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INDUCED PRODUCTION OF BETA-GALACTOSIDASE 
IN STREPTOMYCES GRISEUS

A n i k ó  D á n  a n d  G .  S z a b ó

DEPARTMENT OF BIOLOGY, MEDICAL UNIVERSITY, DEBRECEN 

(R eceived 1972 01 —29)

Abstract

A u th o rs  in v es tig a te d  th e  induced  p ro d u c tio n  of b e ta -galactosidase  in  Streptom y- 
ces griseus. T h ey  d e te rm in ed  th e  o p tim a l c irc u m s tan c es  o f in d uction , th e n  e s tab lish e d  
t h a t  th e  m ax im u m  p ro d u c tio n  of th e  enzym e n eed s 2 x  10“ 3 mol/1 lactose. T he ap p lic a 
t io n  of th e  in d u ce r is follow ed by a lag  ph ase  o f 1— 1.5 h, th en  th e  enzym e leve l in 
creases, reach in g  a  m ax im u m , 4.5— 6 tim es th e  b asa l level a fte r  ab o u t 5 h . M elibiose, 
ga lactose  an d  iso p ro p y l-b e ta -D -th io g a lac to p y ran o sid e  d isp layed  no in d u c tiv e  e ffect. 
T h e  in d u c tio n  cou ld  be inh ib ited  by  ac tin o m y c in  D , nam ely  1 p g /m l  causes 40%  and  
10 /tg /m l a  to ta l  in h ib itio n , if  ad m in iste red  to g e th e r  w ith  th e  inducer.

Introduction

In v e s t ig a t io n s  in to  th e  induc tive  en zy m e  p ro duc tion  of living organ ism s 
a re  used  for s tu d y in g  th e  control of p ro te in  syn thes is .  The b es t-know n  re g u la 
t io n  m echan ism  is t h a t  of th e  lac operon o f  E . coli. In v es t ig a t in g  th is  sy s tem , 
J a c o b  a n d  M o n o d  [5] published  th e i r  t h e o r y  concerning th e  re g u la t io n  of 
bac te r ia l  p ro te in -syn thes iz ing  m echanism . In d u c t iv e  be ta -ga lac tos idase  p ro d u c 
t io n  has  also been  described  in o th e r  o rgan ism s ,  nam ely , in G ram  n e g a t iv e  
[1, 13], G ram  positive  [3, 6, 11] b ac te r ia  a n d  eucellulae [2, 10]. Th is  e n ab led  a 
com parison  of several protocellu lar  and  euce llu la r  aspects of re g u la t io n  of 
b e ta -g a lac to s id ase  p roduc tion .

I n  th e  p re se n t  p a p e r  the  in d u c t iv e  be ta -ga lac to s idase  p ro d u c t io n  of 
Streptom yces griseus  is analyzed . This species rep resen ts  a h igher level o f  o rg an i
za tion  w ith in  t h e  pro tocellu lae  th a n  does t h e  E . coli, therefore , i t  p r e su m a b ly  
d isp lays a m ore  d iffe ren tia ted  regu la t ion  sy s te m . Hence, th e  in v es t ig a t io n  of 
th e  in d u c t iv e  be ta -ga lac to s idase  sys tem  of th i s  species and  its com parison  w ith  
those  of  organism s show ing a d ifferent level o f  o rganization  seem  to  be  of 
in te res t .

Material and m ethod

T h e  v a r ia n t  No. 52-l(301)A  of Streptom yces g riseus  p roducing  s tre p to m y c in  w as used 
th ro u g h o u t.

G e rm in a tio n  w as carried  o u t in 500 m l E rle n m e y e r  flasks, using 200 m illion  spores per 
100 ml g e rm in a tin g  m ed iu m , a t  27 °C, in  sh ak en  liq u id  cu ltu re . The g e rm in a tin g  m ed iu m  
(“ sy n th e tic  m ed iu m  F ” ) w as com posed as follow s; 0.2 g N H 4N 0 3; 0.12 g K H 2P 0 4; 0.29 g

1 Acta Biologica Academiae Scienliarum Iiungaricae 24, 1973



2 DÁN-SZABÓ

K 2H P 0 4; 0.4 g C aC 0 3; 0.1 g N aC l; 0.1 g M g S 0 4; 0 .00064  g C u S 0 4 • 5 H ,0 ;  0.0001 g F e S 0 4 • 
• 7 H 20 ;  0.00015 g M nCl2 • 4 H 20 ;  0.0002g Z n S 0 4; 0 .004g sodium  h e x am e ta p h o sp h a te  p e r  100 
m l d is tilled  w a ter. Two p e r c en t s ta rc h  and  0.5%  P ro te o se  p ep to n e  were added  to  th is  m ed ium , 
a n d  th e  p H  was a d ju s te d  to  7.4. T h e  germ in atio n  to o k  22 h.

Induction . T he g e rm in a te d , 22-h-old cu ltu re  w as cen trifuged , th e n  w ashed  once  in a 
1 /15 mol/1 p h o sp h a te  b u ffer o f p H  7.0, an d  re su sp en d ed  in th e  orig inal volum e (100 m l) o f th e  
s y n th e tic  m ed ium  F  c o n ta in in g  0.5 %  try p to n e . T h e  in d u ce r was added  to  th is  b asic  m ed iu m  
a n d  so w ere th e  su b stan ces desc rib ed  in each  ex p erim e n t. T he fu r th e r  cu ltu rin g  to o k  p lace  in 
g lasse s  o f  2 0 x 6 0  m m  size (p en ic illin  am poules) c o n ta in in g  3 ml cu ltu re  in a sh a k e r a t  27 °C. 
T h e  w ash in g  m edium  used  for th e  in v estig a tio n s o n  su b s tra te  stab iliza tio n  w as com p o sed  of 
500 /«g/m l ch lo ram phen ico l in  sy n th e tic  m edium  F  co n ta in in g  0 .5%  try p to n e  an d  2 %  lac tose  
o r  g lucose.

D eterm ination  o f  beta-galactosidase and total p ro te in . A t each sam pling  th e  c o n te n ts  of 
2 a m p o u le s  w ere an a lyzed , co n sid ered  as paralle ls, a n d  th e  d e te rm in a tio n s of b e ta -g a la c to s id - 
ase  a n d  to ta l  p ro te in  w ere ca rried  o u t sep a ra te ly  in  each  paralle l. Before th e  d e te rm in a tio n s , 
th e  c u ltu re s  were w ashed 3 tim es w ith  1/15 mol/1 p h o sp h a te  b u ffer o f p H  7.0 a t  3 °C, th e n  re su s
p e n d e d  in  th e  sam e b u ffer to  th e  o rig ina l volum e (3 m l), a n d  tre a te d  in u ltra so n ic  d e s in te g ra to r  
(1 .5  A , 1.5 m in). T he d e te rm in a tio n  o f b e ta -g a lac to s id ase  w as perform ed accord ing  to  L e d e r - 
b e r g  [7] as follow s: 1 m l so n ic a ted  m ycelia  w ith  1.5 m l o -n itro p h en y l-b e ta -D -g a lac to p y ran o - 
s id e  (O N P G ) of 1 m g/m l c o n c e n tra tio n  w as in cu b a ted  a t  37 °C for 20 m in, th en  th e  re ac tio n  
w as  s to p p e d  w ith  1 ml 0.1 mol/1 N a 2C 0 3. A fter th is , th e  m ix tu re  was cen trifuged  a n d  th e  a b 
s o rp tio n  of th e  su p e rn a ta n t a t  420 n m  w as m easu red  in  a U n icam  S P  1 800 sp e c tro p h o to m e te r. 
T h e  p ro te in  co n te n t was m easu red  in th e  son icated  m y ce lia  accord ing  to  L owry  [9] c o m p a red  
to  a  s ta n d a rd  bovine a lb u m in  so lu tion .

Résulte

The optim al circum stances o f  the induction . C ultures germ ina ted  fo r  22 h 
w ere  u sed  in th e  ex p e r im en ts .  Streptom yces griseus  grows ve ry  in tense ly  in  th e  
m e d iu m  used for g e rm in a t io n ,  how ever, i t  p ro d u ces  only little  b e ta -g a la c to s id 
ase. T h e  op tim al cond itions  of  in duc tion  w ere  selected b y  in v es t ig a t in g  th e  
fo l low ing  six paralle l  cu l tu re s :

C u ltu re  1. The m ycelia  were c u l tu red  f u r th e r  in th e  unch an g ed  g e rm i
n a t i n g  m edium .

C u ltu re  2. To th e  g e rm in a te d  cu ltu re  4 X lO -3 mol/1 lactose was a d d e d  
a n d  u n c h a n g e d  c ircum stances  were m a in ta in e d .

C ultu res  3, 4, 5 and  6. T he  22-h-old c u l tu re  wras washed tw ice  in  1/15 
mol/1 p h o sp h a te  buffe r  of p H  7.0, th en  re su sp en d ed  in th e  original v o lu m e  of 
s y n th e t i c  m ed ium  F. A f te r  d iv id ing  th e  c u l tu re  in to  4 pa r ts ,  th e  s y n th e t ic  
m e d iu m  F  was com ple ted  as follows (final concen tra t ions) :

C u l tu re  3: 4 X lO -3 mol/1 lac tose ;
C u l tu re  4: 4 X lO “ 3 mol/1 lac to se  and  0 .5 %  t r y p to n e ;
C u l tu re  5: 2 %  glycerol;
C u l tu re  6: 2 %  glycerol a n d  0 .5 %  try p to n e .

T h e  cen tr i fu g a t io n ,  w ash in g  and  re suspens ion  were perform ed in a b o u t  
40 m in .  T he  sam pling  was ca rr ied  o u t  1, 3, 7 a n d  21 h ,  a f te r  re s ta r t in g  of  i n c u b a 
t io n .  T h e  b e ta -ga lac to s idase  ac t iv i ty  and  to t a l  p ro te in  co n cen tra t ion  w ere  
d e te rm in e d  in each sam ple.
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В ETA-GALACTOSIDASE IN  STREPTOM YCES 3

T he resu lts  a re  sum m arized  in Fig. 1. I t  shows no essential difference 
be tw een  th e  to ta l  p ro te in  concen tra t ions  m e a su re d  in th e  cu ltu res  1— 6. The 
s ligh tly  h igher va lues  for cultures  4 a n d  6 as co m p ared  w ith  those  fo r  cu ltu res  
3 an d  5 can p ro b a b ly  be explained b y  th e  b e t t e r  conditions of g ro w th  in th e  
presence  of t r y p to n e .

T he  b e ta -ga lac to s idase  ac t iv i ty  was a p p a re n t ly  m uch h igher  in th e  cul
tu re s  con ta in ing  lactose. T h e  highest in d u c t io n  ra te  was achieved if th e  mycelia

a) bj

Fig. 1. D e te rm in a tio n  of th e  o p tim al conditions o f  in d u c tio n . a = B e ta -g a ia c to s id a se  a c t iv ity ;  
b  =  to ta l  p ro te in . N u m b ers 1— 6 rep resen t c u ltu re s  1— 6 (see tex t) . 0 h  re p re se n ts  th e  r e s ta r t 

ing of c u lt iv a t io n

h ad  been  w ashed  o u t  from  the  g e rm in a t in g  m ed ium  and th e  f resh  m ed ium  
co n ta ined  an in d u c t iv e  concen tra t ion  of  lac to se  to ge the r  w ith  0 .5 %  t ry p to n e .

The effects o f  d ifferen t carbohydrates and  isopropyl-beta-D-thiogalacto- 
pyranoside  ( IP T G ).  A p a r t  from lactose, t h e  induc tive  effects o f  melibiose, 
galactose and  IP T G  wrere investiga ted . F ig .  2 shows th a t  th e  g ro w th  of dif
fe ren t  cu ltu res  w as nea r ly  parallel, w h ereas  t h e  be ta -ga lac tos idase  a c t iv i ty  
was h igher t h a n  t h a t  o f  th e  control o n ly  in  th e  presence of 4 XlO 3 mol/1 
lactose. Melibiose, ga lac tose  and IP T G  fa iled  to  induce the  syn thes is  o f  b e ta -  
galac tosidase  in Streptom yces griseus.

D eterm ination o f  the lactose concentration exerting the highest inductive  
effect. A ccording to  Fig. 3, th e  increase o f  th e  to ta l  p ro te in  in con tro l  and 
ex p e r im en ta l  cu l tu re s  con ta in ing  d iffe ren t  con cen tra t io n s  of lac tose ,  is id e n t i 
cal. 10 “ 3 mol/1 lac tose  is sufficient to  in d u ce  a 3.7-fold increase in th e  specific 
a c t iv i ty .  T he  in d u c t iv e  effects of 2 X lO -3  a n d  4 X lO -3 mol/1 lac tose  concen tra -
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a ,  b ;

F ig . 2 . E ffe c t  of lactose, m elib iose, ga lacto se  and IP T G  on  th e  be ta-galactosidase  p ro d u c tio n  
o f  S trep tom yces griseus. a =  B e ta -g a la c to s id a se  a c tiv ity ;  b  =  to ta l  p ro te in  co n te n t. M ycelia  
w ere  w a sh e d  a fte r  a g e rm in atio n  o f  22 h, th e n  cu ltu red  in , 1 =  th e  basic m edium ; 2 =  in  th e  
p re se n c e  o f  4 x l 0 -3  mol/1 lac to se ; 3 =  in  th e  presence of 4 x l 0 -3  mol/1 m elibiose; 4 =  in  th e  

p resence  of 4 x l 0 -3  mol/1 g a lac to se ; 5 =  in th e  p resen ce  of 10-3  mol/1 IP T G

o, bj

F ig . 3. D e te rm in a tio n  of th e  la c to se  co n ce n tra tio n  o f o p tim a l in d uctive  effect, a =  B e ta -  
g a la c to s id a se  ac tiv ity ; b =  to ta l  p ro te in . M ycelia w ere w ash ed  a fte r a g e rm in atio n  o f  22 h, 
th e n  r e s ta r t e d  for cu ltiv a tio n  a t  0 h , 1 =  in  th e  basic  m ed iu m ; 2 =  in the  p resence o f 10 -3  

mol/1 lactose; 3 =  2 X 10~3 mol/1 lac to se ; 4 =  4 x l 0 ~ 3 mol/1 lactose
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BETA-GALACTOSIDASE IN STREPTOMYCES 5

t ions can  be  rega rded  as equ iva len t ,  th e  increase  in specific a c t iv i ty  being 
nea r ly  five-fold in b o th  cases. No h igher in crease  in  specific ac t iv i ty  w as  ach ieved  
using  even h igher  concen tra t ions  o f  lactose. T h u s ,  2 X l 0 -3 mol/1 lac to se  show ed 
a m ax im a l  ind u c t io n  of be ta -ga lac tos idase .

The tim e-dependence o f  the induction . T h e  Figs 1 and 4 d e m o n s t r a te  t h a t  
h e ta -g a lac to s id ase  ac t iv i ty  s ta r te d  to  inc rease  in tensely  1— 1.5 h  a f te r  th e

Fig. 4. T he tim e-d ep en d en ce  of in d u ctio n . In c u b a tio n  to o k  p lace as described in  th e  fo o tn o te  
to  F ig . 3 w ith  4 X 10~3 mol/1 lac tose  ad m in iste red  a t  0 h . C ontinuous line =  b e ta -g a la c to s id ase

a c tiv ity ; d o tte d  line =  to ta l  p ro te in

in d u c t io n ,  it  reached  a m ax im u m  after  5 h , th e n  slowly decreased. T h e  to ta l  
p ro te in  increased evenly.

Investiga tion  on the substrate stab iliza tion . T he  increase of  b e ta -g a la c 
to s idase  ac t iv i ty  in th e  presence of lac tose  in d ica te s  an induction p h e n o m e n o n .  
H o w ever ,  in o rd e r  to  su p p o r t  th e  h y p o th es is  o f  induction, it  is n e c e ssa ry  to  
exc lude  th e  possib ili ty  of a s tabiliz ing e ffect o f  s u b s t ra te  m ain ta ined  b y  lac tose , 
th e  specific s u b s t ra te  of be ta -ga lac to s idase .  F o u r  hours su b se q u e n t  to  th e  
a d d i t io n  of lactose, th e  fu r th e r  p ro te in  sy n th es is  was blocked in th e  c u l tu re s  b y  
a d d in g  500 /tg/ml chloram phenicol. T h e  c u l tu re  was then  d iv ided  in to  tw o  
halves  a n d  w ashed  3 t im es w ith  th e  w ash in g  m edium , then  re s u s p e n d e d  in 
w ash in g  m ed iu m  con ta in ing  e ither  lac tose  or  glucose and c u l tu re d  fu r th e r ,  
m eanw hile  th e  decom position  of h e ta -g a lac to s id ase  was inves t iga ted . A cco rd 
ing to  Fig. 5, in  th e  presence of lactose or  g lucose th e  ra te  of e n zy m e  d e c o m 
posit ion  can  be  rega rded  as identical,  th e re fo re  th e  phenom enon o f  s u b s t r a te  
s tab i l iza t io n  can  be excluded. Fig. 5 also show s th e  decomposition o f  t h e  to ta l  
p ro te in  which like t h a t  of th e  be ta -g a lac to s id ase  is of biphasic p a t t e r n .

E ffec t o f  actinom ycin  D on the induc tion . L actose  induces de novo  s y n 
thesis  of be ta -ga lac to s idase  as suggested b y  th e  induction -inh ib it ing  effect of
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F ig . 5. In a c tiv a t io n  of b e ta -g a lac to sid ase  (co n tin u o u s lin es) an d  to ta l p ro te in  (d o tte d  lines). 
A fte r  a  g e rm in a tio n  of 22 h  th e  m ycelia  were w ash ed , th e n  in cu b a ted  for 4 h  in  th e  p re sen ce  
o f  4 X 10 3 mol/1 lac tose . A t th is  tim e, 500 //g /m l ch lo ram p h en ico l was added . T h e  c u ltu re  
w as d iv id e d  in to  tw o h a lv es, w ash ed  w ith  m edia c o n ta in in g  e ith e r lactose or glucose, th e n  c u l
tu r e d  a g a in  from  0 h, in  th e  p resence  of 1 = 2 %  lac to se  a n d  2 =  2 %  glucose. B o th  c u ltu re s  

c o n ta in e d  0.5 %  try p to n e  a n d  500 ц g/m l c h lo ram p h en ico l in  th e  sy n th e tic  m ed iu m  F

a c t in o m y c in  D (Fig. 6). T h e  co n c e n tra t io n -d e p e n d e n t  effect of 5 )tg/ml o r  m ore  
a c t in o m y c in  D is show n in Fig. 7. A nalyzing th e  effects of 0.25, 0.5 and  1 /tg/ml 
c o n c e n tra t io n s  of ac t in o m y c in  D, one can  es tab l ish  t h a t  the  in d u c t iv e  b e ta -  
g a lac to s id ase  p ro d u c t io n  w as m ain ta ined  a t  th e se  concentra tions. In  t h e  p re s 
ence o f  th e  tw o low est concen tra t ions  of a c t in o m y c in  D, the  enzym e p r o d u c 
t io n  w as  inh ib ited  to  a v e ry  low ex ten t  as c o m p a re d  to  th a t  of th e  in d u c e d ,  
a c t in o m y c in  D-free cu ltu res .  A considerable in h ib i t in g  effect was show n  b y  
1 /rg /m l, n am ely , th e  enzym e level was only  4 0 %  o f  th e  control va lue  a f te r  5 h. 
A t  t h e  sam e t im e ,  th e  to t a l  p ro te in  c o n c e n tra t io n  am oun ted  to  7 5 %  o f  t h a t  
o f  t h e  con tro l  cultu res .

Discussion

T h e  induced  p ro d u c t io n  of b e ta -g a lac to s id ase  was inv es t ig a ted  in 
S trep tom yces griseus. C om paring  th is  p ro d u c t io n  w ith  t h a t  of o th e r  p ro to -  
ce l lu la r  or eucellular o rgan ism s as well as w i th  th e  induced p ro d u c t io n  of 
m an n o s id a se  [4] show n b y  th e  same species, t h e  following conclusions can  be 
d ra w n .

I n  case of E . coli th e  basal level of th e  in d u c a b le  enzyme is v e ry  low, it  
p ro d u c e s  p rac t ica l ly  no be ta -ga lac tos idase  w i th o u t  inducer. A ccord ing  to  
o u r  r e su l ts ,  th e  b asa l  level o f  th is  enzyme is r e la t iv e ly  high in the  species s tu d ie d  
an d  d u r in g  th e  period  of  inves t iga t ion  th is  level p ro v e d  to be co n s tan t ,  w h ich , 
h o w ev e r ,  is low as c o m p a re d  to  the  level o f  in d u c t io n .

A sim ilar  p h e n o m e n o n  has been descr ibed  in  connection w ith  th e  in d u c 
t iv e  m an n o s id ase  of Streptom yces [4], th e re fo re ,  th e  authors  regard  as m ore
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a; bj

Fig. 6. E ffec t o f a c tin o m y c in  D on th e  in d u ced  p ro d u c tio n  of b e ta -g alactosidase . a  =  B eta- 
galactosidase  a c t iv ity ;  b  =  to ta l  p ro tein . A fte r  a g e rm in a tio n  of 22 h, th e  m ycelia  w ere w ashed, 
th e n  in cu b a ted  in  th e  basic  m edium  (curve 1), in  th e  presence of 4 X 10~3 mol/1 lactose  
(curves 2— 7). F ro m  cu rv e  3 to  curve 7 in creas in g  a m o u n t o f actinom ycin  D w as a d d ed , 5, 10, 

20, 50 a n d  100 /jg /m l, respec tive ly . C u ltiv a tio n  was re s ta rted  a t  0 h

Fig. 7. E ffec t of ac tin o m y c in  D on th e  in d u ced  p ro d u c tio n  of b e ta -g alactosidase . a — B eta- 
galactosidase  a c tiv ity ;  b  =  to ta l  p ro te in . T h e  e x p e rim e n ts  were perform ed as desc rib ed  in 
Fig. 6. C urve 1 =  in c u b a tio n  in basic m ed ium ; cu rv es  2— 5 — in th e  p resence  o f 4 x 1 0  3 
mol/1 lactose. F ro m  curves 3— 5 =  in th e  p resence  o f  0 .25 , 0.5 and 1.0 /лg/m l a c tin o m y c in  D, 

respec tive ly  0 h  =  r e s ta r t in g  o f cu ltiv atio n
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c o r re c t  t o  consider th e  en zy m e  n o t  to  be in d u c t iv e  b u t  sem ico n s t i tu t iv e .  
S im i la r ly ,  h igher  levels of b a sa l  activ it ies  h a v e  b een  m entioned  in eu ce l lu la r  
s y s te m s  [2, 10].

S ig n if ic a n t  differences a p p e a re d  also in t h e  order of m a g n i tu d e  o f  
m a x im a l  enzym e levels o b se rved  d u r ing  ind u c t io n .  W hereas  in p ro toce llu lae  a 
1 000 to  10 000-fold increase w as  observed as  r e la te d  to  the  basal level,  in  
S trep tom yces griseus th e  increase  was as low as 4 .5— 6-fold. The in d u c t iv e  i n 
crease  r a t e  o f  th e  b e ta -g a lac to s id ase  level obse rved  in  Neurospora crassa w as  o f  
th e  s a m e  o rd e r  of m ag n itu d e  (tenfold) [2].

I n  t h e  p ro tocellu lar  sy s te m s  th e  in d u c t iv e  effect can be m easured  w i th in  
s ev e ra l  m in u te s  (3 min) fo llowing th e  a d m in is t r a t io n  o f  th e  inductive su b s ta n c e .  
I n  t h e  case  exam ined  b y  us a n  increase  of th e  e n zy m e  level became m e a s u ra b le  
as l a t e  as a f te r  1— 1.5 h. As rega rds  th e  m an n o s id ase  production , a n  ev en  
lo n g e r  (6 h) lag  phase has b e e n  repo r ted ,  an d  th e  in d u c t iv e  b e ta -g a lac to s id ase  
p r o d u c t io n  of  Neurospora  b e c a m e  m easu rab le  2 h  subsequen t  to  t h e  i n d u c 
t io n  [2, 4].

T h e  causes of th e  long lag  phase  m easu red  in  ou r  system have n o t  b een  
c la r if ied . H ow ever ,  we e s tab lished  t h a t  the  lag p h a se  was equally 1— 1 h w h e n  
u s ing  e i th e r  2 X l 0 -3 mol/1 lac to se ,  o r  lower effec tive  concentrations.

I n  Streptom yces griseus  t h e  in itia l long lag  p h ase  was followed b y  a n  
inc rease  in  th e  enzym e level w i th  a m a x im u m  re ach ed  by  th e  5 th  h o u r .  T h is  
w as fo l low ed  b y  a decrease, m u c h  slower t h a n  t h a t  o f  th e  ra te  of increase  w as  
a n d  t h e  e n zy m e  level did n o t  reach  th e  contro l v a lu e  even after 21 h. M e a n 
while t h e  to t a l  protein  c o n te n t  s tead ily  increased . T h e  m axim um  enzym e leve l  
w as m e a s u r e d  after  24 h in case  of induced  m a n n o s id a se  p roduc tion  in S trep to 
myces; in  eucellu lar system s th e  m a x im u m  w as  reach ed  a t  40 h [2].

I n  E . coli the  increase o f  th e  enzym e level w as  l inear in the  lo g a r i th m ic  
p h a se ,  i f  t h e  concen tra t ion  o f  th e  inducer  was c o n s ta n t  [5]. In Streptom yces  
g riseus  t h e  increase was n o t  l inear .  I t  should b e  considered  when in te r p r e t in g  
th e  r e s u l t s  t h a t  the  b e ta -g a lac to s id ase  p ro d u c t io n  of  E . coli can be in d u c e d  b y  
n o n -m e ta b o l iz e d ,  artificial inducers  [ IP T G , m e th y l-b e ta - th io g a lac to p y ra n o s id e  
(T M G )],  t h u s  th e  co n s tan t  leve l  of inducer  c o n c e n tra t io n  can be m a in ta in e d .  
T h e  l a c to s e  p roved  to  be in d u c t iv e  in  our e x p e r im e n ts ,  however, it  is m e t a b o 
lized b y  Streptom yces griseus. T herefo re ,  th e  lac to se  concen tra tion  d e p e n d s  on  
th e  a c tu a l  m etabo lic  a c t iv i ty  o f  th e  cells. I t  sh o u ld  also be considered t h a t  t h e  
E . coli c u l tu r e  in the  lo ga r i thm ic  phase  can be re g a rd e d  as a hom ogeneous, m o re  
ő r l e s s  syn ch ro n ized  system . I n  case of  Streptom yces griseus  the  mycelia o f  t h e  
s am e  c u l tu r e  conta in  b o th  m orphologically  a n d  functionally  d i f fe re n t  
h y p h a e  [15, 16].

A s reg a rd s  the  specif ic ity  of  th e  inducer ,  th e  d ifferen t b e ta -g a lac to s id ase  
s y s te m s  d isp la y  very  d iv e rg en t  behav iou r .  I n  th e  case of Streptomyces g r ise u s , 
on ly  la c to se  proved  to  be of in d u c t iv e  c h a ra c te r ,  w hereas  melibiose, ga lac to se
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a n d  IP T G  did  no t .  A b e ta -ga lac to s idase  induceab le  only  b y  lac tose  has  been  
described b y  A n d e r s o n  a n d  R i c k e n b e r g  [1].

A m a x im u m  in d u c t iv e  effect was evolved  b y  2 x l O -3 mol/1 lac tose  in 
Streptom yces griseus. As reg a rd s  th e  o rder  of m a g n i tu d e  of  th is  c o n cen tra t io n ,  
th is  va lue  lies n ea re r  to  th e  in d u cer  c o n cen tra t io n s  (10 _3) necessary  for o th e r  
p ro toce llu la r  sy s tem s t h a n  to  those  (10~2) req u ired  b y  eucellu lar  ones [2, 10].

Unlike E . coli [14], Streptom yces griseus  is pe rm eab le  for ac t in o m y c in  
D. T h e  be ta -ga lac to s idase  sy s te m  of th e  l a t t e r  is sensitive  to  th is  d ru g ;  1 fig /m l 
ac t inom yc in  D depresses th e  be ta -g a lac to s id ase  p ro d u c t io n  to  a level of 4 0 % ,  
w hereas  a c o n cen tra t io n  of  10 /tg/ml resu lts  in a com ple te  inh ib it ion  of in d u c 
t ion . As regards th e  sen s i t iv i ty  to  a c t inom yc in  D, t h e  induced  b e ta -g a la c to s id 
ase p ro d u c t io n  b y  Streptom yces griseus is less sensitive  th a n  e.g. th e  ind u ced  
penicillinase p ro d u c t io n  b y  B acillus subtilis  [12], how ever, it  is of s im ilar  
sens i t iv i ty  as th e  induced  b e ta -ga lac to s idase  p ro d u c t io n  b y  E . coli, and  th e  
ind u ced  m annos idase  p ro d u c t io n  b y  Streptom yces griseus  [4, 8].
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Abstract

E ffec t of F a c to r  C, a p rev io u s ly  iso la ted , non-tox ic , h ea t- la b ile  in it ia tin g  facto r 
o f cy to d iffe re n tia tio n  p ro d u ced  by  Streptom yces griseus, has been ex am in ed  in d ifferen t 
R N A -syn thesiz ing  system s in  vitro. I t  in h ib its  b o th  th e  endogenous sy n th es iz in g  ac tiv 
ity  o f  n a tiv e  D N P  com plex  fro m  S . griseus an d  th e  b in d in g  of p u rif ie d  E . coli RNA 
polym erase  to  th e  com plex. A t h ig h er ionic s tre n g th , i t  also show s a s tim u la tin g  effect 
on th e  exogenous p o lym erase . T h e  in h ib ito ry  effect of F a c to r  C on R N A  polym erase 
can  also be observed  w ith  p u rif ie d  D N A  as tem p la te . All th e  e ffec ts  o f F a c to r C on 
n a tiv e  D N P  com plex are  species-specific . T hey  are observab le  on ag g reg a te  of S. gri
seus on ly ; i t  is ineffective  in  sim ila r p rep ara tio n s  o b ta in ed  from  E . coli К  12. These 
effects o f F a c to r  C on R N A  sy n th esis  can  be in  co rre la tio n  w ith  i ts  a c t iv ity  on  th e  cy
to d iffe ren tia tio n  of th e  S. griseus.

Introduction

F a c to r  C is a non-tox ic  endogenous subs tance  which  can  in it ia te  the  
con id ium -form ing  d iffe ren tia t ion  process o f  th e  n o n -sp o ru la t in g  52-1 stra in  
of  Streptom yces griseus [9]. I t s  m ode of ac tion  has been  s tu d ie d  in different 
system s [5, 7]. I t  has been  a ssu m ed  t h a t  a t  least some of its  c o m p o n en ts  can 
b ind  to  D N A  and  its effect on th e  cy tod iffe ren tia t ion  m a y  o r ig in a te  from  an 
a l te ra t io n  of  th e  genic t ra n s c r ip t io n  process.

In  th e  presen t e x p e r im en ts  th e  effect o f  F a c to r  C on R N A  synthesis  in  
vitro  was exam ined  u n d e r  d if fe ren t  conditions.

M aterial and method

S tra in s and cultivation. S treptom yces griseus s tra in  No. 5 2 — 1 w as g row n on e ither 
D IFC O  b ro th  m edium  (beef e x tr a c t ,  0 .3 % ; D IFC O  b ac to p ep to n e  0 .5 % ; N aC l, 0 .5 % ; glucose, 
0 .1% ; 0.005 mol/1 tr is -m a la te  b u ffer p H  7.6) for 24 h  or in soy b ean  —  co rn  s teep  m edium  for 
72 h  [6]. Escherichia coli К  12 w as g row n  on  m ea t e x tra c t  — p ep to n e  m ed iu m  as described  ear
lier [8] an d  h a rv este d  in th e  log p h ase . Streptom yces griseus 45-H  was g row n  on  soy b e an — 
corn  steep  m edium .

Isolation o f  Factor C. Cell-free fe rm e n ta tio n  liqu id  of 72-h cu ltu re  o f  S . griseus  45-H 
s tra in  was a d ju s te d  to p H  2.4 w ith  su lp h u ric  acid  an d  th e  p re c ip ita te  rem o v ed  by cen trifu g a
tion . The su p e rn a ta n t was a d ju s te d  to  p H  3.4, sa tu ra te d  w ith  am m o n iu m  su lp h a te  an d  left

* P re se n t address: In s t i tu te  o f  B iochem istry , B iological R esearch  C en ter, H ungarian  
A cadem y o f Sciences, Szeged, H u n g a ry
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o v e rn ig h t  in  th e  cold. The p re c ip ita te  was dissolved in d is tilled  w a te r , its  p H  was a d ju s te d  
w ith  N a O H  to  8 and dialyzed a g a in s t th e  sam e for 24 h. T he d ia ly sa te  w as lyophilized . P o rtio n s 
o f th is  p o w d e r were d issolved in  d is til le d  w a ter, a d ju s ted  to  p H  8 a n d  w ere p u t  on Sephadex  
G-75 c o lu m n  eq u ilib ra ted  w ith  d is til le d  w a te r  and th e  a c t iv ity  w as o b ta in e d  in  th e  exclusion 
v o lu m e . T h is  frac tio n  is a b o u t 70 t im e s  m ore active  th a n  th e  o rig in a l fe rm e n ta tio n  liq u id  in 
cy to m o rp h o lo g ic a l tes t.

R N A  polymerase  was iso la te d  fro m  E . coli К  12 acco rd in g  to  a m odified  m eth o d  of th e  
C h a m b e rlin  an d  B erg’s p ro ced u re  [1]. T he specific a c tiv ity  o f th e  p o lym erase  p re p a ra tio n , 
im m e d ia te ly  a fte r  its  iso la tion , w as 318 U /m g p ro te in  w ith  c a lf  th y m u s  D N A  as tem p la te .

Iso la tion  o f native D N P  com plexes  has  been described  e lsew here  [8]. B riefly , th e  w ashed 
cells w ere  suspended  in TMA m ed iu m  (0.01 mol/1 tris-H C l p H  7.8; 0.01 mol/1 m agnesium  ace
ta te ;  0 .06  mol/1 KC1; 0.006 mol/1 m erc ap to e th a n o l), d isru p ted  in  B ra u n  m echan ical sh ak er, th e  
h o m o g e n a te  cen trifuged  a t  6 000 g  fo r  30 m in , 105 000 g  fo r 1 h , th e n  a t  150 000 g  fo r 4 h. 
T h e  f in a l  p e lle t was hom ogenized  in  a  P o tte r-E lv eh jem  h o m o g en izer a n d  w ashed  once in  10 
vo l o f  T M A  m edium  un d er th e  sam e  conditions.

R N A  polym erase assay  w as th e  sam e as described ea rlie r [8] ex cep t th a t  100 nm ol of 
2 -14C U T P  (I/(C//<mol) was a d d ed  to  th e  sam ples as label. All th e  co m p o n en ts  o f th e  system  
w ere m ix e d  to g e th e r in th e  cold, in c lu d in g  F a c to r C w hen p re sen t. S y stem s co n ta in in g  h ighly- 
p o ly m e riz e d  D N A  (B D H , E n g la n d )  as te m p la te  were s ta r te d  b y  th e  ad d itio n  of th e  po lym erase  
w h ile  th e  sam ples con ta in ing  n a tiv e  D N P  com plexes were s ta r te d  b y  th e  ad d itio n  of th e  la tte r .  
T h e  R N A  sy n th esis was m easu red  a t  tw o  d ifferen t ionic s tre n g th s . L ow er ionic s tre n g th  m eans 
in  0 .25  m l: 1 /<mol of m ag n esiu m  a c e ta te ;  6 /(mol of KC1. H ig h e r  ionic s ren g th  m eans 7.5 
/im o l o f  m agnesium  ace ta te  an d  32.5 /(m ol o f NH,C1.

A ll th e  experim ents w ere re p e a te d  several tim es on d iffe re n t p re p a ra tio n s  an d  th e  re 
su lts  o f  ty p ic a l experim ents a re  p re se n te d . F o r all o th e r m eth o d ica l d e ta ils  see [8].

Results

E ffec t o f  Factor C on endogenous R N  A -syn thesizing  a ctiv ity  o f  native D N P
complexes

T h e  D N P  complexes, ca l led  also aggregates, a re  n a t iv e  washed  nucleo- 
p ro te in  p rep a ra t io n s  pe lle ted  f ro m  hom ogenates  of S. griseus  or E . coli. T hey  
a re  re g a rd e d  to  be s t ru c tu re s  re ta in in g  a t  least  p a r t  o f  th e  regu la t ing  com 
p o u n d s  found  on th e  su rface  o f  DN A . T hey  show endogenous R N A  po ly 
m e ra s e  a c t iv i ty  in th e  p re sen ce  o f  th e  four nuc leo tide  t r ip h o sp h a te s .  F a c to r  C 
in h ib i ts  th e  endogenous R N A  po lym erase  a c t iv i ty  o f  D N P  from  S. griseus 
w h ile  i t  is ineffective on a g g re g a te  from  E . coli b o th  a t  low er and  higher ionic 
c o n c e n t ra t io n s  (Table 1).

E ffec t o f  Factor C on tem pla te  activity o f  native D N P  complexes

In c re a s in g  am oun ts  o f  a g g re g a te  were ad d ed  to  sy s tem s  con ta in ing  the  
s am e  q u a n t i t y  of E . coli R N A  p o lym erase .  The m e a s u re m e n ts  were carried  ou t 
b o t h  a t  low  and  high ionic s t r e n g th  (Fig. 1). R N A  p o ly m e ra se  ac t iv i ty  increases 
in p a ra l le l  w ith  increasing a m o u n ts  of aggregates to  a ce r ta in  po in t  where 
c u rv e s  level off. This p o in t  sh o w s  th e  s a tu ra t in g  a m o u n t  of th e  te m p la te  for 
th e  e n z y m e  present. W ith  excess  te m p la te  a m o u n ts ,  t h e  ac t iv i ty  of th e  R N A  
p o ly m e ra s e  is higher a t  h ig h er  ionic  concentra tions.
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Table 1

E ffect o f  fa cto r C on en dogenousR N  A  polymerase activity o f  aggregates fro m  E. coli and S .  griseus

Aggregate
Ionic

strength

UMP incor
porated 

pmol/min/10 
jUg DNA

E . coli low 12.92

E . coli +  F a c to r C low 13.03

E . coli high 19.52
E . coli -f- F a c to r C high 18.20

S . griseus low 1.13

S . griseus -f~ F a c to r  C low 0.76

S . griseus high 4.03

S . griseus +  F a c to r  C high 3.16

T he S. griseus aggregate o rig in a tes  from  24-h D IFC O  b ro th  cu ltu re. The sam ples co n ta in  
aggregate  o f 23 fig  o f DNA. T he E . coli aggregate  was iso lated  from  log-phase cu ltu re  a n d  a liq u o ts  
o f 30 ,Mg of DN A  were added  to  th e  po lym erase  system . In c u b a tio n  tim e was 30 m in  an d  30 
iKg of F a c to r  C was added as in d ica ted . T he figures are th e  m eans for duplicate  sam ples

On control curves (w i th o u t  ad d i t io n  of  F a c to r  C, con tinuous  lines in  Fig. 
1 A) of  E . coli aggregate  i t  is seen t h a t  aggrega te  corresponding  to  5 fig  o f  D N A  
can  b in d  all th e  enzym e of 35 fig  p ro te in .  A t  h igh ionic c o n cen tra t io n  a larger  
a m o u n t  of  aggregate  is n ecessa ry  to  s a tu ra te  th e  enzym e. In  case of  ag g rega te  
f ro m  24-h S . griseus m y ce lium  (Fig. 1 B) an a m o u n t  of 4 fig as D N A  can  b ind  
p o lym erase  of 26 fig of p ro te in .  A t  h igher  ionic s t ren g th ,  a b o u t  10 fig  D N A  
is enough  for th e  enzym e to  o p e ra te  w ith  m a x im u m  speed. In  th e  p resence  of 
F a c to r  C (dashed  lines in  F ig . 1) th e  aggregates  of  th e  tw o m icroo rgan ism s 
b e h a v e d  q u ite  differently . O n  E . coli aggrega te  th e  only effect is a s l igh t  n o n 
ch a rac te r is t ic  increase of  t h e  te m p la te  a c t iv i ty  a t  h igher ionic s t r e n g th .  On 
S . griseus  aggrega te  (Fig. IB )  F a c to r  C s tro n g ly  inh ib its  th e  b in d in g  o f  th e  
po lym erase  to  th e  te m p la te  a t  low ionic s t re n g th .  A b ou t fourfold a m o u n t  
t e m p la te  is requ ired  to  b in d  th e  sam e q u a n t i ty  of enzym e as in t h e  con tro l  
sam ples . A t  h igher ionic s t r e n g th  th e  sam e is observable , even w i th  27.2 fig 
D N A  th e  sa tu ra t io n  curve  does n o t  reach  its m a x im u m , i.e. th is  a m o u n t  of  the  
t e m p la te  could n o t  b ind  all th e  po lym erase  p resen t .  A t  th e  sam e t im e  th e  
a c t iv i ty  of th e  b o u n d  en zy m e  exceeds th e  p la te a u  va lue  of th e  c o n tro l  curve. 
I t  m a y  be no ted  t h a t  a f te r  th e  effect of F a c to r  C th e  shape of th e  te m p la te  
s a tu ra t io n  curves of th e  ag g reg a te  f rom  24-h S . griseus m ycelium  re m in d s  of 
th e  curves ob ta ined  w hen  us ing  ag g rega te  of  72-h cu ltu re  of th e  s am e  s tra in  
w i th o u t  F a c to r  C (small d ia g ra m  inser ted  in Fig. IB).
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с

Fig. 1. T he effec t o f  F a c to r  C on tem p la te  a c t iv ity  o f  aggregates from  S. griseus  and  
E . coli. T he in cu b a tio n  tim e  w as 30 m in. C ontinuous lines =  tem p la te  sa tu ra tio n  cu rv es w ith 
o u t  a d d itio n  of F a c to r  C. D ash ed  lines =  th e  sam e in  th e  presence of 30 fig  o f  F a c to r  C. 
О ,  Л  =  low er ionic s t re n g th . □ ,  6  =  h igher ionic s tre n g th . A =  aggregate  from  log-phase 
E . coli ad d ed  to  35 fig  o f  p o ly m erase . В =  ag gregate  fro m  24-h S. griseus grow ing in  D IFC O  
b ro th . T he tem p la te  w as ad d ed  to  26 fig  of E . coli R N A  p o lym erase . In se rted  d iag ra m  in  В =  
te m p la te  sa tu ra tio n  cu rv es  o f agg reg a te  from  72-h S. griseus  m ycelium  grow ing on so y -b e an - 
co rn -s teep  m edium , о  =  low er ionic  s tren g th . □ =  h ig h e r ionic s tren g th . The agg reg a te  was 
a d d e d  to  26 fig  p o lym erase . V alues of endogenous R N A  po ly m erase  a c tiv ity  were a lw ays su b 

tra c te d  from  th e  to ta l  c t/m in  values and  th e  d ifferen ces p resen ted  in  th e  d iag ram s

E ffec t o f  Factor C on ca lf th ym u s D N A  template

F u r th e r  ana lys is  o f  th e  effect of F a c to r  C on R N A  synthesis  has  been 
m a d e  in  th e  p resence  of  purif ied  D N A  te m p la te .  As i t  is shown of Fig. 2, 
F a c to r  C inh ib its  t h e  a c t iv i ty  of E . coli R N A  po lym erase  added  to  th e  system  
c o n ta in in g  calf th y m u s  D N A  as te m p la te .  W i th  increasing c o n cen tra t io n  of 
F a c to r  C th e  in h ib i t io n  t e n d e d  to  level off a t  a b o u t  50%  residual a c t iv i ty .  The 
in h ib i to ry  effect cou ld  a lm o s t  be p re v e n te d  b y  10-min h e a t  t r e a tm e n t  of 
F a c to r  C a t  100 °C. T h e  in cu b a t io n  of e i th e r  t h e  D N A  te m p la te  or  t h e  R N A  
p o lym erase  w ith  F a c to r  C before  th e  s ta r t  o f  t h e  po lym erase  reac tion  resulted  
in  t h e  sam e degree of  inh ib i t io n .  F a c to r  C w as  also effective when ad d e d  to  th e  
sy s te m  10 m in a f te r  th e  s t a r t  of th e  p o lym erase  reaction.

Discussion

I n  earlier s tu d ie s  a t t e m p ts  were m ad e  to  explore  th e  m ode of ac t ion  of 
F a c to r  C. I t  has b een  es tab lished  t h a t  it  increases  th e  ac t inom yc in -D -res is tan t  
in co rp o ra t io n  of labe lled  u rac il  into R N A  o f  severa l  m icroorganism s, changes 
th e  T m p o in t  of pu r if ied  D N A  [7] and  in te r fe res  w i th  th e  t ra n s ie n t  repression
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F ig. 2. E ffec t o f F a c to r  C on R N A  p o lym erase  a c tiv ity . T h e  sam ples co n ta ined  E . coli R N A  
polym erase o f 22 fig  o f p ro te in , 50 fig  o f c a lf th y m u s D N A  a n d  w ere in cu b a ted  for 30 m in . T h e  

e x p erim en ts  were c a rried  o u t a t  h ig h er ion ic  co n cen tra tio n

effec t of glucose in /J-galactosidase system  o f  E . coli [5]. I t s  effect in sus
pending  th e  t r a n s ie n t  glucose repression  is r a th e r  s im ila r  to  th e  effect o f  cyclic 
A M P in th e  s am e  system  [3]. T hese  results  h a v e  ren d e red  it p robab le  t h a t  a t  
least  some co m ponen ts  of F a c to r  C in i t ia t in g  th e  cy tod iffe ren tia t ion  o f  S . 
griseus have  d i re c t  effect on th e  D N A  te m p la te .  B y  th e  ex am ina tion  of F a c to r  
C in d ifferen t R N A  syn thes iz ing  system s in  vitro  we h ave  tr ied  to  get m ore  
evidence for th is  d irect effect on th e  genic t ra n sc r ip t io n .

M easuring th e  te m p la te  ac t iv i ty  b o th  a t  low er and higher ionic con 
cen tra t io n s ,  tw o  com ponen ts  o f  th e  po lym erase  re ac t io n  m ay  be d is tingu ished . 
I t  has been descr ibed  [2] t h a t ,  a t  low ionic s t r e n g th ,  re in it ia tion  of th e  R N A  
chains does n o t  t a k e  place. T h e  a m o u n t  of th e  te m p la te  belonging to  th e  s a t u r a 
t io n  po in t o f  t h e  curve  t a k e n  u p  u n d e r  these  c ircum stances  is inverse ly  p ro 
port iona l  to  th e  free sites av a ilab le  on th e  te m p la te  for th e  enzym e to  b in d .  
On the  o th e r  h a n d ,  th e  po lym erase  a c t iv i ty  d e te rm in e d  a t  higher ionic s t r e n g th  
is, due to  th e  ex tens ive  re in i t ia t io n  of R N A  cha ins ,  p roport iona l  to  th e  to ta l  
efficiency of th e  enzym e on th e  tem p la te .

The effect o f  heat-labile  com ponen ts  o f  F a c to r  C on te m p la te  a c t iv i ty  
of  its cognate  D N P  p re p a ra t io n s  is complex. A t  f i rs t ,  F a c to r  C m akes a la rge r  
p a r t  of th e  b in d in g  sites of S. griseus  aggrega te  inaccessible for th e  R N A  p o ly 
merase. A t  h ig h er  ionic s t r e n g th  F a c to r  C re ta in s  th is  charac ter is t ic .  T h e  
m axim al a m o u n t  of te m p la te  a d d e d  can n o t  e x h a u s t  th e  syn thesiz ing  c a p a c i ty  
of  th e  po ly m erase  presen t.  On th e  o th e r  h a n d ,  w i th  excess tem p la te ,  th e  p o ly 
m erase a c t iv i ty  exceeds th e  m a x im u m  value  o b ta in e d  w ith o u t  F a c to r  C. F ro m  
th is  fac t one c a n  assume t h a t  a l th o u g h  F a c to r  C p rev en ts  th e  syn thes is  o f  
R N A  on som e sites of aggrega te ,  th e  R N A  sy n th es is  proceeds w ith  a h igher  
efficiency on uncovered  sections. F a c to r  C p ro b a b ly  conta ins  several com-
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p o n e n t s  ac t iv e  in a l te ra t io n  of  R N A  syn thes is ,  some of th e m  h a v in g  inh ib i
t o r y  e ffec t while o thers  can  s t im u la te  t h e  R N A  synthesis  on th e  cognate  
D N P  co m p lex  a t  h igher  ionic s t re n g th .

T h e  inh ib it ion  of cha in  in i t ia t io n  p ro b a b ly  is no t th e  only  s ite  o f  action. 
F a c t o r  C was effective on th e  endogenous  R N A  po lym erase  a c t iv i ty  of S. 
g riseu s  agg rega te  (Table 1) a n d  it  is k n o w n  t h a t  in such aggrega tes  th e  R N A  
p o ly m e ra s e  a c t iv i ty  or ig ina tes  m a in ly  f rom  th e  elongation of  n a s c e n t  R N A  
ch a in s  t h a t  h a d  been  in i t ia te d  in  vivo  before  th e  isolation [4].

Since F a c to r  C was ineffec tive  on agg rega te  of E . coli (Table 1 a n d  Fig. 1), 
i t  s eem s to  be species-specific.

T e m p la te  sa tu ra t io n  curves of  agg rega te  of  72-h S . griseus  m ycelium  
show  a decreased  po lym erase  b in d in g  c a p a c i ty  in com parison  w ith  aggrega te  
f ro m  24-h  m ycelium . W e assum e t h a t  on th e  effect of F a c to r  C th e  te m p la te  
o f  a y o u n g  S . griseus m yce lium  gets th e  p ro p e r ty  charac ter is t ic  o f  th e  te m p la te  
o f  a l a t e r  s tage  of th e  life cycle. T h is  can  be  in corre la tion  w ith  th e  effect of 
F a c t o r  C on th e  c y to d if fe ren t ia t io n  process of S . griseus, t r a n s fo rm in g  i t  from 
th e  v e g e ta t iv e  in to  rep ro d u c t iv e  phase.

Som e in h ib i to ry  co m p o u n d s  of  F a c to r  C are  ac tive  in p o ly m erase  system  
c o n ta in in g  purif ied  D N A  te m p la te  and  iso la ted  E . coli enzym e. T h e  d a ta  
p r e s e n te d  in th e  th i rd  p a ra g ra p h  of R esu l ts  su p p o r t  th e  a s su m p t io n  t h a t  it 
a c ts  v ia  b ind ing  d irec t ly  to  th e  D N A  te m p la te .  The existence o f  residual 
a c t iv i t y  can  be explained e i the r  b y  its b in d in g  to  some defined  sites of the  
t e m p la t e  or its com pe ti t ion  w ith  th e  po lym erase  for th e  sites o f  D N A .

O n  th e  basis of earlier d a ta  we h ave  assum ed  [8] t h a t  in S. griseus  a more 
c o m p le x  regu la t ion  sys tem  of R N A  syn thes is  exists th a n  in sim ple bac te r ia .  
I t  is p ro b a b le  t h a t  ou r  e x t r a c t  of f e rm e n ta t io n  liquid  called F a c to r  C conta ins  
som e  m e m b e rs  of th is  reg u la t io n  sys tem . T h e  m easu rem en t  of R N A  synthesis  
in  v itro  as described here enables us to  te s t  th e  fu r th e r  pu r if ica t io n  p rocedure  
o f  th e s e  com ponen ts .
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PHYLOGENESIS OF MAST CELLS

IV. E X P E R IM E N T A L  IN V E S T IG A T IO N S  ON MAST C E LL S O F  F IS H E S  
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DEPARTM ENT OF BIOLOGY, SEM M ELW EIS U N IV ER SITY  OF M ED ICINE, B U D A PEST 

(R eceived  1972—05— 31)

Abstract

M ast cells o f ly m p h o id  ty p e  co n ta in in g  a lc ian  b lue-positive  g ran u le s  a re  p re sen t 
in th e  th y m u s , th e  lym ph  a n d  b lood  of fish , as well as in th e  spleen d u rin g  w in te r  season. 
In  sum m er, th e  n u m b er o f a lc ian  b lue-positive  m a s t cells increases in  th e  th y m u s . The 
g ranu les of these  cells c o n ta in  sero ton in . E n d o ep ith e lia l fo rm atio n s resem b lin g  the  
calix  cells arc p resen t in  th e  sq u am o u s sk in  w hich , in  sp ite  o f th e ir  a lc ian  b lu e-p o sitiv e  
reac tio n , c an n o t be classified  as m a s t cells. In  c o n tra d is tin c tio n  to  o th e r  v e r te b ra te s , 
n e ith e r th e  n u m b er n o r th e  m a tu ra t io n  of m a s t cells is in fluenced  b y  co rtiso n e  t r e a t 
m ent.

Introduction

N um erous  l i te ra ry  d a ta  ind ica te  th e  p resence  of m as t  cells in  all o f  the  
v e r t e b r a te  species [1, 2, 3, 6, 15, 16]. N evertheless ,  m as t  cells seem  to  differ 
f ro m  each o th e r  b o th  m orphologically  and  biochem ically . F ro m  th e  biogenic 
am ines ,  th e y  con ta in  e i the r  h is tam in e  or sero ton in  or do p am in e  [5, 9]. The 
presence  of h ep a r in  or som e o th e r  m ucopo lysaccharide  is o b l ig a to ry  in each 
m a s t  cell.

C erta in  cells o f  fish a re  considered to  he  m a s t  cells m a in ly  on  th e  hasis 
o f  th e i r  m e ta c h ro m a t ic  s ta in ing , as ind ica ted  b y  th e  results  a v a i la b le  for us 
[13]. A nalysing  th e  effect o f  h is tam in e  libera to rs ,  V eil [12] descr ibed  th e  p re s 
ence of  large m a s t  cells of in tense ,  m e ta c h ro m a t ic  s ta in ing  in t h e  sq u am o u s  
skin . Accord ing  to  o th e r  inves t iga t ions  [11, 14], a cyclic a c t iv i ty  can  be ob
se rved  in th e  ap pearance  of  m a s t  cells.

O ur  p re se n t  w ork  was a im ed  a t  deciding w h e th e r  th e  m e ta c h ro m a t ic  
cells o f  fish su it  th e  re q u ire m e n ts  of th e  m odern  criteria  of m a s t  cells (d e te c t
a b i l i ty  of  am ines b y  f luorescence m e thods ,  a lc ian  blue s ta in ing , e tc .) .  F u r t h e r 
m ore , we in ten d ed  to  in v es t ig a te  w h e th e r  th e  increased a c t iv i ty  o f  th y m u s  
m an ifes t in g  itself  m ain ly  in m a s t  cell p ro d u c t io n ,  can be evoked  even  in  fish 
u n d e r  ex per im en ta l  conditions. A n o th e r  ques t ion  reserving in te r e s t  is, how 
far  a re  sim ilar  or d ifferen t th e  m a s t  cells of fishes as co m p ared  to  th o se  of 
o th e r  po ïk ilo therm ie  o rganism s e.g., A m phib ia .
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Material and m ethod

F if ty  ad u lt carps (C y p rin id a e )  of 600 -900 g bo d y  w e ig h t of b o th  sexes were used . The 
in v e s tig a tio n s  were c a rried  o u t  d u r in g  th e  w in ter season (fro m  beginn ing  of N ovem ber till the  
e n d  o f  F eb ru ary ) as well as d u r in g  th e  sum m er period  (fro m  beg inn ing  of Ju n e  till th e  end of 
A u g u s t) . D uring b o th  p e rio d s , th e  an im als were d iv id ed  in to  an  ex p erim en ta l an d  a con tro l 
g ro u p . T he experim en tal a n im a ls  w ere trea te d  w ith  in single  dose of cortisone in b o th  periods: 
th e y  received  15 m g/100 g b o d y  w e ig h t of cortisone (A d reso n -O rg an o n ) in tram u scu la rly . A n i
m a ls  w ere killed 1, 24 a n d  48 h  su b seq u en t the a d m in is tra t io n  of cortisone by  d e ca p ita tio n  
a n d  su b seq u en t m echanical d e s tru c t io n  of the  spinal cord . T h e  th y m u s , spleen, blood and  lym ph  
(p e rito n e a l fluid) as well as th e  subsquam ous skin su rface  o f th e  an im als were s tu d ied . The 
ly m p h  was ob tained  b y  w a sh in g  th e  peritoneal c av ity  by  po ïk ilo th erm ie  R inger so lu tion  be 
fo re  k illing  the  anim al: th e  f lu id  o b ta in ed  was in v es tig a te d  in  th ick -d ro p  p rep ara tio n s .

T he fixation  was p e rfo rm e d  in Carnoy so lu tion . T h e  p a raffin -em b ed d ed  organs were 
c u t  in  fo u r levels. T h ick -d ro p  p ré p a râ te s  were m ade fro m  th e  blood; th e  sub sq u am o u s skin 
su rfa c e  was investiga ted  in  b o th  f ilm  p rép arâ tes and  sec tio n s. T he sections were s ta in ed  w ith  
a lc ia n  b lu e —safranin , A zu r A (p H  3.0), toluidine b lue  (p H  6, 7, 9.8), w ith  Giem sa m eth o d , and 
th e  P A S -reac tion  was also c a r r ie d  o u t. Fluorescence w as in d u ce d  in th e  m ate ria l fix ed  in cold 
a b so lu te  e thanol by O PT  a cc o rd in g  J u iilin  and Sh e l l e y  [8],  as well as by  p a rafo rm ald eh y d e  
[7].

Results

The winter season

T he thym us  c o n ta in s  a lc ian  h lue-positive  m a s t  cells of ly m p h o id  ty p e  
d isp la y in g  a well-expressed g ran u la t ion  (Fig. 1) S u ch  cells were found  in m uch  
s m a l le r  num bers in t h e  sp leen ,  where on th e  o th e r  h a n d  A zur-positive  m as t  
cells occur in a g rea t  n u m b e r  (Fig. 2). T here  a re  m a n y  A zur-positive  cells of 
m a s t  cell charac ter  ev en  in  t h e  th y m u s  (Fig. 3), th e i r  n u m b e r  ou tw eighs t h a t  
o f  t h e  alcian b lue -posit ive  ones. PAS-positive cells also occur in th e  th y m u s ,  
h o w e v e r ,  we failed to  id e n t i fy  th e m  as m as t  cells. A lc ian  b lue-positive ly m pho id  
cells can  also be fo u n d  in  t h e  ly m p h  and th e  b lo o d ,  these  cells are also PAS- 
p o s i t iv e  (Fig. 4). M ast cells w ere  n o t  found in  th e  sq u a m o u s  skin. T he  n um erous  
a lc ia n  blue-positive cells o f  th is  organ are dev o id  o f  m a s t  cell c h a ra c te r  (Fig. 
5). T h e  cytoplasm  o f  th e s e  cells is of “ fo a m y ”  s t ru c tu re ,  th e  nucleus is no t  
v is ib le  and  the  cells a re  m u c h  larger th a n  th e  m a s t  cells occurring in th e  t i s 
sues  (Figs 6 and 7). M e ta c h ro m a t ic  “ small”  cells also occur here, how ever, 
t h e y  a re  alcian b lu e -n e g a t iv e  (Fig. 7).

T h e  large and  sm a l l  m e ta c h ro m a t ic  cells o f  th e  squam ous skin  do no t  
d i s p la y  any  fluorescence w i th  th e  m ethod  used . T h e  m a s t  cells of th y m u s  and 
l y m p h  show a yellow f luo re scen ce  charac ter is t ic  fo r  sero ton in . H ow ever,  th is  
f luorescence  is e x t re m e ly  w e a k ,  non-convincing.

No difference w as  o b se rv ed  in the  n u m b e r  o f  m as t  cells be tw een  the 
c o n t ro l  and  co r t i so n e - t re a te d  animals.
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The sum m er season

T he n u m b e r  of  h is tochem ically  d e te c ta b le  m as t  cells is v e ry  h igh  in the  
th y m u s  d u r in g  th is  season (Fig. 8). T h e  sp leen  conta ins  the  sam e a m o u n t  of 
m a s t  cells as d u r ing  th e  w in te r  period. T h e  n u m b e r  of A zur-posit ive  cells is 
v e ry  high in b o th  organs.

T h e  alcian b lue-posit ive  cells of th e  sq u a m o u s  skin are p re s e n t ,  th e i r  
s t ru c tu re  is iden tica l w ith  t h a t  descr ibed  in th e  w in ter  season. T h e  small, 
a lc ian  b lue -nega tive  cells s ta in ing  m e ta c h ro m a t ic a l ly  with to lu id ine  b lu e ,  are 
also p resen t .  T he  m ost s ignificant d iffe rence , as compared to  t h e  w in te r  
period , is t h a t  m ost o f  th e  large cells seem  to  b e  em ptied  (Fig. 9).

T he  fluorescence inves t iga t ions  re v e a le d  sero ton in -con ta in ing  m a s t  cells 
in th e  spleen and  th e  th y m u s .

T h e  obse rva tions  a f te r  cortisone t r e a t m e n t  were identical w i th  those  
o b ta in e d  d u r ing  th e  w in te r  season.

D iscussion

D uring  our prev ious inves t iga t ions  on  th e  poïkilo therm ie  v e r t e b r a te  
it  has  b een  es tab lished  t h a t  th e  h ighes t  degree  o f  m as t  cell m a tu ra t io n  observed  
in frog (lia n a  esculenta) dur ing  w in te r  co rresponds  to  the  low est degree  of 
m a tu r a t io n  cha rac te r is t ic  for th e  m a m m a lia  [6, 9]. Cortisone t r e a t m e n t  su p 
p o r ts  th e  m a tu ra t io n  of m a s t  cells in th e  th y m u s  and the  p ic tu re  o f  m a s t  cells 
is co n v e r te d  to  t h a t  corresponding  to  th e  s u m m e r  s ta te  [10].

A m ong  th e  organs exam ined  b y  us  th e  th y m u s ,  the  spleen, t h e  ly m p h  
a n d  th e  b lood of fishes co n ta ined  m a s t  cells. T h e y  were young, a lc ian  b lu e 
posit ive  m as t  cells, d isp lay ing  also s e ro to n in  fluorescence. N everthe less ,  m ore 
m a tu r e d  form s could n o t  be observed  even  d u r in g  th e  sum m er season . In te n se  
m a s t  cell reac tion  appeared  ne i th e r  a f te r  co r t isone  t re a tm e n t ,  in d ic a t in g  t h a t  
th is  h o rm o n e  does no t  induce  m a s t  cell m a tu ra t io n .  On this basis  w e  assum e 
t h a t  in fish e i ther  th e  enzym atic  a p p a r a tu s  o f  m a s t  cells is u n ab le  to  p ro d u ce  
am in es  in th e  a m o u n t  necessary  for t h e  a p p e a ra n c e  of the  sa f ran in -p o s i t iv e  
g ranu les  (this w ould be supposed  b y  th e  w e a k  fluorescence), o r  t h e  g luco
corticoids are no t  regu la to rs  of m a s t  cell fo rm a tio n .  In  the  l a t te r  case, one can 
also assum e t h a t  cortisone can  s t im u la te  th e  m a tu ra t io n  of m a s t  cells only  
in th o se  an im als , e.g. A m ph ib ia ,  in w h ich  such  m a tu ra t io n  does t a k e  place 
even  n o rm ally ;  how ever, it  c an n o t  evoke m a tu r a t io n  in animals in  w h ich  th is  
process is ab sen t  u n d e r  norm al c ircum stances .

T h e  m e ta c h ro m a t ic  cells found  in t h e  sq u am o u s  skin are co n s id e red  to 
be m a s t  cells in l i te ra tu re  m ain ly  on th e  bas is  o f  the ir  heparin  c o n te n t  [13]. 
On th e  basis  of our inves t iga t ions ,  th e se  endoepithelia l  fo rm a tio n s  o f  calix 
cell c h a ra c te r  can n o t  be classified as m a s t  cells, since th ey  are d if fe ren t  in size,
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show no f luorescence an d  th e i r  fo am y  s t ru c tu re  is no t c h a ra c te r is t ic  of m ast  
cells. On th e  o th e r  h a n d ,  in ou r  p re se n t  know ledge, th e  acid m ucopo lysaccharide  
c o n te n t  is n o t  su ff ic ien t for def in i t ion  of  inas t cells [5]. T h e  so-called small 
m as t  cells found also in th e  sq u a m o u s  skin have  been in te rp re te d  b y  V e i l  

[14] as th e  last  s tages of  degen e ra t in g  inas t  cells, since t h e y  co n ta in  heparin  
an d  show to lu id ine  b lue  m e ta c h ro m a sy .  T h e  small m as t  cells p roved  to  he 
alcian b lue-nega tive  in every  case d u r in g  ou r  experim en ts  a n d  d isp layed  no 
fluorescence. On th is  basis  th e y  c a n n o t  he regarded  as m a s t  cells. T hus the  
m as t  cell seems to  be of  b lood cell c h a ra c te r  in fish. This is all t h e  m ore  in te re s t
ing, since th e  sam e conclusion was ach ieved  during  ou r  p rev io u s  ontogenetic  
investiga tions even in r a t s  [4].

T h e  q u a n t i ta t iv e  d ifferences in th e  occurrence  of  A zur  A a n d  alcian blue- 
positive  m as t  cells h av e  drow n o u r  a t te n t io n  to  th e  fac t  t h a t  t h e  pheno th iaz ine  
s ta in  reveals m a in ly  th e  h e p a r in -c o n ta in in g  cells, w hereas  in th e  alcian blue- 
s ta in ing , if it  is used for m as t  cells, a s ign if ican t  role is p la y e d  even by  th e  
ra tio  of  heparin  to  biogenic am ines.
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Abstract

The o p tim u m  tem p e ra tu re  fo r R hizob ium  legum inosarum  an d  R h izo b iu m  tri- 
fo l i i  (in c u ltu re ) w as 30 °C. Inc lusion  o f D ip te re x  in A llison’s m ed ium  su p p re ssed  the  
g ro w th  of b o th  organ ism s (especially  a t  th e  tw o  h ig h est c o n cen tra tio n s , 3 x l 0 ~ 3 and 
5 X IO "3 m ol/m l) an d  sh ifted  th e  o p tim u m  te m p e ra tu re  from  30 to  25 °C. T h e  o p tim u m  
p H  for g ro w th  of b o th  rh izob ia  w as 7.0. In c lu s io n  of D ip terex , e sp ecia lly  a t  i ts  tw o 
h ig h es t c o n cen tra tio n s , led to  a h igh ly  s ig n ifican t decrease in g ro w th  a n d  sh ifted  the  
o p tim u m  p H  to  6.5. B o th  organ ism s a re  m ore sensitive  to  ac id ity  th a n  to  a lk a lin ity .

Introduction

Since th e  discovery  t h a t  nodule  b a c te r ia  can enrich th e  soil, th e se  o rg an 
ism s h a v e  becom e th e  t a rg e t  of n u m ero u s  investiga tions.  E x p e r im e n ts  have 
b een  co n d u c te d  to  s tu d y  th e ir  b e h a v io u r  a n d  physiology b y  m a n y  tvorkers 
su ch  as H a r r is o n  [7], v a n  S c h r e v e n  a n d  co-workers [11], N o r r i s  [9], 
B u r t o n  a n d  C u r l e y  [4]. D uring  th e  la s t  tw o  decades m an y  chem ica ls  have  
a t t r a c t e d  th e  a t te n t io n  tow ard s  th e ir  use  as insecticides. T here  is no d o u b t  t h a t  
th e  ex tens ive  use of these  com pounds  y e a r  b y  y ea r  has  a p ro fo u n d  residual 
effect on p lan ts  as well as m icroorganism s liv ing  in association. I n  E g y p t ,  the  
insec tic ide  D ip te rex  (0 ,0 -d im e th y l-2 ,2 ,2 - t r ich lo ro T -h y d ro x y e th y lp h o sp h o n a te )  
has  b een  used in t re m e n d o u s  am o u n ts  in contro ll ing  co tton  leaf  w o rm  (Spodop- 
tera littoralis), one of th e  m ost  serious pes ts  affecting  th e  p r inc ipa l  econom ical 
crop . Since nodu la t io n  is a process n a tu ra l ly  occurring in soil, t h e  p o p u la t io n  
o f  t h e  nodu le-form ing  bac te r ia  is p ro b a b ly  affected  b y  th e  a c c u m u la te d  
a m o u n ts  o f  D ip terex .

T h e  ob jec t  o f  th e  p resen t  w ork  w as to  s tu d y  th e  effect o f  d if fe ren t  con
c e n t ra t io n s  of  D ip te rex  on th e  g row th  of R hizob ium  legum inosarum  a n d  R h izo 
b iu m  tr ifo lii a t  var ious  te m p e ra tu re  a n d  p H  values  using d if fe ren t  n i trogen  
sources.

Materiül and method

P u re  cu ltu res  o f  R . legum inosarum  a n d  R . tr ifo lii  were iso lated  on m ed iu m  “ 79”  (y east 
e x tr a c t— m an n ito l ag ar) acco rd ing  to  th e  m eth o d  d escribed  by  A l l e n  [1], from  ro o ts  o f  b ro ad  
b e an  (V ic ia  faba)  an d  c lover (T r ifo liu m  a lexandrinum ). Since th e  abso lu te  id e n ti ty  o f  an  iso late
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as a  nodule-form ing  o rg an ism  lies in its  ab ility  to  p ro d u c e  effec tive  nodules on its  specific  
leg u m in o u s p lan ts, each  o f th e  iso la te s  w as tes ted  on its  spec ific  h o st using  th e  tech n iq u e  a d o p t
ed  b y  A ll e n  [1]. E ffec tiv e  n o d u les  (hav ing  large size, p in k  co lour an d  loca ted  n ear th e  m ain  
ro o t)  w ere form ed on th e  ro o ts  o f  th e  tw o host p la n ts , in d ic a tin g  th a t  th e  te s t  was po sitiv e .

Temperature experim ent. T h e  tem p e ra tu re  levels u sed  d u rin g  th is ex p erim en t w ere 15: 
20, 25, 30 and  35 °C. F o r  each  te m p e ra tu re , 28 E r le n m a y e r  flask s, each of 100 m l c ap a c ity , 
w ere used . T w enty-five  m l o f  A lliso n ’s m edium  [13] c o n ta in in g  100 p a rts /1 0 6 of n itro g en  in  th e  
fo rm  o f e ith e r N aN O , or (N H 4)2S 0 4 were in tro d u ced  in  each  flask . A fter au to c lav in g , th e  flask s 
w ere le f t to  cool dow n b efo re  a d d in g  D ip terex  (10~ 3, 3 x l 0 - 3  or  5 x l 0 - 3  m ol/m l m ed iu m ). 
T h e  p H  of th e  m edium  re m a in e d  c o n s ta n t during  th e  e x p e rim e n t, due to  th e  p resence o f th e  
tw o  p h o sp h a te  sa lts K 2H P 0 4 a n d  K H 2P 0 4 in th e  m ed iu m . In o c u la tio n  was carried  o u t  w ith  
one m l o f 3-day-old b a c te r ia l  susp en sio n  of e ith e r R . legum inosarum  or R . trifo lii. A fte r  an 
in c u b a tio n  for 24 h o u rs  a t  i ts  spec ific  tem p era tu re , b a c te r ia l  g ro w th  w as e s tim a te d  tu rb id i-  
m e tr ic a lly  as described b y  B e b g e b s e n  [3].

p H  experiment. I n  th e  e x p e rim e n t th e  te m p e ra tu re  w as k e p t a t  30 °C th ro u g h o u t 
w h ereas th e  p H  was v a r ie d  b e tw ee n  5.5 and  8.5 b y  a d d in g  d iffe re n t am o u n ts of e ith e r  0.1 N- 
N a O H  or 1% H 3P 0 4 to  th e  m ed iu m  as recom m ended  b y  W il s o n  an d  K n ig h t  [13]. O therw ise  
th e  e x p erim en ta l c o n d itio n s w ere th e  sam e as described  abo v e .

Results

Temperature. T a b le  1 shows the  effect o f  d iffe ren t  concen tra t ions  of 
D ip te re x  on th e  g ro w th  o f R hizob ium  legum inosarum  a t  different te m p e ra tu re s  
a n d  in presence of N a N 0 3 o r  (N H 4)2S 0 4. I t  can  h e  seen t h a t  in control sam ples  
(w here  no D ip te rex  w as  ad d ed )  there  was a g ra d u a l  increase in th e  n u m b e r  
o f  cells w ith  th e  rise in  te m p e ra tu re  up to  30 °C w h ere  m ax im u m  g ro w th  was 
o b ta in e d .  A re m a rk a b le  s ign if ican t  decrease in g ro w th  occurred  a t  35 °C, a n d  
in p re l im ina ry  e x p e r im e n ts  no grow th was o b se rv ed  a t  40 °C. Below 15 °C th e  
g ro w th  was g rea tly  su p p re ssed .  Presence of D ip te r e x  a t  10~3 mol/ml d id  n o t  
a f fec t  th is  behav iou r .  H ig h e r  concen tra t ions ,  on  th e  o th e r  h an d ,  sh if ted  th e  
o p t im u m  te m p e ra tu re  for  g ro w th  from 30 to  25 °C. T ab le  1 also shows t h a t  a t  
each  te m p e ra tu re  level t h e  bac te r ia l  yield w as t h e  m ore  suppressed th e  m ore  
insectic ide  was ad d e d  to  t h e  m edium . In  genera l,  t h e  g row th  of R . legum inosa
ru m  was s ignificantly  m ore  in tensive  a t  th e  s am e  te m p e ra tu re  in th e  absence  
t h a n  in  th e  presence  of  D ip te rex .  Moreover, t h e  m a x im u m  grow th  a t  30 °C 
w as  significantly  h ig h e r  w i th  (N H 4)2S 0 4 th a n  w i th  N a N 0 3 as n itrogen  source 
a b e h a v io u r  which in d ic a te s  a b e t te r  u t i l iz a t io n  o f  th e  am m onium  n itrogen .

T he  op t im u m  t e m p e r a tu r e  for g row th of R h izo b iu m  trifo lii in th e  absence  
of  D ip te re x  was also 30 °C (Table  2). Genera lly , inc lus ion  of th e  insectic ide  in 
t h e  m ed ium  induced  a c lear  significant depression  of  g row th  a t  each t e m p e r a 
tu r e ;  th e  higher th e  c o n c e n tra t io n  the  m ore  p ro n o u n c e d  was th e  depression. 
T h e  o p t im u m  te m p e r a tu r e  was shifted f rom  30 to  25 °C in th e  p resence  of  
insectic ide  c o n cen tra t io n s  above  10~3 m ol/m l. A n u nexpec ted  increase  in 
g ro w th  лгав o b ta in ed  a t  30 °C when the  insec tic ide  was added  in a c o n c e n t r a 
t io n  of  10~3 m ol/m l to  th e  m edium  con ta in ing  ( N H 4)2S 0 4. Moreover, in  th e  
p resence  of D ip te rex ,  regard less  of its c o n c e n tra t io n ,  th e  g row th  Avas m uch  
m ore  in tensive луНЬ ( N H 4)2S 0 4 th a n  w ith  N a N 0 3 a t  a n y  te m p era tu re .
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T ab le  1

Effect o f  d ifferent concentrations o f  D ipterex on growth vigour o f Rhizobium  leg u m in o sa ru m  at 
different temperatures and in presence o f  either N a N O 3 or (N H 4) 2S 0 4

N um ber of cells ( x 107)/ml o f A llison’s medium containing

Tempera- I NaNO, (NH4)2S 0 4
ture
° C mol/m l D ipterex

Control io-8 3 X io 3 5 x 1 0  3 Control 10 3 3 x  10 3 5 x  10 3

15 34.0 29.0 29.0 18.0 30.0 32.0 25.0 17.0
2 0 45.0 33.0 22.5 18.0 40.0 37.0 34.0 20.5

25 59.0 48.0 41.5 27.0 48.0 57.0 31.0 28.5

30 90.0 86.0 30.0 9.0 114.0 90.0 43.0 23.0

35 57.0 23.0 15.0 4.3 58.0 47.0 26.0 1 2 .2

L. S. D. =  5.43 X 107 a t  0.05 level an d  7.2 X 107 a t  0.01 level

Table 2

Effect o f  d ifferent concentrations o f  D ipterex on the grow th o f  Rhizobium  trifo lii at d ifferen t temper
atures and in  presence o f  either N a N 0 3 or ( N H  4j 2S 0 4

N um ber of cells ( x l 0 7)/inl o f A llison’s medium containing

Tem pera
ture

°C

NaNOj (N H .) ,so ,

m ol/ml D ipterex

Control 10 * 3 x 10_ s 5x 1 0 -8 Control 10 8 3 x 1 0  s 5 x  1 0 -8

15 45.0 32.0 12.5 6.4 43.0 41.0 34.0 25.5

20 60.0 31.0 22.0 3.2 70.0 60.0 55.0 40.0

25 92.0 68.0 32.5 5.7 82.0 68.0 65.0 46.0

30 126.0 85.0 6.0 5.7 86.0 120.0 43.0 17.2

35 110.0 64.0 3.4 5.5 86.0 40.0 17.0 14.3

L. S. D. =  6.65 X 107 a t  0.05 level and  8.80 X 107 a t  0.01 level

T ab le  3 shows t h a t  in th e  absence  o f  D ip te rex  the  g row th  of R . legu
m inosarum  was m ore sensitive to  changes  in  tem p era tu re  in  t h e  m ed iu m  
c o n ta in in g  ( N H 4)2S 0 4 as n itrogen  source; u n l ik e  th is , the  g row th  o f  R . trifo lii 
show ed h igher  sen s i t iv i ty  to  te m p e ra tu re  if  t h e  nitrogen source w as  N a N 0 3.

p H .  T ab le  4 shows t h a t  th e  g ro w th  o f  R . legum inosarum  d e p e n d s  on  the 
p H  of t h e  m ed iu m , ir respective  of  th e  n i t ro g e n  source. Thus a n  inc rease  in 
p H  w as accom pa ined  b y  increase in  g ro w th  up  to  pH  7.0, b e y o n d  w h ich  it  
began  to  decrease again . T he  g row th  o f t h e  o rg an ism  shows a h ig h er  sen s i t iv i ty  
to  acid ic  r a th e r  th a n  to  alkaline m edia . D ip te re x ,  especially i ts  la rg e  doses
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Table 3

Temperature-dependence o f  the grow th o f  R . leguminosarum and  R . trifolii in the absence o f  D ipterex
w ith  respect to the nitrogen source 

B acteria l y ield  expressed  in per cen t o f th e  y ield  a t 30 °C

N itrogen source Organism
Relation yield at

15 °C 20 °C 25 “C 30 °c 35 °C

N a N O a R. 37.8 50.0 65.6 100 63.6

(N H 4) ,S 0 4
legum inosarum

26.3 35 .J 42.1 100 50.9

N a N O j
R .

35.7 47.6 73.0 100 87.3

(N H 4)2S 0 4 trifo lii 50.0 81.4 95.4 100 100.0

Table 4

Effect o f  D ipterex on the growth o f  R . leguminosarum at d ifferen t p H  values in presence o f  either
iYaiY03 or ( N H J t SO t

N um ber o f cells ( x  107)/ml of Allison’s m edium  containing

pH
NaNOg (N H ,),S 04

mol/ml D ipterex

Control io-* 3 x l 0 " 3 5 x 1 0 -» C ontrol 10-» 3 x l 0 - 3 5 x l 0 - 3

5.5 21.0 22.0 0.6 0.4 22.0 18.0 14.0 2.0
6.0 75.0 50.0 40.0 20.0 64.0 58.0 39.0 6.6
6.5 80.0 76.0 57.0 44.0 75.0 64.0 62.0 33.0
7.0 89.0 79.0 45.0 16.0 87.0 71.0 55.0 25.0
7.5 70.0 65.0 42.0 19.0 86.0 70.0 59.0 24.0
8.0 69.0 55.0 40.0 9.6 81.0 54.0 44.0 22.0
8.5 70.0 70.0 15.0 5.0 78.0 44.0 40.0 12.0

L .S .D . =  6.02 X 107 a t  0.05 level and 7.99 X 107 a t  0.01 level

s ig n if ican t ly  depressed th e  g row th ,  and  th e  o p t im u m  p H  was sh if ted  to  6.5. 
G enera l ly ,  th e  presence of  n i t ro g en  in the  fo rm  of a m m o n iu m  salt a p p e a re d  to  
p ro te c t  R . legum inosarum  to  a significant e x te n t  a g a in s t  large doses of  D ip te r e x  
p re v a i l in g  a t  p H  va lues  7.0 a n d  higher.

D a ta  show ing  th e  effect o f  D ip te rex  on th e  g ro w th  of R . trifolii a t  d if fe ren t  
p H  v a lu es  in th e  p resence  o f  N a N 0 3 or ( N H 4)_jS0 4 are  included in  T a b le  5. 
T h e  g ro w th  p a t t e r n  show ed  an  op tim um  p H  ly in g  a t  7.5 with sen s i t iv i ty  
t e n d in g  m ore  tow ards  a c id i ty .  A t  each pH , a d d i t io n  of  D ip terex  to  t h e  c u l tu re  
m e d iu m  led to  a s ign if ican t depression of g ro w th ,  w h ich  was more p ro n o u n ced  
in t h e  presence  of th e  tw o  la rg e r  doses. The o p t im u m  p H  for the  o rganism , too ,
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T a b le  5

Effect o f  D ipterex on the growth o f  Rhizobium  trifo lii at different p H  values in the presence o f  either
N a N O 3 or ( N H , ) 2SO ,

N um ber of cells ( x  10J)/ml of Allison’s medium containing

I 'll
N aN O, (N H 4)8S 0 4

mol/ml Dipterex

Control io -3 3 x l 0 - 3 5 x l 0 - 3 Control 10 -3 3 x 1 0  ' 5 x  10 ‘

5.5 35.0 25.0 3.5 6.4 30.0 20.0 20.0 8.0

6.0 77.0 50.0 5.7 3.5 76.0 54.0 31.0 13.6

6.5 97.0 75.0 11.0 10.2 70.0 68.0 40.0 30.0

7.0 140.0 82.0 15.0 8.6 90.0 110.0 61.0 35.0

7.5 150.0 66.0 8.6 3.1 103.0 100.0 60.0 30.0

8.0 95.0 63.0 6.0 2.6 90.0 82.0 50.0 28.0

8.5 80.0 80.0 4.0 1.0 88.0 74.0 38.0 20.0

L. S. D. =  5.09 X 107 a t  0.05 level an d  6.80 X 107 a t  0.01 level

was shif ted  to  lower va lues  depend ing  up o n  th e  concen tra t ion  of  t h e  insectic ide 
in th e  m edium . A p ro te c t iv e  effect o f  am m o n iu m  nitrogen a g a in s t  D ip te rex  
to x ic i ty  was observed  a t  a lm ost  all p H  va lues .

Discussion

T h e  recorded o p t im u m  conditions for g row th  of the  tw o  R h izo b iu m  spp. 
u n d e r  s tu d y  are in acco rdance  w ith  l i te ra ry  d a ta .  T hus Allison a n d  Minor [2] 
fo u n d  t h a t  th e  o p t im u m  te m p e ra tu re  for t h e  g row th  of R . legum inosarum , 
R . tr ifo lii, R . phaseoli a n d  R . sp. from  D ah lea  was betw een 29— 31 °C, a n d  no 
g ro w th  occurred a t  39 °C. T hey  also s ta te d  t h a t  the  o p t im u m  te m p e ra tu re  
for R . m eliloti was a b o u t  35 °C. A ccord ing  to  P eppler [10] rh izo b ia ,  excep t 
R . m eliloti grow bes t  in th e  range  from  30 to  35 °C. Inclusion of  D ip te re x  in the  
n u t r i e n t  m edium  suppressed  th e  g row th  o f  b o th  rhizobia, especia lly  when 
p re se n t  in concen tra t ions  h igher th a n  1 0 ~ 3 mol/ml. The dose-dependence  of th e  
suppression  was m ore  ev id en t  a t  h igher  tem p e ra tu re s .

