tr in g  c ircuits .

T he  th i rd  session of the  conference deals w i th  special  biological rep o r ts .  I t  gives an 
a cco u n t  o f  special e x p er im en ts  carr ied  ou t  w i th  the  he lp  of e labora ted  te lem e te r ing  tech n iq u es  
in va r ious  an im als .  (O r ien ta t io n  and  homing of b i rd s ,  rad io  track ing  of grizzly  bears ,  t e le ­
m etr ic  m onito r ing  of w oodchuck  m ovem en ts ,  t rave l  o f  m a r in e  tu r t le s ,  fish hom ing  a n d  similar  
ecological p rob lem s.)  T he  biological inform ations are a lw ay s  k ep t  between the  l im i ts  of the ir
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t e c h n o lo g ic a l  relations,  a ccord ing  to  th e  special p u rp o ses  o f  the  conference. T h e y  a re ,  h o w ­
ever ,  h ig h ly  in te res t ing  to  th e  b io log is t  because of th e  s im ultaneous ly  d e m o n s t r a t e d  and  
c r i t i c a l ly  discussed technical so lu t ions  of these  biological problem s.

T h e  fo u r th  session discusses t h e  ap p licab i l i ty  of t e l e m e try  to s tudies  of a n im a l  social 
b e h a v io r .  Some in te res t ing  a ch ie v e m e n ts  in b o th  biological and  technical  re sp ec ts  a re  p re ­
s e n t e d  m o reo v e r  evidences y ie lded  t h a t  te lem etr ica l  m e th o d s  give unique  poss ib i l i t ies  in the 
sc ie n t i f ic  ap p ro ac h  of an im al  g ro u p  processes.

T h e  f i f th  session deals w i th  te lem e tr ic  re g is t ra t io n  of more e lem en ta ry  physio logica l  
e v e n t s  (b lo o d  pressure, E E G ,  E C G , t e m p e ra tu re ,  etc .) .  Som e in te res t ing  prob lem s o f  record ing  
p h y s io lo g ic a l  changes during  th e  co n d it io n s  of space-f l igh t  are also p resented .

I n  t h e  s ix th  session a p p l ic a t io n  o f  te lem etr ic  t e c h n iq u es  to  special h u m a n  p rob lem s 
( in g e s te d  or subep iderm ally  im p la n te d  sensors) m oreove r  quest ions of i n s t r u m e n ta t io n  for 
t h e  a c q u i s i t io n  and red u c t io n  of d a t a  f ro m  e x tended  per iods  of t im e  are analyzed .

O n  th e  whole the  book r e p re se n t s  an  excellent  guide  for b o th  exper ts  a n d  beg inners .  
I t  g iv es  a  genera l  survey of a f ield  w h ich  is st ill  in ear ly  d ev e lo p m en t  which, how ever ,  th a n k s  
to  t h e  n e w  technical  r e q u ire m e n ts  of  space  probes evolves ex trem e ly  rap id ly .  I t  is t h e  chief 
m e r i t  o f  t h e  book t h a t  i t  calls a t t e n t i o n  to  the  f a c t  t h a t  th e  im p o r tan ce  of t e l e m e t r y  goes 
f a r  b e y o n d  th e  goals of space-f l igh t .  I t  gives convinc ing evidences t h a t  i ts  m o s t  i m p o r t a n t  
p e r s p e c t iv e s  lay  in the  analyses o f  th e  m a n y  face ted  p h e n o m e n a  of biology. T h e  c o n te n t  of 
t h e  b o o k  even  beyond s t ra ig h t  e xpress ion  convinces t h a t  th is  p rogram  needs a b r o a d e r  social 
u n d e r s t a n d i n g  and more efficient s u p p o r t  th a n  ob ta in ed  a t  p resen t .

E n d r e  G r a s t y á n  (Pécs)

F .  B .  S a l i s b u r y : The Flowering Process 
P e r g a m o n  Press ,  Oxford (1963) , p p .  234, 50 s.