T h e  lower te m p e ra tu re  sen s i t iv i ty  of  th e  grow th of R . legum inosarum  
w ith  N a N 0 3 as th e  only  n i trogen  source (Table  3) is consistent w ith  B ergersen’s 
d a ta .  T h e  inverse b e h a v io u r  in th is  re spec t  o f  R . trifo lii is, how ever,  inconsis ten t  
w ith  th e  findings of  t h e  sam e au th o r .  H ow ever ,  Mohamed [8] fo u n d  t h a t  on 
a d d in g  different su b s tan ces  as th e  only  n i t ro g en  source to  D o x ’s m edium , 
R. legum inosarum  show ed th e  h ighes t  g ro w th  on yeas t  e x t r a c t  followed b y  
au to c lav ed  s tab le  m a n u re ,  cold-sterilized s tab le  m anure ,  a sp a rag in  a n d  a m m o 

Acta Biologien Academiae Scientiarum 11 ungnricac 24, 1073



30 SALAMA et al.

n iu m  su lp h a te .  The g ro w th  w as  th e  w eakest if  N a N 0 3 w as th e  n itrogen  source. 
T h is  is in  ag reem en t w ith  t h e  observed p ro te c t iv e  effect of (N H 4)2S 0 4 ag a in s t  
t h e  to x ic  effect of th e  insec tic ide  in  th e  p re se n t  w ork .

T h e  o p t im u m  p H  a t  7 .0 is in  ag reem en t w i th  earlier f indings b y  F red 
a n d  co-w orkers [5], W ilson [12] and  Graham a n d  P arker [6]. A ccord ing  to  
F red a n d  co-workers [5] all rh izob ia  are of a b o u t  t h e  sam e tolerance  to  a lka line  
m il ieu  b u t  th e ir  ac id - to le ran ce  is variable . T h e  tw o  R hizob ium  spp. u sed  in  th e  
p re s e n t  w ork  were fo u n d  to  b e  more acid-sensitive . N evertheless , ad d i t io n  of 
D ip te r e x  to  th e  cu l tu re  m e d iu m  shifted th e  o p t im u m  p H  from n e u t r a l i ty  
to w a rd s  slight ac id ity .

I t  can  therefo re  b e  co n c lu d ed  th a t  D ip te re x  ex e r ts  a toxic  suppress ive  
effect on th e  g row th  of b o t h  R hizobium  spp. a t  a w ide  range of te m p e ra tu re  
a n d  p H .  This m igh t ,  in  t u r n ,  influence in d irec t ly  t h e  process of n o d u la t io n  
in  ro o ts  o f  th e  co rrespond ing  hosts . This p oss ib i l i ty  will be  th e  sub jec t  o f  our 
fo r th c o m in g  work.
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Abstract

The in te rsp ec ific  co rre la tions o f 12 species were ana ly zed  on th e  basis o f their 
co v er values a t  7 b lo ck  sizes increasing  fro m  4 in2 to  256 m2. E v a lu a tio n  was based on 
th e  sign ifican t in te rsp e c if ic  corre lations b e tw een  species-pairs, ta k in g  in to  consideration  
th e  sign of c o rre la tio n . In  con tiguous p o p u la tio n s , c o rre la tio n  m ay  be established 
th ro u g h  an en fo rcem en t o r dom inance o f co m p e titio n , stru g g le , co m p en sa tio n , the  
lack  of co m petition  o r severa l o th er p o p u la tio n  influences. I f  tw o  species show un i
d irec tio n a l c o rre la tio n  a t  some block sizes, th e ir  a ffin ity  m ay  be a t t r ib u te d  to h a b ita t 
fac to rs . An ex am p le  fo r  corre lation  of a lte rn a tin g  sign m ay  be w hen  a t  sm aller block 
sizes struggle an d  c o m p e titio n  (negative  c o rre la tio n ), while a t  la rg e r b lock  sizes parallel 
to  th e  fading of s tru g g le  an d  co m p etitio n , po sitiv e  co rre la tio n  is p rev a ilin g  betw een 
tw o  species. F o r p o s itiv e  corre lations o f th e  s tu d ied  species b locks o f 16 m 2 area , con
sistin g  of 4 basic u n its ,  a re  favoured . T h e  species form  a sp a tia l re ticu lu m -lik e  associa
tio n  w ith  each o th e r  th ro u g h  their s ig n ifican t co rre la tions. T h e  sp a tia l  re ticu lum  is 
w ell-developed a t  sm a ll block sizes w hile i t  becom es sim pler w ith  c o rre la tio n  chains 
sep a ra ted , spec ies-pa irs losing co n tac t, a n d  several species fa ilin g  to  fo rm  significant 
in te rspecific  co rre la tio n  a t  larger block sizes.

Introduction

In  th e  phy tocoenological l i te ra tu re ,  in terspecific  co rre la t io n  is s tudied 
on th e  basis  of p resence—absence values  r a th e r  t h a n  on t h a t  o f  cover values.

T h e  purposes of  t h e  p re sen t  inves t iga t ions  h av e  been to  s tu d y  th e  num ber  
and  th e  sign d is t r ib u t io n  o f  s ignificant in terspecif ic  co rre la t ions  (ISC) and to 
d e te rm in e  th e  a ff in i ty  o f  th e  species in Orno-Qucrcctum  p la n t  co m m unity  
a t  increasing  area sizes (block sizes) ta k in g  th e  cover v a lu es  of  th e  most 
f r e q u e n t  species in to  considera tion .

Material and method

R em etehegy  hill, lo c a te d  n ear B u d ap est, w as chosen as th e  sp o t fo r s tu d ie s  on ISC. The 
d e sc rip tio n  of the  sam ple  p lo t se t in a x e ro th e rm ic  calciph ilous Quercus pubescens  fo rest rich 
in su b m e d ite rra n e an  species, th e  procedure  used  for m ap p in g  as well as th e  an a ly sis  of the 
species p a tte rn  consisting  o f  19 species were th e  sam e as rep o rte d  p rev io u s ly  by  P rÉCSÉNYI 
an d  co-w orkers [14]. In  a sam p le  p lo t 32 x 3 2  m  in size, per cen t cover v a lu es w ere estim ated  
for each  o f th e  species in c o n tig u o u s  squares o f 2 X 2 m (block size o f one b asic  u n it) . T hus d a ta  
for 256 squ ares served as b a s ic  figures. T h ro u g h  a  co n trac tio n  by  b asic  u n i t  p a irs  o f cover 
va lues fo r each  species b lo ck  size o f two basic u n its  ( =  8 m 2), th a n  b lock  size o f  4 basic un its
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( =  16 m 2), e tc ., up  to a block size o f  64 b asic  u n its  ( =  256 m 2) co u ld  be  derived . In  th e  p re v i
o us r e p o r t  m entioned  above, a n  a n a ly s is  o f variance  of th e  sam e species was m ade  a t  in creas in g  
s q u a re  sizes according to th e  m e th o d  o f T hom pso n  [15]. A p p ly in g  th is  m eth o d , i t  was a tta in e d  
t h a t  th e ,  in  th is  case undesirab le , “ t r e a tm e n t  effect”  o f th e  h e te ro g en e ity  o f th e  sam ple  p lo t, 
v iz . th e  in te rg ro u p  SQ -value of th e  n e x t  b lock  size, was su b s tra c te d  from  th e  to ta l  SQ =  
=  27(x— x ) 2-values of the ex is tin g  sm a lle r  b lock  sizes.The re s id u a l S Q -values th u s  o b ta in e d  w ere 
c o n s id e re d  ch aracteris tic  of th e  sm a lle r  b lock  size [5].

T h e  corre lation  coeffic ien ts w ere  calcu la ted  from  th e  la t t e r  v a lu es fo r th e  12 species 
o c c u rr in g  m ore  frequently  in  th e  p la n t  co m m u n ity  ( Vicia sp a rsiflo ra , L ithosperm um  purpureo-  
co eru leu m , Oryzopsis virescens, D ic ta m n u s  albus, Geum u rbanum , L a th yru s niger, Polygonatum  
la ti fo liu m , M elittis grandiflora , B ra ch yp o d iu m  p in n a tu m , P olygonatum  odoratum , L a p sa n a  
c o m m u n is , D actylis glomerata) s in ce  m o re  freq u en t species w ere su p p o sed  to  hav e  b es t re p re 
se n te d  th e  corre lations w ith in  a p l a n t  co m m u n ity .

Results

S ince  by  increasing s q u a r e  size, 7 correla tion  coeffic ients  can  be c a lc u la t 
ed  fo r  each  species-pair, a t o t a l  o f  462 corre la tion  coefficients h ave  been  
o b t a i n e d  for  the  66 spec ies-pa irs  t h a t  could be fo rm ed  f ro m  th e  12 species. T he  
103 IS C  va lues  significant a t  t h e  P  0.05 level se rve  as th e  basis fo r  fu r th e r  
e v a lu a t io n .  The expression “ c o r r e la te d ”  used in th e  following refers to  th is  
level o f  correlation.

T h e  correlations were g ro u p e d  according to  th e  sign of th e  corre la tion  
c o e f f ic ien t  (Tables 1— 4).

Table 1

Species-pairs show ing positive correlations on ly

Species-pair

G eum —M e lit t is 1 4 16

P o lyg o n a tu m  l.—Vicia 2 16 32

L a p sa n a —M elittis 2 16

V ic ia —D ic ta m n u s 1 4

L a th y ru s—M elittis  

V icia—P olygonatum  od. 1

2 4

32

V ic ia—L a p sa n a 1 64

L a th y ru s—Oryzopsis 1

V ic ia —M e littis 2

P o lyg o n a tu m  od.—Melittis 2

P olyg o n a tu m  L—Melittis 2

D ic ta m n u s—M elittis 

D a cty lis—M elittis  

L a th y ru s—Lithosperm um

2

4

8

L a p sa n a —D actylis 8
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Table 2

Species-pairs showing negative correlations only

Speciee-pair Block size

Oryzopsis—Lapsana i 2
Polygonatum  l.—Lithosperm um  

Geum —D ictam nus

l 4
8 16

Lathyrus—La psana 8 32
Geum—Brachypodium  

Lathyrus—D ictam nus l
8 64

B r achy podium —M elittis l

Vicia— Oryzopsis 

Geum —Oryzopsis 

Oryzopsis—Lithosperm um

l
8

16
O ryzopsis-P olygonatum  od. 16
D ictam nus-P olygonatum  od. 16

D ictam nus—Lap sana 

Geum—Polygonatum l.

16
32

Polygonatum l.—Lapsana  

Polygonatum od.—Lapsana

32
64

Geum—Polygonatum od. 64

Brachypodiu m—Lapsana 64

Table 3

Correlations w ith alternating , in itia lly  positive sign

Species-pair Block size

L ithosperm um -M elittis 2 8 16 64(— )
Lithosperm um -Lapsana 1 8 ( - ) 16
Lithosperm um -D actylis 4 8 ( — ) 32

Geum -  Vicia 1 64(— )
G eum -Lithosperm um 2 M ~ )
Lithosperm um  D ictam nus 2 16(—)

Polygonatum od. Dactylis 4 32(— )

O ryzopsis-D ictam nus 16 64(—)

Species-pairs showing no corre la tion  a t  e i the r  o f  th e  b lock sizes are th e  
following: Vicia—L itho  sp er m u m , V ic ia -D a c ty lis , O ryzopsis-P o lygona tum  l., 
D ictam nus-P o lygona tum  D ictam nus—B rachypod ium , D ic ta m n u s-D a c ty lis ,
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Table 4

Correlations w ith  alternating, in itia lly  negative sign

Species-pair Block size

O ryzopsis-B rachypodium Ч - ) 2(—) 8(— ) 1 6 ( - ) 32

G eum -L apsana 2(—) 4 16 32 64

L ith o  sp  er m um — 
B rachypodium i ( - ) 2( ) 4 32(— )

L athyrus-P olygonatum  l. i ( - ) 4 8 32

L a th y ru s-V ic ia Ц - ) 8 16(— )
L a th y  rus-D actylis l ( - ) 2 16

O ryzopsis-D actylis l ( - ) 2

L ith o sp erm u m -  
P olygonatum  od. l ( - ) 16

M elittis-O ryzopsis 2 ( - ) 4

B ra ch yp o d iu m -  
P olygonatum  od. 2(—) 64

V ic ia -Brachypodium 8(— ) 64

P olygonatum  1,— 
D actylis 8( ) 64

Table 5

Sign  d istribu tion  o f  significant correlations in  the blocks

Block + - Total

l 7 12 19

2 12 6 18

4 10 2 12

8 5 9 14

16 9 8 17

32 6 5 11

64 5 7 12

T o ta l 54 49 103

G eum —Lathyrus,G eum —D a cty lis ,L a th yru s- B rachypod ium , L a th y ru s -P olygonatum  
od., Polygonatum  l.-B ra c h y p o d iu m , Polygonatum  l.-P o lygona tum  od., B rachy
p o d iu m —D actylis.

T h e  signs of th e  co rre la t io n s  were e v a lu a te d  n o t  only  from  th e  p o in t  
o f  view' of the  species-pairs  b u t  also from  t h a t  o f  th e  block sizes (Table  5).

T h e  to ta l  n u m b e r  o f  s ign if ican t ISCs show n  b y  a species charac ter izes  
t h e  a f f in i ty  of th e  species (T ab le  6).
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T ab le  6

A ff in i ty  order o f  the 12 species studied fro m  the species assemblage o f  Orno-Quercetum forest as 
shown by the number o f  sign ifican t ISC s

L ilhosperm um 24 Geum 19 D actylis i6

Lapsana 21 M elittis 19 Polygonatum  l. 14

V icia 18 Polygonatum  od. 13

O ryzopsis 18 D iclam nus 12

В  r achy pod ium 17

L athyrus 17

Discussion

ISC s tud ies  p e rfo rm ed  in con tiguous squares  m ay  c o n t r ib u te  to  the  
exp lo ra t io n  of  th e  s t ru c tu re  of p la n t  com m u n it ie s  [1] even m o re  so w hen  
blocks o f  increasing size, o b ta in e d  th ro u g h  th e  fusion of th e  m a p p e d  areas, 
a re  s tud ied  [5, 9, 10]. T h e re  are  several fac to rs  t h a t  m ay  lead to  e i th e r  th e  
d e v e lo p m e n t  or th e  cessa tion  of a co rre la tion  be tw een  tw o species or m ay  
change  th e  sign o f  a co rre la t ion  a lready  ex is t ing  since all of th e se  fa c to rs  can 
e x e r t  d ifferen t effects depen d in g  on th e  b lock  size [6, 7].

The d a ta  in th e  l i t e ra tu re  rep o r ted  th u s  fa r  show t h a t  a p o s i t iv e  corre la
t io n  be tw een  tw o  species m a y  be th e  re su lts  o f  some ex te rn a l  con tro lling  
f a c to r  b u t  also of a benefic ia l im p a c t  exer ted  b y  one of two species on  th e  o ther ;  
a n eg a t iv e  corre la tion  m a y  develop a t  t h a t  scale where d irect b u t  u n fa v o u ra b le  
effects (e ither  physica l  or physiological-b iochem ical) exerted  on t h e  p a r tn e r  
a re  still prevailing  [see m os t  recen tly  2, 12, 13, 17, etc.]. T h e  ex p a n s io n  of 
th e  ind iv idua ls  (groups o f  shoots) m a y  be decisive even in cases of  co rre la t ions  
ca lcu la ted  on th e  basis  o f  presence—absence  d a ta  (cases of s p a t ia l  exc lu 
sion) [6].

T here  are only  few rep o r ts  e s t im a t in g  ISC on th e  basis o f  m a s s  (cover) 
va lues  a t  increasing b lock  sizes. K ershaw [9] suggests  t h a t  in su ch  ins tances  
t h e  correla tion  of tw o species requ ir ing  th e  sam e h a b i ta ts  is t h e  sam e, viz. 
pos itive  th ro u g h o u t  since th e y  respond  to  th e  env ironm en t in  t h e  sam e  w ay 
a t  every  m easure  of th e  scale. Two species w i th  w ider to lerance  sh o w in g  slight 
o p t im u m  differences m a y  ex h ib i t  nega tive  corre la t ion  a t  sm aller  sca le  m eas 
u res  (where th e  p a r t ia l  species p a t t e r n  m a y  differ according to  a sligh ter  
v a r ia b i l i ty  o f  th e  en v iro n m en t)  whereas pos itive  correla tion a t  la rg e r  scale 
m easures  [9]. Two species requ ir ing  en tire ly  d ifferen t h a b i ta ts  show  nega tive  
corre la t ion  a t  every  m easu re  of th e  scale.

Most au th o rs  neg lect in te rp re t in g  th e  biological b ack g ro u n d  o f  th e  dif
fe ren t  cases of corre la tion . T h e  inves t ig a to r  is m o s t ly  on the  horns o f  a d i lem m a

3* Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



3 6 FEKETE -  SZUJKÓ-LACZA

w h e th e r  to  a t t r ib u te  c o rre la t io n s  to  the  effects o f  ex te rna l,  abiotic , physical 
rea so n s  or to  p ropert ie s  o f  t h e  p la n t  som ehow asso c ia ted  w ith  co m p e ti t io n ;  in 
fa c t  —  a p a r t  from e x t re m e  cases —  bo th  fac to rs  m o s t  be reckoned  w ith .

K o l b e  [11] suggests  t h a t  mass values  of  p l a n t  species reflect c o n s t i tu 
t io n a l  properties , an d ,  on  th e  o th e r  hand, m ass re la t io n s  ( ra th e r  t h a n  p re sen ce -  
ab se n c e  relations) are m o d if ied  by  influences o f  t h e  h a b i ta t  all, these  resu lt ing  
in  w h a t  K o l b e  calls “ V e rd rä n g u n g sk ra f t” , a m e a n s  of com petit ion  w hich  is 
m a te r ia l iz ed  in th e  m ass  o f  th e  p lan t  [16].

K ershaw [10] e.g. a t t r ib u te s  the  n e g a t iv e  corre la tion  be tw een  Festuca  
rubra  a n d  Carex bigelowii t o  th e  perform ance o f  th e  la t te r  species a n d  to  its 
d i re c t  effect on Festuca rubra  ra th e r  th a n  to  a n  effect of th e  s im ilarly  con
sp icu o u s  topography . O n t h e  o th e r  hand , in te rp re t in g  th e  lack of co rre la tion , 
A nderson  [1] r a th e r  su sp e c ts  a role of e n v iro n m e n t ,  suggesting to g e th e r  w ith  
Goodall t h a t  on a scale d e te rm in e d  by  th e  e n v iro n m e n t ,  several fac to rs  can 
give rise to  the  species p a t t e r n .  U nder  these  c ircu m stan ces ,  th e  lack of  co rre la 
t io n  b e tw e e n  the  species is n o t  surprising.

I t  is obvious t h a t  t h e  com peti t ion  for l ig h t ,  w a te r ,  dissolved n u tr ie n ts ,  
o f  p o p u la t io n s  fo rm ing  a p l a n t  co m m unity  c a n n o t  be  left ou t  of cons ide ra 
t io n  w h e n  th e  corre la t ions  o f  species-pairs are  in te rp re te d  [4, 16].

I t  m a y  be supposed , how ever ,  t h a t  th e re  is n o t  in  th e  least  c o m p e ti t io n  
a n d  s trugg le  am ong all o f  t h e  species-pairs. I t  m a y  h ap p en  t h a t  th e  com ple
m e n t a r y  com p en sa to ry  p ro p e r t ie s  (e.g. a ro o t  sy s te m  p e n e t ra t in g  deep  or 
p h a e n o p h a se s  d ifferen t f ro m  those  of p o p u la t io n  A) of a popu la t io n  В m ay  
“ p r e v e n t ”  the n u t r ie n t  o r  w a te r  drain ing effects  o f  an  aggressive c o m p e ti to r  
p o p u la t io n  A (e.g. s p re a d in g  extensively  in v e g e ta t iv e  way). In  such a case, a 
f a c to r  controlling b o th  p o p u la t io n s  in space  m a y  successively b r in g  th e m  
to g e th e r  so t h a t  a p o s i t iv e  correla tion  develops.

A t  basic u n i t  o f  o u r  m ateria l ,  th e re  a re  several cases of positive  
s ig n if ican t  ISCs b e tw e e n  species-pairs  where one o f  th e  p a r tn e rs  (e.g. Oryzop- 
sis  o r  V icia) is ex tens ive ly  sp read ing  v e g e ta t iv e ly  w i th  individuals  m ig ra t in g  
h o r iz o n ta l ly  in space a n d  th e  others (e.g. D ic ta m n u s  or L athyrus) hav ing  
po le - l ike  roo ts  p e n e t r a t in g  d eep  and  appear ing  on th e  surface w ith  one or  two 
sh o o ts  on ly  (Table 1). I n  th e s e  cases, no m u tu a l  exclusion  occurs a n d  positive 
c o r re la t io n  develops.

P os it ive  s ign if ican t ISC  exists betw een  P olygona tum  la tifo lium  a n d  Vicia  
in  v a r io u s  dimensions. T h e i r  abili ty  to c o m p e n s a te  each o th e r ’s influences 
a t  sm a lle r  block sizes ( th o se  of two units) is p re se rv e d  also a t  la rge r  block 
sizes.

W ith in  block sizes o f  one  and two u n i ts ,  M e littis  shows positive  corre
la t io n s  w ith  8 species. I t s  s t ro n g  affin ity  a m o n g  o thers  to species w i th  ag
gress ive  com pact  sp re a d in g  (e.g. Lithosperm um  a n d  Vicia) gives an  acom pe- 
t i t i v e  ch a ra c te r  to  th is  species (Table 1).
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T h e case o f  p o s i t iv e  c o r r e la t io n  m e n t io n e d  b y  K e r s h a w  ( s im i la r  r e q u i r e 
m e n t  fo r  h a b i t a t )  p o s s ib ly  h o ld s  fo r  t h e  M elittis-G eum  s p e c ie s - p a i r  a t  b lock  
sizes o f  1, 4, a n d  16 b a s ic  u n i t s .

T he nega tive  corre la t ions  in species-pairs Oryzopsis—V ic ia , B rachypodium — 
O ryzopsis and B rachypod ium —Lithosperm um  consisting of in d iv idua ls  of large 
s t re tch ,  m ay  reflect c o m p e ti t io n  be tw een  s trong  c o m p e ti to rs  in blocks of one 
basic  u n i t  (Tables 2 a n d  4). T he  n eg a t iv e  correla tion  b e tw e e n  Lithosperm um  
and  tw o  Polygonatum  species in basic u n i ts  m ay  also re p re se n t  com petit ion . 
L ithosperm um  is in b loom  and  in th e  phase  of seed fo rm a t io n  in  M ay  and  J u n e  
while in th e  sam e period , Polygonatum  la tifo lium  an d  P . odoratum  develop 
rh izom e segm ents for th e  n e x t  y ea r  and roots  on these  segm en ts .  All of these 
th ree  species, th o u g h  be ing  in d ifferen t phaenophases ,  a re  in  phases  of in ten 
sive n u t r ie n t  u p ta k e  d u r in g  th e  sam e period  of tim e.

I n  cases of co rre la t ions  of a l te rn a t in g  ten d en cy  w h ere  pos i t ive  correla
t ions exist a t  small b lock  sizes, th e  sim ilar h a b i ta t  re q u i re m e n t  of  th e  species- 
p a ir  m a y  still be  expressed , a t  la rger  block sizes, how ever ,  th e  heterogeneity  
of th e  sam ple plo t  a n d  th e  v a r ia b i l i ty  of the  h a b i t a t  fac to rs  m a y  resu lt  in neg
a t iv e  correla tions. T h is  is th e  case in  species-pairs of e .g . L ith o sp erm u m —M elittis, 
Lithosperm um —D actylis, a n d  L ithosperm um —L apsana  (Table  3).

Species-pairs show ed sign if ican t corre la tion  a t  tw o  a d jo in in g  block sizes 
on a to ta l  of 20 cases. I n  10 of  these  cases a reverse of  t h e  sign occurred. A 
change over from n e g a t iv e  to  positive  corre la tion  took  p lace  f requen tly :  in 
L a th yru s-D a cty lis  a n d  O ryzopsis—D actylis  sh ifting  from  single block-size to 
double  block-size; in O ryzo p sis-M elittis , L ithosperm um —B rachypod ium  and 
Geum—L apsana  from doub le  to  q u ad ru p le  block-size and  in  O ryzopsis— Brachy
p o d iu m  from block o f 16 un i ts  to  t h a t  of 32 un its .  (The l a t t e r  species-pair 
showed nega tive  corre la t ion  in each of th e  smaller blocks w hile  positive one 
in blocks of 32 un its ,  g iv ing a co un te r-exam ple  for th e  L ith o sp erm u m -M elittis  
species-pair (Table 4).

I t  seems possible in such cases t h a t  th e  c o m p e ti t io n  a n d  struggle  ex
pressed in th e  long r u n  in th e  cover values of species-pairs  w ith  similar 
requ irem en ts ,  are  m ore  em phas ized  in th e  small b locks; in  t h e  la rge r  blocks, 
para lle l  to  th e  fad ing  of com p e ti t io n ,  th e  similarities in h a b i t a t  requ irem ents  
are r a th e r  m anifested .

I t  m ay  he m en tio n ed  here  t h a t  K ershaw [7, 8] h im se lf  has dem on
s t ra te d  t h a t  in th e  D acty lis—L o liu m  species-pair (a t  basic  u n i ts  o f  80 cm), low 
cover values of  th e  species re su lt  in positive corre la tion  w hile  a t  h igh shoot 
densities , nega tive  corre la t ion  develops.

T he  results  can  he  e v a lu a te d  also according to  increas ing  b lock  sizes. The 
n u m b e r  of s ign if ican t ISCs decreases from  basic u n i t  to  q u a d ru p le  block- 
size, increases from  block  size of 8 un its  to  t h a t  of 16 u n i t s  while s tays  a t  an 
unch an g ed  level a t  th e  tw o  h ighes t  block sizes. W ith  re g a rd  to  th e  shape and
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o r ie n ta t io n  of the  block a n d  t h e  n u m b e r  of co rre la t ion , a connec tion  th o u g h  
n o t  un id irec t io n a l  seems to  ex is t .

As to  th e  sign d is t r ib u t io n ,  e i the r  negative  or po s i t iv e  significant ISCs 
m a y  b e  d o m in a n t  from b lock  size of  basic un it  to  t h a t  o f  8 un its .  F rom  block 
size o f  16 units  (64 m 2) u p w a r d s ,  th e  signs are  d i s t r ib u te d  fairly  evenly 
(T a b le  5).

I t  is s trik ing th a t  of t h e  12 signif icant ISCs in  th e  b lock  size of 4 un its ,  
10 a re  pos i t ive  and only th o s e  of  Lithosperm um —Geum  a n d  L ithosperm um -  
P olygo n a tu m  odoratum  are n e g a t iv e .  Consequently , 16 m 2 areas  of th e  sam ple 
p lo t  a re  fa v o u red  w ith  rega rd  to  th e  positive corre la tions o f  th e  stressed species.

C onsidering the  n u m b e r  o f  a significant ISCs, t h e  12 species can be 
d iv id e d  in to  3 groups (T able  6). In  th e  aff in ity  o rd e r  o f  th e  species, Litho- 
sp e rm u m  shows the  h ighest w h ile  D ictam nus  exh ib its  th e  low est affinity .

I n  an  a t te m p t  to  d ed u ce  coalit ion  corre la tedness  of  t h e  12 species from 
e le m e n ta r y  correlations, th e  n e tw o r k  of correla tedness was d ra w n  on th e  basis 
o f  t h e  s ign if ican t ISCs. The 3 species viz., Vicia, L a th yru s  a n d  Oryzopsis show 
ing  c o rre la t io n s  in basic u n i t s  m o s t  frequen tly ,  were in  co rre la t ion  with one 
a n o th e r ,  too , and th u s  se rv e d  as s ta r t in g  points  or cen tres  (polycentre) for 
o th e r  corre la tions. A s t ro n g  sp a t ia l  re ticu lum  was ch a rac te r is t ic  w ith in  
w h ic h  ev e ry  species was in c o r re la t io n  with a t  least  tw o  species (Fig. la ) .

I n  double  blocks (Fig. l b ) ,  species a lready  show ed a s light polariza tion  
in  t h e  s p a t ia l  reticulum. C o m p ared  to  M elittis  fav o u red  in t h e  spa tia l  re ticu lum  
w i th  i t s  8 significant ISCs, O ryzopsis  and L ithosperm um  los t  significance as 
s u b c e n t r e s .  Vicia  and L a th y ru s  d isappeared  as cen tres  of  correla tions and  
L ith o sp e rm u m  formed c o rre la t io n s  m ain ly  w ith  species o th e r  t h a n  before.

S ign if ican t  ISCs in q u a d r u p le  blocks (16 m 2) fo rm e d  th e  m ost ordered 
r e t i c u lu m  also from the  g e o m e tr ic a l  p o in t  of view (Fig. lc ) .  W ith in  the  re t ic u 
lu m ,  t h e  d irec t connection b e tw e e n  tw o centres, L itho sp erm u m  an d  M elittis , 
h a d  b e c o m e  discontinued. T h e  correla tions of M elittis—L a th yru s, M elittis— 
O ryzo p sis , L ithosperm um —B ra ch yp o d iu m  and L ith o sp erm u m —Geum  were th e  
r e m n a n t s  o f  those developed a t  th e  preceding block-size. H ow ever ,  a b reak ing  
o ff  o f  t h e  re ticu lum  and  th e  fo rm a t io n  of side chains  in d ic a t in g  only one cor
r e la te d n e s s ,  were ch a ra c te r is t ic  w h en  com pared  to  th o s e  found in double 
b lo c k s .  Sim ilarly , it  was also fo r  th e  f irs t  t im e  obvious t h a t  th e  species of the  
V ic ia —D ictam nus  pa ir  fo rm e d  co rre la t ion  w ith  one a n o th e r  only  de tach ing  
f ro m  th e  th u s  far  con tiguous re t ic u lu m . The to ta l  n u m b e r  of s ignificant ISCs 
sh o w e d  an  a b ru p t  decrease ( to  12).

I n  blocks of 8 un its ,  t h e  re t ic u lu m  of corre la tions w as  still fa irly  simple 
a n d  a s t reng then ing  of a t e n d e n c y  to  form chain-like  correla tions could 
be  o b s e rv e d  (Fig. 2a). The species  c lustered  in to  tw o  g ro u p s  connec ted  ax is
like  b y  species D a cty lis-P o lyg o n a tu m  la tifo lium —L a th yru s— V icia . The tw o 
g ro u p s  consisted  of species-pairs  re t icu la ted  in th e  fo rm  of a t r iangle  and  a
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F ig . 1. S p a tia l re ticu lu m  of th e  corre lations for th e  12 species stu d ied  a t  block sizes o f a  =  one 
u n it,  b =  tw o u n its , c =  fo u r u n its . 1. Vicia sparsiflora , 2. Lithosperm um  purpureo-coeruleum ,
3. Oryzopsis virescens, 4. D ictam nus albus, 5. Geum u rbanum , 6. Lathyrus niger, 7. P olygonatum  
la tifo lium , 8. M elittis  grand iflo ra , 9. B rachypodium  p in n a tu m ,  10. Polygonatum  odoratum , 11. 
L a psana  com m unis, 12. D actylis glomerata. C o n tin u o u s a n d  b ro k en  lines show  p o sitiv e  and  
n e g a tiv e  ISCs, re sp ec tiv e ly . T h e  d iam eters o f th e  c ircles a re  in  d irec t p ro p o rtio n  w ith  th e  n u m 

ber o f th e  corre lations o f  th e  species

quad ran g le  a t  th e  ends of  th e  axis. I t  was still L ithosperm um  and  again  L a thyrus  
t h a t  form ed th e  ce n t re  of  th e  la t te r  g roup . L ithosperm um  was in  co rre la t ion  
m ostly  w ith  new species when  com pared  to  t h e  prev ious block. V icia  which 
lost  co n tac t  w ith  t h e  corre la tion  re t icu lu m  o f  t h e  previous b lock  w as again  
in co rp o ra ted  in to  t h e  chain  of corre la tions show ing  a t  its o th e r  end  species 
w ith  nega tive  co rre la t ions  only. Polygonatum  odoratum  formed no s ign if ican t  
ISCs.

Block of 16 u n i ts  represen ts  a new  o rg an iza tion .  R ela t ions  of  a new  
com b in a t io n  in m o s t  species and a p y ra m id -s h a p e d  spatia l  re t ic u lu m  of
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c o r re la t io n s  developed (Fig. 2b). This  fo rm  could  be  considered p o ly cen tr ic .  
T h e  V ic ia —L athyrus—P olygona tum  la tifo lium —D actylis  axis fas ten ing  th e  co rre 
l a t io n  r e t ic u lu m  to g e th e r  in  b locks of 8 u n i ts  lo s t  con tac t  w ith  t h e  re t ic u 
lu m  a n d  fo rm ed  an in d e p e n d e n t  cha in  o f  corre la t ions .  Lithosperm um  —  besides  
i ts  c o r re la t io n s  a lready  fo u n d  in  th e  p rev ious  b lock  ( -L a p sa n a , —M elittis)  
—  a g a in  developed co rre la t io n s  w ith  o th e r  species and  th u s  th r o u g h  its

®--------------- ©

F ig . 2 . S p a tia l  re ticu lum  of th e  co rre la tio n s  o f species s tu d ie d  a t  block sizes o f a  =  8 u n its  
b  =  16 u n i ts ,  c =  32 u n its , d  =  64 u n its  (co n tin u a tio n ). F o r  fu r th e r  ex p lan a tio n  see F ig . 1

s ig n i f ic a n t  ISCs w ith  O ryzopsis  and  D ictam nus, closed the  open c o rre la t io n  
c h a in  o f  t h e  block of 8 un its .

In  b locks of 32 un its ,  10 species were aga in  —  m ostly  ind irec t ly  —  c o r 
r e la te d .  O f these, 4 showed re t icu lu m -l ik e  a n d  6 exh ib ited  chain-like c o r re la 
t io n s  (F ig .  2c). I t  was P olygona tum  la tifo lium  a n d  Lapsana  t h a t  fo rm e d  th e  
c e n t r e s  o f  th e  geometrical con f ig u ra t io n .  T a k e n  as a whole, co rre la t ions  h a d

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



INTERSPECIFIC CORRELATION OF PLANTS 41

becom e sim pler and  decreased  in n u m b e r  (sign if ican t ISC: 11). L ith o sp erm u m  
lo s t  its central role in co rre la tions here. B rachypod ium  and  O ryzopsis  were 
ag a in  s i tu a ted  a t  t h e  end of th e  chain. M elittis  a n d  D ictam nus  showed no co rre la 
t io n  a t  all.

In  blocks of  64 u n i ts ,  o rgan iza t ion  assum ed  th e  shape of  a p y ra m id  
again . How ever, 3 species-pairs  showing s ign if ican t  ISC w ith in  th e  p a irs  only  
h a d  com pletely  lost c o n ta c t  w ith  th e  p y ra m id  (Fig. 2d). L athyrus niger showed 
no correla tion .

I t  m ay  be conc luded  t h a t  th e  s t ro n g e s t  re ticu lum -like  corre la t ions  
re flec ting  m ult id irec t iona l  associations of  th e  species are p resen t  in b locks of 
one and  tw o un its ,  b y  all m eans  ind ica t ing  a so r t  of o rgan iza tion  o f  co rre la t ions  
[3] (see A n d e r s o n  [1] w ho uses th e  te rm  “ com plex  social o rg a n iz a t io n ”  for 
developed ISCs in th e  m ic ro s tru c tu re  of  th e  com m unity ) .  A s im plif ica tion  
of  th e  m ult i la te ra l  corre la t ions  am ong species as well as species-pairs a n d  even 
spec ies-quarte ts  becom ing  in d ep en d en t  of th e  o the r ,  represen ts  an  u n a m b ig u o u s  
te n d e n c y  a t  increasing  block sizes. A t  sm a lle r  block sizes, an  a c tu a l  con
t ig u i ty ,  equal h a b i t a t  req u irem en ts ,  c o m p e ti t io n  etc. viz. more or less “ rea l”  
ISCs exist be tw een  species-pairs  and  th e  m u lt id irec t iona l  m u tu a l  co rre la t ions  
m a y  possibly be a t t r i b u t e d  to  in te rac t ions .  On th e  o th e r  h and ,  a t  la rg e r  block 
sizes, th e  chain-like o rgan iza t io n  o f  th e  ISCs or th e  b reak ing  off o f  th e  re t icu lu m  
m a y  be  a t t r ib u te d  to  t h e  he te rogene ity  o f  th e  h a b i t a t  fac tors  p re se n t  on th e  
sam ple  p lo t and  of th e  rep e t i t io n  of th e  sp a t ia l  p a r ts  of la rger  sizes of th e  
h a b i t a t  which offer a com m on chance to  live for some p o p u la t io n s  o therw ise  
living in no t ig h t  connection .
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STUDIES ON FAST AND SLOW GROWTH IN FUNGI
I. C O M PA R A TIV E  G R O W T H  O F C U N N IN G  H A M E L L A  ECU IN U LATA A N D  CLADO - 

S P O R IU M  H E R B A R U M  AS A F F E C T E D  BY C U L T U R A L  C O N D IT IO N S

A. M. Salama, A. E. Younis and H. S. Attaby

BOTANY D EPA RTM EN T, FACULTY OF SCIENCE, CAIRO U N IV ERSITY , CAIRO 

(R eceived  1972— 0 6 —27)

Abstract

Cladosporium  spores failed  to  g e rm in ate  w ith in  2 hours and  nev er re a c h e d  100%  
germ in atio n  a t  th e  end  o f a 18-hour period  of c u ltiv a tio n  on  n a tu ra l o r se m isy n th e tic  
m edium . C unningham ella  spores, on  th e  o th e r  h a n d , h ad  g e rm in a ted  in  n e a r ly  100%  
by  th e  end of th e  2nd h our. Sm all doses o f indo leace tic  acid  (5 p a r ts /1 0 6) s tim u la te d  
th e  g row th  an d  spore g e rm in a tio n  of b o th  fungi. G ibberellin  (a t  5 p a rts /1 0 6) s tim u la te d  
th e  g row th  of C unningham ella  on ly , and p ro m o te d  th e  spore g e rm in atio n  o f b o th  fungi. 
On ag ar m edium , N a N 0 3 w as th e  b est n itro g en  source for g row th , w hile on  liq u id  m e
d ium , asp arag in  was su p erio r to  n i tra te  or am m o n iu m  carb o n a te . A lth o u g h  C unn ingha
mella m a ts  reach ed  m ax im u m  d ry  w eight m u ch  earlie r th a n  C ladosporium  m a ts , ye t 
th e  m ax im um  m ycelia l d ry  w eigh t o f th e  la t te r  fungus exceeded th a t  o f  th e  fo rm er. On 
n a tu ra l m edia b o th  fungi grew  m ore in ten siv e ly , b u t  th e  above d ifferences in  th e ir 
g row th  were th e  sam e in  n a tu ra l  an d  sem isy n th e tic  m edia.

Introduction

According to  Cochrane [5] grow th  c a n n o t  be defined p recise ly ; a p ro 
visional opera t iona l  def in i t ion  is increase in e i the r  m ass or n u m b e r  of  cells.

The fac tors  affec ting  funga l g row th  are  var ious  an d  n u m e ro u s ,  being 
usually  classified in to  in te rn a l  an d  ex te rna l  fac to rs .  The in te rn a l  fac to rs  include 
th e  genetic cons t i tu t io n  a n d  th e  in te rna l  m odif ica t ion  due to  age. T h e  ex te rna l  
fac tors  comprise te m p e ra tu re ,  p H ,  oxygen, CO.,, h u m id i ty  and  th e  com posit ion  
and  concen tra t ion  of  food. W hile  more is k n o w n  a b o u t  th e  e x te rn a l  fac tors ,  
i t  rem ains b eyond  a n y  d o u b t  t h a t  th e  e x te rn a l  e n v iro n m en t  acts b y  m odify ing  
th e  in te rna l  en v ironm en t.  T h e  genetic c o n s t i tu t io n  or inh e ren t  fac to rs  are  th e  
skele ton  which f ind  expression only when th e  en v iro n m en t  is su i tab le .

The f irs t  phase  of g ro w th  in fungi m a y  be long or sho r t  d e p e n d in g  upon  
th e  age and  v igour of th e  inoculum , th e  m ed iu m  and  o th e r  fac to rs  [15]. The 
spore germ ina tion  d u r in g  th is  phase  rep resen ts  th e  f irs t  stage o f  g ro w th .  N ot 
all n u tr ie n ts  are necessarily  p re sen t  in th e  spore, and  differen t ty p e s  of  re la t ion  
to  ex te rna l  n u t r ie n ts  m a y  therefo re  be expec ted , rang ing  f rom  com plete  
independence to  com ple te  dependence. T h e  m ore  a b u n d a n t  g ro w th  on  n a tu ra l  
m ed ia  th a n  on sy n th e t ic  ones [2] is due to  th e  com plex ity  of  th e  fo rm e r  and 
th e i r  richness is essen tia l  m etabolites .

Since th e  d iscovery  of  au x in  and  its iden tif ica t ion  as a g ro w th  h o rm one ,  
its effect on th e  g row th  of h igher  p lan ts  in p a r t ic u la r ,  has been  in v e s t ig a te d  by
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m a n y  au th o rs .  Such effect involves cell e lo n g a t io n  [3]; increase in osm otic  
so lu te s  [4]; increased p e rm e a b i l i ty  to  w ater  [16]; red u c t io n  in wall p ressure  due 
to  inc rea sed  p las t ic i ty  [20]; increase in wall sy n th es is  [6]; and  in d u c t io n  of 
specific  R N A  and  p ro te in  syn thesis .

T h e  aim of th is  s tu d y  w as  to  explain th e  d ifferences in g row th  o f fungi in 
th e  l ig h t  of the ir  m e ta b o l ic  activ it ies  an d  h o rm o n a l  re la tions. C om parison  
of t h e  g row th  of a f a s t  g row ing  and  a slow -grow ing  fungus  u n d e r  va r iab le  
e x te rn a l  cu ltu ra l cond it ions ,  such  as ty p e  o f  m e d iu m , source of n i t ro g en  and  
inc lu s io n  of some g ro w th  su b s tan ces ,  was th e  f i r s t  necessary  s tep  in th is  s tu d y .

Material and m ethod

T w o fungal s tra in s , b o th  iso la te d  from  E g y p tia n  soil sam ples on  D ox agar p la te s  w ere 
u sed  th ro u g h o u t. T hey w ere id e n tif ie d  according to  G il m a n  [9] as Cunningliam ella echinulata  
a n d  C ladosporium  herbarum  re sp ec tiv e ly .*  The C unningliam ella  s tra in  grows c learly  fa s te r  
th a n  C ladosporium  reg ard in g  e ith e r  th e  tim e of its  a p p ea ran c e  on  th e  p la te  or i ts  sp read  on th e  
su rface  o f th e  n u tr itiv e  m ed iu m .

S p o re  suspensions fro m  7 -d ay -o ld  slan t cu ltu res  w ere u sed  as inocula . T he p la te s  were 
in c u b a te d  a t  25 °C and d u p lic a te  sam ples were used  th ro u g h o u t.

Results

Growth in  different m edia

T h re e  types  of m ed ia  were used n a m e ly ,  D ox  agar  (sem isynthetic) ,  
p o t a t o  e x t r a c t  agar  a n d  m a l t  ex tra c t  agar  (n a tu ra l ) .  The rad ia l g ro w th  of 
C unningham ella  was e v id e n t  f rom  th e  f irs t  d a y  on, an d  th is  fungus covered  
a lm o s t  t h e  whole p la te  su rface  in 6 days. S urface  sp read  of C ladosporium  
b e c a m e  m easurab le ,  i r re sp ec t iv e  of th e  m ed iu m , b y  th e  end of th e  2nd  d a y  
a n d  i t  reached  a lm ost 2/3 o f  t h e  dish by  th e  en d  o f  th e  14th  day.

D a i ly  radial  g ro w th  (in cm) of b o th  fung i  on th e  th ree  cu ltu re  m edia  
d u r in g  th e  f irst 6 days  o f  t h e  experim ent a re  show n  in Tab le  1. T h e  daily  
g ro w th  revealed  by  th e  s low-growing C ladosporium , on any  m ed ium  d u r in g  
each  t im e  in te rva l,  h a rd ly  exeeded  50%  t h a t  reach ed  b y  th e  fas t-g row ing  
C unningham ella . F o r  one a n d  t h e  same fungus, a n d  m a in ly  during  th e  f i r s t  2 
d a y s ,  t h e  ra te  of g row th  w as h igher  on th e  n a t u r a l  m ed ia  t h a n  on th e  sem i
s y n th e t i c  one.

Growth substances

T h re e  concen tra t ions  o f  each  of indoleacetic  ac id  (IAA) and  gibberellin  
(GA) n a m e ly ,  1, 5 and  10 p a r t s /1 0 6 in Dox ag a r  m e d iu m  were used. T r y p to p h a n  
w as  a d d e d  in am o u n ts  e q u iv a le n t  to  4, 8 and  12 m g N/100 ml m edium . These

* T h e ir  id en tity  w as c o n firm ed  b y  Prof. A. H . M o u b a s h e r  (A ssiu t U n iv e rsity , E g y p t) , 
to w h o m  th e  au th o rs  are  g re a tly  in d eb te d .
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T ab ic  1

D aily radial growth o f  Cunninghamella and C ladosporium  colonies on the various culture media

Fungus Medium 1st
day

2nd
day

Growth ir

3rd
day

cm on

4th
day

he

5th
day

6th
day

D ox(control) 1.5 1.3 1.6 1.8 1.3 1.5
Cunningham ella P o ta to 1.9 1.9 1.5 1.3 l . i 1.3

M alt 1.8 1.7 1.5 1.2 1.5 0.3

D ox(control) 0.0 0.7 0.5 0.4 0.4 0.5
Cladosporium P o ta to 0.0 1.1 0.6 0.6 0.4 0.6

M alt 0.0 1.1 0.4 0.7 0.5 0.7

chem icals  were ad d ed  to  the  p rev iously  a u to c lav ed  m edium  u n d e r  aseptic  
conditions.

Tab le  2 shows th e  daily  g row th  of t h e  colonies of b o th  fungi, d u r in g  th e  
f i rs t  6 days,  in absence  or presence of IA A , GA or t ry p to p h a n .  C ladosporium  
did no t  show m easu rab le  grow th b y  th e  end  of th e  1st day , and in th e  following 
days  th e  da ily  increase  in its d iam e te r  was less t h a n  half  th e  increase  in th e  
C unnungham ella  colony d iam eters .  T he  d a ily  l inear g row th was h ig h er  when 
C unningham ella  was cu l t iv a ted  in th e  p resence  of 5 par ts /106 IA A , reach ing  its 
m a x im u m  on th e  5 th  day . Some s t im u la t io n  of  g row th  was also e v id e n t  in case 
of  C ladosporium , th o u g h  appear ing  so m e w h a t  la te r  (6th day). In  t h e  presence 
of  5 p a r ts /1 0 6 G A  th e  daily  l inear g ro w th  o f  C unnigham ella  colonies slightly

T a b le  2

D aily  radial growth o f  C unningham ella and C ladosporium  under various treatments

Rate of grow th during

Fungus Medium 1st 2nd 3nd 4th 5th 6th
day day day day day •lay

D ox (contro l) 1.5 1.4 1.6 1.7 1.3 1.5

D ox -f- 5 p a rts /1 0 6 IAA 1.4 1.8 1.7 1.9 2.0 —
C unninghamella Dox +  5 p arts /10e GA 1.7 1.4 1.6 1.9 1.6 —

D ox + 1 2  mg N  try p to p h a n 1.3 1.4 1.8 1.3 0.7 1.5

D ox (control) 0.0 0.7 0.5 0.4 0.4 0.5

D ox +  5 p arts /106 IAA 0.0 0.6 0.6 0.4 0.3 0.8

Cladosporium D ox +  5 p arts /106 GA 0.0 0.7 0.5 0.4 0.4 0.5

D ox +  12 mg N try p to p h a n 0.0 0.6 0.6 0.4 0.2 0.5
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e x ceed ed  th e  control values on th e  5 th  day . T h e  g ro w th  of C ladosporium , on 
th e  o th e r  h a n d ,  rem ained  a p p ro x im a te ly  c o n s ta n t .  A ddition  of t r y p to p h a n  
to  D o x  a g a r  m ed ium  red u ced  th e  g row th  of C unningham ella  on days  4 and  
5, b u t  d id  n o t  affect th e  g ro w th  of th e  C ladosporium .

Source o f nitrogen

T h r e e  N sources, viz., sod ium  n i t r a te ,  a m m o n iu m  ca rbona te  and  aspar-  
ag in  w ere  u sed ;  am oun ts  e q u iv a le n t  to  33 m g N w ere  added  to  100 ml m ed ium . 
G ro w th  w as  m easured  by  t h e  l in ea r  m e th o d  as well as by  m easuring th e  m y 
celial d r y  w eight. Table  3 revea ls  a rap id  a p p e a ra n c e  of m easurab le  g row th  
on th e  1 s t  d a y  in case of C unningham ella  a n d  t h a t  th is  fungus sp read  on 
th e  su r fa c e  of  th e  m edia  f a s te r  th a n  C ladosporium . T he  colony d iam ete rs  can  
he a r r a n g e d  in th e  o rder o f  N a N 0 3 )> ( N H 4)2C 0 3 )> asparag in  for C u n 
n in g h a m ella  and  N a N 0 3 a sp a ra g in  ( N H 4)2C 0 3 for Cladosporium.

T h e  super io r i ty  of N a N 0 3 for g row th  of b o th  fungi on Dox ag a r  w as n o t  
v a l id  fo r  t h e  D ox liquid m ed iu m . T he  m ycelial d ry  weights o b ta ined  on th e  
la t t e r  m e d iu m  were th e  h ig h e s t  w hen  asp a rag in  w as used as n i trogen  source. 
I t  sh o u ld  be m entioned  in th i s  re spec t  t h a t  th e  in i t ia l  p H  value of  th e  m edia  
s u s ta in in g  g row th  of b o th  fung i  (p H  5.5) v a r ie d  w ith in  norm al l im its  (pH  
4.8— 6.2).

T h e  m ean  values for t h e  d ry  w eigh t  of m a ts  (in mg) of b o th  fungi on 
a s p a ra g in  as N source are p re se n te d  in Fig. 1. C unningham ella  r each ed  its 
m a x im u m  grow th  m uch ear l ie r  (on th e  4 th  day) t h a n  Cladosporium  (on th e

Table 3

R a d ia l grow th  o f  Cunninghamella and Cladosporium when cultured on Dox agar medium  containing
different nitrogen sources 

(in  cm)

Fungus N itrogen source
1st day

Colony 

2nd day

diameter 

3rd day

a t the end of 

4th day 5th day 6 th  day

N a N 0 3 1.5 2 .8 4.4 6 .2 7.5 9.0

C unningham ella A sp arag in 0.9 1 .8 3.1 4.5 5.5 7.1

(NH4)2c o 3 1.0 2 .0 3.7 5.4 6 .6 7.6

N a N 0 3 0 .0 0.7 1 .2 1 .6 2 .0 2.5

C ladosporium A sp arag in 0.0 0.7 1.0 1.5 2 .1 2.4

(NHdjCOj 0.0 0 .6 1 .2 1.3 1.7 2 .2

L . S. D. for Cunninghamella  a t  0.05 level =  0.18
a t  0.01 level =  0.27 

L . S. D . fo r Cladosporium  a t  0.05 level =  0.04
a t  0.01 level =  0.06

Acta Biologien Academiae Scientiarum Hungaricae 24, 1973



FAST AND SLOW GROWTH IN FUNGI. I. 47

T ab le  4

Percentage germination o f  Cunningham ella and C ladosporium  spores by the end o f  d ifferent periods
o f  time fo llow ing inoculation

Dox medium enriched with Fungus
%  »pore germ ination at end o f (hour)

1 2 3 6 9 12 15 18

none C unn. 71 100 100 100 100 100 100 100

(contro l) Clad. — — 3 8 26 44 56 72

5 p.p .m . C unn. 100 100 100 100 100 100 100 100

IA A Clad. _ _ 6 10 17 51 57 80

5 p .p .m . C unn. 79 100 100 100 100 100 100 100

GA Clad. — — 7 16 19 47 68 92

12 mg N C unn. 85 97 100 100 100 100 100 100

in try p to p h a n Clad. — — 12 27 28 52 56 81

L. S. D. a t 0.05 fo r Cunninghamella  =  4%
a t 0.05 fo r Cladosporium =  3%
at 0.01 fo r Cunninghamella  =  6%
a t 0.01 fo r Cladosporium =  5%

12th  day). I t  should be  n o te d ,  how ever, t h a t  th e  mycelial d ry  w eig h t  reached 
b y  Cladosporium  was h ig h er  th a n  t h a t  reached  by  C unningham ella  d u r in g  its 
sh o r te r  growth period.

Fig. 1. D ry  w eight o f m a ts  (in  mg) of C unningham ella  and  Cladosporium  ra ised  on  Dox-li 
q u id  m ed iu m  co n ta in in g  a sp a ra g in  for 14 days
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T h e  appearance  of  m e a su ra b le  grow th in case o f  C unningham ella  one 
d a y  p r io r  to  Cladosporium  w as  a repea ted  o b se rv a t io n  d u r ing  th is  w ork. Since 
sp o re  g e rm ina tion  is th e  f i r s t  s te p  in  growth, th e  p e rc e n ta g e  spore g e rm in a t io n  
w as  e s t im a te d  for b o th  fu n g i  on asparag in  c o n ta in in g  Dox liquid m ed iu m  
e n r ic h e d  w ith  5 p a r ts /1 0 0 IA A ,  5 pa r ts /10e GA or 12 m g  N as t r y p to p h a n .  As 
in o c u lu m ,  equal nu m b ers  o f  spores  were used from  each  fungus. T ab le  4 shows 
t h a t  C ladosporium  spores fa i led  to  germ ina te  d u r in g  th e  f i rs t  tw o hours  while 
th o s e  o f  C unningham ella  g e rm in a te d  in a lm o s t  10 0 % . B y  th e  end of th e  
e x p e r im e n t  (18 h) th e  p e rc e n ta g e  spore germ in a t io n  of  C ladosporium  was still 
less t h a n  100%. V ar ia t ion  in  t h e  composition  of  t h e  m ed iu m  seemed to  in f lu 
ence  sp o re  germ ina tion  s ign if ican tly .

Discussion

M a n y  fungi h av e  l a t e n t  abilities  to  syn thes ize  va r ious  essential m e ta b o 
l i te s  a n d  i t  is a com m on exp e r ien ce  to  f ind  t h a t  a t r a c e  of some crude  n a tu ra l  
p r o d u c t  s tim ula tes  th e  r a te  o f  g row th , spo ru la t ion  a n d  spore germ in a t io n  of a 
fu n g u s  [7, 18, 21]. T he  su p e r io r i ty  of n a tu ra l  to  s y n th e t ic  m edia  for g row th  
a p p e a r s  to  be due to  th e  c o m p le x i ty  of th e  n a tu ra l  m ed ia  [2].

T h e  present work re v e a le d  significantly  h ig h er  g row th  of C unningham ella  
a n d  C ladosporium  on th e  tw o  n a tu r a l  media used , especially  on p o ta to  ex t ra c t -  
ag a r .  G ro w th  s t im u la t ion  on  p o ta to  agar was m ore  ev id en t  in th e  case of  th e  
s low -g row ing  C ladosporium . I n  sp ite  of this , th e  g re a t  difference in g ro w th  ra te  
a n d  g e rm in a t io n  t im e  b e tw e e n  th e  two fungi was s t r ik in g  on n a tu ra l  m ed ia  
as w ell.  As regards g e rm in a t io n ,  H a w k e r  and  co-w orkers  [11] r e p o r te d  t h a t  
C u n n ingham ella  elegáns sh o w ed  conidial g e rm in a t io n  f rom  1 to  3 h a f te r  be ing  
p la c e d  in  w a te r  or n u t r i e n t  so lu tion . The spores o f  o u r  C unningham ella  an d  
C ladosporium  stra ins be g a n  to  g e rm in a te  in th e  f i r s t  a n d  th i rd  hour, respectively .

T h e  d a ta  p resen ted  h e re  lead  to  th e  suggest ion  t h a t  th e  d ifferentia l 
g ro w th  ra te s  of b o th  fungi m ig h t  be due to  some o th e r  fac to rs  th a n  n u tr i t io n a l ,  
m o s t  p ro b a b ly  horm onal,  or,  in  o the r  words, genetical.

I t  is now recognized t h a t  m ost ,  if n o t  all, o f  th e  physiological a c t iv i ty  
o f  t h e  p la n t  is regu la ted  b y  a v a r ie ty  of chem ical su b s tan ces ,  i.e., ho rm ones . 
A c c u m u la t iv e  d a ta  desc r ib ing  th e  effect of IA A  a n d  its allies are  ava ilab le ,  
m o s t  o f  w'hich are on h ig h er  p la n ts .  In  some cases th e  effect is s t im u la to ry ,  in 
o th e r s  inh ib i to ry  and  in  sti l l  o th e r  cases IA A  is a necessa ry  p a r t ic ip a n t  in th e  
g ro w th  a c t iv i ty  of o th e r  p l a n t  horm ones, viz., cy to k in in s  and  gibberellins 
[10, 12— 14].

T h e  presen t in v e s t ig a t io n  revealed  an  in c reased  daily  g row th  of b o th  
C u n n ingham ella  and  C ladosporium  in  th e  presence  of  5 p a r ts /1 0 e IAA, reach in g  
its  m a x im u m  earlier in t h e  fo rm er  th a n  in th e  l a t t e r  fungus. S ign if ican t
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g ro w th  s t im u la t io n  on D o x  ag a r  m ed ium  was only shown b y  C unningham ella  
in th e  presence of 5 p a r ts /1 0 fl GA. M oreover, inclusion of  t r y p t o p h a n  in the 
D o x  ag a r  m ed ium  resu lted  in a la te  sligh t suppressive effect on  th e  growth 
o f  C unningham ella  w hereas  th e  g row th  of Cladosporium  was u n a ffec ted  by 
t ry p to p h a n .

Superio r i ty  of one source of n i trogen  over o thers  for fu n g a l  grow th, 
v ar ies  w ith  d ifferent fungi. T hus ,  K N 0 3 a n d  asparag in  were r e p o r te d  to  he 
b e t t e r  th a n  (N H 4)2S 0 4 for g row th  and  spo ru la t ion  of F u sa r iu m  udurn  [17]. 
E xce llency  of a spa rag in  as com pared  to  o th e r  n itrogen  sources for  fungal 
g ro w th  was found  b y  W illis [22], Aube and  Agnon [1] a n d  Stephen  and 
Christina [19].

T he  p resen t  w ork  revea led  t h a t  th e  g row th  of the  tw o fung i  u n d e r  s tu d y  
v a r ie d  n o t  only w ith  th e  n i trogen  source h u t  also w ith  th e  n a tu r e  of  th e  n u t r i 
t iv e  m ed ium . On solid m ed ium , b o th  fungi p refe rred  N a N 0 3 to  ( N H 4)2C 0 3 or 
a spa rag in .  On th e  o th e r  h a n d ,  h igher  mycelial d ry  weights of b o th  fung i  were 
p ro d u ced  on liquid  m ed ium  enriched  w ith  a sparag in  t h a n  w i th  N a N 0 3 or 
( N H 4)2C 0 3. T h a t  one m e th o d  of m easu ring  g row th  m ay d isagree  w i th  a n o th e r  
was cla im ed b y  F ries [8] an d  Lilly a n d  Barnett [15].

T h e  p resen t  w ork  also showed t h a t  m ax im u m  g row th  (in d ry  weight 
te rm s)  of C unningham ella  was reached  m uch  earlier th a n  t h a t  o f  Cladosporium ; 
a f te r  th e  peak  of g row th  signs of au to lysis  began  to  appear .  T h is  b eh av io u r  
in d ica tes  t h a t  C unningham ella  d raw s its g row th  curve  in a f a s te r  r a t e  t h a n  the  
slower C ladosporium . N evertheless ,  C ladosporium  reached, d u r in g  i ts  o p t im u m  
period  of g row th , a h igher  mycelial d ry  w eigh t  th a n  th a t  p ro d u ced  b y  C unn ing 
ham ella  d u r ing  its own respec tive  period. Cochrane [5] s ta te d  t h a t  d ry  weight 
in  th e  f i lam entous  fungi m a y  be decep tive  inasm uch  as i t  c a n  re p re se n t  in 
p a r t  th e  accu m u la t io n  of po lysaccharides ,  lipids or wall m a te r ia ls  w ith o u t  
increase  in living p ro top lasm . W h e th e r  th is  is t ru e  or no t ,  will be  th e  subject 
o f  a fo r thcom ing  inves t iga t ion .
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Abstract

T he differences in  th e  m ax im u m  d ry  w eight betw een  th e  tw o  fnng i u n d e r s tu d y  
seem s to  be a false c rite rio n  of d ifference in  g row th , because i t  re p re se n ts  differences 
in  accu m u la ted  am o u n ts  o f p o ly sacch arid es r a th e r  th a n  p ro te in s. T h e  slow g row th  of 
Cladosporium  m ay  be p a r tly  due  to  i ts  h igher am m onium  c o n te n t as com pared  to  
C unningham clla  h y p h ae . C unningham clla  abso rbed  g rea te r a m o u n ts  o f  t ry p to p h a n  
an d  revea led  h igher e ffic iency  in  tran sfo rm in g  m o st o f th e  ab so rb ed  a m o u n ts  in to  o th er 
com pounds.

Introduction

M ethods of m easuring  fu n g a l  g row th  are num erous  a n d  w ell-know n, b u t  
th e re  is no general m e th o d  to  he  recom m ended  for all. Tin; m o s t  w idely  used 
m e th o d  is es t im ation  of  g ro w th  b y  d e te rm in a t io n  of th e  d ry  w eig h t  of th e  
m ycelium . However, d ry  w eig h t  m a y  reflect accum ula tion  of po lysaccharides ,  
lipids, or wall m a ter ia l  r a th e r  th a n  synthesis  of new  p ro to p la sm  [2]. O xida tive  
assim ila tion  is often  v e ry  a c t iv e  in fungi u n d e r  conditions w h ich  re s tr ic t  
p ro te in  synthesis  [1, 4, 14, 16].

The po ten tia l i t ies  o f  a fun g u s  to  utilize d ifferent sugars  o r  n i t ro g en  com 
p o unds  and  to  syn thesize  v a r io u s  essential m etabo lites  before  i t  can  grow are 
l im ited  b y  its genetic c o n s t i tu t io n .

In  a prev ious w ork  th e  a u th o rs  [13] s tud ied  the  effect o f  som e cu ltu ra l  
conditions on th e  g row th  ra te s  o f  C unningham clla echinulata  ( fast-grower) and 
C ladosporium  herbarum  (slow-grower). T hey  found  th a t  th e  fo rm e r  fungus 
reaches its op t im u m  period  o f  g ro w th  m uch  earlier t h a t  th e  l a t t e r .  T h e  m ax i
m u m  of th e  mycelial d ry  w eigh t  w as h igher in case of C ladosporium  as com 
pa red  to  Cunningham ella.

T he objective  of  th e  p re se n t  w ork  was a tr ia l  to  in te r p r e t  g row th  dif
ferences be tw een  C unningham ella  a n d  Cladosporium  in re la t ion  to  th e i r  ca rbo 
h y d ra te  an d  n itrogen  m etabo lism .

Material and method

As g row th  m edium  fo r co n tro l cu ltu res  D ox liquid  m edium  w ith  a sp a ra g in  as N source 
w as used  [13]. A dditional in g red ien ts  5 p a r ts /1 0 K indol ace tic  acid (1AA), 5 p a r ts /1 0 6 g ibberellin  
(GA ) or try p to p h a n  correspond ing  to  12 m g N(100 ml) were added  to  th e  s te rilized  m edium .
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E a c h  f la s k  con ta ined  50 m l m ed iu m . S p o re  suspensions fro m  7 -d ay -o ld  s la n t cu ltu res were used 
as in o cu lu m . T he inocula c o n ta in e d  e q u a l nu m b er o f spores. E a c h  co m b in a tio n  w as p re p are d  in 
d u p lic a te .  T he cu ltu res w ere in c u b a te d  a t  25 °C for 10 d ay s d u rin g  w h ich  sam ples w ere ta k e n  
fo r c a rb o h y d ra te  and n itro g en  a n a ly s is  o f m edia an d  m ats  a t  48 a n d  144 h  and  a t  th e  end of 
th e  in c u b a tio n . The m eth o d s u se d  fo r  e x tra c tio n  of m edia  a n d  m a ts  w ere those  recom m ended  
b y  N a g u ib  [9]. All th e  c a rb o h y d ra te  a n d  n itrogen  frac tio n s  w ere  e s tim a te d  co lorim etrically . 
N e l s o n ’s m eth o d  [11] was t h a t  a d o p te d  fo r d e te rm in a tio n  o f su g a r in  te rm s of glucose (D R V , 
T R Y , a n d  polysaccharides). A m m o n ia -N  w as d e te rm in ed  acco rd in g  to  D el o r y  [5], am ino- 
a n d  p ro te in -N  according to  R u s s e l l  [12], am ide-N  accord ing  to  N a g u ib  [10], n itra te -N  accord 
in g  to  T a r a  [18], p ep tid e -N  a c c o rd in g  to  Su th er la n d  a n d  co -w orkers [17], a n d  t r y p to 
p h a n  acco rd in g  to Sn ell  a n d  S n e l l  [15].

Results

D r y  weight o f mats

T a b le  1 shows t h a t  t h e  tw o  fungi responded  in  a d iffe ren t  m a n n e r  to  the  
a d d i t io n a l  chemicals. T h u s ,  t h e  d ry  weight of t h e  C unningham ella  m a ts  t h a t  
h a d  b e e n  cu lt iva ted  to  2 or  6 d a y s  in presence of IA A , GA or t r y p to p h a n  were 
be low  th e  control va lues .  I n  th e  10-day sam ples  t h e  differences were less 
ex p re sse d .  On the  o th e r  h a n d ,  IA A  and GA fa iled  to  in fluence  th e  g row th  of 
C ladosporium . The 6 -d ay  v a lu e s  for th e  t ry p to p h a n -c o n ta in in g  cu ltu res  were 
s ig n i f ic a n t ly  lower t h a n  th e  c o n tro l  values of C ladosporium .

T h e  grow th b e h a v io u r  o f  C unningham ella  a n d  C ladosporium  on control 
D o x  m e d iu m  revealed  s ig n i f ic a n t ly  higher d ry  w e ig h ts  of th e  form er fungus 
a f t e r  2 -d a y  and  6-day  in c u b a t io n .  However, b y  th e  end  of th e  in cuba tion  the  
C ladosporium  s tra in  e x ceed ed  th e  C unningham ella  in  mycelial d ry  weight.

A n a ly s is  o f  media

Carbohydrate a n a ly s is :  T h e  to ta l  sugar u p t a k e /m a t  o f  C ladosporium , in 
e a c h  com parison , was s l ig h t ly  h igher  th a n  th e  re sp ec t iv e  values reached  b y  
C unningham ella , excep t in  p re se n c e  of GA (Table 2). Since such differences m ay  
b e  a t t r i b u t e d  to th e  co r re sp o n d in g  differences in  d ry  w e ig h t  of m ats ,  th e  to ta l  
s u g a r  u p tak e /1  g of th e  f in a l  d r y  w eight of each fu n g u s  w’as calcu la ted . This 
v a lu e  w as, in each c o m p ar iso n ,  h ig h er  in C unningham ella  t h a n  in Cladosporium , 
e sp ec ia l ly  in the  presence o f  IA A  or t r y p to p h a n .

N itrogen analysis : T h e  re su l ts  of n itrogen  an a ly s is  are  sum m arized  in 
T a b le  3. T he  to ta l  a m o u n ts  o f  n i t ro g en  absorbed  b y  th e  tw o  fungi were a lm ost 
e q u a l  a t  th e  end of th e  e x p e r im e n t  (10 days). R o th  fungi, irrespective  of 
t r e a t m e n t ,  p referred  th e  a m id e -N  to  the  am ino-N  o f  a sparag in .

A n a ly s is  o f  mats

N itrogen  analysis : I n  t h e  m a ts  n i trogen  w as d e te rm in ed  in different 
fo rm s  v iz . ,  n i t ra te ,  a m m o n ia ,  am ino , amide, p e p t id e ,  p ro te in ,  free t ry p to p h a n  
a n d  b o u n d  t ry p to p h a n .  T h e  v a lu e s  of th e  soluble N  (m g N/g final d ry  weight) 
w e re  o f  l im ited  v a r ia t io n s  in  b o t h  fungi, excep t for t h e  am m onia -N . T h e  la t te r
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T ab le  1

M ean values o f  dry weight o f  mats o f  C unningham ella and Cla dosporium at the end o f  three growth
periods under various treatments

(in  mg)

Dox liquid medium enriched with
C unningham ella C ladosporium

2 days 6 days 10 days 2 days 6 days 10 days

none 119 296 278 29 241 357
5 p arts /1 0 6 IAA 46 188 237 31 241 373
5 p arts /1 0 6 GA 59 248 295 30 256 350
12 m g N as try p to p h a n 22 187 240 15 158 370

L. S. D. a t  0.05 level =  39 
a t  0.01 level =  52

T ab le  2

M ean values o f  total sugar uptake by Cunningham ella and Cladosporium mats gro wn fo r  10 days in  
variously treated D ox liqu id  m edium  (as mg sugar)

(in  mg)

Medium enriched with

C unningham ella Cladosporium

Total/mat
Total/1 g 
final dry 
weight

Total/mat
Total/1 g 
final dry 
weight

none 1 570 5 652 1 630 4 565

5 p a rts /1 0 e IAA 1 590 6 709 1 640 4 397

5 p a rts /1 0 6 GA 1 500 5 085 1 640 4 686

12 mg N as try p to p h a n 1 600 6 666 1 600 4 324

T a b le  3

M ean values o f  total nitrogen absorption ( in  mg N/mal/lOO ml m edium ) fro m  asparagin by C unning
hamella and Cladosporium mats grow n fo r  10 days on d ifferently treated Dox liqu id  m edium

Medium enriched with
C unningham ella C ladosporium

Uptake from Uptake from
Amino-N Amide-N Total Amino-N Amide-N Total

none 15.9 17.0 32.9 15.8 17.0 32.8
5 p a rts /1 0 6 IAA 15.8 17.0 32.8 15.9 17.0 32.9
5 p a rts /1 0 s G A 16.0 17.0 33.0 16.0 17.0 33.0
12 m gN  as try p to p h a n 15.0 17.0 32.0 15.0 17.0 32.0

f ra c t io n  was found  in h ig h er  a m o u n ts  in Cladosporium  m a ts  especia lly  during  
th e  f i r s t  tw o  days, t h a n  in C unningham ella  m a ts .

Tab le  4 includes th e  av e rag e  va lues  of to ta l  soluble N (T .S.N.), p ro te in -N , 
a n d  to ta l  N (T.N.) (as mg N / l  g f ina l  d ry  weight) .  I t  shows t h a t  th e  a d d i t io n a l
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Table 4

Average values o f total soluble nitrogen, protein and total nitrogen ( as mg N  /  1 g  f in a l  dry weight 
o f  each period) in  mats o f  Cunningham ella and Cladosporium  raised fo r  3 growth periods under

different treatments

Medium 
enriched with

G rowth
period
(day)

Cunningham ella C ladosporium

T.S.N. Protein-N T. N. T.S.N. Protein-N T. N.

none 2 22.0 5.5 27.5 28.6 5.0 33.6

6 19.4 6.5 25.9 16.8 18.0 34.8

10 16.7 14.4 31.1 13.6 21.3 34.9

5 p a r ts /1 0 e IAA 2 23.5 17.1 40.6 28.8 6.1 34.9

6 16.2 23.2 39.4 16.0 19.0 35.0

10 14.9 23.1 38.8 13.9 20.6 34.5

5 p a rts /1 0 6 GA 2 20.2 18.6 38.8 30.0 4.5 34.5

6 18.7 21.3 40.0 15.5 23.2 38.7

10 16.8 18.8 35.6 14.8 24.0 38.8

12 m g N 2 23.4 13.0 36.4 25.6 7.6 33.2

as try p to p h a n 6 21.0 15.8 36.8 20.3 12.8 33.1

10 17.8 16.4 34.2 13.8 20.4 34.2

in g red ien ts  in t h e  m e d iu m  resu lted  in no m e a s u ra b le  v a r ia t ion  in th e  T .S.N . 
c o n te n t  of the  m a ts .  I n  C unningham ella  th e  increase  in p ro te in -N  was su b 
s ta n t ia l ly  acce lera ted  b y  e i th e r  of IAA, GA, a n d  t r y p to p h a n  in th e  m edium . 
I n  t h e  C ladosporium  s t r a in ,  on th e  o ther  h a n d ,  t h e  ra te  of p ro te in  syn thesis  
w as  n o t  in fluenced b y  th e se  substances. On th e  w hole ,  th e  differences b e tw een  
th e  respec tive  n i t ro g e n  frac t io n s  in th e  tw o fu n g i  are too small to  accoun t 
fo r  t h e  recorded  differences in  d ry  w eights a t  t h e  end  of the  experim ent.

Tab le  5 inc ludes  t h e  to t a l  t r y p to p h a n -N  u p ta k e  from th e  m ed iu m  and  
i ts  a m o u n t  as well as  i ts  p e rcen tage  t r a n s fo rm a t io n  in  m a ts  of b o th  fungi b y  
th e  end of th e  e x p e r im e n t .  I t  shows th a t  C unningham ella  absorbed  m ore  th a n  
d o u b le  th e  a m o u n t  o f  t r y p to p h a n - N  ta k e n  u p  b y  Cladosporium . T h e  l a t t e r  
fu n g u s  re ta ined  a lm o s t  h a l f  o f  th e  absorbed  t r y p t o p h a n  in a free u n ch an g ed  
fo rm . C unningham ella  w as  m ore  capable  of t r a n s fo rm in g  m ost  of th e  absorbed  
t r y p to p h a n  in to  o th e r  com pounds . T r y p to p h a n  incorpora ted  in p ro te in  
cou ld  no t  be d e te c te d  b y  th e  m e thod  applied  b y  us.

Carbohydrate ana lysis

Table  6 inc ludes t h e  average  values of liexoses and  polysaccharides  in 
m a t s  o f  b o th  fungi;  sucrose  was n o t  inc luded  d u e  to  its negligible value . I t  
show s t h a t  the  po ly sacch a r id es  in control m a ts  o f  b o th  fungi increased gradu-
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T able  5

Average values o f total tryptophan uptake from  the m edium , its am ount as well as its percentage trans
form ation  in mats o f  Cunningham ella and C ladosporium  after 10-day-growth on D ox m edium

containing tryptophan  
(as mg try p to p h a n -N )

Medium 
enriched with

C unningham ella C ladosporium

mg N per
U ptake in m at

% trans
form a

tion
Uptake in m at

% trans
fo rm a

tion

12 m g N M at 0.9 0.18 80 0.4 0.207 48.2

as try p to p h a n 1 g final
d ry  weight 3.8 0.76 80 1.08 0.560 48.1

Table 6

Average values o f  hexoses and polysaccharides in  C unningham ella and Cladosporium mats raised on 
differently  treated Dox m edium  fo r  three groivth periods 

(as m g glucose/1 g final d ry  w eigh t o f each  period)

Medium 
enriched with

Growth
period
(day)

C unningham ella C ladosporium

Hexoses
Polysac
charides

Total
carbo

hyd ra te
Hexoses

Polysac
charides

Total
carbo

hydrate

none 2 36.0 23.3 59.3 0.4 272.6 273.0

6 0.6 31.9 32.5 14.0 291.2 305.2

10 0.4 44.6 45.0 0.2 353.0 353.2

5 p a rts /1 0 6 IAA 2 57.6 48.9 106.5 1.2 137.9 139.1
6 0.5 52.6 53.1 2.8 312.1 314.9

10 1.8 35.8 37.6 0.5 384.5 385.0

5 p a rts /1 0 6 GA 2 5.2 31.8 37.0 0.9 171.4 172.3

6 0.3 83.3 83.6 0.2 197.8 198.0

10 1.7 54.4 56.1 0.2 322.7 322.9

12 m g N 2 10.4 23.0 33.4 0.3 12.4 12.7

as try p to p h a n 6 0.5 38.3 38.8 15.2 240.0 255.2

10 2.5 16.8 19.3 0.4 360.3 360.7

ally till th e  end of th e  experim ent.  V arious  t r e a t m e n t  of C unningham ella  m a ts  
enhanced  th e  p o lysaccharide  synthesis  d u r in g  th e  1st and  2nd g row th  periods, 
a f te r  which  a d rop  in  th is  fraction  occu rred ,  d en o t in g  its p robab le  b re a k d o w n  
d u r in g  au to lysis .  T h e  p ic tu re  in C ladosporium  was different, since t h e  p o ly 
saccharide  was a lw ays  increasing in d ic a t in g  t h a t  signs of au tolysis  h a v e  n o t  
y e t  been  reached  till th e  end of the e x p e r im e n t .  H ow ever,  C ladosporium  m a ts
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re v e a le d  aston ish ing  h igher  va lues  o f  po lysaccharides  th a n  C unningham ella . 
S u ch  differences are large enough  to  acco u n t  for  th e  higher mycelial d ry  w eigh t 
o f  C ladosporium  a t  th e  end of th e  e x p e r im en t .

Discussion

T h e  difference in d ry  w eigh t ap p e a r in g  a t  th e  peaks re p re se n t in g  th e  
m a x im u m  grow th  of C unningham ella  ech inula ta  and  Cladosporium  herbarum  
[13] seem s to  be a false cri te r ion  o f  g row th .  T h e  p resen t  w ork  re v ea led  t h a t  
v a r ia t io n s  in  th e  levels of T .S .N .,  p ro te in  a n d  T .N . in b o th  fungi a re  too  small 
to  a c c o u n t  for th e  m ycelial d ry  w eigh t  differences. The po lysaccharide  c o n te n t  
seem s to  he th e  m a jo r  f rac t io n  responsib le  for  such differences, w h ich  are  
c o n s e q u e n t ly  re la ted  to  o x id a t iv e  a ss im ila t ion  r a th e r  th a n  to  p ro te in  syn thes is .  
In c re a s e  in  p ro te in ,  or n i trogen  in general,  is th e  real sign for increase in l iv ing 
p ro to p la s m .  Cochrane [2] s ta te d  t h a t  m a ss -d ry  w eight, usually  —  in t h e  f i la 
m e n to u s  fungi m ay  be decep tive  in a sm u c h  as i t  can represen t  in  p a r t  th e  
a c c u m u la t io n  of po lysaccharides ,  l ipids or w all  m ater ia ls  w ith o u t  a n y  increase  
in l iv ing  p ro top lasm .

F r o m  th e  p re sen t  s tu d y ,  how ever,  a n d i n  th e  l igh t of th e  revea led  m e ta 
bolic  ac t iv i t ie s  of th e  two fungi u n d e r  s tu d y ,  several points  should  be s tressed .

Slow grow th  of C ladosporium , especially  during  th e  f irs t  g row th  per iod , 
m a y  b e  p a r t ly  a t t r ib u te d  to  its  te n d e n c y  to  accu m u la te  in its h y p h a e  h igher  
a m o u n t s  o f  am m o n ia  t h a n  th o se  fo u n d  in  C unningham ella . A m m o n ia  in  h igh  
c o n c e n t ra t io n s  is to x ic  [3, 6— 8].

A lth o u g h  th e  to ta l  ab so rb ed  a m o u n ts  o f  n i trogen  from  a sp a ra g in  were  
a lm o s t  eq u a l  in th e  tw o  fungi a t  th e  end of t h e  ex per im en t,  y e t ,  h igher  p ro te in  
v a lu e s  in  th e  va r ious ly  t r e a te d  C unningham ella  as com pared  to  C ladosporium  
m a t s  w ere  observed  during  th e  f i rs t  g ro w th  period . This beh av io u r ,  if t h e  real 
m e a n in g  o f  g row th  is no t  over looked , in d ica tes  n o t  only faster  g ro w th  b u t  also 
h ig h e r  te n d e n c y  of C unningham ella  to  b u ild  up  more p ro to p la sm  d u r in g  its 
e a r ly  g ro w th .

T h e  h igher  ab il i ty  of  C unningham ella  as com pared  to  C ladosporium  to  
ab so rb  t r y p to p h a n ,  coupled w i th  th e  h igher  efficiency of th e  fo rm er in  t r a n s 
fo rm in g  m o s t  of i ts  ab so rb ed  a m o u n ts  o f  th is  am ino  acid in to  a n o th e r  c o m 
p o u n d ^ ) ,  focuses th e  l ight on th e  possible v a r ia b i l i ty  in b o th  fungi to  s y n th e 
size, n a tu r a l ly ,  indoleacetic  acid.

T h e  above-m en tioned  poss ib ili ty  will be  th e  sub jec t  of our n e x t  w ork .
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Abstract

In  th e  f i ltra te s  o f C unningham ella  echinulata  cu ltu res g ro w th  p ro m o te rs , in the 
Cladosporium  herbarum  m a ts  g ro w th  in h ib ito rs  were fo u n d  in w e ll-dem onstrab le  
am o u n ts . B o th  fung i p ro d u ced  th e  sam e ty p e s  of g ibberellins (G A 3 a n d  GA 4 o r A 9) in 
th e ir  g ro w th  m edia.

In tro d u c t io n

L ite ra tu re  on th e  p ro d u c t io n  o f  g ro w th  substances b y  fu n g i  is limited. 
T hus ,  p ro d u c t io n  of  indoleacetic  ac id  (IAA) b y  b o th  p a th o g e n ic  a n d  non- 
pa th o g en ic  fungi has  been  re p o r te d  b y  A l l e n  [1], M a c e  [11], G r u e n  [9], 
N o v a t  [13], M a h a d e v a n  and  Ch a n d r a m o h a n  [12], L e a l  a n d  co-w orkers  [10], 
B e l t r a  and  co-workers [2] an d  Y u  a n d  co-workers [21].

S ince  t h e  f i r s t  i s o la t io n  o f  g ib b e re l l in  f ro m  F usarium  m o n ilifo rm e  S h e l d  
(■Gibberelia fu j ik u r o i  (Sa w .) W r .), t h e  s e a r c h  fo r  i t  in  o t h e r  f u n g i  h a s  been  
o v e r lo o k e d ;  a t t e n t i o n  b e in g  g e n e ra l ly  fo c u se d  on  its  e f fec t  o n  h i g h e r  p la n ts .

I n  a prev ious w ork  th e  a u th o rs  [16, 17] d em o n s tra ted  t h a t  o f  th e  two 
fungi u n d e r  s tu d y  th e  C unningham ella  grew fas te r  t h a n  th e  C ladosporium , 
u n d e r  various cu l tu ra l  conditions. M oreover, the  fo rm er t r a n s fo rm e d  into 
o th e r  com pounds  a g rea te r  p a r t  o f  t h e  t r y p to p h a n  tak en  u p  f ro m  th e  m edium  
as com pared  to  th e  la t te r .

I n  th e  p resen t  w ork  we a t t e m p te d  to  in te rp re t  g ro w th  differences in 
b o th  fungi in the  l igh t  of th e i r  h o rm o n a l  p ic tu re .

Material and method

P reparation o f  m ats: M ycelial m a ts  w ere o b ta in e d  a fte r 4-day g ro w th  a t  25 °C on Dox 
liqu id  m ed ium  co n ta in in g  a sp a ra g in  as N  source. T his age is m ost su itab le , s ince  i t  represen ts 
ac tiv e  g row th  in  b o th  fung i w ith o u t signs o f a u to ly s is  [16]. F iltra tio n  w as fo llow ed by gentle 
b lo ttin g  of m a ts  be tw een  filte r  pap ers . O n th e  basis o f equal dry w eights, d iffe re n t fresh  weights 
from  b o th  fungi were e x tra c te d .

P reparation o f  filtra tes :  F il tra te s  o f 7 -day-o ld  m ats  o f C unningham ella  a n d  Cladospo
riu m  g row n a t 25 °C on th e  m edium  ch ara c te riz ed  above were su b jec ted  to  e x tra c tio n .

E xtraction , separation and bioassay: T he m eth o d s used for e x tra c t io n  o f g row th  sub
stan ces, se p a ra tio n  th ro u g h  p a p e r (p a rti t io n )  ch ro m o to g rap h y  an d  b io assa y in g  of activ ity  
b y  m eans of H ordeum  coleoptile cy linder te s t  w ere those  recom m ended  by  F o d a  a n d  R a d w a n  
[5, 6 , 7, 8 ]. S ep a ra tio n  by  th in - la y e r  c h ro m a to g ra p h y  and d e tec tio n  o f g ib b ere llin s (GA) 
w ere carried  o u t acco rd ing  to  P a leg  [15].
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Results

M ycelial mats

D efin ite  am o u n ts  o f  t h e  e thy l  alcohol e x t r a c t  of C unningham ella  or 
C ladosporium  m ats  were c h ro m a to g ra p h e d ;  th e  c h ro m a to g ra m s  were developed 
in  isop ropano l : w a te r  (80 : 20 v/v). Some c h ro m a to g ra m s  were te s te d  for 
b io log ica l  ac tiv ity , o the rs  w e re  used for colour reac t io n s .

F ig . 1 presents  t h e  b io log ica l ac tiv ity  of t h e  d iffe ren t  ch ro m a to g ram  
s t r ip s .  T h e  ex trac t  o f  C unningham ella  m a ts  sh ow ed  no zones of biological 
a c t iv i t y .  Cladosporium  m a t s ,  o n  th e  other h a n d ,  show ed  one zone of g row th  
in h ib i t io n  h u t  no zones of  g ro w th  prom otion. T h e  zone of  growth inh ib it ion  
was a t  ch rom atog ram  s t r ip  N o . 10 which co r re sp o n d  to  R f value from  0.9 
to  1.0. T he  colour re a c t io n  a p p e a re d  negative.

Filtrates

T h e  e thy l alcohol e x t r a c t s  o f  media were c h ro m a to g ra p h e d  in isopropanol : 
w a t e r  (80 : 20 v/v). T he  c h ro m a to g ra m s  were th e n  t e s t e d  for biological a c t iv i ty  
a n d  co lo u r  reactions. I t  is c le a r  from Fig. 2 t h a t  C unningham ella  f i l t r a te  
sh o w e d  tw o zones of g ro w th  p rom otion , b u t  no zones of  g row th  inh ib ition . 
T h e  f i r s t  zone was a t  c h ro m a to g ra m  No. 4, co r re sp o n d in g  to  Rf value from  
0.3 to  0.4. A green sp o t  o f  R f  v a lu e  (0.2 to  0.4) a p p e a re d  a f te r  sp ray ing  th e  
c h ro m a to g ra m  with S a lkow sk i reagen t .  A t th e  sam e  Rf v a lu e  a pale p ink colour 
a p p e a r e d  w ith  Ehrlich  r e a g e n t  a n d  a yellow colour w i th  n itrous-n itr ic  reagen t .

T h e  second zone of g r o w th  p rom otion  was a t  c h ro m a to g ra m  str ips  No. 
6, 7 a n d  8, corresponding to  R f values from 0.5 to  0.8. Salkowski reag en t  
r e v e a le d  a yellowish green s p o t  o f  Rf value (0.5 to  0.6). A t  th e  same Rf va lu e  
an  o ra n g e  spot was o b ta in e d  w ith  Ehrlich  r e a g e n t .  N itrous-n itr ic  reag en t  
p r o d u c e d  a pale blue sp o t  o f  R f value  (0.6— 0.7).

I t  seems therefore  p o ss ib le  to  conclude t h a t  C unningham ella  f i l t r a te  
c o n ta in e d  tw o grow th p r o m o te r s ,  p robab ly  of in d o l  n a tu re .

O n  th e  other h a n d ,  C ladosporium  f i l t ra te  sh ow ed  no zones of biological 
a c t iv i t y .  In  the  c h ro m a to g ra m  E hrlich  reagen t  p ro d u c e d  a pale red sp o t  of 
Rf v a lu e  (0.2— 0.4) a n d  a y e l lo w  spot of Rf v a lu e  (0.4— 0.5). Spray ing  th e  
c h ro m a to g ra m  w ith  n i t ro u s -n i t r ic  reagent re su l ted  in  a  yellow spot a t  Rf 
(0.2— 0.4) and  a p ink  sp o t  a t  R f  (0.4— 0.5). I t  is in te r e s t in g  t h a t  some g ro w th  
p r o m o te r s ,  though  n o n -s ig n if ican t  a t  the  0.01 level, w ere  de tec ted  a t  Rf values  
co r re sp o n d in g  to  th e  c o lo u re d  spots.

O n  th e  whole, i t  is c lea r  t h a t  th e  g ro w th -p ro m o tin g  ac t iv i ty  is g rea te r  in 
C unningham ella  th a n  in C ladosporium  media.

T h e  th in-layer c h ro m a to g ra m s  used for t h e  s e p a ra t io n  of gibberellins 
f ro m  e x t r a c t  of f i l t ra tes  o f  t h e  cultures of b o th  fu n g i  were  dried in cold air
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Fig. 1. C oleoptile te s t  for frac tio n a ted  a lcohol e x tra c ts  o f Cunningham ella  
and  Cladosporium  m a ts

before  being  sp ray ed  w ith  e thano l/su lphu ric  acid  (95 : 5). The p la tes  were  th e n  
h e a te d  a t  a b o u t  120 °C for 20 m inu tes ,  and  th e  colour was carefully  e x am in ed  
in u l t rav io le t  light.

T ab le  1 includes th e  ch ro m ato g rap h ic  p ropert ie s  of gibberellins found  
in th e  f i l t ra te  ex tra c ts .  I t  shows t h a t  th e  m ed iu m  of each of th e  tw o  fungi 
revealed  tw o spots  on th e  c h ro m a to g ram  a t  1.0 an d  1.2 R G A  (m o v e m e n t  
re la t ive  to  gibberellic acid A 3). T he  p ro d u ced  colour, u n d e r  u l t ra v io le t  light,  
was fa in t  g reen-hlue a t  R G A  1.0 and  p u rp le  a t  R G A  1.2, which co rrespond  
to  G A 3 and  GA4, or A 9, respectively .

I t  appea rs  in t h e  l igh t  of th is  q u a l i ta t iv e  t e s t  t h a t  b o th  fungi a re  able 
to  p roduce  th e  sam e ty p es  of gibberellins.

Fig. 2. C oleoptile te s t  for f rac tio n a ted  alcohol e x tra c ts  o f m edia  on w hich C unningham ella
or Cladosporium  were g row n fo r 7 days
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T ab le  1

T hin -la yer chromatographic properties o f  the gibberellins in  the extracts o f  media on which Cunning- 
hamella or Cladosporium were grow n fo r  7 days

Item
C unningham ella C ladosporium

1st spot 2 nd spot 1st spot 2 nd spot

R G A *

C olour

T y p e  o f  p ro p e r gibberellin

1 . 0

F a in t  green 
to  blue

A 3

1 . 2

P u rp le  

A t or
A ,

1 . 0

F a in t green 
to blue

A 3

1 . 2

P u rp le  

A 4 or
A 9

* M ovem ent re la tive  to gibberellic acid (A 3)

Discussion

I t  is now recognized t h a t  m ost ,  if n o t  all, of th e  physiological ac tiv it ies  
o f  th e  p l a n t  are regu la ted  b y  a v a r ie ty  of h o rm ones .  G row th  is b y  fa r  th e  m ost 
c o m p le x  of all physiological processes.

T h e  p re se n t  work revea led , th ro u g h  th e  b ioassay  s tu d y  of g ro w th  su b 
s ta n c e s  t h e  existence of h igh ly  significant a m o u n ts  of growth p rom ote rs ,  p ro b 
ab ly  o f  indolic  n a tu re ,  in th e  m ed ium  su s ta in in g  C unningham ella  m a ts .  These 
p ro m o te r s  could no t be d e tec ted  in  considerab le  am o u n ts  in th e  g row th  m ed ium  
of C ladosporium . This fac t  if  added  to  th e  preva lence  of g row th  in h ib i to ry  
s u b s ta n c e s  in Cladosporium  h y p h a e  a n d  th e i r  absence in  C unningham ella , are 
m o s t  p r o b a b ly  th e  clews w hich  expla in  g ro w th  v a r iab il i ty  in th e  tw o  fungi 
u n d e r  s tu d y .  Fa ilu re  to  d e te c t  g row th  p ro m o te rs  in m a ts  o f  b o th  fungi does 
n o t  im p ly  th e i r  absence the re .  This m a y  b e  e i the r  to  im proper  a m o u n ts  of 
m a t s  e x p e r im e n te d  w ith  or to  its  p ro d u c t io n  in  th e  growing h y p h a l  t ip s  from  
w here  i t  becom es excre ted  in to  th e  e x te rn a l  m ed iu m . The second poss ib i l i ty  is 
m o re  p ro b a b le  since Smith [18, 19] an d  Stadier  [20] s ta te d  t h a t  th e  fungal 
h y p h a  grows in  leng th  b y  e longa tion  of a zone ju s t  beh ind  th e  t ip .  F u r th e r  
f ro m  t h e  t ip  th e  wall th ick en s  becom ing  r ig id  an d  is no longer cap ab le  of 
e x te n s io n .

T h e  n a tu ra l  p ro d u c t io n  of IA A  in h ig h er  am o u n ts  b y  C unningham ella  
t h a n  b y  C ladosporium  would  exp la in  w h y  sm alle r  doses of th is  g ro w th  reg u la 
to r  (5 p a r t s /1 0 r') enhanced  g ro w th  of b o th  fung i  when  included in th e i r  D ox  
ag a r  m e d iu m ,  while larger doses (10 p a r ts /1 0 6) inh ib ited  only C unningham ella  
g ro w th  a n d  failed to  affect C ladosporium  [16].

L im i te d  l i te ra tu re  on G A  and  aux in  in te ra c t io n  suggests t h a t  t h e y  m ay  
a c t  b o t h  in d e p e n d e n t ly  and  to g e th e r ,  d ep en d in g  up o n  m a n y  fac tors .  T h e  fac t  
t h a t  t h e  cond it ion  of dw arfism  can  be co rrec ted  b y  applica tion  of GA is a t t r ib -
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u te d  b y  B r ia n  a n d  H e m m in g  [3] to  GA defic iency. C ladosporium , as show n 
during  th e  p re se n t  w ork , could syn thes ize  G A  as C unningham ella  d id , a n d  still 
exogenous a p p l ic a t io n  of GA did n o t  s t im u la te  th e  limited surface sp re a d  of 
th e  form er fun g u s  [16]. Some a u th o rs  believe  t h a t  an excess of som e n a tu r a l  
inh ib ito rs  is p re se n t  in d w arf  p lan ts ,  and  t h a t  GA coun terac ts  th e  e ffec t of 
these  [4]. This  a s su m p tio n  does n o t  m a tc h  w i th  th e  p resen t f ind ings ,  since 
coun te rac t in g  th e  effect of inh ib ito rs  p re se n t  in Cladosporium  m a ts  w as n o t  
ev ident. O c k e r s e  a n d  G a l s t o n  [14] suggested  t h a t  GA is d e p e n d e n t  up o n  
IA A  for its  ac t ion . Is th e  same v a l id  for C ladosporium , or is slow g ro w th  a 
d o m in an t  c h a ra c te r  in th is  fu n g u s?  I t  w o u ld  he p re m a tu re  to  a n sw e r  th is  
question  u n ti l  m ore  experim enta l re su lts  beco m e  available.

On th e  whole, i t  appears  f ro m  th e  p re s e n t  s tu d y  of Sa l a m a  a n d  co
w orkers [16, 17] t h a t  g row th differences be tw een  C unningham ella  an d  
Cladosporium  a re  genetically  controlled  v ia  p ro d u c t io n  of growth p ro m o te rs  
and  inh ib ito rs  in  var ious  levels. M oreover, f a s te r  g row th  of C unningham ella  is, 
m ost p ro b ab ly ,  a m a t t e r  of cell e longation r a t h e r  t h a n  increase in d ry  m a t te r .

R E F E R E N C E S

1. A l l e n , P. J .  (1954) Physiological a sp ec ts  o f fu n g u s  diseases o f p lan ts. A n n . Rev. P lant
Physio l., 5 , 225 248.

2. R e l t r a , R ., R a l l e s t e r o s , A. M., L ia h o z , R . (1969) S tu d ies  on th e  p ro d u c tio n  o f g ro w th
su b stan ces b y  Nectria galligena. M icrobiol, e span ., 22, 41 — 54.

3. B r ia n , P. W .. H em m in g , H. G. (1955) T he e ffec t o f g ibberellic  acid on sh o o t g ro w th  of
pea seedlings. P hysiol. P lant., 8 , 669 — 681.

4. D e v l in , R . M. (1969) P la n t physio logy. V an  N o s tra n d  R einhold  Co., N. Y.
5. F oda , II . A ., R a d w a n , S. S. (1961) C hanges o f g ro w th  reg u la tin g  su bstances d u rin g  d ev el

o p m en t an d  g e rm in atio n  of co tto n  seeds. A in  S h a m s Sei. B u ll., 7 , 259 — 269.
6 . F oda , H . A ., R a d w a n , S. S. (1962a) G ro w th  re g u la to rs  and  dorm ancy  of a p r ic o t seeds.

A in  Sham s Se i. B u ll., 8 , 305 — 346.
7. F oda , H . A., R a d w a n , S. S. (1962b) S tu d ies  on  n a tu ra l  g row th  inh ib ito rs  o f a p r ic o t  seeds.

A in  Sham s Se i. B u ll., 8 , 347 — 365.
8 . F oda , H. A ., R a d w a n , S. S. (1962c) S tra ig h t g ro w th  te s t  for horm ones a n d  in h ib ito rs

using  som e E g y p tia n  gram ineous p la n ts . A in  Sh a m s Sei. B u ll., 8 , 381 — 399.
9. Gr u e n , H . E . (1965) T he p ro d u c tio n  o f in d o leace tic  acid  by  Phycomyces blakesleeanus

M ycologia, 5 7 , 683 — 695.
10. L ea l , J .  A ., L i l l y , V. G., Ga lle g l y , M. E . (1968) T he p ro d u c tio n  of in d o le a ce tic  acid

from  L - try p to p h a n  by  species of P hytophthora. Can. J . Microbiol., 14, 595 — 600.
11. Ma c e , M. E . (1965) Iso la tio n  and id en tif ic a tio n  of 3-indoleacetic  acid fro m  F u sa r iu m

oxysporum  V. C ubense. Phytopathology, 55 , 240 — 241.
12. Ma h a d e v a n , A ., Chandram o ha n , D . (1966) A u x in  p ro d u c tio n  by  th e  rice le a f  b lig h t

fungus H elm in thosporium  oryzae a n d  o th e r species o f H elm inlhosporium . B u ll. In d ia n . 
Phytopathol. Soc., 3, 91 -9 6 .

13. N ovat, N . (1966) P ro d u c tio n  of in d o ly l-3 -ace tic  acid  by  some species o f U stilago. Soc.
Biol. (P a r is )  Compt. Rend. Seances, 160, 1414 — 1417.

14. Oc k e r s e , R ., Ga l s t o n , A. W . (1967) G ib b e re llin -a u x in  in te rac tio n  in pea s tem  e lo n g a tio n .
Plant P h ysio l., 42, 47 — 54.

15. P a l e g , L. G. (1965) Physiological e ffec t o f g ib b ere llin s . A n n . Rev. P lant P h ysio l., 16,
291 322.

16. Salama , A. M., Y o u n i s , A. E ., At t a b y , H . S. (1973a) S tud ies on fa s t and  slow  g ro w th  in
fungi. I. C o m p ara tiv e  g row th  of C unningham ella  echinulata  and  C ladosporium  herbarum  
as a ffec ted  b y  c u ltu ra l conditions. A cta  biol. A ca d . Sei. hung., 24 (1 — 2), 43 — 50.

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



64 S A L A M A  e t  a l.

17. Sa l a m a , A. M., Y o u n is , A. E ., At t a b y , H . S. (1973b) S tu d ies  on fa s t  an d  slow  g ro w th
in  fu n g i. I I .  C o m p ara tiv e  g ro w th  of C unningham ella  echinulata  and  C ladosporium  
herbarum  in  th e  l ig h t of th e ir  c a rb o h y d ra te  a n d  n itro g e n  m etabolism . A cta  biol. A cad. 
S e i. hung ., 24 ( 1 - 2 ) ,  5 1 - 5 7 .

18. S m i t h , J .  H . (1923) N o tes on th e  ap ical g row th  o f fu n g a l hyphae. A n n . B o ta n y , 37, 341 —
343.

19. Sm i t h , J .  H . (1924) O n th e  early  g row th  ra te  o f th e  in d iv id u a l fungus h y p h a . N ew  P hytol-
og ist , 23, 65 — 78.

20. S t a d l e r , D. R . (1952) C hem otrop ism  in  R h izo p u s n igricans. The sta lin g  re ac tio n . J .  Cell
com p. P h ysio l., 39, 449 — 474.

21. Y u . ,  B . H ., Ch e n , C. C., W u , L . (1970) T he p ro d u c tio n  of indo leacetic  acid  b y  N ectria
p tero sp erm i  Saw. Bot. B u ll. A cad . S in ica  (T a iw a n ) , 11, 98 —104.

A b d - E l a z iz  M a h m o u d  S a l a m a  
A h m e d  E l b a z  Y o u n is  
H a s a n  S a y e d  A t t a b y

B o ta n y  D e p a r tm e n t ,  F a c u l ty  of  Science, 
Cairo U n iv e rs i ty ,  Giza, E g y p t .

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



Acta biol. Acad. Sei. hung., 24(1 2), 65- 72 (1973)

EFFECT OF GAS MIXTURES OF VARIOUS O, 
CONCENTRATIONS ON FIBROBFAST CULTURES OF

CHICK EMBRYOS*
IV. S T U D IE S  O N  H E X O S A M IN E  P R O D U C T IO N
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AND DEPARTMENT OF HISTOLOGY AND GENERAL EMBRYOLOGY, FRIBOURG, SUISSE

(R eceived 1972—07 - 1 7 )

Abstract

F ib ro b las t-lik e  cells from  9-day-old  chick em b ry o s were c u ltu red  iu  th e  p resence  
o f gas m ix tu res  c o n ta in in g  20, 7, 4 or 2%  oxy g en  a n d  th e  hexosam ine  c o n te n t o f th e  
m ed iu m  was d e te rm in e d  a f te r  d iffe ren t periods o f c u ltiv a tio n . T he f ib ro b la s ts  p ro d u ced  
hexosam ine  in  th e  p resence  o f each gas m ix tu re  show ing  th e  h ig h est p ro d u c tio n  w hen  
4 %  0 2 was p re sen t. T h is gas m ix tu re  rep re sen ts  a  h y p o x ic  m ilieu fo r th e  cells ex am ined . 
Less hexosam ine  was p ro d u ced  w ith  a n  oxygen  c o n ce n tra tio n  of 7%  (n o rm al 0 2 con 
te n t)  o r 2%  (severe  h y p o x ia). A t a c o n ce n tra tio n  o f 20%  th e  hexosam ine  p ro d u c tio n  
w as of low degree a n d  soon ceased. S electively  ch an g ed  0 2 su p p ly  seem s to  a ffec t th e  
p ro d u c tio n  of m u copo lysaccharides as te s te d  b y  h ex osam ine  d e te rm in a tio n . T he o p 
tim a l co n ce n tra tio n  fo r b iosyn thesis is a m ed ium  m o d era te ly  d efic ien t in  oxygen. In  
th e  in itia l s tage  th e  cells u tilized  hexosam ine a n d  no signs re fe rrin g  to  th e ir  d iffe re n tia 
tio n  to  cartilag e  cou ld  be observed.

Introduction

In v e s t ig a t io n  of  th e  fo rm ation  o f  acid m uco p o ly sacch arid es  (MPS) has  
led to  th e  e lucidation  of  num erous  deta ils  o f  th e i r  b iosynthesis  [10, 33, 36]. 
I t  has  b een  generally  agreed  t h a t  th e  tw o bas ic  com ponen ts ,  viz. hexosam ine  
(ha) and  uronic  acid, o f  th e  rep ea t in g  u n i t  o f  M PS orig inate  from  subs tances  
know n  as in te rm ed ia r ie s  o f  th e  E m b d e n — M eyerho f  p a th w a y .  In  fac t ,  ha  has 
been  described as o r ig ina ting  from hexose-6 -phospha tes ,  while uronic  acid 
from  g lu co se - l-p h o sp h a te  [4, 33, 34].

T h e  presence o f  com m on  substances  p a r t ic ip a t in g  in  th e  E m b d e n — 
M eyerhof p a th w a y  a n d  biosynthesis  o f  M PSs call th e  a t te n t io n  to  th e  corre la
t io n  b e tw een  these  processes. Nevertheless , t h e i r  connection  is l i t t le  know n. 
Some a u th o rs  suggest t h a t  increased MPS p ro d u c t io n  is c o n c o m ita n t  to  
au g m e n te d  glycolysis [9, 14], o thers  claim t h a t  p ro d u c t io n  of  M PS resu lts  in 
u t i l iza t ion  of th e  in te rm ed ia r ie s  an d  con seq u en t  narrow ing  dow n of th e

* T h is w ork  w as su p p o rte d  b y  a g ran t from  th e  F o n d s  N a tio n a l Suisse p o u r le D évelop
p e m en t de la R echerche S c ien tifique
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E m b d e n — M eyerhof p a th w a y  [17]. The fo rm er  suppositions are f u r th e r  com 
p l i c a te d  b y  observations d iff icu lt  to  in te rp re t ,  e.g. it  has been  s t a t e d  t h a t  of 
s a r c o m a to u s  tissues d isp lay in g  m ark ed  g lycolytic  ac t iv i ty ,  some (R o u s  sa r 
c o m a )  do produce ha, o the rs  ( J e n se n  sarcom a) do n o t  [14].

B y  inves t iga t ing  th e  cau sa l  fac tors  of M PS produc tion ,  i t  is o f  essential 
i m p o r t a n c e  th a t  tissues p o o r ly  supplied  w ith  b lood  con ta in  g rea te r  a m o u n ts  
o f  M P S  t h a n  richly v ascu la r ized  tissues [5]. P o o r  v ascu la r iza t ion  seems to  
p ro v id e  favourab le  c ircu m stan ces  for M PS b iosyn thes is  [17, 24]. O ne of the  
co n seq u en ces  of poor v a sc u la r iz a t io n  m a y  he a cond it ion  of re la t ive  0 ,  defi
c ie n c y  a n d  in th is  sense i t  is reasonab le  to  suppose  t h a t  a co rre la t io n  m ay  
e x i s t  b e tw e e n  0 2 defic iency a n d  MPS p ro d u c t io n .  In  decreased v a sc u la r iz a 
t io n ,  how ever ,  in add i t io n  to  “ insuffic iency”  o f  oxygen  supply , re d u c t io n  in 
f u r t h e r  essential func tions  (food supply , t r a n s p o r t  of m etabolic  b y -p ro d u c ts ,  
c o n s t a n t  in te rna l  en v iro n m e n t ,  etc.) m ay  occur. T herefore ,  u n d e r  in  vivo  con
d i t io n s ,  a ccum ula tion  of M P S  m a y  be d e te rm in ed ,  in ad d it ion  to  0 2 defi
c ie n c y ,  b y  fu r th e r  factors. I n  vitro  conditions in a closed space are  fav o u rab le  
fo r  p ro d u c t io n  of specific 0 , ,-defic ien t en v iro n m en t .  (In  a closed space  the  
e ssen t ia l  conditions of  cells a n d  tissues can  be ensured  and  b y  m a in ta in in g  
t h e  o th e r  conditions u n c h a n g e d  i t  is possible to  change th e  q u a n t i t y  of  the  
c o m p o n e n ts  of the  gas m ix tu r e  inc lud ing  oxygen.)

T h e  purpose  of our in v es t ig a t io n s  was to  o b ta in  d a ta  on th e  connec tion  
b e tw e e n  O., supply  a n d  M PS fo rm a tio n ,  using re la t ive ly  simple in  vitro  system s.

M aterial and m ethod

In v e s tig a tio n s  w ere c o n d u c te d  on  p rim ary  cu ltu res  o f fib ro b la s ts  o f c o n n ec tiv e  tissue  
o rig in  o b ta in e d  from  9-day-o ld  c h ick  em bryos. T he m eth o d  as described in  d e ta il elsew here 
[18] is b a se d  on th e  p ro ced u re  o f M oscona  [30]. D isperged  cells, 250 000/m l w ere susp en d ed  
in  a m e d iu m  com posed of H a n k s  so lu tio n  co n ta in in g  0 .5%  lac ta lb u m in  h y d ro ly sa te  (D ifco), 
9 0 %  a n d  n o rm al horse serum , 1 0 % . T o th is  m edium  50 u n its  of pen ic illin  and  50 /<g s tre p to m y 
c in  p e r  m l w ere added. T he cell su sp en s io n  was d is tr ib u te d  in  T -flasks (Bellco T  60), 17.5 m l/ 
f la sk . T h e  flask s were t ig h tly  closed  a n d  p laced  in  a th e rm o s ta t  (37 °C) for 24 h. T h en  th e  me 
d iu m  w as d ecan ted  and  p u t  aside  fo r  e x am in a tio n . T he cells in  th e  flask  w ere w ash ed  w ith  
5 m l C M F -P B S  (pH  7.4) a t  ro o m  te m p e ra tu re  and  su p p lied  w ith  th e  follow ing m ed iu m :

E a r le  saline co n ta in in g  0 .5 %  lac ta lb u m in  h y d ro ly sa te  (D ifco) an d  0.1%  y e a s t  e x tra c t  
(D ifco ), 9 0 %  and  n orm al horse  se ru m , 10% ; an tib io tic s  ad d ed  as above.

A fte r  exchange of m ed iu m  th e  flask s w ere c losed by  ru b b e r  sto p p ers su p p lied  w ith  
m e ta l  c an u le s  th ro u g h  w hich gas w as in tro d u c ed  in  th em . T he follow ing gas m ix tu re s  w ere used ;

20%  0 2 +  75%  N 2 +  5 %  C 0 2 

7%  0 2 +  8 8 %  N 2 +  5 %  C 0 2 

4 %  0 2 +  91%  N , +  5 %  CO, 
2%  O , +  93%  N 2 +  5 %  C 0 2

152.0 m m H g pO ,
53.2 m m H g  p 0 2 

30.4 m m H g pO ,
15.2 m m H g pO ,

D e sc rip tio n  of th e  p ro ced u re  o f gassing  has b een  g iven  in  d e ta il in  a p rev ious w o rk  [18].
T h e  cu ltu res  were rem o v ed  a n d  processed  on  th e  d ay s 1, 3, 5 an d  9. T he m ed iu m  of the  

c u ltu re s  to  be  m ain ta in ed  fo r 6  d a y s  w as exchanged  on d ay  4, and  th a t  of th e  c u ltu re s  to  he 
m a in ta in e d  fo r 9 days on days 4 a n d  7. T he cells w ere r in sed  w ith  C M F-PB S before  supp lied  
w ith  f re s h  m ed ium . A fter each  e x ch an g e  of m edium  th e  T -flasks w ere gassed again .
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T h e  m ed ia  d ecan ted  fro m  th e  cultures, w ere  c en tr ifu g e d  a t  4 000 rev/m in  fo r 15 m in u te s  
to  rem o v e  cells and  cell frag m e n ts  and  sam ples fro m  th e  su p e rn a ta n ts  were h y d ro ly ze d . T he 
h y d ro ly sa te s  were freed  fro m  th e  in terfering  c h ro m o g en s  o n  Dow ex 5 0 x 8  c a tio n -e x c h a n g e  
co lum ns a n d  th e n  used  fo r d e te rm in a tio n  of h a  a cc o rd in g  to  th e  m ethod  of E l s o n -M o r g a n , 
m odified  b y  B oas [3].

Results

H ex o sam in e  (ha) quan t i t ie s  p ro d u ced  in  th e  presence of gas m ix tu r e s  
o f  d if fe ren t  0 2 concen tra t io n s  are su m m a r iz e d  in  T ab le  1 and Fig. 1; t h e  v a lu e s  
are m ean s  ca lcu la ted  in  th e  following w a y :  f ro m  th e  value of m e a s u r e m e n t  
th e  own h a  co n ten t  o f  th e  m edium  (77.0 /tg/ml) w as  sub trac ted  a n d  t h e  ha  
q u a n t i t y  th u s  o b ta in ed  was referred to  /ig cell p ro te in  as un i t  of cu l tu re .  D e v ia 
tion  from  th e  m ean  of 5 ind iv idual v a lu es  is in d ic a te d  b y  s tan d ard  d e v ia t io n
(SD).

T ab le  1 an d  F ig . 1 dem o n s tra te  t h a t  w i th  all gas m ixtures t h e  h ig h e s t  
ha q u a n t i t y  per  pg cell p ro te in  was o b ta in e d  a f te r  one day of cu l tu r in g .  T h e  
h ighes t  a m o u n t  of h a  was produced  in  t h e  p resence  of 7%  oxygen , t h e n  a t  
c o n cen tra t io n s  of 4, 20 and  2% . A fte r  6 d a y s  t h e  highest ha  p r o d u c t io n  
occu rred  a t  4 % ,  followed in  decreasing o rd e r  b y  2 a n d  7 % . No ha was p r o d u c e d  
in th e  p resence  of 2 0 %  oxygen. After  9 d a y s  t h e  cells living in th e  p re se n c e  
of 7 %  a n d  2 %  0 2 p ro d u ced  small a m o u n ts  o f  h a ,  w hereas a t  a c o n c e n t r a t io n  
of 4 % ,  t h e  ha  p ro d u c t io n  was s u b s ta n t ia l ly  h igher .

W i th in  24 hours  following d ispersion a n d  p r io r  to  gassing th e  cells p r o 
duced  m in im al a m o u n t  of  ha  (0.48 pg  h a / j ( ; 0 .22 /Jug cell protein).

In v e s t ig a t io n  o f  t h e  h a  p ro d u c t io n  in  d iffe ren t  periods of c u l t iv a t io n  
(3, 6 a n d  9 days) (Fig. 2) informs us o f  f u r t h e r  deta ils .  The p ro d u c t io n  in  t h e  
f i r s t  th r e e  days is cha rac te r ized  by  tw o  m e a su re m e n ts  (on days 1 a n d  3). 
I t  is s t r ik in g  t h a t  in all g roups higher h a  p r o d u c t io n  was m easured a f t e r  24 h

T ab le  1

D uration  o f cu ltiva tion

O, content
1 day 3 days 6 days 9 days

of gas mediu m II* m edium  I II*
m ixture
per cent

MB ha/ MB ha/ Mg ha/ Mg ha/
Mg cell SD Mg cell SD Mg cell SD Mg cel1 SD
protein protein prote in protein

20 4.38 ± 1 .6 4 1.18 ± 1 .1 5 0.00 ± 0 .4 4

7 9.96 ± 1 .7 6 3.27 ± 1 .2 2 2.50 ±1 .45 1.36 ± 0 .3 2

4 5.64 ± 0 .4 1 3.05 ± 0 .3 2 4.81 ±0.71 4.84 ± 0 .6 8

2 3.82 ± 0 .1 4 3.32 ± 0 .1 4 3.94 ±2.11 0.71 ± 0 .0 0

* M edium  I, I I  an d  I I I  were of identical co m p o sitio n ; E arle  solution co n ta in in g  lac ta l-  
bum in  h y d ro ly sa te  and y e a s t e x tra c t. SD =  s ta n d a rd  d ev ia tio n
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.........20°/.02 --------T l .  0 2
-----  4 7. 02 ------ 2 ”/. 0 2

.Fig. 1. h a  p ro d u c tio n  b y  f ib ro b la s ts  from  9 -d ay -o ld  c h ic k  em bryos in th e  p resen ce  o f gas 
m ix tu re s  of d iffe ren t 0 2 c o n ce n tra tio n s

t h a n  a f te r  72 h. T h e  difference was 3.20 /rg, 6 .69 /tg, 2.59 ftg a n d  0.50 /rg in  
t h e  p resence  of 20, 7, 4 a n d  2 %  respec tive ly .  These  differences in d ic a te  a n  
a c tu a l  loss of ha . T h e  su m  of the  ha p r o d u c t io n  values m easured  on  d a y s  3, 
6 a n d  9 was considered  as th e  to ta l  ha  p r o d u c t io n  of th e  cells l iv ing  in  t h e  
p resence  of  th e  co rre sp o n d in g  gas m ix tu re .  I n  T ab le  2 the  to ta l  ha  q u a n t i t y  
o f  t h e  d ifferen t g ro u p s  a n d  the  p e rcen tage  d is t r ib u t io n  of ha p ro d u c t io n  in 
t h e  cu l tu r in g  per iods  a re  sum m arized. As c a n  b e  seen in T ab le  2, th e  h a

-1.18 pg 3.05pg - t "  Д. 81 >jg 

pg HEXOSAMINE / pg PROTEIN

-4.84 ^jg-

4e/o O2

DAY DAY
I.MEDIUM II. MEDIUM * III. MEDIUM

pg HEXOSAMINE /pg  PROTEIN

7V .09

■1.36 y g - 4

2V. Oo

DAY

F ig . 2 . C hange of h a  p ro d u c tio n  (------—) in d iffe re n t n u tr it io n a l periods; h a  in  m ed iu m
w as d e te rm in e d  in  cu ltu res  (for d e ta ils , see te x t )  1, 3, 6 and 9-day-o ld
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T a b ic  2

0 ,  content 
of gas 

m ixture 
per cent

T otal ha 
production 
(fig ba/ug 

cell protein)

D istribu tion  o f hexosam ine production in different 
periods o f cu lturing (in % )

1st period 2nd period 3rd period

2 0 1.18 1 0 0 . 0 0 0

7 7.13 45.8 35.1 19.1

4 12.70 24.0 37.8 38.2

2 7.97 41.3 49.4 9.0

p ro d u c t io n  was th e  h ig h es t  in the  p re sen ce  of  t h e  gas m ix tu re  c o n ta in in g  4 %  
0.2. U n d e r  these  cond it ions  ha p ro d u c t io n  rem ain ed  a t  high level even  in 
th e  t h i r d  period of c u l t iv a t io n  (see F ig . 3).

D iscussion

I t  has  been s ta te d  t h a t  the  m a jo r i ty  o f  connective  tissue cells a re  capab le  
of p ro d u c in g  MPS in  vitro  [11, 15, 16]. U n d e r  these  c ircum stances, d ue  to  an  
ac t iv e  m etabo lism  [2], various acid M P S s  can  be  produced  [2, 13, 16, 25]. 
Some cells keep th e i r  a b i l i ty  for a r e la t iv e ly  long  t im e  [7, 8, 29], o th e r s  soon 
lose i t  [21, 35].

N um erous  a u th o rs  h ave  dealt  w i th  th e  question  how and  to  w h a t  an  
e x te n t  d ifferen t fac to rs  (e.g. pH ; g lucose or  se rum  con ten t  of th e  m e d iu m ;  
ad d i t io n  of  g lu tan im e  o r  Co + + to t h e  m e d iu m  etc.) affect th e  degree  of  M PS 
p ro d u c t io n  of ce r ta in  cells or tissues [9, 28]. O ne of th e  fac tors  in f luenc ing  
M PS p ro d u c t io n  is 0 2 supp ly . N u m ero u s  s tud ies  h ave  been ca rr ied  o u t  on 
m orphological changes d ue  to  an inc rea sed  or defic ient 0 2 supp ly  a n d  on  th e  
in fluence  of  th e  oxygen  concen tra t ion  on  f u r th e r  d ifferen tia tion  o f  p a r t ia l ly  
d e te rm in e d  cells of ca r t i lage  or bone o r ig in  [1, 20, 32]. B a s s e t t  [1] c u l t iv a te d  
cells f ro m  th e  t ib ia  o f  20-day-old ch ick  em b ry o s .  I n  th e  presence o f  3 5 %  0 2 
these  cells, owing to  “ com pac tion” , fo rm e d  b o n e  tissue, w hereas a n  en v iro n 
m e n t  co n ta in ing  5 %  0 2 coupled w ith  c o m p a c t io n  resu lted  in car t i lage  d iffer
e n t ia t io n .  H a l l  [20] c u l tu red  m e m b ra n e  b o n e  anlages from 9-day -o ld  chick 
e m b ry o s  in th e  in it ia l  s tag e  of ossification. I n  t h e  presence of 5 %  0 2 p re c a r t i lag e  
cells developed  in 2 5 %  of th e  cases. In v e s t ig a t in g  cells isolated f ro m  s te rn a l  
ca r t i lage  of  15-day-old chick em bryos P a w e l e k  [32] d e m o n s tra te d  t h a t  low 
co n c e n tra t io n  of 0 2 w i th  s im u ltaneously  g iven  th y ro x in  s t im u la ted  chondro-  
genesis a n d  MPS b iosynthesis .  Low 0 2 c o n c e n t ra t io n  w ithou t  th y ro x in  a d m in 
i s t r a t io n  p roved  to  be  ineffective.

T h e  cells s tu d ied  b y  us derived f ro m  p r im a ry  f ib rob last  cu l tu re .  T h e ir  
m orphological fea tu res  a n d  o ther  c h a ra c te r is t ic s  h av e  been described elsewhere
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1 2 .70 мд

PERIODS 
OE CULTURING

I  □
I. II.

F ig . 3. T o ta l  ha  p ro d u c tio n  b y  fib ro b la s ts  in th e  p re sen ce  of gas m ix tu res  o f d iffe re n t 0 2 

c o n c e n tra tio n s  during  9 d ay s  o f cu ltiv a tio n . The u p p e r p a r t  o f th e  F igure  is a  co m p ariso n  of 
th e  t o ta l  h a  p ro d u c tio n  in  th e  d iffe re n t g roups. T h e  low er p a r t  d em o n stra tes  th e  d is tr ib u tio n  

o f to ta l  h a  p ro d u c tio n  (1 0 0 % ) in  th e  d iffe ren t p e rio d s  o f cu ltiv a tio n  (see T ab le  2)

[6, 18, 31]. The gas m ix tu re s  con ta in ing  7 %  o x ygen  proved  to  co rrespond  to  
t h e  n o rm a l  0 2 su p p ly  for  t h e  cells [6]. L ow er concen tra t ions  (4%  and  2 % ) 
p r o v e d  to  bring a b o u t  a hypox ic ,  w hereas  h ig h e r  concen tra t ions  (20% ) a 
h y p e ro x ic ,  env iro n m en t .  F r o m  our resu lts  i t  is a p p a re n t  t h a t  th e  degree  of  
M P S  p ro d u c t io n  is low in h y p e ro x ic  milieu a n d  i t  is som ew hat h igher  a t  n o rm a l  
a n d  low  oxygen supp ly . O n th e  o th e r  h a n d ,  in a m o dera te ly  hypox ic  e n v i ro n 
m e n t  m a rk e d  MPS p ro d u c t io n  was n o ted .  Since th e  O, co n ten t  of t h e  gas 
m i x tu r e  was the  on ly  v a r iab le  in our ex p e r im e n ts ,  it m ay  be  concluded  t h a t  
t h e  degree  of 0 2 su p p ly  is cap ab le  of m odify ing  t h e  e x te n t  of MPS p ro d u c t io n ,  
a n d  t h a t  a hypoxic  m e d iu m  is op tim al for  th e  b iosynthesis  of MPS. O u r  i n 
v e s t ig a t io n s ,  however, h a v e  failed to  give an  an sw er  to  th e  question  w h e th e r  
i t  is possible —  b y  ch an g in g  th e  0 2 su p p ly  —  to  induce  b iosynthesis  in cells 
t h a t  in  general do n o t  p ro d u ce  MPS.

D u rin g  the  per iod  of  ex p e r im e n ta t io n  th e  cells p reserved  th e ir  f ib ro b la s t  
sh a p e .  No cell form s show ing  signs of ca r t i lage  d iffe ren tia t ion  were fo u n d  in  
o u r  cu ltu res .  These f ind ings  seem to  ind ica te  t h a t  a change in the  0 2 c o n c e n t r a 
t io n  a lone  is no t  suffic ient to  induce carti lage  d iffe ren tia t ion  of cells. T h e  cells 
s tu d ie d  b y  B a s s e t t  [1], H a l l  [20] and  P a w e l e k  [32] m ay  be re g a rd e d  as 
m o re  specialized cells th a n  ours because  t h e y  o r ig ina ted  from  older m a te r ia l
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a n d  f rom  a special site . Still, f u r th e r  effects (“ co m pac tion” , th y ro x in )  were 
re q u ire d  for the ir  d iffe ren tia tion  to  car t i lage .

More ha was produced a f te r  one  t h a n  a f te r  3 days of c u l t iv a t io n ,  
show ing  th a t  th e  r a te  of ha p ro d u c t io n  is th e  h ighest in th e  ear lies t  period. 
T h is  f ind ing , which is in ag reem ent w i th  th e  d a t a  of KlMURA [22],  is p ro b a b ly  
d ue  to  th e  a b u n d a n t  su b s tra te  (glucose) c o n te n t  of th e  fresh m ed iu m . A d e 
crease  in su b s t ra te  c o n te n t  resu lted  in  a red u ced  ha  p roduc tion ,  a n d  th e  lower 
v a lu es  m easu red  on th e  th ird  d a y  as c o m p a re d  to  the  24 h o u r  va lu es  seem  to 
in d ic a te  t h a t  th e  cells h ad  consum ed  h a  w hich  p re su m ab ly  se rved  as a su b 
s t r a t e  for  cellular m etabolism . T h is  su p p o s i t io n  is in ag reem en t w i th  t h a t  of 
M cG a r k a h a n  a n d  M a l e y  [27], w ho suggest  t h a t  ha  m ay  be u t i l ized  in th e  
processes of th e  E m b d e n -M e y e rh o f  p a th w a y .  W e do no t  know  w h e th e r  loss of 
h a  occurs  also in la te r  periods of c u l tu r in g  as we have  no ex p e r im e n ta l  d a ta  
in  th is  respect.

In v es t ig a t io n s  in to  the  m ech an ism  of effect of oxygen-def ic ien t  cond i
t io n  a re  in progress.
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EFFECTS OF THE OXATHIINS DCMO AND DCMOD ON 
GROWTH, PROTEINS, OXIDIZING ENZYMES, AND HCN 
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Abstract

The o x a th iin s  DCMO (carbox in ) a n d  DCM OD (oxycarbox in ) w ere fo u n d  to  be 
fu n g is ta tic  to  th e  grow th  o f a H C N -p ro d u cin g  lo w -tem p era tu re  b a s id io m y ce te  in  P e tr i 
p la te , s ta tic  liq u id  an d  liqu id  shake  cu ltu re s . E x c e p t for P e tri p la te  c u ltu re s , in h ib itio n  
of g ro w th  w as tem p o ra ry . In  liq u id  sh ak e  c u ltu re s  DCMOD was m ore effec tiv e  th a n  
DCMO in in h ib itin g  m ycelia l g ro w th  a n d  H C N  p ro d u c tio n . T o ta l p ro te in  c o n ce n tra 
tio n s  for th e  D C M O -trea ted  cu ltu res  w ere sim ila r to  con tro ls b u t  w ere re d u ce d  con
sid e rab ly  by  DCM OD. T he disc gel e lec tro p h o re tic  p a tte rn s  for m ycelia l p ro te in s  an d  
perox idases w ere a lte re d  by  b o th  fung icides, a n d  th e  num bers o f p ro te in  b a n d s  were 
red u ced  as a re su lt o f  DCM ÓD tre a tm e n t. DCM O stim u la te d  perox idase  a n d  p a r tic u la r ly  
po ly p h en o lo x id ase  ac tiv itie s : w hereas, DCM OD decreased  th e  a c tiv itie s  o f ca ta la se , 
pero x id ase  an d  p o ly p heno lox idase  enzym es.

Introduction

O xa th i in  de r iva tives  have  been  used  successfully for con tro l l ing  p la n t  
diseases p a r t icu la r ly  those  caused b y  fungi belonging to  th e  b as id iom yce tes .  
I n fo rm a t io n  on th e  m ode of action  of th e  sys tem ic  oxa th iin  fungic ides  v i ta v a x  
(DCMO) and  p la n tv a x  (DCMOD) is l im ited . M a t u r e  [9] found  t h a t  fungi sen 
sit ive  to  these  fungicides absorbed  m ore of  th e  fungicides t h a n  re s i s ta n t  fungi. 
I n  la te r  w ork  M a t u r e  [10] rep o r ted  t h a t  th e  exogenous resp ira t ion  o f  R hizoc
ton ia  solani was in h ib ited  by  DCMO a n d  t h a t  of Ustilago nuda  a n d  U. m ayd is  
were in h ib i ted  by  DCMO an d  DCM OD; how ever ,  a t  low co n cen tra t io n s  DCMO 
s t im u la te d  th e  re sp ira t ion  of th e  above  fungi. M a t h r e  [10] also fo u n d  t h a t  
t h e  in co rpo ra t ion  of  pheny la lan ine  in to  p ro te in  was only sligh tly  in h ib i ted  
b y  DCMO, b u t  th e  inco rpo ra t ion  of u rac il  in to  nucleic acid was red u ced  by  
7 5 %  and  th e  o x ida tion  of p y ru v a te  a n d  a c e ta te  was inh ib ited . T h e  effects 
o f  DCM OD o th e r  th a n  for g row th  and  re sp ira t io n  were no t  rep o r ted .  T h e  o x a 
th i in s  are  su b jec t  to  o x ida tion  to  a non -fung itox ic  form [15], and  G r o v e r  an d  
C h o p r a  [6] cu ltu red  isolates of R . solani a n d  R . hatati cola on o the rw ise  le tha l  
con cen tra t io n s  of DCMO and  DCMOD. T h e  effects of these  o x a th i in s  on pro-

* P re se n t address: P ro v in c ia l L ab o ra to ry  o f P ub lic  H e a lth , U n iv ersity  o f A lb e rta  E d 
m o n to n , A lb e rta
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te in s  a n d  o x ida tive  enzym es o f  ageing fungus m y ce lium  have  no t  been  r e p o r t 
ed. T h e  ob jec t ives  of th is  r e p o r t  were to  show th e  effects of DCMO an d  DCMOD 
on m y c e l ia l  grow th, p ro te in s ,  and  ox idative  enzym es catalase, perox idase ,  
a n d  p o ly p heno lox idase ,  a n d  H C N  p ro duc tion  o f  th e  H C N -producing  low- 
t e m p e r a t u r e  bas id iom ycete  since these  p a ra m e te rs  for ageing cu ltu res  of  th is  
fu n g u s  h a v e  a lready  been  d e a l t  w ith  in some de ta i l  [14].

M aterial and method

T h e  fu n g u s used for th is  s tu d y  w as a H C N -producing  lo w -tem p era tu re  b asid io m y cete , 
iso la te  W 2, g ro u p ed  u n d e r ty p e  В cu ltu re s  by  W a rd  a n d  co-w orkers [19]. S tock  cu ltu res  
o f th is  iso la te  w ere m ain ta in ed  in  te s t  tu b es  on a sy n th e tic -a g a r  m edium  [17] a t  3— 5 °C.

Grow th studies: ra d ia l g ro w th  a n d  w eigh t of m y ce liu m  p ro d u ced  in th e  p resence of th e  
fu n g ic id es  2 ,3 -d ih y d ro -5 -carh o x an ilid o -6 -m e th y l-l, 4 -o x a th iin  (DCMO) and  2 ,3-d ihydro-5- 
c a rb o x a n il id o - 6 -m e th y l-l, 4 -ox a th iin -4 ,4 -d io x id e  (D C M O D ), w ere d e term ined  a t  15 °C fo r 
P e tr i  p la te ,  s ta tic  liqu id , an d  liq u id  shake  cu ltu res. C o n c en tra te d  so lu tions of DCMO an d  DC- 
M O D w ere  p re p a re d  by d issolv ing eac h  fungicide in  95%  e th a n o l to  give a final co n ce n tra tio n  
of 2 .0  X 10 ~ 4 m ol/1.The E D 5 0  o f e ach  fungicide  was p re p a re d  b y  d ilu tin g  th e  c o n cen tra ted  so lu
tio n s  w ith  20%  e th an o l, a f te r  w h ich  th e  so lu tions w ere p assed  th ro u g h  0.45 /л M illipore f i l 
te rs . O n e  m l a liq u o t of th e  sterile  d ilu te d  solu tions w as a d d e d  to  50 m l of sterilized  b asa l sy n 
th e t ic  m e d iu m  a t  45— 50 °C p rio r to  inocu la tion . In o c u la tio n  a n d  p re p a ra tio n  of th e  sy n th e tic  
a g a r m e d iu m  w ere essen tia lly  th e  sam e as described b y  W a r d  a n d  Colotelo  [17] an d  Se k h o n  
a n d  Co l o t e l o  [14]. C ontrols co n sis ted  of th e  above m ed iu m  w ith  one ml a liq u o t o f s te rilized  
20 p e r  c e n t  e th an o l w ith o u t fu n g icid e . G row th (d iam . o f co lony  in m m ) on ag ar m ed iu m  in 
P e tr i  p la te s  w as m easu red  a t  tw o -d a y  in te rv a ls  for a  to ta l  p e rio d  of 24 days. Y ields o f m ycelia  
(d ry  w t . ,  m g /fla sk ) from  liqu id  s ta tic  cu ltu res  were o b ta in e d  16 an d  24 days a fte r  in o cu la tio n , 
a n d  fro m  liq u id  shake c u ltu re s  12, 16, an d  24 days a f te r  in o cu la tio n . T he p rocedures fo r h a r 
v e s tin g  a n d  d ry  w eigh t d e te rm in a tio n s  w ere described p rev io u s ly  b y  Se k h o n  an d  Co lo telo

[14].
P ro te in  determ inations : A p p ro x im a te ly  5 g o f m y ce liu m  (fresh  w t.) from  each  h a rv e s t 

w as u se d  fo r th e  e x tra c tio n  of so lub le  p ro te in s fo r e le c tro p h o re tic  stud ies. These p ro ced u res 
w ere d e sc rib e d  by Sek h o n  an d  Co lo telo  [14]. T o ta l p ro te in  c o n te n t w as m easu red  using  th e  
p ro c e d u re  o f L o w ry  and  co-w orkers [8]. Disc e le c tro p h o re tic  sep a ra tio n  and  d e te c tio n  of 
p ro te in s  w ere  carried  o u t follow ing th e  p rocedures o f D a v is  [2]. Peroxidases in  th e  gels w ere 
d e te c te d  w ith  benzid ine d ih y d ro ch o lo rid e  reag en t (B u lle tin , Specia l S ub jec t, E nzym e analy sis , 
C anal I n d u s tr ia l  C orporation , R ock v ille , M aryland).

E n zym e  activities: C ata lase  a c t iv ity  was d e te rm in e d  u sin g  th e  m ethod  of B e e r s  a n d  
S iz e r  [1]. T h e  b reakdow n of H 20 2 w as follow ed sp ec tro p h o to m e tric a lly  a t  240 nm  an d  th e  
d ec rease  in  ab so rbance  a t  10 sec in te rv a ls  w as recorded . P e ro x id ase  a c tiv ity  was d e te rm in ed  b y  
m e a su r in g  th e  ra te  of colour d e v e lo p m en t a t  460 n m  w ith  th e  decom position  of H 20 2 u sin g  
o -d ian is id in e  as th e  hydrogen  d o n o r as described in th e  m a n u a l “ E nzym es, E nzym e re a g e n ts”  
(W o rth in g to n  B iochem ical C o rp o ra tio n , F reehold , N . J .) .  P o lypheno lox idase  a c tiv ity  w as 
d e te rm in e d  by  m easuring  th e  in creased  absorbance a t  420 n m  as th e  re su lt of fe rricy an id e  p ro 
d u c tio n  in  th e  presence of ca tech o l u sin g  th e  p ro ced u re  o f  H a ll  and  co-w orkers [7]. F o r  
p e ro x id a se  an d  po lyphenol o x idase  ac tiv itie s  th e  increase  in  abso rb an ce  of th e  re ac tio n  m ix 
tu re s  w a s  reco rd ed  a t  10 sec in te rv a ls  for 1— 2 m in. E n zy m e  ac tiv itie s  are expressed  as u n its  
p e r m g  o f  so luble  fungal p ro te in .

H C N :  H C N  release in  12-, 16-, an d  24-day old liq u id  shake  cu ltu res , w ith  and  w ith o u t 
fu n g ic id e , w as de te rm in ed  using  th e  m eth o d  of W a rd  and  L e b e a u  [18]. The H C N  co llected  
a t  12, 16, a n d  24 days from  th e  d a y  of in o cu la tion  w as th e  a c c u m u la te d  to ta l  to  th a t  d a te . All 
e x p e r im e n ts  w ere rep ea ted  once a n d  each value  expressed  is th e  average  of six d e te rm in a tio n s .

R esults and discussion

G rowth studies. T he  E D 50 values  for DCMO a n d  DCMOD using ag a r  m e
d iu m  w ere  0.5 х Ю “ 5 mol/1 a n d  10 x l 0 ~ 5 mol/1 respec tive ly  (Fig. 1). In  s ta t ic  
l iq u id  cu l tu re s  (Fig. 2) th e  y ie lds  of m ycelium  were  a p p ro x im a te ly  one-ha lf
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Figs 1— 3. E ffec ts o f o x a th iin s  DCMO and  DCM OD on th e  g ro w th  of a H C N -producing  lo w -tem p era tu re  basid iom ycete  
grow n on a sy n th e tic  m edium  a t 15 °C. Fig. 1. P e tr i p la te  cu ltu res .

Fig. 2. S ta tic  liqu id  cu ltu res . Fig. 3. L iqu id  shake cu ltu res . C o n cen tra tio n  of fungicides a t  tim e of ino cu la tio n ; DCM O1, 
0.5 X 10 - 5  mol/1; DCMO2, 0.25 X 10 - 5  mol/1; DCM OD, 1 0 x l 0 ~ 5 mol/1 (C o ncen tra tions o f fungicides p red e te rm in ed  to 

give a 50 per cen t red u ctio n  in m ycelial y ield  w hen m ax im um  or n ea r m ax im um  reached  in  con tro ls)

on
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t h a t  o f  c o n tro ls  a t  16 days w h e n  concen tra t io n s  of DCMO a n d  DCMOD were 
0.25 X l 0 “ 5 and  10 X lO -5 mol/1 resp ec t iv e ly  a t  th e  t im e  of inocu la tion ; how 
ever ,  a t  24 d ay s  the yields of m y c e l iu m  were slightly h igher  t h a n  for th e  controls. 
M a x im u m  yield  of mycelium in  u n t r e a t e d  liquid shake  c u l tu re s  were ob ta ined  
12 d a y s  following inocula tion  a n d  t h e  E D 50 values of  th e  fung ic ide - trea ted  
c u l tu r e s  w e re  similar to  th e  s t a t i c  l iq u id  cultures. M a x im u m  yie ld  of mycelium  
f ro m  D C M O -trea ted  liquid s h a k e  cu ltu res  were o b ta in ed  16 d a y s  a f te r  inocu
la t io n  a n d  th is  yield was c o m p a ra b le  to  t h a t  of 12-day-o ld  con tro l  cultures; 
a n d  as  a re su l t  of DCMOD t r e a t m e n t  a high yield of  m y ce l iu m  was no t ob
t a in e d  u n t i l  24 days a t  which t im e  t h e  experim ent was t e r m in a te d .  These s tu d 
ies s h o w  t h a t  DCMO was m ore  e ffec tive  a t  lower co n c e n tra t io n s  th a n  DCMOD 
in in h ib i t in g  th e  growth of th is  lo w - te m p e ra tu re  bas id io m y ce te .  These findings 
are  in p a r t  supported  b y  th e  r e p o r t s  fo r  o ther  fungi b y  E d g i n g t o n  and B a r 
r o n  [3 ] ,  M a t h r e  [9], S n e l  a n d  E d g i n g t o n  [15], a n d  E d g i n g t o n  and  co
w o rk e rs  [5] who found t h a t  fu n g is ta s is  b y  DCMO occu rred  a t  a lower con
c e n t r a t i o n  th a n  for DCMOD. T h e se  studies  show t h a t  t h e  m e th o d  of c u l tu r 
ing  sh o u ld  be  tak en  into c o n s id e ra t io n  when eva lu a t in g  a n d  in te rp re t in g  th e  
e ffec t o f  fungicides, and th e  d a t a  fo r  s ta t ic  liquid a n d  l iq u id  shake  cultures  
i n d ic a te  t h a t  e ither th e  fu n g u s  b e c a m e  adap tive  to  th e se  fungicides or th e  
fu n g ic id e s  were degraded. A d a p t a t i o n  to  DCMO an d  D CM O D  b y  R . solani 
a n d  R . bataticola  was shown b y  G r o v e r  and  Ch o p r a  [6]. T h e  viru lence of 
th e s e  i so la te s  was reduced: h o w e v e r ,  th e  cultures grow n on  DCM OD regained 
th e i r  v i ru le n c e  b u t  those g ro w n  on DCMO did no t .  T h e y  suggested  th a t  a 
p o ss ib le  m u ta t io n  in p a th o g e n ic i ty  occurred  w hen c u l tu re s  were grown on 
D CM O  a n d  t h a t  DCMOD was in v o lv e d  only in t e m p o ra ry  en z y m a tic  change.

T o ta l protein . In  con tro l  c u l tu re s  the re  was a c o n c o m i ta n t  decrease in 
p r o te in  (T ab le  1) with a dec rease  in  y ie ld  of m ycelium  (Fig. 3) in ageing cu l
tu re s .  A l th o u g h  the  yields of m y c e l ia  for  DCMO- and  D C M O D -tre a te d  cultures  
a t  12 d a y s  were similar (Fig. 3), b e in g  50%  of controls , th e  p ro te in  co ncen tra 
t io n  o f  t h e  D CM O-treated  c u l tu r e s  were slightly h ig h er  t h a n  controls  b u t  
n e a r ly  sev en  times g reater  t h a n  t h a t  observed for th e  D C M O D -trea ted  cul
tu re s .  A t  16 days the  p ro te in  co n c e n tra t io n  of th e  D C M O -trea ted  cultures  
h a d  d e c re a se d  even th o u g h  t h e  y ie ld  of mycelium h a d  increased  to  a value  
w h ich  w a s  alm ost t h a t  n o ted  fo r  12-day-o ld  control cu l tu re s .  I n  th e  16-day- 
old D C M O D -tre a te d  cu ltu res  t h e r e  was a 50%  increase in  p ro te in  w ith  only 
a s l ig h t  in crease  in mycelial y ie ld  o v e r  t h a t  of 12-day-old  cu ltu res .  D a ta  p re 
s e n te d  in  th is  paper ind ica te  t h a t  DCMO did n o t  in h ib i t  p ro te in  synthesis  
o f  t h e  lo w - te m p e ra tu re  b a s id io m y c e te  even th o u g h  m ycelia l  g row th  was in
h ib i te d .  F o r  R . solani, M a t h r e  [10] n o te d  a decrease in p ro te in  synthesis  and 
in h ib i t io n  o f  hyphal  extension  in  P e t r i  p la te  cultures c o n ta in in g  DCMO. H o w 
ever ,  G r o v e r  and C h o p r a  [6] r e p o r te d  t h a t  R . solani a n d  R . bataticola b e 
c a m e  a d a p t e d  to grow in m e d ia  co n ta in ing  le thal co n c e n tra t io n s  of DCMO
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T ab le  1

E ffects o f  oxuth iins* D C M O  (0 .25  X 10 s m ol/l) and D C M O D  (10  X 10 6 mol 1 j on total proteins 
and  activities o f  catalase, peroxidase, and polyphenoloxidase enzymes o f  a H C N -producing low- 
temperature basidiomycete, isolate W.,, grown in  liquid  shake cultures on a synthetic m edium  at 15 °C

T reatm ent
Age of 
culture 
(days)

Tótul 
protein 

(mg/g dry 
wt. 
of

mycelium)

(uni

Catalase

Enzyme activ ity  
ts per mg protein)

Polyphenol-
Peroxidase „xidase

C ontrol 1 2 58.4 740 56 5.79
16 40.4 650 54 4.22

C hange due to increasing  age of cu ltu res 18.0 — 90 —  2 - 1.57

DCMO 1 2 61.8 600 52 19.49

16 46.8 470 94 4.08
C hange due to  increasing  age of cu ltu res — 15.0 130 +  42 — 15.41

DCM OD 1 2 8.9 50 3 0.59
16 12.9 30 1 2 0.49

Change due to increasing  age of cu ltu res +  4.0 — 2 0 +  9 -  0 . 1 0

* C oncentrations of fungicides p red eterm in ed  to  give a 50 per cen t re d u c tio n  in m ycel ia 
y ield  when m axim um  or n ear m ax im um  reached  in  1 2 -day-old  contro l cu ltu res

a n d  DCMOD and  t h a t  th e  a d a p te d  isolates differed m orpho log ica l ly  from  th e  
p a r e n t  s tra ins.

Electrophoresis o f  pro teins and peroxidases. The n u m b e rs  of p ro te in  bands  
observed  for 12-day-old contro l,  DCMO-, a n d  D C M O D -trea ted  cu ltu res  were 
25, 25, and  20, respectively . W i th  increas ing  age of cu ltu res ,  i.e., a t  16 days, 
t h e  nu m b ers  of b an d s  for  con tro l  cu l tu re s  decreased to  20 a n d  for  th e  DCMO- 
t r e a te d  cultures  r em ain ed  a t  25, while th e re  were only 15 b a n d s  for  th e  DCMOD- 
t r e a te d  cultures. As well as n u m b e rs  of b a n d s ,  th e  p ro te in  b a n d  p a t t e rn s  for 
th e  DCMO and  D C M O D -trea ted  cu l tu re s  d iffered from one a n o th e r  and  these  
differed  from those  of th e  controls.

F o u r  and tw o pe rox idase  b a n d s  were observed  for 12- a n d  16- day-old 
con tro l  cultu res , respec tive ly ;  w hereas ,  in th e  12-day-old D C M O -trea ted  cu l
tu r e s  11 b ands  ap peared ,  a n d  a t  16 d a y s  only  five ban d s  were n o te d .  T h e re  were 
e igh t  and  six b an d s  f rom  12- and  16-day-o ld  D C M O D -trea ted  cu l tu re s  respec
t ive ly .  Wide diffuse b a n d s  were observed , p a r t ic u la r ly  from 16-day-old  control 
a n d  DCM O -trea ted  cu ltu res ,  b u t  such  b a n d s  were no t  p re se n t  f rom  cultures 
t r e a te d  w ith  DCMOD.

E nzym e activities. Cata lase  ac t iv i t ie s  for control and  fung ic id e - t rea ted  
cu ltu res  decreased w ith  increasing age o f  cu ltu res  (Table 2). A t  12 days, 
c a ta la se  activ ities  for th e  DCMO- a n d  D C M O D -trea ted  cu ltu res  w ere  ap p ro x i
m a te ly  80 to  e igh t % ,  respectively ,  o f  those  ob ta in ed  for  c o n tro l  cu ltu res;
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Table 2

E ffects o f  oxa lh iins* DCM O (0 .25  x  / 0 ’ mol/l) and D C M O D  (10  X 10 5 mol/l) on H C N  pro
duction by a H CN-producing low-temperature basidiomycete, isolate W 2, grown on a synthetic me

d iu m  in  shake culture at 15 °C

Treatm ent

HCN (parts/10e/flask)

Age of cultures (days)

12 i 6 24

Control _ 1140 2810

DCMO — 40 2460

DCMOD — — 79

* C oncentrations o f fungicides p redeterm ined  to  give a  50 p e r cen t red u ctio n  in  m ycelial 
y ield  w h en  m axim um  or n ea r m ax im u m  reach ed  in contro ls

a n d  a t  16 days, the  ac t iv i t ie s  were  a p p ro x im a te ly  72 a n d  five % , respectively , 
t h a t  o f  controls. The decreases  in  ca ta lase  ac t iv i t ie s  for  ageing control and  
D C M O -trea ted  cu ltu res  w ere  associa ted  w ith  decrease  in  pro te in . H ow ever, 
in t h e  D C M O D -trea ted  c u l tu re s  th e re  was a 4 0 %  decrease  in  a c t iv i ty  a l though  
th e re  w as a 50%  increase in  p ro te in  con ten t .  In  th e  con tro l  cultures a c t iv i ty  
d e c re a sed  w ith  a decrease in  m ycelia l  d ry  w eigh t;  w hereas ,  in th e  fungicide- 
t r e a te d  cu ltu res  th e  decrease  occurred  w hen  th e  m ycelia l  d ry  w eights were 
inc reas ing .

P e ro x id ase  ac tiv it ies  o f  12- an d  16-day-old con tro l  cu ltu res  were ve ry  
s im i la r  (Table  2). P e ro x id ase  ac t iv i ty  of th e  D C M O -trea ted  cultures  a t  12 
d a y s  w as  similar to  con tro l  c u l tu re s  b u t  in th e  D C M O D -trea ted  cu ltu res  the  
a c t iv i t y  was a p p ro x im a te ly  f iv e  p e r  cent t h a t  o f  contro ls .  A t  16 days,  th e  
p e ro x id a se  ac t iv i ty  of th e  DCM O cultures h a d  inc reased  and  was ap p ro x i
m a te ly  4 0 %  higher th a n  con tro ls .  I n  th e  D C M O D -trea ted  cu ltu res  a t  16 days, 
p e ro x id a se  ac t iv i ty  w as fo u r  t im e s  t h a t  a t  12 d ay s  b u t  still a b o u t  o n e -q u a r te r  
t h a t  o f  controls  and  o n e -se v e n th  t h a t  of 16-day D C M O -trea ted  cultures.

T h e  t rends  for po lyp h en o lo x id ase  ac tiv it ies  w ere  s im ilar  to  t h a t  of c a ta 
lase  (T ab le  2) in t h a t  a c t iv i t ie s  for th e  contro l a n d  fung ic id e - t rea ted  cu ltu res  
were  h ig h e r  a t  12 days  t h a n  a t  16 days. T he  h ig h es t  a c t iv i ty  was recorded  
for D C M O -trea ted  cu ltu res  a t  12 days, an d  a t  th is  t im e  th is  ac t iv i ty  was 3.5 
a n d  33 t im es  higher t h a n  c o n tro l  a n d  D C M O D -trea ted  cu ltu res ,  respectively . 
A t  16 d a y s  the  activ it ies  fo r  con tro l  and D C M O -trea ted  cu ltu res  were qu ite  
s im ila r .  T h e  activities  for t h e  D C M O D -trea ted  c u l tu re s  were ap p ro x im a te ly  
o n e - te n th  t h a t  of contro l cu l tu re s  a t  12 and  16 days .  T h e  a d a p ta t io n  of the  
lo w - te m p e ra tu re  b as id io m y ce te  to  DCMO and  DCM OD m a y  in p a r t  be due to  
d e g ra d a t io n  of the  chem icals  b y  th e  fungal oxid iz ing  enzym es as ind ica ted  by  
th e  inc rea sed  peroxidase  a n d  po lypheno lox idase  ac t iv i t ie s  (Table 1), par t ie -
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5

F igs 4 — 5. E ffec ts o f o x a th iin s  DCMO (0 .25  x  10 - 5  mol/1) and  DCMOD ( 1 0 x l 0 ~ 5  mol/1) on 
gel e lectro p h o re tic  p a t te rn s  of p ro te ins a n d  pero x id ases o f a H C N -producing  lo w -te m p e ra tu re  
basid iom ycete , W 2, g row n in shake c u ltu re  on  a s y n th e tic  m edium  a t  15 °C. A  =  DCMO; 
В =  DCMOD; C =  co n tro l (C o n cen tra tio n s o f fung icides p red eterm in ed  to  give a  50 p e r cen t 

red u ctio n  in  m y ce lia l y ield w hen m ax im u m  or n e a r  m ax im um  reach ed  in  co n tro ls)

u la r ly  in th e  D C M O -trea tm en t.  M a t h r e  [10] reported  t h a t  t h e  inh ib i t io n  
of  resp ira t ion  a n d  m etabolism  of a c e ta te  in  R . solani and te leospo res  o f  Us- 
tilago nuda  were g rea t ly  reduced w h e n  oxidized analogs and  co m p o u n d s  s t ru c 
tu ra l ly  re la ted  to  DCMO were used, a n d  t h a t  th e  tox ic i ty  of DCMO w as  g rea t ly  
red u ced  when  th e  su lp h u r  a to m  w as  oxidized. I n  bean  roots , D C M O , in  con 
t r a s t  to  DCM OD, was found to  b e  m ore  read i ly  oxidized to  a n o n - fu n g i to x ic  
fo rm  [16].

Acta Biologien Academiae Scientiarum Hungaricae 24, 1973



8 0 S E K H O N  -  C O L O T E L O

H C N . HCN p r o d u c t io n  which increased w i th  age of cultures was r e t a r d 
ed  b y  DCMO- and  D C M O D -trea tm en ts  (Table  2). I n  control cu ltu res  H C N  
w as  observed  only a f te r  a decrease  in mycelia l y ie ld  h a d  occurred, a n d  in th e  
D C M O -trea ted  cu l tu re s  H C N  production  w as f i r s t  n o te d  a t  16 days a n d  was 
g r e a te s t  a f ter  th e re  w as  a decrease in m ycelial y ie ld .  I n  th e  D C M O D -trea ted  
c u l tu re s  HCN p ro d u c t io n  w as  f irst observed a t  24 days,  and th e  m ycelial 
y ie ld  a t  th is  tim e w as s l ig h t ly  lower th a n  t h a t  o f  16-day  D C M O -trea ted  cul
tu r e s .  W a r d  and L e b e a u  [18] and Se k h o n  a n d  C o l o t e l o  [13, 14] rep o r ted  
t h a t  H C N  was asso c ia ted  w i th  autolysis a l th o u g h  W a r d  and  T h o r n  [20] 
fo u n d  t h a t  HCN was p r o d u c e d  th ro u g h o u t  th e  g ro w th  of this fungus, p a r t ic 
u la r ly  when  glycine w as s u b s t i tu te d  for a sparg ine  as th e  nitrogen source.

Acknowledgem ent

F in an cia l a ssis tan ce  fro m  th e  A lberta  A g ric u ltu ra l R esea rch  T ru s t is g ra te fu lly  ac 
k n o w ledged .

R E F E R E N C E S

1. B e e r s , R . F. J r ., a n d  S i z e r , I. W. (1952) S p e c tro p h o to m e tr ic  m ethod  for m easu rin g  the
b reak d o w n  of h y d ro g e n  p e ro x id e  by catalase . J .  biol. Chern., 195 , 133.

2. D a v i s , B. J. (1964) D isc  e lectrophoresis. II . M ethod  a n d  ap p lic a tio n  to  h u m an  serum  p ro 
te in s . A n n . N . Y .  A ca d . S e i.,  121, 404 — 427.

3. E d g in g t o n , L. V ., B a r r o n , G. L. (1967) F u n g ito x ic  sp e c tru m  of o x a th iin  fungicides.
Phytopathology , 5 7 , 1256 — 1257.

4. E d g in g t o n , L. V., Co r k e , C. (1969). E ffects of fu n g ic id es a n d  an tio x id an ts  on  d e g rad a tio n
o f o x a th iin  co m p o u n d s in  soil. Proc. Can. P hytopathol. Soc ., 36, 14 [A bstr.].

5. E d g in g t o n , L. V., W a l t o n , G. S., Mil l e r , P. M. (1966) F u n g ic id es  selective for b asid iom y-
cetes. Science, 15 3 , 307 — 308.

6 . G r o v e r , R. K ., Ch o p r a , B. L . (1970) A d a p ta tio n  o f R hizoctonia  species to  tw o  o x a th iin
com pounds and  m a n ife s ta t io n s  of th e  ad ap ted  iso la tes . A cta  phytopath. Acad. Se i. hung., 
5, 1 1 3 -1 2 1 .

7. H a l l , C. B., K n a p p , F . W ., S t a l l , R. E. (1969) P o ly p h en o lo x id ase  a c tiv ity  in b a c te r ia lly
induced  gray w all o f  to m a to  f ru it. Phytopathology, 5 9 , 267 — 268.

8 . L o w r y , 0 . H ., R o s e n b r o u g h , N. J . ,  F arr , A. L ., R a n d a l l , R . J .  (1951) P ro te in  m easu re 
m e n t w ith  th e  F o lin  p h e n o l reag en t. J . biol. Chem., 1 9 1 , 265 — 275.

9. Ma t u r e , D. E . (1968) U p ta k e  an d  b inding of o x a th i in  sy s tem ic  fungicides b y  re s is ta n t
a n d  sensitive fu ng i. Phytopathology , 58, 1464 — 1469.

10. M a t u r e , D. E. (1970a) M ode o f action  of o x a th iin  sy s te m ic  fungicides. I. E ffec t o f car-
b o x in  and o x y c arb o x in  on  th e  general m etab o lism  o f  several basid iom ycetes . P hyto
pathology , 60, 671 — 676.

11. Ma t h r e , D. E . (1970b) R e la tio n sh ip  of chem ical s tru c tu re  to  to x ic ity  and  ac tio n  of o x a th i
in  system ic fungicides. P hytopathology , 60, 1302 [A b s tr .] .

12. R a g s d a l e , N. N., S i s l e r , H . D ., (1970) M etabolic e ffec ts  re la te d  to  fu n g ito x ic ity  o f car-
b o x in . Phytopathology , 6 0 , 1422 —1427.

13. S e k h o n , A. S., Co l o t e l o , N . (1968) R elation  of age o f cu ltu res  to  y ield of m ycelium ,
h y d ro g en  cyan ide  p ro d u c tio n , peroxidases, an d  p ro te in s  from  m ycelium  of a  lo w -tem p er
a tu re  basid iom ycete . Can. J .  Microbiol., 14, 1169 — 1172.

14. S e k h o n , A. S., Co l o t e l o , N . (1970) E ffects of te m p e ra tu re  on  grow th , p ro te in s, p e ro x i
dases, pro tease, R N A , R N a se , and  HCN p ro d u c tio n  o f ageing cu ltu res of a lo w -tem p er
a tu re  basid iom ycete . Can. J .  Bot., 48, 1827 — 1837.

15. S n e l , M., E d g in g t o n , L. V. (1968). F u n g ito x ic ity , u p ta k e  an d  tran s lo ca tio n  of tw o
o x a th iin  system ic fu n g ic id es  in  bean. Phytopathology, 5 8 , 1068 [A bstr.].

16. Sn e l , M., E d g in g t o n , L . V. (1970) U p take, t ra n s lo c a tio n  an d  decom position  of system ic
o x a th iin  fungicides in  b e an . Phytopathology, 60 , 1708 — 1716.

Acta Biologien Academiae Scientiarum Hungaricae 24, 1973



E F F E C T S  O F  O X A T H I I N S  O N  B A S I D I O M Y C E T E S 81

17. W a r d , E . W . B ., Co lo telo , N. (1960) T h e  im p o rtan ce  of inoculum  s ta n d a rd iz a tio n  in
n u tr it io n a l ex p erim en ts  w ith  fungi. Can. J .  M icrobiol., 6, 545 — 556.

18. W a r d , E . W . B., L e b e a u , J .  B. (1962) A u to ly tic  p ro d u c tio n  of hy d ro g en  cy an id e  b y  cer
ta in  snow m old fungi. Can. J .  Bot., 40, 85 8 8 .

19. W a r d , E . W . B ., L e b e a u , J .  B ., Co rmack , M. W . (1961) G rouping of iso la te s  o f a low-
te m p e ra tu re  b asid iom ycete  on  th e  basis o f c u ltu ra l  beh av io r and p a th o g e n ic ity . Can. .). 
B ot., 34, 2 9 7 -3 0 6 .

20. W a r d , E . W . B., T h o r n , G. D . (1966) E v id en ce  for th e  fo rm atio n  of H C N  fro m  glycine
b y  a  snow  m old fungus. Can. J .  Bot., 44, 95 —104.

6 Acta Biologica Academiae Scientiarum Hungaricae 24, 1973





Acta biol. Acad. Sei. hung., 24(1 2), 83—90 (1973)

ELECTRON MICROSCOPIC DEMONSTRATION OF 
ENERGY PRODUCTION IN MOLLUSCAN NEURONS

S. K erpel-Fronius and I. Z s . -N a g y

lu t D EPARTM ENT OF ANATOMY, SEM M ELW EIS U N IV ER SITY  OF M ED ICINE, B U D A PEST AND 
BIOLOGICAL RESEA RCH  IN ST ITU TE OF T H E  HUN G ARIA N  ACADEMY OF SCIENCES, T IH A N Y

(R eceived  1972- 09 - 0 7 )

Abstract

E n erg y -d e p en d e n t accu m u la tio n  of S r2+ was used for th e  in  situ  e le c tro n  m icro
scopic v isu a liza tio n  o f m ito ch o n d ria l en erg y  p ro d u c tio n  of m olluscan  n eu ro n s. S tro n g est 
p re c ip ita tio n  w as o b se rv ed  using  su cc in a te  as re sp ira to ry  su b s tra te , w h ereas a -k e to - 
g lu ta ra te , m a la te  o r p y ru v a te  re su lted  in a w eaker re ac tio n  on ly  s lig h tly  d iffe re n t in 
in te n s ity  from  th a t  su p p o rte d  by  endogenous su b s tra te s . Successful in h ib itio n  b y  0.5 
mmol/1 2 ,4 -d in itro p h en o l and  2 —4 m mol/1 K CN  p ro v ed  th e  p a r tic ip a tio n  o f th e  re sp ira 
to ry  chain  an d  energy  coupling  m echan ism  in th e  reac tio n . B esides m ito c h o n d ria , cy to- 
som es (yellow  p ig m en t g ranules) d isp layed  an  a b ility  to  accu m u la te  S r2+ sh o w in g  th a t  
in th e  m olluscan  n eu ro n s energy-linked  fu n c tio n s are p roceed ing  b o th  in  th e  m ito 
c h o n d ria  an d  cy tosom es. T he la t te r  s tru c tu re s  a re  suggested  to  be d e riv e d  from  
m ito c h o n d ria .

Introduction

Prev ious  s tud ies  on m olluscan n eu ro n s  showed t h a t  n o t  o n ly  t h e  m i to 
chondr ia  h u t  also th e  yellow -p igm ented  granules , called cy tosom es b y  N olte 
and  co-workers [9], c o n ta in  succ ina te  d ehydrogenase  and  c y to c h ro m e  oxi
dase [12, 16]. Based  on th is  h is tochem ical and  o th e r  m orpho log ica l  o b s e rv a 
tions th e  m ito chondr ia l  origin of cy tosom es suggested  earlier b y  o th e r s  [3, 8] 
was su p p o r te d  [13]. I t  seemed, there fo re ,  to  be o f  considerab le  in te re s t  to  
decide, w h e th e r  th e  cy tosom es possess also an  energy-coupling  m ech an ism  
ch arac te r is t ic  for m itochondria .

F o r  th e  v isu a liza t ion  of energy  p ro d u c t io n  a t  th e  u l t r a s t r u c tu r a l  level 
m assive, r e sp ira t io n -d ep en d en t  accu m u la t io n  of Sr2+ m a y  be u t i l ized . I t  was 
show n, nam ely , b y  Greenawalt and  Carafoli [4] t h a t  a t  th e  ex p en se  of 
energy  p roduced  d u r in g  resp ira t ion , iso la ted  m itochondr ia  are  ab le  to  ac
cu m u la te  s t ro n t iu m  and  p h o sp h a te  in such q u an t i t ie s  t h a t  th e y  b ecom e p re 
c ip i ta ted  as e lectron dense  deposits  w ith in  m itochondria .

Material and method

C erebral, v isceral an d  p ed al ganglia  o f  a d u lt  ( 1 4 —18 cm  long) spec im en  o f A nodon la  
cygnea w ere used . T h e  ganglia  w ere in cu b a ted  in a m ed ium  described  b y  K e r p e l - F r o n i u s  
an d  H a j ó s  [7] ex cep t th a t  NaCl w as o m itted . T he decrease  of o sm o larity  w as n ecessa ry , a s  th e  
tissu es o f A . cygnea a re  iso ton ic  w ith  th e  hem o ly m p h  d isp lay ing  only 0.04 osm ol p re ssu re  [10]. 
T he m ix tu re  was com posed  from  stock  so lu tions as follow s;
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1 m l 0.1 mol/1 T ris-H C l b u ffe r , pH  7.0;
2  m l distilled w a ter;
0.5 ml 0.1 mol/1 su c c in a te , p y ru v a te , m ala te  o r a -k e to g lu ta ra te  a d ju s te d  to  p H  7.0 

w ith  N a O H  buffered a t  p H  7.0 b y  N aO H ;
1 ml 0.02 mol/1 Sr(N03)2;
0.5 ml 0.04 mol/1 K -N a -p h o sp h a te  buffer, p H  7.0.
T h e  incubation  w as c a r r ie d  o u t for 45 m inu tes a t  room  te m p e ra tu re  in  open vessels. 

T h e  in c u b a tio n  was follow ed b y  f ix a t io n  in  2%  O s0 4, b u ffe red  w ith  s-collidine a t  p H  7.2 [2], 
fo r 30 m in  a t  0° C and  for 10 m in  a t  room  tem p e ra tu re . Fo llow ing  d e h y d ra tio n  in e th an o l th e  
b lo ck s  w ere em bedded in D u rc u p a n  ACM (F luka). Sections w ere c u t by  an  L K B  U ltro to m e  I I I  
a n d  w ere  s ta ined  w ith  lead  c i t r a te  [ 1 1 ].

T h e  specificity of th e  re a c tio n  w as contro lled  e ith e r b y  o m ittin g  th e  re sp ira to ry  su b s tra te  
o r  b y  in h ib itin g  th e  re sp ira to ry  ch a in  and  energy co u p lin g  m echan ism  w ith  2— 4 mmol/1 
K C N  a n d  0.5 mmol/1 2 ,4 -d in itro p h e n o l (D N P), resp ec tiv e ly .

Results  and discussion

T h e  reaction is c o n f in e d  to  a narrow  su rface  la y e r  of th e  blocks due to  
l im i te d  p ene tra t ion  of  th e  m ed iu m . Therefore t h e  resu lts  were eva lua ted  in 
th i s  zone, which was se lec ted  as described b y  K erpel-F ronius and  Hajós [6].

T h e  incuba tion  w i th o u t  p re f ixa tion  did n o t  induce  a n y  serious s t ru c tu ra l  
d a m a g e .  All the  su b ce l lu la r  elem ents rem ained  recognizable, a l though  th e  
m i to c h o n d r ia  loaded w i th  p re c ip i ta te  showed considerab le  swelling (Figs 1, 
3). I n  th e  layers w i th o u t  r e a c t io n  or after in h ib i t io n  of Sr2+ u p ta k e  th e  m i to 
c h o n d r ia l  swelling was less p ronounced  s im ilar to  th e  observa tion  m ade  on 
m a m m a l ia n  tissues [7].