T h e  a im  of the  presen t  w o rk  o f  D r.  F. B. S a l i s b u r y , professor of p lan t  p h y s io lo g y  a t  
t h e  C o lo rad o  S ta te  U nivers i ty ,  w as  to  discuss th e  physio logica l  processes of th e  conversion  
f ro m  v e g e ta t i v e  to rep roduc t ive  s t a te  in  h igher p lan ts .  A ccording to the  a u th o r  t h e  book  is 
a d d r e s s e d  to the  g raduate  s tu d e n ts  a n d  o thers  in te re s ted  in  th e  topic  “ a t  the  g r a d u a te  leve l” . 
U n d o u b t e d l y ,  the  book is n o t  a com prehens ive  t r e a tm e n t  of the  physiology of f low ering  
c o v e r in g  t h e  whole field. Still I h a v e  th e  feeling t h a t  th e  a u th o r  u n d e res t im ated  th e  p ro sp ec t iv e  
ro le  o f  t h i s  book  in the p la n t  physio log ica l  l i te ra tu re .  In  m y  opinion research  w orkers  will  also 
g r e a t ly  b e n e f i t  from the  ideas a n d  f ro m  the  c lear-cu t  p re se n ta t io n  given b y  Dr.  S a l i s b u r y  
w h o  h a v in g  a u th o r i ty  based on f i r s t - h a n d  experience h a n d le s  the  topic w ith  such  a n  in sp i ra ­
t io n  t h a t  c a n  come only to  those  f ig h t in g  in  the  f i r s t  l ine to  acquire  new knowledge.  Th is  is 
p a r t i c u l a r l y  ev iden t  in th e  second  h a lf  of  the  book w h ich  is w r i t ten  re ly ing  h e a v i ly  upo n  
p e r s o n a l  experience.

T h e  in t ro d u c to ry  c h ap te r  p ro v id es  the  read e r  w i th  a “ biological f r a m e w o rk ”  o f  the 
f lo w e r in g  process.  I t  is followed b y  c h a p te r s  on the  response  ty p es ,  on the  ecology of f lowering ,  
on th e  ro le  of low tem p era tu re ,  on  m e th o d ica l  p rob lem s,  on  th e  role and n a tu re  of  t h e  a b so rb ­
ing  p i g m e n t ,  on the  problem of t im in g ,  on  the  syn thes is  o f  f lowering horm one a n d  i ts  m ode  
of a c t io n .

S e lec ted  b ib liography  is g iven .  T he  selection w as pe rh ap s  som ew hat  too  r igorous.  
A l to g e th e r  81 papers are re ferred  to .

T h e  book  is a t t rac t iv e ly  p ro d u c ed .  The  i l lu s t ra t io n s  are good. In  ad d i t io n  to  i l lu s t r a ­
t io n s  s u p p l ie d  by  o ther a u th o rs  th e r e  a re  q u i te  a few w hich  h ave  never been p u b l ish ed  before. 
T h e  p r ice  is reasonable.

In  conclusion it  m ay  be s t a te d  t h a t  the  ap p earance  of th e  book which is th e  4 th  vo lum e 
of t h e  P l a n t  Physiology Division o f  t h e  I n te rn a t io n a l  Series o f  Monographs on P u re  a n d  A pplied  
B io lo g y  w il l  be  welcome b y  p la n t  physio log is ts  all over th e  world.

G. L. F arkas (B u d a p es t)

Animal orientation (Orientierung der Tiere)
S y m p o s iu m  in  G arm isch -P a r ten k i rc h en  17 — 21. 9. 1962. Ergebnisse der Biologie , 26.
S p r in g e r  V e r lag ,  Berlin (1963), pp .  313. DM 50 .—