U sing  succinate  as r e s p i r a to ry  su b s tra te  an  in ten se  Sr2+ accum ula tion  
w as  obse rved  in th e  fo rm  o f  large , dense granu les  localized in th e  inner  com 
p a r t m e n t  of the swollen m i to c h o n d r ia  (Fig. 1). Also on th e  in te rn a l  m em branes  
of  so m e  cytosomes a f in e ly  g ra n u la r  p rec ip i ta te  o f  h igh elec tron  d ens ity  a p 
p e a r e d  (Fig. 2), never seen in  th e m  under  no rm al c ircum stances .  How ever, th e  
m a j o r i t y  of cytosomes re m a in e d  free of reaction even  in  th e  surface laye r  where 
o th e rw ise  the  m itochondria  show ed intense p re c ip i ta t io n .  I t  should  be n o ted ,  
fu r th e rm o re ,  th a t  needle-like  reac t io n  was observed  n e i th e r  in th e  m itoch o n d r ia  
n o r  in  t h e  cytosomes. A cco rd ing  to  Greenawalt a n d  Carafoli [4], th e  s t ru c 
t u r a l  fo rm  of the  Sr2+ -p h o s p h a te  deposits m a y  b e  d e te rm in e d  b y  th e  ra te  of 
a c c u m u la t io n  insofar as g r a n u la r  p rec ip i ta t ion  in d ica tes  a less in tense  r e 
a c t io n  t h a n  a needle-like re a c t io n  p roduct.  T h u s  succ in a te -su p p o r ted  Sr2+ 
u p t a k e  seems to  be less e ff ic ien t  in the  ne rvous  t issue  of A . cygnea t h a n  in 
m a m m a l ia n  tissues [5, 7].

Com plete  inh ib it ion  o f  S r2 + accum ula tion  b y  D N P  (Fig. 4) and  a signif
ic a n t  decrease of p r e c ip i ta t io n  following K C N  t r e a t m e n t  p rove  t h a t  th e  re 
a c t io n  is dependent on th e  f u n c t io n  of th e  re sp i ra to ry  chain  and  energy cou
p l in g  m echan ism  b o th  in th e  m itochondr ia  and  cy tosom es. In  blocks in cu b a ted  
in a m e d iu m  con ta in ing  no re sp i ra to ry  su b s t ra te  th e  m itoch o n d r ia  an d  some 
c y to so m e s  showed Sr2+ a c c u m u la t io n ,  however, m u c h  less th a n  in th e  presence
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F ig. 1. S u cc in a te-su p p o rted  S r2+ -accu m u latio n  in th e  m ito ch o n d ria  o f a ne rv e  cell in the  
v isceral ganglion . A rrow s in d ica te  th e  S r-p h o sp h a te  deposits of h igh e lec tro n  d en sity . E R  =

endop lasm ic  re ticu lu m ; X 25 000
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F ig . 2. S uccinate  su p p o rted  S r2+ acc u m u la tio n  in th e  cy to so m es of a nerve  cell in th e  cerebral 
g a n g lio n . A rrow s in d ica te  th e  f in e ly  g ran u la r S r-p h o sp h ate  d ep o sits  w ith in  th e  cytosom es. 

L D  == lip id  drop lets o f th e  cy to so m e ; CM =  cy tosom al in te rn a l m em branes; X 25 000
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F ig  3. S r2 +-accu m u la tio n  in  th e  m ito ch o n d ria  (M) of th e  cerebral ganglion , su p p o rte d  by 
endogenous su b s tra tes . T h e  re ac tio n  is o f m uch  low er in te n sity  th a n  show n in F ig. 1; X 25 000
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F ig . 4. In h ib itio n  of Sr2+-a c c u m u la tio n  by  0.5 mmol/1 2 ,4 -d in itro p h en o l in  th e  cerebral g an 
g lion . N o te  th e  absence of S r-p h o sp h a te  deposits b o th  in m ito c h o n d ria  (M) and  cytosom es (Cv).

X 27 000

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



E N E R G Y  P R O D U C T I O N  I N  N E U R O N S 8 9

of succinate . This  re ac t io n  m ay  be due to  endogenous  subs tra te s ,  since it  was 
as sensitive to  D N P  and  K CN as su c c in a te -su p p o r ted  Sr2+ accu m u la t io n .  This 
a ssum ption  seems to  be justif ied , since conside rab le  am o u n t  (0.05 -  0.4 per 
cent) of succinic acid has  been found  in som e b iva lves  [1].

T he  o th e r  r e sp i ra to ry  substra tes  used  (p y ru v a te ,  a -k e to g lu ta ra te  and  
m alate)  resu lted  in a w eak e r  reaction th a n  su cc in a te .  I t  was found to  b e  diffi
cu lt  to  d if fe ren tia te  th e  reac tion  from  t h a t  s u p p o r te d  by  endogenous s u b s t ra te s  
because  of  th e  low reac tion  in tens i ty .  T h e re fo re  it is impossible to  d raw  
a n y  conclusion reg a rd in g  the  presence of  t h e  respective p r im a ry  d e h y 
drogenases ca ta ly s in g  th e  f irst step of s u b s t r a te  oxidation.

T he  d e m o n s t ra t io n  of su c c in a te -su p p o r ted  Sr2+ accum ula tion  in the  
cytosom es co r ro b o ra te  earlier f indings show ing  th e  presence of su cc in a te  de
hydrogenase  an d  cy to ch ro m e  oxidase in th e se  organelles [12, 16]. S u cc ina te  
dehydrogenase  to g e th e r  w ith  a func tional e lec tro n  t r a n sp o r t  chain  a n d  energy  
coupling m echan ism  are  considered to  be  cha rac ter is t ic  of m ito ch o n d r ia .  
These f indings th u s  defin ite ly  prove th e  m ito ch o n d r ia l  origin of cy tosom es  as 
suggested  earlier [3, 8, 13, 16]. The fu n c t io n a l  s ignificance of cy tosom al energy  
p ro duc tion  is n o t  y e t  clear. As is d iscussed elsewhere, su cc in a te -su p p o r ted  
Sr2+ accu m u la t io n  becom es highly a c t iv a te d  in th e  cytosomes para lle l  with 
th e ir  b reak d o w n  d u r in g  prolonged anoxia  [14, 17]. Most p robab ly  a l ipoch rom e  
p ig m en t  is used as a final electron accep to r  u n d e r  these conditions [15, 18, 19]. 
I t  seems p ro b ab le ,  the re fo re ,  t h a t  cy tosom es p la y  an essential m e tab o l ic  role 
only u n d e r  anae rob ic  conditions which are  to le r a te d  for a re m ark ab le  t im e  b y  
num erous  Molluscs possessing a large n u m b e r  o f  cytosomes.

R E F E R E N C E S

1. A o k i , K . (1932) O n th e  existence of succinic ac id  in  some bivalves. J .  agr. chem. Soc.
(J a p a n ) ,  8 , 8 6 7 - 8 6 8 .

2. B e n n e t t , II . S., L u f t , J .  H . (1959) S-collidine as a  b a is  for buffering fix a tiv es . J .  biophys.
biochem. Cytol., 6 , 113 — 114.

3. F äH R M A N N , W . (1961) L ich t- und e lek tro n en in ik ro sk o p isch e  U n te rsu ch u n g en  des N e rv en 
system s von  U nió tu m id u s  ( P h ilip ss o n ) u n te r  b eso n d ere r B erücksich tigung  d e r N euro- 
sekretion .

4. Gr e e n a w a l t , J .  W ., Ca r a f o l i , E. (1966) E le c tro n  m icroscope stud ies on a c tiv e  accu m u 
la tio n  of Sr2+ b y  r a t  liv e r m itochondria . J . Cell B io l.. 29, 37 — 61.

5. H a jó s , F ., K e r p e l - F r o n iu s  S. (1971) E lec tro n  m icroscopic  h istochem ical ev id en ce  for
a p a r tia l  or to ta l  b lock  of the  tricarb o x y lic  ac id  cycle in th e  m ito ch o n d ria  o f  th e  pre- 
sy n a p tic  axon  te rm in a ls . J .  Cell B io l., 51, 216 —222.

6 . K e r p e l - F r o n i u s , S., H a jó s , F. (1967) A m eth o d  fo r th e  electron  m icroscopic d e m o n s tra 
tio n  of cy to ch ro m e  ox idase  in fresh  and  fo rm alin -p re fix ed  tissues. H istochem ie, 10, 
216 223.

7. K e r p e l - F r o n i u s , S., H a jó s , F. (1970) E le c tro n  m icroscopic d em o n s tra tio n  o f energy
p ro d u c tio n  an d  coupled  resp ira tion  of in  s itu  m ito ch o n d ria . J . Histochem . Cytochem., 
18, 7 4 0 - 7 4 5 .

8 . L a cy , I)., H o r n e , R . (1956) A cytological s tu d y  o f th e  neurons of Patella vulgata  by  lig h t
and e lec tro n  m icroscopy . Nature (L o n d .) , 178, 976 — 978.

9. N o l t e , A., B r e u c k e r , H ., K u hlmann , D. (1965) C ytosom ale E inschlüsse  u n d  N euro-
sek re t im  N ervengew ebe von G astropoden . Z . Zellforsch., 6 8 , 1 — 27.

Acta Biologica Academiac Scientiarum Hungarciae 24, 1973



9 0 K E R P E L - F R O N I U S  Z S .- N A G Y

10. P r o s s e r , С. L., B r o w n , F . A. (1961) C o m p ara tiv e  an im al physiology. S a u n d e rs  Co.,
L o n d o n .

11. R e y n o l d s , E . S. (1963) T he u se  o f lead  c itra te  a t  h ig h  p H  as an e lec tron -opaque  s ta in  in
e le c tro n  m icroscopy. J . Cell B io l., 17, 208 — 212.

12. Z s . -N a g y , I. (1967) H isto log ica l, h istochem ical a n d  e lec tro n  m icroscopical s tu d ie s  on  the
cy to so m e s of th e  nerve  cells of Anodonta  cygnea  L . (M ollusca, L am e llib ra n c h ia ta ) . 
A n n a l.  B iol. T ih a n y , 34, 25 — 39.

13. Z s . -N a g y , I. (1969) The m orphogenesis o f cy tosom es in  th e  neurons of Anodonta  cygnea  L.
(M ollusca , Pelecypoda). A cta  biol. Acad. Sei. hung .. 20, 451—463.

14. Z s . -N a g y , I. (1971a) P ig m e n ta tio n  and  energy  d e p e n d e n t Sr24-accum ula tion  o f m o lluscan
n e u ro n s  u n d e r anaerob ic  co n d itio n s. A n n a l. B io l. T ih a n y , 38, 117 — 129.

15. Z s . -N a g y , I. (1971b) The lip o ch ro m e p ig m en t o f m o llu scan  neurons as a specific  e lectron
a c c e p to r . Comp, biochem. P h ys io l ., 40A, 595 — 602.

16. Z s . -N a g y . I .,  K e r p e l - F r o n i u s , S. (1970a) T he u l tra s tru c tu ra l  loca lization  o f succ in ic
d eh y d ro g en ase  a c tiv ity  in  th e  nervous system  o f A nodonta  cygnea L. (M ollusca, P e lecy 
p o d a ) . A cta  biol. Acad. Sei. hung., 21, 105 — 113.

17. Z s . -N a g y , I .,  K e r p e l - F r o n i u s , S. (1970b) E le c tro n  m icroscopic h isto ch em ical in v e s ti
g a tio n s  on th e  energy p ro d u c tio n  in th e  n eu ro n s  of P elecypoda (M ollusca). Septièm e  
Congrès In ternational de M icroscopie Electronique, Grenoble, Vol. 3.

18. Z s .-N a g y , I., E r m in i, M. (1972a) O x id a tio n  of N A D H l, by  th e  lipochrom e p ig m e n t o f th e
tis su e s  of th e  b ivalve  M y tilu s  galloprovincialis (M ollusca, Pelecypoda). Comp, biochem. 
P h y s io l., [In  press].

19. Z s . -N a g y , I., E r m in i , M. (1972b) A T P -p ro d u c tio n  in  th e  tissues of th e  b iv a lv e  M y tilu s
ga lloprovincia lis  (P e lecypoda) u n d e r norm al a n d  an o x ic  conditions. Comp, biochem. 
P h y s io l ., [In  press]

I m r e  Z s . - N a g y ,

S á n d o r  K e r p e l - F r o n i u s ,

8237 T ihany ,  M TA  Biológia, H u n g a ry  
1094 B u d a p e s t ,  T ű zo l tó  u. 58, H u n g a ry

Acta Biologien Academiae Scientiarum Hungaricac 24, 1973



Acta biol. Acad. Sei. h u n g 24(1 2), 91 — 94 (1973)

TESTING OF A HUNGARIAN OSTEOPLASTIC POLYAMID 
(METAMID) ON LIVING CELL CULTURES

M. Forgon and M. K ellermayer

D EPA R T M E N T OF TRAUMATOLOGY OF T H E  1ST SU RG ICA L CLINIC AND CENTRAL LA BO RATORY  FOR 
CLINICAL CHEM ISTRY, M ED ICA L U N IV ERSITY , PÉCS

(R eceived  1972— 0 9 —15)

A bstract

A u th o rs  in v es tig a ted  th e  ce ll-d am ag in g  effect of a H u n g a rian  p o ly am id  “ M eta- 
m id ”  on  H eL a  cell cu ltu res . M etam id  d id  n o t  a lte r  th e  rep ro d u c tio n  r a te  o f th e  cells. 
T he cells d isp lay ed  th e  sam e ad h eren ce  a n d  p ro life ra tio n  as well as n e a r ly  id en tica l 
m ito tic  in d ex  on th e  M etam id  p la te s  as th e  co n tro l cu ltu res on glass slides.

Introduction

In  th e  l i te ra tu re  of bone su rgery  p ro b le m s  of a r th ro p la s ty  a n d  os teo p las ty ,  
especially those  concerning th e  co rrec t io n  of  th e  hip jo in t  a n d  t h e  “ in te rna l  
p ros theses”  h av e  been  m ost th o ro u g h ly  d iscussed in recent y ea rs .  B ecause  of 
th e  a d v a n ta g e o u s  properties  of n e w ly -c re a te d  plastics (high so lid i ty ,  high 
coefficient o f  e lastic ity ,  good wear r e s is tan ce  an d  last b u t  n o t  le a s t ,  t h e  tissue 
com pa tib i l i ty )  m eta l-p lastic  c o m b in a t io n s  are  more and m ore  fa v o u re d  in 
c o n tra s t  to  th e  pu re  metallic  p ros theses .

T h e  p re sen t  p a p e r  analyzes th e  e ffec t on tissue cu ltu res  o f  a po lyam id  
(M etam id) m a d e  in H u n g a ry  an d  issued  b y  Metalloglobus. S im ila r  in v es t ig a 
tions h a v e  scarcely  been repo rted  in t h e  l i te ra tu re  [1, 2, 4].

A ccord ing  to  our observa tions ,  [1] cell cultures, espec ia lly  th o se  on 
slides, a re  su itab le  for tes t ing  th e  t o x ic i ty  of  plastics [2]. M e ta m id  did  no t  
a l te r  t h e  rep ro d u c t io n  ra te  o f  cells, t h u s  its cell-damaging e ffec t can  be 
exc luded  w i th  h igh probab ili ty .

Material and method

H eL a  cell cu ltu res  were used. T he co m p o s itio n  of th e  grow th m ed iu m ; 85%  P a rk e r 
TC 199 so lu tio n , 10%  bovine serum , 5%  la c ta lb u m in  [3]. Cells grown in  R o u x -fla sk s  o f 500 
m l w ere se p a ra te d  from  th e  glass wall using  0 .02 %  V ersene, w ashed in sa lin e  a n d  suspended  
in  fresh  m ed iu m , 250 000— 300 000 cells p e r m l. T h is  suspension was d is tr ib u te d  in  te s t  tu b es 
3 m l in each . T h ere  was a cover slip o f 0.5 X 1.0 in  surface  in each tu b e . A h a lf  o f th em  was 
m ade  of g lass co m p atib le  for cell g row th , th e  o th e r  h a lf, 0.5 m m  in th ickness, w as m ad e  of M eta
m id. T he cover slips w ere sterilized an d  c a re fu lly  c leaned  before use.

T h e  tu b e s  w ere t ig h tly  ru b b e r-s to p p ed . N o a rtific ia l gas m ix tu re  w as u sed . T he tu b es 
were in c u b a te d  a t  37 °C.

A fte r  th e  f ir s t  48 h, 2 tubes o f each g ro u p  w ere opened by  every  24 h . T h e  cover slips
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w ere p laced  in  a 3 : 1 m ix tu re  o f  e th an o l-g lac ia l a ce tic  ac id  fo r 1 h , then  sta ined  w ith  0 .1%  
to lu id in  b lu e  dissolved in  v e ro n al b u ffer a t  pH  4.

T h e  s ta in e d  cover slips w ere m o u n ted  in  colourless g u m -a ra b ic  and exam ined in  lig h t 
m icroscope  using  a m ag n ifica tio n  o f X 800.

T h e  m ito tic  in d ex  w as d e te rm in e d  on the  3 rd  a n d  5 th  d ay s  by  counting  3 000 cells in  
each  c u ltu re . T he ex p erim en t w as closed on the  5 th  d ay .

Results

A fte r  2 days of  cu l tu r in g  large, so m etim es  even  confluent colonies of 
cells w ere  seen on b o th  th e  M etam id  and glass co v e r  slips (Fig. la ) .  T he  p la s 
tic  s lides were less t r a n s lu c e n t  th a n  the  glass ones a n d  even the ir  surface was

F ig. 1. H e L a  cell cu ltu re  o f 3 d a y s  on M etam id p las tic  slide, (a) =  Polished p lastic  slide in  
full size. M ore or less c o n ta c tin g  cell colonies on th e  su rface  o f th e  p las tic  slide. T olu id in  b lu e  
s ta in in g : X 100. (b) T he sam e as on  th e  Fig. la . in c en tre  a d iv id in g  cell betw een cells in  in 

terp h ase . X 800
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so m ew h a t  uneven , there fo re  th e  cells could  n o t  be exam ined  u n d e r  im m ersion 
ob jective .  T he  p ic tu re  was sa t is fac to r i ly  clear, when a d ry  ob jec t iv e  о f  X40 
m agn if ica t ion  ( to ta l  m agn if ica t ion  x 8 0 0 )  was used and  th e  m i to t ic  forms 
were well d is tingu ishab le  (Fig. lb ) .  O n  th e  basis of th e  m ito t ic  in d e x  from  the  
M etam id  cover slips were as su i tab le  for  cu l tu r in g  of H eL a  cells as th e  glass.

M ito tic  index
(D ividing cells pe r 1 000 cells)

3rd day 5th day

C ontrol 2 7 ±  2 19

M etam id 26 ±  2 20

D iscussion

E stab l ish ed  cell cu ltu res ,  re p re se n t in g  easily t re a ta b le  l iv ing cells, are 
w idely  used even a p a r t  from  th e  v i ru s  cu ltu r ing . Such cells a re  sensitive  to 
th e  a l te ra t io n  of th e  en v iro n m en t  a n d  th e  cu ltu r ing  m edium . F ro m  th e  po in t 
o f  wiew of th e ir  life cycles even th e  solid su b s t ra te  to  which th e y  a t t a c h  is of 
g rea t  significance. I f  th e  cu ltu r ing  m ed iu m  or th e  solid s u b s t ra te  is u n sa t is 
fa c to ry  or of tox ic  effect, th e  cells do n o t  a t t a c h  to  th e  surface and  th e  cu ltu re  
dies w ith in  several hours.

T h e  a d v an tag eo u s  ind ica tive  c h a ra c te r  of cell cultures has a lread y  been 
used for  te s t in g  cell-dam aging effect o f  p lastics :  powerized p lastics  were placed 
in to  th e  cu ltu res  and  th e  fo rm  and  grows of a t ta c h e d  cells were inv es t ig a ted  
u n d e r  th e  phase  c o n tra s t  microscope.

W e p rep a red  M etam id  th in  slides, w hich  are t ran s lu cen t  a n d  th u s  s u i t 
able  for l igh t microscopy. T he  slides w ere  p laced  in cell suspension  so t h a t  th e  
suspended  cells sed im ented  on, an d  a t t a c h e d  to  th e  slides. This  t y p e  of  p r e p 
a ra t io n  allowed, in co n tra s t  to  th e  fo rm e r  ones, to  analyze n o t  on ly  th e  mor- 
pho l  ogy and  form of colonies and cells g row n on th e  slides, b u t  also to  d e te r 
m ine th e  m ito t ic  index , a sensitive in d ic a to r  of cell m ultip lica tion .

T he  H eLa cells a t ta c h e d  to  th e  su rface  of M etam id and p ro life ra ted  there .  
This ind ica tes  t h a t  no cell-dam aging su b s ta n c e  diffused into th e  m e d iu m  in a 
to x ic  concen tra t io n  from  th is  ty p e  o f  p las t ics .  T he  a t ta c h m e n t  of  th e  cells and  
re p ro d u c t io n  ra te  iden tica l w ith  t h a t  o f  controls  involves fu r th e rm o re  t h a t  
th e  surface  o f  M etam id  is ind iffe ren t  fo r  living cells, th e y  can  g e t  easily in 
c o n ta c t  w ith  t h a t  w i th o u t  a n y  pa tho log ica l  a l te ra t ion  of th e ir  m e tabo lism .

T hus , M etam id  d isp layed  no ob se rv ab le  cell-damaging effect, therefore  
th e re  can  be no ob jection  aga ins t  its g ra f t in g  in th e  h u m a n  o rgan ism , a t  least  
from  th is  respect.
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OF THE PURE RENNIN-LIKE ENZYME FROM 
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Abstract

No tim e-lag  was req u ired  fo r th e  fo rm a tio n  of th e  m ilk clot b y  th e  p u re  ren n in - 
like  enzym e of P én icillium  c itrin u m  805. H ig h  su b s tra te  co n cen tra tio n s seem ed  to  a ffec t 
th e  r a te  o f th e  enzym ic stage o f re n n in  ac tio n  an d  hence c lo ttin g  of m ilk  w as re ta rd e d . 
T he enzym e ac tio n  was o p tim a l a t  62 °C a n d  a t  p H  6.1. U nder these  co n d itio n s , th e  
enzym e c lo tted  4 000 tim es its  own w eigh t o f  sk im m ed  m ilk w ith in  30 s. T h e  s ta b ili ty  
o f  th e  enzym e w as m ax im al a t  p H  5.89 in  th e  p resence of th e  su b s tra te , th e  enzym e 
w as m ore stab le  a t  p H  va lues above th a n  below  th e  o p tim u m . T he m ilk -c lo ttin g  ac
t iv i ty  was d im in ished  by  ox id iz ing  ag en ts  a n d  w as u n affec ted  by red u c in g  ag en ts . No 
re ac tiv e  su lfh y d ry l groups seeem ed to  be p re se n t in  th e  ac tiv e  site o f th e  en zy m e. U rea 
as well as som e an im al sera com p le te ly  b lo ck ed  th e  enzym e action . T he en zy m e  co n ta in s  
17 am ino  acid  residues.

Introduction

I n  p rev ious  papers  [1, 2], th e  d is t r ib u t io n  p a t t e r n  of m ilk -c lo t t in g  and  
p ro te o ly t ic  activ it ies  in some fungi as well as th e  p rep a ra t io n  of a m ilk -c lo t
t in g  enzym e from  Pénic ill ium  citr inum  h av e  been  reported . In  th i s  respec t ,  
th e  p a r t ia l ly  purif ied  enzym e of P .  c itr inum  exh ib ited  high m ilk -c lo t t in g  and  
low p ro teo ly t ic  ac t iv i ty .  Accordingly  i t  was considered  as a renn in-like  enzym e. 
T h e  p re se n t  w ork  was u n d e r ta k e n  to  in v es t ig a te  some c h a ra c te r is t ic s  of 
t h e  p u re  ex trace llu la r  rennin-like enzym e p re p a ra t io n  of Pénic i l l ium  c i tr inum  
(P R L E ) .  These studies  included th e  effect o f  u rea  and  some an im al  se ra  on  th e  
m ilk -c lo t t in g  ac t iv i ty .  Ch e e s e m a n  [4] fo u n d  t h a t  calf  rennin  was ra p id ly  in 
a c t iv a te d  in solutions con ta in ing  urea. On th e  o th e r  hand ,  an im al  se ra  were 
show n b y  m a n y  au th o rs  [6, 8, 11, 12] to  in h ib i t  c lo tt ing  of milk b y  renn in .  
A va ilab le  know ledge a b o u t  th e  effect o f  such  agen ts  on the  a c t iv i ty  o f  m ic ro 
b ia l  re n n in  enzym es is, however, still s c a n ty .  This s tu d y  m ay  give usefu l in 
fo rm a t io n  on th e  rennin-like enzym e of P én ic i l l ium  citrinum  a n d  h en ce  leads 
to  its  b e t t e r  eva lua tion  and util ization .

M ateria l and  m ethod

O rganism . P én icillium  citrinum  805 (N R R L ) w as used  th ro u g h o u t. C u ltiv a tio n  w as done 
as d escribed  by  A b d e l - F a t t a h  a n d  co-w orkers [1, 2].

C ulture m edium . T h is was com posed of co rn  s teep  m a tte r  (2%  m ass 'v o l.)  a n d  lac tose  
(2 %  inass/vo l.).
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P reparation  o f  ren n in -like  enzyme. A fter in c u b a tio n  fo r 7 days a t  30 °C, th e  c u ltu re  
f i l t r a te  w as p re c ip ita te d  w ith  2 volum es of ice-cold ace to n e . A fte r d ry ing  o v e rn ig h t over 
P 2O ö, th e  p re c ip ita te  w as d isso lved  in  d istilled  w a te r  a n d  cooled. T his enzym e so lu tio n  w as 
th e n  frac tio n a lly  p re c ip ita te d  w ith  ice-cold acetone. T h e  fra c tio n  p re c ip ita te d  a t  50%  (v /v ) 
a c e to n e  w as used  as “ ren n in -lik e  enzym e” .

Electrophoresis o f  ren n in -like  enzyme preparation . P a p e r  e lectrophoresis w as done  w ith  
th e  E lp h o r  a p p a ra tu s  a n d  0.02 m ol/l a ce ta te  b u ffer (p H  3 .42): 300 У (0.2 m A ) s tr ip )  w as 
ap p lie d  a t  room  te m p e ra tu re .

M easurem ent o f  m ilk-c lo tting  activity. This w as do n e  acco rd ing  to  th e  m eth o d  o f B e r - 
r i d GE [3]: unless o th erw ise  specified , a 2.5 ml vo lu m e o f  th e  bu ffered  (0.02 m ol/l a ce to n e  
b u ffe r , p H  4.0) enzym e sam p le  w as in cu b a ted  w ith  10 m l re c o n s titu te d  sk im m ed m ilk  (12 g d ry  
sk im m e d  m ilk / 100 m l o f  0.01 m ol/l calcium  chloride) a t  40 °C an d  th e  c lo ttin g  tim e  w as re 
c o rd ed . T he enzym e a c t iv ity  t h a t  c lo tted  10 m l m ilk  in  10 m in  was tak en  as u n it.

E stim a tio n  o f  p ro te in . T h is  w as done by  th e  m e th o d  of L o w ry  an d  co-w orkers [7].
E xa m in a tio n  o f  the effect activators and inhib itors , urea and anim al sera on m ilk-clotting  

ac tiv ity . E n zy m e disso lved  in  2.5 m l (0.02 m ol/l a c e ta te  b u ffe r, p H  4.63), co n ta in in g  th e  te s t  
su b s ta n c e  w as in cu b a ted  fo r 10 m in  a t  40 °C. T h ere a fte r, th e  enzym e so lu tion  w as fu r th e r  in 
c u b a te d  a t  62 °C w ith  10 m l re c o n s titu te d  sk im m ed m ilk  a n d  th e  c lo ttin g  tim e  reco rded .

A n im a l sera. T hese w ere o b ta in ed  from  Serum  D e p a r tm e n t, V irus R esearch  P ro d u c tio n  
C e n tre , A gouza, Cairo.

A m in o  acid ana lys is  o f  the rennin-like enzym e. E n zy m e  sam ple w as h y d ro ly zed  in  6 
N-HC1 in  a  sealed tu b e  fo r 24 h  a t  100 °C. T he h y d ro ly sa te  w as ch ro m ato g rap h ed  on W h a tm a n  
N o. 1 p a p e r  using  th e  2 -d im en sio n a l techn ique  w ith  th e  so lv en ts  n -b u tan o l — ace tic  acid  — 
w a te r  ( 4 : 1 : 5 ,  v /v ) a n d  p h en o l —  w a te r (80 : 20, m ass/v ). F o r  try p to p h a n , th e  enzym e sam ple  
w as h y d ro ly ze d  w ith  14%  (m ass/v ) B a(O H ), in  an  oil b a th  a t  125 °C u n d e r re flu x  fo r 18 to  
20 h . A fte r  rem oval o f b a r iu m  w ith  1 N -H 2S 0 4 fo llow ed b y  w ash ing  th e  p re c ip ita te  w ith  h o t 
w a te r , th e  f i l t r a te  was c o n c e n tra te d  in a v acuum  o ven  a t  35 °C. P a p e r ch ro m a to g rap h y  of th e  
h y d ro ly sa te  was pe rfo rm ed  w ith  a so lven t consisting  of iso p ro p a n o l-a m m o n ia -w a te r  (80 : 5 : 
15, v /v ) . S p ray in g  was ca rried  o u t  w ith  n in hydrin .

Results and discussion

T h e  frac t ion  p re c ip i ta te d  a t  50%  ace to n e  from  th e  p a r t ia l ly  purif ied  
m ilk -c lo t t in g  enzym e p re p a ra t io n  was a n a ly zed  b y  electrophoresis. I t  was 
sh o w n  t h a t  th e  f rac t io n  consis ted  of a single p ro te in  com ponen t w hich  m o v ed  
to w a rd s  th e  ca thode . This enzym e frac t ion  re p re se n te d  the  pu re  renn in - l ike  
en z y m e  (P R L E )  p r e p a r a t io n  used in this Avork.

T h e  m ilk-c lo t t ing  a c t iv i ty  of th e  P R L E  was h ighly  d ep en d en t  on th e  
e n zy m e  concen tra t io n  (T able  1). An enzym e co n c e n tra t io n  of 0.12 m g/nd  was 
su ff ic ien t  for m ax im a l  c lo tt ing . Using P R L E  concen tra t ions  rang ing  from  
0.02 to  0.14 m g en zy m e  p ro te in  in 1.0 ml, th e  c lo t t in g  tim es were s ligh tly  
s h o r te r  t h a n  th e  ca lcu la ted  values  as expec ted  f ro m  th e  preceding va lues  c o n 
ta in in g  lesser a m o u n ts  of p ro te in .  Thus th e  c lo t t in g  was accelerated  w i th  th e  
in c rease  of  enzym e co n cen tra t io n .  This in d ica tes  t h a t  no tim e-lag  is req u ired  
for  t h e  fo rm a tio n  of th e  m ilk  clot, as p roposed  b y  H o l t e r  [ 5 ] ,  w hen  su i tab le  
co n c e n tra t io n s  of th e  e n zy m e  are used. This  lag  per iod  seems th u s  to  d e p en d  
on th e  enzym e co n c e n tra t io n  and  consequen tly  on the  ra te  w ith  w hich  th e  
e n z y m ic  reac tion  p ro d u c t  is formed.

A lth o u g h  p ro p o r t io n a l  am oun ts  of ca lc ium  chloride  were added  to  m ilk , 
th e  r e n n in  a c t iv i ty  w as inverse ly  re la ted  to  t h e  s u b s t r a te  co n cen tra t ion  s u p 
p o se d ly  due  to  th e  h igh  v iscos i ty  a t  high s u b s t r a te  concentra tions.
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T ab le  1

Effect o f  the enzyme protein concentration on the milk-clotting activity o f  P U L E *

E nzym e con cen tra tio n
(mg pro tein /m l) 0.02 0.06 0.10 0.12 0.14

C lo tting-tim e (m in) 31.08 7.78 4.13 3.22 2.82

M ilk-clo tting  a c tiv ity
(u n it/m g  pro tein ) 6.45 8.56 9.68 10.36 10.20

* P R L E  - p u re  rennin-like  enzym e p repared  fro m  Pénicillium  cilrinum

T h e  P R L E  reached  its m ax im al a c t iv i ty  a t  62 °C, h u t  iden t ica l  resu lt  
was o b ta in e d  a t  67 °C. T h e  ra te  of a c t iv i ty  declined  above the  o p t im a l  te m p e r 
a tu re  slowly, in d ica t ing  resistance of th e  e n zy m e  against hea t  in t h e  presence 
of th e  su b s tra te .

A t  a n y  of th e  te m p e ra tu re s  in v e s t ig a te d ,  th e  enzyme show ed m ax im a l  
a c t iv i ty  a t  p H  6.1 (Table 2). This value  is s l ig h t ly  higher th a n  th o se  fo u n d  for 
o th e r  fun g a l  ren n in  enzym es [9, 13]. A t h ig h e r  p H  values and d i f fe re n t  t e m 
p e ra tu re s ,  th e  m ilk-c lo t t ing  ac t iv i ty  decreased  g radually  reaching l im its  which 
were a lw ays h igher t h a n  those a t  pH  6.05. T h is  indicated  t h a t  th e  enzym e, 
in th e  presence of its  su b s tra te ,  was more s ta b le  a t  p H  values above  t h a n  below 
th e  o p t im u m . T he  m ilk-c lo tting  a c t iv i ty  of  t h e  P R L E  was high a t  p H  6.1 and 
6 2 ° C ; t h e  enzym e c lo t ted  4 000 tim es  its o w n  w eight of sk im m ed m ilk  w ith in  
30 seconds. This  ind ica tes  a high degree of p u r i t y ;  the  par t ia l ly  p u r if ied  enzym e 
could on ly  clot 827 t im es its own w eight o f  sk im m ed milk w ith in  148 seconds 
a t  p H  6.0 and  60 °C [2].

T h e  enzym e s tab i l i ty  depended  on t h e  p H ,  the  te m p e ra tu re  a n d  also, 
on th e  d u ra t io n  of th e  t r e a tm e n t  (Table 3). A t  low p H  values th e  e n zy m e  was 
u n s tab le .  T he  m ilk-c lo t t ing  ac t iv i ty  was d e s t ro y e d  when heated  a t  40 °C for

T ab le  2

Effect o f  the p H  at different temperatures on the milk-clotting activity o f  P R L E

pH of
enzyme
solution

pH of 
reaction 
mixture

T em peratu re of reaction (°C)

30 40 50 62

M ilk-clotting activity  (unit/mg protein)

3.42 6 .0 0 l . i i 2.22 4.13 18.87

4.05 6.05 4.03 8.89 17.86 52.63

4.63 6.10 6.60 11.63 23.53 66.67

4.99 6.20 5.10 10.31 21.98 57.14

5.37 6.20 5.00 9.52 20.41 46.51

5.89 6.25 4.83 9.90 19.61 41.67
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T able 3

The p H  stability  at different tem peratures o f  P R L E

pH  of 
enzyme 
solution

Tem perature 
of heating

(°C)

Time of 
heating 

(min)

M ilk-clotting 
ac tiv ity  (unit/ 

mg protein)

Relative 
activity 

(per cent)

Control 40 10 42.857 100.0

3.42 40 10 5.345 12.46

20 NC 0.0

45 5 NC 0.0

4.04 40 10 34.783 81.16

30 17.746 41.41

60 0.395 0.92

45 5 19.041 44.43

10 0.724 1.69

50 5 NC 0.0

4.99 40 10 38.167 89.05

60 28.625 66.79

120 22.342 52.13

45 10 25.096 58.55

30 0.833 1.09

60 NC 0.0

50 5 7.182 16.75

10 NC 0.0

5.89 40 10 58.988 137.63

60 48.193 112.45

120 33.619 78.44

45 10 40.723 95.02

30 14.241 33.23

60 NC 0.0

50 5 17.209 40.15

10 NC 0.0

A fte r  each  trea tm e n t, th e  p H  of th e  enzym e so lu tio n  w as read ju sted  to  4.63 an d  in c u b a t
ed w ith  m ilk  a t  62 ° C; p H  of co n tro l =  4.63: NC =  no c lo ttin g

20 m in  or a t  45 °C for 5 m in .  Generally, t h e  e n zy m e  was more s tab le  a t  p H  
5.89 a n d  g radua lly  lost i ts  a c t iv i ty  w ith  dec rease  of  p H  value; i t  w as  m ore  
s ta b le  a g a in s t  hea t  a t  h igh  t h a n  a t  low p H  v a lu es .  A n ac tiva tion  effect was 
g a in ed  w h e n  th e  enzym e so lu tion  of p H  5.89 w as  h ea ted  a t  40 °C h u t  n o t  a t  
h ig h e r  te m p e ra tu re s  for 10 or  60 min. A l th o u g h  t h e  enzym e showed m a x im a l  
m i lk -c lo t t in g  ac t iv i ty  a t  p H  6.1 and 62 °C, i t  w as uns tab le  a t  p H  5 .89 an d
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50 °C, supposedly  due to  an  autolysis  of th e  enzym e in absence of  its su b 
s t ra te .

Complete inh ib it ion  of  enzym e action could  be b ro u g h t  a b o u t  b y  iodo- 
acetic  acid, cystine or iodine (Table 4). T re a tm e n t  of th e  enzym e w i th  maleic 
acid or  po tassium  fe rr icyan ide  led to  p a r t ia l  inh ib ition  of th e  enzym e. On the  
o th e r  hand ,  cysteine hyd roch lo r ide ,  reduced  g lu ta th io n e ,  p o ta ss iu m  cyanide  
or ascorbic acid showed s ligh t inh ib ito ry  effects. In  any  case, these  resu lts  do 
n o t  provide  conclusive ev idence  t h a t  th e  ac t ive  site of th e  P R L E  involves 
reac t iv e  su lfhydry l  groups. No reactive  -SH  groups were found  to  be in-

ТаЫс 4

Effect o f  some activators and inhibitors on the m ilk-clotting activity o f  E U L E

Substance
added

M olarity of 
substance in 

enzyme solution

Milk-clotting 
activity  (unit/ 

mg protein)

Relative 
activity 

(per cent)

Control 12.57 100.0

G lu tath ione 0.001 11.67 92.84

(reduced) 0.005 11.03 87.91

0.010 10.07 80.11

Potassium 0.001 10.26 81.01

cyanide 0.010 9.06 72.06

Cysteine 0.001 12.57 100.0

hydrochloride 0.010 11.03 87.91

Ascorbic 0.001 10.46 83.38

acid 0.010 8.96 71.27

Maleic 0.001 12.01 95.55
acid 0.010 8.86 70.49

0.020 3.98 31.69

Iodoacetic 0.001 10.67 85.02
acid 0.010 6.75 53.75

0.020 NC 0.0

Cystine 0.001 11.42 90.84

0.010 NC 0.0

Potassium 0.001 10.13 80.87
ferricyanide 0.010 8.19 65.16

Iodine 0.001 NC 0.0

See M aterial and m eth o d  for experim ental conditions: p H  of contro l 4.63: NC =  no 
c lo ttin g
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T able  5

Effect o f  urea at p H  4.63 on the m ilk-clotting activity  o f  P R L E

M olarity  o f urea 
in. enzvm e solution

Milk-clotting 
activity  

(unit/mg pro
tein)

Relative ac tiv
ity  (per cent)

C ontro l 12.57 100.0

0.001 11.58 92.12

0.010 10.96 87.19

0.500 9.01 71.67

1.0 7.68 61.10

2.0 NC 0.0

p H  of control =  4.63: NC =  no c lotting

v o lv e d  in the  active sites o f  o th e r  rennin  enzym es [4, 10]. On th e  o th e r  hand , 
s ince  th e  su bs tra te  o f  P R L E  is also a p ro te in  (casein), th is  m a y  also reac t  
w i th  such  agents.

T re a tm e n t  of P R L E  w i th  2 mol/1 u rea  a t  pH  4.63  led to  its  com plete  
in a c t iv a t io n  (d é n a tu ra t io n )  (Table  5). In  th is  re sp ec t ,  th e  P R L E  is s im ilar to 
a n im a l  renn in  [4]. Ch e e s e m a n  [4] a t t r ib u te d  th e  loss of en zym atic  p roperties  
b y  re n n in  in urea  so lu t io n  to  th e  reaction of  suscep tib le  groups, i.e., t r y p t o 
p h a n  a n d  ty rosine  re s idues ,  to  th e  e n v iro n m en ta l  conditions a n d  n o t  to  th e  
e x t e n t  o f  unfolding o f th e  p ro te in  molecules. In  th e  p resen t  work, th e  P R L E  
w as  fo u n d  to  be com posed  o f  17 amino acids, viz., cyste ine , asp a r t ic  acid, g lu ta-

ТаЫ е 6

Effect o f  some a n im a l sera on the m ilk-clotting activity o f  P R L E

Serum added
Serum protein/ 
2.5 ml enzyme 
solution (mg)

M ilk-clotting 
ac tiv ity  (un it/ 
mg protein)

R elative activi
ty

(per cent)

Control — 33.67 100.0

Calf 4.20 28.06 83.33

42.00 NC 0.0

Horse 4.40 24.69 73.32

22.00 NC 0.0

H um an 6.10 31.66 94.03

61.00 NC 0.0

R ab b it 6.10 25.72 76.38

12.20 3.14 9.32

p H  of control =  4.63: NC =  no c lotting
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mic acid, serine, glycine, th reon ine , a lan ine , a rg in ine ,  lysine, h is tid ine , ty ro s in e ,  
m eth ion ine , va line ,  leucine, isoleucine, p h e n y la la n in e  and t r y p to p h a n .  The 
presence of ty ro s in e  an d  t r y p to p h a n  a m o n g  th e  amino acids com posing  the  
P R L E  m ay  su p p o r t  C h e e s e m a n ’s view [4].

Some an im al sera were found to  in h ib i t  t h e  milk-clotting a c t iv i ty  o f  the  
P R L E  (Table 6). C om para tive ly ,  h u m a n  se ru m  seemed to be less in h ib i to ry  
th a n  calf, horse  or r a b b i t  serum. These re su l ts  a re  consistent w ith  th o s e  found  
for an im al rem iin  [8, 11, 12] and th e  m ilk -c lo t t in g  enzyme of M ucor p u s i l lu s  
L i n d t  [6]. I t  is n o te w o r th y  th a t  th e  in h ib i to ry  substances in such a n im a l  sera 
m a y  affect th e  milk and /o r  th e  enzym e a n d  h ence  th e  reaction. In  t h e  p re sen t  
w ork, th e  enzym e was in cu b a ted  w ith  th e  se ru m  before addition  to  milk.
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Abstract

The id io b la s t in itia ls  are  fo rm ed in th e  o u te r  p a r t  o f pe rib lem  close th e  t ip  in 
th e  aerial ro o t o f M onstera  deliciosa L ie b m . T he id io b lasts  can  be 20 to  40 tim es longer 
th a n  th e  su rro u n d in g  cells. T he developing an d  fu n c tio n in g  id io b la s t co n ta in s  a large 
nucleus and  th e  c y to p la sm  is rich  in  organelles being  c h a ra c te ris tic  o f th e  secreting  
cells. T he n u m b er an d  ra tio  o f organelles change d u rin g  th e  d ev elo p m en t. In  th e  cy to 
p lasm  of young  id io b la s ts  th e  in itia ls  o f need le-shaped  c ry s ta ls  o f C a-o x ala te  an d  the  
jo in in g s of th e  c ry s ta l in itia ls  are  p roduced  by special connections o f vesicles an d  tu b u li 
o f d ictyosom es a n d  endop lasm ic  re ticu lum . In  th e  develop ing  id io b lasts  need le-shaped  
c ry s ta ls  m ay be fo rm ed  also d irec tly  w ith o u t a p p ea ran ce  of c ry s ta l in itia ls  a t  th e  jo in 
ings o f m em branes. T h e  grow ing c ry sta ls are o rd e red  in row s be tw een  th e  m em brane  
pa irs . New c ry sta ls  m ay  ad jo in  these  rows, an d  w h a t is m ore, new er c ry s ta l cen tres 
m ay  be form ed in  th e  cy to p lasm . T he cell-sap vacuole  occurs so m ew h at d iffe ren tly  
from  those  being in  th e  su rro u n d in g  cells. In  th e  id io b la st i t  com es in to  b e in g  a fte r  th e  
ap p earan ce  of c ry s ta ls , an d  th e  rap h id es g e ttin g  in it m ay  grow  fu r th e r . T he cy top lasm  
o f th e  id iob lasts filled  in  w ith  c ry s ta ls  is g rad u ally  d eg en era ted  u p o n  th e  in fluence  of 
lysosom es.

Introduction

T he clarif ication  of  ind u c t io n  and  dev e lo p m en t  of  c ry s ta ls  found  in great 
n u m b e r  in d ifferen t o rgans  of  lower and  h igher  p lan ts ,  am ong  th e m ,  those  of 
needle-shaped  c rysta ls  o f  Ca-oxala te , rep resen ts  even now  an  unso lved  problem  
of cy to logy , physio logy  a n d  cytoecology. I t  has  n o t  been  c leared u p  till now 
how a n d  w hy  these  c ry s ta ls  are  form ed. We h av e  s tud ied  th e  cy tom orpho logy  
of crys ta l  fo rm ation .

T he  need le-shaped  c rys ta ls  are formed in id ioblasts .  F rank [7] observed 
in ligh t microscope t h a t  th e  crysta l- id iob lasts  ap p ea red  a f te r  th e  equa l  division 
of  cells. According to  K owalewitz [9], the  id ioblasts  often  con ta in  tw o nuclei. 
Schütz and  co-workers [19] observed b y  e lectron m icroscopy  t h a t  karyo- 
kinesis was always followed b y  cytokinesis in th e  id ioblasts .

On th e  basis o f  l igh t  microscopic inves tiga tions  it  is believed t h a t  th e  
c rys ta ls  m a y  he fo rm ed  w ith in  th e  cell, or in th e  case of  C a-oxa la te  of  n o t  ra- 
ph ide  ty p e ,  even in th e  in te rce l lu la r  space [see for details  22]. T h e  in trace llu la r  
ap p e a ra n ce  of c rysta ls  t a k e  place e ither  in th e  cy top lasm  [8, 18], o r  th e  c rys
ta ls  rem ain  in th e  c y to p la sm  only during  th e  early  stage  of th e ir  dev e lo p m en t
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a n d  l a t e r  th ey  get in th e  v a cu o le  [14], or it  is fo rm ed  d irec t ly  in th e  cell-sap 
v a c u o le  [4, 17, 21], or occas iona lly  th ey  come in to  be ing  in a small vacuole 
in d e p e n d e n t  of th e  cell-sap [10]. H ow ever, th e  to n o p la s t  of th e  la t t e r  ty p e  of 
v a c u o le s  canno t be d e m o n s t r a te d  b y  light m icroscopy  [7].

E le c t ro n  m icroscopy fa i led  to  solve th e  c o n trad ic t io n s  regard ing  the 
f o r m a t io n  of crystals. W hile  som e au tho rs  are o f  th e  op in ion  t h a t  th e  raph ides 
a re  b r o u g h t  abou t in th e  cell-sap  vacuole [11, 13, 19] a n d  even  com plete  druse 
c ry s ta l s  h av e  been o b se rved  in  th e  cell-sap [16], accord ing  to  Wattendorf 
[22], t h e  Ca-oxalate c ry s ta ls  are  form ed in th e  c y to p la sm  w ith in  a cellulose 
c a p s u le  a n d  rem ain  there .

T h e  electron m ic roscopy  of crys ta l- id iob las ts  h av e  revea led  t h a t  the  
c ry s ta l s  are ordered in row s b e tw een  m em b ran e -p a irs  [2, 3]. Mollenhauer 
a n d  Larson [13] em phasized  th e  secre tory  a c t iv i ty  of th e  id iob lasts ,  an d  a t t r i b 
u t e d  a grea te r  significance to  th e  ca rb o h y d ra te  m a t r ix  in th e  c ry s ta l  fo rm a
t io n  t h a n  to  the  su r ro u n d in g  m em branes .  On th e  c o n tra ry ,  A rnott [2], Pau- 
tard [15], Schütz and  co-w orkers  [19] believe t h a t  th e  m e m b ra n e  w ith in  
t h e  vaco u le s  are of im p o r ta n c e  in  th e  c rys ta l- fo rm ation .  T he  c ry s ta l  fo rm ation  
is a t t r i b u t e d  to th e  rap h id o so m es  b y  Ledbetter a n d  P orter [11], organized 
f ro m  t h e  tonop las t  and  o rd e re d  in rows w ith in  th e  vacuoles , de te rm in in g  the 
c r y s t a l  o r ien ta tion .

M aterial and method

A ccord ing  to our o b se rv a tio n s  b o th  th e  in itia l id io b la s ts  a n d  th e  develop ing  ones occur 
in  th e  p e rip h e ra l perib lem  of g ro w in g  aeria l roots o f M onstern deliciosa. T herefo re , th e  t ip  and 
th e  te rm in a l  p a r t  of a b o u t 2 cm  o f grow ing  aerial ro o ts  o f 10— 30 cm  len g th  an d  5— 7 m m  
th ic k n e s s  w ere used for ou r in v es tig a tio n s .

F o r  lig h t m icroscopy th e  m a te r ia l  was fixed  in B o u in  so lu tio n , em b ed d ed  in  p a ra ffin . 
L o n g itu d in a l  sections o f 10— 12 //m  th ick n ess  were c u t a n d  s ta in ed  w ith  h e m a to x y lin  dis
so lv ed  in  70%  ethanol.

F o r  electron  m icroscopy  th e  t ip  o f th e  aerial ro o t a n d  th e  p e rib lem  o t th e  te rm in a l 
zone, a t  a b o u t 0.5 cm d is tan ce  w ere  u sed . A ccording to  th e  m eth o d  of Schütz an d  co-w orkers 
[19] th e  m ate ria l was fix ed  in  2 %  K M n 0 4 buffered  w ith  v e ro n a l-ac e ta te  (p H  7.2) for 2 
h o u rs  a t  room  tem p e ra tu re , d e h y d ra te d  in  e thano l, em b ed d ed  in  D u rc u p an  ACM an d  c u t on a 
P o r te r -B lu m  u ltram ic ro to m e  b y  g lass knives. T he sec tions w ere c o n tra s te d  w ith  u ran y l 
a c e ta te  a n d  lead  c itra te . E le c tro n  m ic ro g rap h s w ere ta k e n  in  a K E M -I ty p e  e lec tro n  m icro
scope  (G D R ).

Results

T h e  polyarchic aerial r o o t  o f  Monstera deliciosa  is fo rm ed  endogenously  
f ro m  th e  shoot. The id io b la s t  in it ia ls  are b ro u g h t  in  th e  o u te r  perib lem  b o th  
in  t h e  ro o t  t ip  and  a l i t t le  f u r t h e r  in th e  v a c u o la te d  zones. H ow ever ,  in  the  
l a t t e r ,  one can find even need le -shaped  c rysta ls  con ta in in g  id iob las ts  o f  dif
f e r e n t  deve lopm ent a n d  size.

T h e  appearance  of th e  id io b la s t  initial is p receded  b y  an  u n e q u a l  division. 
O ne  o f  th e  two d a u g h te r  cells, being larger t h a n  th e  o the r ,  shows a quick
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v acuo la t ion  an d  becom es a typ ica l  perib lem  cell. T h e  o the r ,  smaller, d a u g h te r  
cell be ing  the  in i t ia l  o f  th e  id iob las t  is v a c u o la te d  la te r  th a n  its su rro u n d in g ,  
it  has a rich c y to p la sm  w ith  n um erous  organelles a n d  grows quickly . T he  young  
id iob las t  which co n ta in s  a lready  c rysta ls  is c h a rac te r ized  by  a large nucleus 
(Fig. 1). I t  m a y  occu r  t h a t  th e  ka ryok ines is  (mitosis) of the  id iob last  is n o t  
followed b y  cy tok ines is ,  in such cases th e  cell con ta in s  tw o nuclei.

Fig. 1. D eveloping id io b la s t  w ith  large nucleus an d  n eed le-sh ap ed  c ry sta ls in th e  o u te r  p a r t  
o f th e  perib lem . L o n g itu d in a l sec tio n ; X  500 

Fig. 2. Id io b lasts  fro m  th e  zone n ear th e  t ip  o f the  aerial ro o t. D etail o f a lo n g itu d in a l section ;
X  75

The id iob lasts  grow m ain ly  paralle l  w i th  th e  regularly  or ien ted  longi
tu d in a l  rows of t h e  p r im a ry  cor tex , how ever, a long  th e  tan g en t ia l  walls, th e y  
becom e even w id e r  a t  th e  beg inning . T h ey  grow 20 to  40 times longer, b u t  
only  2 to  3 t im es w ider, th a n  th e  ty p ic a l  cortical p a re n c h y m a to u s  cells (Fig. 2).

In  th e  aeria l  ro o t  of Monstern deliciosa t h e  bound les  of need le -shaped  
crys ta ls ,  i. e. t h e  raph ides  consist of C a -o x a la te -m o n o h y d ra te  [1] (Figs 3a 
and  b). According to  Steinfink a n d  co-workers [20], th is  type  of c rys ta ls  do 
n o t  come into b e in g  in  vitro. The need le -shaped  c ry s ta ls  canno t be de te rm in ed  
op tica lly  [5, 6]. A ccord ing  to  our m easu rem en ts  th e  c rysta ls  are 40 to  60 /im 
long and  1.5 to  2.0 / jm  wide, t a p e r in g  to w a rd  th e  poles. The cross-section of 
c rys ta l  is rough ly  q u ad ran g u la r .  I n  th e  cen tra l  zone of th e  growing c rys ta ls ,  
r ibs are  to  be seen on th e  long itud ina l  edges (Fig. 3b).
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F ig. За. C ross-section o f an  id io b la s t w ith  need le-shaped  crysta ls; X 700 
Fig. 3b. N eed le-shaped  c ry s ta ls  o f C a-oxalate ; X 1 000

A fte r  th e  uneq u a l  d ivision, as soon as th e  idioblast in itia l reaches  the  
size o f  th e  su rround ing  cells o f  th e  pe r ib lem , fo rm ations  of d iffe ren t  section 
p la n e s  showing a def in i te  ou tl ine  as well as s t r ia t io n  of electron d e n s i ty  and 
o p a c i ty  ap p ea r  in several regions of th e  cy to p la sm , which rep resen t  th e  c rys ta l  
in i t ia ls  (Figs 4, 5a, 6a, 6b, 7a , 7b). T he  b r ig h t  d a rk  s triae  m a y  be v a r ia b le  in 
d i re c t io n  w id th  an d  c o n tra s t .  Two to  five rows o f th e  crysta l  in it ia ls  localized 
s ide  b y  side in th e  sam e or d iffe ren t  p lanes  rep re sen t  th e  rap h id e  in it ia ls .

T h e  young  id iob lasts  a re  ch a rac te r ized  b y  an  ex trem ely  in ten se  vés icu la 
t io n  (F igs  5a, 5b, 6a). T he  vesicles seem to be p a r t ly  of p inocy to tic  ones being 
close t h e  plasm a m e m b ra n e ,  p a r t ly  o f  th e  p ro d u c ts  of d ictyosom es a n d  o f the  
e n d o p la sm ic  re ticu lum  w hich  su rro u n d  sem icircu larly  the  d ic tyosom es (Fig. 
5b). T h e  m em branes  of vesicles are e i the r  pa ired  (Fig. 5b) or co n n ec ted  like 
a co lla r  o f  pearls (Fig. 5a), o r  m ay  form  tu b u l i  b y  fusion (Figs 8a, 8b). The 
vesicles and  tubu li  m a y  increase  th e  size of  c rys ta ls  initials an d  ra p h id e  initials 
b y  g ra d u a l  incorpora t ion  or a t t a c h m e n t  (Fig. 7a), as well as th e y  m a y  p a r t ic 
ip a t e  in  th e  fo rm ation  of new centres  (Fig. 11). T he  crys ta l  initials are  com posed  
e i th e r  b y  th e  m em branes  of vesicles or b y  th e  substances  t r a n s p o r te d ,  or by  
b o th  o f  these.

T h e  o r ien ta t ion  of th e  ra p h id e  init ia ls  in th e  cy top lasm  is ro u g h ly  id e n t i 
ca l w i th  t h a t  of th e  m a tu re  raph ides .  T he  C a-oxala te  has p ro b a b ly  no c ry s ta l 
line  fo rm  in th e  c rys ta l  in it ia ls ,  as i t  has been  p o in ted  ou t b y  A r n o t t  [2] and
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Fig. 4. Id io b la s t filled in w ith  ra p h id e s . L on g itu d in a l section ; X 700

Fig. 5a. Id io b la s t in itial w ith  ra p h id e  in itia ls; X 4 400 
F ig. 5b. D etail of th e  cell show n  by Fig. 5a; co n n ec tio n s o f vesicles, and en d o p la sm ic  re ticu lum  

su rro u n d in g  sem icircularly  th e  d ictyosom es: X 13 200
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F ig s 6a— b, l a —b. D eta ils  o f id io b la s t  in itia ls  co n ta in in g  grow ing  rap h id e  in itia ls; 6a =  
X 8 800, 6b  =  X 13 200, 7a an d  7b =  x  8 800

P a u t a r d  [15], and  as we a s su m e  on the  basis of s t r ia t io n  of electron o p a c i ty  
o b s e rv e d  in th e  rap h id e - in i t ia ls ;  crystalline C a-oxa la te  w ould  be u n p e n e t ra b le  
for  t h e  e lectron beam . As soon  as th e  c rys ta ll iza tion  s ta r t s ,  th e  da rk  fo rm ations  
a p p e a r  (Figs 9, 14a, 14b, 14c). W h e n  the  crysta ls  f u r th e r  increase, th e y  usually
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Fig. 8a. D etail o f  a n  id iob last w ith  fo rm in g  cry sta l-ch am b ers ; X  20 000 
Fig. 8b. D etail of an  id io b la s t;  rows of c ry s ta ls , lysosom es, need le-shaped  c ry s ta l fo rm atio n  
w ith in  d ictyosom al vesicles. (T he crystals cu t p e rp en d icu la rly  had  fallen  o u t, th e ir  places are

in d ica ted  by w h ite  holes); X 20 000

fall o u t  dur ing  c u t t in g  a n d  only white holes can  he seen in s tead  of  th e m  on the  
m icrographs (Figs 8b, 9, 10, 13b).

T he  young id iob las ts  contain  v o lu m in o u s  endoplasm ic  re t icu lu m , m an y  
dic tyosom cs, m ito ch o n d r ia  and prop las ts  w ith  several lam ellae  (Figs 5a, 6a). 
T he  y oung  and grow ing id ioblasts  have  h a rd ly  a n y  p lasm odesm al connection  
w ith  th e  ad jacen t  cells (Figs 7a, 7b, 12, 13b, 14a, 14b, 14c).

D uring  quick g row ing  and intense secre tion , th e  C a-oxala te  a p p ea rs  also 
in crysta ll ine  form. T h e  c rys ta ll iza tion  begins  in th e  raph ide  in itia ls  (Fig. 5a). 
T he  c rysta ls  o rganized la te r  may be fo rm ed  even in d ifferen t w ays , e. g. 
in th e  vesicles of d ic tyosom es  (Fig. 8b), b e tw een  th e  co n tac ting ,  o f ten  u n d u 
la ted  m em brane  surfaces  (Figs 9, 10a), o r  a t  th e  b o u n d a ry  of  la rge r  vesicles 
(Fig. 9). The crystals a re  m ain ly  ordered  in rows be tw een  th e  m e m b ra n e  pairs 
w ith in  th e  cy top lasm  (F igs  10b, 11). E v e n  th e  single c rysta ls  are  enveloped 
p a r t ly  or to ta lly  by  m em b ran e .

T he  crystals do n o t  reach  their  m a tu r e  shape  a t  once b u t  th e y  gradua lly  
grow. T he  growing m a y  ta k e  place on th e  w ay  described a t  th e  ra p h id e  in-
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F ig . 9. D etails o f id io b la s ts  w ith  c ry sta l rows fo rm in g  in  d iffe ren t w ay; X 9 000

i t ia ls ,  o r  b y  pene tra t ion  of  t h e  large vesicles a n d  dense  vesicle-chains found  
b e tw e e n  th e  crystal rows, w h ic h  p resum ab ly  co n ta in  th e  com ponen ts  o f  th e  
c ry s ta l s ,  th ro u g h  the  m e m b ra n e s  delim iting  th e  c ry s ta l  rows (Figs 8b, 10b). 
N e w  c ry s ta ls  m ay be a t t a c h e d  to  th e  crys ta l  rows (Figs 9, 10b, 11), or even 
n ew  c ry s ta l  centres m a y  he fo rm e d  (Fig. 11). T h e  dense  Z and  H  fo rm a tio n s  o f  
F ig . 9 a n d  Fig. 14 rep resen t  t h e  cross-sections of grow ing  and  developed c rys ta ls ,  
re sp ec t iv e ly .

A p a r t  from th e  c ry s ta l  fo rm a tio n  of va r ious  form s, even new  ra p h id e  
in i t ia ls  can  be formed in th e  g row ing  idioblasts. T h is  is in d ica ted  b y  th e  assoc ia 
t io n  o f  num erous wide tu h u l i  w ith  un d u la ted  m em b ran es  in th e  c y to p la sm  
(F ig . 11).
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F ig . 10a —b. D etails o f id io b la s t w ith c ry s ta l  row s; 10a =  X 8800, 10b =  x  17000

P aralle l  with th e  c ry s ta l  fo rm a tio n ,  th e  d ictyosom es a n d  lysosomes 
g rea t ly  increase in n u m b e r  (Fig. 8b and  th e  d iagram ). The d ic ty o so m es  appear  
in pairs , th e i r  cisternae a re  tw is ted  in circles (Fig. 11). The increase  in  n u m b er  
of  lysosom es indicates t h a t  th e ir  role in th e  life o f  cells also increases.

T he  young cells c o n ta in  no vacuoles , w hereas in th e  id iob las ts  o f  abou t 
3-fold size th e  p r im ary  vacuoles  ap p ea r  because  of widening o u t  o f  th e  endo
p lasm ic  re ticu lum  (Fig. 13b). A nother  t y p e  of  vacuo la t ion  comes in to  being 
as a consequence of cy to lys is .  This is in d u c e d  b y  th e  d is in teg ra t ion  of  lysosomes 
in t h e  v ic in i ty  of c ry s ta ls ,  tak in g  place  w i th o u t  an im m e d ia te  fo rm a t io n  to 
to n o p la s ts  (Fig. 12 shows th e  cytolysis b e tw een  the  nucleus a n d  cell wall in 
th e  cy to p lasm  devoid o f  tonop las t) .  T h e  large  cell-sap vacuole  of  id iob las t  is

Acta liiologica Academiae Scientiarum Hungaricae 24, 1973



112 R A K O V Á N  e t  a l.

F ig . 11. O rganization  of row s a n d  cen tres  of c ry sta ls in th e  cy to p lasm . Cell organelles a re  
b e tw e e n  th e  rows of c ry sta ls; X 13 200

f o r m e d  b y  fusion of sm all  vacuo les  of endop lasm ic  re t icu lu m  origin an d  b y  
t h e  lysis  of degraded c y to p la sm ic  regions.

T o g e th e r  with o th e r  cy to p la sm ic  ru ins, also t h e  needle-shaped  c ry s ta ls  
g e t  in  t h e  large cell-sap v a c u o le s  (Figs 13a, 13b). T h e  m e m b ra n e  rows o r ien ting  
t h e  c ry s ta ls  m ay persis t  e v e n  w ith in  the  vacuole  (F ig . 14b), or th e y  can  b e  
g r a d u a l ly  dissolved (Fig. 14c). T h e  vacuo la tion  o b se rv ed  b y  us agrees w ith  th e  
o b s e r v a t io n  of M a t i l e  a n d  M o o r  [12] w ith  th e  o n ly  excep t io n  th a t  we obse rved  
c y to ly s is  w ithout fo rm a t io n  o f  tonoplasts .

T o g e th e r  w ith  th e  r a p id  g row th  of th e  id iob las ts ,  accom panied  b y  th e  
in c re a se  o f  cytolysis, th e  cell-sap  vacuole occupies a la rge r  and  larger space  
w i th in  t h e  cells. The c ry s ta l s  can  fu r th e r  grow w i th in  th e  vacuole b y  m eans
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Fig. 12. C ytolysis a n d  d ev elo p m en t o f eell-sap vacuo le  close th e  c ry s ta l row s; X 8 800

o f  th e  substance  t r a n s p o r te d  b y  th e  endoplasm ic  re t icu lum . T he  to n o p la s t  is 
d is ru p ted  a t  some places d u r ing  the t r a n s p o r t  o f  subs tances  an d  b o th  the  
endoplasm ic  re t icu lu m  and  its con ten t  get in  th e  vacuole  (Figs 13a, 14a).

Para lle l  w ith  t h e  grow ing of th e  cell an d  th e  secretion  process, th e  lysis 
is con tinued  and , by  m eans  of its progression, th e  endop lasm ic  re t icu lu m  is 
t ran s fo rm ed  into a ves icu la r  one (Fig. 14b), i.e. i t  degenera tes .  I n  th e  last  
s tage  of cytolysis th e  cell organelles d isappear ,  a t  l a te s t  th e  m ito ch o n d r ia  and 
th e  vesicular endop lasm ic  re t icu lum , an d  th e  lysosomes d igest th e  cy top lasm  
a lm ost  com plete ly  (Fig. 14c).

Considering th e  role o f  th e  cell organelles in th e  fo rm a t io n  of Ca-oxala te  
c rys ta ls ,  we c o u n ted  th e  d ictyosom es, m ito ch o n d r ia  an d  lysosom es in  the  
growing idioblasts. I t  was found  th a t  th e re  is a s ignificant, pos i t ive  correla-
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F ig s 1 3 a — c. D etails of id io b lasts  re sem b lin g  secretory  cells an d  a n  a d ja c e n t p e rib lem al cell 
c ry s ta l  needles w ith in  th e  cell-sap  vacuoles; 13a =  X 8 800; 13b and  13c =  X 4 400
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Fig. 14a. D e ta il o f an  id io b la s t w ith  in tensive  sec re tin g  cy top lasm : lo n g itu d in a l sec tion  o f a 
n eed le-crysta l in th e  cell-sap  vacuo le; X 8 800 

Fig. 14b. V esicu lar endop lasm ic  re ticu lu m  in th e  g rad u a lly  degenerating  c y to p la sm  an d  
m em b ran e-b o u n d ed  c ry sta l-row s in  th e  vacuole; X 8 800 

Fig. 14c. D e ta il o f an  id io b last, degenerating  c y to p la sm , vacuole filled in w ith  c ry sta ls ;
X 4 400

c =  c ry s ta l, ch  =  c ry s ta l cham bers , cw =  cell w all, d  =  dictyosom e, E R  =  en d op lasm ic  
re ticu lu m , gc =  grow ing c ry s ta ls , m  =  m ito ch o n d rio n , p  =  p ro p las t, pc =  p r im a ry  c ry s ta l 
(c ry s ta l in itia l) , ri =  ra p h id e  in itia l, r  =  rap h id o so m e, t  =  tu b u li, v  =  vesicle, v E R  =  vesic

u la r  endoplasm ic  re ticu lu m , y v  =  y o u n g  vacuole
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t io n  b e tw e e n  th e  n u m b e r  o f  d ictyosoines a n d  m ito ch o n d r ia ,  being b e t t e r  th a n  
1 0 % ,  h o w ev er  worse t h a n  5. T he  positive co rre la t io n  betw een  th e  d ic tyosom es  
a n d  lysosom es is s ignif icant a t  th e  10%  level. T h e  m itochondria  a n d  lysosom es 
a re  n o t  s ign if ican tly  co r re la ted  w ith  each o th e r  (NS).

As it  has been  m e n tio n e d  above, ou r  in v es t iga t ions  concerned o n ly  th e  
id io b la s t s  n ea r  th e  ro o t  t ip .  H ow ever,  th e  id iob las ts  grow and  secre te  even 
f u r t h e r  from  th e  roo t t ip  u n t i l  th e  cy top lasm  rem a in s  able to  func tion .

o

F ig . 15. Changes o f th e  n u m b e r  o f cell o rganelles p a ra lle l w ith  the  g row th  of id io b la s ts  
A b sc issa : T he increase o f id io b la s ts  in  size re la te d  to  th e  in it ia l  one. O rd inate : C hanges in  th e  

n u m b e r  o f cell o rganelles. M =  m ito ch o n d rio n , D — dictyosom e, L =  lysosom e

Discussion

U nlik e  th e  o th e r  ty p e s  of C a-oxalate  c ry s ta ls ,  needle-shaped ones c a n n o t  
b e  p ro d u c e d  in vitro [20]. I t  can  be assum ed t h a t  th e i r  synthesis a n d  secre t ion  
is en z y m ic a l ly  regu la ted . O u r  w ork  ana lyzed  th e  cytoinorphologic  a spec ts  of 
th i s  t y p e  of crystal fo rm a t io n  to  be rega rded  as a secretion process. I n  a g ree 
m e n t  w i th  W a t t e n d o r f  [21] and  in co n tra d ic t io n  to  A r n o t t  [2], M o l l e n - 
h a u e r  a n d  L arson  [13], S c h ü t z  and  co-w orkers [19],  as well as L e d b e t t e r  
a n d  P o r t e r  [11], it has been  found  th a t  th e  process of crysta ll iza tion  begins  in 
t h e  c y to p la s m  (Figs 5— 12). Para l le l  w ith  th e  dev e lo p m en t  of th e  id iob las ts  
a n d  t h e  fo rm ation  of th e  cell-sap vacuole being  connec ted  with th e  cy to lys is ,  
t h e  ra p h id e s  and th e  whole process of c ry s ta l  fo rm a tio n  get into th e  cell-sap 
v a c u o le s .  C om paring our m a te r ia l  w ith  th e  p ic tu re s  of A r n o t t  [2] ta k e n  from 
th e  ro o t  of Yucca  an d  th e  axis  o f  shoot of E ichhorn ia , w ith  those of M o l l e n - 
h a u e r  a n d  L ar so n  [13] t a k e n  from  th e  aerial roo ts  o f  Vanilla  and  Monstera,  
as  w ell  as with those  o f  L e d b e t t e r  an d  P o r t e r  [11] tak en  from th e  meso- 
p h y l l  o f  Spirodela, one can  estab lish  t h a t  th o se  au th o rs  inves t iga ted  on ly  a 
v e r y  l a t e  phase  of th e  c ry s ta l l iza t ion  (see Figs 14a, 14b) and  th is  was th e  reason  
w h y  t h e y  could f ind  c ry s ta ls  only in th e  cell-sap vacuoles. F r e y - W y s s l i n g
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[6] a ssu m ed  t h a t  th e  Ca-oxala te  could occu r  as a liquid phase, to o ,  o r  in th e  
fo rm  of crys ta ls  h y d ra te d  in d ifferent degree , a n d  i t  is t ransfo rm ed  in t h e  solid 
s tab le  m o n o h y d ra te  s ta te  b y  m eans of  g ra d u a l  dehydra tion .

A ccording to  our observa tions,  th e  C a-oxa la te  crystals are  o rd e re d  in 
rows b e tw e e n  th e  pairs  of m em branes  in  th e  growing idioblasts, j u s t  as d e 
scribed  b y  A r n o t t  and  P a u t a r d  [3] as well as b y  L e d b e t t e r  a n d  P o r t e r  
[11]. N everthe less ,  those  au th o rs  obse rved  c ry s ta l  rows only w i th in  t h e  cell- 
sap  vacuoles , while we found th e m  even  in  th e  cy top lasm  (Figs 9, 10b , 11, 12). 
A ccord ing  o u r  investiga tions th e  c rys ta ls  ge t  in to  th e  cell-sap v acuo les  d u r in g  
th e  growing of th e  idioblasts  an d  th e ir  m e m b ra n e s  persist for a sh o r t  per io d  of 
t im e  (Fig. 14b). A significant role has  b een  a t t r ib u te d  to th e  m e m b ra n e s  in 
th e  c ry s ta l l iza t ion  b y  A r n o t t  [2] as well as S c h ö t z  and co-workers [19]. T h ey  
a re  of  th e  opinion t h a t  the  c rysta ls  are fo rm ed  only  in small c h a m b e rs  fo rm ed  
w ith in  th e  vacuoles. We also regard  th e  m em b ran es  as im p o r ta n t  e lem ents  
o f  secre tion . H ow ever,  th is  process is n o t  b o u n d  exclusively to  t h e  ch am b ers  
a n d  ta k e s  p lace n o t  only w ith in  th e  cell-sap  vacuoles, h u t  each m e m b r a n e  in 
t h e  cy to p lasm , even those of the  organelles , p a r t ic ip a te  in th e  fo rm a t io n  of 
c rys ta ls .  W e fo u n d  also th e  small c h a m b e rs  described b y  S c h ö t z  a n d  co
w orkers  [19] w ith in  th e  vacuoles, even in th e  cy top lasm  (Fig. 8a). A ccord ing  
to  L e d b e t t e r  and  P o r t e r  [11], th e  c ry s ta l l iz a t io n  is perform ed b y  rap h id o -  
somes, also w ith in  th e  vacuoles. Such rap h id o so m es  were also fo u n d  b y  us 
in  th e  c y to p la sm  (Figs 12, 8b), and  we re g a rd  th e m  as cross-section o f  growing 
crys ta ls .

O u r  p a p e r  presen ts  only th e  cy to m orpho log ica l  description of  c ry s ta l l iz a 
t ion . H ow ever ,  i t  needs fu r th e r  e luc ida tion  how  th e  calcium a n d  oxa lic  acid 
a re  t r a n s p o r te d  to  these  cells and how  th e y  are  formed. M o l l e n h a u e r  and 
L a r s o n  [13] assum e a slow, g radua l  c ry s ta l l iz a t io n  within the  vacu o le ,  re sem 
bling th e  th e o ry  of  F r e y -W y s s l i n g  [6].  A ccord ing  to  L e d b e t t e r  a n d  P o r t e r  
[11], th e  oxalic acid freely p en e tra te s  t h e  m em b ran es ,  even th e  p la s m a  m e m 
b ra n e ,  a n d  th e  raph idosom al m em b ran es  p a r t ic ip a te  in the c ry s ta l l iz a t io n  like 
a C a-pum p . T he  im portance  o f  this th e o ry  w ould  be increased by  p ro v in g  th a t  
th e  Ca p a r t ic ip a t in g  in th e  c ry s ta l l iza t ion  m a y  originate  no t  on ly  f ro m  th e  
ra p h id o so m a l  m em branes  b u t  from  a n y  o th e r  m em b ran e  of th e  cell. N e v e r th e 
less, i t  is possible t h a t  th e  oxalic acid is connec ted  to o ther  c o m p o u n d s  or 
gets in th e  id iob las t  as a n o th e r  co m p o u n d ,  a n d  th e  Ca-oxalate fo rm a t io n  is 
p receded  b y  a long sequence o f  reactions. T h e  in tense  cytolysis a c c o m p a n y in g  
th e  secre tion  in th e  id ioblasts  can p e rh a p s  be  explained by  an  a c c u m u la t io n  
of  oxalic acid  w ith in  the  cy top lasm .
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V o ge l-An g e r m a n n ; T aschenbuch  der Biologie. Vol. 1 —2.
V E B  G. F ischer, J e n a  (1972), pp . 570, DM 13.

T his book w as o rig ina lly  pu b lish ed  in th e  FR G  in 1967 an d  now  rev ised  in som e aspects, 
re p u b lica ted  in th e  G D K . T he p a r ts  o f Vol. 1 are: cy to lo g y -h isto lo g y -o rg an o lo g y : th e  m ain 
ty p es  o f  liv ing  beings; m u ltip lic a tio n ; ontogenesis; ecology a n d  ta x o n o m y . Vol. 2 involves: 
m etab o lism ; horm onal re g u la tio n  and  n eural functions; m o v em en ts ; e tho logy; inh eritan ce : 
evo lu tion  including th a t  o f m an . In  b o th  volum es only th e  pages o f odd n u m b ers are for the 
te x t ,  while those of even n u m b ers  show  the  figures. T he te x t  is su rp ris in g ly  co m p act involving 
a rich  m ate ria l of d a ta  in  sp ite  o f its  sm all volum e. T he w ork  is ch a ra c te riz ed  by very  sharp  
defin itio n s and  stro n g  p ro p o rtio n s  em phasized  even ty p o g rap h ica lly . T he te x t  follows each 
basic phenom enon of life, w here i t  is possible a t  all, from  th e  b a c te r ia  to  m an . T his book re 
sem bles an encyclopaed ia  in c o n stru c tio n , how ever, n o t in  a lp h a b e tica l o rd e r b u t  according 
to  th e  in te rn a l logic of n a tu ra l  science. N evertheless, th e  su b je c t index  of th e  book ou tw eighing 
10 per cen t of the  book allow s us to  use it even as an  en cyclopaed ia . T he d o c u m e n ta tio n  of 
th e  book is w ell-selected, i t  invo lves coloured, som etim es too co loured , v e ry  d id ac tic , schem atic  
d raw ings w hich are m ain ly  n o t  o f illu s tra tiv e  c h arac te r  b u t a lw ays o f in s tru c tiv e  significance. 
T he co m p act te x t is n o t easy  to  read , therefo re , i t  can  be reco m m en d ed  f irs t of all n o t for the  
en tire ly  beginners. I t  will o ffer g re a t help for th e  m iddle-school te a ch e rs  an d  specialists who 
w a n t to get quick  and  re liab le  in fo rm a tio n  ab o u t th e  m o st e ssen tia l co n cep ts  an d  d a ta  of cer
ta in  in te rd isc ip lin ary  fields. A t la s t  b u t  no t least, b o th  th e  se lec tion  o f th e  m ate ria l and the  
sty le  em phasize th e  fe a tu re s  o f com m on in te re s t w ith o u t red u cin g  sc ien tific  exac tness , th u s 
s tim u la tin g  b o th  th e  b eg in n ers  an d  specialists for fu r th e r  read in g . T h e  only d isad v an tag e  of 
th e  book is perhaps th a t  it has  no lis t o f references and  even in th e  te x t  th e re  are only sca tte red  
references to  lite ra tu re .

T. Á cs (B u d ap est)

WuNDERLI, J . ;  Die B iologie des M enschen
S. K arg er, Basel (1973), pp . 192, F igs 30, S F r 24.

T he book is an  “ E in fü h ru n g  ’’indeed, in th e  p ro p er sense of th e  w ord. I t  is exclusively 
concerned  w ith  h u m an  biology an d  en deavours to disclose s tru c tu re  a n d  physio logy of th e  
h u m an  body . H ence, p e rh a p s  i ts  t it le  should  have been “ A n a to m y  an d  p h y sio logy” like 
B u c k e r ’s book, w hich f ir s t  ap p ea red  in  H am b u rg  in 1939 an d  since t h a t  tim e h as been  con
s ta n tly  re-ed ited .

T he book serves as a tex t-b o o k  for th e  teach in g  of n u rses, b u t  p roves to  be m o st useful 
also for th e  s tu d e n ts  o f  seco n d ary  schools and  even for se lf-ed u cated , as v e rified  b y  th e  second 
ed ition , w hich app eared  as soon as th ree  years a fte r  th e  f ir s t  one.

T he division of th e  book is sim ilar to th a t  o f o th e r  tex tb o o k s  dealing  w ith  th is  m a tte r: 
cells, connective  and  ad ipose  tissu e , locom otor o rgans, a lim en ta tio n  a n d  d igestive  system , 
k idney , blood, h e a r t an d  blood c ircu la tio n , re sp ira tio n , n ervous sy s te m , sense-organs, ho r
m ones an d  sexual fu n c tio n . T h e  c o n te x t is concise, b u t  o f sc ien tific  c h a ra c te r  an d  u p -to -d a te .

T he m ain  va lue  of th e  book is th e  ab strac tio n  m an ifes tin g  its e lf  in  th e  d iag ram s and th e  
line-draw ings easily rep ro d u c ib le  by  th e  s tu d e n t. T h is p roves th a t  th e  sim plified  rendering , 
aim ing a t  essen tia ls, th e  occasionally  a lm ost vu lgarized , b u t  by  all m eans d id ac tic  rep resen 
ta tio n  custo m ary  in E ng lish  tex t-b o o k s  has a t  las t been a d o p te d  in th e  G erm an te x t 
book lite ra tu re . The co lou red  illu s tra tio n s , th o u g h  being of th e  u su a l co m prehensive  n a tu re  to
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be f o u n d  in every  tex tb o o k  (ske le ton ,  m u scu la tu re ,  etc.),  w i th  th e i r  p re se n ta t io n  still reflect 
th e  u p - t o - d a t e  way of seeing an d  r e p re se n t in g  things. Some of th e m  are  even  o f  a r t is t ic  value 
( t e e th ,  eye,  ear).

D r .  W u n d e r l i , w i th  th is  w o rk  h as  succeeded in conveying such  e le m en ta ry  biological 
n o t io n s  to  those  concerned w ith  th is  m a t t e r ,  relying upo n  which th e  f u tu r e  nurses,  when  h a v 
ing f in is h ed  the ir  fu r th e r  clinical a n d  c linico-methodological t ra in ing ,  m ig h t  becom e most  
e ff icac ious  collabora tors  of the  p h y s ic ia n s  in hospital  wards.

T h e  pe rfec t  typograph ic  p r e s e n ta t i o n  of the  book a n d  its easy  han d lin g ,  th e  excellent 
co lo u r -p la te s  are a credit  to the  p u b l ish e r :  Karger.

T. D o ná th  (B u d a p es t)

H o l l i n g s w o r t h , M. J . ,  B o w l e r , K .; P r in c ip le s  an d  p ro cesses  o f  b io lo g y  
C h a p m a n  a n d  H all L td . L ondon (1972), p p . 457, £ 5.0.

T h is  is a book of special in te re s t  in  H u n g ary . I t  was m ore th a n  tw o  decades ago th a t  
g en era l b io lo g y  h ad  been in cluded  in to  th e  cu rricu lum  of m edical s tu d e n ts  in  th is  co u n try . 
I t  w as p re su m ed  th a t  s tu d e n ts  need  a g en era l in te g ra te d  su rv ey  on b io log ical sciences before 
th e y  e n te r  th e ir  m ore deta iled  s tu d ie s  o f  specia lities. G eneral B iology w as in te n d e d  to  cover 
th e  co m m o n  n a tu ra l law s of th e  liv in g  w orld  o b ta in ed  in zoology, b o ta n y , m icrobiology, 
a n th ro p o lo g y , evo lu tion , sy s tem atics  a n d  ecology.

T h is  ta s k  to  fulfil was a p p ro a c h e d  b y  the  publish ing  of G eneral B iology T ex tb o o k s for 
m ed ica l s tu d e n ts  in 1956, 1966 a n d  1970. I t  is in te res tin g  to  co m pare  th e  B iology (P u b lish e r 
M ed icin a , B u d a p es t, 1970) w ith  H o l l i n g s w o r t h ’s and B o w l e r ’s boo k  of 1972 to  see th a t  in 
b o th  cases th e  a u th o rs  in p rincip le  cam e  in d ep e n d en tly  to  a v e ry  sim ila r conclusion  w hen b u ild 
ing  u p  th e  s tru c tu re  of th e ir  te x tb o o k s .