I n  S ep tem b er  1962 in G a rm is c h -P a r te n k i r c h e n  (W est-G erm any)  an  in te rn a t io n a l  
s y m p o s i u m  devo ted  to th e  p ro b lem s  of animal o r ien ta t io n -m ech an ism s  took  p lace .  The  
s y m p o s iu m  was in it ia ted  b y  Professor  H e n r i  P i é r o n  a n d  a g re a t  n u m b er  of i llustr ious b iologists 
to o k  p a r t  i n  i ts  work. This vo lum e inc ludes  the  papers  re a d  a t  the  symposium.
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The analysis  of an im al  o r ien ta t io n  is a cen t ra l  p rob lem  of m odern  e x p e r im e n ta l  zoology. 
T he  new tren d s  in neu rophysio logy ,  nam ely  th e  e lectrophysio logica l,  b iophysiological and 
m a th e m a tic a l  a p p ro ac h  m ak e  th e  so lu tion  of m a n y  u nso lved  problem s of “ in s t r in c t iv e ” 
o r ien ta t ion  possible. C onsequen tly  th e  quest ions  of an im a l  o r ien ta t io n  are m ain ly  physiological 
prob lem s of the  special senses a n d  of the  cen tra l  ne rv o u s  sy s te m .  I t  is therefore  n o t  by chance 
t h a t  18 of the  to ta l  25 papers  of  th is  vo lum e deal with neurophysio log ical  analysis  o f  o r ien ta t iv e  
behav iour .  T he  o r ien ta t io n -m ech an ism s  of va r ious  in v e r te b ra te s  (chiefly  of  a r th ropodes)  
as well as of  v e r te b ra te s  (fishes, a m ph ib ians ,  b irds,  e tc .)  is t r e a te d  in detail.

A l th o u g h  the  d o c u m e n ta ry  p resen ta t ion  of free discussion , wich a p p a re n t ly  followed 
each  lecture,  would u n d o u b te d ly  have m ade  th is  book m ore  in te res t ing ,  the  r ich  m ate ria l  
of the  25 papers  is an  i m p o r t a n t  co n tr ib u t io n  to m o d e rn  e x p er im e n ta l  biology.

This book is recom m en d ed  to those in te res ted  in e x p er im e n ta l  zoological, neu ro p h y s io ­
logical and  psychological p rob lem s concerning the  m ec h an ism  of special senses a n d  ins t inc ­
t iv e  behav iour .

G. A d a m  (B u d a p es t)

Chemical an d  Biological Aspects of Pyridoxal Catalysis
E d i te d  by E. E. S n e l l , P. M. F a s e l l a , A. E. B r a u n s t e i n  an d  A. R o s s i- F a n e l l i  
P erg am o n  Press ,  O xford ,  (1963), pp .  599. 60 s.

In  October,  1962, an  in te rn a t io n a l  sym pos ium  was he ld  a t  Rom e as p a r t  of th e  scientific  
p ro g ram  of the  In te rn a t io n a l  U n ion  of Biochem is try .  T h is  book  con ta ins  the  o r ig ina l  papers  
p resen ted  and  also th e i r  discussion. As ind ica ted  by the  t i t le  of the  volume,  the  c o n tr ib u t io n s  
cover a wide field e x tend ing  from  the  exac t  chem ica l  fo rm u la t io n  of p y r id o x a l  cata lyzed  
non-enzym ic  reac tions to the horm onal  regu la tion  of p y r id o x a l  enzym es in the  i n ta c t  organism. 
T he  volume as a whole gives an  excellent su rvey  of no t  on ly  the  results  o b ta in e d  so far  w ith  
the  different  approaches  b u t  also of the unsolved p rob lem s,  and  the  c u r re n t  ideas of  the  
w or ld ’s e x p er ts  on p y r idoxal  catalysis .

Of the 48 p apers  p resen ted  the  f i r s t  e ight  c o n tr ib u t io n s  are dealing w i th  th e  in v es t ig a ­
t ion  of non-enzym ic  reac tions c a ta lyzed  by  p y r idoxal  d e r iv a t iv e s  in aqueous so lu t ion .  In  his 
opening address  S n e l l  sum m arizes  the  conclusions reach ed  from  the  s tu d y  of s im ple  model 
sys tem s,  which  was in i t ia te d  in his l ab o ra to ry  a lm o s t  20 years  ago. The  p apers  p re sen te d  from 
th e  labora tor ies  of M a r t e l l , J e n c k s  and  M e t z l e r  are m a in ly  concerned w i th  s tu d ie s  of the 
kinet ics  of  non-enzym ic  reac t ions  of pyr idoxal  analogues .  J e n c k s  and  Co r d e s  e la b o ra te  their  
view th a t  t r a n sam in ase  apoenzym es should be ex pec ted  to fo rm  in te rm ed ia te  Sh iff  bases w ith  
p y r idoxal  p h o sp h a te  (P L P )  in which w ay  the  c a ta ly t ic  p o ten t ia l  of P L P  can  be g rea t ly  
enhanced .  B r u i c e  and  T o p p i n g  give an  accoun t  of  s tud ies  on  the  ca ta ly t ic  role p layed  by  buffer  
ions in model sys tem s which fa v o u r  the  view t h a t  p y r id o x a l  ca ta lyzed  t r a n s a m in a t io n  is 
su b je c t  to genera l  ac id -base  ca ta lys is .  There  is a v e ry  v iv id  discussion of the  q u a n tu m  m ech an i­
cal  c o n s id e ra t io n s  of p y r id o x a l  ca ta ly z ed  reac tions  p re sen te d  by P u l l m a n .

Due to  th e  re c e n t ly  ach ieved  high pu r i f ica t ion  in q u a n t i t y  of  the  a sp a r ta te -g lu ta m a te  
t r a n s a m in a se  f rom  pig h e a r t ,  a considerab le  p a r t  of  t h e  following papers  is concerned  with 
d e ta i led  in v es t ig a t io n s  of t h e  p ropert ies  o f  th is  en zy m e.  T h e  s tud ies  described b y  S i z e r  and 
J e n k i n s  are  dea l ing  w ith  a sp e c tro p h o to m e tr ic  in v es t ig a t io n  to charac te rize  a n d  de te rm ine  
the  possible  sequence  o f  m olecu la r  species of  enzym e b o u n d  p y r id o x a l  p h o sp h a te  in the  course 
o f  t r a n s a m in a t io n .  F u r t h e r  p a p e rs  re fer  to  th e  p r im a ry  s t r u c tu r e  (T u r a n o  e t  al. ,  F i s c h e r  e t  al.) 
a n d  re so lu t io n  o f  th e  sam e  enzym e.  S tud ies  a re  r e p o r te d  on isozymes, a n d  H o l z e r  and 
S c h r e i b e r  desc ribe  a n  a n a ly t ic a l  m e th o d  for the  s im u lta n eo u s  d e te rm in a t io n  o f  m icrogram  
q u a n t i t ie s  o f  p y r id o x a l  p h o sp h a te  a n d  p y r id o x am in e  p h o sp h a te  by  using th e  pu ri f ied  apoenzym e 
of g lu ta m a te  a s p a r t a te  t r a n s a m in a se  ob ta in ed  from  b a k e r ’s yeas t.  An im p o r t a n t  re finement 
o f  th e  a n a ly t ic a l  p rocedure  for t ra c in g  the  a s p a r t a te  — o x a lo a c e ta te  t r a n s fo rm a t io n  is rep o rted  
f rom  V e r n o n ’s l a b o ra to ry .

M ainly  based  on the  use o f  g lu ta m a te  a s p a r t a te  t r a n sam in ase ,  d e ta i led  s tud ies  are 
re p o r te d  on the  m ech an ism  o f  in h ib i t a t io n  of p y r id o x a l  e n zy m es  by a g rea t  n u m b e r  of agen ts  
(M a r d a s h e v , M a k i n o  e t  a l . ,  Co n n a r d , K h o m u t o v  e t  al. ,  K a r p e y s k i  e t  a l . ,  M u s a j o  e t  al., 
Ce d r a n g o l o . M a k i n o  e t  al.).  Q uite  a n u m b e r  o f  new a n ta g o n is t s  are discussed. G re a t  in te res t  
is a t t a c h e d  to th e  re ce n t  c la im  m ad e  by  Co n n a r d , a ccord ing  to which some derivative« of 
P L P ,  s u b s t i t u te d  in th e  c a rb o n y l  g roup  l ike  the  s e m ic a rb a z id e  or h y d ra z id e ,  m ig h t  func tion  
as coenzym e in  P L P  d e p e n d e n t  en zy m at ic  reac tions .