T h e  bo o k  un d er review  co n sis ts  o f tw e lv e  ch ap ters . I t  s ta r ts  w ith  an  in tro d u c tio n  to  the  
c h em ica l co m position  of living o rg an ism s , th e n  proceeds to  th e  cell level to  d e m o n s tra te  the  
n a tu r a l  law s in  th e  “ u n it of life” . T h e  n e x t  ch ap ters  are a b o u t th e  g en era l an d  ch arac te ris tic  
fu n d a m e n ta l  fu n c tio n s of living s ta te ;  th e  sy n th esis  of p ro te ins: th e  m ode of energy  p ro d u c tio n  
b y  liv in g  o rg an ism s; n u tr itio n , th is  c h a p te r  includes pho to - an d  chem o sy n th esis , h e te ro tro p h ism  
a n d  th e  sec re tio n  and excretion  processes; g row th  and  d iv ision  of in d iv id u a l cells, p o p u la tio n  
g ro w th , m u ltice llu la r  o rgan ization , th e  c o n tro l of g row th , th e  aging a n d  d e a th ;  th e  rep ro d u c 
tio n  a n d  d ev elo p m en t w ith  th e  su m m a ry  o f c u rre n t know ledge a b o u t th e  m ech an ism  of gene 
a c tio n  a n d  nuc lear-cy to p lasm  in te ra c tio n s ; ir r ita b ili ty  and  in te g ra tio n  t h a t  covers sen sitiv ity , 
r e a c tio n , co m m u n ica tio n  and  c o -o rd in a tio n  in b o th  p lan ts  a n d  an im als; th e  liv in g  organism  
an d  i ts  e n v iro n m e n t has a c o m p a ra tiv e ly  am ple  space in th is  condensed  book , w hich  is u n d e r
s ta n d a b le  considering  th e  im p o rta n ce  o f th e  question : th e  la s t  c h a p te r  is concerned  w ith 
g e n e tic s , h e re d ity  and  v a ria tio n , fo rces a n d  processes th a t  are  w ork ing  in  th e  ev o lu tion .

T h e  a u th o rs  were able to  co n d en se  th e  v a s t m a te ria l in to  fo u r a n d  a h a lf  h u n d re d  pages, 
a m e r i t  t h a t  is d ifficu lt to o v e re s tim a te . T h e  u n iv ers ity  s tu d e n ts  of m a n y  biological fields and 
also sp e c ia lis ts  in  th e ir  p o s tg ra d u a te  life w ho h ad  s ta r te d  th e ir  s tu d ies  one or tw o decades ago 
m ay  g e t a  c lear and  u p -to -d a te  p ic tu re  o f th e  fu n d a m e n ta ls  o f th e ir  b asic  science: Biology.

G. Szabó (D ebrecen)

R e a d in g s  in  a q u a tic  ecology
E d . F o r d , R . F. and  H a z e n , W .  E . W . B. S aunders Co., P h ilad e lp h ia — L o n d o n —T oron to  
(1972), p p . 397, £ 2.90

T h is  book  is a collection of 29 s e p a ra te  papers each re p re se n tin g  an  im p o r ta n t  field  of 
re se a rc h  in  m arin e  and  fresh -w ate r b io lo g y . T he volum e as a w hole g ives a good idea  of the  
p ro b lem s a n d  techn iques in m o d ern  a q u a t ic  ecology, th e  p a p ers  are  d iv id e d  in to  six p a rts .

P a r t  I. Physiological and  b e h a v io ra l ecology. T he p h o to sy n th es is  o f a  m arin e  d ia tom  
u n d e r  la b o ra to ry  and  field co n d itio n s a n d  n i tra te  u p ta k e  of m arin e  p h y to p la n k to n  w ere s tu d 
ied . T w o  p a p e rs  deal w ith  feeding, re sp ira tio n  an d  assim ila tion  of m arin e  a n d  fresh -w ate r 
c ru s ta c e a n s .

P a r t  I I .  Sm all-scale d is tr ib u tio n  a n d  sam pling  prob lem s. T his p a r t  is reco m m en d ed  to 
zo o lo g ists  in te re s te d  in  th e  sam p lin g  e rro r  due  to pa tch in ess an d  av o id an ce  of tow ed  n e ts  by 
z o o p la n k to n .
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P a r t  I I I .  P o p u la tio n  ecology. I t  com prises p a p e rs  on th e  dynam ics o f n a tu ra l  p o p u la 
tio n s o f snails an d  c ru stacean s. The effec t of p re d a tio n  on the  body size an d  co m p o s itio n  of 
p lan k to n  w as d e m o n s tra ted .

P a r t  IV. C o m m unity  and  ecosystem  ecology. F a c to rs  contro lling  p h y to p la n k to n  p o p 
u la tio n s  w ere in v es tig a te d . P rim ary  p ro d u c tio n  in co asta l sea w a ter was m ea su re d  using 
large  vo lum e p las tic  sphere. In  a reservo ir ch lo ro p h y ll c o n te n t per u n it  vo lu m e o f cells and  
p h o to sy n th es is  pe r u n it  ch lorophyll decreased  w ith  increase  in p o p u la tio n  size. C o m m u n ity  
m etab o lism  in te rm s of energy  flow w as s tu d ied  in  a te m p e ra te  cold spring.

P a r t  V. B iogeochem ical cycles. I t  deals m a in ly  w ith  the  n itrogen  an d  p h o sp h o ru s  cycle 
o f th e  sea.

P a r t  V I. A q u a tic  po llu tion  problem s. O f th e  m a n y  ty p es of po llu tion  o n ly  th e  accuinu- 
-a tio n  o f p la n t  n u tr ie n ts  and  th erm al p o llu tio n  a re  tre a te d  in th is sh o rt sec tion .

S. H e r o d e k  (T ihany)

S c h m id t -N i e l s e n , К .; H ow  an im als w ork?
C am bridge U n iv e rsity  P ress , L ondon (1972), p p . 114, £ 0.80.

T h ere  can  be m an y  approaches to  th e  c o m p a ra tiv e  physiology, how ever, if  som ebody  
is in te re s ted  in th e  princip les, the  m ost ex ce llen t id ea  is to  analyze th e  in te r re la tio n sh ip s  of 
body  size and  form  re p re sen tin g  p rim arily  p e rce p tib le  realities to th e  e ffec tive  a b ili ty . T his 
im plies th e  know ledge of energy  co n sum ption  a n d  th e  possib ilities or lim ita tio n s  o f  th e  e n v iro n 
m en t, th u s  we can  b e tte r  co u n t or p re d ic t th e  w o rk  p ro d u ced  by anim als.

K . S ciim idt-N ie l s e n  stud ies th e  w o rk in g  o f an im als in a w ider in te rp re ta t io n  from  a 
physio log ica l p o in t o f view . B rea th in g , fly ing , sw im m ing  and  runn ing  are  d iffe re n t k in d s of 
w orking. T he a u th o r  describes th e  deeper b io en e rg e tic  background  of th ese  p ro cesses and 
e lu c id a tes  th e  fu n c tio n  of th e  effector o rgans, u s in g  analog ies of m achineries. U n fo r tu n a te ly , 
th e  fu n c tio n  an d  s tru c tu re  o f ribs o f ra d ia to r , e v a p o ra tin g  tray s  or c lim atic  e q u ip m e n ts  are 
p e rh ap s  easie r to  u n d e rs ta n d  for the  m odern  peo p le  th a n  e.g. th e  m arvellous r e sp ira to ry  system  
of b irds. T he a u th o r  su b tly  p ic tu res th a t  th e  m ach in eries  a re  only im ita tio n s a n d  m o re  p rim itiv e  
as co m p ared  to th e  biological system s, since th e y  are  devoid of ab ilitiy  o f a d a p ta t io n . The 
read e r m u st n o t re p ro a c h  th e  a u th o r for th e  r a th e r  num erous m echanical an a lo g ies , b u t  it 
should  be a ttr ib u te d  to  o u r insufficien t b io logical know ledge and our “ hom o te c h n ic u s”  w ay 
of look ing  a t  th in g s  calling  for th e  help  o f te c h n ica l elucidations.

T he m ost v a lu ab le  c h ap te r  o f th e  book , acco rd in g  to  th e  opinion of th e  re v ie w e r, is th a t  
concern ing  th e  bo d y  size an d  u n it of m easure . T h is  su m m arizes th e  problem  m e n tio n e d  above, 
nam ely  t h a t  n e ith e r  th e  living beings re p re se n t e x cep tio n s  as regards th e  “ u ltim a  ra tio ”  of 
m ass a n d  energy  connections, on th e  c o n tra ry , th e y  are  involved in th e  g re a t law  d u rin g  th e ir 
life.

Gy . F á b i á n  (Gödöllő)

B i n  YO N , J . :  Physiology of E chinoderm s
In terna tiona l Series o f  M onographs in  Pure and A p p lie d  Biology D ivision: Zoology Vol. 49. 
P e rg am o n  P ress , O xford  — N. Y .—T o ro n to  (1972), p p . 264, £ 4.80

B in y o n ’s book is a com prehensive rev iew  o f fac ts  and  ideas on phy sio lo g y  o f E ch in o 
derm s. M ost o f th e  m em bers of th is group  e x h ib it ra d ia l sy m m etry  w hich is n o t a v e ry  com m on 
fe a tu re  am o n g st In v e rte b ra ta . P ro found ly  a ffe c te d  in th e ir  o rgan ization  by  p e n ta m ero u s  
co n d itio n  th ey  are  ch arac te rized  by such  a n a to m ic a l pecu liarities as th e  lack  o f h e ad  an d  of 
tru e  c irc u la to ry  sy s tem , e tc . I t  is n o t su rp ris in g , there fo re , th a t  th e ir fu n c tio n s  a re  h ighly  
m odified .

T he su b jec ts  o f th e  volum e are a rran g ed  in e leven  ch ap ters , p rov id ing  d e ta ile d  in fo rm a
tion  on th e  physio logy of th e  phylum . An a b u n d a n t  lis t o f references, a special A d d e n d u m  con
ta in in g  th e  m ost re ce n t p u b lica tions an d  an  e x h a u s tiv e  index  com plete th e  book .

T he in tro d u c to ry  c h ap te r  deals w ith  th e  p ro b lem s of feeding and d ig es tio n . I t  is fol
lowed by  p a r ts  p ro v id in g  in fo rm ation  o n t he e x c re tio n  an d  th e  role of am o eb o cy te s , on  th e  sa
lin ity  to le ran ce , o sm oregu la tion , ionic re g u la tio n  a n d  chem ical com position. Specia l ch ap te rs
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are  d e v o te d  to  su rv ey  d a ta  on  c o m p ara tiv e  b io ch e m is try , to x in s  and  im m unology o f th e  
p h y lu m . In  th e  second h a lf  o f th e  hoo k  th e  prob lem s of sen so ry  physiology, re sp ira tio n  a n d  
lo co m o tio n  are  considered . D e ta iled  in form ation  is g iv en  on  spaw ning and n eu ro sec re tio n , 
w a te r  v a sc u la r  system  an d  on p h y sio logy  of nerves an d  m u sc les . In  all chap ters th e  d iscussion  
o f phy sio lo g ica l d a ta  is p reced ed  by  a b rie f descrip tion  of th e  m orphology  of th e  given sy s tem , 
w h ich  g re a tly  fac ilita te s  th e  re ad in g  for those n o t fa m ilia r  w ith  echinoderm  an a to m y . T he 
v o lu m e  is well illu s tra te d , its  te c h n ica l p re sen ta tio n  is ex ce llen t. T he w ork is m ost u se fu l fo r 
p h y sio lo g is ts  an d  for all th o se  in te re s te d  in c o m p ara tiv e  a n a to m y  and  zoology.

J . K o v á c s  (B u d a p e s t)

R ep ro d u ctio n  in  m am m als. R eproductive  patterns. A rtif ic ia l con tro l of reproduction
E d . A u s t i n , C. R . an d  Sh o r t , R . У . U niversity  P ress , C am b rid g e  (1972), pp. 156 a n d  152, 
£ 1.30 a n d  1.30

In  sp ite  o f th a t  th e  tit le s  suggest som eth ing  else, e v en  th e  las t tw o volum es o f th is  
series d ese rv e  in te re s t  from  b o th  biologists and p h y sic ia n s , sim ilarly  as th e  fo rm er th re e  
v o lu m es.

In  th e  fo u rth  vo lu m e th e  c h a p te r  concerning th e  species differences of th e  re p ro d u c tio n  
can , o f  co u rse , p o in t on ly  to  sev era l ch aracte ris tic  e x am p les , since th e  lim ited  e x te n t does n o t 
allow  m o re. H ow ever, th e  ex am p les a re  well selected. T h u s  i t  concerns th e  re p ro d u c tio n  of 
m a rsu p ia ls  an d  e lep h an ts  as well as th e  problem s of ho rses a n d  th e ir  hybrids. T he sex u a l b e 
h a v io u r  s ta n d s  now in fro n t o f th e  biological research : th e  second  ch ap ter can offer so m e th in g  
fro m  th is  fie ld  ju s t  as a sam ple , n ev ertheless th is is do n e  v e ry  p rac tica lly  and in a m o d ern  
w ay . T h e  th ird  c h ap te r  gives a w ide o rien ta tio n  a b o u t th e  e n v iro n m en ta l factors, em p h asiz in g  
m ain ly  th e  n u tr it iv e  an d  social fa c to rs  in  cases o f a n im a l p o p u latio n s. The im m uno log ica l 
c h a p te r  concerns f irs t  o f all th e  b io log ical factors p lay in g  a ro le  in  th e  m asculine and  fem in in e  
s te r il i ty , u n d e rlin in g  p a r tic u la r ly  th e  causality  and  th e  p ro b lem  of p erm eab ility  of im m u n o 
g lo b u lin s  fro m  th e  m o th e r to  th e  fo e tus. The c h ap te r  o f ag ein g  a tte m p ts  to give a su rv ey  of 
th is  im p o r ta n t  qu estio n , u sing  ex ce llen t d o cu m en ta tio n  a n d  describ ing  an im al ex p erim e n ts .

T h e  f if th  vo lum e co n ta in s  6 p apers. The f irs t  o f th e m  deals w ith  th e  tech n iq u e  of a r t i 
fic ia l in se m in a tio n  an d  q u estio n s o f em bryo tra n s p la n ta t io n . T he second one concerns th e  
p ro b lem s o f h u m an  re p ro d u c tio n  p o te n tia l ,  involving th e  q u e stio n s  of th e  ages of p a ir in g  a n d  
th e  in te rg e s ta t io n  periods, a n d  e v a lu a tin g  critica lly  th e  m e th o d s  of reproduction . A se p a ra te  
c h a p te r  covers th e  m ascu line  c o n tra c e p tio n  and describes th e  p re sen t d ifficulties of th is  p ro b 
lem . A fu r th e r  p a p e r describes th e  m eth o d s of o b ta in in g  h u m a n  ovules and  th e ir  in  vitro  cu l
tu re s  w h ich  is th e  p r im a ry  w ork  of th e  au th o r (E d w a r d s ). I t  concerns th e  possib ilities o f r e 
co g n itio n  o f th e  fo e ta l gen etic  in ju r ie s  an d  th e  p ro b lem  o f se lec tiv e  abortion . A sep a ra te  c h a p 
te r  d ea ls  w ith  th e  dem o g rap h ic  p ro b lem s of h u m an  re p ro d u c tio n  an d  tre a ts  in de ta il th e  re la 
tio n sh ip s  o f th e  C hurch  a n d  n a tu ra l  sciences from  th is  p o in t o f  view . The book is closed b y  th e  
sh o rt b u t  n o tew o rth y  c h a p te r  o f A u s t in  regard ing  th e  e th ic a l prob lem s of in te rferen ce  in to  
th e  re p ro d u c tio n .

S im ila rly  as p rev io u sly , th e  p re sen ta tio n  of th e  v o lu m es is excellent. The w hole series 
can  b e  re g a rd e d  as an  a tt r a c t iv e  te x tb o o k  offering w hich  is j u s t  needed  a t  a high level.

G. Csaba (B u d a p e s t)

B e n n e t t , M. R . i A utonom ic n e u ro m u scu la r  tran sm iss io n
C am b rid g e  U n iv e rsity  P ress , L o n d o n  (1972), pp. 274, $ 25 .00, £ 7.60

T h e  a u th o r  of th is  book , a sen ior lec tu re r in  p h y sio lo g y  a t  th e  U n iversity  o f S y d n e y , 
h a s  a n  in te rn a tio n a l  re p u ta tio n  in  qu estio n s re la ted  to  im p u lse  tran sm iss io n  in  th e  au to n o m ic  
p e r ip h e ry . I n  th is  book, th e  m a in  em phasis is la id  u p o n  th e  b iophysical, physio logical a n d  
b io ch em ica l a spects o f tran sm iss io n . In  sp ite  of th is , ev en  th o u g h  s tru c tu ra l aspects a re  d e a lt 
w ith  m a in ly  on  th e  basis o f l ig h t a n d  electron  m ic ro g rap h s  p rev iously  published by  o th e rs , 
som e o f th e  re le v an t p ic tu res  i llu s tra tin g  n e rv e-sm o o th  m u sc le  ju n c tio n s  include th o se  o f th e  
a u th o r  (F ig s 38— 42).
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In  the first  p a r t  of the  hook, s t ru c tu re  a n d  e lectr ical properties of the  sm o o th  muscle 
cell are sum m arized ,  w i th  special r egard  to the d ifferences b e tw een  smooth and  ske le ta l  muscles.  
Since o u r  knowledge on the  biophysics of sy n a p t ic  im pu lse  transmission ( res t ing  p o ten t ia l ,  
end p la te  po ten t ia l  =  e x c i ta to ry  p ost-synap t ic  p o ten t ia l ,  q u a n ta l  release of t r a n s m i t t e r  su b 
stances  etc .)  is based m ain ly  u p o n  studies p e rfo rm ed  on  neurom uscu lar  j u n c t io n s  in s t r ia ted  
muscle ,  such  a com parison  is very  useful.

In  the second c h ap te r ,  the  s t ru c tu re  of th e  j u n c t io n  be tw een  autonom ic  n e rv e  te rm in a l  
an d  sm o o th  muscle cell is described and depic ted . A n  im p o r t a n t  feature is th e  s t r u c tu r a l  di
ve rs i ty  of such ne rve-m usc le  ju n c t io n s  as su m m ar iz ed  in th e  very  informative  T a b le  7. I n  be
tw een  th e  two ex trem e  forms, viz. the  close c o n ta c t  a p p o s i t io n  between a u to n o m ic  ax o n  and 
sm o o th  muscle cell ( resulting  in a 200 Â sy n a p t ic  gap )  a n d  th e  wide in te rce l lu la r  sp ace  (“ sy
napse  à d is tan ce” of th e  F rench  au thors ,  re su l t ing  in d is tances  between in n e r v a t in g  an d  in 
n e rv a te d  s t ru c tu re s  u p  to several micra), there  a re  to  be fo u n d  m any  in te rm ed ia te  p a t t e r n s  in 
va r ious  muscles of  va r ious  species. Such differences r e n d e r  extremely diff icult  t h e  genera li
zat ion  of the  biophysical rules of au tonom ic  n e u ro m u s c u la r  transmission as a t t e m p t e d  in this 
c h ap te r .

T he  th i rd  p a r t  is dev o ted  to the  effects of th e  t r a n s m i t t e r  released from a u to n o m ic  nerve 
te rm ina ls .  E x c i t a to ry  an d  inh ib i to ry  ju n c t io n  p o te n t ia l s ,  spontaneous m in ia tu re  p o ten t ia ls ,  
q u a n ta l  release of the  t r a n s m i t te r  from nerve te rm in a ls ,  d u ra t io n  and t e r m in a t io n  o f  t r a n s 
m i t t e r  act ion  are discussed in va r ious  sm ooth  muscles.  S to rage  and release of th e  t r a n s m i t t e r  
are i l lu s t ra ted  in very  in s t ruc t ive  block diagrams.

T h e  last  p a r t  (C hap te r  4) gives a brief su m m a ry  on  th e  neuronal control of sm o o th  muscle. 
A theo re t ica l  ex p lan a t io n  is e x pounded  how v a r ia t io n s  in the  num ber  of n e rv e s  ex c i ted  or 
the  f requency  of nerve  impulse firing contro ls th e  con trac t i le  force developed  b y  sm oo th  
muscle. The  b ib liography, comprising nearly 500 references,  is of considerable  im p o r ta n ce  
for sc ientis ts  working in this field.

Several aspects of au tonom ic  innerva tion  a p p e a r  to  have  escaped the  a t t e n t i o n  of the 
au th o r .  T hus ,  no a t t e m p t  is m ade  to  explain d e n e rv a t io n  supersensitivity  of  sm o o th  muscle. 
Is i t  due  to the  spread ing  of receptors  like in d e n e r v a te d  skeletal muscle or  to  som e o ther  
m ec h an ism ?  The  role of  cyclic AM P in the m ed ia t io n  o f  adrenergic t ran sm iss io n  to sm oo th  
muscle  (Su ther land)  a n d  the  role of p ros tag land ins  in th e  regulation of such effec ts  (Clegg) 
are no t  included in the  a p p ro p ria te  chapters .  E v e n  t h o u g h  the au thor  c o n ce n tra ted  his efforts 
in o rd e r  to p resen t  an in teg ra ted  p icture  of s t r u c tu r a l—func tiona l  relationships o f  neurochem i-  
cal m ed ia t io n ,  it is felt  t h a t  th e  level of m olecu lar  a n a to m y  is still not ach ieved  in th e  field 
of  a u to n o m ic  neurom uscu lar  t ransmission.

B. Cs i l l i k  (Szeged)

Non-verbal  com m unica t ion
E d.  II INDE. R. A. C ambridge U nivers i ty  Press, L o n d o n ,  (1972), pp. 443, £ 5.

This  book is a comprehensive  and w e ll-w ri t ten  a cc o u n t  of the  proceed ings o f  a s tudy  
group  o f  the  Royal  Society on non-verbal  c o m m u n ic a t io n  of animals and m an .  In sp i re d  by 
J u lia n  H u x l e y , th is  group of psychologis ts ,  e tho log is ts  a n d  anthropologists  dec ided  in a 
series o f  13 meetings to p roduce  papers  on th e i r  ow n  field of research, b u t  t a k in g  in to  con
side ra t ion  some com m on principles made clear in th e  f inal meeting in S e p tem b er ,  1970. The  
ed ito r ,  in add it ion ,  m ade  serious efforts to syn thes ize  th e  indiv idual  con tr ibu t ions .

T he  f if teen c h ap te rs  of  th is  well-edited v o lu m e  are  divided into th ree  sec tions.  The 
th ree  papers  of the firs t  p a r t  deal w ith  fu n d a m e n ta l  p rob lem s of the theory  of c o m m u n ica t io n ,  
its l inks w ith  biophysics, l inguistics and an im al psychology .  The  second p a r t  com p rise s  four 
articles on an im al com m unica t ion .  The papers  on  c o m m u n ica t iv e  behav iour  in  lower  v e r te 
b ra te s  a n d  inver teb ra tes ,  on  vocal m an ifes ta t ions  in b irds  a n d  on non-verbal e x c h a n g e  of in
fo rm at io n  in m am m als  are equally  valuable.  T h e  th i r d  sec tion  of the book includes  8 p a p e rs  of 
g rea t  d ivers i ty  on “ wordless”  c o m m unica t ion  in m an .  T h e  articles on the  p h y lo g en y  of lau g h 
ter,  on p lays and p layers  an d  on c o m m unica t ion  in a r t  a re  especially worth  of in te re s t .

Professor H i n d e  included in troduc t ion  a n d  c o m m e n ts  in each of th e  th r e e  sections. 
These  editoria l  notes were c ircu la ted  among th e  c o n t r ib u to r s  and  were im proved  in th e  course 
of th e  in te rchange  of ideas.  T h u s  the  in fo rm at ive  va lu e  of the  book was increased. T h is  book is 
essentia l  to those  who work  in the  field of e tho logy ,  an im a l  psychology, or h u m a n  v e rb a l  and 
non -v e rb a l  com m u n ica t iv e  behaviour.

G. A d am  (B u d a p e s t )
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P r in c ip le s  o f  re c e p to r  p h y s io lo g y
H andbook o f  Sensory P hysio logy. Vol. 1. Ed. L o e w e n s t e i n , W. R.
S p r in g e r  Verlag, Berlin— H e id e lb e rg — New York, (1971), p p .  600, DM 168.

T h e  physiology o f  t h e  r e c e p to r  ap p a ra tu s  h as  b e e n  considered  since P avlov  a n d  B e c h - 
TEREV t h e  clue to the  u n d e r s t a n d in g  of b ra in  func tion .  N o tw i th s tan d in g  no c o m p le te  su rv e y  
o f  sen so ry  processes has  b e en  a t t e m p t e d  since B e t h e ’s f a m o u s  “ H a n d b u ch ” some f o u r ty  years  
ago. T h a t ’s w hy  physio logis ts ,  psychologis ts ,  b iophysic is ts  a n d  o ther  scientists in r e la te d  fields 
w a rm ly  welcome this i m p o r t a n t  a n d  daring en terpr ise  o f  pub l ish ing  a complete a n d  a u th o r i 
t a t i v e  overv iew  of th is  r a p id ly  developing field of bio logical  knowledge.

T h e  f irs t  volume o f  t h e  series deals w ith  genera l  law s  of receptor fu n c tio n  b eg in n in g  
f ro m  th e  fu n d a m e n ta l  p r inc ip les  o f  bioelectricity in r e c e p to r  o rgans to the p a t t e rn s  of  o rg a n i 
za t io n  o f  sensory sys tem s. I t  w as  edited by Professor W e r n e r  L o e w e n s t e in , who c o n t r ib 
u t e d  to  th e  volume b y  a n  ex ce llen t  paper  on m ech an o e lec tr ic  t ransduction  in  t h e  P a c in ia n  
Corpuscle.  T he  list of the  o th e r  18 au thors  include th e  m o s t  o u ts tan d in g  specialists of  t h e  field 
of sen so ry  physiology an d  b iop h y s ics ,  among others H . G r u n d f e s t , S. Ste v e n s , M. F u o r t e s , 
T. T e o r e l l , etc. The f i r s t  c h a p t e r  o n  mechano-chemical con v ers io n  by the late A. K a t c h a l s k y  
a n d  A. O p l a t k a , C h ap te r  10 on mechano-electr ical t r a n s d u c t i o n  by  T. T e o r e l l  a n d  C h a p te r  
14 on  sensory  t ran sd u c t io n  in  h a i r  cells by A. F lock  are  —  a m o n g  others — th e  m o s t  r e m a r k 
able  c o n tr ib u t io n s  of the  19 c h a p te r s  of the  book.

T h e  m ost  useful f e a tu re  o f  th is  volume is i ts  e x te n s iv e  spec trum  of topics cover ing  a l
m o s t  all aspects  of the  genera l  physio logy of receptors .  T h e  b o o k  will be of va lue  n o t  on ly  to 
spec ia lis ts  in  th is  field, b u t  also to  research workers a n d  s tu d e n t s  in neurophysio logy, e x p e r i 
m e n ta l  psychology and  b e h a v io u ra l  sciences.

G. Ádám  ( B u d a p e s t )

P h o to c h e m is try  o f  v is io n
H andbook o f  Sensory P hysio logy. Vol. V II /1 .  Ed. D a r t n a l l , H .  J .  A.
S p r in g e r  Verlag, Berlin— H e id e lb e rg — New York (1972), pp .  810.

Vision  is u n d o u b te d ly  t h e  m os t  im p o r ta n t  a n d  t h u s  th e  most  intensively e la b o ra te d  
sec tion  o f  sensory physio logy. No w onder  t h a t  the  E d i to r i a l  B o a rd  of this com prehens ive  series 
of “ H a n d b o o k s ”  decided to  p u b l is h  under  the head ing  o f  V o lu m e  V II  four large books  o n  d if 
fe re n t  top ics  of  physiology o f  v is ion . The firs t  of th is  q u a d r u p le t  deals with p h o to ch e m ic a l  
processes.  A b o u t  80% of th e  r a d i a n t  energy em it ted  b y  th e  su n  lies in the  band  of th e  “ visible  
l ig h t” , w h ich  is an  ideal sen so ry  s t im ulus.  L igh t-recep tive  cells in the  animal k in g d o m  co n ta in  
p h o to se n s i t iv e  pigments ,  w h ic h  in all visual receptors a re  b u i l t  to  a common m olecu lar  p a t t e r n .  
T h e  c o m m o n  feature  of c h ro m o p ro te in s  is the  guiding p r in c ip le  of this book as e m p h a s ize d  b y  
i ts  E d i to r  in the  Preface as well as in his own pap er  on  p h o to sen s i t iv i ty .

T h e  book conta ins 18 c h a p te r s  on different a sp ec ts  o f  photochem is try ,  such  as p r in 
ciples o f  in te rac t ion  of l ig h t  a n d  m a t t e r  (by E. A b r a h a m so n  a n d  S. J apar), the  d if fe ren t  fu n c 
t ions  o f  p igm en ts  (ch ap te rs  b y  R. M orton , by  T. Y o s h i z a w a , by T. Sh ow , etc.), t h e  p r o p 
er t ies  o f  th e  in v er teb ra te  eye  ( c h ap te rs  by  R. E a k i n , b y  T. G o ldsm ith , by  T. a n d  R. H a r a , 
e tc .) .  All these  chap ters  give t h e  specialis t  as well as th e  g e n e ra l  reader  the p ic tu re  of  how  th e  
v isua l  p ig m e n ts  are a f fec ted  b y  light.

Photochem istry o f  V is io n  reflects  the  c u rren t  s t a te  o f  research in th is  in te rd isc ip l i 
n a ry  field. The  reviewer o f  th is  exce llen t  m onograph  c a n n o t  avo id  paying a h igh c o m p l im e n t  
to  th e  E d i to r  and to th e  c o n t r ib u to r s  for the  exac t  a n d  c lea r  p resen ta t ion  of the ir  p ap ers ,  fo r  
t h e  h ig h  q u a l i ty  of i l lu s t ra t io n s  a n d  for the  wealthy  lis t  o f  references.  The book will be o f  v a lu e  
to  s t u d e n t s  in biophysics , b io ch e m is try ,  neurophysio logy ,  a n d  even psychology.

G. Ádám  ( B u d a p e s t )

C h e m ic a l se n ses . P a r t  1. o l f a c t io n ;  p a r t  2. ta s te
H andbook o f  Sensory P hysio logy. Volum e 4. E d .  B e i d i e r , L. M.
S p r in g e r  Verlag, Berlin H e id e lb e rg — New Y ork  (1971), pp .  518 and  410,

T h e  fo u r th  volume o f  th e  im p o r t a n t  editorial  e n te rp r is e  H andbook  of Sensory  P h y s i 
ology consis ts  actually  of tw o  d i s t in c t  books;  one on o lfac t ion  including 17 chap ters  a n d  one o n  
t a s te  physio logy  comprising 16 c h ap te rs .  The main fe a tu re  o f  b o t h  is their  phylogenetic  a t t i t u d e ;
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m ost  of  the  au thors  are t r e a t in g  the ir  sub ject  from an e v o lu t io n ary  aspect.  This p o in t  of view 
is complete ly  just if iable ,  since b o th  chemical senses a re  developed  to an  o p t im a l  level in su b 
h u m a n  species.

The  book on o lfaction  includes m an y  aspects  of o l fac to ry  func tion  beg inn ing  w ith  the  
co m p a ra t iv e  a n a to m y  of th e  nasa l  s t ru c tu re  (by T. S. P a r so n s ), to the  re la tion  of o lfaction 
to  ionizing rays (by J .  Ga rcia  a n d  R. K o e l l in g ) a n d  to n u t r i t io n  (by J .  L e Ma g n e n ). The 
c h ap te rs  on  neural  coding o f  smell receptors  (by  R. G e s t e l a n d ), on spa tia l  a n d  t em p o ra l  
p a t t e rn in g  (by M. M o zell) a n d  on o lfactory theories  (by  J .  D a v ie s ) are especially w o r th  of 
in te res t .

T he  second p a r t  of  th e  vo lum e is a com prehens ive  m o n o g rap h  on t a s te  physio logy, even 
o f  h igher level of  com petence  th a n  th e  first  p a r t  on smell  receptors .  The  c h ap te r  on sys tem at ics  
o f  tongue  to p o g rap h y  b y  R. B r a d l e y  is by  itself a re m a rk a b le  and  long-needed co n tr ib u t io n .  
T as te  psychophysics  is in te rp re te d  by C. P f a f f m a n n  a n d  co-workers, th e  e lectrophysio logy of 
t a s te  nerves by Y. Z o t t e r m a n , th e  problem  of neural  cod ing  by  M. Sato . The E d i to r  of th e  two 
tw in-books  has w r i t te n  an  exce llen t  paper  on t a s te  re c e p to r  s t im u la t ion  w ith  sa l ts  an d  acids.

F o r  those who w a n t  an  u p - to -d a te  survey  of t h e  c om para t ive  a n a to m y ,  physio logy, 
b iophysics  and  p sychophysics  of chemical senses, th is  is an excellent a n d  a u th o r i t a t iv e  
reference.

G. Á dám (B u d ap es t)

F lo ra  E uropaea.  Vol. 3
E d .  T u t i n , T .  G., H e y w o o d  ,V. H . ,  B u rg e s , N. A.. Mo o r e , D. M., Va l e n t i n e , D. H . ,  W a l t e r s , 
S. M. an d  W e b b , D. A.
Cam bridge  U niversi ty  Press ,  L o n d o n  (1972), pp. 370, £ 12, $ 37.50

T he  th ird  vo lum e of F lo ra  E uropaea  gives a sh o r t  complete  key to all o f  the  Angio- 
sperm ae ,  in volumes 1— 3, a n d  th e  g reat  m ajo r i ty  of  those  will be included in vo lum es 4 a n d  5. 
T h is  vo lum e gives full p a r t icu la r s  on the families of  D iapens iaceae  to M yoporaceae from  the  
Angiospermae. Moreover are in these  volumes five A ppend ices  too. In  the  f irs t  a p p en d ix  are 
th e  a u th o rs  acqua in ted  w i th  th e  key to the  ab b rev ia t io n s  of a u th o rs ’ names, th e  second and  
th i rd  one the  periodicals a n d  a n onym ous  works cited in vo lu m e  3. A ppend ix  4 gives a glossary 
o f  technical  term s,  and  in th e  f i f th  is available  a co m ple te  v o cabu lar ium  a n g lo - la t inum ,  
which  vocables had  been em ployed  above, to the desc r ip t io n  of species by  au thors .  A t  the  
end  of the  volume are five geographical maps .  These show the  boundaries  of E u ro p e  for the 
pu rposes  of Flora  E u ro p ea ,  an d  its  division in to  “ T e rr i to r ie s” , b o u n d a ry  be tw een  E u ro p e  and  
Asia in the  Aegean region, a n d  the  same in the  so u th e rn  p a r t  of  the  USSR. Maps IV and  V are 
com posed  to i l lus tra te  th e  m ean in g  to be a t t a c h e d  to  c e r ta in  phrases used in su m m arie s  of 
geographica l  d is t r ibu t ion  of a n y  taxon .  These append ices  a re  followed by  an  index  of families 
a n d  species.

The  th i rd  vo lum e of F lo ra  E u ropaea  is a sp lendid  exam ple  of in te rn a t io n a l  co l labora t ion  
besides, i t  can be used b y  b o tan is t s ,  especially in th e  E u ro p e a n  region, b u t  elsewhere in  the  
world too.

J .  Sz u j k ó -L acza (B u d a p es t)

F a r k a s , G. L.; Nucleic ac ids  a n d  proteins in h igher  p lan ts
A kadém ia i  K iadó, B u d a p e s t  (1972), pp. 372.

This  book of ve ry  nice p re sen ta t io n  a n d  va lu ab le  c o n te n t  presents  th e  resu lts  of  a S y m 
posium  held in the  Biological R esearch  In s t i tu te  a t  T ih a n y .  I t  is the  f irs t  to  sum m arize  the  
in te rn a t io n a l  research  w orks concerning the  nucleic acids a n d  prote ins of h igher p lan ts ,  nam e ly  
n o t  only from  an aly t ica l  a n d  s t ru c tu ra l  po in ts  of view  b u t  also the synthesis  a n d  h orm ona l  
regu la t ion  of these  sub s tan ces  as well as the ir  role in the  m etabo lism  an d  d ev e lo p m en t  are 
discussed in detail.  T he  vo lu m e  conta ins 38 p apers  classif ied into five sections (chap ters ) .  I ts  
co n te n t  is characterized  by  in te res t ing  tit les: Nucleic acid  a n d  p ro te in  syn thes is  in g e r m in a t 
ing seeds; M éthy la t ion  of nucleic acids by  h igher p lan ts ;  F a c to r s  t h a t  contro l R N A  polym erase  
f rom  p la n t  cells; Role of  p h y to ch ro m e  in th e  con tro l  o f  enzy m e  ac t iv ity  in h igher p lan ts ;  P h o 
to m o d u la t io n  and  p h o to d e te rm in a t io n  of enzym e sy n th es is ;  The  role of  A T P  su lp h u ry lase  in 
th e  b iosynthes is  of cys te ine  in h igher p lan ts ;  R N A  sy n thes is  in isolated ch lorop las ts ;  Ribo- 
som al R N A  synthesis  in nucle i of freely suspended cells of  h igher p lan ts ;  Sites of syn thes is  of
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c h lo r o p la s t  p ro te ins ;  E n v i ro n m e n ta l  an d  chemical con tro l  of  R N A  b reakdow n in  leaves ;  Ri 
b o n u c le ic  acid  synthesis an d  h o rm o n e  act ion  in lentil  roo ts ;  Nucleic acids and  th e i r  deriva t ives  
in  t h e  c o n tro l  of  developm ent.

I t  is ind ica ted  even by these  ra n d o m ly  selected t i t les t h a t  the  book deals w i th  th e  great,  
c o m m o n  a n d  actual  problem s of p l a n t  physiology an d  b iochem is try  a t  the  h ighes t  scientific 
level.  T h e  t e x t  is clearly u n d e r s ta n d a b le ,  i t  does n o t  m ak e  an y  difficulties for th e  read e r .  The 
l is t  o f  re fe rences  to each paper ,  c o n ta in in g  m ost ly  even the  t it les  of the  papers  cited,  contrib* 
u t e s  t o  a n  easy orientation.

Y. F r en y ó  (B u d ap es t)

D i c k s o n , J .  H .;  B ry o p h y tes o f  t h e  P le is to c e n e
T h e  B r itis h  Record and its Chorological and Ecological Im p lica tions  
C a m b r id g e  U nivers i ty  Press ,  L o n d o n  (1973), pp. 256. £ 12.80

T h is  book  deals w ith  the  h i s to ry  of t h e  rich, Eng lish  b ryoflo ra  from  the  la te  t e r t i a r y  till 
o u r  d a y s .

A u t h o r  describes in de ta i l  th e  P le is tocene a n d  briefly  the  neogen-, early-, m idd le-  and 
l a t e  P le is to c e n e  bryoflora  of B r i t a in  h av in g  been unco v ered  so far.  He gives a su rv ey  o f  the 
lo ca l i t ie s  a n d  li te rary  d a ta  in a c o m p a c t  phrasing .  This  is followed by the  descrip t ion  of the 
p r e s e n t  c l im a t ic  requ irem ents  of  t h e  species based  on its  general d is tr ibu tion ,  t h e n  th e  age of 
t h e  r e m a in s  is given using the  t e rm in o lo g y  u sua l  in t h e  palinology an d  th e  English  s t r a t ig ra p h y .  
T h e  o r i e n t a t i o n  is facili tated by t h e  exce llen t  m ap  insets .  T he  outline  of the  p re sen t  p ic tu re  of 
th e  n e o g e n  a n d  pleistocene b ry o f lo ra  is su p p o r te d  by  the  world  l i te ra tu re .  The  re su l ts  of  the  
P o l ish  Pa lino log ica l  school as well as the  resea rch  works in the  Soviet Union are o f  special  im 
p o r t a n c e  in  t h a t .

T h e  description of the  subfossile  b ryoflo ra  is p receded  by a b ryogeographica l ,  geological 
a n d  a n  e x tr e m e ly  detailed p lainological  su rvey  re flect ing  th e  p resen t  si tuat ion .  T h is  survey 
p r e s e n t s  t h e  tem pora l  and  s t r a t ig rap h ic a l  d is t r ib u t io n  of th e  fossile and  subfossile  p h a n e ro 
g a m o u s  p la n t s ,  based mainly  on re su l ts  ob ta in ed  in E n g lan d .  This is the  reason w h y  th e  au th o r ,  
as h e  m e n t io n e d  in the  preface of t h e  book, relies u p o n  the  in te re s t  of b o th  p la ino log is ts  and 
b ry o lo g is t s .  T he  d o cu m en ta t io n  o f  t h e  localit ies a n d  m eth o d s  of iden tif icat ion  p re sen te d  in 
t h e  b o o k  consolidates the  a u th e n t i c i t y  of th e  results .  T he  vo lum e is closed w ith  th e  l i te ra tu re  
c i te d  a n d  th e  list  of species t r e a te d .

J .  Sz u jk ó -L acza (B u d a p es t)

T i m o f e e f f - R essov sky , N. V ., I v a n o v , V. I . ,  K o r o g o d in , V. J . ;  D ie A n w e n d u n g  des 
T re f f e rp r in z ip e s  in  d er S tra h le n b io lo g ie
G. F i sc h e r ,  J e n a  (1972) pp. 196, F igs 60, M 29.50

T h e  boo k  is the tes t im on ia l  o f  one of the  g re a t  classics of rad ia t io n  biology a n d  a t  the  
s a m e  t im e  a re -eva lua t ion  of th e  ap p l ic a t io n  of the  t a rg e t  theory .

W i t h i n  the  scope of th e  genera l  evo lu t ional  tendencies  of  rad ia t io n  b io logy a u th o rs  
m a k e  t h e  r e a d e r  acqua in ted  w i th  t h e  h is to ry  of th e  origin  of the  t a rg e t  theory ,  i ts  e x a c t  fo r
m u la t io n ,  app licat ion ,  im p ro v e m e n t  a n d  i ts  connec tion  w i th  the  size of the  t a r g e t  as well as 
th e  a m p l i f ic a t io n  effect. T hey  a t t e m p t  to  app ly  t h e  t a rg e t  th eo ry  to  some complex rad io b io 
logical p h e n o m e n a ,  e.g. r e p a ra t io n ,  cell l e tha l i ty ,  t issue regene ra t ion  and  to  f in d  its  exac t  
p lace  a t  t h e  p resen t  stage of r a d ia t i o n  biology. In  th e  discussion th e y  e lucidate  a n u m b e r  of 
m is u n d e r s ta n d in g s  and, in ad d i t io n  to  th e  p r im a ry  processes, ta k e  in to  account  e n v i ro n m en ta l  
c o n d i t io n s ,  m etabolism , etc.

T h e  boo k  t rans la ted  from  t h e  R u ss ian  original relies mainly ,  save a few excep tions ,  on 
d a t a  p u b l i s h e d  up to 1965 and  does n o t  t r e a t  the  p rob lem s a t  the  molecular level. T h is  fact,  
e sp ec ia l ly  as regards the  c h ap te r  on  re p a ra t io n ,  reduces  its value.  On the  o ther  h a n d ,  th e  de
ta i led  e la b o ra t io n  of the R u ss ian - lan g u ag e  b ib l iog raphy  is filling a gap.

T o  su m  up ,  the  work is a v a lu a b le  resum é of th e  classical t a rg e t  theory .  A l th o u g h  i t  is 
n o t  c o m p le te ,  i t  calls a t te n t io n  to  som e suggestive  app lica t ion  possibilit ies.

S. I gali (B u d a p es t)
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B e e r m a n n , W.; Developm ental  studies on g ian t  chromosomes
Springer  Verlag. B erlin— Heidelberg  - N e w  Y o rk ,  (1972), pp. 227, Figs 110, DM 59.

The  book sum m arizes th e  knowledge o f  gene fu n c t io n  obtained on th e  bas is  o f  inves ti
ga tions  of poly tene  chromosomes.

T he  firs t  c h ap te r  concerns th e  s t ru c tu re  as well as th e  relation of s t ru c tu re  a n d  function  
o f  po ly ten e  chromosomes. I t  involves the  q u a n t i t a t i v e  re la tions of discs and  genes w ith in  the 
po ly ten e  chromosomes and  p re sen ts  m e th o d s  for ind iv idua l  and mass iso la t ion  o f  unfixed 
chromosomes. The book deals w i th  the  s t r u c tu r a l  differences detectable  b e tw e e n  act ive  and 
in ac t ive  genes, the  exper im en ta l  induct ion  o f  in ac t iv e  regions of g ian t  c h rom osom es ,  as well 
as w i th  cer ta in  steps of gene a c t iv a t io n .  I t  su m m ar iz e s  the  characteris tics o f  t h e  D N A  repli
ca t ion  observed on the  g ian t  chrom osom es o f  insects.

T he  processes of  t ran sc r ip t io n  are d e m o n s t r a t e d  on the polytene c h ro m o s o m e  of in
sects a n d  the  l am p b ru sh  chrom osom e of th e  T r itu r u s  oocyte  which are su i t a b le  for m icro
scopic inves tiga tions an d  r e p re sen t  good m odels  for s tud ies  of t ranscrip tion . T h e  a u th o r  points 
o u t  t h a t  a l though  there  is a lo t  o f  knowledge a b o u t  th e  behav iour  of the puffs o f  p o ly te n e  chro
mosomes, we are far  f rom  u n d e rs tan d in g  of t h e  connec tions  of the phen o ty p e  a n d  th e  control 
sys tem s.  He indicates t h a t  f u r th e r  b iochem ical ,  physio logical  and genetical in v es t ig a t io n s  are 
needed  to answer the  quest ions of th is  field.

The  book describes fu r th e r  th e  co n n ec tio n  of d ifferentia tion  of the  o rg a n s  to  the  puff  
fo rm at ion .  According to the  a u th o r ,  the  re su l ts  o b ta in e d  by investigating th e  p u f f  fo rm ation  
o f  Drosophila  can  be e x tr a p o la te d  even to l iv ing  be ings of higher organ izat ion ,  since the  ex
p e r im en ta l  p u f f  induction  is n o t  specific. H e  p o in ts  o u t  th e  necessity of fu r th e r  s tu d ie s  clearing 
up  th e  connection  be tw een  the  in d u c t iv e  a g e n t  a n d  th e  reactive  gene locus.

A fte r  all, th e  book offers a very  v a lu a b le  s u m m a r y  of the studies on th e  g i a n t  chrom o
somes a n d  its excellent i l lus tra tions  well d e m o n s t r a t e  th em .  I t  offers useful d a t a  fo r  th e  eluci
d a t io n  of the  gene functions,  however,  because  of a ce r ta in  degree of spec ia lizat ion ,  i t  can  be 
useful f i rs t  of  all for those  work ing  in the  f ield  of  in sec t  genetics.

I r é n  Csukás-Szatlóczky  (B u d ap es t)

R a j k i , S., DÉVAY, M., R a j k i , E.:  M etabolism  an d  heredity ,  or au tu m n iza t io n  as  a 
microevolut ion
A gricu ltu ra l  Res. In s t ,  of the  H u n g a r ia n  A c ad e m y  o f  Sciences, M ar to n v ásá r  ( 1972), pp .  I l l

This booklet  w r i t te n  in th ree  languages  deals w i th  the  problem of h e r e d i ty  o f  acquired  
p rope rt ie s  in connection  w ith  th e  a u tu m n iz a t io n  o f  spr ing  wheat,  evoking m a n y  discussions 
even now. T he  basic theore tica l  genetic  a s su m p t io n  o f  the  book is no t  sh a red  b y  a g re a t  p a r t  
o f  genetic is ts  and  the  in te res t  of  the  book lies j u s t  in chat.

A u th o rs  analyze  the  per iods of h is to r ica l  d ev e lo p m en t  of genetics, f i r s t  o f  all  from  the 
p o in t  o f  view of opinions reg ard in g  the  in h e r i tab i l i ty  of  the  acquired p ro p e r t ie s ,  th e n  they 
concern  the  m olecular  th eo ry  o f  hered ity .

The  book offers e x p er im en ta l  d a ta  fo r  th e  d iscussion  of question of h e r e d i ty  o f  acquired 
p ropert ies .  The  a u tu m n iza t io n  o f  spring  w h e a t  is used  as a model. The m eta b o l ic  biochemical 
a ssu m p t io n  of the  a u th o rs  in h e red i ty  can  be re g a rd e d  as a perspective s t a n d p o in t .  T h ey  a t 
t e m p t  to describe a deta i led  e x p er im e n ta l  p ro g ra m m e  in tend ing  a t  su p p o r t in g  th e i r  opinion 
t h a t  has  given rise to m u ch  con troversy ,  u s in g  th e  m eth o d s  of molecular b io logy.  T h ey  w a n t  
to  ana lyze  th e  e n v ironm en ta l  effects u n d e r  a b so lu te ly  s tandard ized  c i rc u m s tan c es  in phy to-  
t rone ,  a n d  the  a l te ra t ions  will be followed a t  th e  level of  macromolecules,  f i r s t  o f  all o f  nucleic 
acids (D N A  and  R N A  synthes is ,  nucleic acid  h y b r id iz a t io n ,  chromosomal a n a ly s is ,  etc.). We 
are  looking forward  to the  resu l ts  of  th is  r ich  m olecu la r  programme.

A. TiGYi (Pécs)

P o st g a t e , .1.: Biological n i trogen fixation
Merrow, W atfo rd  (1972), pp. 61, £ 1.50

During  the  recen t  decade  a g reat  a d v a n c e  has  been achieved in the  e lu c id a t io n  of de
tai ls  o f  biological n i trogen f ixa t ion .  Especial ly  th e  recognition  of double n a tu r e  o f  n i trogenase  
p ro v ed  to be o f  g reat  significance. I t  has been  rev ea led  t h a t  two different  p r o t e in  molecules 
form  a com plex  in t h a t  enzym e stabilized in v ivo  by  a connecting factor. T h e  b in d in g  to the
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s u b s t r a t e ,  i.e. the  essentia l  fu n c t io n  of the  enzyme is c a r r i e d  o u t  by  two different m icroele
m en ts .  All  these p rob lem s are  t r e a t e d  in detail in the  t e x t  a n d  well constructed  schemes o f  the  
book .

Since the  b ind ing  of a tm o sp h e r ic  nitrogen, i.e. t h e  biological nitrogen f ix a t io n  is one 
of th e  m o s t  im p o r ta n t  p h e n o m e n a  o f  th e  biosphere, it was reaso n a b le  to make fu n d a m e n ta ls  of 
th e  m o d e rn  knowledge access ib le  fo r  specialists, teachers  a n d  s tu d en ts .

T he  small-sized boo k  o f  n ice  p resen ta tion  con ta in s  severa l  good schemes, p h o to g ra p h s  
a n d  e lec tron  m icrographs.

V. F renyó  (B u d a p es t)

P ro g re s s  in  b io p h y sics  a n d  m o le c u la r  b io logy. V ol. 24
E d .  B u t l e r , J .  A. an d  N o b l e , D. P ergam on  Press, O x fo rd — N ew  Y o rk  (1972), pp. 238, £ 6.50

T h is  volume invo lves 5 p a p e rs .  Levine t rea ts  in d e ta i l  th e  physical m ethods  a n d  th e  
re su l ts  o f  inves tiga tions of m e m b r a n e  s tructures.  T he  r e su l t s  h a v e  been obtained b y  X -ra y -  
d i f f rac t ion ,  electron spin  re so n an c e ,  nuclear m agnetic  r e so n an c e  a n d  spectroscopic in v e s t ig a 
t ions .  All those are of  p h y s ic o ch e m ic a l  character  n ev er th e le ss  v e ry  useful even for biologists.  
L a n d  deals w ith  the  physics  a n d  biology of animal re f lec to rs  a n d  describes their  s t ru c tu re  
a n d  fu n c t io n ,  giving a th eo re t ic a l  basis,  too. He lis ts  th e  d i f fe re n t  types  of reflecting surfaces 
k n o w n  in th e  animal k in g d o m  a n d  describes their  ch ara c te r i s t ic s .  Z amyatn in  writes  a sh o r t  
c h a p te r  on  the  volume of p r o te in s  in solutions. A p a p e r  o f  P a l m e r  and H all discusses in 
de ta i l  the  m itochondria l  m e m b r a n e  system, describing i ts  p h y s ica l  and  chemical c h a ra c te r i s 
tics,  m orphology ,  as well as t h e  processes of resp ira t ion  a n d  phosphory la t ion :  i t  touches  even  
th e  biogenesis of  m ito ch o n d r ia .  T h e  pap er  of Ba k e r  on t h e  m etab o l i sm  and t r a n s p o r t  of Ca- 
ions in the  nerves, p resen ts  th e  o w n  results  of the a u th o r  o b t a in e d  in inver teb ra tes  a n d  excel
len t ly  reviews the  l i te ra tu re .  T h e  a u th o r  assumes, and  th is  seem s to  be likely, t h a t  th e  role of 
Ca-ions an d  the  processes c o n n e c te d  to them  are essen tia l ly  o f  universal  charac te r  a n d  tak e  
place  sim ilarly  even in v e r te b r a t e s .

T h e  chap ters  of th is  v a lu a b le  volume are com ple ted  b y  a b u n d a n t  and well se lected  list  
o f  references.  The p re se n ta t io n  o f  th e  book is excellent.

G. Csaba (B u d a p es t)

P ro g re s s  in  b iophysics a n d  m o le c u la r  b io logy. Y ol. 25.
E d. B u t l e r , J .  A. and  N o b l e , D. P e rg a m o n  Press, O x fo rd — N e w  Y o rk  (1972), pp. 172, £ 4.50

T h e  longest p a p e r  in th is  v o lu m e  (the paper of J .  N . M e h r i s h i ) concerns th e  m olecu la r  
a sp e c t s  of  th e  cell surface. I t  d e m o n s t r a te s  in detail the  m e t h o d  o f  cell-electrophoresis a n d  the  
m o le c u la r  com ponents  of  t h e  cell surface .  I t  deals in de ta i l  a n d  a t  an  up -to -date  level w i th  the  
g lycoca lyx  and  describes th e  p h e n o m e n a  connected  to t h e  cell surface  in different cells such 
as t u m o u r  cells and n o rm a l  a n d  pathological  lym pho- a n d  leucocytes .  I t  covers th e  p ro b lem  
of r a d ia t i o n  injuries a n d  p r o t e c t io n  from  the  po in t  of  v iew  o f  t h e  cell surface. This v e ry  nice 
l i t e ra ry  review, including th e  o w n  resu l ts  of the  a u th o r  as well,  is completed by an a b u n d a n t  
l is t  o f  references.  The u p - to - d a t e  level of this c hap ter  is p r o v e d  a t  bes t  b y  the a d d e n d u m ,  in 
w h ich  a paper ,  published in  1972, on  th e  cell surface ch an g es  o ccu rr in g  during m al ig n an t  t r a n s 
fo rm a t io n  is discussed.

T h e  short  c h ap te r  o f  Ca n t o r  on the  T cells ( t h y m u s - d e p e n d e n t  lym phocytes)  offers a 
good su m m a ry  of our kn o w led g e  a n d  involves even th e  a u t h o r ’s hypothesis. A l though  i t  is 
fo u n d  elsewhere in the  vo lu m e ,  t h e  p a p e r  of the o ther  four  m e m b e rs  of the  Mill Hill t e a m  on the  
b io sy n th es is  of im m unog lobu lins  is re la ted  to this sub jec t .  T h e  similarit ies and d ifferences of 
the  T  a n d  В (b u rsa -d ep en d en t)  ly m p h o c y te s  are also t r e a t e d  in  th is  chapter ,  offering de ta i led  
im m u n o g en e t ic  knowledge. T he  sy n th es is  and  secretion of t h e  p o lypep t ide  chains are e x p la in 
ed on th e  basis of th is  know ledge.

I n  th e  remaining p a r t  o f  t h e  vo lum e the paper  of  B l a k e  on the  X-ray-d iffract ion  a n a l 
ysis o f  t h e  crystallized p ro te in s  inc lud ing  haemoglobin, p ro t e o ly t i c  enzymes, insulin, lysozym e 
etc . is reviewed.

T h e  p resen ta tion  o f  t h e  b o o k ,  similarly as t h a t  o f  t h e  fo rm er  volumes, is perfect.

G. Csaba (B u d a p es t)
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Prog ress in biophysics und m olecular  biology. Vol. 26
Ed. B u t l e r , J .  Л. a n d  N o b l e , L).
Perg am o n  Press, Oxford  New Y ork (1973), pp. 478, £ 13.

This volume con ta in s  8 papers  of very high level.  R e u t e r  deals with th e  d iv a le n t  ca 
tions of the  excited  m em b ran e s  involving the  p ro b lem s o f  all three types of musc le .  McN utt  
a n d  W e in s t e i n  su m m arize  t h e  la tes t  knowledge on  th e  in tercellu lar  connecting  s t ru c tu re s  of 
m am m als ,  i l lu s t ra t ing  the  t e x t  with  excellent ow n sch e m a tic  pictures and  e lec tron  m icro
graphs.  A p a r t  from th e  morphological  and b iochem ical  d a ta ,  the  functional significance  of 
each s t ru c tu re  is e lu c id a ted  S h a ’a f i  and  Ga r y -В ово t r e a t  the  permeability  of  th e  m a m m a l ia n  
red  blood cell m em b ran e  from  th e  point of view o f  w a te r  and  non-electrolyte  su bs tances .  
R it c h ie  reviews the  q u e s t io n  of the  neural co n d u c t io n  o f  impulses including the  in te r re la t io n s  
be tw een  h ea t  p ro d u c tio n ,  e lectric  ac t iv ity  and  m eta b o l i sm .  H ughes  discusses in de ta i l  the 
g lucoprotein  c o m p o n en ts  of  th e  cell m em brane  in a b iochem ica l  aspect as well as th e  fun c tio n  
o f  the  ex te rna l  coat in cases of  different,  norm al a n d  pa tho log ica l  cells. He also to u ch e s  upo n  
th e  simple eukaryo tes ,  b ac te r ia  and  viruses. The  fu n c t io n s  o f  h is tocom patib i l i ty  a re  also t r e a t 
ed in detail.  I I i n d l e y ’s p a p e r  is devoted  to the  s t r u c tu r e  of phage RNA its re p l ica t io n ,  t r a n s 
la t ion  and gene sequence. T h e  D N A  synthesis in p r o k a ry o te s  is the subject of  S m i t h ’s paper ,  
whereas BiTENSKY a n d  G orman  review the  l i t e r a tu re  of  the  s truc ture  and fu n c t io n  o f  the 
cAM P-adenylcyc lase  sys tem .  The  pa r ticu lar ly  a c c u ra te  references of th e  l a t t e r  p a p e r  involve 
even a p a r t  of 1972, th e  role of cAM P is d e m o n s t r a te d  from  numerous aspects in c lu d in g  even 
cer ta in  clinical po in ts  of view.

E ac h  paper  is c o m p le ted  by a detailed and u p - to - d a t e  list of  references, a n d  th e  vo lum e 
con ta ins  also a c u m u la t iv e  index. The  p re sen ta t io n  o f  th is  volume, like t h a t  o f  th e  prev ious 
ones, is excellent.

G. Csaba  (B u d a p es t)

Ca r p e n t e r , Ph. E . ;  Microbiology
T h ird  edition. S au n d e rs  Co., P h i lad e lp h ia— L o n d o n —T o ro n to  (1972), pp. 494, £  4.05

Phis book is in te n d e d  for the  s tu d en t  who is b e in g  in troduced  to th e  field o f  m ic rob i
ology. This m ay  be th e  s t u d e n t ’s only course in m ic rob io logy  or he may la te r  t a k e  ad v an c ed  
specialized courses.

The  book is d iv ided  in to  five sections. T he  f i r s t  section introduces th e  s tu d e n t  to the 
s tu d y  of m icroorgan ism s;  w h a t  they are,  how th e y  w ere  stud ied  earlier an d  how  th e y  are 
s tud ied  today .

The  second sec tion  deals  with  the biology of b a c te r i a  and  viruses, the ir  m o rp h o lo g y  and 
classification, how b a c te r ia  secure energy a n d  bu i ld in g  m ate ria ls ,  how their  g ro w th  a n d  d e a th  
can  be controlled. In  the  th i rd  section o ther  m ic roorgan ism s ,  viz. protozoa, a lgae  a n d  yeas ts  
are deal t  w ith  from s im ila r  po in ts  of  view.

The  fou rth  sec tion  in troduces  the s tu d e n t  to  t h e  s tu d y  of diseases caused  by  m ic roor
ganisms and viruses.  C oncepts  like infection, v i ru lence ,  infectious disease, h o s t ’s resis tance  
a n d  im m u n i ty  as well as th e  four principal rou tes  o f  th e  transmission of p a th o g e n ic  agen ts  
can  be learned from  th is  section. The last  section is d e v o ted  to env ironm en ta l  a n d  app lied  
microbiology.

The  very  a b u n d a n t  a n d  instruct ive  i l lu s t ra t io n  a n d  the  Tables easy to su rv e y  are  of 
g rea t  value in th is  book. T h e  t e x t  in general is clear ,  som etim es  too concise to be  ex ac t .  The 
n o m enc la tu re  used (e.g. Salm onella  typhosa  ins tead  o f  S . typh i)  and some def in i t ions  are not 
q u i te  u p - to  date. In  the  rev iew er’s opinion the  essentia l  difference between b ac te r ia  a n d  viruses 
is insufficiently expressed  in th is  book. Some of th e  s t a te m e n t s  are no t  va lid  a n y  m ore,  e.g. 
t h a t  ty p h u s  fever “ is m ore  o r  less constan tly  p re v a le n t  in Centra l  Europe, R uss ia  a n d  P o la n d ” 
(p. 133).

In  general,  t h e  book  can be recom m ended  for  th o se  who want to be a c q u a in te d  with 
the  m ain  principles of microbiology w ithou t  effort.

E. F arka s  (B u d a p es t)
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C u r r e n t  to p ic s  in  m ic ro b io lo g y  a n d  im m u n o lo g y . V o l. 58
S p r in g e r  Verlag, B erlin— H e id e lb e rg — New Y ork  (1972), pp .  213.

T h is  volume con ta ins  f ive  l i te ra ry  reviews.  T h e  p a p e r  of B oguslaski an d  co-workers  
on  t h e  app lica t ions  of b o u n d  b iopo lym ers  in enzy m o lo g y  an d  immunology relies o n  a  very 
a b u n d a n t  l i te ra tu re  (more t h a n  500 references). T he  r e a d e r  can  be acquainted  w i th  t h e  app li
c a t io n  o f  b o u n d  enzymes as m e m b r a n e  models,  cy tochern ica l  models, models fo r  m etabo lic  
cycles ,  w i th  their  use in p ro te in  s t r u c tu r e  studies, in th e  s t u d y  of blood clotting, in t h e  a n a l y t 
ical f ie ld ,  in the  industry ,  in t h e  t h e r a p y  etc. The  second  h a l f  of the  paper is d e v o te d  to  the  
a p p l i c a t io n  of bound  an tigens  a n d  an tibod ies  as im m u n o so rb e n t s ,  im m uno ind ica to rs ,  as a d 
j u v a n t s  in  im m uniza t ion  etc.

B e n j a m i n i  and co-workers  rev iew  the an tig en ic  d e te rm in a n ts  of p rote ins o f  def ined  
se q u en ces .  The  amino-acid sequences  of 15 biologically i m p o r t a n t  proteins are p r e se n te d  and  
th e  r e la te d  l i te ra tu re  is rev iew ed  (m ore  th a n  200 re ferences)  an d  crit ically discussed.

T h e  sub jec t  of Ma j e r ’s p a p e r  is virus sens i t iza tion ,  i.e. a specific a t t a c h m e n t  o f  a n t i 
b o d y  to  t h e  virion w i th o u t  c o n c o m i ta n t  neu tra lizat ion ,  a p h en o m e n o n  of significance in some 
im m u n e -c o m p le x  diseases.

T h e  remaining two p a p e rs  ( L e v e n e ; R eplicat ion  a n d  Lysogeny with  Ph ag e  22 in  Sa l
m onella  typ h im u r iu m  and  P h i l l i p s ; The Morphogenesis o f  Poliovirus) are r e c o m m e n d e d  for 
th o se  in te re s te d  in the  h ighly  v a r ia b le  events p roceed ing  in  virus-infected cells.

T h e  ge t-up of the  v o lu m e  is as usua l  in th is  series.
E. F arkas  ( B u d a p e s t )
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MICROBIAL COMMUNITIES
IN A FO R EST-R EN D ZIN A  ECOSYSTEM

T he p a t te rn  of  microbial com m u n it ie s

b y  I .  M . Szabó

This  book p ro v id es  a deep in s ig h t  in to  th e  c o m m u n ity  o rg an iza t ion  
an d  m etabo lism  of the  m ic rob io ta  o f  a soil ecosystem p re sen t in g  
th e  results o f  a large n um ber  of  ana lyses  and  investiga tions, c a r 
r ied  ou t b y  u s in g  b o th  conven tiona l  t y p in g  m ethods  and th e  s t a 
t is t ica l m e th o d s  of n um erica l  t a x o n o m y  on th e  com position , 
changes a n d  f luc tua tions  o f  b ac te r ia l ,  ac t inom ycète ,  fu n g a l ,  
yeas t ,  p ro to zo an ,  etc. pop u la t io n s  o f  d iverse  p lan t,  an im al a n d  
soil m ic ro h a b i ta ts .  The a u th o r  focuses his a t te n t io n  p r im ar i ly  on 
th e  fu n d a m e n ta l  p a t te rn  of  c o m m u n i ty  organization , th e  genera l  
ch arac ter is t ics  o f  which are in d e p e n d e n t  o f  th e  taxonom ic  c o m 
position an d  o f  th e  features a n d  e n v iro n m e n ta l  stresses o f  t h a t  
p a r t icu la r  soil ecosystem in  w h ich  th e  co m m unity  grows a n d  
reproduces.

I n  English • A pprox . 450 pages  • Cloth
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EFFECT OF 1,6-DIBROMODULCITOL (DBD) ON THE RNA 
METABOLISM OF S:i7 TUMOUR CELLS

J .  K is s ,  L .  K o p p e r  a n d  K . L a p i s

2nd IN STITU TE OF ANATOMY, HISTOLOGY AND EMBRYOLOGY AND 1st IN STITU TE OF PATHOLOGY, 
SEM M ELW EIS MEDICAL U N IV E R S IT Y , BU DA PEST

(Received 1972 0 4 — 11)

Abstract

The effect of 1 ,6-dibromodulcitol (D B D ) on S37 ascites tu m o u r  cells was ex am in ed  
by e lectron-m icroscope  au to rad iography .  In  mice t r e a te d  w ith  D B D  in traper i tonea l ly ,  
the  in trace l lu la r  d is t r ib u t io n  of the rad io a c t iv i ty  in  the  tu m o u r  cells was changed  120 
min af te r  th e  a d m in is t ra t io n  of 3H -urid ine,  viz.  (a) the  nucleolar ac t iv i ty  w as lower, 
the  cy top lasm ic  a c t iv i ty  was higher th a n  in the  c on tro ls ;  (b) 48 h a f te r  D B D  t r e a tm e n t  
the  nuclear rad io a c t iv e  concen tra t ion  (r. c.) was lower t h a n  in the contro ls ;  (c) the  
cytoplasm ic r.  c. was h igher th a n  in the contro ls ,  irrespec tive  of the  in te rv a l  (6, 24 or 
48 h) b e tw een  D B D  t r e a tm e n t  and  the in jec t ion  o f  the  radioact ive  p recursor .  I t  is 
supposed t h a t  some dam ag e  in th e  nuc lear m e m b r a n e  or a d is tu rbed  m etab o l i sm  of 
substances p a r t i c ip a t in g  in the  R N A  t r a n s p o r t  m ig h t  be responsible for the  changes.

In troduction

D B D , a d ru g  w idely  used in the  th e r a p y  o f  h u m a n  cancer, inco rpo ra tes  
in to  th e  c h ro m a tin  of  tu m o u r  cells and, c o n seq u en t ly ,  coun terac ts  th e  inco rpo 
ra t ion  of th y m id in e  in to  D N A  and reduces th e  R N A  and  pro te in  m e tabo lism  
of th e  cells [1, 3 — 7, 9 -11]. in  the  p resen t  w ork  th e  effect of D B D  on tin* R N A  
m etabo lism  of S:i7 t u m o u r  cells has been s tu d ie d  b y  electron-m icroscope a u to 
rad iog raphy .

Material and m ethod

C57 Black mice were inocu la ted  in trap er i to n ea l ly  w i th  5 X 10(; S37 tu m o u r  cells each. 
E ig h t  days  la te r  h a lf  o f  the  anim als  were t rea ted  w i th  300 ing/kg DBD in trap er i to n ea l ly ,  the  
rem a in d e r  received saline. To exam ine uridine in co rp o ra t io n ,  the  animals were g iven  20 //Ci 
3I i-u r id ine/m ouse  (SA: 3 330 m Ci/mmol per  1) 6, 24 or 48 h  a f te r  the  injection of D B D  or saline. 
T h i r ty  and  120 m in  l a te r  pe r i tonea l  fluid was sucked  off  a n d  pooled, using samples from  four  
an im als  in each pool. T he  pools were fixed in 2 %  O s O ,, d e h y d r a t e d ,  and em bedded  in D u rcu p an .  
U l t ra th in  sections were p laced on slides coated b y  celloidin, s ta ined according to K a r - 
n o v s k y  [8] a n d  covered  w ith  Ilford L —4 emulsion [10]. T he  sections were exposed  for 16 
weeks a t  T“4 °C and  developed  in Microdol X  [10]. T he  q u a n t i t a t i v e  eva luat ion  was pe rform ed  
as recom m ended  b y  B e r g e r o n  and  D r o z  [2].

Results

There was no  considerab le  difference in g ra in  coun t be tw een  con tro l  and  
t re a te d  an im als  30 m in a f te r  the  in jection  o f  labe lled  uridine. In th e  120-min 
p repa ra t ions ,  how ever ,  a reduced nucleo lar  a c t iv i ty  and  an increased  c y to 
plasmic ac t iv i ty  were a p p a re n t  (Figs 1 a n d  4).

1 Acta Biologica Academiae Scientiarum Hungaricae 24, 1973
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F ig . 1. G ra in -coun t  d is t r ibu t ion  in con tro l  a n d  D B D - t r e a t e d  tu m o u r  cells a t  30 a n d  120 m in 
a f te r  t h e  in jec t ion  of 3H-urid ine .  A t  30 min there  was no difference in grain co u n t  o f  th e  c y to 
p l a s m  (C), nucleolus (N) a n d  k a r y o p la sm  (K). A t  120 m in  a reduced nucleolar  a c t i v i t y  and  

an  increased  cy top lasm ic  a c t iv i ty  was visible

c e l l n u c l e u s

A
k a r y o p l a s m

- s' ‘jp

/ .* x' /  ^

L i _________ — 1-------------- 1—— I----------------- 1— — I------------------1  I____________ i _ _

30' 120' 3 0  120' 30' 120'

F ig . 2. C hanges  in rad ioact ive  c o n cen tra t io n s  a f te r  D B D  t r e a tm e n t .  The  nucleolar  ra d io a c t iv e  
c o n c e n t r a t io n  decreased, th e  cy top la sm ic  a c t iv i ty  increased 48 h  after  D B D  t r e a tm e n t

T h e  grain count/100 /.an2 (i.e., r a d io ac t iv e  concentra tion) was n o t  in 
f lu en ced  subs tan t ia l ly  b y  th e  D B D  t r e a tm e n t .  A m odera te  increase  in th e  
u r id in e  inco rpo ra t ion  was o b se rv ed  a t  120 m in  (Fig. 2).

A  reduced  nucleolar  a c t iv i ty  was reg is te red  48 h after D B D  t r e a t m e n t  
(F igs  2 a n d  4).

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973
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T h i r ty  min af te r  th e  in jection  o f  3H -u r id in e  there  was no d ifference in 
cy to p la sm ic  ac t iv i ty  be tw een  control a n d  t r e a te d  animals. A t  120 m in , on 
th e  o th e r  h a n d ,  th e  cy top lasm ic  a c t iv i ty  o f  th e  la t te r s  was increased, ir re spec 
t iv e  o f  th e  in te rva l  be tw een  D B D  t r e a t m e n t  a n d  the  in jection  of  labelled  
u r id ine  (Fig. 2).

T h e  changes in th e  R N A  t r a n s p o r t  from  th e  nucleolus in to  th e  k a ry o -  
p lasm  a n d  from th e  ka ry o p la sm  into th e  c y to p la sm  are shown in Fig. 3. T here

10

8

6

U

2

о control ; л—л 6h 1 о— о 24*1 î x—-x A0h

\

4

\  \
A, \  V

\  4 \  \
V v \ N

'■••X *

a
V

b C. 1________1___ j ______________ i 1_______________ I 1 >______________I___

30’ 120’ 3 0 ’ 120' 30' 120'

F ig. 3. Changes in ra tios  of rad ioact ive  c o n c e n tr a t io n s  a t  different in te rv a ls  a f te r  D B D
t r e a tm e n t

were no differences 30 m in  af te r  the  in jec t io n  o f  th e  precursor, b u t  th e  d iffer
ences a t  120 min were well-defined: th e  ra t io  of  nucleolar to  k a ry o p la sm ic  
a c t iv i ty  showed a decrease 48 h a f te r  D B D  t r e a tm e n t ,  due to  a decline in  th e  
nuc leo la r  ac t iv i ty ;  a t  th e  sam e t im e  th e r e  was a great decrease in  th e  ra t io s  
ka ryop lasm ic /cy top lasm ic  a n d  n u c lea r /cy top lasm ic  ac t iv i ty  (Figs 3b a n d  3c), 
due to  an  in tensive increase  in th e  cy to p la sm ic  ac tiv ity .

D iscussion

T he  presen t results  suggest t h a t  u n d e r  th e  effect of D B D  th e  U N A  sy n 
th es ized  in th e  nuclei (nucleoli) is t r a n s p o r t e d  in to  th e  cy top lasm  a t  an  in 
c reased  ra te  (the R N A  synthesis  in th e  c y to p la sm  is negligible). Th is  m ig h t  be 
a t t r i b u t e d  e ither to  dam ages  in th e  n u c le a r  m em brane  or to  a d is tu rb e d  
m e tab o l ism  of substances p a r t ic ip a t in g  in R N A  t ran sp o r t .

1* A da  Biologien Acadcmiae Scientiarum Hungaricae 24, 1973
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F ig . 4. S37 tu m o u r  cells: A =  contro l ,  a t  30 min a f te r  3H -u r id in e  injection; В =  24 h  D B D  
t r e a tm e n t ,  a t  120 m in a f te r  3H -u r id in e  injection, nuc leo lar  a c t iv i ty ;  C =  6 h  DB D  t r e a tm e n t ,  
a t  30 m in  after  3H -urid ine  in jec t ion ,  karyoplasm ic a c t iv i t y ;  D =  24 h DBD t r e a tm e n t ,  a t  

120 m in  a f te r  3H-urid ine  injection, cy to p la sm ic  act iv ity
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A bstrac t

T he  m olecular  a sy m m e t ry  of l iv ing  b e ings  is re la ted  to the  in tr in s ic  a s y m m e t r y  
o f  m a t te r .  I n  case o f  л  —*■ л*  t rans i t ions  o f  s t ru c tu ra l ly  similar chira l  m olecu les  the 
in te r sy s te m  crossing is enhanced  by  th e  m a g n e t ic  t rans i t ion  m om ent.  T h e  p h o sp h o re s 
cence which  p roves  the  t r ip le t  s t a te  in л  —>■ л*  an d  n -*■ л*  t rans i t ions  is en h an c ed  
by  th e  m agne t ic  t ran s i t io n  dipole m o m e n t .  T h e  m agnetic  t ran s i t io n  m o m e n t  m ay  
cause sp in -po lar iza t ion  a n d  s te reose lec t iv i ty  in  charge- transfer  processes. R e so n a n t ia l  
energy  t ran s fe r  is enhanced  in op tica lly  p u r e  sys tem s.  The efficiency o f  p h o to sy s te m  
I is rou g h ly  p ro p o r t io n a l  to the  m ag n e t ic  t r a n s i t i o n  dipole developed d u r in g  e x c i ta t io n  
o f  ch lorop las t  subunits .

In tro d u c t io n

No o th e r  chem ical cha rac te r is t ic  is as d is t inc t ive  of living o rg an ism s  as 
op tica l p u r i ty ,  i.e., th e  fac t  t h a t  am o n g  th e  tw o  optical isomers o n ly  one  is 
p resen t  in cells. This a sy m m e try  of  m e ta b o l i te s  was discovered b y  P a s t e u r  

in 1848. T he  decisive ex per im en t was ca r r ied  o u t  in 1854. “ I h av e  k e p t  alive 
some l i t t le  seeds (spores) o f  P én ic illiu m  glaucurn  on the  surface o f  ashes  and  
pa ra (- racem ic -) ta r ta r ic  acid, an d  I  h ave  seen t h a t  laevo-tartaric  acid  a p p e a rs  . 
[26]. P a s t e u r  cam e to  th e  conclusion t h a t  th is  unexpected  s te reose lec t iv i ty ,  
th e  exclusive fe rm e n ta t io n  of  the  d e x tro  fo rm , reflects the  a s y m m e t ry  o f  the  
whole U niverse . He writes th e  following: “ Life as m anifested to  us is a fu n c 
tion  of  th e  a s y m m e try  of  th e  U niverse  a n d  o f  th e  consequences of  th is  fact.  
The U niverse  is a sy m m etr ica l  . . . Life is d o m in a te d  by  a sy m m etr ica l  ac t ions .  
I can even im ag ine  t h a t  all l iving species a re  p rim ord ia lly  in th e i r  s t ru c tu re ,  
in th e ir  e x te rn a l  forms a function  of  cosmic a sy m m e try ” [26]. H e  in s is ted  on 
his s t a t e m e n t  un til  his d e a th :  s ta r t in g  from  his biological points  a n d  on  the  
basis o f  u n i ty  o f  n a tu re  he considered  m a t t e r  as asym m etric . T h o u g h  his op i
nion has  been  called an  “ alchem ist d r e a m ” , i t  t u r n e d  out in 1956 t h a t  m a t t e r  
really  is a sy m m etr ic .  D uring  th e  ß  d ecay  th e  ß ~  particles em erg ing  f ro m  the  
nuclei a re  left-sp inn ing , m ore precisely th e y  a re  spinpolarized opposite  to  th e ir  
direction of  m otion . T he  ra t io  of sp in p o la r isa t io n  depends on th e i r  v e loc ity  
[21, 42]. This v io la tion  of  n a tu re ’s p re su p p o se d  sy m m etry  was a g r e a t  s u r 
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prise  b ecau se ,  on th e  basis o f  m a th e m a t ic a l  a n d  physica l  considerations, m o s t  
p h y s ic is ts  expec ted  th e  occurrence  of th e  tw o  sp ins  w i th  th e  same p ro b a b i l i ty .  
F r o m  t h a t  t im e  th e  th e o ry  o f  sy m m e try -b re a k in g  in  weak in te rac t io n s  has  
b een  e la b o ra te d .  This d iscovery  has in i t ia ted  v e r y  in tens ive  research. T h e  ideas  
a b o u t  sy m m etr ie s ,  ref lec t ions ,  invariance  p r inc ip les  and even co n se rv a t io n  
laws h a v e  been  re in te rp re ted .  A t  f irs t  glance i t  seem s t h a t  this field is v e r y  fa r  
r e m o v e d  from  biologists’ in te res ts .  The sp ecu la t io n s  of P a s t e u r , how ever ,  
s t im u la t e  us to  deal w i th  t h e  problem  a n d  f in d  th e  possible links b e tw e e n  
p h y s ic a l  sym m etr ies  a n d  life phenom ena . T h is  p a p e r ,  of course, does n o t  p r e 
su m e  to  revea l  th e  connec tions ,  which P a s t e u r  guessed in tu itive ly , n e v e r th e 
less i t  will rep o r t  a b o u t  th e  th eo re t ica l  a n d  e x p e r im e n ta l  efforts ca r r ied  o u t  
b y  o u r  g roup  on th is  topic .

W e  m a y  perhaps  in t ro d u c e  b o th  ex p e r im e n ts  a n d  speculations w i th  th e  
g e n e ra l  th e o ry  of reflec tions. According to  L e i b n i t z ’s principle th e  m ir ro r  
im ag e  o f  every  objec t or p h e n o m e n o n  m a y  ex is t  in  rea li ty . I f  we obse rve  th e  
collis ions of  billiard balls or t h e  m ovem en t o f  a  p en d u lu m  with  an a b so lu te ly  
p e r fe c t  m irro r ,  we are u n a b le  to  decide w h e th e r  we see th e  events in  r e a l i ty  
or in  t h e  m irror . In  spite  o f  th is ,  physicists  recogn ized  a t  th e  end o f  t h e  la s t  
c e n tu r y  t h a t  th e  m irro r  im ag e  of e lec tro m ag n et ic  phenom ena  c a n n o t  ex is t  
in r e a l i ty .  Let us suppose  t h a t  an  electric c u r r e n t  is flowing in a c o n d u c to r  
a n d  l e t  us  p u t  an o rd in a ry  m ag n e t ic  needle o v e r  t h e  conductor. I f  we re f lec t  
th is  e x p e r im e n t  in a p lane  m ir ro r  (the c o n d u c to r  is paralle l to  th e  p lan e  !) we 
see a m irro r- im age  which  c a n n o t  exist in n a tu r e .  F o r ,  th e  direction of  e lectr ic  
c u r r e n t  will n o t  be ch an g ed  in  th e  m irror, h o w ev er ,  th e  m agnetic  needle  will 
n o t  fo l low  th e  well-known r ig h t -h a n d  rule. T h e  need le  will po in t in th e  op p o s i te  
d i re c t io n :  b u t  i t  will p o in t  in th e  r igh t  d irec tion  i f  th e  electrons in th e  re f le c ted  
c u r r e n t  were  replaced b y  posi trons .  Thus, th e  e x a c t  reflection of e lec trom agnetic  
p h e n o m e n a  can be carried  o u t  only, if b y  c h a n g in g  r ight to left, we s im u l t a 
n e o u s ly  c o n v e r t  m a t t e r  in to  a n t im a t te r .  T he  ab o v e  exam ple refers to  a p la n e  
m ir ro r .  I n  case of ß decay  th e  reflection th r o u g h  a centre  po in t is v io la te d  in 
a s im i la r  w ay .  In  th is  case we call th e  in te rc h a n g e ab i l i ty  of left and r ig h t  p a r i t y  
P  s y m m e t r y ,  th e  in te rc h a n g e ab i l i ty  of cha rge  C sym m etry .

A f te r  th e  recognition  of  p a r i ty  v iolation in  ß  decay , physicists were g u id ed  
b y  t h e  id ea  of charge s y m m e t r y  when  th e y  a t t e m p t e d  to  save th e  re f lec t io n  
s y m m e t r y  of na tu re .  T h e y  supposed  th a t ,  i f  t h e  ß ~  particles are “ le f t -h a n d e d ” , 
th e  p o s i t ro n s  em it ted  d u r ing  ß + decay m u s t  b e  “ r ig h t-h an d ed ” . In d e e d ,  in 
t h e  case  o f  58Co, 66Ga a n d  13N  decay  th e  p o s i t ro n s  are  left-spinning, t h e y  are  
sp in -p o la r iz e d  to  the  d irec t ion  of  the ir  m o v e m e n t  [35]. Until  1964 it  was w ide ly  
a c c e p te d  t h a t  n a tu re  can be reflec ted  in a m ir ro r  in  which bo th  left a n d  r ig h t  
a n d  e le c tr ica l  charges are changed .  In  t h a t  y e a r ,  how ever ,  C h r i s t e n s o n  a n d  
co -w orkers  [8] p roved , t h a t  even  th is  com plex  m ir ro r  sy m m etry  is v io la te d .  
In  a h ig h -en erg y  partic le  acce lera to r  a p ro to n  b e a m  was directed at a b e ry l l iu m
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ta rg e t .  The in te rac t io n  o f  high-energy p ro to n s  w ith  neu tro n s  p ro d u c e d  m any  
d iffe ren t  particles, am o n g  th em  a ty p e  o f  К  partic les  which a re  C P -sy m m e tr i 
cal. A lthough  we c a n n o t  go into details  here , i t  t u rn e d  ou t t h a t  a ty p e  o f  “ for
b id d e n ”  decay did  occur,  a n d  this is in te rp re te d  as b reakdow n  of CP sy m m e try .

These ex p er im en ta l  results  were com p le te ly  u n ex p ec ted  b ecau se  i t  was 
genera lly  accepted  t h a t  i t  is impossible to  fo rm u la te  eq u a t io n s  o f  m otion 
w i th o u t  th e  va l id i ty  o f  CP sy m m etry .  A ccord ing  to  th e  p re se n t  s t a tu s  of the  
p ro b lem , however, t h e  form ula t ion  o f  m o tio n  equa tions  p o s tu la te s  only  the  
C PT  sy m m e try  a n d  n o t  CP sy m m etry .  Th is  m eans  t h a t  th e  laws o f  n a tu r e  can 
on ly  be reflected in a m ir ro r  which, in ad d i t io n  of  CP, also reflects  th e  direction 
o f  t im e .  I t  follows f rom  th e  CPT th eo rem  t h a t  th e  T m irror i tse lf  m u s t  p roduce 
a w rong  image in o rd e r  for th e  CPT m ir ro r  to  rem a in  valid  [40]. A la rge  n u m b er  
of  speculations a n d  ex p e r im en ts  based  u p o n  th is  idea are k n o w n ,  b u t  efforts 
in which T  or CPT in v a r ian ce  have been  ex p e r im en ta l ly  checked, h a v e  failed [28].

W e cannot u n d e r ta k e  the  ta sk  to  deal w i th  th e  physical a n d  cosmological 
consequences of CPT th eo rem . We need  to  focus a t te n t io n  on ly  on one p a r t ic 
u la r  po in t ,  i.e., th e re  is some no t  fu lly  u n d e rs to o d  connection  b e tw een  spin, 
e lectrical charge a n d  d irec tion  of t im e . T h e  p ro b lem  is re le v a n t  to  b io logy  from 
d ifferen t points of view. F i r s t  o f  all, i t  m u s t  be  k e p t  in m ind  t h a t  th e  “ t im e  a rrow ” 
has  been  defined on th e  basis of th e rm o d y n a m ic s  an d  even on th e  basis of 
biological considera tions [12]. On th e  o th e r  h a n d ,  th e  m olecu la r  a s y m m e try  
of  liv ing beings m eans  t h a t  a s y m m e try  a p p ea rs  a t  a level a t  w h ich  we expect 
s y m m e try .  E lec tro m ag n e t ic  in te rac t ions  do n o t  v io late  p a r i ty  conse rva tion :  
in  o th e r  words, no sp in  d irection is p riv ileged . (ß  decay is n o t  an  e lec tro m ag n e
t ic  phenom enon , i t  occurs  due to  w eak  in te ra c t io n s  !) The ques t ion  arises, how 
ever, w hether  a n y  p re fe ren t ia l  spin d irec t ion  occurs in in te ra c t io n s  of  a sy m 
m etr ica l  molecules. I n s te a d  of specu la ting , le t  us om it th e  p ro b lem s  w hich  are 
exper im en ta l ly  inaccessib le  and deal on ly  w i th  th e  following ones:

(1) Is there  a n y  connec tion  be tw een  th e  m olecular  a sy m m e try  o f  th e  cell 
a n d  the  in tr in s ic  a sy m m e try  o f  m a t t e r ?

(2) Does m olecular ch ira l i ty  have a n y  significance in th e  e n e rg y  balance 
an d  regulation  o f  m etabolism  o f  th e  cell?

T he  f irs t  question  will be  reviewed b r ie f ly ;  t h e  second question , how ever ,  will 
be  exp la ined  in deta i l .

Material and  m ethod

0- ,  m- and p -D- a n d  -ED-tyrosine were k in d ly  supplied by Dr. T. H o o k e r  an d  Dr. J .  
S c h e l l m a n n ; a u th e n t ic  L -m enthone  and D -isom enthone  by Dr. J .  O s i e c k i . W e received 
M g-deu teroporphyrine  f rom  Dr. B. B ria t . C hlorophyll  a and  b were p re p a re d  by  a m ethod  
described previously [14]. L- a n d  d -DO PA  were p u rc h ase d  from N a t io n a l  B iochem ical  Cor
p o ra t io n .  Details a b o u t  Zea m ays  m u ta n t s  a n d  th e  p rep a ra t io n  of ch lo ro p las t  su b u n i t s  are 
found  in th e  papers o f  F a l u d i -D á nie e  [11, 2 5 1.
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T yrosines  were dissolved in  b ides ti l led  water  (2 X 10—5 mol/1) excep t  in lo w - tem p era tu re  
e x p e r im e n t s  where an E tO H  : M e O H  4 : 1 solvent was used. p H  was a d ju s ted  b y  T R I S  buffer ,  
low t e m p e r a t u r e  was reach ed  b y  l iq u id  air.

A b so rp t io n  spec tra  were t a k e n  on  a UN ICAM  S P — 800 sp ec tro p h o to m ete r ,  t h e  CD 
s p e c t r a  o n  JASCO O R D /U V — 5 d ich rograph .  For  the  lu m inescence  inves tiga tion  O P T O N  
a n d  H I T A C H I  M P F —2A sp e c tro f lu o r im e te rs  were used.

T h e  re la tive  q u a n tu m  effic iency  was always m easu red ,  b u t  th e  d a ta  fo r  ty ros ine  were 
c o m p a r e d  w i th  the  absolute  q u a n t u m  efficiency d e te rm in e d  b y  o th e rs  [9, 33].

S tereoselec t iv i ty  in th e  c h lo ro p h y l l—tyrosine sy s te m  w as m easured  according to  [14]. 
I n  t h e  s y s te m  of D O P A -te rp en es  0 .1 %  D- and l -D O P A  w ere  dissolved in 95 %  E t O H  a n d  
th e  p H  a d ju s te d  to 9.0. T he  s p o n ta n e o u s  oxidat ion  was followed sp e c tro p h o to m etr ica l ly ;  
m e n t h o n é  a n d  isom enthone in h ib i t e d  th e  oxidation o f  L- a n d  d -D O PA ,  and  s te reoselec t iv 
i ty  w as  ca lcu la ted  from the  r a te  o f  inhibition.

T h e  m agnetic  t ran s i t io n  m o m e n t s  were calcula ted  a ccord ing  to Moscowitz [24].

R esu l ts  and discussion

O rigin  o f  molecular asym m etry

T h e  question of th e  o r ig in  of molecular a s y m m e t r y  in life has a t t r a c t e d  
a g r e a t  m a n y  speculations a n d  experim ents .  E spec ia l ly  recen tly ,  a large n u m b e r  
o f  rev iew s  have appeared  on th e  top ic  [4, 18. 38]. T h e  reason  of th is  increasing  
in te r e s t  is t h a t  the  ab iogén  origin of m e tabo li te s  has  been  expe r im en ta l ly  
p ro v e d .  In  th e  s im ula ted  a tm o s p h e re  of the  p r im i t iv e  E a r th  different k inds  
o f  r a d ia t io n  and  electrical d ischa rges  gave rise to  am in o  acids, sugars, nucleo tides ,  
e tc . All o f  these m e tabo li te s ,  how ever, occur in  a racem ic  m ix tu re  [29]. A c
co rd in g  to  most theories, o p t ic a l  p u r i ty  deve loped  s tep  b y  s tep  d u r ing  e v o 
lu t io n .  T h e  fac t th a t  L-amino acids are present in s te a d  o f  d  isomers is su p p o sed  
to  h a v e  been  caused by  ch a n c e .  Nevertheless, th e re  a re  tw o theories, accord ing  
to  w h ic h  th e  molecular a s y m m e t r y  of living beings is re la ted  to  the  s t ru c tu re  
of  m a t t e r  itself, t h a t  is, i t  is a  reflection  of th e  in tr in s ic  a sy m m e try  of  m a t t e r .  
V e s t e r  [36], as early  as 1957, has  directed a t t e n t io n  to  th e  parallel b e tw een  
th e  a s y m m e t r y  of m a t t e r  a n d  th e  optical a s y m m e t r y  o f  m etabolites .  In  fac t,  
i t  h a s  been  known for a lo n g  t im e  th a t  op t ica l ly  ac t iv e  substances can  be 
s y n th e s iz e d  in c ircularly  p o la r ized  light, because  th e  tw o  enan tiom ers  ab so rb  
d i f fe re n t  am oun ts  from  left  re sp .  r igh t  c ircularly  po la r ized  light. B u t  w h a t  is 
th e  so u rce  of circularly  p o la r ized  ligh t in n a tu re ?  I t  has  been shown th a t  w hen  
th e  e lec trons  em itted  in ß ~  d e c a y  slow down, t h e y  loose some of the ir  en e rg y  
b y  e m i t t in g  y  rad ia tion , a n d  th i s  so-called “ B re m se s t ra h lu n g ”  is left-c ircu larly  
po la r ized .  V e s t e r  and  co-w orkers  [37] carried o u t  exp er im en ts  on th is  basis 
b u t  o b ta in e d  no uneq u iv o ca l  resu lts .  One of us, us ing  a similar hypo thes is ,  
s t a r t e d  to  w ork in 1961. A f te r  m a n y  unsuccessful e x p e r im en ts ,  d  an d  l  isomers 
o f  ty ro s in e  were b o m b a rd e d  w i th  ß ~  particles. T h e  d  isom er decom posed m ore  
q u ic k ly  [13]. This resu lt  p ro v e s  th a t ,  if dur ing  th e  chem ical evolution b o th  
isom ers  were synthesized, ß ~  d ecay  in it ia ted  th e  selection of one of  th e m .  
A c co rd in g  to  C a l v i n  [7], a t  t h e  “ prim ord ia l” E a r t h  2 0 %  of th e  energy on sur-
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face derived  from ß ~  decay . I t  is o f  course  possible, t h a t  ß ~  part ic les  o f  c ircu
la r ly  polarized y  r a d ia t io n  m ight h a v e  se rved  as energy  source fo r  abiotic  
o rganic  syntheses ! H a s s e l s t r o m  a n d  co-workers [19] were able  to  syn thes ize  
glycine, aspartic  acid  a n d  d iam ino-succinic  acid by  b o m b a rd in g  ( N H 4)2C 0 3, 
w ith  ß ~  particles from  a v an  de G ra a f  accelera tor .  In  a n o th e r  ex p e r im en t  
y -rays  from 60Co p ro v e d  to  be effective in syn thesis  o f  organic  m olecules [17].

One com m en t m u s t  be m ade;  th o u g h  th e  induc tion  of  op tica l  ac t iv i ty  
b y  po larized  ß  ray s  has  been p roved ,  we th in k  t h a t  o the r  m ech an ism s  also 
to o k  p a r t  in th e  f u r th e r  evolution o f  op tica l p u r i ty .  I t  has been  show n  th a t  
chem ical reactions are  n o t  th e  sam e in op tica l ly  pu re  system s a n d  in  racem ic 
m ix tu re s .  I f  d ifferentia l equations for th e  k inetics of tw o m ixed  enan tiom eric  
p o pu la t ions  are solved, no s table  d y n a m ic a l  equilib rium  is found  ex c e p t  when 
one o f  th e  two p o p u la t io n s  has been  ex tingu ished  [1, 30]. W e th in k ,  however, 
t h a t  th e  adv an tag e  w hich  one en a n t io m e r  has  gained over th e  o th e r  is in the  
la s t  reso r t  due to  p a r i t y  non  conse rva tion  in w eak  in te rac t ions  !

A nother  h y p o th e t ic a l  connection  be tw een  p a r i ty  v io la tion  a n d  th e  a sy m 
m etr ic  appearance  o f  biomolecules on  E a r t h  has  been suggested  b y  Y a m a g a t a  

[43]. H e  postu la tes  a sequence  of n r eac t ions  lead ing  to  th e  real (D-deoxyribose 
con ta in ing)  DNA. F o r  th e  syn thesis  o f  th e  m irro r-sym m etr ica l  “ im a g in a ry ” 
(con ta in ing  L-deoxyribose) DNA t h e  sam e n u m b e r  of  reac tions  is needed. 
Now, because of th e  b reak d o w n  of th e  p a r i ty  principle  in w eak  in te ra c t io n  the 
reac t io n  ra te  is n o t  ex a c t ly  th e  sam e  in th e  case of  th e  real a n d  im ag in a ry  
D N A . The theo re t ica l ly  expec ted  difference is v e ry  small, i t  is o f  th e  sam e  order 
o f  m ag n itu d e  as th e  coupling c o n s ta n t  in w eak  in te rac t ions .  I f  th e  coupling 
c o n s ta n t  of e lec trom agnetic  in te rac t io n s  is 1/137, th en  the  coupling  co n s tan t  
o f  w eak  in te rac t ions  equals  10-6— 10~~7. T he  reac tion  ra te  o f  one s tep  in the  
syn thes is  of real D N A  molecules w ould  therefo re  be 1 -(- 10 _e— 1 -|—10 —7 if 
th e  reaction  ra te  o f  th e  correspond ing  s tep  in th e  synthesis  o f  an  im ag in a ry  
molecule were th e  chosen  u n ity .  Y a m a g a t a  defines p k as th e  ra t io  o f  reaction  
ra te s  for th e  fcth re ac t io n  in th e  real sequence  re la tive  to  t h a t  in th e  im ag ina ry  
sequence. For s im p lic i ty  le t  us a ssum e  t h a t  all p k =  p .  Then

N v
—  =  Pi Pi Pi • • • P n =  P

Í

p n =  (1 +  e)n ^  ecn

where e is the  coupling  co n s tan t  o f  w eak  in te rac t ions :  1 0 _e —10 7, N v and  iV( 
s ta n d  for the  p o lym eriza t ion  ra te  o f  rea l a n d  im ag in a ry  D N A . B ecause  the 
n u m b e r  of nucleotides in  DNA molecules in a cell is supposed  to  be 108— 10,J, 
therefore

N t
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T h is  fasc inating  re su lt  m e a n s  t h a t  in case o f  a su ffic ien tly  g rea t  n u m b e r  o f  
r e a c t io n s  the  small d if ferences will accum ula te  an d  lead  to  th e  com plete  p re 
v a le n c e  of  the  real p o ly m e r  [see also 4].  R e c e n t ly  T h i e m a n n  an d  W a g e n e r  
[34] h a v e  published a r e m o te ly  supporting  o b se rv a t io n  of  Y a m a g a t a ’s h y p o 
th e s is .  According to  th e i r  obse rv a t io n s  th e  la t t i c e  energies of  th e  enan t io m o r-  
p h ic  c ry s ta ls  m ust differ, a n d  th is  difference can re su lt  only  from  an asym m etr ic  
c o n t r ib u t io n  to the  in te r a c t io n .

A s B o n n e r  [4] s a y s ,  t h e  c o n n e c t io n  b e t w e e n  fa l l  o f  p a r i t y  a n d  o p t ic a l  
a c t i v i t y  c e r ta in ly  m e r i t s  c r i t i c a l  d u p l ic a t io n  a n d  e x p a n s io n .

Significance o f  m olecular chirality in the regulation o f  metabolism

I n  th e  in tro d u c t io n  л е е  m entioned  th e  ex p e r im e n t  of P a s t e u r  w ith  
P én ic illiu m  glaucum . Since t h a t  time a large n u m b e r  of  similar ex per im en ta l  
r e s u l t s  h av e  accum ula ted .  W e  know  th a t  th e  effects o f  drugs an d  horm ones 
d e p e n d  on their ch ira l i ty ,  o r  a t  least t h a t  one e n a n t io m e r  is m uch  m ore active  
t h a n  th e  other. No fa r - re ac h in g  consequences s im ilar  to  those  of P a s t e u r  

h o w e v e r ,  have been d ra w n  from  this ty p e  of  e x p e r im en t .  S tereoselec tiv ity , 
i.e., t h e  sorting  ou t o f  one  e n a n t io m e r  by  th e  cell has  been  a t t r ib u te d  to  geo
m e t r i c a l  causes. This is q u i t e  obvious for a b io log is t  a ccus tom ed  to  chem ical 
f o rm u la e  and  sterical m ode ls  o f  molecules. W e do n o t  w ish  to  deny  th e  re la tions 
b e tw e e n  th e  geom etry  o f  sm a lle r  molecules a n d  th e  con fo rm ation  of polym ers . 
T h e  e n t i r e  geometry of  t h e  s t ru c tu re  of D N A  depends  up o n  th e  a r ra n g e m en t  
o f  g ro u p s  abou t a sy m m e tr ic  c a rb o n  atoms of deo x y p en to se .  A base-pa ired  helix 
w o u ld  he  quite impossib le  i f  h a l f  the  molecules o f  2-D-deoxyribose h a d  been 
r e p la c e d  b y  2-L-deoxyribose, because th e  1% 3’ a n d  4 ’ a sy m m etr ic  carbon  
a to m s  a re  involved in fo rm in g  chemical bonds. In  th e  case of  po lyp ep t id e  the  
s i tu a t io n  is not so s im ple. A po lypep tide  can  be com posed  of a m ix tu re  of 
L -  a n d  D-amino acids, b u t  t h e  D L  polym ers p ro p a g a te  m uch  m ore slowly 
t h a n  t h e  L  and D  forms. I n  experim en ts  w ith  y -benzy l-g lu tam ate-N -ca rb o x y -  
a n h y d r id e  the d l  m ix tu re  po lym erized  a t  on ly  one tw e n t ie th  th e  ra te  of 
e i th e r  t h e  l - or D -anhydride . A ccording to  [3], th is  v e ry  g reat difference can 
n o t  b e  explained on th e  b as is  o f  th e  molecular g eo m e try .  W e m a y  reasonab ly  
a s s u m e  t h a t  som ething h a p p e n s  between th e  collisions o f  re a c ta n ts  a n d  the  
s e p a r a t io n  of p roducts  w h ich  c a n n o t  be ascribed to  th e  s ta t ic  geom etry  of  th e  
m olecu le .  On the  following p ag es  we wish to  e lu c id a te  th e  k inds of special 
p h e n o m e n a  which occur d u r in g  th e  excita tion  of  chiral  molecules, and w h a t  
a re  t h e  in tra - ,  and in te rm o le c u la r  consequences of  these  p h enom ena .  We hope 
t h a t  o n  th is  basis we can  a n sw e r  the  question  of  w h y  cer ta in  reac t io n -p a th s  
a re  p re fe rab le  to o thers , a n d  w h y  some processes a re  fa s te r  th a n  o thers  [27]. 
W i th  th is  we reach th e  su bm olecu la r ,  electron level o f  th e  a c t iv i ty  a n d  reg
u la t io n  o f  biological sy s tem s .
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T he in tram olecu la r  consequences  of ch irality

I f  a molecule absorbs  a p h o ton ,  th e  e lec tron  orbitals will be  re a r ra n g ed ,  
a n d  consequen tly  an electric t ran s i t io n  dipole m o m e n t  is induced. In  ch ira l  mole
cules, th e  s ta t ic  charges are helically d is t r ib u te d .  Therefore th e  helical red is
t r ib u t io n  of  charge d u r in g  an electronic  t r a n s i t io n  corresponds to  a collinear 
electric a n d  m agnetic  t ran s i t io n  d ipole m o m e n t ,  parallel for th e  r ig h t -h a n d e d  
a n d  an tipara lle l  for th e  le f t-handed  helix. T h e  parallel m o m en ts  ex h ib i t  a

Fig. 1. n  an d  7t o rb ita ls  in  th e  carb o n y l g ro u p  an d  th e  d is to rtio n  of o rb ita ls  b y  a su b s ti tu e n t
hav ing  -f- ch arg e  (a fte r  [5])

positive  Cotton effect, th e  an tipa ra l le l  a n eg a t iv e  one [6, 23]. I t  shou ld  be 
n o te d  th a t  th e  d ifferen t t rans i t ions  o f  th e  sam e molecule m ay  be  o f  d ifferent 
he lic ity . This m a y  be easily unders to o d  i f  one keeps in m ind  t h a t  th e  electric 
dipole t rans i t ion  m o m e n t  does no t  p o in t  to w a rd  th e  same d irec t ion  in  case of 
d ifferen t t rans i t ions ,  while th e  a sy m m e tr ic  d is t r ib u t io n  of p e r tu rb in g  charges 
a lw ays rem ains essen tia lly  th e  sam e.

Let us show, b y  an exam ple, h o w  s u b s t i tu e n ts  can m ake  c a rb o n y l  n —► n* 
t ran s i t io n  optically  ac t ive  [5]. Fig. l /а  sym bolizes  the  nonbon d in g  (n) o rb ita l ,  
Fig. 1/b th e  an t ib o n d in g  orb ita l  of t h e  ca rb o n y l  group. These o rb i ta ls  a re  p e r
pend icu la r  and  so do no t  overlap  (1/c); in  o th e r  words, th e  t r a n s i t io n  of  an 
e lectron from th e  n o rb i ta l  to  th e  a n t ib o n d in g  n  orbita l is fo rb id d en .  T h e  de
fo rm ation  of th e  o rb i ta l  system  m a y  p e rm i t  th e  tran s i t io n  to  som e e x te n t  and  
th u s  we get a weak a b so rp t io n  b a n d  a t  a b o u t  290 nm . Let us now  im ag in e  th a t  
a positive ly  charged  s u b s t i tu e n t  is f ix ed  n e a r  th e  system . T h a t  will o f  course 
d is to r t  th e  sym m etr ica l  orbita ls  a n d  th u s  d u r in g  the  n —*■ n* t r a n s i t io n  the  
o rb ita ls  of the  ca rbony l g roup will be  re a r ra n g e d  w ith  a r ig h t -h a n d e d  helic ity  
a n d  will p roduce  a positive  Cotton effect. In  o th e r  words, a collinear a n d  m a g 
netic  dipole t ran s i t io n  m o m e n t  occurs.

Now th e  question  arises w h a t  a re  th e  consequences of th is  m a g n e t ic  m o 
m e n t  on life processes, such as the  in te ra c t io n  of  excited molecules or  e lectron
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t r a n s p o r t ?  At f irs t  g lance , t h e  question seems to  be unrealistic, because  th e  
m a g n e t i c  trans it ion  d ipole  is v e r y  small, i t  is a b o u t  1 0 ~ 18cgs. One can, how ever ,  
p o in t  o u t  th a t  the  s t r e n g th  o f  the  m agnetic  fie ld  a t  a distance of  0.1 nm  
f r o m  t h e  chrom ophore m a y  reach  about 1 000 G auss.  This m agnetic  fie ld  is 
s u f f ic ie n t ly  strong th u s  t h e  m agnetic  m o m e n t  o f  th e  electron m a y  in te ra c t  
w i th  t h e  magnetic t r a n s i t io n  dipole. In  th is  w a y  th e  probab il i ty  of  sp inflip  
a n d  consequen tly  the  p r o b a b i l i ty  of t r ip le t  s ta te  will be nonvanish ing . F o r  th e

a&(1-S) a (1 — í>)2 a 6 (1 - b) ab2 b(1-a)(1-ó) (1 -a)(l-b)2 6 0 -a)(l- S) bO -a)

F ig . 2. The possible e lec t ro n ic  s t a te s  in chiral molecules  (g round ,  singlet  an d  t r ip le t )

p ro c e s s  responsible for t h e  p o p u la t io n  of t r ip le t  s t a t e ,  th e  so-called in te rsy s te m  
c ro ss in g ,  is a sp in -d ep en d en t  in te rn a l  conversion. L e t  us tak e  as a f irs t  a p p ro x i 
m a t i o n  th e  simple m ode l  o f  th re e  electronic en e rg y  levels. In  Fig. 2 we h ave  
in d ic a te d  every possible t r a n s i t io n  into s ing le t a n d  t r ip le t  s ta tes  — excep t  
t h e  occu rr ing  of the  t r ip le t  s t a t e  from the g ro u n d  s t a t e  b y  direct a b so rp t io n .  
T h e  possib ili ty  of falling b a c k  in to  the  g round  s t a t e  is also indicated , b — 0(B) 
s t a n d s  for  the  p ro b ab i l i ty  o f  th e  spin flip; a =  a(B) is the  p robab il i ty  t h a t  the  
a b s o r p t io n  of a q u a n tu m  b y  a molecule raises t h a t  electron to a h igher  elec
t r o n ic  level which has a sp in  m agne tic  m o m en t  op p o s i te  to  the  d irection of  th e  
m a g n e t i c  field induced in  t h e  molecule; W (B ) is th e  p robab il i ty  of th e  t r ip le t  
s t a t e  in  th e  presence o f  t h e  m agnetic  ind u c t io n  B. Inves t iga t ing  all possi
b i l i t ie s ,

W (B )  =  a ( l  -  b)b +  a d ( l  — b) +  (1 -  a ) ( l  -  b)b +  (1 -  a)ó(l -  b) =
=  20(1 -  b)

T h e re fo re ,  the  occurrence o f  t r ip le t  s ta te  will d e p e n d  on В (Fig. 3). Because  Ь 
in c rea se s  with В the  m a g n e t ic  field occurring d u r in g  excita tion  increases  th e  
p r o b a b i l i t y  of the  t r ip le t  level [16].
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Ъ (В)

F ig. 3. T he  probab il i ty  of  th e  t r ip le t  s ta te  in chira l  molecules as affected by  t h e  m agne t ic
in d u c t io n  d u r in g  e x c i ta t io n

One com m ent m u s t  be m ade . A ccord ing  to  the  present th e o ry  it  c an n o t  
be  said t h a t  th e  electron h a v in g  <x or ß  spin is exc ited  because th e  s ing le t  s ta te  
is th e  l inear  com bination  of  tw o  s ta te s :

у ? ' * ' - -  ^

I n  spite  o f  this , we th in k  t h a t  (by in t ro d u c in g  a) in chiral m olecules th e  idea 
o f  l inear com bina tion  can n o t  be app lied  w i th o u t  restric tions b ecau se  o f  the  
m ag n e t ic  t ran s i t io n  m o m en t .  T he  ques t ion  o f  how m agnetic  d ipole  m a y  in 
f luence  th e  occurrence o f  molecules in t r ip le t  s ta te  has been in v e s t ig a te d  ex 
p e r im en ta l ly .  We have  de te rm in ed  th e  m ag n e t ic  t rans i t ion  m o m e n t  o f  mole-

F ig. 4. A bsorp tion  (----------), CD (— — — ) and  fluorescence (— . — . — ) sp e c tr a  o f  o-, m-
p-ty ros ine

cules w hich  have  similar s t ru c tu re  b y  m eans o f  absorp tion  and  c ircu la r  dichro- 
ism m easu rem en ts ,  an d  h ave  s tud ied  w h e th e r  th e  popula tion  of  t h e  m olecule  
in t r ip le t  s ta te  is increased if  th e  m agne tic  t ran s i t io n  dipole is g rea te r .  The 
m e a su re m e n ts  of lum inescence in d ica ted  th e  presence of t r ip le t  s ta te .  F o r  it  
is kn o w n  th a t ,  when a molecule changes from th e  excited singlet s t a t e  in to  th e  
g ro u n d  s ta te ,  one p a r t  o f  i ts energy  is e m it te d  in th e  form of f lu o re scen t  light.
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T h e  w aveleng th  o f  th is  e m i t t e d  light is a lw ays lo n g er  t h a n  th a t  of th e  ab so rb ed  
l ig h t ,  a n d  the  ab so rp t io n  a n d  emission spec tra  — in  sim ple cases — are  a p p ro x i
m a te ly  m irro r-sy m m etr ica l .  The m echanism  for in te rsy s te m  crossing involves 
b o t h  spinflip and  v ib ra t io n a l  coupling b e tw een  th e  excited  singlet s ta te  an d  
t r ip le t  s ta te .  T herefore ,  in te rsy s tem  crossing com pe tes  with fluorescence 
em ission , and if th e  m o lecu le  falls back to  th e  g ro u n d  s ta te  from a t r ip le t  s ta te ,  
t h e  q u a n tu m  efficiency o f  fluorescence will be decreased , and  phosphorescence  
a p p e a rs .  This has longer  w av e len g th  and longer  d ecay  tim e. I t  is c lear from 
th e  above  th a t  the  q u a n t u m  efficiency of f luorescence  m ust decrease w ith  
t h e  increase of the  m a g n e t ic  transition  m o m e n t ,  h u t  th e  q u a n tu m  efficiency 
o f  phosphorescence ru n s  para l le l  with th e  increase  of m agnetic  t ra n s i t io n  
dipole .

In  the  first se t  o f  ex per im en ts  a rr —*- л*  t r a n s i t io n  has been s tud ied . 
T h e  1Lb(Alg —► B.2U) t r a n s i t io n  of o-, m-, a n d  p -D -ty ros ine  has been  chosen 
[20]. Fig. 4 and T ab le  1 sh o w  th e  results. One m a y  see t h a t  in accordance  w ith  
o u r  expecta tions,  t h e  q u a n t u m  yield of f luorescence  changes inverse ly  w ith  
th e  increase of th e  m a g n e t ic  transit ion  m o m e n t :  th e  q u a n tu m  yield is small 
i f  th e  m agnetic  m o m e n t  is g rea t  and  vice versa.

Table 1
Electric and  magnetic transition dipole mom ents and the 
quantum  y ie ld  o f  fluorescence in  o-, m-, and p-tyrosine  

(fte(D ) =  e lectr ic  t rans it ion  dipole m o m e n ts  in Debye units ;  
р т(р в)  =  m a g n e t ic  transit ion dipole m o m e n ts  in Bohr magnetons;

Q =  absolu te  q u an tu m  yield o f  fluorescence).

M aterial Me(D) Вт(мв) Q

o-tyrosine 1.235 0.0062 0.12

m-tyrosine 1.136 0.0021 0.27

p-tyrosine 0.881 0.0039 0.21

Though  these re su l ts  a re  in line w ith  our e x p ec ta t io n s ,  th ey  do n o t  inform  
us a b o u t  the  p o p u la t io n  o f  t h e  trip le t  s ta te .  T he  on ly  conclusion we m a y  d raw  
is t h a t  in case of g re a te r  m ag n e t ic  trans i t ion  m o m e n t  th e  excita tion  energy  is 
u se d  for fluorescence w i th  sm aller  p robab il i ty  a n d  i t  is d issipated  in th e  v ib ra 
t io n a l  levels of s inglet or g ro u n d  states. A n o th e r  p o in t  is t h a t  th e  s t ru c tu re  of 
m olecules  is no t e x a c t ly  t h e  sam e and th e  sm all  differences m ay  in fluence  the  
q u a n t u m  yield of  lum inescence .

F o r  this reason we ca rr ied  out ex p e r im en ts  in which the  m ag n e t ic  m o 
m e n t  of  the same molecule D-p-tyrosine was d e te rm in e d  in w ater  so lu tions of 
d iffe ren t  pH-s. As Fig. 5 shows, the m ag n e t ic  t ra n s i t io n  dipole increased, 
w h ereas  th e  q u a n tu m  y ie ld  of  fluorescence dec reased  as a function of  p H ,  in
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par t icu la r  a t  low values of p H .  T hese  results  agree  well w ith  earlier f ind ings
[9, 33].

Phosphorescence , cha rac ter is t ic  of the  t r ip le t  s ta te ,  canno t be o b se rv ed  at 
room  te m p e ra tu re  in  case of л  —*■ л*  t r a n s i t io n .  Therefore, ex p e r im en ts  were 
carried  ou t  a t  low  te m p e ra tu re .  T h e  results  a re  rep resen ted  in T ab le  2. D ue 
to  th e  special — non-freezing — so lvent,  th e  CD signal was v e ry  sm all  even

pH

F ig. 5. Effect o f  p H  on the  rela tive  q u a n tu m  efficiency o f  f luorescence ( ----- ), a n d  on  the
m agnetic  t ran s i t io n  m o m en t  of  ty ro s in e  (— — — )

a t  low p H , th u s  we could n o t  ca lcu la te  th e  m a g n e t ic  m om ent.  A t  130°K th e  
m agnetic  t r a n s i t io n  dipole was considerab ly  h ig h e r  and phosphorescence a p p e a r 
ed a t  410 nm . T h e  in ten s i ty  of  th e  phosphorescence  in re la tion  to  t h e  f lu o re s 
cence increased  para lle l  w ith  th e  m agne tic  m o m e n t .  This proves t h a t  th e  p o p u 
lation  of  th e  t r ip le t  s ta te  is increased  by  increas ing  m agnetic  t r a n s i t io n  dipole.

Table 2

Effect o f  temperature on magnetic transition  dipole moment 
and on luminescence o f  tyrosine

( f q =  in tens i ty  of fluorescence, p q =  in te n s i ty  of  phosphorescence)

Material* T(°K) Мт(мв)
pff(400 nm) 
fq (310 nm)

Tyrosine 130 0.042 0.35

p H  6.5 298 0.001 0.00

Tyrosine • HC1 130 0.069 1.23

p H  3.5 298 0.001 0.00

* Solvent E tO H  : MeOH 4 : 1
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O ne  m a y  object t h a t  t h e  results  w hich  we ob ta ined  a t  low t e m p e r a tu r e  
are  i r r e le v a n t  from th e  b iological po in t  of v iew . Concerning th is  i t  shou ld  be kep t  
in m in d  t h a t  in te rsys tem  crossing com petes  w i th  fluorescence even  a t  room 
t e m p e r a t u r e .  Thus th e  t r ip le t  s ta te  is p o p u la te d  b u t ,  because of  th e  h ig h  t e m 
p e r a tu r e ,  th e  excita tion  e n e rg y  is t ran s fe r red  m o s t ly  b y  collisions. Therefo re ,  
p h o sp h o rescen ce  can be o b se rv ed  only v e ry  ra re ly  in liquid m ed ia .  I f  the

F ig . 6. A b so rp t io n ,  CD and  lum inescence  spec tra  o f  m e n th o n é  (— — — —) a n d  iso m e n th o n é  
(------------- ). (The CD scale on  th e  r igh t  side corresponds  to m en thoné)

n u m b e r  o f  collisions is con s id e rab ly  decreased b y  low te m p e ra tu re ,  p h o sp h o 
rescence  becomes observable .

I n  a n o th e r  series o f  ex p e r im e n ts  th e  re —*• л*  excita tion  of th e  ca rbony l 
g ro u p  o f  m en th o n é  and  iso m en th o n e  was s tu d ie d .  In  th is  ty p e  of t r a n s i t io n  the  
lu m in escen ce  can be obse rved  on ly  w ith  h ig h ly  sensitive in s t ru m e n ts .  This 
is, o f  cou rse ,  a d isadvan tage .  On th e  o th e r  side, i t  is an a d v a n ta g e  t h a t  the  
s in g le t  t r i p l e t  split for re, л*  s ta te s  is sm aller  w hich  tends to  e n h an ce  in te r 
s y s te m  crossing. This acco u n ts  for th e  fac t  t h a t  in te rsys tem  crossing occurs 
w i th  m u c h  g reater  p ro b a b i l i ty  from  an n ,n*  exc ited  s ta te  t h a n  f rom  а л ,  л*  
s t a t e ,  the re fo re ,  in the  fo rm er  case phosphorescence  can often be o b se rved  a t  
room  te m p e ra tu re .

M en th o n é  and  iso m e n th o n e  are  s tereoisom eric  terpenes. In  m e n th o n é  th e  
e q u a to r i a l ly  oriented  isop ropy l g roup  is s i tu a te d  rough ly  in a noda l  p la n e  an d  
th u s  causes  only a small p o s i t ive  c ircular d ichro ism . In  isom enthone , how ever ,  
th e  i s o p ro p y l  group, ax ia lly  o r ien ted ,  is s i tu a te d  on the  r igh t side of  th e  ca r
b o n y l ,  t h u s  increasing s u b s ta n t ia l ly  th e  pos i t ive  c ircular d ichro ism  o f  the  
re —*■ л *  t r a n s i t io n  of th e  k e to n e  [39]. Fig. 6 shows the  abso rp tion , CD and  
lu m in escen ce  spectra. T he  lum inescence  sp e c t ru m  of m en thoné  show s two 
b a n d s ,  t h e  typ ica l f luorescence b a n d  a t  330 n m  a n d  the  phosphorescence  b an d  
a t  420  n m .  In  case o f  iso m en th o n e  only th e  phosphorescence  b a n d  a t  420 n m
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is p re sen t. T he d isap p earan ce  o f th e  lum inescence b a n d  an d  th e  positive  
co rre la tio n  b e tw een  m ag n etic  tra n s it io n  dipole an d  phosphorescence  p rov ide  
s tro n g  su p p o rt for th e  above h y p o th es is . I t  is re m a rk a b le  th a t  m en th o n é  has 
a double CD signal. W e th in k  th a t  th is  in d ica tes  a m ixed  s ta te , how ever, th is  
is ir re le v a n t w ith  re sp ec t to  th e  p rob lem  discussed here.

T he elec tric  an d  m ag n etic  d ipole m o m en ts , th e  re la tiv e  q u a n tu m  yield 
o f  fluorescence  an d  phosphorescence w ere ca lcu la ted  from  the  sp ec tra . As 
T ab le  3 show s, increasing  m ag n e tic  m o m en t enhances th e  p o p u la tio n  of tr ip le t  
s ta te  even  in  case o f n —*■ n*  tra n s itio n s .

T a b le  3

Electric and magnetic dipole moments and the relative quantum  yie ld  
o f  fluorescence and phosphorescence in case o f  menthoné and isomenthone 

(Qfrgi — re la tiv e  q u a n tu m  yield o f fluorescence;
Qrrel — re la tiv e  q u a n tu m  yield o f phosphorescence)

M aterial /-.(D) /-тО-в)

M enthoné 0.312 0.0032 1.00 0.72

Isom enthone 0.307 0.1490 0.00 1.00

T he in te rm o lecu la r consequences o f c h ira lity

F ro m  th e  foregoing discussion i t  is clear t h a t  m o lecu la r c h ira lity  fac ili
ta te s  in te rsy s te m  crossing, an d  th u s  ch ira l m olecules easily  a p p e a r in  tr ip le t  
s ta te . I t  is know n , how ever, th a t  th e  re a c tiv ity  o f  th e  m olecule is considerab ly  
increased  in  tr ip le t  s ta te . F o r, th e  ex c ited  e lec tron , an d  th e  one left b eh in d  in 
th e  o rb it from  w hich  i t  w as ex c ited , are  no longer p a ired . A ny  o th e r  u n p a ired  
e le c tro n -a tta c k in g  ag en t m ay  now  fo rm  a bond , as soon as its  o rb it begins to  
overlap  w ith  th o se  o f th e  exc ited  m olecule, an d  th e  p o te n tia l  b a rr ie r  to  reac tio n  
is th u s  low ered . In  ad d itio n , th e  ex c ited  e lec tron  itse lf  is in a m ore w eakly  
h ound  o rb it o ften  ex ten d in g  over a la rg e r reg ion  o f space th a n  th e  o rb it from  
w hich i t  w as exc ited . T his e lec tron  is th u s  m ore like ly  to  be rem oved  b y  an  
e lec troph ilic  re a g e n t [27].

T hese consequences o f th e  tr ip le t  s ta te  in  reac tio n  k inetics are  well know n. 
F rom  a b io logical p o in t o f view , how ever, a n o th e r q u es tio n  arises: is i t  o f an y  
sign ificance w h e th e r th e  ex c ita tio n  in to  th e  tr ip le t  s ta te  occurs in  racem ic or 
in  o p tica lly  p u re  so lu tions ? L et us f irs t in v es tig a te  th is  p rob lem  th eo re tica lly . 
I t  has been  show n th a t  th e  m ag n etic  m o m en t o f  th e  e lec tron  in te ra c ts  w ith  
th e  m ag n e tic  tra n s it io n  m o m en t, co n seq u en tly , am ong  th e  th ree  possib le  tr ip le t  
s ta te s  one will p re fe ren tia lly  com e in to  ex istence. In  o th e r  w ords, m olecu lar 
c h ira lity  w ill fa c ilita te  a tr ip le t  s ta te  in  w hich th e  sp in -m ag n e tic  m o m en ts  are 
a n tip a ra lle l to  th e  m agnetic  tra n s itio n a l m o m en t. T herefo re , th e  sp in  d irec tion
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o f  th e  u n p a ired  e lec tro n s in  th e  tw o  en an tio m ers  m u s t be  op p o site . T he s i tu 
a t io n  is rep resen ted  in  F ig . 7. In  e lec tron ic  tra n s itio n s  show ing  po sitiv e  C o tton  
e ffe c t, th e  В s ta te , in  case o f  n eg a tiv e  C o tto n  effect th e  A s ta te  is p re fe rred . 
F ig u re  7 shows th e  d ire c tio n  of th e  e lec tric  d ipole m o m en t. I t  shou ld  be re 
c a lle d  th a t  in case o f p o s itiv e  C o tto n  effect th e  m ag n e tic  d ip o le  is para lle l to

Me A

Mi Л -  . +

Fig. 7. D iag ram s of th e  th ree  possible tr ip le t  s ta te s

i t ;  in  case o f n eg a tiv e  C o tto n  effect th e  electric  an d  m ag n e tic  tra n s itio n a l 
m o m e n ts  are a n tip a ra lle l. I t  follows from  th ese  co n sid era tio n s th a t  in o p ti
c a lly  p u re  system s a t  le a s t p a r t ia l  sp in  p o la riza tio n  m ay  occur, w hich  m ay  be 
o f  sign ificance b o th  in  e lec tro n  tra n s p o r t  an d  o th e r  ty p es  o f energy  tran sfe r.

W e come to  a s im ila r conclusion  if  n o t th e  tr ip le t  s ta te , b u t th e  io n iza
t io n  o f  ch iral m olecules in  o p tic a lly  pu re  system s is considered . If, d u ring  
io n iz a tio n , a ch iral m olecu le  loses its  e lec tron , th e  a sy m m etrica lly  d is tr ib u te d  
s ta t ic  charges will in flu en ce  th e  ' ‘p a th ”  o f th is  e lec tron . T herefo re , a m agnetic  
m o m e n t will be in d u ced  in  th e  sam e w ay  as described  ab o v e . T h u s, in  th e  
re d u c tio n  of ch iral e lec tro n -d o n o r m olecules th e  average  sp in  o f th e  lost elec
t r o n s  w ill be d iffe ren t from  zero, in  o th e r  w ords, sp in  p o la riza tio n  m ay  occur. 
S im ila r ly , th e  u p ta k e  o f  p o la rized  elec trons b y  a ch ira l e lec tro n  accep to r will 
d e p e n d  inter alia  on i ts  m a g n e tic  tra n s it io n a l m o m en t in d u ced  d u rin g  exci
t a t i o n  or ion iza tion . T h ere fo re , we m a y  ex p ec t d ifferences i f  charge  tra n s fe r  
ta k e s  p lace  betw een  l -l , re sp e c tiv e ly  d -l m olecules. In  o th e r  w ords, d iscrim i
n a t io n  c a p ac ity  an d  s te re o se le c tiv ity  can be tra c e d  b a c k  to  th e  m agnetic  
t r a n s i t io n a l  dipole o f c h ira l m olecules. G eom etrica l fac to rs  u n d o u b te d ly  m ay  
p la y  an  im p o rta n t ro le also , b u t  in a d d itio n  to  th e m  th e  p h en o m en a  ou tlin ed  
a b o v e  shou ld  be ta k e n  in to  co n sid e ra tio n .

O p t i c a l  p u r i t y  a n d  e l e c t r o n  t r a n s p o r t

Tw o ex perim en ts w ere ca rried  ou t w hich  w ere concerned  w ith  s te reo 
s e le c tiv i ty  in e lectron  tra n s fe r . In  th e  f irs t, th re e  d iffe ren t M g-porphyrines 
w ere  chosen  as e lec tron  d o n o rs . M g -d eu te ro p o rp h y rin e  is n o t ch ira l; no m ag n e
tic  m o m e n t is induced  in  it  d u rin g  ex c ita tio n  or io n iza tio n . C h lo rophy ll a an d  
c h lo ro p h y ll b are ch ira l; d u rin g  e x c ita tio n  in to  th e  f irs t s ing le t th e  m agnetic  
d ip o le  is sm aller in  case o f  ch lo ro p h y ll a th a n  ch lo rophy ll b [14]. C hlorophylls 
m a y  easily  loose one e lec tro n  in  a lkaline  m ed ium , w hich  is th e  f ir s t  s tep  of 
a llo m e riz a tio n  [31]. T y ro s in e  is ab le to  ta k e  u p  th e  lost e lec tro n  rev e rsib ly
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from  chlorophyll, a n d  th is  w ay  th e  d ecay  o f ch lo rophy ll is in h ib ite d  [2]. T h u s, 
ch lo rophy ll L. ty ro s in e  are m em bers o f  an  e lec tro n -tran sfe r  sy s tem ; th e  ques
tio n  arises w heth er L -tyrosine w orks in  th is  sy stem  as w ell as D. F ig . 8 show s 
th a t  ty rosine  in h ib its  th e  a llo m eriza tio n  o f ch lo rophy lls. F ig u re  8 an d  T ab le  
4 show  th a t  th e  speed  of a llom eriza tion  is q u a lita tiv e ly  p ro p o rtio n a l to  th e

F ig. 8. D ecom position  o f  M g— D P , ch lo ro p h y ll a , ch lo rophy ll b  in b u ffe r  so lu tio n  (------------- )
and in  th e  p resence of 1 .4 8 x 1 0 “ 3 mol/1 L D -ty rosine  (— — — )

m ag n e tic  tra n s itio n  d ipole of th e  f i r s t  sing le t s ta te . T ab le  4 also y ields in fo r
m a tio n  abou t s te reo se lec tiv ity . As one  m a y  see, on ly  th e  ch o ro p h y ll-b  ty ro 
sine e lec tro n -tran sfe r system  e x h ib ite d  a w eak  s te reo se lec tiv ity  in  fu ll acco rd 
ance w ith  the  fa c t t h a t  ch lorophyll b  reveals  th e  g re a te s t m ag n e tic  tra n s itio n  
m o m en t.

In  th e  second exp erim en t l - a n d  d -D O P A  served  as e lec tron  donors 
an d  th e y  were b ro u g h t to g e th e r w ith  e lec tron  accep to rs o f d iffe ren t ch ira lity , 
i.e ., w ith  L -m enthone an d  D -isom enthone. S te reo se lec tiv ity  w as su rp ris in g ly  
g re a t, as shown b y  T ab le  4. T he co n n ec tio n  betw een  s te reo se lec tiv ity  an d  th e  
m ag n e tic  tra n s itio n  d ipole of th e  f i r s t  sing le t is conspicious even in  th is  case.
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Table  4

Stereoselectivity in  the electron-transfer system  
o f  chlorophyll -f- tyrosine and D O P A  -f" terpens 

(D /L  =  ra tio  of stereoselectiv ity )

Material ß.(D) D/L

Chlorophyll-a 4.883 0.024 0.50/0.50

Chlorophyll-b 4.040 0.041 0.47/0.53

M g - D P 0.875 0.000 0.50/0.50

M enthoné 0.312 0.003 0.58/0.42

Isom enthone 0.307 0.149 0.74/0.26

O p t i c a l  p u r i t y  a n d  e n e r g y  t r a n s f e r  b y  r e s o n a n c e

T h e  question  w h e th e r o p tic a l p u r ity  m ay  in fluence  re so n a n tia l energy  
tr a n s f e r  w as s tud ied  b y  c o n c e n tra tio n  quenching . I t  is know n  th a t  th e  q u a n tu m  
y ie ld  o f  fluorescence in so lu tio n s depends on th e  c o n c e n tra tio n  of th e  flu o res
c in g  m olecule. In  h igh ly  d ilu te d  so lu tions (1 0 -6 — 1 0 m ol/l)the  in te n s ity  of 
th e  fluorescence  para lle ls  th e  co n cen tra tio n . A fte r reach in g  a ce rta in  concen
t r a t io n  level th e  in te n s ity  o f  fluorescence  rem ains th e  sam e; if  co n cen tra tio n  
is f u r th e r  increased , th e  flu o rescen ce  in te n s ity  s ta r ts  to  d ro p . This is called 
c o n c e n tra tio n  quenching , a n d  is ex p la ined  b y  th e  assoc ia tion  of m olecules 
in  h ig h ly  c o n cen tra ted  so lu tio n s . T h e  excited  m olecule fo rm s a d im er w ith  a 
g ro u n d -s ta te  m olecule of th e  sam e species.

A +  A* (AA)*

B ecau se  o f th e  fac t th a t  in  th e  (AA)* dim er — o ften  called  excim er — d iffe ren t 
k in d s  o f  en erg y -tran sfer p rocesses m ay  occur, th e  em ission o f fluo rescen t lig h t 
w ill decrease. Am ong th e  s tro n g e s t su p p o rt for th is  h y p o th es is  is th e  fa c t th a t  
th e  fluo rescence-ligh t em ission increases if  th e  d im ers are  se p a ra te d  b y  a slig h tly  
h ig h e r  te m p e ra tu re  [22]. T h o u g h  th e  th eo ry  has p ro v en  to  be  v e ry  useful, i t

F ig . 9. T h e  co n cen tra tio n  q u e n ch in g  o f fluorescence of o-, ni-, an d  p - ty ro s in e  in  a  racem ic  
m ix tu re  (---------- ) a n d  in  a n  op tica lly  pu re  so lu tio n  (— — —)
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w as unab le  to  ex p la in  w h y  the  life tim e  o f th e  exc ited  s ta te  decreases w ith  
in creased  co n cen tra tio n . One has to  supp o se  th a t  th e  e x c ita tio n  energy  can  he 
tra n s fe re d  from  one m olecule to  th e  o th e r  w ith o u t lig h t em ission h y  resonance. 
O n th e  basis of th e  ab o v e  s ta te m e n t we h av e  in v es tig a ted  th e  co n cen tra tio n  
q u en ch in g  of o-, m-, a n d  p -ty ro s in e  in  o p tica lly  p u re  so lu tio n  c o n ta in in g  only 
D isom ers and  in  racem ic  m ix tu res . As F ig . 9 show s, th e  en e rg y  tra n s fe r  is 
a d v an ced  in o p tica lly  p u re  so lu tion .

M agnetic tra n s i t io n  m om ents in  h igh ly -o rgan ized  bio logical system s

In  th e  prev ious c h ap te rs  sm all m olecules h av e  been  considered  to  w hich 
a bio logical fu n c tio n  can  h a rd ly  be a t t r ib u te d . I t  is o f im p o rta n c e  to  in v es ti
g a te  also a t  least one in  vivo sy s tem . F ro m  n o rm al an d  c a ro ten o id -d efic ien t 
m u ta n ts  ch lo rop last su b u n its  were p re p a re d  in  w hich p h o to sy s te m  I rem ained  
u n in ju re d  [15] y e t w ere  su itab le  for in v e s tig a tio n  w ith  o p tica l m e th o d s . In  th e  
su b u n its  p rep ared  from  th e  m u ta n ts  b o th  th e  p h o to o x id a tio n  o f P 700 and

T a b le  5

Electric and magnetic transition dipoles, 
quantum  yie ld  o f the photooxidation o f  P 700 and cyclic 

photophosphorylation in norm al and m utant chloroplast subunits  
(p h o to sy stem  I)

Material He
(10 *D)

flm
U‘B) hv/P 100ox** A TP •

cyclic

Norm al 0.165 0.11 0.50 1.9

Lycopenic 0.153 0.05 0.20 1.5

p-carotenic 0.170 0.07 0.26 1.0

* Mol/mol ch lorophyll m inute  [25]
** [И]

cyclic p h o sp h o ry la tio n  are  of less effic iency  [25]. T ab le  5 show s th e  q u a n ti
ta t iv e  d a ta  an d  en ab les  a  com parison  b e tw een  th em  an d  th e  m ag n e tic  m o
m en ts  induced  in  su b u n its . For th e  sake  o f sim p lic ity , in c a lc u la tin g  th e  m ag
n e tic  m om ent, b o th  ab so rp tio n  an d  CD signal o f th e  su b u n its  in  th e  red  region 
w ere considered  to  h a v e  been o r ig in a te d  from  a single ch ro m o p h o re . T ab le  5 
show s th a t  a h ig h er m ag n etic  m o m e n t is accom pan ied  by  in c reased  biological 
a c tiv ity  w hen th is  sim plifica tion  is in tro d u c e d . One co m m en t shou ld  be m ad e: 
cyclic p h o sp h o ry la tio n  w hich has been  m easu red  in  n o n -fra c tio n a l chloro- 
p la s ts  is influenced  also b y  p h o to sy stem  I I .  T h e  ind ep en d en ce  o f p h o to sy stem  
I I  from  th e  p h o to o x id a tio n  of P 700 m a y  ex p la in  th e  fa c t t h a t  th e  q u a n tu m  
efficiency o f th e  p h o to o x id a tio n  o f  P 700 an d  th e  cyclic p h o sp h o ry la tio n  are 
n o t fu lly  parallel.
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T h e  m agnetic  m o m e n t occu rrin g  d u ring  e x c ita tio n  an d  th e  A T P  p ro 
d u c tio n  are  on tw o o p p o site  en d s o f a long m etab o lic  p a th w a y . T he possible 
c o n n e c tio n  betw een th em  m u s t be e luc ida ted  in  fu tu re  w ork. The possib le  
sp in -p o la riz a tio n  in p h o to s y n th e tic  ch a rg e -tran sfe r reac tio n s , how ever, c a n n o t 
be  le f t  o u t o f accoun t. I f  th e  tr a n s p o r te d  elec trons are  considered  as an  e lec tron  
gas, th e n  th e  energy increase  — com pared  to  u n p o la rized  elec tron  tra n s fe r  — 
can  be  ca lcu la ted  b y  F erm i s ta tis t ic s . One m ay  o b jec t t h a t  th is  is a v e ry  rough  
a p p ro a c h , as th e  tra n s p o r te d  e lec trons in  bio logical sy stem s are  n o t free elec
t ro n s .  W e nevertheless use th is  ap p ro ach  because no o th e rs  are  a t  our d isposal. 
A c c o rd in g  to  generally  a c c e p ted  d a ta , th e  vo lum e o f an  average  ch lo ro p last 
e q u a ls  33 x lO -12 cm 3, in  w h ich  2 x lO 9 e lec tro n -d o n o r ch lo rophy ll m olecules 
a re  p re se n t. U nder th ese  c o n d itio n s  th e  energy  d ifference  betw een  po la rized  
an d  u n p o la rized  s ta te s  is 391.0  cal/m ol. T hough  th is  v a lu e  m ay  change by  
c h a n g in g  e ith e r e lectron  d e n s ity  or te m p e ra tu re  i t  gives in fo rm a tio n  co n cern 
in g  th e  o rd er of m a g n itu d e .

D esp ite  th e  recogn ition  o f  th e  im p o rtan ce  o f e lec tron-b io logy , nobody , 
to  o u r  know ledge, has s tu d ie d  th e  biological s ign ificance o f th e  m agnetic  p ro p 
e r tie s  o f  electrons. T he id ea  o f  sp in -p o la riza tio n  or th e  p redom inance  o f a 
sp ec ific  tr ip le t  s ta te  could  n o t  h a v e  p resen ted  itse lf  w hen  th e  th e o ry  o f m olec
u la r  c h ira li ty  was in an  u n d e rd ev e lo p ed  s ta te , an d  w hen  p ro p er in s tru m e n ts  
w ere  n o t  y e t availab le . T h ere  is ev e ry  reason  to  hope th a t  an  u p -to -d a te  th e o ry  
o f  c h ira l i ty  m ay  lead  to  th e  so lu tio n  of th e  p rob lem  w h y  s tra n g e  en an tio m ers  
o c c u r in  physio logically  im p o r ta n t  m a te ria ls  a n d  p rocesses, such  as in  th e  cell 
wTall o f  b ac te ria , in a n tib io tic s , d u rin g  insect m e tam o rp h o sis , in  s tim u lus t r a n s 
fe r in  n e rv o u s  system s, or — w h ich  is a co n tro v ersia l q u es tio n  — in n eo p lastic  
t is su e s . N evertheless, i t  seem s t h a t  e lectron  spin , m ag n e tic  tra n s itio n  m o m en ts  
or sp ec ific  tr ip le t  s ta te s  m a y  se rv e  as signals in  re g u la to ry  m echan ism s; th e y  
m a y  in flu en ce  reac tio n  ra te s  a n d  d irec tion , d im in ish  a c tiv a tio n  en erg y  or 
f a c i l i ta te  a b e tte r  energy  b a la n c e .
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Abstract

The chloragosom es o f L u m b ric id ae  are  w ater-in so lub le  p o ly e le c tro ly te s  c o n ta in 
ing ac tive  groups ab le  fo r acid  d issoc iation . T h e ir  ro le in  cation  e x c h a n g e  h as been 
p ro v ed  in  vitro. T he possib le physio log ica l fu n c tio n s  o rig ina ting  in th e  c a t io n  exchange 
ch a ra c te r  are d iscussed . T he catio n s o f  ch loragosom es can b ind  a c o n sid e rab le  am o u n t 
o f anions by  m eans o f ad so rp tio n .

Introduction

A m ong th e  ac rid in e  d e riv a tiv e s  try p a f la v in e  (acriflav ine) a n d  a teb rin  
possess a considerab le  to x ic  effect on liv ing  organism s, if  th e y  a re  lin k ed  to 
nucleic  acids [1 — 3, 18] or in te rc a la te d  [15]. T ry p a flav in e  h as  a n  in tense  
a f f in ity  even to  o th e r  bio logical su b stan ces  o f  acid ch a rac te r , e .g ., su lp h a ted  
m u copo lysaccharides [12, 19, 24] an d  cereb roside-su lphates [10].

W e have fo u n d  try p a f la v in e  an d  a te b r in  d isp lay ing  a re la tiv e ly  low 
to x ic ity  in  th e  o rgan ism s o f  L u m b ric id ae  [7] and  th e  m a jo r ity  o f  acrid ine 
d e riv a tiv e s  in jec ted  in  th e  bo d y  c a v ity  b o u n d  to  ch loragosom es [8]. These 
re su lts  p ro m p ted  us to  s tu d y  th e  try p a fla v in e -b in d in g  m ech an ism  o f ch lo ra 
gosom es. I t  has tu rn e d  o u t th a t  th e  ca tio n  c h a ra c te r  of try p a f la v in e  p lays an 
essen tia l role in  th e  b in d in g  m echan ism  an d  it  is exchangeab le  w ith  c o u n te r
ions. T herefo re, o u r in v es tig a tio n s  w ere ex te n d e d  to  th e  b in d in g -m ech an ism s 
o f o th e r  ca tions an d  an ions, too .

Material and method

T he experim en ts  w ere carried  o u t in  vitro f i r s t  o f all on iso la ted  ch lo ragosom es of 
Lum bricus terrestris an d  Allolobophora caliginosa. Chloragosom es were iso la te d  b y  m eans of 
a m odified  U rich ’s m eth o d  [12, 20], th e n  w ashed  tw o  tim es w ith  b id is tilled  w a te r , distilled 
in  a  glass a p p a ra tu s .

Investigations on b ind ing  and  release o f  tryp a fla v in e . A 100 mg sam p les o f chloragoso
m es was suspended  in  5 — 10 m l 0 .005%  try p a f la v in e  (H o ech st AG) so lu tio n , a llow ed  to  s tand  
fo r 10 m in and cen trifu g ed . T he try p a fla v in e  in  th e  su p e rn a ta n t was m ea su re d  in  a  sp ec tro 
p h o to m e te r  type  S p ek tro m o m  361 a t  a w ave len g th  o f 650 nm . For co m p a riso n , th e  try p a 
flav in e  u p ta k e  by  a h o m o g en a te  o f  100 m g b o d y  w all was m easured  b y  th e  sam e m ethod.
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T o characterize  b in d in g  c a p a c ity , th e  d is tr ib u tio n  q u o tie n t

w eight o f  io n s in  th e  in te rn a l so lu tion  (b o u n d )  
w eight o f io n s in  th e  ex te rn a l so lu tion  (free)

w as ca lcu la ted .
In  o rder to in v e s tig a te  th e  release of t ry p a fla v in e , th e  tre a te d  chloragosom es were 

w a sh e d  several tim es in  5 m l w a te r ,  th e n  w ith  1%  CaCl2 u n t i l  th e  a m o u n t o f re leased  try p a f la 
v in e  s tro n g ly  decreased. T h e  e x tin c tio n  of th e  w ashing so lu tio n s  w as m easured  a t  650 nm . 
T h e  try p a f la v in e  release o f th e  b o d y -w a ll hom ogenate  w as s im ila rly  te s ted . A p a rt fro m  CaCl2, 
1 %  N aC l and  1%  h istid ine  w ere  a p p lie d  as washing flu ids. B in d in g  to  and  release from  ch lo rago
som es o f a te b rin  (B ayer) a n d  th io n in e  (C. I. 52 000) w ere a lso  in v es tig a ted , how ever, p h o to 
m e tr ic  m easu rem en ts an d  n u m e r ic a l  evalu a tio n  have  n o t b e e n  c a rried  out.

M easurem ent o f H  +—C a + + io n  exchange o f chloragosomes. A 100 mg sam ple o f  ch lo ra 
g osom es w as suspended in  5 — 10 m l 0.1 N-HC1, allow ed to  s ta n d  fo r 10 m in  and  cen trifu g ed . 
T h e y  w ere w ashed su b seq u e n tly  w ith  w a ter and, a t  la s t, 4 o r 5 tim es w ith  1%  CaCl2 a t  5 m in 
in te rv a ls .  T he pH  of th e  s u p e r n a ta n t  w as m easured w ith  a  R a d e lk is  O P  105 p H  m ete r.

T o investiga te  th e  H + — try p a f la v in e  ion ex ch an g e , a  s im ilar p rocedure  w as carried  
o u t ,  e x c e p t th a t  the  p re p a ra tio n  w as washed w ith  a  0 .0 1 %  try p a flav in e  so lu tion  in stead  
o f  C aC l2.

Potentiom etrie titra tion  o f  chloragosomes [11]. A ch lo rag o so m e frac tio n  of 100 m g t r a n s 
fo rm e d  in to  th e  H + form  (i.e. t r e a te d  w ith  HC1) an d  w a sh e d  w ith  w a ter u n til acid -free , was 
su sp e n d e d  in 5 ml 1 mol/1 N aC l so lu tio n , th en  t i t r a te d  w ith  0.01 N -N aO H , using  a glass- 
c a lo m el e lectrode. The N a O H  so lu tio n  was added b y  0.1 m l vo lum es and th e  p H  v a lu e  was 
re g is te re d  10 m in late r. T h e  p H  v a lu e s  were p lo tted  a g a in s t th e  u p ta k e  of th e  ad d ed  N aO H .

B in d in g  and release o f  eosin . A  100 mg sam ple o f iso la te d  chloragosom es was su spended  
in  5 m l 0 .01%  eosin (w a te r-so lu b le , Chrom a), allow ed to  s ta n d  for 10 m in  and  cen trifuged . 
T h e  eo sin  co n ten t of th e  s u p e r n a ta n t  was m easured a t  900 nm . F o r com parison, th e  eosin 
u p ta k e  o f  100 mg body-w all h o m o g e n a te  was m easured . D is tr ib u tio n  q u o tie n t was c a lcu la ted  
as d e sc rib e d  above. To m ea su re  e o sin  release, e o s in -trea ted  ch loragosom es were w ash ed  w ith  
w a te r ,  1 %  CaCl2 of p H  5, 1 %  C aC l2 of p H  8 and 0.1 N -N aO H . E a c h  washing so lu tio n  was 
5 m l in  vo lum e. E x tin c tio n  v a lu e s  o f  th e  su p e rn a ta n ts  w ere m easu red .

O H ~ —Cl~ ion exchange o f  chloragosomes. C hloragosom es were tre a te d  w ith  0.01 
N -N aO H , cen trifuged , w ash ed  5 t im e s  w ith  5 ml w a te r  a n d  su b seq u en tly  w ith  1 %  CaCl2. 
T h e  p H  o f su p e rn a tan ts  w as m e a su re d . In  o ther e x p e rim e n ts  0 .0 1 %  eosin so lu tion  w as used  
in s te a d  o f Cl- .

Results

T h e  try p a fla v in e -b in d in g  capac ity  of ch lo ragosom e frac tion  p ro v ed  to  
be  e ssen tia lly  higher th a n  t h a t  o f th e  body-w all h o m o g en a te  (Fig. 1). The 
d is tr ib u tio n  quo tien ts  c a lc u la te d  on the  basis o f th e  d a ta  of Fig. 1, w ere 1 — 
— 2.5 X l0 l for the  b o d y -w a ll hom ogenate  an d  4.8 X lO 2 fo r th e  chloragosom es.

W e assum ed th a t  in  th e  b ind ing  m echan ism  o f try p a flav in e  its  ca tio n  
c h a ra c te r  m ight p lay  a d ec is iv e  role and, on th e  o th e r  h an d , th a t  m echan ism  
o f b in d in g  is d ifferent in  th e  b o d y-w all h o m ogena te  a n d  in th e  chloragosom es. 
F o r  fu r th e r  in v estig a tio n s w e s ta r te d  from th e  c o n s id e ra tio n  th a t ,  depend ing  
on th e  b ind ing  forces, th e  r a te  o f  release of th e  b o u n d  try p a fla v in e  as w ell as 
th e  q u a n tit ie s  released in to  d iffe ren t m edia are  d iffe re n t for th e  tw o k in d s o f 
tis su es . T h e  ex trac tin g  m e d ia  w ere added to  th e  b o d y -w all hom ogenates as 
w ell as to  chloragosom es p ro p o rtio n a lly  to  th e  a m o u n t o f bound  try p a fla v in e . 
D u rin g  aqueous e x tra c tio n , a m u ch  sm aller p o rtio n  o f  th e  hound  try p a fla v in e  
w as re leased  from  th e  ch lo ragosom es th a n  from  th e  body-w all hom ogenates 
(F ig . 2). U sing Ca+ + -c o n ta in in g  w ashings on th e  o th e r  han d , a lm ost all the
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b o u n d  try p a fla v in e  w as re leased  from  body-w all h om ogenates in to  th e  firs t 
th ree  w ashings, w hereas fro m  th e  chloragosom es a w ell m easu rab le  a m o u n t 
o f try p a fla v in e  w as reco v ered  even in  th e  18 th  w ash ing  flu id .

I f  1%  N aCl or 1%  h is tid in e  so lu tion  was used  as w ash ing  flu id , th e  t r y p a 
flav in e  release was less in te n s iv e  th a n  w ith  CaCl2. F u rth e rm o re , chloragosom es 
w ere found  to  h ind  a te h rin  a n d  th io n in e  essen tia lly  in a sim ilar w ay  as t r y p a 
flav ine .

Fig. 1. T ry p aflav in e  u p ta k e  b y  ch loragosom e frac tio n  (C. 1 an d  C. 2) an d  b y  body-w all hom o
g en ate  (B . 1 an d  B. 2) in  vitro. B . 1 an d  C. 1 =  u p ta k e  b y  100 m g tissue  fro m  250 fig  t r y p a 

flav in e, B. 2 a n d  C. 2 =  u p ta k e  by  100 m g tissu e  from  500 fig  try p a fla v in e

Fig. 2. T ry p aflav in e  re lease  b y  b o d y-w all ho m o g en a te  ( ------------- ) and  ch loragosom e frac 
tion  (-------------- ■). A bscissa: co n secu tiv e  w ashings. O rd in a te : ex tin c tio n  o f th e  w ash ing  flu ids.

T he w ashings w ere c a rr ied  o u t w ith  5 m l so lu tio n s a t  5 m in  in te rv a ls

O n th e  basis o f  th e  re su lts  i t  has been  assum ed  th a t  t ry p a f la v in e  is 
b o u n d  to  th e  body-w all h o m o g en a tes  m a in ly  b y  van  d e r  W a als’ fo rces, w hereas 
th e  b in d in g  m echan ism  o f chloragosom es is b ased  on ca tio n  exchange.

T he ca tio n  exch an g e  c h a ra c te r  o f ch loragosom es has been  p ro v ed  b y  
H f — C a f + ion exchange  (F ig . 3). T he ch loragosom e fra c tio n  tra n s fo rm e d  
in to  H + form  an d  su b se q u e n tly  w ashed  ac id -free, re leased  H + ions on th e  
effect o f  C a+ + , HC1 w as fo rm ed  in  th e  s u p e rn a ta n t  a n d  th e  p H  decreased . 
The H + -lib e ra tio n  cu rve  is o f  p ro longed  c h a ra c te r  resem bling  th a t  o f t r y p a 
flav in e . I f  th e  try p a fla v in e -b in d in g  of ch loragosom es is based  on ca tio n  ex 
change, th e  chloragosom es tra n sfo rm e d  in to  H + fo rm  shou ld  also release H +
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F ig . 3. T h e  H +  release o f H + -ch lo rag o so m es on th e  e ffects o f C a++ an d  try p a fla v in e . A bscissa: 
consecu tive  w ash in g s. O rd in a te : p H  o f w ash ing  flu ids

Fig. 4. T he t i t r im e tr ic  curve of th e  chloragosom e frac tio n

on  th e  effect o f try p a f la v in e . T h is su p p o sition  has been  p ro v ed  b y  th e  resu lts  
o f  e x p e rim e n ts  (F ig. 3).

Conclusions can be d ra w n  from  th e  d a ta  o f p o ten tio m e tric  t i t ra t io n s  as 
re g a rd s  th e  q u a lity  o f a c tiv e  g roups of th e  ion  exchangers as well as th e  p H  
ra n g e  w here  th e y  are ab le  to  m a in ta in  ion exchange . T herefo re , th e  ti tr im e tr ic  
c u rv e  o f  th e  chloragosom e fra c tio n  has been  e stab lish ed  (F ig . 4). T his curve 
in d ic a te s  th a t  th e  ch lo ragosom es are ca tio n  exchangers o f p o ly fu n c tio n a l 
c h a ra c te r  conta in ing  a t  le a s t  th re e  d iffe ren t acid  groups.

T h e  question  arose w h e th e r  th e  ch loragosom es h ad  an io n -b in d in g  or p e r
h a p s  an ion -exchang ing  p ro p e rtie s . I t  was show n th a t  th e  eosin -b ind ing  cap ac 
i ty  o f  chloragosom es a n d  b o d y -w a ll ho m o g en a tes  w as id en tica l from  a q u a n 
t i t a t iv e  p o in t of view . F ro m  th e  500 /xg eosin a d m in is te red  in  5 m l so lu tion , 
250  /tg  w as bound  b y  b o th  tissu es . T he d is tr ib u tio n  q u o tie n t w as 2 X l 0  in 
b o th  cases.

A s to  th e  release o f th e  b o u n d  eosin, we h av e  concluded  th a t  (F ig . 5)
(1) th e  ch loragosom e a n d  body-w all ho m o g en a tes  essen tia lly  do n o t 

d iffe r from  each o th e r from  a p o in t of view  o f e x tra c tio n s  w ith  d istilled  w a te r;

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



CHLORAGOSOM ES AS CATION EX CH A N CERS 161

Washing ; i-H2 0 —it-CaCI2-ihCaC l2-n-0.5N-Na0m 
IV. Г /. 

pH 6 pH 8

Fig. 5. T he eosin release fro m  bo d y -w all h o m o g en a te  ( ------------- ) and  ch lo ragosom e frac tio n
(--------------- )

(2) th e  eosin release from  th e  ch loragosom e frac tion  is s ig n if ic a n tly  in 
flu en ced  by  th e  ion c o n c e n tra tio n  o f th e  e x tra c tin g  m edium , w h ereas  t h a t  of 
th e  body-w all h o m ogena te  r a th e r  depends on th e  pH  of th e  w ash in g  flu id .

T he in v estig a tio n s concern ing  O H “  — Cl-  an d  O H -  — eosin  ion  ex 
changes gave a n eg a tiv e  re su lt in th e  ch loragosom e frac tion . T h e re fo re , th e  
eosin -b ind ing  of ch loragosom es is n o t based  on ion exchange.

Discussion

Io n  exchangers are  inso lub le  in  w a te r an d  o th e r sim ple so lv en ts  [9, 11]. 
A ccord ing  to  several ea rlie r re p o rts  [4—7, 16, 17, 20] an d  th e  p re se n t re su lts , 
th e  chloragosom es fu lfil th is  c r ite rio n . T he basic  p ro p e rty  o f ion ex ch an g ers  
is t h a t  th e y  are po ly e lec tro ly tes  co n ta in in g  ac tiv e  groups being ab le to  d issocia te  
[9, 11]. T h e  ca tion  exchangers are  po lyacids w ith  carboxy l, pheno lic  h y d ro x y l, 
p h o sp h o ric  or su lphonic  acid  g roups, th e  p o ly fu n c tio n a l ca tio n  ex ch an g ers  
possess severa l acid g roups. O n th e  basis of th e  titr im e tr ic  cu rve , th e  ch lo rag o 
som es are  p o ly fu n c tio n a l ca tio n  exchangers d isp lay ing  a t  least 3 k in d s  o f  acid 
g roups. A ccording to  th e  in v es tig a tio n s  on th e  com position  o f ch lo ragosom es 
[16, 17, 20] th e y  co n ta in  p h o sp h o ric  acid , ca rb o x y l [4, 5], phenolic h y d ro x y l[6 ]  
an d , p ro b a b ly  in sm aller a m o u n t, even  su lphonic  acid groups [7, 16]. T h e  H + 
ions o f  ca tio n  exchangers can  easily  be changed  for o th e r ca tio n s. T h e  possi
b ility  of exchange w as p ro v ed  in  th e  p re sen t ex p erim en ts  in  th e  ch lo ragosom e 
fra c tio n , i.e ., th e  ca tio n  ex ch an g in g  role o f chloragosom es, a t  le a s t  in  vitro, 
can  be accep ted .

E v en  th e  an io n -b in d in g  c a p a c ity  of chloragosom es is co n sid e rab le . Ac
co rd ing  to  ou r re su lts , how ever, th e  an ions are  b o u n d  n o t w ith  an io n  exchange 
b u t  b y  a d so rp tio n  to  th e  su b stan ces  of b o th  chloragosom es a n d  body-w all 
h o m o g en a te . T he anions are  p ro b a b ly  linked  to  th e  acid g roups o f  ch lo rag o 
som es b y  ad so rp tio n  an d  th is  can  be th e  reason  w hy , in th e  p resence  o f  C aC l2,
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th e y  release th e  b o u n d  eosin  m ore in ten se ly  th a n  th e  body-w all hom o g en a te  
does.

T he occurrence o f  c a tio n  exchangers in  liv in g  organism s w as f irs t re 
p o r te d  by  W h i t e  [22], d em o n stra tin g  th a t  ro le  o f  m elan in .

T he physio logical sign ificance  of th e  c a tio n  exchang ing  role o f chlorago- 
som es is in d ica ted  b y  th e  considerable m ass a n d  pecu lia r localiza tion  of th e  
ch lo ragogen  tissue  (F ig . 6). T he chloragogen cells are  s itu a te d  along th e  dorsal

d o r s a l  b l o o d  v t s s t l  

m e d i a n  i n t e s t i n e  

c h l o r a g o g e n  t i s s u e  

c o e l o m a  

b o d y  w a l l

Fig. 6. The lo ca liza tio n  o f  th e  chloragogen tis su e  in  th e  o rgan ism  of L u m b ric id ae
(tran sv ersa l sec tio n )

b lo o d  vessel and  on th e  su rfaces of p e riin te s tin a l b lood  sinuses [14], i.e ., th e y  
se p a ra te  from  each  o th e r  tw o  spaces of flu id s , v iz ., b lood and  coelom ic flu id . 
T hese  s ig n ifican tly  d iffe r from  each o th e r as re g a rd s  ionic com position  [13].

In  our op in ion  th e  physiological e ffect o f  th e  ion-exchang ing  role of 
ch loragosom es m ay  p la y  a n  im p o rta n t role in  th e  follow ing processes:

(1) th e  m a in te n a n c e  o f  a stab le  ca tion  co m p o sitio n  and  p H  in  th e  flu ids;
(2) th e  s to rag e  o f  o rgan ic  cations, e .g ., c e r ta in  am ino acids [5, 21];
(3) b ind ing  o f to x ic  ions, i.e., p ro te c tiv e  e ffec t as p roved  b y  us in in  

vivo  experim en ts w ith  try p a f la v in e  and  a te b r in  [7, 8]. A ccording to  W i l l i a m s  

[23], th e  m a jo rity  o f  to x ic  e lectro ly tes are  n o t d e to x if ie d  in  th e  an im al o rg an 
ism  b u t are d irec tly  e x c re te d . In  accordance w ith  th is , th e  ion exchangers in a 
liv in g  organism  m a y  k eep  to x ic  electro ly tes a t  a low -level b y  b in d in g  th em  and  
re leasin g  g radua lly .

(4) The ca tio n  e x ch an g e rs  m ay act as re d o x -c a ta ly se rs  b y  b in d in g  o f m eta l 
ions o f variab le  v a len c ies  [11]. The iron c o n te n t o f  chloragosom es [7] as well 
as th e ir  p a r tic ip a tio n  in  o x id a tiv e  processes h a v e  been  p roved  [8]. O n th is  
basis  one can assum e t h a t  th e ir  ox idative  a c t iv i ty  can  be a t tr ib u te d  to  th e ir  
iron  co n ten t.
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PECTINASE ACTIVITIES IN SOME FUNGI

A .  F .  A b d e l - F a t t a h  a n d  N a d i a  M a h m o u d  E l - H a w w a r y

LABORATORY OF MICROBIOLOGICAL CH EM ISTRY, NATIONAL RESEARCH C E N T R E ,
D O K K I, CAIRO

(R e c e iv e d  1973 0 3 -  16)

Abstract

C o n stitu tiv e  ex trace llu la r  a n d  in tra c e llu la r  pectinase  a c tiv itie s  b y  10 fungal 
s tra in s  un d er d iffe ren t cu ltu rin g  con d itio n s w ere inv estig a ted . The m y ce lia l sp o ru la tio n  
show ed no co rre la tio n  to  p ectin ase  a c tiv ity . T he sequence of e x tra c e llu la r  enzym e 
a c tiv ity  differed acco rd ing  to  th e  ty p e  of c u ltu re  even for th e  sam e fu n g a l s tra in . 
No corre lation  was fo und  betw een  th e  e x te n t o f in trace llu la r  pectinase  a c t iv i ty  an d  th a t  
o f th e  cu ltu re  f i l t r a te  o f th e  sam e fun g a l s tra in . I t  is suggested th a t  th e  e x trace llu la r  
an d  in trace llu la r p ec tin ase  ac tiv ities  o f th e  sam e fun g a l cu ltu re  are d iffe re n t. A n inverse 
re la tio n sh ip  seem s to  e x is t betw een  th e  y ield  o f ex trace llu la r m ilk -c lo ttin g  enzym e(s) 
an d  th a t  of th e  p ec tin ase  enzym es fo r th e  in v es tig a te d  fungi.

In tro d u c tio n

T he im p o rtan ce  o f  pec tinases lies in th e ir  use in food an d  te x t i le  in d u s
trie s . V arious m icroorgan ism s have been re p o rte d  to  produce th e se  enzym es 
[7]. P rep a ra tio n s  of ex tra c e llu la r  an d  in tra c e llu la r  fungal p e c tin a se s  have 
been rep o rted  [1, 4 — 6, 8].

Abdel-Fattah a n d  co-w orkers [2] h a v e  recen tly  rep o rted  on  a d is tr i
b u tio n  p a tte rn  of m ilk -c lo ttin g  an d  p ro teo ly tic  activ ities in som e fu n g i. The 
p re se n t w ork was u n d e r ta k e n  to  in v e s tig a te  th e  pectinase a c tiv itie s  in  b o th  
ex tra c e llu la r  an d  in tra c e llu la r  fu n g a l enzym e p rep ara tio n s u n d e r  d iffe ren t 
c u ltu ra l conditions. Som e em phasis w as im posed  on th e  co rre la tio n  betw een  
m ilk -c lo ttin g  and  p ec tin a se  a c tiv itie s  in fu n g i, a phenom enon  w h ich  has 
n o t y e t been rep o rted .

Material and method

M icroorganisms. T he fu n g a l s tra in s  used  in th e  p re sen t work were o b ta in e d  fro m  N R R L  
ex cep t Aspergillus niger T , w hich  is a local iso la te  ta k e n  from  th e  collection of th is  L ab o ra to ry .

Culture m edium . T he m ed iu m  used  consisted  of co rn  steep  w ater (2 %  w /v ) a n d  lactose  
(2 %  w/v).

C ultivation. T ran sfe rs w ere m ade from  th e  su b c u ltu re s  to D ox’s a g a r p la te s  w hich 
were th e n  in cu b a ted  a t  30 °C for 7 days. C u ltiv a tio n  w as done in 250 ml f la t-b o tto m e d  flasks, 
co n ta in in g  50 ml sterile  m ed ium . F o u r d isks, 0.5 cm  in d iam ete r, were cu t from  th e  7 -day-o ld  
cu ltu re  p la te s  and used fo r ino cu la tin g  flasks. A fte r an  in cubation  for d iffe re n t periods a t 
30 °C (surface  and shaken  c u ltu res ) , th e  fe rm en ted  m ed iu m  was filtered  and  th e  c u ltu re  f i ltra te  
o f each  flask  was m ade up  to  50 m l w ith  d istilled  w a te r . T he pH  value of th e  c u ltu re  f i ltra te  
an d  th e  d ry  w eight o f m ycelium  were also d e te rm in ed .
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P reparation o f  intracellu lar enzym es. This was done b y  g rin d in g  the  a ir-d ried  a n d  cooled 
m y ce lia  w ith  cold w a te r  (100 m g /g  d ry  m ycelia) for 10 m in . T h e  cell-free e x tra c t w as th e n  ob 
ta in e d  b y  f i ltra tio n  th ro u g h  W h a tm a n  No. 50 paper.

A ssa y  fo r  pectinase ac tiv ity . T h is was done b y  m e a su rin g  th e  decrease in th e  v isco sity  
o f  b u ffe re d  c itru s p ec tin  so lu tio n . 0 .4  m l of the  enzym e so lu tio n  w as added  to  9.6 m l o f  0 .5%  
c itru s  p e c tin  so lu tion  (a c e ta te  b u ffe r  o f pH  4.5) an d  th e  re a c tio n  m ix tu re  was in c u b a te d  a t 
40 °C fo r 10 m in. T h e re a f te r, 5 m l o f th e  reac tion  m ix tu re  w ere p ip e tted  in to  a n  O stw ald  
v isco sim e te r  in a  w a ter b a th  a t  40 °C and  th e  tim e o f ru n  w as reco rd ed . In  con tro l te s ts  h e a ted  
en zy m e  so lu tions were em p lo y ed .

P rotein determ ination. T h is  w as done according to  th e  m eth o d  of L o w r y  a n d  co
w o rk e rs  [9].

Results and discussion

A m ong th e  fu n g a l c u ltu re s  in v estig a ted , P én ic illiu m  ehrysogenum  had  
th e  le a s t m ycelial d ry  w e ig h t (Table 1). H o w ev er, th e  cu ltu re  f i l t ra te  o f  th a t  
o rg an ism  con ta ined  th e  h ig h e s t am ounts of p ro te in  in  b o th  of its  su rface  and  
sh a k e n  cu ltu res as c o m p a re d  to  cu ltu re  f i l tra te s  o f  o th e r  organism s (T ab le  2). 
O n th e  o th e r hand , fo r e i th e r  surface or shaken  c u ltu re s  no correlation  ex isted  
b e tw een  th e  m ycelial g ro w th  and  th e  p ro te in  c o n te n t  o f th e  cu ltu re  f i l t ra te .