In  c o m p ar iso n  to g lu ta m a te  a s p a r t a te  a m in o s t r a n s fe ra se  o th e r  P L P  e nzym es  are less 
th o ro u g h ly  t r e a te d .  T h ere  is one p a p e r  on the  p ro p e r t i e s  a n d  m eta b o l ic  role o f  each  am ino-
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m a l o n a t e  deca rboxy la se  ( U d e n f r i e n d ), cy s th a th io n ase  (Ca v a l l i n i  e t  al.),  t h r e o n in e  d e h y d rase  
( H a y a i s h i  e t  al.),  a n d  t r y p to p h a n e a s e  ( H a p p o l d  a n d  S c o t t ). B o th  Ca t t a n e a  a n d  S e n e z , 
a n d  M e i s t e r  e t  al.  in v es t ig a ted  t h e  ro le  o f  loosely  b o u n d  P L P  an d /o r  a -ke to  ac ids  in  th e  fu n c ­
t i o n  o f  /5 -aspar ta te  deca rb o x y la se ,  w h ic h  enzy m e  has  long  been  know n to  h a v e  th is  u n iq u e  
r e q u i r e m e n t .  Detailed in v es t ig a t io n s  o f  d iam in e  oxidases a re  described by  D e  M a r c o , M o n d o v i  
e t  a l . ,  G o r y a c h e n k o v a  a n d  E r s h o v a , a n d  K a p e l l e r -A d l e r . A f in d in g  w h ich  concerns  th e  
a p p a r e n t l y  r e la te d  plasma am in e  o x id ase  is p re sen ted  b y  Y a m a d a  and  Y a s u n o b u . T h e  d e m o n ­
s t r a t i o n  o f  t h e  occurrence of a c o p p e r -c h e la te d  a n d  f i rm ly  p ro te in -b o u n d  d e r iv a t iv e  of v i ta m in  
B (. i n  p l a s m a  am ine  oxidase w h ic h  is r e p o r te d  from  Y a s u n o b u ’s l a b o ra to ry  is c e r t a in ly  one 
o f  t h e  m o s t  im p o r t a n t  new r e su l t s  d iscussed  a t  th e  S ym posium .

F i n a l l y ,  some fu r th e r  p a p e r s  a re  discussing  specia l  topics .  To m e n t io n  on ly  a few of 
t h e s e ,  t h e  p a r t ic ip a t io n  of P L P  e n z y m e s  in m icrob ial  t r a n s su l fu ra t io n  re ac t io n s  is discussed 
b y  F l a v i n , while  F i s c h e r  e t  al.  a r e  d e a l in g  w i th  th e  p ro p e r t ie s  an d  role o f  P L P  in  p hosphory -  
lase .  T h e  poss ib i l i ty  of th e  p a r t i c i p a t i o n  o f  P L P  in th e  p e n e t r a t io n  in to  a n d  accu m u la t io n  
in  l i v in g  s t ru c tu re s  of amino ac id s  is t r e a te d  b y  Ch r i s t e n s e n .

T h e  sym pos ium  which o p e n s  w i th  th e  address  o f  one o f  th e  lead ing  f igures  in  th is  field ,  
P ro fe s s o r  E .  E .  S n e l l  (California) ,  is c losed w ith  th e  p a p e r  o f  th e  o th e r  o u t s t a n d in g  ex p e r t  
o f  p y r i d o x a l  ca ta lys is ,  Professor A . E .  B r a u n s t e i n  (M osc ow). B r a u n s t e i n ’s p a p e r  on  c u r re n t  
p ro g re s s  in  resea rch  on b iological p y r id o x a l  ca ta lys is  g ives a concise su rvey  o f  b o th  results  
a n d  c h a l l e n g in g  problems in t h is  f ie ld  u n d o u b te d ly  s t im u la t in g  fu r th e r  p rogress ,  as does th e  
v o lu m e  a s  a whole.
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