Table 1

The m ycelia l dry weight o f  fu n g a l cultures

Time of incubation (days)
Surface cu ltu re Shaken culture

3 7 10 3 7 10

Microorganisms Dry w eight of mycelium (mg/50 ml culture medium)

A sperg illu s fla vu s  482 402 627 955 284 635 726

A sperg illu s niger T 980 616 554 779 786 749

A sperg illu s niger 599 982 516 452 571 732 500

B yssochlam ys fu lva  2614 228 478 470 139 550 614

Chaetom ium  globosum  1870 156 380 487 321 415 547

F u sa r iu m  moniliforme 2284 280 478 550 234 523 523

Gliocladium  roseum  1084 241 787 832 196 508 842

M ucor hiem alis 1419 148 317 386 411 515 483

P én ic illiu m  ehrysogenum  W isco. Q — 176 19 58 81 40 321 453

P én icillium  citrinum  805 465 575 441 257 587 527

As show n in T ab le  3, th e  ex trace llu lar p e c tin a se  a c tiv ity  of th e  d iffe ren t 
fu n g a l cu ltu res was in f lu e n c e d  b y  the  tim e o f in c u b a tio n  as well as th e  ty p e  o f 
c u ltu re . H ow ever, for a n y  organism  the p e c tin a se  a c tiv ity  during  in c u b a tio n  
d id  n o t depend  on e ith e r  th e  d ry  weight of th e  m y ce liu m  or the  p ro te in  c o n te n t 
o f  th e  cu ltu re  f i l tra te . F u rth e rm o re , the  p H  o f th e  cu ltu re  f iltra te  w as no t 
c h a ra c te r is tic  of th e  p e c tin a se  ac tiv ity . H ow ever, th is  sequence of ex tra c e llu la r
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T ab le  2

The protein  content o f  the culture f iltra te s  o f  fun g a l cultures

Time of incubation (days)
Surface culture Shaken culture

3 7 10 3 7 10

Microorganisms Protein content (mg/ml)

Aspergillus f la v u s  482 2.11 0.94 0.76 2.15 0.81 0.63

Aspergillus niger T 0.77 0.90 0.74 1.16 0.77 0.62

Aspergillus niger 599 0.86 0.87 0.81 1.63 0.60 0.57

Byssochlam ys fu lv a  2614 3.22 1.57 1.21 3.05 1.15 1.17
Chaetomium globosum  1870 3.38 3.07 2.58 2.31 1.36 1.16

F usarium  moniliform e  2284 2.74 1.97 1.81 2.80 1.20 0.95

Gliocladium roseum  1084 3.15 1.15 0.92 2.90 1.62 1.07

M ucor hiem alis 1419 2.57 1.86 1.73 1.54 1.04 1.28

Pénicillium  chrysogenum Wisco. Q 176 4.07 3.67 3.14 4.05 2.40 1.61

Pénicillium  citrinum  805 1.77 0.83 0.72 2.67 1.10 0.81

T a b le  3

The pectinase activity o f  the culture filtra te s  o f  fun g a l cultures

Surface cu ltu re Shaken culture
Time o f incubation (days)

3 7 10 3 7 10

Microorganisms Pectinase ac tiv ity
(Reduction in viscosity) 

per cent

Aspergillus f la v u s  482 9.89 13.52 2.11 14.37 7.25 2.63
Aspergillus niger T 52.09 44.54 40.37 50.36 49.70 48.18

Aspergillus niger 599 51.56 47.72 33.82 47.19 49.70 41.89

Byssochlam ys fu lv a  2614 36.75 44.67 41.15 33.01 29.87 35.83

Chaetomium globosum  1870 0.33 4.99 9.78 6.20 11.41 13.10
F usarium  moniliform e  2284 7.62 7.06 7.32 8.65 12.38 16.07
Gliocladium roseum  1084 20.95 49.74 52.94 8.25 41.92 44.93
M ucor hiem alis 1419 40.44 51.78 55.86 48.97 54.38 20.23
Pénicillium  chrysogenum Wisco. Q 176 7.49 17.05 17.05 11.74 25.70 39.67
Pénicillium  citrinum  805 2.83 0.26 1.64 5.01 1.18 0.00

pec tinase  a c t iv i ty  d iffered  accord ing  to  th e  ty p e  o f  cu ltu re  even w ith  th e  sam e 
fungal s tra in . A lth o u g h  th e  e x te n t o f  th is  c o n s titu tiv e  ex trace llu la r enzym e 
a c tiv ity  w as fav o u red  w ith  som e fungal s tra in s  in  surface cu ltu res a n d  w ith  
o thers in sh ak en  cu ltu res , y e t th e  y ield  d ep en d ed  on th e  organism . T h u s , w hile 
th e  cu ltu re  f i l tra te s  o f A spergillus f la v u s  an d  P én ic illiu m  citrinum  show ed  w eak  
p ec tin ase  a c tiv ity , tho se  o f A spergillus niger s tra in s  an d  P énic illium  chryso-
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genum  w ere h igh ly  ac tiv e . In  ad d itio n  to  th e  la t te r  fungal cu ltu res , Bysso- 
ch lam ys fu lv a , Gliocladium roseum  an d  M ucor hiem alis  proved  to  be p o te n t 
o rg an ism s for p roduc ing  e x tra c e llu la r  c o n s titu tiv e  pectinase  a c tiv ity .

I n  a prev ious w ork  [2], using  th e  sam e  fu n g a l s tra in s  u n d er th e  sam e 
c u ltu ra l  cond itions, P én ic illiu m  citrinum  p ro v e d  to  be a p o ten t o rg an ism  for 
p ro d u c in g  ac tiv e  ex tra c e llu la r  m ilk -c lo ttin g  en zy m e. Conversely, in th e  p re 
se n t w o rk , P énicillium  c itr in u m  show ed a w eak , i f  an y , ex trace llu lar p e c tin a se  
a c t iv i ty .  F u r th e r , e ith e r  in  su rface  or shaken  c u ltu re s , P énicillium  chrysogenum  
a n d  G liocladium  roseum  p ro d u c e d  little  or no e x tra c e llu la r  m ilk -c lo ttin g  enzym e 
[2], w h ile  th e  sam e cu ltu re  f i l t ra te s  o f th ese  o rg an ism s possessed h igh  p e c tin a se  
a c t iv i ty  (T able 3). G enera lly , an  inverse re la tio n sh ip  seem ed to  ex is t b e tw een  
th e  y ie ld  o f  ex trace llu la r m ilk -c lo ttin g  enzym es a n d  th a t  of pectinase  enzym es. 
F u r th e rm o re , in c o n tra s t w ith  th e  m ilk -c lo ttin g  enzym e a c tiv ity  in severa l 
fu n g a l species [3, 10]. th e  p ec tin ase  a c tiv ity  w as n o t associated w ith  spore 
fo rm a tio n .

T h e  cell-free e x tra c ts  o f m ost fu n g a l c u ltu re s  showed w eak p ec tin a se  
a c t iv i ty  as com pared  to  th e  cu ltu re  f iltra te s  (T ab le  4). Irrespective  o f  th e  ty p e  
o f  c u ltu re , no co rre la tion  ex is ted  betw een  th e  e x te n t  o f th e  in tra c e llu la r  p e c ti
n a se  a c t iv i ty  and  th e  m ycelia l d ry  w eight. I t  w as o f in te re s t, how ever, t h a t  th e  
cell-free  e x tra c ts  o f tho se  organ ism s ch a ra c te riz e d  b y  high ex tra c e llu la r  p e c ti
n a se  a c t iv i ty  show ed th e  m o st in tensive  in tra c e llu la r  enzym e a c tiv ity . This 
p ro v id e d  a n o th e r ev idence fo r th e  d ep en d en ce  o f  pectinase p ro d u c tiv ity  on 
th e  fu n g a l s tra in .

Tab le  4

The pectinase activ ity  o f  the cell-free extracts o f  fun g a l cultures

Time of incubation (days)

Microorganisms

Surface culture

Pectinase ac tiv ity

Shaken culture

(Reduction in  viscosity) 
per cent

A sp erg illu s f la v u s  482 2.93 1.82 2.54 1.49 2.41 3.25

A sp erg illu s niger T 4.72 9.12 11.64 2.86 5.06 14.84

A sperg illu s niger 599 1.99 19.36 19.63 2.46 15.37 25.35

B yssochlam ys fu lv a  2614 7.07 10.71 22.60 8.46 9.06 7.07

C haetom ium  globosum  1870 2.03 1.11 0.39 1.70 3.66 0.92

F u sa riu m  moniliforme  2284 3.40 4.97 0.13 5.10 2.87 3.33

G liocladium  roseum  1084 0.59 10.42 6.71 2.24 4.56 7.23

M ucor hiem alis  1419 4.31 10.85 5.62 10.72 7.19 10.00

P én ic illiu m  chrysogenum Wisco. Q — 176 * * * * 1.23 2.41

P én ic illiu m  citrinum  805 1.43 0.52 0.71 0.97 2.47 0.45

* T he m ycelial m a ts  were n o t sufficient for in v es tig a tio n
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As in th e  case o f ex trace llu la r  a c tiv ity , th e  period o f in c u b a tio n  as well 
as th e  ty p e  o f cu ltu rin g  influenced  th e  in tra c e llu la r  p ec tinase  a c tiv ity . H ow ever, 
i t  is w o rth y  to  n o te  th a t  no co rre la tio n  w as found  betw een  th e  e x te n t  o f in tr a 
ce llu la r a c tiv ity  an d  th a t  o f th e  c u ltu re  f i l t r a te  of th e  sam e fu n g a l s tra in . T hus, 
in  su rface  cu ltu re s  o f A spergillus niger s tra in s  o f th e  sam e age (3 d ay s) th e  e x tr a 
ce llu la r a n d  in tra c e llu la r  p ec tin ase  a c tiv itie s  show ed th e ir  m a x im a  an d  m i
n im a , re sp ec tiv e ly . S im ilar d iscrepancies w ere n o ted  w ith  o th e r  fu n g a l cu ltu res  
as well.

Table 5

The ratio o f  extracellular to intracellular pectinase activities o f  fu n g a l cultures

Time of incubation (days)
Surface culture Shaken culture

3 7 10 3 7 10

Microorganisms E / I * *

A spergillus f la v u s  482 3.37 7.42 0.83 9.64 3.01 0.81
A spergillus niger T 11.03 4.88 3.46 17.61 9.82 3.24

A spergillus niger 599 25.91 2.46 1.72 19.20 3.23 1.65

B yssochlam ys fu lv a  2614 5.20 4.17 1.82 3.90 3.29 5.06

Chaetomium globosum  1870 0.16 4.40 24.96 3.65 3.12 14.31

F u sarium  moniliform e  2284 2.24 1.42 55.90 1.70 4.34 4.82

Gliocladium roseum  1084 35.51 4.77 7.87 3.68 9.19 6.21

M ucor hiem alis 1419 9.37 4.77 9.93 4.56 7.56 2.02

P énicillium  chrysogenum Wisco. Q 176 * * * * 20.09 16.46
P énicillium  citrinum  805 1.98 0.50 2.30 5.16 0.47 0.00

* The m ycelial m ats  were n o t suffic ien t for investigation  
** E x trace llu la r/in trace llu la r pectinase  a c tiv ity  ra tio

T he d a ta  in  T ab le  5 show  th a t  th e  ra tio  o f ex trace llu la r to  in tra c e llu la r  
enzym e ac tiv itie s  v a ried  accord ing  to  th e  o rganism  and  for th e  sam e fu n g a l 
s tra in  w ith  th e  ty p e  o f cu ltu re  an d  even  w ith  th e  age of th e  sam e c u ltu re . This 
g re a t v a ria tio n  m a y  p rov ide  som e ev idence  th a t  th e  e x tra c e llu la r  an d  th e  
in tra c e llu la r  p ec tin ase  ac tiv ities  p ro d u ced  b y  each  of th e  in v e s tig a te d  fung i, 
in  e ith e r  surface or shaken  cu ltu re , a re  d iffe ren t.
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Abstract

R ibosom es fro m  Streptom yces griseus  spores were iso lated  a n d  ch arac te rized  
b y  u ltra ce n trifu g a l ana ly sis . S ed im en ta tio n  c o n s tan ts  were calcu la ted  b y  com parison  
w ith  p a ralle l re ference  consisting  o f Escherichia coli ribosom es. T he 70 S m onom er 
d issociates in to  su b u n its  w ith  a se d im e n ta tio n  coefficient of 50 S an d  30 S. R ibosom es 
derived  from  spores a re  m ore stab le  u n d e r  th e  sam e ionic conditions (10—5 mol/1 Mg2 + or 
0.5 mol/1 N H jC I) th a n  ribosom es iso la ted  fro m  y oung  veg eta tiv e  h y p h a e . T h e  purified  
spore ribosom es c o n ta in  a  d a rk -ye llow  p ig m e n t (or pigm ents). I t  w as im possib le  to 
rem ove th is  m a te ria l fro m  th e  ribosom es b y  w ash ing  w ith  h igh sa lt co n ce n tra tio n s .

Introduction

T he aim  o f these  ex p erim en ts  was to  iso la te  ribosom es fro m  S . griseus 
spores an d  ch arac te rize  th e ir  se d im e n ta tio n  behav io r on su cro se  d ensity  
g rad ien ts .

W o e s e , L a n d r i d g e  an d  M o r o w i t z  [12] found  th a t  B a c illu s  sublilis 
spores co n ta in ed  p a rtic le s  w ith  se d im e n ta tio n  coefficients o f 50 S a n d  68 S. 
T h e y  w ere n o t able to  id e n tify  p a rtic le s  w hich  h ad  a 30 S se d im e n ta tio n  coeffi
c ien t. B i s h o p  an d  D o i [2] iso la ted  ribosom es from  B . sublilis  sp o res  w hich 
h a d  sed im en ta tio n  p ro p e rtie s  an d  R N A  com position  sim ilar to  th o se  o f  vege
ta t iv e  cell ribosom es. T h ey  d e m o n s tra te d  t h a t  th e  presence o f an  a c tiv e  rib o 
nucléase  and  a p ro tea se  in  B . sub tilis  spores m ay  accoun t fo r th e  in s ta b ili ty  
o f  ribosom es u n d e r o rd in a ry  iso la tio n  p rocedures.

in  our ex p erim en ts  S . griseus  spore ribosom es were s ta b le  d u rin g  the 
iso la tio n  process an d  i t  w as n o t n ecessary  to  ad d  any  nuclease  o r  p ro tease  
in h ib ito r .

Material and method

A strep to m y c in  n o n -p ro d u cin g  v a r ia n t  of S. griseus  (No. 45-H ) w as u sed . A d e ta iled  
spec ifica tion  of th e  s tra in  w as pu b lish ed  elsew here [10]. Spores were p ro d u ced  in  f i lte re d  soy
b ean  m edium , c u ltu red  a t  27 °C fo r 3 d ay s. C ultu res w ere harv ested , w ashed a n d  su spended  
in  d is tilled  w ater. T he susp en sio n  w as so n ica ted  for 10 m in  in  ice b a th  w ith  an  M S E  u ltra so n ic  
d is in te g ra to r  (M easuring a n d  S cien tific  E q u ip m e n t L td , Pow er U n it No. 3 000) a t  an  in te n 
s ity  o f 1 .4— 1.5 A A m m eter po sitio n . S tra in  No. 45-H  has a sho rt life-cycle w h ich  te rm in a te s  
w ith  a b u n d a n t con id iu in  p ro d u c tio n  [11]. All v e g e ta tiv e  form s were d is ru p te d  d u rin g  the
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u ltra s o n ic  tre a tm e n t, w h ereas th e re  w ere no m orphological a lte ra t io n s  in th e  spores [1]. A fter 
th e  u ltra so n ic  tre a tm e n t sp o res w ere  w ashed th ree  tim es  w ith  d istilled  w ater and  s to re d  a t 
— 20°C u n til  used.

P reparation o f  ribosomes f r o m  spores. The w ashed  sp o re s w ere suspended  in 0.01 mol/1 
T r is — H C l buffer (pH  7.5) c o n ta in in g  0.06 mol/1 KC1, 0.01 mol/1 m agnesium  ace ta te  a n d  0.005 
mol/1 m ercap to e th an o l (b u ffe r  A ), th e n  ru p tu red  b y  a Cell H om ogen iser (M SK, B. B rau n ). 
B ead s  w ith  a d iam eter o f  0.1 m m  w ere  used  fo r the  b re a k -d o w n  process. An o p era tin g  tim e  of 
4 m in  a t  4 000 rev /m in  w as su ff ic ie n t to  b reak  down 90— 9 5 %  o f  th e  spores. The b o ttle  c o n ta in 
in g  th e  m ate ria l was cooled in  l iq u id  carb o n  dioxide. I t  w as possib le  to  keep th e  te m p e ra tu re  of 
th e  susp en sio n  below 5 °C e v en  o v e r  ex tended  shak ing  tim e s . T he efficiency of b reak in g  was 
c o n tro lle d  by  phase c o n tra s t  m ic ro sco p y .

A fte r d isrup tion , th e  h o m o g en a te  was se p a ra ted  fro m  th e  beads, tre a te d  w ith  5 /zg/ml 
o f  D N ase -I  (W o rth in g to n  B io ch em ica l Corp.) for 15 m in  a t  4 °C, and  cen trifuged  tw ice  a t 
20 000 g. R ibosom es were p e lle te d  a t  110 000 g for 3 h  in a n  M SE A u to m atic  S u perspeed  50 
T . C. cen trifu g e , th en  w ash ed  tw ice  in  0.02 mol/1 T ris-H C l (p H  7.5), 0.01 mol/1 m agnesium  ace
ta te ,  1.0 mol/1 N H 4C1, 0.005 m ol/1 m ercap to e th an o l (b u ffe r B).

T h e  w ashed ribosom es w ere resu sp en d ed  in b u ffers  u se d  fo r d ialysis, c larified a t  30 000 g 
fo r 15 m in , th en  th e  c o n c e n tra t io n  of ribosom es w as a d ju s te d  to  100 A 260 u n its /m l. 0.5-m l 
sa m p le s  were d ialyzed fo r 5 h  a g a in s t  0.5 1 buffer A w ith  10—5 mol/1 m agnesium  a c e ta te , and 
0.001 mol/1 T ris (pH  7.5), w ith  0.5 mol/1 N H  ,C1 (b u ffer C), re sp ec tiv e ly . The o u te r  so lu tions 
w ere  re fresh ed  a t h o u rly  in te rv a ls .

Sucrose-gradient-sedim entation analysis. 0.2 m l d ia ly z ed  sam ples were layered  on 10-ml 
l in e a r  g ra d ie n ts  of 5 — 20%  su cro se  (S erv a  Saccharose, free  o f R ibonucléase) in buffer as re q u ir 
ed . T h e  cen trifu g a tio n  w as c a rr ied  o u t  a t  110 000 g fo r 3 h  a t  4°C in a 3 X 10 m l sw ing-out ro to r. 
A f te r  c en trifu g a tio n  frac tio n s  o f  20 d rops were collected  fro m  th e  b o tto m  of the  tu b e  b y  use  of 
a  p ie rc in g  u n it (MSE). T he f ra c tio n s  were d ilu ted  to 3-rnl w ith  d is tilled  w ater and  m easu red  a t 
260 n m  in  a U nicam  SP  1800 S p e c tro p h o to m ete r (1 cm  l ig h t-p a th ) .

V isible spec tra  o f th e  rib o so m e p repara tions w ere re co rd e d  w ith  th e  U nicam  S p e c tro 
p h o to m e te r  from  300 to  650 nm . T h e  conditions for th ese  a ssa y s  are  sim ilar to those  u sed  by  
M i k u l i k  and  co-w orkers [8].

Results and discussion

T h e sed im en ta tio n  p ro p e rtie s  of S. griseus  4 5 -H  spore ribosom es, iso la ted  
a n d  p u rified  as in d ic a te d  ab o v e  are shown in F ig . 1 a n d  F ig . 2. P a r tia l d issocia
tio n  in to  50 S and  30 S rib o so m e  subun its o ccu rred  w hen ribosom e p re p a ra tio n  
w as d ia lyzed  aga in st 1 0 ~5 mol/1 Mg2+ for 5 h . U n d e r  th e  sam e c ircum stances 
rib o so m es from  y o u n g  v e g e ta tiv e  hyphae d isso c ia ted  com pletely  in to  50 S 
a n d  30 S (unpub lished  d a ta ) .

D ialysis of spore rib o so m es against b u ffe r C, fo r th e  sam e tim e  perio d  as 
b e fo re  (5 h), caused a lm o s t com plete  d issoc ia tion  o f  70 S m onom ers in to  50 
a n d  30 S subun its  (F ig . 2). In  add ition , w hile sp o re  ribosom es re ta in e d  th e ir  
s t ru c tu ra l  in te g rity  d u rin g  o f  th e  0.5 mol/1 N H 4C1 tr e a tm e n t, ribosom es from  
y o u n g  veg e ta tiv e  m y ce lia  becam e u n stab le  u n d e r  th ese  c ircum stances an d  
u n d e rw e n t some c o n fo rm a tio n a l a lte ra tions re su ltin g  in decreased se d im e n ta 
tio n  coefficients (n o t y e t  p ub lished ). These re su lts  in d ica te  th a t  ribosom es 
fro m  y o u n g  v eg e ta tiv e  m y ce lia  tre a te d  w ith  N H 4C1 b eh av e  m ore or less sim ilar 
to  th o se  of E . coli r ib o so m es [3 — 6,9], while, as show n  above, spore ribosom es 
re m a in e d  in ta c t d u rin g  th e  sam e tre a tm e n t.

T h e  results o f se d im e n ta tio n  profiles in d ic a te  th a t  ribosom es from  S. 
griseu s  45-H  spores in  th is  re sp ec t are id en tica l w ith  those  from  v eg e ta tiv e  
cells a n d  o ther Streptom yces  species [4].
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Fig. 1. Sucrose d en sity  g ra d ie n t cen trifu g a tio n  of ribosom es from  Streptomyces g riseus  spores. 
R ibosom es were iso la ted  a n d  purified , d ialyzed  for 5 h  ag a in s t buffer A w ith  10—5 mol/1 Mg2 + , 
th en  cen trifuged  on a  5 — 20%  sucrose g rad ien t w hich co n ta in ed  the  sam e b u ffer u sed  fo r d ia ly 
sis. C en trifu g atio n  was c a rried  o u t a t  110 000 g for 3 h . F rac tio n s  were co llected , d ilu te d  and 

m easu red  a t  260 nm . S e d im e n ta tio n  is from  rig h t to left

Fig. 2. S e d im en ta tio n  p a tte rn  o f N H ,C l-trea ted  spore  ribosom es. R ibosom es w ere iso la ted  
and p u rified , d ia ly zed  fo r 5 h  ag a in st buffer C (0.5 mol/1 NH,C1 in 0.001 mol/1 T ris , p H  7.5) 
then  lay ered  on a 5 — 20%  sucrose g rad ien t p rep ared  in  b u ffer C, cen trifuged  a t  110 000 g for 

3 h. S ed im en ta tio n  is fro m  r ig h t to  left

S. griseus 45 -H  spore ribosom es c o n ta in  som e dark-yellow  p ig m en t(s), 
w hich is a lm o st co m p le te ly  absen t from  th e  y o u n g  veg e ta tiv e  h y p h a e . F ig . 3 
shows th e  v isib le sp e c tra  of ribosom es iso la ted  from  spores an d  v eg e ta tiv e  
m ycelia. T he p igm en t(s) has an ab so rp tio n  m ax im u m  a t 414 nm , an d  is inso 
luble in 0.5 or 1.0 mol/1 N H 4C1 buffers.

T he c h a ra c te ris tic s  an d  the  role o f th is  p ig m en t p layed  in th e  s ta b ili ty  
o f ribosom es o f th is  s trep to m y c in -n o n -p ro d u c in g  s tra in  is being in v e s tig a te d .

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



174 G. VALU and G. SZABÓ

F ig . 3. V isib le  sp ec tra  o f rib o so m es iso la ted  from  sp o res a n d  16-h m ycelia o f Streptom yces
g riseus  4 5 -H  as in d ica ted  in  th e  t e x t . -----------------: rib o so m es from  m ycelia ; ---------------- :

ribosom es from  spores
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Abstract

In  th e  course  o f ageing, in no rm al ch lo ro p las ts  of th e  leaves o f  Tradescantia  
albiflora  cv. aureo-vittala  (from  th e  1 s t—5 th  to  th e  10 th— 15th  lea f , as num bered  
from  th e  shoot ap ex ) th e  lam ella r system  en rich es and  the  p ig m en t c o n te n t  increases. 
In  co n tra s t w ith  th is , th e  C 0 2 f ix a tio n  d ecreases, w hich is b ro u g h t b y  th e  au th o rs  
in to  connection  w ith  a fu n c tio n a l re a rra n g e m e n t o f  th e  p h o to sy n th e tic  u n its  an d  w ith 
th e  red u ctio n  o f th e  s tro m a  su bstance. T he y o u n g  m u ta n t  p las tid s h av e  v a r ia b le  s tru c 
tu re  con ta in ing  g ran a-lik e  bodies, single lam ellae  a n d  vesicles o f d iffe re n t size. D uring 
th e  ageing, th e ir  in n e r  m em b ran e  system  becom es ch arac te ris tica lly  d e s tru c te d ,  which 
is followed by  a ra p id  decrease  in th e  ch lo ro p h y ll c o n te n t and  a slow er d ecrease  in  the 
C 0 2 fix a tio n . In  th e  m ean tim e , p h o to sy n th e tic  u n its  decrease in  b o th  size a n d  num ber. 
Tw o kinds o f co m p en sa tin g  m echanism s seem  to  be  ac tiv a ted  in th e  m u ta n t :  (1) the 
p ig m en t system  becom es m ore effic ient and  (2) th e  d a rk  fix a tio n  o f th e  C 0 2 increases.

In tro d u c tio n

W ith in  th e  y o u n g  leaves of Tradescantia  albiflora  cv. aureo-vittata  th e re  
a lte rn a te  green an d  yellow ish-greenish  s tre a k s , th e  m esophyll o f  w hich  con
ta in s  norm al and defec tiv e  ch lo rop lasts , re spec tive ly .

W hilst th e  n o rm a l ch lo ro p lasts  o f th e  m esophy ll are ligh t-m icro sco p ica lly  
un ifo rm  (except for th e ir  m o d era te  v a r ia b ility  in  size), th e  to ta l  o f  th e  m u ta n t 
p la s tid s  is consp icuously  heterogeneous w ith  reg ard  to  size, sh a p e , inner 
s tru c tu re  as well as p ig m e n t co n ten t [9]. On th e  basis of our ligh t-m icroscop ic  
o b se rv a tio n s [9] we h a v e  ch a rac te rized  th e  o u ts ta n d in g  ty p es  o f  th e  m u ta n t 
p la s tid  se t and  h av e  s ta te d  th a t  th e ir  occu rrence  ra te  changes d u rin g  th e  
ageing of th e  leaves. N am ely , th e re  is a g ra d u a l decrease in  n u m b e r  o f the  
p las tid s  con ta in ing  d isco idal bodies rich  in p ig m e n t, w hilst th e  co lourless typ es 
o f a g ran u la r-fo am y  s tru c tu re  show  an  in c reasin g  frequency . T h is  process be
com es v isib le to  th e  n a k e d  eye b y  th e  w h iten in g  of th e  pale s tre a k s  th a t  p ro 
ceeds sooner by  s tro n g  illu m in a tio n  an d  slow er in shadow .

T he a lte ra tio n  in  ty p e  ra te  was obv io u sly  a ttr ib u ta b le  to  th e  d es tru c tio n  
of th e  green m u ta n t  p la s tid s , how ever, th e  deve lopm en ta l re la tio n s  o f the
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d if fe re n t ty p es , n am ely , th e  p rim a ry  or seco n d a ry  c h a ra c te r  of th e  h e te ro 
g e n e ity  as well as th e  w ays o f  d estru c tio n , w ere d e te c ta b le  only b y  e lec tro n  
m ic ro sco p y . C onsidering th e  co n trad ic tio n s  as re g a rd s  th e  localization  o f  th e  
p h o to sy n th e tic a lly  ac tiv e  p ig m e n ts  w ith in  th e  ch lo ro p la s t, i t  seem ed to  be 
ju s t if ie d  to  exam ine th e  u l t r a s t ru c tu re  of th e  m u ta n t  p ig m en t-b earin g  s tru c 
tu re s  in  connection  w ith  th e  m easu rem en t o f th e  p ig m e n t co n ten t and  p ig m en t 
co m p o sitio n , as well as w ith  t h a t  o f the  p h o to sy n th e tic  a c tiv ity  in cases o f th e  
d iffe re n t ty p e  ra tes. L a s t b u t  n o t  least, we w a n te d  to  s tu d y  th e  in te rre la tio n s  
b e tw e e n  s tru c tu re  an d  fu n c tio n  also in th e  n o rm a l ch lo ro p lasts  o f th e  le a f  in 
th e  d ev e lo p m en ta l s tag e  co rresp o n d in g  to  th e  d e s tru c tio n  of th e  m u ta n t  
p la s tid s .

M aterial and method

M a teria l and sam pling:  T h e  ex p erim en ts  were c a rried  o u t  on  th e  leaves of Tradescantia  
a lb iflora  K unth  em. Bruckn . cv. aureo-vittata  [4]. T he p la n ts  w ere grow n in flow erpo ts in the  
g lass-h o u se  of th e  Biological S ta tio n  o f E ö tvös L o rán d  U n iv e rs ity  in Göd. The sam p lin g  was 
m ad e  acco rd in g  to m orpho log ical o b se rv a tio n ; from  each  s p ro u t  those  leaves w ere in cluded  
in to  th e  y o u n g  norm al and  th e  y o u n g  m u ta n t group in w h ich  th e  pale  s treaks were re la tiv e ly  
m o st g re en ; th e  aged n o rm al a n d  th e  aged m u ta n t g ro u p  c o n ta in ed  th e  leaves in  w h ich  th e  
pa le  s tre a k s  had  a lready  b een  w h ite n e d , b u t  the g reen  s tre a k s  show ed no visible ch an g e  of 
co lo u r. A ccord ing  to  these c r ite r ia , th e  1st to  5th leaves, as n u m b ere d  from  th e  sh o o t apex, 
w ere g e n e ra lly  qualified  as “ y o u n g ”  an d , a p p ro x im ate ly , th e  1 0 th  to  15th as “ ag ed ” .

Electron microscopy : T h e  le a f  p rim o rd ia  (1 — 3 m m  in  size) w ere p repared  from  u n ifo rm ly  
n o rm a l a n d  m u ta n t  sp ro u t t ip s  u n d e r  stereom icroscope. T he m a te r ia l  was in filtra ted  in  a  1-per 
c en t b u ffe re d  K M n 0 4 so lu tion  (p H  =  7.4) and then  f ix ed  in  i t  fo r  2 hours a t room  te m p e ra tu re . 
T he fu lly  developed young  a n d  a g ed  s tr ia te d  leaves w ere in f il t r a te d  in tap -w ate r  a n d  th en  
th e ir  p ieces, 1 m m  in w id th , w ere f ix e d  sim ilarly  to  th e  le a f  p rim o rd ia . F ix a tio n  b egan  be tw een  
9 a n d  10 a. m. in  all cases. T he m a te r ia ls  were d e h y d ra ted  in  e th a n o l and em bedded  in  D urcu- 
pan -A C M  (F lu k a). The sec tions m a d e  w ith  the  P o r te r -B lu m  M T— 1 u ltra m ic ro to m e  were 
s ta in e d  w ith  lead  c itra te  [11] a n d  e x am in ed  in the  К Е М  1 e le c tro n  m icroscope.

P ig m en t analysis: F ro m  th e  green  and  pale s tre ak s  o f  th e  young  and aged lea f-b lad es 
th e  p ig m e n ts  were e x tra c te d  w ith  a ce to n e  and th en  m easu red  in  e th y le th e r using th e  U n icam  
S P  500 sp ec tro p h o to m ete r. C h lo ro p h y ll a and b beside each  o th e r  were de term ined  b y  th e  tw o- 
w a v e le n g th  m ethod  [5]. T he c a lc u la tio n s  were m ade on th e  b asis  o f th e  following m o la r e x tin c 
tio n  co effic ien ts  (1/mol X cm ):

ch lo ro p h y ll a: D 663 nm =  88 633 H 644 nm =  14 117
ch lo ro p h y ll b: D 663 nm =  4 748 Z)644 nm =  56 265

In  th e  sam e  solu tion  th e  c a ro te n o id s  were m easured as ^ -c a ro te n e  a t  480 nm . T he ex tin c tio n  
c o effic ien t o f th e  /^-carotene d e te rm in e d  in e th e r a t 480 n m  w as c a lcu la ted  from  th e  e x tin c tio n  
co effic ie n t o f th e  hexanic  so lu tio n  =  2 580) given b y  Zscheile  [22] and from  th e  e x tin c 
tio n  r a te  o f th e  p igm ent o f e q u a l q u a n ti ty  de term ined  in  th e  tw o  so lven ts a t th e  g iv en  w ave
le n g th . I n  th e  resu lt, th e  co effic ie n t in question  was fo u n d  to  be  =  1 980.

T h e  p igm en t c o n te n t w as c a lcu la te d  no t on ly  fo r th e  w e igh t u n it  of th e  fresh  leaf 
m a te r ia l  b u t  also for id en tica l cell n u m b e r , because th e  w eigh t u n i t  o f th e  aged leaves co n ta in s 
m u ch  few er cells — as a  co n se q u en c e  of th e  cell g ro w th  th a n  th a t  of the  y o u n g  leaves. 
As cell n u m b e r  u n it th e  av erag e  n u m b e r  of the  ch lo ren ch y m a  cells (K ) was chosen w h ich  was 
c o n ta in e d  in  1 g of th e  fresh  w e ig h t o f th e  young n o rm al leav es . A ccording to o u r m easu re 
m e n ts , in  th e  aged leaf th e  c h lo re n ch y m a  cells of n u m b er К  are  co n ta in ed  in 2.1 g fresh  w eigh t.

T h e  caro teno id  c o m p o s itio n  w as exam ined b y  th in la y e r  ch ro m ato g rap h y . T he layers 
a n d  th e  so lv en t-sy stem s w ere m ad e  acco rd ing  to H a g e r , Me y e r -B e r t e n r a t h  [8]. T h e  re la tiv e  
in te n s i ty  o f th e  stripes was d e te rm in e d  by d en sito g rap h y  o f th e  p h o to g rap h s  of th e  c h ro m a to 
g ram s.
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M easurement o f  the photosynthetic activity:  T he p h o to sy n th e tic  a c tiv ity  was ch ara c te riz ed  
by  th e  C 0 2 q u a n ti ty  in co rp o ra te d  by  1 g leaf m a te ria l (d ry  w eight), and by cells o f  n u m b er 
K , resp ec tiv e ly , w ith in  tw o h o u rs  a t  an  illu m in a tio n  o f 5 000 lux . T he leaf-b lades la id  on  wet 
f i lte r  p ap er (w ith  th e ir  a d ax ia l surface  up w ard s) were p laced  in to  an  illu m in a ted  c losed  system  
[7], in w hich th e  CO., co n ce n tra tio n  was 0.06 per cen t, th e  1JC a c tiv ity  235 /tCi/2 1. A fte r  ex p o 
sure , th e  leaves were c u t to  no rm al and  m u ta n t s tr ip s , th e n  discs o f equal size w ere  c u t ou t 
o f th em . T he in co rp o ra ted  C O , pe r disc was calcu la ted  b y  m easuring  th e  ra d io a c tiv ity  o f dried  
discs o f know n w eigh t (8 to  12 discs pe r g roup), ta k in g  in to  considera tion  th e  spec ific  a c tiv ity  
o f th e  C 0 2 (4.80 f id /f im o l) .

R esults

N orm al chloroplasts

U ltrastructure : In  th e  exam ined  y o u n g est le a f  p rim ord ia  (3 m m  in len g th ) 
th e  p las tid s  a lread y  co n ta in  ex p an d ed  lam ellae  g a th e red  in to  severa l bun d les  
(F ig . 1). A single b u n d le  is m ade up  of 6 —8 lam ellae  m ax im ally ; th ic k n e ss  of 
th e  lam ellae  reaches th a t  o f th e  developed y o u n g  p las tid s’ g ran a-lam ellae  
(see F ig . 4). I t  is im p o r ta n t, as regards o u r fu r th e r  ex am in a tio n s, t h a t  th e  
p la s tid  se t is hom ogeneous concern ing  th e  degree o f d iffe ren tia tio n . O n ly  few 
d iv id ing  p lastid s  w ere fo u n d , all in  d iv id ing  cells (F ig. 2).

Fig. 1. P la s tid  in a  lea f p rim o rd iu m  3 m m  in  size. L  — lam e lla r  b u n d le; \ -- d ich o to m y  of 
a  lam ella ; G =  Golgi a p p a ra tu s ;  X 30 800

Fig. 2. Cell d ivision and  p la s tid  d iv ision  in a norm al le a f  p rim o rd iu m  3 m m  in size. P = d iv id 
ing p la s tid ;  N  nucleus; V  v acu o le ; X 4 400
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F ig . 3. C h lo rop lasts w ith in  th e  n o rm a l (green) s tre a k  o f  a  y o u n g  leaf, g =  g ra n u m ; f  =  fre t
m em b ran e s; s =  s ta rch ; X  13 200

F ig . 4 . P a r t  o f a young n o rm al ch lo ro p las t. j =  la m e lla r  bund les possib ly  in  th e  s tag e  of
ju n c tio n ; X 30 800

I n  y o u n g  leaf sam ples th e  in n e r m em b ran es  o f  th e  p lastid s s till show  dis
c e rn ib le  b u n d led  a r ra n g e m e n t (Figs 3, 4). In  sec tion , each bu n d le  co n ta in s  
2 — 3 g ra n a  th a t  are b u ilt u p  o f  10 — 25 th y la k o id s . T he g rana  are h o rizo n ta lly  
c o n n e c te d  w ith  each o th e r b y  f re t m em branes tra v e llin g  regu larly ; th e  n u m b er 
o f  th e s e  is h a lf  as m uch as t h a t  o f th e  th y la k o id s  w ith in  th e  jo in in g  g ran a . 
T h e  b u n d le s  are loosely co n n ec ted  w ith  each  o th e r , leav ing  a w ide space  fo r the  
s t ro m a  substance .

W ith in  p lastids o f th e  aged  lea f  group th e  lam ella r system  becom es m ore 
r ic h  a n d ,  as a consequence o f  th is , th e  s tro m a  su b s ta n c e  reduces s tro n g ly  (Fig. 
5). T h e  n u m b e r of th y lak o id s  p e r g ranum  m a y  exceed  30, w hich, in  c e r ta in  cases, 
c a n  b e  a t tr ib u te d  to  th e  fu sion  of a d jacen t b u n d les . T hickness an d  c o n tra s t 
o f  t h e  m em branes g en era lly  increase  in th e  g ra n a  and  th e  fre t (F igs 4, 5). In  
so m e  cases, how ever, local d iso rg an iza tio n  o f  th y la k o id s  was observed  (F ig . 6).

P igm en t content: In  th e  course of age in g  b o th  th e  ch lorophyll a n d  th e  
c a ro te n o id  level decreases as ca lcu la ted  for th e  w e ig h t-u n it o f th e  le a f  m a te ria l, 
b u t  in c rea se s  as ca lcu la ted  fo r equal cell n u m b e r  or — w hich m eans th e  sam e 
in  th is  case — for equal p la s tid  n u m b er (T ab le  1). A lthough th e re  is no do u b t
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F ig . 5. P a r t  of an aged n o rm al ch lo rop last. t =  a g ra n u m -th y lak o id  seen from  its  face ; m  =  a 
g ra n u m  sectioned th ro u g h  its  m arg in ; X 30 800 

F ig . 6. Aged norm al ch lo ro p las t. d =  d iso rg an iza tio n  o f m em b ran es; s =  s ta rc h ; X 22 000

t h a t  th e  la tte r  re fe rence  is th e  r ig h t one an d  th e  fo rm er m ay  lead  to  consider
ab le  errors, we h a v e  given th e  d a ta  also fo r th e  w eigh t u n it as u su a l in  th e  
lite ra tu re .

In  th e  phase o f  p la s tid  dev e lo p m en t ex am in ed  b y  us th e  w hole p ig m en t 
level increases b y  a b o u t a h a lf  o f its  va lue , w h ils t th e  ra te s  of th e  d iffe ren t 
p ig m en ts  show a l i t t le  change. T h e  q u a n ti ty  o f th e  x an th o p h y lls  grow s m ost 
in ten se ly ; th e  tw o ch lorophylls show  a lesser h u t  p a ra lle l increase, w h ils t th a t  
o f th e  caro tenes is th e  sm allest.

Photosynthetic activity: In  th e  course o f ageing  th e  C 0 2 f ix a tio n  decreases 
sign ifican tly , to  a b o u t its  half, even  if  ca lcu la ted  fo r equal cell n u m b e r. D ark  
f ix a tio n  is negligible (T able 2).

E ffic iency  o f  the p igm ent system  : T he size as well as th e  n u m b e r o f th e  
p h o to sy n th e tic  u n its  can  be ca lcu la ted  from  th e  ch lo rophy ll c o n te n t an d  th e  
C 0 2 f ix a tio n  [21]. As d e m o n s tra te d  in  T ab le  3, th e  size of th e  u n it ( th a t  is, th e  
n u m b e r of th e  ch lo ro p h y ll m olecules req u ired  fo r th e  tra n s p o r t  o f  a single 
e lectron) increases d u rin g  th e  ageing , w hich m ean s a decreasing  efficiency. 
N um erica lly , th is  c an  so be in te rp re te d  th a t  th e  size of th e  young  u n it  (290)
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Table 1

P igm ent content o f  normal lea f segments

In  young leaves In  aged leaves

per 1 g fresh 
weight =  per 

cells of number К

per 1 g fresh 
weight

per cells of 
num ber К

Chlorophyll a nm ol 906.4 679.7 1 427

Chlorophyll b  nm ol 517.0 385.2 809

T otal chlorophyll 
nm ol 1 423.4 1 064.9 2 236

per cen t 100 74.8 157

C hlorophyll a 
C hlorophyll b

1.8 1.8 1.8

T otal caro tenoid  
nm ol 305.6 244.4 513

per cen t 100 79.9 168

Carotene
X anthophyll

0.70 0.55 0.55

Chlorophyll
Carotenoid

4.7 4.3 4.3

Table 2

CO., f ix a tio n  by normal lea f segments 
(L  =  in lig h t, D  =  in darkness. In  all cases P  <. 0.02)

In  young leaves In  aged leaves

per 1 g dry weight =  
=  per about 10 К  

cells
per 1 g dry weight per about 10 К  cells

In c o rp o ra te d
C O .,

* ± s *

//m ol 4 435 +  1 409 1 126 ±  371 2 365 ±  779

p e r  cen t 100 25.4 53

//m ol 24.5 ±  6.6 8.1 ±  1.0 17 ±  2.1

p e r  cent 0.5 0.2 0.4

in c rea se s  to  abou t 440 as a consequence  of th e  p ig m en t en rich m en t (see T ab le  1) 
a n d , s im u ltaneously , e v e ry  second u n it becom es in ac tiv e , how ever, th e ir  
p ig m e n t co n ten t is co m p rised  in  th e  aged u n its  (863 ch lo rophy ll m olecules). 
A cco rd in g ly , the  n u m b e r o f  th e  u n its  decreases to  ab o u t its  half, as ca lcu la ted  
fo r th e  sam e cell n u m b er.
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Table 3

Photo synthetic units o f  normal plastids

In young leaves In aged leaves

Size 290 863

per 1 g d ry  w eight
306 X 10 '4

77 X 1014
per a b o u t 10 К  cells 162 X 1014

M utan t chloroplasls

Ultrastructure: In  th e  m u ta n t  lea f  p r im ord ia ,  1 m m  in size, th e  p las t id  
set is a lready  heterogeneous. Some p lastids  con ta in  small vesicles, dense  d ro p 
lets, single th y lako ids  a n d  bodies of  cy top lasm ic  density  l im ited  b y  a m e m 
b ra n e  (Fig. 7); o th e r  p las t ids  have , in add it ion , v e ry  dense, condensed ly  
m em b ran o u s  s t ru c tu re s  (Fig. 8). In  lea f  p r im ord ia ,  3 m m  in size, also large 
p lastids  can often be found  which con ta in  d ila ted  vesicles (Figs 9, 10). These 
vesicles are form ed by  a d is in teg ra t ion  of  dense m em b ran e  bund les  (F ig . 10). 
T hus  th e  p las tid  set becom es heterogeneous b y  a secondary  way, too.

4* Acta Biologien Academ iae Sc ien tia ru m  H ungaricae 2 4 , 1973

Figs 7 and 8. P la stid s  in m u ta n t  leaf p rim o rd ia  1 m m  in size, b bod y  of cy to p la sm ic  d en sity ; 
g = dense m em b ran e  b u n d le ; X 22 000
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F ig s  9 and 10. P lastid s  in  m u ta n t  leaf p rim ord ia  3 m m  in  size, ev =  e x p an d ed  vesicle; gd  =  
d ilating dense  m em b ran e -b u n d le ; for o th e r  m a rk s  see Fig. 8; X 13 200

The m u ta n t  p la s t id  se t  of the  young leaves includes various s t ru c tu re  
t y p e s  (Fig. 11). P la s t id s  con ta in in g  one f la t  b o d y  o r more a n d  single lamellae 
a re  still frequent. T h e  dense  bo d y  seems to  consis t  o f  na rro w  th y lak o id s  (Fig. 
12), so i t  m ay  be q u a l i f ied  as the  m u ta n t  hom o lo g u e  of th e  n o rm a l  g ranum . 
I n  cases of certain p la s t id s  i t  is difficult to  decide w h e th e r  th e ir  lam ellae  ad 
jo in in g  along sho rte r  o r  longer  p a r t  o r ig inate  f rom  a des tru c ted  bund le ,  or 
t h e y  never  had  fo rm e d  g ranum -like  body  (Fig. 13). In  th e  case of th e  ty p e  
d e m o n s t r a te d  in F ig . 14, t h e  destruction  is p ro b a b le ,  seeing t h a t  some of its 
lam e llae  are f ra g m e n te d  in to  vesicles. The m ore  f re q u e n t  w ay  of the  des truc tion  
o f  g ranum -like  bodies is a d i la ta t io n  in th e  course  o f  which th e  inne r  space of 
c e r ta in  thylakoids en la rges  w ith o u t  a s im u ltan eo u s  ceasing o f th e  connection 
b e tw e e n  the  th y lak o id s  (F igs  15, 16). Such p las t ids  con ta in  as a rule num erous  
e le c tro n  tra n sp a re n t  vesicles, which m ay  h av e  been  form ed b y  frag m en ta t io n  
o f  fre t- l ike  m em branes  (see Fig. 12).

In  m u ta n t  p la s t id s  of  th e  aged leaf  no g ran u m -l ik e  bodies are found  and 
a lso  th e  frequency o f  th e  lam ellae  decreases to  a m in im um . Certain p lastids 
a re  r ich  in small e lec tro n  dense  vesicles, w h ich  can  be rega rded  as f ragm en ts  
o f  s t ru c tu re s  a b o u n d in g  in  lipids (Fig. 17). I n  m o s t  p lastids, however, large
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Fig. 11. H eterogeneous p la s tid  se t in the  m u ta n t  s tre a k  of a young leaf, a =  a p la s tid  w ith  
g ran u m -lik e  bodies; c =  p la s tid  u n d e r  d e s tru c tio n ; X 4 400 

Fig. 12. P lastid  w ith  g ranum -like  body (g) a n d  fre t- lik e  m em branes ( /) ;  X 31 400

t r a n s p a r e n t  vesicles are  dom inating, u n t i l  f in a l ly  of  th e  m em branes  on ly  t h e  
pe r is t ro m iu m  rem ains  visible (Fig. 18).

P igm ent content : T h e  p igm ent c o n te n t  o f  t h e  m u ta n t  leaf segm ents ,  be ing  
small from th e  beg inn ing  as com pared to  t h e  no rm a l  ones, decreases signif
ican tly  in th e  course o f  ageing (Table 4). T h e  ch lorophyll/caro tenoid  ra t io  is 
low as ear ly  as th e  y o u n g  deve lopm enta l  age, an d  m ain ly  th e  ch lo rophy lls  
are affected  by  th e  su b se q u e n t  des truc tion  as well. In  th e  th in - laye r  c h ro m a to 
gram s of th e  ca ro teno ids  no quali ta t ive  d ifference  could be observed in  co m 
parison w ith  the  n o rm a l  m ateria l .  I t  shou ld  be  no ted  th a t  the  t ru e  p ig m e n t  
con ten t  o f  the  m u t a n t  p las t id  set m u s t  be so m e w h a t  below the  m e a su re d  one 
because th e  leaf segm ents  conta in  also th e  n o rm a l  chloroplasts  of th e  s to m a ta  
[comp. 16].

Photo synthetic a c tiv ity :  The C 0 2 f ix a t io n  is low in the  m u ta n t  le a f  seg
m en ts  a lready  in th e  y o u n g  deve lopm enta l  age  (Table 5), though  n o t  as low 
as th e  chlorophyll level (comp. Table 4), a n d  i t  decreases m od e ra te ly  as ca l
cu la ted  for co n s tan t  cell n u m b e r  during  ageing . A t  th e  sam e tim e , d a r k  f ix a 
tion increases more th a n  tenfold, t h a t  is, to  a m u c h  higher level th a n  can  b e
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F ig. 13. P la s tid  w ith  lam ellae  ad jo in in g  a t  som e places ( |  ); X 44 000 
Fig. 14. P la s tid  w ith  frag m en tin g  lam ellae  ( \ ); X 30 800

m e a s u re d  in norm al leaf segm ents  (comp. T ab le  2). In eva lua ting  th e  d a t a  th e  
p resence  o f  th e  guard-cells m u s t  he considered  here  too (see above).

E ffic ien cy  o f  the p igm en t system : A ccord ing  to  Table  6, in th e  y o u n g  
m u t a n t  p la s t id  set th e  t r a n s p o r t  of a single e lec tron  needs ab o u t  ha lf  as m a n y  
ch lo ro p h y l l  molecules as in th e  no rm a l  one (com p. Table  3), and  th is  n u m b e r  
decreases  fu r th e r  in th e  course of ageing. Th is  re la t iv e ly  g reat efficiency c a n n o t  
be  rea l ized  in abso lu te  sense, because of  th e  v e ry  low n u m b e r  o f  t h e  u n i ts .

Discussion

N orm al p la stid s

In  th e  norm al p lastids th e  in tense  decrease  of the  CO., f ixa t io n ,  in th e  
course  o f  ageing, seems to  be in  c o n trad ic t io n  w i th  th e  increase in th e  p ig m e n t  
c o n te n t  a n d  th e  en r ichm en t of th e  lam ellar  sy s tem . We have seen, h o w ev er ,  
t h a t  in  t h e  m u t a n t  leaf  segm ents  un its  o f  a b o u t  60 chlorophyll m olecules a re  
fu n c t io n in g ;  th is  po in ts  to  t h a t  th e  n o rm a l  p la s t id s  have  a ve ry  large p ig m e n t  
re se rve ,  w h ich  grad u a l ly  grows in t im e .  As for th e  func tiona l  r e a r r a n g e m e n t  of
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F igs 15 and 16. P la s tid s  co n ta in ing  d ila tin g  g ran u m -lik e  bodies (dg). tv - = t ra n s p a re n t  vesicles;
X 22 000 a n d  13 000

Fig. 17. P la s tid  co n ta in in g  e lectron  dense  vesicles (dv ) in m u ta n t s treak  of an  aged  leaf; 
X 22 000 Fig. 18. P la s tid  w ith  ex p an d ed  vesicles (ev) a n d  an  “ e m p ty ” p la s tid  (ер); X 13 200
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Table  4

Pigm ent content o f  m utant le a f  segments 
(in b rackets , pe r cen t va lues in re la tion  to  th e  y oung  norm al m aterial)

In  young leaves In  aged leaves

per 1 g fresh 
■weight =  per 

cells of num ber К

per 1 g fresh 
weight

per cells of 
number К

C hlorophyll a 
nmol 54.8 7.8 16

C hlorophyll b 
nm ol 32.8 4.0 8

nm ol 87.6 11.8 24

phyll pe r c en t 100
(6.2)

12.9
(0.8)

27
(1.7)

C hlorophyll a 
C hlorophyll b

1.7 1.9 1.9

nm ol 35.3 10.1 21

noid pe r cen t 100
(11.5)

28.7
(3.3)

60
(7)

Carotene
X an th o p h y ll

0.35 0.31 0.31

Chlorophyll
C arotenoid

2.5 1.2 1.2

Tab le  5

СО о f ix a t io n  by mutant le a f segments
(L  —  in  lig h t; D  =  in darkness. In  a ll cases, P  <  0.05. In  b rack e ts , per cen t values in  re la tio n

to  th e  young norm al m ate ria l)

In  young leaves In  aged leaves

per 1 g dry w eight =  
=  per about 10 К  cells

per 1 g dry 
weight

per abou t 
10 К  cells

In c o rp o ra te d
CO 2

L
//m ol 597 ±  244 197 +  57 414 ±  120

p e r  cen t 100
(13.5)

33.0
(4.4)

69
(9)

D
//m ol 5.3 ±  1.2 25.9 ±  3.5 54 +  7

^ i SX p er cent 0.9
(0.1)

4.3
(0.6)

9
(1.3)
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T a b le  6

Photosynthetic u n its  o f  m utant p lastids

In  young leaves In  aged leaves

Size 133 62

_T _ p e r 1 c d ry  w eicht
N um ber -------- --------t—̂ -----rr

p e r ab o u t 10 К  cells 41 X  10u
12 X 1 0 '1

25 X  10й

th e  m an y  small un i ts  in to  fewer and la rge r  ones, th is  is possibly connec ted  w ith  
a d is tu rbed  energy t r a n s p o r t  be tw een  th e  p igm en ts .  E n r ic h m e n t  of th e  lam el
la r  sys tem  is in accordance  w ith  th e  increase  of  th e  p ig m e n t  co n ten t  an d  points  
to  th e  reduction  of  th e  s t ro m a  substance . This, ev id en t ly ,  res tr ic ts  th e  fu n c t io n 
ing o f  the  carbon cycle an d  th u s  m a y ,  in itself, reduce  th e  C 0 2 f ixa t ion .

M u ta n t p lastids

On the  basis o f  th e  th eo ry  of t h e  m o n o trop ic  p las t id  deve lopm ent,  sever
al au th o rs  ta k e  th e  pale  p lastids o f  th e  p a n a c h u re  leaves for leucoplasts  [6], 
w hils t  others m e n tio n  th em  under th e  nam e  o f  “ a lb ica te  P la s t id e n ”  [15]. In  
ou r  opinion, th e  te rm  m utant chloroplast can be reg a rd ed  as th e  r ig h t  one, con
sidering th a t  a p a r t  o f  th e  plastid  se t  is green an d  does pho tosyn thes ize  for a 
while and , fu r th e r  on, t h a t  th e  p las t id s ,  when being  des tru c ted ,  do n o t  change 
th e i r  function para lle l  w ith  the ir  decreasing  p h o tosyn thes is .

As early as th e i r  s ta r t in g  d eve lopm en ta l  ph ase ,  th e  p lastids  show s t ru c 
tu ra l  abnorm alit ies ,  in co n tra s t  w i th  th e  Oenothera, N icotiana  a n d  H u m u lu s  
m u ta n t s  s tud ied  b y  v. W e t t s t e i n  [20].  In  our p las t ids ,  from am ong  th e  m ost 
conspicuous a b n o rm a l  s truc tu res  t h e  bodies of  cy top lasm ic  d ens ity  covered 
b y  a limiting m e m b ra n e  as well as th e  p r im a ry  e lectron dense d rople ts  are 
charac ter is t ic  only o f  th e  early  phase  o f  th e  dev e lo p m en t  (leaf p r im o rd iu m  of 
1 — 3 m m  in size). T h e y  p resum ed ly  con ta in  th o se  p ro te ins  an d  lipids which 
could  n o t  be o rganized  in to  m em b ran es  con tinuous ly .  The dense bodies of 
packed  lamellae ex is t  for a longer period  of th e  deve lopm en t.  T h ey  can be 
rega rded  as hom ologues of th e  no rm a l  g ran a  on th e  following hasis; 1. th e y  
are bu ilt  up of th y la k o id s  a t ta c h e d  to  each o th e r ;  2. th e y  m u s t  com prise  m ost 
p a r t  o f  the  p igm en ts ,  for th e y  are e lec tron  dense a n d  the ir  des tru c t io n  leads 
to  a considerable decrease in the  p ig m e n t  level. S im ilar  s t ru c tu re s  h ave  been 
described by  several au th o rs  in th e  p las t ids  of  va r ious  m u ta n t  p lan ts ,  or in 
p la n ts  hav ing  d isha rm on ious  genome a n d  p la s to m e  (e.g., D ö b e l  in th e  s ta tu s  
albomaculatus of A n tir rh in u m  m ájus  [3], R ö b b e l e n  in th e  x a n th a - m u ta n t  of

Acta Biologica Academiae Scientiarum Hungjricae 24, 1973



18 8 Á. KERESZTES and Á. FALUDI-DÁNIEL

A ra b id o p sis  thaliana  [13], B a c h m a n n , R o b e r t s o n  a n d  B o w e n  in  t h e  pas te l  
8 686 m u t a n t  of Zea m ays  a t  a t e m p e ra tu re  of  27 — 35 °C [2], S c h ü t z  a n d  D i e r s  

in Oenothera  hybrid  114*]).
Since the  d e s t ru c t io n  o f  th e  p la s t id s  affects  s im u ltan eu o s ly  b o th  th e  

s t r u c tu r e  an d  the p ig m e n t  c o n te n t ,  i t  is difficult to  te ll  w hich  of  th e  m e m 
b ra n e  co m ponen ts  re p re s e n ts  th e  p o in t  of a t ta c k .  A ccord ing  to  o u r  earlier 
o b s e rv a t io n s ,  the  w h iten in g  o f  th e  m u t a n t  segm ents  is acce lera ted  b y  in tense 
i l lu m in a t io n ,  how ever, th is  effect c a n n o t  be ex p la in ed  b y  th e  lack  of  l ight- 
p r o t e c t in g  caro tenoids  [see 1, 17, 18], because in  ou r  m u ta n t  p la s t id s  more 
c a ro te n o id  molecules fall, on th e  ava rage ,  to  one ch lo rophy ll  molecule  th a n  
in t h e  n o rm a l  ones. Also th e  d i la ta t io n  w ay  of th e  d e s tru c t io n  o f  th e  g ranum - 
like b o d ie s  points  to  t h a t  th e  d e s tru c t io n  w i th in  th e  th y la k o id s  precedes 
t h a t  in  p a r t i t io n s  [19]. I t  is re m ark ab le  t h a t  these  d i la t ing  p la s t id s  are 
m orp h o lo g ica l ly  qu ite  s im ila r  to  th e  F u n a ria  ch lo rop las ts  t r e a t e d  w ith  
ch lo ram p h en ico l  b y  M l o d z i a n o w s k i , S z w e y k o w s k a  an d  S c h n e i d e r  [10].

T h e  h e te ro g en e i ty  o f  th e  p la s t id  set is p r im a ry ,  which is in accordance  
w i th  o u r  s ta te m e n t  t h a t  th e  m u ta t io n  affects th e  p las tom e  [9]. T he  p r im a ry  
h e te ro g e n e i ty  po in ts  to  t h a t  th e  m u ta t io n  m a y  be o f  d iffe ren t  degree and 
t h u s  s u p p o r t s  the  p o ss ib i l i ty  of  th e  po lygeny  or m u lt ip lex  allelism reg a rd in g  
th e  a f fe c ted  p las tid  fe a tu re s  w i th in  th e  p las tom e  [com p. 12].

T h e  com parison  of th e  s t ru c tu re ,  p ig m e n t  co n te n t  an d  p h o to s y n th e t ic  
a c t i v i t y  of  the  p la s t id  se ts  o f  d iffe ren t  age shows t h a t  th e  ac t iv e  p ig m en ts  
a re  lo c a te d  also in th e  m u t a n t  ch ie f ly  in p a r t i t io n s  an d  in th e  course  of  the  
ag e in g  th e  decrease in  th e  fu n c t io n in g  is caused (in co n tra s t  w i th  th e  no rm al 
p la s t id s )  b y  the  des tru c t io n  o f  th e  p h o tosyn thes iz ing  m em b ran es .  I t  seems 
t h a t  th e  m u ta n t  “ te n d s  to  c o m p e n sa te ” its defect in two w ays:  it  reduces 
t h e  size o f  its p h o to sy n th e t ic  u n i ts  an d ,  in older age, i t  s tro n g ly  increases th e  
d a r k  f ix a t io n  of CO.,.
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CHARACTERISTICS OF CATECHOLAMINE 
FLUOROPHORES IN THE GANGLIA OF THE BIVALVE 
ANODONTA CYGNEA L. AS REVEALED BY A SIMPLE 

METHOD OF MICROSPECTROFLUOROMETRY

I. Z s . - N a g y  and  G y . D e á k

BIOLOGICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, TIHANY, AND 
DEPARTMENT OF PATHOLOGY, MEDICAL UNIVERSITY PÉCS

(R ece iv ed  1 9 7 3 -0 5  — 25)

Abstract

The fluorescence induced  b y  th e  Falck  H illa rp  tech n iq u e  was in v es tig a ted  in 
th e  neuropile  o f  cerebral and p ed a l ganglia  o f Anodonla  cygnea. I t  has been  estab lished  
th a t  the  g reen  o r greenish-yellow  fluorescence o f th e  ax o n s o rig ina tes ex clusively  in 
catecholam ines an d  even am ong th e m  dopam ine  p re d o m in a te s . A sim ple m eth o d  of 
m ic ro sp ec tro flu o ro m etry  was dev elo p ed , using  a c y to p h o to m e te r  ty p e  L eitz  M PV. 
C ontinuous in te rferen ce  filte rs w ere applied  in  o rd er to  ach ieve m o nochrom atic  lig h ts  
during  the  re g is tra tio n  of e x c ita tio n  and em ission sp ec tra . T he necessary  co rrec tion  
facto rs have  also been  d e te rm ined .

In troduc tion

The fluorescence-microscopic m e th o d  of F a l c k  a n d  H i l l a r p  [ 8 ]  based  
on fo rm aldehyde  v a p o u r  t r e a tm e n t  brings useful in fo rm a tio n  even d u r ing  the  
u su a l  subjective microscopic o bse rva tion  as reg a rd s  th e  d is tr ib u t io n  o f  the  
m onoam ines. H ow ever ,  th e  su b jec t iv e  observa tion  does n o t  enable us to  decide 
w i th  c e r ta in ty  w h ich  m onoam ine, o r  perhaps m ix tu re  o f  several m onoam ines ,  
gives th e  origin o f  a certa in  f luorophore .  T here  occur  re la t iv e ly  large q uan ti t ie s  
o f  ca techolam ines (CA) and  se ro ton in  (5HT) in th e  ganglia  of molluscs [5, 6, 
7, 11, 12, 18. 23, 25, 26, 27, 28]. T h e  localization o f  5 H T  has no t  been cleared 
up , even a t  th e  ce llu lar  level. I t  has  been supposed  t h a t  th e  5H T  m ig h t  he 
p re sen t  in the  neu rop ile  to ge the r  w i th  CAs, the re fo re ,  th e  yellowish-green or 
green fluorescence o f  th e  neuropile  originates in th e  m ix tu re  of f luorophores  
or b o th  of them .

Such prob lem s can only be solved  by  m eans  of  m ic rospec tro f luo rom etry  
enabling  us to  conclude to  the  orig in  of f luorophores  on th e  basis o f  th e  exci
ta t io n  an d  emission spectra .  The d eve lopm en t of  t h a t  m e th o d  has ta k e n  place 
during  th e  recen t  y ears  and  now severa l very  precise in s t ru m e n ts  are  used for 
th is  purpose  [1, 3, 15, 19, 22].

However, th o se  m ethods o f  m ic ro sp ec tro f lu o ro m etry ,  being r a th e r  ex 
pensive, are n o t  accessible to  e v e ry  lab o ra to ry .  T herefo re ,  we a t t e m p te d  to
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f in d  s im pler ,  ye t  re liable  m e th o d s  [24]. T he  m e th o d  descr ibed  in this 
p a p e r  h a s  proved to  be  su i ta b le  to  answer th e  question  w h e th e r  th e  CAs and 
5 H T  t a k e  p a r t  tog e th e r  in  t h e  fo rm ation  of  fluorophores  in th e  neuropile  of 
t h e  gang lia  in Anodonta  cygnea.

M ateria l  and m ethod

A d u lt bivalves of 14— 18 cm  b o d y  leng th  w ere used . The cereb ral an d  p ed a l ganglia 
w ere p re p a re d  according to  F a l c k  an d  Owman  [9] w ith  som e m od ifications [26]. Sections of 
10 [im  th ick n ess  were cu t fro m  th e  freeze-dried , fo rm ald eh y d e -trea te d  an d  p a raffin -em b ed d ed  
g a n g lia , s tre tc h ed  ou t on w arm , u su a l glass slides an d  covered  w ith  p a ra ff in  oil. T he visceral 
g a n g lio n  w as om itted , since i ts  5 H T  co n te n t p roved  to  be th e  low est am o n g  th e  ganglia  [11].

F ig . 1. Schem atic  d iagram  of th e  in s tru m e n t for reco rd ing  of ex c ita tio n  sp ec tra . 1 =  D C -operat
ed  X B O  150 xenon lam p ; 2 =  d ia p h ra g m ; 3 =  p rim a ry  filte rs : BG 38/4 (L eitz) an d  BG 3/4 
(Z eiss, J e n a ) ;  4 =  co n tin u o u s in te rfe ren ce  filte r (C IF ) (S ch o tt, M ainz); 5 =  glass condenser, 
n . a .:  0 .6 5 ; 6 =  specim en; 7 — o b jec tiv e  lens, P l .  X 25, n. a .: 0.50; 8 b a rrie r  f i lte r  К  510 
(S c h o tt ,  M ainz); 9 =  p rism  fo r th e  b in o cu la r tu b e ; 10 p ro jec tive  lens, X 10; 11 p h o to 

m u ltip lie r tu b e  RC A  I P — 21 w ith  lig h t d iap h rag m

T h e  m icro sp ec tro flu o ro m etric  m easu rem en t w as carried  ou t u sing  d ia -illu m in a tio n  by 
m ea n s  o f a Leitz MPV c y to p h o to m e te r  applied  to  a L eitz  O rth o lu x  I I  m icroscope. The 
p h o to m u ltip lie r  tube  was of R C A  I P — 21 ty pe. T he re la tiv e  lig h t in ten sitie s  w ere recorded 
fro m  a ga lvanom eter.

Recording o f excitation spectra. T he d iag ram  of th e  in s tru m e n t is show n in  Fig. 1. One 
o f th e  m a in  conditions o f reco rd in g  of a su itab le  e x c ita tio n  sp ec tru m  is a n ea rly  lin ea r light 
em iss io n  in  th e  w ave-leng th  ra n g e  req u este d . For th is  p u rp o se  th e  D C -g enera ted  xenon  lam p 
(O sram  X B O  150) p roved  to  be m o s t a d ap ted , w hich, accord ing  to  th e  p ro d u c e r’s d o cu m en ta 
tio n , h a s  a  nearly  co n stan t, s lig h tly  increasing  em ission be tw een  330 an d  430 nm . T he e m itted  
l ig h t  w as m onochrom ated  b e tw een  377 and  430 nm , using  a co n tin u o u s in te rferen ce  filte r 
(C IF )  o f  S ch o tt, Mainz. T he d is tu rb in g  v isib le lig h t was f ilte red  ou t b y  a co m b in a tio n  of BG 38 
a n d  B G  3 glass filters. Since, d u e  to  th e  f i ltra tio n , th e  in te n s ity  o f th e  ex c itin g  lig h t was 
r a th e r  low , th e  em itted  lig h t cou ld  n o t  be analyzed  m onochrom atica lly . T herefo re , th e  in ten sity  
o f th e  to ta l  emission was m ea su re d  as an  in d ica to r of th e  ex c ita tio n . A f ilte r  ty p e  К  510 was 
a p p lie d  as th e  secondary  one sh ow ing  a p rac tica lly  c o n s ta n t tran sm iss io n  above 520 nm .

T h e  re la tive  va lues o f l ig h t  in ten sitie s  th u s  reco rd ed  from  th e  g a lv a n o m ete r were 
c o rre c te d  fo r the  re la tive  em ission  v a lu es o f th e  X B O  150 x enon  lam p accord ing  to  th e  p ro d u c
e r’s d o c u m e n ta tio n , as well as fo r th e  re la tiv e  tran sm iss io n  v a lues of th e  filte rs  BG 38 an d  BG 3. 
In  o rd e r  to  achieve a b e tte r  m o n o ch ro m asy  of th e  ex c itin g  lig h t p ro d u ced  b y  th e  C IF , a slit-like 
r e c ta n g u la r  m easuring d iap h ra g m  o f 10 X 40 p m  size w as used.
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Recording o f  the em ission  spectra. T he d iag ram  of th e  in s tru m e n t is show n in Fig. 2. 
Since th e  recording of th e  em issions took  place be tw een  470 and  650 nm  using  a К  470 
secondary  filte r, th e  p h o to m e te r  should  have been ca lib ra ted  for th a t  ran g e . T he spec trum  
depen d en cy  of th e  in s tru m e n ta l sen sitiv ity  was m easured  essen tia lly  on th e  sam e th eo re tica l 
basis as perform ed by  Sp r e n g e r  and  B öhm [22] w ith  th e  only difference th a t  th e  calib ra tio n  
was carried  ou t by  m eans of th e  X B O  150 xenon lam p , th e  re la tiv e  in ten sitie s  o f w hich were 
tak e n  from  th e  p ro d u cer’s d o cu m e n ta tio n . D uring  th e  d e te rm in a tio n  of th e  c o rrec tio n  facto r 
s ta n d ard ized  o p tica l a rra n g e m e n ts  were used (id en tica l d iap h rag m s, m ag n ifica tio n s and 
m easu ring  split-sizes, i.e. 20 X 20 /tm ). T he e m itted  ligh t was also m o n o ch ro m ated  by m eans 
o f C IF . T he series o f co rrec tio n  facto rs th u s  ob ta in ed  involves, a p a r t  from  th e  sp e c tra l depen
dency  of th e  in s tru m e n ta l sen sitiv ity , even th e  possible w ave-len g th -d ep en d in g  d ifferences in 
tra n sm itta n c y  of filte rs  К  470 and  C IF , as well as to  a certa in  e x te n t  th e  effec t o f vary ing  
d ispersion  on the  m easu red  fluorescence.

To record th e  em ission sp ec tra  o f th e  sections, an  H B O  200 m ercu ry  lam p  (Zeiss, Jen a) 
was used. T his offered an  ex c itin g  ligh t of m uch higher in ten sity . T he ex c itin g  lig h t w as b ro u g h t

Fig. 2. S chem atic  d iag ram  of th e  in s tru m e n t for record ing  of em ission sp e c tra . 1 m ercury  
v ap o u r lam p  H B O  200 (Zeiss, Je n a );  2 d iap h rag m ; 3 p rim a ry  f ilte rs : BG 12/2, BG 3/4 
(Zeiss, Je n a ) and  H G  405— 11 (S ch o tt, M ainz); 4 glass condenser, n. a : 0 .65; 5 = specim en; 
6 =  o b jec tiv e  lens, P l  X 25, n . a .: 0.50; 7 =  b a rrie r filte r  К  470 (S c h o tt, M ainz); 8 prism  
for th e  b in o cu la r tu b e ; 9 p ro jec tiv e  lens, X 10; 10 con tin u o u s in te rferen ce  f i lte r  (C IF ) 

(S ch o tt, M ainz); 11 p h o to m u ltip lie r  tu b e  RCA I P —21 w ith  lig h t d iap h rag m

ab o u t by  m eans of an Hg 405 11 in terference  f ilte r  (S ch o tt, M ainz). T he C IF  was placed
betw een  th e  ocular and  the  m easu ring  sp lit. The recording of a com plete  em ission cu rv e  in steps 
o f 10 12 nm  took  ab o u t 2 — 2.5 m in, m eanw hile th e  fluorescence in te n s ity  a t  th e  m axim um
decreased by 6 — 7 %  on th e  average.

In  o rder to  clear up  th e  orig in  o f fluorophores, th e  H C l-vapour p o s t- tre a tm e n t described 
b y  B j ö r k l u n d  an d  co-w orkers [1] was also carried  o u t on b o th  p a ra ffin ized  an d  deparaf- 
fin ized  sections. T he d ep ara ffin iza tio n  was perform ed in ho rizo n ta l p osition  of th e  sections, 
the  xylene was b lo tte d  from  th e  slides, th u s  the  fix a tio n  of th e  sections to  th e  slides w ith  a lb u 
m in was unnecessary .

In  o rder to achieve th e  b est s ta b ili ty  of th e  lig h t in ten sitie s , a s tab ilized  pow er supp ly  
was app lied  to th e  lam ps.
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Results

E xcita tion  spectra

T h e  recorded and  c o r re c ted  excita tion  sp e c tra  for th e  cerebral a n d  pedal 
g a n g l ia  are  shown in Figs 3 a n d  4. The exc i ta t io n  m a x im u m  was a t  421 nm , 
i t  d e c l in e d  tow ard  th e  low er w ave  length , neverthe less ,  a t  400 nm  it  am o u n ted  
to  5 7 % .  E ach  value in th e  e x c i ta t io n  curve co rresponds  to  th e  average  of 5

nm

F ig . 3. C ereb ra l ganglion. E x c i ta t io n  (1 It side) and em ission (r ig h t side) curves reco rded  in 
th e  n e u ro p ile  of the  ganglia. T h e  in te n s itie s  are p lo tte d  as re la tiv e  va lues vs. w ave-leng th

nm

Fig. 4. P e d a l ganglion . E x p la n a tio n , see F ig. 3

m e a s u re m e n ts .  The d ev ia t io n s  o f  th e  da ta ,  being negligible small, w'ere o m itted .  
I n  t h e  cu rv e  the  values be low  400 n m  are obv iously  lowrer t h a n  th e  real values 
since  t h e  t ra n sm it ta n c e  of  t h e  glass condenser a n d  of th e  slide declines below 
th is  w a v e  length. Being th e  r a t e  o f  decline u n k n o w n , th e  curve  was n o t  co rrec t
ed  in  th i s  sense. H ow ever, t h e  decrease in t r a n s m i t ta n c e  can n o t  be h igh up  to  
377 n m ,  since UV-exciation-fluorescence  m icroscopy  can  be pe rfo rm ed  with 
t h e  s a m e  condenser a n d  slide a n d  the  m ax im al t r a n s m i t ta n c e  of th e  U G  1 
f i l t e r  u se d  in those cases is a t  370 nm.

A p a r t  from the  low er v a lu es  below 400 n m , th e  exc i ta t io n  curves are 
s im i la r  in  shape to t h a t  re c o rd e d  for the  CA -conta in ing  n e rv e  cells of r a t  spinal 
c o rd  b y  B j Ö R K L U N D  a n d  co-w orkers  [2].
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E m ission  spectra

T he recorded  an d  correc ted  emission curves are also show n in Figs 3 
a n d  4. The m easu rem en ts  were carried  ou t  in each of th e  5 regions of  fluores
cing axon  groups of  b o th  cerebral and  pedal ganglia and th e  d a ta  were averaged  
a t  each w ave-leng th . Because of  th e ir  low values th e  dev ia t ions  are om itted . 
T he  b ack g ro u n d  values w ith o u t  section were recorded  a t  each w ave-length  
a n d  s u b t ra c te d  from th e  average  values of  th e  correspond ing  emissions. The 
b a c k g ro u n d  va lues  a m o u n te d  only to  0 — 3 %  of th e  m a x im a ,  however, for 
th eo re t ica l  reasons th e y  should  be ta k e n  in to  correc tion . T he  cu rve  th u s  o b 
ta in e d  was correc ted  b y  th e  fac to rs  involv ing  th e  in s t ru m e n ta l  sens itiv ity ,  etc.

T he  emission m a x im u m  is a t  482 nm  an d  th e  emission a b ru p t ly  decreases 
to w a rd s  b o th  directions. At 600 nm  it is only  12 —13%  of th e  m ax im a l  in tens i ty .  
T he  shape  of  th e  curve  is essen tia lly  iden tica l w ith  t h a t  reco rded  for th e  CA- 
con ta in in g  ne rve  cells o f  r a t  sp inal cord b y  B j ö r k l u n d  a n d  co-workers [2].

Results o f  H Cl treatment

T he HCl t r e a tm e n t  o f  pa ra ff in  sections a t  room  te m p e ra tu re  for 1 h 
caused  no re m ark ab le  change in  th e  exc ita t ion  curve. H ow ever ,  on deparaffi- 
n ized sections even  a 1 - 2 - m in  t r e a tm e n t  a t  room  te m p e ra tu re  resu lted  in a 
m o d e ra te  sh if t ing  of  th e  exc i ta t io n  m ax im u m  to w ard  th e  sh o r te r  wave-lengths. 
N everthe less ,  th e  degree of  th e  shifting  was too li t t le  even  a f te r  4-min t r e a t 
m e n t ,  to  a t t r ib u te  th e  f luorophore  to  no rep inephrine  [1]. F o u r  m inu tes  or 
longer t r e a tm e n ts  were accom pan ied  by  th e  ap p earan ce  o f  a s t ro n g  b ackground  
fluorescence. On th e  basis o f  these  inves t iga t ions  th e  f luo rophore  can m ain ly  
be a t t r ib u te d  to  dopam ine .

Discussion

T he essentia l difference be tw een  th e  m e th o d  used b y  us a n d  those  m en 
t io n ed  in th e  In t ro d u c t io n  is t h a t  we applied  C IFs  in s te a d  o f  p r ism atic  
m o n o ch ro m a to rs .  A lthough  th e  G IF  offers a lower degree of  m onochrom asy , 
i t  has  a lready  been  used for spec tro fluorom etric  pu rposes  [4, 10, 20, 21]. 
In te r fe ren ce  f ilters  have  also been applied  for m ic ro sp ec tro f lu o ro m etry  on the  
ex c i ta t io n  site b y  M a r s d e n  and  K e r k u t  [15] as well as b y  S p r e n g e r  and  
B öhm [22].

F o r  th e  in v es t iga t ion  of  biogenic m onoam ines  of m a s t  cells a m e th o d  has 
been  used b y  v a n  Orden  and  co-workers [24] record ing  3 p o in ts  o f  th e  exci
t a t io n  and  several po in ts  of th e  emission spec tra  b y  ap p ly in g  in terference 
filters. O ur  m e th o d  can essentia lly  be rega rded  as a fu r th e r  deve lopm en t of 
the irs ,  in so fa r  as th e  app lica t ion  of C IFs  offers a possib ili ty  for p rac t ica l ly  
con tinuous  record ing  of b o th  exc ita t ion  a n d  emission spec tra .
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O u r m ethod  u n d o u b te d ly  has  a d isadvan tage ,  n am e ly ,  t h a t  th e  spec tra  
c a n n o t  be recorded as q u ick ly  as to  avoid  a n y  pho to d eco m p o si t io n  of th e  f lu o ro 
p h o re s .  N evertheless, keep ing  in  m in d  t h a t  th e  pho to d eco m p o si t io n  am o u n ts  
to  6 — 7 % ,  a t  th e  m a x im u m , th e  m e th o d  can  be used. A fu r th e r  d isad v an tag e  
is t h e  lower sensitiv ity  of t h e  R C A  I P  —21 p h o to m u lt ip l ie r  tu b e  as com pared  
w i th  t h a t  of th e  E M I 9558 ty p e s  used  in th e  m ore  precise  in s t ru m e n ts  m e n 
t io n e d  above. This, how ever,  can  be d isregarded  as long as th e  f luorescence in 
t e n s i t y  of  th e  objec t is su ff ic ien tly  high. I f  necessary , one can  use even m ore 
s e n s i t iv e  p h o tom ult ip l ie r  tu b e s  in our in s t ru m e n t ,  too . T h e  re la t ive ly  low 
s e n t i t i v i t y  of our in s t ru m e n t  p ro v e d  to  be a l im it ing  fac to r  in  ou r  experim en ts  
w h e n  th e  recording of e x c i ta t io n  sp ec tra  could be pe rfo rm ed  only  b y  m easuring  
t h e  su m m ar ized  in te n s i ty  of  f luorescence  in s tead  of  t h a t  o f  th e  m ax im a . This, 
h o w e v e r ,  d id  n o t  a l te r  th e  sh ap e  of  th e  curve.

A n o th e r  d isad v an tag e  o f  ou r  m e th o d  is th e  im poss ib i l i ty  of  au to m a t ic  
r e c o rd in g ,  since, e.g., th e  s y n c h ro n o u s  m oving  of th e  C IF  w i th  an oscilloscopic 
r e c o rd in g  system  w ould re p re se n t  an  u tm o s t  com plica ted  m echan ical p rob lem .

I n  spite  of th e  d is a d v a n ta g e s ,  the  m e th o d  used  b y  us b ro u g h t  resu lts  
c o m p a ra b le  w ith  those  o b ta in e d  b y  using m ore com plica ted , more perfect 
in s t r u m e n ts .  Therefore, th is  m e th o d  seems to  be su itab le  for q u a l i ta t iv e  micro- 
spec tro f lu o ro m etr ic  pu rposes  in  g iven exc ita t ion  a n d  emission w ave-lengths . 
T h e  s am e  m ethod  was successfu lly  applied  for th e  ana lysis  of th e  induced  
f luo rescence  of m onoam ines in  insect b ra in  [17].

A ccord ing  to  th e  resu lts ,  th e  f luorophores  o r ig ina te  in  CAs in  th e  n e u ro 
pile o f  cerebral and  pedal gang lia  o f  Anodonta  cygnea. This is shown defin ite ly  
b y  b o t h  th e  excita tion  a n d  em ission  spectra .  A m ong  th e  CAs on ly  th e  p r im a ry  
ones can  come in to  accoun t,  since th e  pa ram e te rs  o f  th e  reac t io n  (1-h fo rm a l
d e h y d e  t r e a tm e n t )  [9] allow us to  exclude adrena line .  D is t inc t ion  be tw een  th e  
p r im a r y  CAs (dopam ine a n d  no rad rena line)  can be m a d e  b y  m eans of  th e  
HC1 t r e a t m e n t  and  i t  show ed  in  accordance  w ith  th e  resu lts  of b iochem ical 
an a ly se s  [12] t h a t  m a in ly  d o p a m in e  was p resen t  in th e  ganglia . This is con
s is te n t  w i th  th e  results  o f  o th e r  earlier pub lica tions [1, 6, 7, 18, 26, 27], too. 
C onsequen tly ,  th e  f luo rophores  do n o t  con ta in  co m ponen ts  o f  5H T  origin in 
the  a rea s  investiga ted .

T h e  question  arises, w h ere  th e  5H T  can be localized in  th e  neuropile  of 
t h e  gang lia .  I t  seems to  be su re  t h a t  th e  cy top lasm  of th e  ganglion cells con
ta in s  5 H T  [6, 7, 26]. I t  is also sure  t h a t  re la tive ly  large  a m o u n ts  o f  5H T  are 
p re s e n t  in th e  cerebroviscera l connec tive  (CYC), n e a r ly  5 0 %  of t h a t  of th e  
ce reb ra l  ganglion [11]. N o tw i th s ta n d in g ,  th e  Fa lck  — H illa rp  techn ique  failed 
to  revea l  5H T  in the  CVC (ow n un p u b lish ed  result) .  Since th e  nerve  fibres of 
th e  CVC orig inate  in  th e  c e reb ra l  ganglion, a t  leas t  in a g rea t  p a r t ,  th e  5H T  
m u s t  com e from th e  ganglion cells in to  th e  CVC. H ow ever ,  in  th is  case th e  
5 H T -c o n ta in in g  fibres h av e  to  cross th e  neuropile  o f  th e  ganglion. On th e  o th e r
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h an d ,  th e  axonal p resence  of  5H T  is also in d ica ted  by  th e  resu lts  ob ta in ed  b y  
m eans  of differentia l a n d  d ens ity -g rad ien t  cen tr ifuga tion  [13]. Consequently , 
a p a r t  from  th e  CAs, th e  presence of  5H T  f luorophores  should  also have  been 
de tec ted  in th e  neurop ile .

According to  t h e  m easu rem en ts  of M ö l l m a n n  a n d  co-workers [16], th e  
emission curve is ch a rac te r is t ica l ly  “ tw o -h u m p e d ”  in th e  cells o f  th e  glomus 
ca ro ticum  of r a b b i ts  w here  CAs and  5 H T  occur to g e th e r ,  a n d  th is  can be 
derived  m a th e m a t ic a l ly  from  th e  su m m atio n  of th e  emissions of  tw o types  of 
fluorophores . Since th e  5 H T  fluorophore  shows m ax im u m  a t  540 nm , we 
should  have reco rded  a second m a x im u m  a t  th is  p lace even in Anodonta.

According to  q u a n t i ta t iv e  analyses, th e  ^g /g  w et-w eigh t concen tra t ions  
of  5H T  are more th a n  5 t im es  higher in th e  cerebral an d  m ore  t h a n  3 t im es h igher 
in th e  pedal ganglia o f  A nodonta  cygnea t h a n  th e  sum m arized  concen tra t ions  
of dopam ine an d  n o rad ren a l in e  [11, 12]. Since th e  m olecular  weights o f  these  
3 com pounds (d o p am in e  =  153, n o rad rena line  =  169, 5 H T  =  176) are n ea r  
to  each o ther, th e i r  m o la r  concen tra t ions  differ from  each  o th e r  nea r ly  to  th e  
sam e degree. In  m odel  experim ents  the  do p am in e  and  n o rad ren a l in e  resu lted  
in a b o u t  3 times h ig h er  fluorescence in te n s i ty  t h a n  th e  sam e m ola r  co ncen tra 
t io n  of 5HT [14]. Considering these  d a ta ,  one should  expec t  t h a t  in case of  
un ifo rm  in tra g a n g l io n a r  d is tr ib u t io n  of th e  m onoam ines  th e  re la t ive  in ten s i ty  
of  fluorescence a t  t h e  m a x im u m  of 5H T  (540 nm ) is a b o u t  1.6 t im es h igher th a n  
t h a t  observed a t  t h e  CA m ax im u m  (480 nm ) in  th e  cerebral ganglion, whereas 
in th e  pedal ganglion th e  in ten s i ty  is a p p ro x im a te ly  th e  sam e a t  these  tw o 
w ave-lengths. E v e n  i f  th e  quicker pho todecom posit ion  o f  th e  5 H T  fluorophore 
[14] is tak en  in to  considera t ion , th e  com plete  absence  o f  th e  emission m a x i
m u m  charac ter is t ic  o f  5 H T  can only  be exp la ined  b y  assum ing  e i ther  th e  a b 
sence of 5H T from  th e  neuropile  or th e  fa ilure  of  th e  fo rm a tio n  of th e  f luoro
phore  from  it. T he  sam e  in fo rm ation  was o b ta in e d  from  th e  exc ita t ion  spectra :  
if 5H T  fluorophore  is p resen t ,  one should  f ind  an  exc ita t ion  m a x im u m  a t  380 
n m ;  however, th is  was n o t  th e  case.

Considering all these ,  one can h a rd ly  accep t  th e  absence of  5H T  from 
th e  neuropile. D a h l  a n d  co-workers [ 6 ]  described  s t ru c tu re s  assum ed  to  be 
th e  transversa l  sections o f  5H T -con ta in ing  axons, how ever, these  s t ru c tu re s  
proved  to  be gliosomes d u r ing  th e  histological id en tif ica t ion  in th e  neuropile 
o f  Anodonta cygnea [26]. Therefore, one can  assum e t h a t  th e  5 H T  is p resen t  
in th e  neuropile e i th e r  alone or to g e th e r  w ith  CAs, how ever, in b o th  cases i t  
m a y  he in d é tec tab le  b y  th e  rou tine  F a lck  H il la rp  techn ique .
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PREVENTION BY CYCLOHEXIMIDE OF CELLULAR 
AUTOPHAGY INDUCED BY HYPEROSMOTIC SUCROSE 

OR CADMIUM CHLORIDE IN MOUSE PANCREATIC
ACINAR CELLS

G. R é z  a n d  J .  K o v á c s

D EPA RTM EN T O F G EN ERA L ZOOLOGY, EÖTVÖS LORÁND U NIVERSITY, BU DA PEST 

(R eceived  1973 — 0 6 — 11)

Abstract

F o rm a tio n  o f au to p h ag ic  vacuo les w as in d u ced  in m ouse p a n c re a tic  a c in a r cells 
b y  single in tra p e r ito n e a l in jec tio n  of e ith e r cad m iu m  chloride (1.5 m g /an im a l) o r a 
h y p e ro sm o tic  so lu tio n  of sucrose (15 pe r c e n t w /v , 1 m l/an im al). T he a n im a ls  were 
k illed  3 h  la te r . T h is re ac tio n  was p re v e n te d  b y  cyclohexim ide (0.2 m g/g  b . w .) given 
30 m inu tes p r io r  to  th e  in jec tio n  o f e ith e r d a m ag in g  agen ts. T h is w as a  t r a n s ie n t  p ro 
tec tio n , since a u to p h a g ic  vacuoles developed  in  th e  cells u n d e r  th e  effec t o f  th e  inducers 
g iven  24 h  a f te r  th e  a d m in is tra tio n  of th e  d ru g . W hile cyclohexim ide a lone cau sed  no 
considerab le  m orpho log ical a lte ra tio n  in th e  cy to p la sm  in  sh o rt- te rm  e x p e rim e n ts , a 
sp o rad ic  occurrence  of au to p h ag ic  vacuoles w as ch arac te ris tic  o f th e  cells 24 h  a f te r  
th e  tre a tm e n t. T hese  re su lts  p ro v id e  fu r th e r  ev idence th a t  cyclohexim ide  is capab le  
o f  p rev en tin g  in d u ced  au to p h ag o cy to sis , reg ard less  o f th e  d iffe ren t ch em ica l n a tu re  
o f  its  inducer.

Introduction

R ecen tly ,  we h ave  rep o r ted  t h a t  cyclohexim ide p r e t r e a tm e n t  p re v e n te d  
th e  n e u t ra l  red - induced  fo rm ation  of  a u to p h a g ic  vacuoles in  a n u m b e r  o f  cell 
ty p es ,  viz., p an c rea t ic  exocrine [6, 11], sem ina l  vesicle epithelia l  [6], a n d  h e 
p a t ic  p a re n c h y m a l  [6] cells o f  t h e  m ouse, as well as in chicken p a n c rea t ic  
[6,] a n d  liver [6] cells. As i t  was found  ineffec tive  [1, 12] on g lucagon-induced  
au to p h ag o cy to s is  in r a t  liver cells, in t h e  presen t work we a t t e m p te d  to  
d e m o n s t ra te  p ro tec t iv e  action of  th is  d ru g  against a u to p h a g y  in d u c e d  by  
agen ts  o the r  t h a n  n e u t ra l  red. This p ap e r  re p o r ts  the  results  o f  e x p e r im en ts  in 
which  t r e a tm e n ts  w ith  e ither  hypero sm o tic  sucrose or C d++ ions, agents  
kn o w n  to induce  au tophagocy tos is  [10], were p receded  b y  in jec t ions  of 
th e  an tib io tic .

Material and m ethod

F o rty -fiv e  m ale  C F L P  m ice w eighing 30 g each  were used. C yclohexim ide (S igm a) 
was d isso lved  in d is tilled  w a te r  im m ed ia te ly  before  use to  m ake 6 m g/m l so lu tio n . T he m ice 
were g iven  a single n o n -le th a l dose (0.2 m g/g b o d y  w eigh t) of th e  d ru g  b y  in tra p e rito n e a l 
in jec tio n . T he se n s it iv ity  o f mice to  cyclohex im ide  seem s to  be s tra in -d e p e n d e n t, since we 
fo u n d  th e  le th a l dose h ig h er in  C F L P  m ice th a n  in  a n  in b red  s tra in  used ea rlie r [11]. A nim als 
exposed  to  cad m iu m  or sucrose were in jec ted  in tra p e rito n e a lly  w ith  0.3 m l o f an  0.5 m g/m l
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aq u eo u s  so lu tio n  of cadm ium  ch lo ride  a n d  w ith  1 m l o f a 15 p e r cen t w /v  sucrose so lu tio n , 
re sp e c tiv e ly . T he ex p erim en t was sched u led  as follows.

Group 1. T en  mice were g iven  cyclohexim ide, a n d  d e ca p ita te d  210 m in  or 24 h 
la te r ,  f iv e  an im als  a t  each  tim e.

G roup 2. F ive  mice were in je c te d  w ith  sucrose a n d  k illed  a f te r  3 h.
G roup 3. F ive  an im als rece iv ed  cad m iu m  chloride  a n d  w ere sacrificed 3 h  la te r .
G roup 4. T en m ice rece ived  cyclohexim ide an d  30 m in  or 24 h  th e re a fte r  w ere in je c te d  

w ith  c a d m iu m  chloride, 5 an im als a t  each  tim e. All w ere d e c a p ita te d  3 h  a fte r  th e  cad m iu m  
t r e a tm e n t.

G roup 5. F ive  an im als w ere g iven  th e  sucrose in je c tio n  30 m in , and  an o th er 5, 24 h  a f te r  
th e  p r e t r e a tm e n t  w ith  cyclohexim ide. T h ey  were killed 3 h  a f te r  th e  sucrose tre a tm e n t.

G roup 6. F ive an im als g iven  1 m l d istilled  w a te r in tra p e rito n e a lly  and  killed 3 h  la te r  
se rv ed  a s  co n tro ls.

S m a ll pieces of th e  p an creas w ere fixed  in  d is tilled , 3 %  g lu ta ra ld eh y d e  (F lu k a) b u ffered  
w ith  p H  7.4 (0.125 mol/1) p h o sp h a te  b u ffe r , for 2 h , p o stf ix ed  fo r 1 h in 2%  osm ium  te tro x id e  
a n d  e m b e d d e d  in A ra ld it. A U E M V — 100B electron  m icroscope w as used  for th e  in v es tig a tio n s .

Results

As i t  was expec ted  on th e  basis of th e  re su lts  of an earlier d e ta i led  in 
v e s t ig a t io n  of  th e  phen o m en o n  [10], a u to p h ag ic  vacuoles  con ta in ing  m ain ly  
d e g ra d in g  cis ternae  of th e  rough-surfaced  endop lasm ic  re ticu lum  were o b 
se rv ed  in th e  acinar cells 3 h  a f te r  th e  in jec t ion  o f  e i ther  cadm ium  chloride

F ig. 1. P a r t  o f p an crea tic  ac in ar cell from  a m ouse 3 h  a f te r  cadm ium -chloride  tr e a tm e n t.  
E a r ly  fo rm s o f double m em b ran e-lim ited  au to p h ag ic  v acuo les w ith  r E R  cisternae en ca p su led  

are in d ic a te d  w ith  arrow s; X 25 000
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Fig. 2. P a r t  o f p an crea tic  exocrine  cell from  an an im al given cyclohexim ide 30 m in u te s  prior 
to  cadm ium  chloride for 3 h. No a u to p h a g ic  vacuoles are p re sen t; X 21 000

(Fig. 1) or sucrose. The a u to p h ag ic  vacuoles  were found m ost a b u n d a n t ly  in 
th e  v ic in i ty  o f  th e  Golgi zone, a n d  th e i r  m orphology  co rresp o n d ed  to  th a t  
described  earlier [10].

On th e  o the r  hand , no in duc tion  o f  au tophagocy tos is  b y  e i th e r  cadm ium  
chloride (Fig. 2) or sucrose was observed  in th e  cells o f  mice g iven  cyclohexi
m ide  30 m in p rior  to  th e  inducer.  T h e  cy top lasm ic  s t ru c tu re  o f  th e se  cells 
could  n o t  be d is tingu ished  from  those  t r e a te d  w ith  cyclohexim ide a lone for 
210 m inu tes .  A p a r t  from th e  a p p a re n t  deletion of  zymogen granules  a n d  a h y p o 
plasia of th e  Golgi a p p a ra tu s ,  th e  d ru g  itse lf  caused no considerab le  cy to p la s 
m ic  a l te ra t io n s  w ith in  th is  t im e .

W hen  sucrose or cad m iu m  were adm in is te red  to th e  mice 24 h after 
cyclohexim ide, num erous  a u to p h ag ic  vacuoles were seen in th e  cells 3 h after  
th e  a d m in is t ra t io n  of th e  in ducer  (Fig. 3). Moreover, a small n u m b e r  o f  a u to 
phagic  vacuoles were p resen t  in th e  cy top lasm  24 h after  th e  in jec t io n  of 
cyclohexim ide (Group 1).
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F ig . 3. A utophag ic  vacuoles a re  e v id e n t in an ac in ar cell f ro m  a m ouse given cyclohexim ide 
24 h  p r io r  to  sucrose for 3 h ; X 18 000

Discussion

B ased  on the resu lts  p re se n te d  here, a n d  on p rev io u s  experim ents  in which 
n e u t r a l  red  [6, 11] or p u ro m y c in  [7] was used  as in d u c e r  o f  au tophagocy tos is ,  
we conc lude  th a t  cyc lo h ex im id e  given in le th a l  o r  sub le th a l  doses to  anim als  
is c a p a b le  of p reven ting  in d u c e d  au tophagocy tos is  in  th e  pancreas. This is a 
t r a n s i e n t  effect since t h e  cells recovered th e i r  c a p a b i l i ty  for au tophag ic  re 
sp o n se  to  the  in jurious a g e n ts  w ith in  24 hours. O u r  previous, p a r t ly  pub lished  
f in d in g s  indicate t h a t  t h e  le n g th  of the  in te rv a l  d u r in g  which cyclohexim ide 
p r e v e n t s  focal cy top lasm ic  deg rada tion  is d i re c t ly  p roport iona l  to  th e  dose 
o f  t h e  drug.

B ased  upon our ear l ie r  re su lts  [10], it  is obv io u s ,  t h a t  in pancrea tic  ac inar 
cells t h e  rough-surfaced endop lasm ic  re ticu lum  m a y  serve as a m a jo r  source 
o f  t h e  lim iting  m e m b ra n e  o f  th e  au tophagic  vacuoles .

Since other t r a n s la t io n a l  inhibitors like d im e th y ln i t ro sa m in e  [4], p u ro 
m y c in  [7, 8] and e th io n in e  [2, 5] are known to  in d u c e  au tophagocy tos is  and  
a  d eg ran u la t io n  of th e  en d o p la sm ic  re ticu lum  as well, we hypothesized  [11] 
t h a t  cycloheximide m ig h t  a c t  as an inh ib ito r  o f  a m em b ran e  t r a n s fo rm a 
t io n  necessary  [3] for th e  fo rm a tio n  of th e  a u to p h a g ic  vacuoles, possibly
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th ro u g h  its p reserv ing  effect on m em b ran e -b o u n d  po ly r ibosom al s t ru c tu re .  
E x p e r im en ts  are being  carr ied  o u t  in our la b o ra to ry  on p rev en t io n  of  induced 
a u to p h a g y  b y  em etine , a t ran s la t io n a l  in h ib i to r  ac t ing  s im ilarly  as cyclo- 
hexim i de [9].
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OBSERVATIONS ON MAMMALIAN PANCREATIC CELLS 
GROWN IN MONOLAYER CULTURES

V. Q U A N T IT A T IV E  STU D Y  O F  T H E  N U C L E O L A R  E X T R U S IO N  
IN  RA T P A N C R E A T IC  C E L L S C U L T IV A T E D  IN  V IT R O

I .  H l L W I G

FA R B W ER K E HOECHST AC, VORMALS M EISTER LUCIUS & BRÜNING, F R A N K FU R T 

(R eceived  1973 — 07 — 09)

Abstract

A tte m p ts  were m ade to  analyse  q u a n ti ta t iv e ly  and  to influence n u c leo lar e x tru 
sion w hich is visib le u n d e r th e  lig h t m icroscope.T he ex p erim en ta l m odel co n sis ted  of 
insu lin -re leasing  r a t  p an crea tic  cells c u ltiv a te d  in  vitro. A ttem p ts  to  increase  th e  
nucleo lar ex tru s io n  b y  tre a tm e n t w ith  v a rio u s sub stan ces were unsuccessfu l. No 
co rre la tio n  w as found  be tw een  insu lin  re lease  and  nucleo lar ex tru s io n . T he p rocess of 
nuc leo lar ex tru s io n  w as ex am ined  by  m ic ro -c in em ato g rap h y , in s ta in ed  p re p a ra tio n s  
and  by e lec tro n  m icroscopy using  th e  S te reo scan ® .

Introduction

In  our f irs t  p ap e r  on th e  pancrea tic  cells o f  a d u l t  ra ts  c u l tu red  as mono- 
layers [4], nuclear  a l te ra t ions  including th e  ex trus ion  of nuc lear  su b s tan ce  
an d  whole nucleoli th ro u g h  openings o f  th e  nuc lear  m em b ran e  were described. 
We have  in te rp re ted  th is  process — like H s u  a n d  L o u  [ 7 ]  an d  A l t m a n n  [ 1 ]  —  

as th e  m an ifes ta t ion  of an  ex trem ely  in tense  m etabo lism  of th e  cells concerned , 
which is charac ter ized  by  p ro duc tion  a n d  secretion phases. The ques t ion  was 
ra ised  w hether  th e  ex trusion  of nuclear  su b s tan ce  and  the  insulin release are 
connec ted  phenom ena . In  th e  presen t w ork  th e  course and th e  q u a n t i t a t iv e  
d is t r ib u t io n  of th e  ex trus ion  of nuclear  m a te r ia l  were followed in e x p e r im en ts  
in which the  insulin release of  in  vitro  cu l t iv a te d  pancrea tic  cells was in f luenced  
experim enta l ly .

Material and method

P ancreases o f m ale ra ts  o f 40 g body  w eigh t w ere used  th ro u g h o u t. T he p re p a ra tio n  of 
cell suspensions an d  th e  c u ltiv a tio n  tech n iq u es h a v e  been  described elsew here [4].

N ucleolar su b s tan ce  ex tru s io n  (N S E ) w as exam in ed  q u a n tita tiv e ly  from  th e  3rd  to 
the  12 th  day  of c u ltiv a tio n  in  vitro, in M ay —G rü n w ald — Giernsa p rep ara tio n s. E a c h  v a lu e  is 
based  on th e  e x am in a tio n  of 3 000 cells. A nalyses o f  in d iv id u a l p ic tu res  so rted  o u t  from  th e  
m ic ro -cin em ato g rap h ic  p h o to g rap h s show ed de ta ils  o f th e  N S E , especially  th a t  o f th e  nucleo lar 
ex tru s io n . A ttem p ts  w ere m ade to  influence th is  process by  certa in  su b s tan ces (caffeine, 
glucose, p ilocarp ine , colchicine, bile acids and  su lp h o n y l d e riv a tiv e s  of u rea) on  th e  5 th  d ay .
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Results

T he N S E , as i t  was followed by  m ic roc inem atog raphy ,  is p re s e n te d  in 
Fig. 1. A slowly growing w eakly  s t ru c tu re d  nuclear  bleb folds o u t  a n d  an 
e longa ted  nucleolus w anders  into it . B y  sp l i t t in g  up of th e  bleb th e  nuc lear  
m e m b ra n e  opens. T hereaf ter ,  a p o r t ion  o f  th e  nucleolus detaches,  a n d  in th e  
cy top lasm , slowly loses its con tras t .  T h e  nuc leo la r  m ateria l re m a in in g  w ith in  
th e  nucleus e i the r  tak es  a position beside th e  nuclear  m em brane  h a v in g  been 
re s t i tu te d  in th e  m ean tim e ,  or w anders ,  as a rounded  partic le , to w a rd s  th e  
inner  region of th e  nucleus. Nuclear  b lebs can  repea ted ly  be fo rm e d  in short

Fig. 2. D ifferen t s tages before , during  an d  a f te r  th e  nu c lear substance e x tru s io n . M ay - G rün- 
w a ld -G iem sa  sta in ing . M ag n ificatio n : ab o u t X 800

periods. Nucleoli do n o t  w ander in to  all o f  th e se  blebs. N evertheless, th e  nuc lear  
m e m b ra n e  opened  and  th e  blebs split  in  all th e  cases observed b y  us. After  
r e s t i tu t io n  of th e  nuc lear  m em b ran e  a  vacuo le  develops a t  th e  p lace  o f  th e  
form er opening. E x tru s io n  of th e  nuc leo la r  m a te r ia l  takes p lace in  a few sec
onds o r  m in u tes ,  whils t  the  so-called p re p h a se  an d  postphase  can  la s t  hours. 
In  th e  q u a n t i t a t iv e  eva lua tion  based  on s ta in e d  prepara tions  we d iv id ed  the  
N SE  in to  th ree  phases:

prephase : fo rm ation  of th e  bleb a n d  im m igra t ion  of the  nucleo lus ;  
output p h a se :  opened nuclear  m e m b ra n e  and  extrusion o f  a nucleolus 

(or a p o r t io n  o f  th e  nucleolus) in  som e of the  blebs; 
postphase : r e s t i tu te d  nuclear  m e m b ra n e  and  a vacuole fo rm e d  a t  the  

place o f  th e  form er opening.
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F ig. 3. E x tru s io n  of nucleo lar p o rtio n s  tak en  up  w ith  th e  scann ing  electron  m icroscope, 
a a n d  b  budd in g -o ff and  e x tru s io n  ( —»-) of nucleolar p o rtio n s . M agnifications: a =  X 2 400; 
b =  X 12 000. c — e =  nucleo lar p o rtio n s  outside  o f th e  n u c leu s  (-*■). M agnifications c a n d  d =

=  X 2 400, e =  X 6 000

F ig .  2 shows a few s tages of this process in  M ay — Griinwald G iem sa 
p r e p a ra t io n s .  In  Fig. 3 t a k e n  w ith  the  s can n in g  electron microscope, th e  
n u c le o la r  ex trusion  can he seen.*

* T h e  p h o to g rap h s  were m ad e  in  th e  la b o ra to ry  of D r. S c h e r e r . I express m y th a n k s  to  
M rs. Sc h m i d t  for th e  good c o llab o ra tio n , w orking w ith  th e  S te reo sca n ® .
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Fig. 4 p resen ts  th e  frequency  o f  th e  N S E  in th e  f irst passage  in  vitro. 
D epend ing  on th e  g row th  in tens i ty ,  i t  increases  m arked ly  in th e  f i r s t  days. 
T he  m a x im u m  frequency  was reached  as a ru le  on th e  7 th  day , 6 a n d  10 days 
being  th e  ex trem e  values. In  th e  tw o hours  following changing o f  t h e  m ed ium  
th e  process becom es more f requen t  again.

W e ex am in ed  th e  effect of glucose, to lb u ta m id e ,  g lybenc lam ide , secre
t in  (pure  a n d  com m ercial),  insulin, p i locarp ine  a n d  different bile ac ids .  Signif
ican t  increase in th e  n u m b e r  of N S E , as i t  was observed by  A l t m a n n  [1] in  
vivo  in exocrine m ouse pancrea tic  cells a f te r  p ilocarpine, was fo u n d  in only 
one of our n u m ero u s  experim ents .

N S E  was supp ressed  b y  caffeine (Fig. 5), b y  colchicine (Fig. 6) a n d  b y  
p ro longed  t r e a tm e n t  w ith  insulin or com m erc ia l  secretin. N um erous  com bined  
ex per im en ts  in w hich  tw o substances  were g iven one after  a n o th e r  or s im ul
tan eo u s ly  for tw o hours  showed th e  following:

(a) th e  in h ib it ion  of  th e  N S E  b y  colchicine is irreversible (F ig .  6); it  
c an n o t  be suspended  b y  either  of n o rm a l  n u t r i t iv e  m edium , p u re  secretin , 
caffeine a n d  insulin ;

(b) in one ex per im en t,  g lybenclam ide (1 /ig/ml) in com bina tion  w i th  e ither  
o f  th e  th ree  bile acids (lOjMg/ml) led to  an  a c t iv a t io n  of the  N S E .  I n  sim ilar  
co m b in a t io n s  p u re  secre tin ,  failed to  in c rease  th e  poor effect o f  th e  bile 
acids (Fig. 7).

D iscussion

L igh tm icroscopically  observable  ex tru s io n  o f  nuclear  m a te r ia l ,  occasion
ally  of whole nucleoli, has  often been  descr ibed  in th e  last 20 yea rs .  I n  some of 
these  works t issue  sections were s tud ied . A l t m a n n  [1] and C l a r k  [2], am ong 
o thers ,  h ave  ana ly zed  exocrine p ancreas  t issue  a n d  S c h m a l b r u c h  [10] h u m a n  
skele ta l  muscle, th e  tw o  la t te r  a u th o rs  h av e  eva lua ted  e lec tron  m icro
g raphs. N S E  in cells cu l t iv a ted  in  vitro  was s tud ied , e.g., b y  P o m e r a t  and  
co-workers [9], H s u  and  L o u  [7] a n d  L o v e  a n d  co-workers [8] w ho h a d  eva l
u a te d  op tica l  a n d  electron m icrographs a n d  p a r t ly  used th e  m ic roc inem ato -  
g raphy .  More recen tly ,  G o d i n a  a n d  co-w orkers [3] have  described th e  ex trem e 
case, n am ely , th e  ex trus ion  of the  whole nucleo lus  an d  its d isap p ea ran ce  w ith in  
th e  cy top lasm . T h e  ex trusion  of nucleoli o r  o f  p a r ts  of th e m  as o b se rved  by  
us, proceeds sim ilarly  to  t h a t  described b y  H s u  a n d  L o u  [7] in  m e la n o m a  cells, 
b y  L o v e  a n d  co-workers [8] in pe rm a n e n t  cell lines an d  by  G o d i n a  [3] in  ch ick 
en h e a r t  f ib rob las ts .  While H su  a n d  L o u  as well as G o d i n a  w orked  w ith  u n 
influenced  cells, L o v e  and  co-workers succeeded  — in c on tras t  w i th  o u r  experi
m e n ts  — in s t im u la t in g  th e  ex trus ion  of  n u c lea r  m ateria l  (non-physio log ica l 
te m p e ra tu re s ,  15746°C). The s t im u la t io n  was m easured  b y  th e  increase  in 
the  m ass of  th e  nuc lear  m ater ia l  found  o u ts ide  the  re s t i tu te d  n u c le a r  mem-
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F ig . 4. F req u en cy  of th e  n u c le a r substance  ex tru s io n  in th e  f irs t passage in  vitro
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F ig . 5. E ffec t of caffeine (1, 5 an d  10 mmol/1) on th e  n u c le a r substance  ex tru s io n

b ran e .  T h e  ex tru d ed  m ass w as identif ied  chiefly  as D N A -con ta in ing  nuc leo la r  
m a te r ia l .  In  our experim en ts  t h e  ex tru d ed  p a r ts  were  Feulgen-negative.

I n  ou r  experim ents ,  in  general, N S E  w as inh ib ited ,  in d e p e n d e n t ly  of 
th e  e ffec t exer ted  b y  th e  su b s ta n c e  on th e  insu lin  release (e.g., increase  b y  
caffe ine, no effect b y  colchicine; H i l w i g  [5, 6]).
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Fig. 6. E ffec t o f colchicine (1 fig /n il)  on th e  nu c lear sub stan ce  ex tru s io n
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F ig. 7. E ffec t o f g lybenclam ide  (1 /tg /m l, H B  419) in co m b in a tio n  w ith  bile acid s B A  I — B A  I I I  
(10 ,«g/ml) on  th e  nuclear su b s ta n c e  ex tru s io n . BA I =  tau ro d eo x y ch o lic  acid ; B A  I I  =  tau ro - 

chenodeoxycholic  acid ; B A  I I I  =  tau ro lith o ch o lic  acid
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O nly  one of th e  e x p e rim e n ts  has led to  an  in c rease  of th e  N SE . T his was 
p e rfo rm e d  in  a cell s tr a in  show ing  ex tru sio n  s tag es  a t  a low  freq u en cy . H ere 
th e  N S E  was s tim u la te d  b y  g lybenclam ide , in  c o m b in a tio n  w ith  e ith e r  of th e  
b ile  ac ids, under s tu d y  (F ig . 7). T he specific or n onspecific  c h a ra c te r  o f th is  
s t im u la tin g  effect has n o t  b e e n  cleared  up . P a ra lle l ex am in a tio n s , for exam ple, 
w ith  p u re  secretin  co m b in ed  w ith  bile acids, show ed no increase in th e  N SE .

O u r experim en ts p o in te d  o u t th a t  th e  N S E  a n d  th e  insu lin  re lease have 
no co n n ec tio n  w ith  each  o th e r .
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(R eceived  1 9 7 3 - 0 8 - 0 3 )

Abstract

In  th e  P H A -stim u la te d  p e rip h e ra l b lood  cu ltu res o f a fo u r-y ear-o ld  H o lste in - 
F riesian  bull w ith o u t a n y  p h e n o ty p ic a l a b n o rm a lity  two cell lines w ere fo u n d . The 
m a jo rity  of m itoses h a d  a com p le te ly  n o rm al m ale k a ry o ty p e  w ith  60 chrom osom es. 
T hree  analyzed  divisions o u t o f 36, how ever, h ad  only 59 ch rom osom es w ith  one long 
m etacen tric  fo rm . One cell h a d  60 chrom osom es includ ing  th is  a n o m a lo u s  form . 
The m etacen tric  p re su m ab ly  tak e s  its  orig in  from  cen trom eric  fusion  o f tw o  m edium - 
size au tosom es. T his chrom osom al a n o m a ly  m ay  be responsib le  for th e  low  fe rti l ity  o f 
th e  sire in  sp ite  o f excellen t la b o ra to ry  q u a lity  o f his sperm .

In tro d u c tio n

T he R o b ertso n ian  tra n s lo c a tio n  or cen trom eric  fusion is one o f  th e  m ost 
f re q u e n t au to so m al anom alies described  in  c a ttle . A n u m b er o f  p a p e rs  have 
d ea lt w ith  th e  tran s lo ca tio n  of one or b o th  chrom osom es [1 — 6, 9 — 15, 21 — 23, 
27, 28] No. 1 to  N o. 29, i.e. No. 1 to  N o. 28 [24]. C entrom eric  fusion  o f  ch ro 
m osom es N o. 2 to  No. 4 w as re p o rte d , too  [20]. T he tra n s lo c a tio n s  m a y  be 
hetero zy g o u s or hom ozygous, w h e th e r one m em ber or b o th  o f  th e  ch ro m o 
som al p a irs  are  invo lved .

T his ty p e  o f tran s lo ca tio n  is re a d ily  recognizable b y  th e  p resence  o f one 
or tw o  long m e tacen tric  chrom osom es beside one p a ir of m e ta c e n tr ic  sex 
chrom osom es a n d  u n iq u e ly  ac ro cen tric  au tosom es.

A n o th e r ty p e  of au to so m al fusion is th e  so-called “ ta n d e m ” tra n s lo c a 
tio n . A p a r t  of one chrom osom e arm  is tra n s lo c a te d  to  th e  d is ta l p a r t  of 
a n o th e r  an d  it  resu lts  in  a long ac ro cen tric  chrom osom e [7, 8].

T he n o rm al d ip lo id  n u m b e r o f th e  c a ttle  is 60 [17, 18]. T h is n u m b e r  is 
red u ced  to  59 in  case of he tero zy g o u s an d  to  58 in case o f hom ozygous 
tra n s lo c a tio n . These ch rom osom al anom alies u sually  do n o t in fluence  th e  
p h e n o ty p e  o f th e  c a ttle . N everth e less , th e  chrom osom al a n o m a ly  o f a 
sire m ay  cause reduced  fe r tility  [7, 8]. T he sam e effect was e s tab lish ed  in 
th e  heifers ca rry in g  th e  an o m a ly  [3].
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Material and m ethod

T he propositu s is a  fo u r-y ear-o ld  H o lste in -F rie sian  b u ll, hom ozygous for th e  red- 
w h ite  colour, im ported  fro m  C an ad a . T he an im al is p h e n o ty p ic a lly  no rm al w ith o u t an y  p a th o 
log ica l signs. H aem ato lo g ica l fin d in g s were no rm al b y  re p e a te d  ex am in atio n s . T hough  
h is sp e rm  tu rn ed  o u t to  be  o f im p eccab le  q u a lity  by  la b o ra to ry  in v es tig a tio n s , his fe rtility  has 
b e e n  low : 37.1%  o u t o f 1 162 f i r s t  insem inations in  c o m p ariso n  w ith  a m ean  50 .3%  am ong 
o th e r  sires used  on th e  sam e fa rm s .

C hrom osom al spec im ens w ere  o b ta ined  b y  c u ltiv a tin g  P H  А -stim u la te d  p e rip h e ra l venous 
b lo o d  du rin g  72 h  a t  37 °C acco rd in g  to  Moorhead  a n d  co-w orkers [19]. F o u r /rg/m l Colce- 
m id  w as ad d ed  to th e  c u ltu re s  fo u r hours before th e  h a rv e s t.  T he slides w ere s ta in ed  for ch rom o
so m al b an d s b y  th e  m e th o d  o f  S u m n e r  and co-w orkers [25] w ith  a  m od ification  used  in our 
la b o ra to ry  [26]. T he w e ll-sp read  m itoses were p h o to g ra p h e d  a n d  en larged . The chrom osom es 
w ere c u t o u t from  p r in ts  o f  th e  b e s t m itoses an d  o rd e red  acco rd in g  to  th e ir  size an d  ban d s, 
p ro v id e d  th e  la tte rs  w ere  recogn izab le .

Results

A to ta l  of 36 m ito ses  w ere analyzed  o u t o f  tw o  cu ltu res of p erip h era l
W BC.

F o u r cells c o n ta in e d  a long m etacen tric  ch rom osom e. I ts  size is co m p ar
ab le  w ith  th a t  o f th e  X  chrom osom e, th e  la t te r  b e ing  m ore su b m e tacen tric . 
O u t o f these , th ree  cells h a d  59 (Fig. 1) and  one cell h a d  60 chrom osom es (F ig . 2).

S ix teen cells p ossessed  60 chrom osom es w ith  a com pletely  no rm al 
k a ry o ty p e  (Fig. 3).

T h irteen  fu r th e r  m ito ses  h ad  less th a n  60 chrom osom es, h u t th e y  lacked  
th e  tra n s lo c a te d  fo rm  (T ab le  1). In  these  cells th e  loss of th e  chrom osom es 
w as ran d o m .

T hree m itoses, e x c lu d ed  from  T ab le  1, h a d  a p p ro x im a te ly  te tra p lo id  
c o u n ts , b u t th e y  w ere n o t  u n equ ivoca lly  an a ly z a b le  for th e  presence of th e  
tra n s lo c a te d  form . No o th e r  s tru c tu ra l re a rra n g e m e n ts  w ere found .

Table 1

Chromosome num ber and  occurrence o f  translocation in  diploid mitoses*

Chromosome num ber < 59 5 , 60 Total

N u m b e r o f cells w ithou t 8 5 16 29
tran slo ca tio n (24.2% ) (15 .2% ) (48.5% ) (87.9% )

N u m b er of cells w ith — 3 1 4
tran slo ca tio n

- (9 .1 % ) (3.0% ) (12.1% )

* T hree te trap lo id  m ito ses a re  n o t included in  th is  tab le

Discussion

In  th e  case p re se n te d  here  an  ab n o rm al cell line w as found  beside th e  
n o rm a l k a ry o ty p e  in  th e  p e rip h e ra l b lood  c u ltu re s  o f  a hull. The an o m aly  is 
re p re se n te d  b y  a long  m e ta c e n tr ic  chrom osom e. W e assum e th a t  i t  w as pro-
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a )

Fig. l a  b. a =  m itosis w ith  59 chrom osom es, one of th e m  being  the  tran s lo ca ted  fo rm  (arro w ); 
b k a ry o ty p e  m ade of th e  sam e division. T he a n o m a lo u s  m etacen tric  ch rom osom e p laced  
o u tsid e  r ig h t. A utosom es Nos 13 and 21 left u n p a ire d . T e n ta tiv e ly  th ey  took  p a r t  in  th e  cen tric

fusion
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F ig . 2. A n o th e r m itosis w ith  60 chrom osom es, one o f th e m  is th e  tran s lo ca ted  m e ta c e n tr ic
chrom osom e (a rro w )

d u ced  b y  cen tro m eric  fusion  of tw o m edium  size au tosom es. The e x a c t seria l 
n u m b e r  o f  chrom osom es invo lved  in th e  tra n s lo c a tio n  could n o t be u n e q u i
v o ca lly  e s tab lish ed  even  b y  G iem sa b an d  te c h n iq u e , b u t ce rta in ly  th e y  do n o t 
co rre sp o n d  to  th e  p a irs  N o. 1 and  29, or 2 a n d  4, described  by  o th ers  as ta k in g  
p a r t  in  cen tric  fusion in  th e  c a ttle . The long m e ta c e n tr ic  chrom osom e o ccu rred  
in  cells w ith  59 chrom osom es. O nly one cell possessing  th is an o m a ly  h a d  a 
n o rm a l d ip lo id  co u n t, i.e ., 60 chrom osom es. T h is  f a c t  speaks for cen tric  fusion  
la y in g  in  th e  basis o f  th is  anom aly , found in  1 2 .1 %  of th e  analyzed  d iv isions. 
T h e  cen tro m eric  fusion  is o f  heterozygous k in d , fo r th e  o ther tw o m em b ers  
o f th e  co rrespond ing  p a irs  rem ained  u n in v o lv ed .

P h e n o ty p ic a lly  th e  hu ll does no t re v e a l a n y  sign p rescribab le  to  th e  
ch rom osom al an o m aly . H ow ever, his low fe r t i l i ty  m a y  be connected  w ith  th e  
m osaic  an o m a ly  o f  h is chrom osom es. F u r th e r  in v es tig a tio n s  of th e  o ffsp rings 
are  in  p rogress. On th e  o th e r  han d , som e exogenous m utagen ic  in flu en ces 
m ig h t also  cause th e  describ ed  chrom osom al an o m a ly .

A cknow ledgem ents

W e w ish to th a n k  Miss K a t a l in  G. Molnár a n d  Miss É va B ordás for sk illfu l a ssistan ce .

Acta Biologien Academiae Scientiarum Hungaricae 24, 1973



M O S A I C  C E N T R O M E R I C  F U S I O N 219

Acta  Biologien A cadem iaз S cien tiarum  H ungaricae 24 , 1973

F i g .  3 .  N orm al m ale div ision  and  k a ry o ty p e  (60 chrom osom es) o f  th e  sam e sire



2 2 0 A . K O V Á C S  e t  al.

R E F E R E N C E S

1. A m r u d , J .  (1969) C entric  fu sio n  o f chrom osom es in  N o rw eg ian  red  c a tt le  (N R F ). H ereditas ,
6 2 , 2 9 3 -3 0 2 .

2. G u st a v s s o n , I. (1966) C hrom osom e ab n o rm a lity  in  c a tt le . N a tu re . 21 1 , 865 -  866.
3. G u st a v s s o n , I. (1969) C y to g en e tic s , d is tr ib u tio n  an d  p h e n o ty p ic  effects of a tran s lo c a tio n

in  Sw edish  c a ttle . H ered itas , 6 3 , 68 -169.
4. G u st a v s s o n , I. (1970) E co n o m ic  im p o rtan ce  of a tran s lo c a tio n  in  Sw edish  ca ttle . Giessener

B eitr. Erbpath. Z uchthyg ., Sonderheft 1, 108 —114.
5. G u st a v s so n , I. (1971) Culling ra te s  in  d au g h te rs  o f sires w ith  a tran s lo c a tio n  of cen tric

fu sio n  ty pe. H ereditas , 6 7 , 65 — 74.
6. G u s t a v s s o n , I., R o c k b o r n , G. (1964) Chrom osom e a b n o rm a lity  in  th re e  cases o f ly m p h a tic

leu k aem ia  in  c a ttle . N a tu re , 2 0 3 , 990.
7. H a n s e n , K. M. (1969) B ovine ta n d e m  fusion  an d  in fe r tility . H ereditas , 63, 453 — 454.
8. H a n s e n , K . M. (1970) T a n d e m -F u sio n -T ra n slo k a tio n  u n d  U n fru c h tb a rk e it  b e im  R ind .

Giessener Beitr. Erbpath. Zuchthyg . Sonderheft 1, 115 — 118.
9. H a r e , W . C. D., McF e e l y , R . A. (1966) Chrom osom e a b n o rm a litie s  in  ly m p h a tic  leu k aem ia

in  c a ttle . N ature , 2 0 9 , 108.
10. H a r e , W . C. D., McF e e l y , R . A ., A b t , D. A., F e i e r m a n , J .  R. (1964) C hrom osom al

s tu d ie s  in bovine ly m p h o sarc o m a. J . N at. Cancer I n s t ., 33 , 105.
11. H a r e , W . C. D., Y a n g , T s u - J u , M cF e e l y , R. A. (1967) A su rv ey  of chrom osom e f indings

in  47 cases of bovine ly m p h o sa rc o m a  (leukem ia). J . N at. Cancer In st.. 38 , 383 — 392.
12. H a r v e y , M. J . A. (1971) A n a u to so m a l tran s lo c a tio n  in  th e  charo la is b reed  o f c a ttle .

Vet. Rec. 89, 110 -1 1 1 .
13. H a r v e y , M. J . A. (1972) C hrom osom enanalyse  beim  R in d  in  G ro ssb ritan n ien . V I I .  In tern .

K ongr. tier. F ortp fl. hünstl. B esam ., M ünchen , 2, 1100 —1103.
14. H a r v e y , M. J .  A. (1972) C hrom osom e ab n o rm alitie s  o f c a tt le  in  B rita in . Vet. Rec. 91,

630.
15. H e r s c h l e r , M. S., F e c h h e i m e r , N. S. (1966) C entric  fusion  of chrom osom es in  a  se t of

b o v in e  trip le ts . Cytogenetics. 5, 307 — 312.
16. H ö h n , H . (1971) A u to so m ale  C h ro m o so m en tran slo k atio n  (Z en tro m ere  Fusion ) bei h e te ro 

sex uellen  R inderzw illingen . Giessener Beitr. Erbpath. Zuchthyg., 3, 7 —17.
17. K r a l l i n g e r , H. (1927) U b e r d ie  C hrom osom enzahl beim  R in d e, sowie einige B em erk u n g en

ü b e r  die C hrom osom enfo rschung  in der S äu g e tie rk lasse . A n a t. A n z .. 63, 204 — 214.
18. M e l a n d e r , Y. (1959) T he m ito t ic  chrom osom es of som e cav ico rn  m am m als ( Bos taurus, L.,

B iso n  bonasus L. a n d  Ovis aries, L .). Hereditas, 45, 649 — 664.
19. M o o r h e a d , P.  S., N o w e l l , P. C., Me l lm a n , W . J . ,  B a t t i p s , D. M., H u n g e r f o r d , D. A.

(1960) Chrom osom e p re p a ra tio n s  o f leukocy tes c u ltu red  from  h u m an  p e rip h e ra l blood. 
E x p . Cell Res.. 20 , 613 — 616.

20. P o l l o c k . D. (1972) A ch ro m o so m e ab n o rm a lity  in  F rie s ian  c a tt le  in  G rea t B rita in . Vet.
R ec.. 90 , 3 0 9 - 3 1 0 .

21. P o p e s c u , С. P. (1971) Les an o m a lie s  chrom osom iques des bov ins. Elev. In sem ., 124, 3 — 6.
22. P o p e s c u , C. P. (1971) D eu x  cas n o u v eau x  de fusion  c en tr iq u e  chez les bovins. A n n ls .

Génét, Sél. an im ., 3 , 521 — 525.
23. R i e c k , G. W ., H ö h n , H ., H e r z o g , A. (1968) F am iliä re s  V o rk o m m en  der z en tro m eren

C hrom osom enfusion  beim  R in d . Zuchthygiene, 3, 177 — 182.
24. R u g i a t i , S., F e d r ig o , M. (1968) A nom alie crom osom iche r isc o n tra te  in  bovin i chondro-

d istro fic i della razza  R o m ag n o la . Ateneo Parmense A cta  bio.-med. 39, 457 — 470.
25. S u m n e r , A. T ., E v ans , H . J . ,  B u c k l a n d , R. A . (1971) N ew  tech n iq u e  for d is tin g u ish 

ing  betw een h u m an  ch ro m o so m es. N ature  N ew  B io l., 23 2 , 31 32.
26. V a s s , L ., Se l l y é i . M. (1972) M odified  techn ique  for b a n d in g  h u m a n  chrom osom es. Lancet,

2, 1093.
27. W e i n h o l d , E. (1970) C h ro m o so m en u n te rsu ch u n g en  bei de r R inderleukose. Giessener Beitr.

E rbpath . Zuchthyg., Sonderheft 1, 119 — 130.
28. W e i n h o l d , E., Mü l l e r , A. (1971) U n te rsu ch u n g en  ü b e r  C h rom osom enanom alien  bei

d e r R inderleukose. Berl. M ü n ch en . Tierärztl. W schr., 84, 146 — 149.

A n d r á s  K o v á c s  

I s t v á n  M é s z á r o s  

M i h á l y  S e l l y é i  

L á s z l ó  Vass

Î C e n tra l S ta tio n  for A rtific ia l In sem in a tio n , 
1440 B u d a p e s t, 70. Р О В . 19, H u n g a ry

} D c p t. o f  P ath o lo g y , R ó b e rt K á ro ly  H osp ita l, 
1394 B u d a p e s t, PO B . 375, H u n g a ry

Acta Biologien Academiae Scientiarum Hungaricae 24, 1973



Acta biol. Acad. Sei. hung., 24(3—4), 221 231 (1973)

TRANSNEURONAL EFFECTS IN THE DEVELOPMENT 
OF THE ADRENERGIC PERIPHERAL INNERVATION

APPARATUS

M a r i a  G a j ó  a n d  G . K á l m á n

D EPARTM ENT OF ANATOMY, MEDICAL U N IV ER SITY , SZEGED, HUNGARY

(R eceived 1973 — 09 — 25)

Abstract

In  c o n tra s t to  th e  resistance  of th e  p e rip h e ra l adrenergic in n e rv a tio n  a p p a ra tu s  
to  p reganglion ic  d e n e rv a tio n  (d ecen tra liza tio n ) in a d u lt  an im als, s trik in g  a lte ra t io n s  were 
observed  in  th e  fluorescence m icroscopic p a t te rn  o f th e  iris in suckling ra ts  su b je c ted  to 
preganglion ic  tran sec tio n  of th e  cervical sy m p a th e tic  t ru n k . D ecen tra liza tio n  p e rfo rm ed  
before th e  7 th  p o s tn a ta l  d ay  resu lts  in  a co n sid erab le  re ta rd a tio n  of p o stg an g lio n ic  s tru c 
tu res ; th e  sam e o p e ra tio n  if  perform ed durin g  th e  second p o stn a ta l w eek, i.e ., in  th e  “ c riti
cal p e rio d ” of th e  develo p m en t o f sy m p a th e tic  ganglion  cells in th e  su p erio r cerv ica l g an 
glion, resu lts  in a lu x u ria n t h y p e rp ro life ra tio n  of postgang lion ic  s tru c tu re s . D e ce n tra liza 
tio n  perfo rm ed  a f te r  th is  period  does no t in d u ce  a n y  a lte ra tio n s  in th e  p o stg an g lio n ic  in 
n e rv a tio n  a p p a ra tu s . Irresp ec tiv e  o f th e  e ffec ts u p o n  the  postganglion ic  s tru c tu re s , 
d ecen tra liza tio n  pe rfo rm ed  during  th e  f irs t  tw o p o s tn a ta l  weeks re su lts  in  a su rv iv a l 
and  p ro life ra tio n  of th e  “ spherical bod ies” , ch arac te riz in g  early  d e v e lo p m en ta l stages 
o f th e  postganglion ic  adrenerg ic  in n erv a tio n  a p p a ra tu s . In  vivo and  in  vitro  e x p erim en ts  
perfo rm ed  w ith  v a rio u s dep le to r an d  lib e ra to r  su b stan ces suggest th a t  sp h e rica l bodies 
c o n ta in  sero ton in , co n ce n tra ted  in special tissue  m a s t cells th a t  a p p ea r to  ta k e  p a r t  in 
th e  s tru c tu ra l an d  fu n c tio n a l m a tu ra tio n  o f th e  au tonom ic  ground  p lexus.

Introduction

B iochem ical in v es tig a tio n s  [1 — 3, 7, 10, 12, 20] have  p ro v ed  t h a t  c a te 
cholam ine co n ten ts  o f ad renerg ica lly  in n e rv a te d  tissues decrease a f te r  p o s t
ganglionic d en erv a tio n . Also fluorescence m icroscopic stud ies p e rfo rm ed  on 
th e  r a t  iris a f te r  rem o v al o f th e  superio r ce rv ica l ganglion [8 ,9 , 13 — 16] have  
show n d isap p earan ce  o f  th e  specific ca tech o lam in e  reaction  ch a ra c te riz in g  
th e  n o rm al in n e rv a tio n  a p p a ra tu s .

I t  is genera lly  assum ed , how ever, th a t ,  in  s trik in g  c o n tra s t to  th e  d ep le
tio n  o f tr a n s m itte r  s to res a fte r  d en e rv a tio n , re su ltin g  in d eg en e ra tio n  o f th e  
p e rip h e ra l in n e rv a tio n  a p p a ra tu s , d e c e n tra liza tio n , i.e., p regang lion ic  tra n s e c 
tio n  does n o t induce  an y  m ajo r a lte ra tio n s  in  th e  h istochem ical s tru c tu re  of 
th e  ad renerg ic  nerves in  general an d  th e ir  ca techo lam ine  c o n te n t in  p a r t ic 
u la r |8 , 12, 17].

All th is  in fo rm a tio n  w as o b ta in ed , how ever, on ad u lt an im als . T h u s  th e  
q u estio n  arises w h e th e r independence  o f  th e  p e rip h era l in n e rv a tio n  a p p a ra tu s  
from  th e  p reganglion ic  neu ro n e  holds also for ea rly  stages of o n to genesis , viz.,
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d u rin g  th e  v e ry  d ev e lo p m en t of th e  ad ren erg ic  g ro u n d  plexus. W e aim ed  a t  
a n sw erin g  th is  questio n , w h ich  seem s to  be fu n d a m e n ta l for u n d e rs ta n d in g  
th e  d y n am ics  o f au to n o m ic  neurogenesis.

Material and m ethod

In v e s tig a tio n s  w ere p e rfo rm ed  on 56 albino r a ts  aged  1 — 30 days.
T h e  cerv ica l sy m p a th e tic  ne rv e  was tra n se c te d  one m illim eter below th e  su p erio r 

cerv ica l g an g lion . T h u s we o b ta in e d  d ecen tra liza tio n  o f th e  au to n o m ic  in n erv a tio n  a p p a ra tu s  
o f th e  d i la ta to r  m uscle in th e  iris. S y m p a th e tic  ganglion  cells w hose axons co n stitu te  th e  g ro u n d  
p lex u s  in n e rv a tin g  th e  d i la ta to r  m uscle are loca ted  w ith in  th e  superior cerv ical g an g lion . 
T hese  g ang lion  cells receive p regang lion ic  fib res via  th e  cerv ica l sy m p a th e tic  t ru n k  from  th e  
c ilio sp in a l cen tre  loca ted  in th e  sp in a l segm ent T h  1.

U sin g  a Zeiss b in o cu la r o p e ra tin g  m icroscope, th e  above  surgery  was p e rfo rm ed  in 
su ck lin g  r a ts  on th e  2nd, 4 th , 6 th , 8 th , 10th, 12th, 14 th , 1 7 th  an d  21st p o stn a ta l d ay s  u n d e r 
N e m b u ta l an es th esia . R a ts  w ere k illed  on th e  2nd, 4 th , 7 th , 10 th , 14th, 21st and  25 th  posto - 
p e ra t iv  d ay s. Irides o f b o th  sides were dissected in  sa line , s tre tch ed  on non -flu o rescen t 
m icroscope  slides, t re a te d  w ith  fo rm ald eh y d e  gas acco rd in g  to  th e  technique  o f E r ä n k ö , 
F a lc k  a n d  H ill a r p  and  s tu d ied  u n d e r  a Zeiss fluorescence m icroscope, using a H B O  200 W  
O SR A M  h igh -p ressu re  m ercu ry  lam p , a BG 12 ex citer f i lte r  a n d  an  OG 1 ocular f ilte r . Irid es 
o f th e  n o n o p e ra te d  side served  as con tro ls. P h o to m ic ro g rap h s  were o b ta ined  on O R W O  27 
D IN  b lac k -an d -w h ite  film .

A fte r  th e  fluorescence m icroscopic  in v es tig a tio n , th e  p rep ara tio n s  were p o st-s ta in e d  
w ith  to lu id ir.e  b lue  a r d ,  u sing  th e  non ius stage of th e  m icroscope  as a reference sy s tem , areas 
s tu d ie d  flu o rescencem ieroscop ically  were re -p h o to g rap h ed  in v isib le light.

Results

D ev e lo p m en t of th e  ad renerg ic  g round  p lex u s  o f th e  ra t  iris co n tin u es 
a f te r  b ir th ;  m ore p ro p e rly , ca tech o lam in e  c o n te n t o f th e  adrenerg ic  g ro u n d  
p lex u s reach es a h is to ch em ica lly  dem o n strab le  level only  p o s tn a ta lly . A d ren 
ergic te rm in a ls  show  w ell-defined  varicosities a t  th e  8 th  p o s tn a ta l day ; a r ra n g e 
m e n t o f  th e  v a ricosities becom es regu lar a t  th e  end  of th e  second p o s tn a ta l  
w eek. In  th ree-w eek-o ld  ra ts  th e  fluorescence m icroscopic p a tte rn  o f th e  iris 
is a lre a d y  id en tica l w ith  t h a t  o f th e  a d u lt an im a l.

D e n e rv a tio n  (i.e., rem o v a l of th e  su p erio r ce rv ica l sy m p a th e tic  ganglion) 
re su lts  in  all stages o f d ev e lo p m en t in a co m p le te  d isappearance  of th e  f lu o 
rescence  o f  th e  au to n o m ic  g ro u n d  plexus, in full acco rd an ce  w ith  th e  o b lig a to ry  
d e g en e ra tio n  of postgan g lio n ic  nerve  fib res a f te r  rem o v a l of th e ir  p a re n t cells 
lo ca ted  w ith in  th e  gang lion .

In  s tr ik in g  c o n tra s t to  th e  above o b se rv a tio n s , decen tra liza tio n  (i.e., 
p reg an g lio n ic  d en erv a tio n ) re su lte d  in en tire ly  d iffe re n t effects w hen perfo rm ed  
in  e a r ly  or la te r  stages o f d ev e lo p m en t. D e c e n tra liza tio n  perform ed soon a fte r  
b ir th  (2 n d , 4 th  or 6 th  p o s tn a ta l  days) re su lted  in  a re ta rd a tio n  of d ev e lo p m en t 
o f p o stg an g lio n ic  s tru c tu re s  (F igs la  and lb ) .  T h e  difference betw een  co n tro l 
an d  d ecen tra lized  irides w as m o st ev iden t on th e  2 5 th  p o stn a ta l day . Tn th is  
p e rio d , th e  co n tro l side ex h ib its  th e  p a tte rn  o f  th e  varicose g round  p lexus
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F ig . 1. F luorescence m icroscopic p a tte rn  o f th e  ra t  iris on th e  25th p o s tn a ta l d a y . a =  con tro l; 
b =  preganglionic d en erv a tio n  on th e  4 th  p o s tn a ta l d ay . Note th e  loose, im m a tu re  ground 

p lexus, co n ta in in g  num erous “ spherical bodies” ; X 250
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c h a ra c te riz in g  a d u lt a n im a ls , w hereas in th e  d e c e n tra lize d  iris on ly  a loose, 
less r ip e  plexus can be seen , characteriz ing  ea rlie r stages o f deve lopm en t. 
P e rs is te n c e  of “ spherica l b o d ie s” , charac teriz ing  e a rly  stages of d evelopm en t 
o f th e  au tonom ic  n e rv e  p le x u s  [5] is in v a riab ly  o b serv ed  in  such specim ens; 
th e  in te rp re ta tio n  o f th is  p e c u lia r  s itua tion  will be d ea lt w ith  in d e ta il la te r.

O n th e  o ther h a n d , if  th e  preganglionic d e n e rv a tio n , i.e., d e c en tra liza 
t io n , w as perform ed in  a la te r  stage  of d ev e lo p m en t, i.e ., on th e  8 th  or 10th 
p o s tn a ta l  day, th e  o p e ra te d  side offered a con sp icu o u sly  m ore dense in n e rv a 
tio n  a p p a ra tu s  th a n  th e  c o n tro l (non-operated) side. (F igs 2a an d  2b). A m ore 
th o ro u g h  inspection  rev ea ls , how ever, th a t  th is  seem in g ly  “ h y p e r- in n e rv a te d ” 
s t ru c tu re  consists of a g re a t a m o u n t of im m a tu re  axons.

D ecen tra liza tio n  p e rfo rm e d  after the  14 th  p o s tn a ta l  d ay  did n o t induce 
a n y  change in th e  f lu o rescen ce  m icroscopic p a t te r n  o f  th e  in n e rv a tio n  a p p a 
r a tu s .

As m entioned  ab o v e , sp h erica l bodies c h a ra c te r iz e  early  stages of devel
o p m e n t of th e  au to n o m ic  g ro u n d  plexus. T hese p e c u lia r  fluo rescen t bodies, 
lo c a te d  w ith in  th e  cy to p la sm s  o f a special cell ty p e , w ere observed  in  th e  irides 
a n d  o th e r  au tonom ica lly  in n e rv a te d  organs soon a f te r  b ir th . In  th e  course of 
n o rm a l developm ent, th e se  spherica l bodies co n tin u e  to  he p resen t u n til th e  
seco n d  p o stn a ta l w eek, th o u g h  in  a slowly d ecreasin g  n u m b er. A fter th e  com 
p le tio n  o f th e  fo rm atio n  o f  th e  au tonom ic g ro u n d  p lexus, spherical bodies d is
a p p e a r . W e found a s tr ik in g  su rv iv a l of these  sp h e rica l bodies in  irides su b je c t
ed to  an  early  d e c e n tra liz a tio n , i.e., th ro u g h  th e  f i r s t  w eek of p o s tn a ta l  life.

In  order to  id e n tify  th e  cytochem ical c h a ra c te ris tic s  o f th e  spherical 
b o d ie s , various s ta in in g  p ro c e d u re s  and deple tion  ex p e rim en ts  were perfo rm ed . 
F o rm a ld eh y d e -in d u ced  flu o rescen ce  is confined to  in te n se ly  reac tin g  granu les 
w ith in  th e  cy top lasm s o f ro u n d e d  or ovoid cells (F ig . 3). Y ellow  colour of 
flu o re scen ce  and p h o to s e n s it iv ity  suggests th e ir  c o n te n t to  be se ro ton in  
r a th e r  th a n  a ca tech o lam in e . T his assum ption  is su p p o rte d  also b y  in vivo 
a n d  in  vitro ex p erim en ts  (d ep le tio n , accu m u la tio n  an d  h is tam in e  lib e ra tio n , 
T a b le  I).

O f th e  drugs used  in  th e  p resen t e x p e rim e n ts , rese rp ine  is know n to 
d e p le te  catecholam ines a n d  se ro to n in  from  tissu e  s to res  b y  b locking  th e  u p 
ta k e -s to ra g e  in th e  am in e  g ran u le s , while a -m e th y l-m -ty ro s in e  depletes only  
ca tech o lam in es , by  in h ib itin g  th e ir  b iosynthesis. C om pound  48/80, P o ly m y x in  
В — h is tam in e -lib e ra to r su b s ta n c e s  — cause d e g ra n u la tio n  in  th e  m a s t cells 
a n d  re lease  th e  s to red  se ro to n in  w ith  h is tam in e  lib e ra tio n  sim u ltan eo u sly .

Cells conta in ing  f lu o re sc e n t spherical b od ies w ere iden tified  b y  post- 
s ta in in g  w ith  to lu id ine  b lu e . I t  was shown th a t ,  in  effect, we are  dealing  w ith  
tis su e  m astocy tes, be ing  in  a  pecu liarly  close c o rre la tio n  w ith  th e  developing  
a d re n e rg ic  ground p lexus. U sin g  th e ir  m e ta c h ro m a tic  reac tio n  for id e n tif ic a 
t io n , i t  tu rn e d  ou t th a t ,  as c o n tra s te d  to  co n tro l sam ples, in  irides su b jec ted

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



T R Л N S N E U  R O N A L  E F F E C T S 22!Э

Fig. 2. F luorescence m icroscopic p a tte m  of the  ra t  iris on  th e  25 th  p o s tn a ta l d ay . a co n tro l; 
b =  preganglionic d e n e rv a tio n  perform ed on the  10 th  p o s tn a ta l  d ay . N ote th e  lu x u ria n t 
h y p erp ro lifera tio n  of im m a tu re  axons, resu lting  in a consp icuously  “ dense”  in n erv a tio n

p a tte rn ; X 120
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F ig . 3. F luorescence m icroscopic p a t te rn  o f “ spherical bod ies”  in th e  course of n o rm al develop
m e n t o f  th e  adrenergic g round  p lex u s  of th e  ra t  iris. 10th p o s tn a ta l  d ay . A xons ex h ib it a 
g re e n  fluo rescence , w hereas flu o rescen ce  colour of spherical body  (arrow ) is yellow ; X 2 000
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Table 1

Specific  fluorescence o f  spherical bodies; 
in  vivo and in  vitro experiments perform ed on irides o f  6-day-old rats

Substance (drug)
Dose

Time
Results

(concentration)
Fluorescence

Toluidine blue 
staining

R eserpine, in  vivo 5 mg/kg 24 h norm al

R eserpine, in  vivo 3 x 5  mg/kg each 6 h decreased

a -m e th y l-m -ty ro s in e , 
in  vivo

400 m g/kg 12 — 24 h norm al

Serotonin , in  vivo 100 mg/kg 2 6 h increased

C. 48/80, in  vivo 5 mg/kg 12 24 h m inim al residual d eg ran u la tio n

C. 48/80, in  vitro 100 //g/m l 1 — 5 m in m inim al residual d eg ran u la tio n

P o lym yxin  B , in  vivo 5 mg/kg 12 24 h m inim al residual d eg ran u la tio n

Polym yxin  B, in vitro 100 /ig/m l 1— 5 m in m inim al residual d eg ran u la tio n

to  an  ea rly  d e c e n tra liza tio n , th e  n u m b er o f  m ito tic  figures o f su ch  cells is 
s tr ik in g ly  h igh. In  ea rly  stages of m itosis, th e s e  cells do no t co n ta in  a n y  m eta- 
ch ro m atic  g ranu les (F ig . 4a); th u s , i t  a p p e a rs  t h a t  th e y  o rig inate  from  a non- 
d iffe ren tia ted  cell ty p e . H ow ever, as soon as th e  process of m itosis ap p ro ach es 
com pletion , m e ta c h ro m a tic  granules a p p e a r  w ith in  th e  cy to p lasm s o f th e  
d iv id ing  cells (F ig . 4b). T h  ese fill up th e  cy to p lasm s of young  m asto cy te s  
(F ig . 4c). E ven  in  m a tu re  m astocy tes, h o w ev er, th e  m e tach ro m atic  granu les 
v a ry  considerab ly  in  n u m b e r (Fig. 4d).

T he m e ta c h ro m a tic  m astocy tes w ere c o u n te d  in several co n tro l a n d  de
cen tra lized  irides. T h e ir n u m b er was 182 ^  15 in controls, w hereas 4 7 4 ^ 3 1  
in irides su b jec ted  to  d ecen tra liza tio n  d u rin g  th e  f irs t  week of p o s tn a ta l  d evel
o p m en t. This 2 .5-fold increase is h igh ly  s ig n ifican t.

Discussion

A ccording to  l i te ra ry  d a ta  post- an d  p reg an g lio n ic  d en erv a tio n  (d e c e n tra 
liza tion) induce  fu n d a m e n ta lly  d ifferen t a lte ra tio n s  in the  ad ren erg ic  t r a n s 
m itte r  c o n te n t o f au to n o m ica lly  in n e rv a te d  tissu es  of ad u lt an im als.

T h u s, b iochem ical s tud ies [1 — 3, 7, 10, 12, 20] and  h is to ch em ica l in 
v es tig a tio n s  [8, 9, 13 16] u nequ ivocally  h a v e  show n th a t  c a tech o lam in e
c o n te n ts  o f ad renerg ic  te rm in a ls  are d ep le ted  a f te r  denervation , due  to  d e te rio 
ra tio n  o f  th e  t r a n s m it te r  sto rage m ech an ism .

On th e  o th e r h a n d , no changes in th e  ca tech o lam in e  co n ten t o f  ad renerg i- 
cally  in n e rv a te d  tissu es  w ere ever re p o rte d  a f te r  decen tra liza tio n  p erfo rm ed  
in  a d u lt an im als. T h u s, while stu d y in g  th e  n o ra d re n a lin e  levels in  th e  c a t n icti-
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F ig . 4. M astocy tes co n ta in ing  m e ta c h ro m a tic  g ranu les in  th e  iris o f a 9-day-old r a t  su b je c te d  
to  p reg an g lio n ic  d en erv a tio n  (d ecen tra liza tio n ) on th e  2nd  p o s tn a ta l day . T o lu id in e  blue 
s ta in in g . X 2 000. a =  m ito tic  cell, devo id  of m e ta ch ro m a tic  granules (arrow ), m a tu re  m a s to 
c y te s  (d o u b le  arrow s); b  =  f i r s t  a p p ea ran c e  of m e ta c h ro m a tic  granules (arrow ) in  one  o f th e  
d a u g h te r  cells deriving from  a  m ito t ic  m astocy te . N o te  th e  cy top lasm ic  bridg ing  b e tw e e n  th e  
tw o  d a u g h te r  cells; c and d =  p a irs  o f young  m asto cy tes , lo ad ed  w ith  m etach ro m atic  g ra n u le s
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ta t in g  m em b ran e  a fte r tra n se c tio n  o f th e  p regang lion ic  fib res o f th e  ganglion  
cerv ica le  superiu s, K i r p e k a u  a n d  co-w orkers [12] d id  no t find  a n y  a lte ra tio n s ; 
s im ila r re su lts  w ere o b ta in ed  b y  R e h n  [17] in  th e  ca t spleen an d  k id n e y  a fte r  
tra n se c tio n  of th e  sp lanchn ic  n e rv es . Also in  h istochem ical ex p e rim e n ts , 
F a l c k  [8] o b ta in ed  n o rad ren a lin e-flu o rescen ce  p ic tu res  id en tica l w ith  tho se  
in  th e  con tro ls  in  th e  r a t  iris  a f te r  p regang lion ic  denerv a tio n . R e c e n tly , E d - 
v i n s s o n  a n d  co-w orkers [ 6 ]  h av e  fo u n d  an  u n ch an g ed  fluorescence a c t iv i ty  of 
d ecen tra lized  sy m p a th e tic  n e rv e  fib res in  r a b b it  iris an d  choroid  p lex u s  w ith  
a decreased  to ta l  n o rad ren a lin e  a m o u n t, how ever. A t th e  sam e tim e , b o th  
fluorescence  in te n s ity  an d  n o ra d re n a lin e  c o n te n t increased  in (or r a th e r  a ro u n d ) 
p ia i b lood  vessels. T hus i t  seem s possib le th a t  d iffe ren t neurones possess d iffe r
e n t t r a n s m itte r  tu rn o v e r . T h is is in  acco rd an ce  w ith  S e d v a l l ’ s  [18] no tio n  
th a t  n o rad ren a lin e  levels o f p o stg ang lion ic  sy m p a th e tic  n eu ro n s su b je c te d  
to  d ea ffe ren ta tio n  (i.e., d ecen tra liza tio n ) are d ep en d en t on th e  dec reased  p h y s io 
logical a c tiv ity  an d  th e  re la tiv e ly  decreased  t ra n s m itte r  sy n th esis , re p re s e n t
ing  a special co u n te rac tin g  m echan ism .

T he p re sen t in v es tig a tio n s  suggest th a t  s im ilar m echan ism s m a y  in 
fluence  th e  developm ent o f  th e  ad ren erg ic  g ro u n d  plexus in e a r ly  s tag es  of 
on togenesis. W e found, n am ely , th a t  a d e cen tra liza tio n  perfo rm ed  d u r in g  the  
f irs t p o s tn a ta l  week, re su lts  in  a consp icuous re ta rd a tio n  of th e  fo rm a tio n  of 
p ostgang lion ic  s tru c tu re s . O n th e  o th e r  h a n d , we found a lu x u rio u s  h y p e r
p ro life ra tio n  of im m atu re  postg an g lio n ic  s tru c tu re s  a fte r d e c e n tra liza tio n  
p erfo rm ed  in  th e  second p o s tn a ta l  w eek. T h u s , i t  m ay  be assu m ed  th a t ,  in 
th is  “ c ritica l perio d ”  o f d ev e lo p m en t o f au to n o m ic  ganglion cells, cen tra l 
connex ions of these  cells e x e r t som e k in d  o f  a regu la tive  (m ore p ro p e rly : 
re s tr ic tiv e )  effect, ensu ring  s tru c tu ra l  m a tu ra tio n  o f th e  g ro u n d  p lexus 
a n d  im ped in g  h y p erp ro life ra tio n  o f n e rv e  fib res . D ecen tra liza tio n  p erfo rm ed  
in  th is  “ c ritica l period”  ap p ea rs  to  c u t o ff th is  reg u la to ry  effect; a cco rd in g ly , 
th e  g ro u n d  p lexus rem ains re ta rd e d  in  its  d ev e lopm en t or, if  p e rfo rm e d  in  a 
la te r  s tag e , it  is “ re leased”  from  th e  re g u la tio n , resu lting  in  an  im p e rfec t 
h y p e rin n e rv a tio n . This “ c ritica l p e r io d ”  seem s to  coincide w ith  th e  la s t 
m o m en ts  o f functional in a c tiv ity  o f th e  r a t  iris , being fu n c tio n a lly  a c tiv a te d  
on ly  on th e  1 1 th — 12th p o s tn a ta l  d ay s, a f te r  opening o f th e  eye lid s. This 
a ssu m p tio n  is co nsisten t w ith  J a c o b s o n ’ s  [11] observations, su g g estin g  th a t  
th e  “ la s t m a tu ra tio n ” , i.e ., fu n c tio n a l a c tiv a tio n  o f neurons is in i t ia te d  by  
a specific  tra n s-sy n a p tic  ex c ita tio n . I t  ap p ea rs , fu rth e rm o re , t h a t  a f te r  th is  
p erio d , a c tiv a tio n  of th e se  n eu ro n es im pedes fu r th e r  ac tiv a tio n  o f  im p erfec t 
synapses, p roduced  b y  ax o n a l p ro life ra tio n .

Also th e  im p o r ta n t fa c t th a t ,  a f te r  an  ea rly  d ecen tra liza tio n , th e  n o r
m ally  ch a rac te ris tic  in v o lu tio n  o f “ sp h erica l bodies”  c h a ra c te r is tic  o f  th e  
n o rm a l course o f deve lo p m en t, does n o t ta k e  p lace , m erits  c o n sid e ra tio n . Since 
th e se  spherica l bodies (or, m ore p ro p e rly , tissu e  m astocy tes c o n ta in in g  th e se
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bodies) show  m u ltip lic a tio n  a fte r  d e c e n tra liza tio n , i t  m ay be suggested  th a t  
th e se  special m as to c y te s , observed  a lready  b y  D e  C h a m p l a i n  and  co-w orkers
[4], a re  in  a causal re la tio n sh ip  w ith  th e  s tru c tu re , fu nc tion  and  genesis o f th e  
au to n o m ic  g round  p lex u s. R ecen tly , also S t a c h  [19] has n o ted  th e  co n sis ten t 
p a r tic ip a tio n  of m a s to c y te s  in  th e  s tru c tu ra l o rg an iza tio n  of th e  au to n o m ic  
g ro u n d  p lexus. I t  needs fu r th e r  stud ies to  disclose w h e th e r th e  increased  n u m 
b er o f m asto cy te s  h as  a n y th in g  to  do w ith  n e u ro tra n sm itte r  processes, or 
r a th e r  w ith  p e rm e a b ility  fa c to rs , involved  in  th e  genesis an d  fu n c tio n  o f th e  
p e rip h e ra l au to n o m ic  in n e rv a tio n  a p p a ra tu s .

R E F E R E N C E S

1. B e n m i l o u d , M., E u l e r , U . S. v . (1963) E ffec ts o f b re ty l iu m , reserpine, g u an e th id in e  and
sy m p a th e tic  d e n e rv a tio n  on  th e  n o rad renaline  c o n te n t  o f th e  r a t  su b m ax illa ry  g land . 
A cta  physio l, scand ., 5 9 , 34 — 42.

2. B u r n , J .  H ., R a n d , M. J .  (1959) The cause of th e  su p e rse n s itiv ity  o f sm oo th  m uscle to
n o rad ren a lin e  a f te r  sy m p a th e tic  degeneration . J .  P hysio l. (L o n d o n ) , 147 , 135 —143.

3. Ca n n o n , W. B ., L is s a k , K . (1939) E vidence for a d re n a lin e  in adrenerg ic  neurones. A m er.
J .  P h ysio l., 125 , 7 6 5 - 7 7 7 .

4. D e  Ch a m p l a in , J . ,  Ma l m fo r s , T ., Olson , L., Sa c h s , Ch . (1970) Ontogenesis of per ipheral
ad ren erg ic  neu ro n s in  th e  r a t :  pre- and p o s tn a ta l  o b se rv atio n s. A cta p h ysio l, scand., 
8 0 , 2 7 6 - 2 8 8 .

5. Cs i l l i k , B ., K o e l l e , G. B. (1966) D evelopm en ta l h is to c h e m is try  of th e  au to n o m ic  g round
plexus .  A cta  neuroveg. ( W ie n ) ,  29, 177 — 180.

6. E d v i n s s o n , L ., O w m a n , Ch ., R o s e n g r e n , E ., W e s t , K . A. (1972) C o n cen tra tio n  of n o r
ad ren a lin e  in p ia i vessels, choro id  p lexus, an d  iris d u rin g  tw o weeks a fte r sy m p a th e tic  
gan g lio n ec to m y  or d e ce n tra liza tio n . A cta p h ysio l, scand., 85, 201 — 206.

7. E u l e r , U. S. v ., P u r k h o l d , A. (1951) E ffec t of sy m p a th e tic  d en erv a tio n  on th e  n o ra d re n a 
line  an d  ad ren a lin e  c o n te n t o f th e  spleen, k id n ey , a n d  sa livary  g lands in  th e  sheep. 
A cta  physio l, scand., 24, 212 — 217.

8. F a l c k , B. (1962) O b serv a tio n s  on  th e  possib ilities o f th e  cellu la r localization  of m onoam ines
b y  a fluorescence m eth o d . A cta  physio l, scand. 5 6 , S up p l. 197, 1 -26 .

9. Ga j ó , M., K á lm á n , Gy ., Cs i l l i k , B. (1970) E in  B e itra g  zu r cytochem ischen  I n te r p r e ta 
tio n  de r D en erv a tio n s-Ü b e rem p fin d lich k e it. N o ra d ren a lin -A k k u m u la tio n  im  ad ren erg en  
E n d a p p a ra t  der d e n e rv ie r te n  Iris. Acta histochem., 38, 293 — 304.

10. G o o d a l l , Me. C. (1951) S tu d ies  of adrenaline  a n d  n o rad ren a lin e  in m am m alian  h e a r t
a n d  su p ra ren a ls . A cta  ph ysio l, scand.. 24, Suppl. 85, 1 — 51.

11. J a co bs o n , M. (1970) D ev e lo p m en ta l N eurobio logy . In  E b e r t , J .  D. D ev elo p m en ta l
B iology Series. H o lt, R in e h a r t  and W inston  In c ., N ew  Y ork .

12. K i r p e k a r . S. M., Ce r v o n i , P ., F urchgott , R. F. (1962) C atecholam ine c o n te n t o f th e
c a t  n ic ti ta tin g  m em b ran e  follow ing p ro ced u res sen sitiz in g  it  to  no rep in ep h rin e . J . 
Pharmacol, exp. Ther., 1 3 5 , 180 — 190.

13. Ma l m fo r s , T., Sa c h s , Ch . (1965) D irect  studies  on  th e  d isappearance  of the  t r a n s m i t t e r
a n d  th e  changes in  th e  u p tak e -s to rag e  m echan ism s of d eg enerating  ad renerg ic  nerves. 
A cta  physio l, scand., 64, 211 — 223.

14. Ma l m fo r s , T ., Sa c h s , Ch . (1965) D irect d e m o n s tra tio n  of th e  system s of te rm in a ls  be lo n g 
ing to  an  in d iv idua l  ad renerg ic  neuron and  the ir  d is t r ib u t io n  in th e  r a t  iris. A cta  physio l, 
scand., 64 , 377 — 382.

15. M a lm fo r s , T. (1965) S tu d ies  on  ad renerg ic  nerves. T h e  use  o f r a t  and m ouse iris for d irec t
o b se rv a tio n s on th e ir  physio logy  and  p h a rm aco lo g y  a t  cellu lar and  subcellu lar levels. 
A cta  physio l, scand., 64, Supp l. 248, 1 93.

16. N o r b e r g , K. A., H a m b e r g e r , B. (1964) T he sy m p a th e tic  adrenergic  n eu ro n : som e
ch a ra c te ris tic s  rev ea led  b y  h istochem ical s tu d ie s  on  th e  in tra n eu ro n a l d is tr ib u tio n  
of th e  t ra n s m itte r . A cta  p h ysio l, scand., 63, Supp l. 238, 1 — 42.

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973



T R A N S N E U R O N A L  E F F E C T S 231

17. R e h n , N. O. (1958) E ffect o f d e ce n tra liz a tio n  on  th e  co n ten t of c a tec h o lam in es  in  th e
spleen  an d  k id n ey  of th e  ca t. Acta p h ysio l, scand.. 42, 3 0 9 - 312.

18. Se d v a l l , G. C. (1969) E ffect o f nerve  s tim u la tio n  on  accum ulation  an d  d isa p p e a ra n c e  of
catech o lam in es form ed from  ra d io a c tiv e  p re cu rso rs  in  vivo. In  H o o p e r , G. M etabo lism  
of am ines in  th e  b ra in . M acm illan. N ew  Y o rk , L ondon.

19. Sta ch , W . (1974) M orphologie u n d  H isto ch em ie  v o n  Synapsen im  B ere ich  des M agen-
D arm -K an a ls . J .  N eural T ra n sm issio n , Supp l. X I . [In  Press].

20. Str ö m b la d , B. C. R ., N ic k e r s o n , M. (1961) A ccu m u latio n  of ep in ep h rin e  a n d  nor
ep in ep h rin e  by  som e ra t  tissues. J .  Pharm acol, exp ., Ther., 134, 154— 159.

M Á R I A  G a j Ó 

G y ö r g y  K á l m á n
6701 Szeged, K o ssu th  L. sg t 40, Pf. 512, H u n g a ry

Acta Biologica Academiae Scientiarum Hungaricae 24, 1973





Acta biol. Acad. Sei. hung., 24(3—4), 233—235 (1973)

HYPOPLOIDY IN BRAIN TUMOURS
S H O R T  C O M M U N IC A T IO N

R . S. D h a r k e r , B. D. C h a u r a s i a  and H . K . G o s w a m i

DEPARTMENTS OF NEUROSURGERY AND ANATOMY, G. R. MEDICAL COLLEGE AND 
DEPARTMENT OF BOTANY, GOVERNMENT SCIENCE COLLEGE, GWALIOR, INDIA

(R eceived 1973— 0 6 — 25)

O ccurrence  in  b ra in  tu m o u rs  o f ch rom osom es below th e  d ip lo id  n u m b e r 
has been re p o rte d  [6], th e  low est d ip lo id  c o u n t has been a s tem  line  o f  38 
chrom osom es [6, 7]. C ox  and  co-w orkers [1] re p o rte d  a w idely v a ry in g  n u m b e r 
of doub le  m in u te  ch ro m atin  bodies w ith  no  chrom osom al b reak ag e  in th ree  
n eu ro b la s to m as , one m edu llo b lasto m a a n d  one rh ab d o m y o sarco m a. Since 
th e n  n u m ero u s w orkers [3 — 5] h av e  co n firm ed  th e ir  occurrence in  tu m o u r  
cells; b o th  in h y p o p lo id  as well as h y p e rp lo id  coun ts. W e reco rd  h e re  u n d e r 
th e  d ip lo id  n u m b er o f 26 chrom osom es in m edu llo b lasto m a, e p e n d y m o m a  an d  
a n a p la s tic  g liom a. F u r th e r , m ed u llo b las to m a  tissue  has ex h ib ited  [2] ex trem e  
h y p o p lo id y  by  show ing m erely a dozen  sw ollen  chrom osom es. S im ila rly , new  
cell lines w ith  conspicuous gross ch ro m o so m al rea rran g em en ts  have  b een  found , 
exclusively  in  m a lig n an t cell p o p u la tio n s. T h erefo re , th e  find ing  o f  a  chrom o- 
som ally  re a rra n g ed  cell line or o th e r  ch ro m o so m al ab erra tio n s in  ep e n d y m o m a  
an d  tu b e rc u lo m a  w ould be an en tire ly  new  d iscovery  of trem en d o u s  s ig n ifi
cance.

D h a r k e r  an d  co-w orkers [2] h av e  described  th e  m eth o d s o f  in v e s ti
ga tion . B riefly , im m ed ia te ly  on rem o v a l, tu m o u r  tissue was d iv id ed  in to  four 
p a r ts , (a) f irs t p a r t  was fixed  in  N ew co m er’s f ix a tiv e ; (b) second , p laced  in 
s a tu ra te d  aqueous p a rad ich lo robenzene  fo r  2 % —3 h  for p re - t r e a tm e n t;  (c) 
th ird , in  1%  glucose for 2 h ; an d  (d) fo u r th , se n t to  th e  D e p a rtm e n t o f  P a th o 
logy, G. R . M edical College for h is to p a th o lo g ic a l analysis. T issue p la c e d  as (b) 
was tra n sfe rre d  to  fix a tiv e  and (c) was th e n  tra n sfe rre d  to  p a rad ich lo ro b en zen e  
for 3 h an d  fin a lly  fixed  in  th e  f ix a tiv e .

O u t o f 14 b ra in  tu m o u rs  s tu d ie d  th e  abo v e-m en tio n ed  schedu le  cou ld  be 
follow ed on ly  for e igh t tu m o u rs . B est ace to -o rce in  sta in ed  sq u ash es  w ere o b 
ta in e d  from  th e  tissu e  processed as (c). H o w ev er, an  en tire  schedu le  cou ld  no t 
be follow ed for every  tu m o u r.

D a ta  on m e tap h ase  counts are show n in  T ab le  1 w hich in fo rm s t h a t  h y p o 
p lo idy  is eq u a lly  com m on in m a lig n an t as w ell as in  benign tu m o u rs .

E spec ia lly  m edu llob lastom a is c h a ra c te r iz e d  by  an  ex trem e deg ree  o f  h y p o 
p lo id y ; n e a rly  70%  m etaphases rev ea led  h y p o p lo id  counts (F ig . 1) w hich  in-
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e lu d ed  2 0 %  cells show ing o n ly  9 —12 sw ollen chrom osom es. In  a g reem en t 
w ith  p rev io u s  w orkers [1, 3 7] sm all c h ro m a tin  bodies were often  o b se rv ed
b u t  n o t  m ore  th a n  3 or 4. B reaks show ing t ig h t ly  p a ired  chrom atids w ith o u t 
c e n tro m e re  w ere also seen. Chrom osom es in  e p en d y m o m a , despite  its  b en ig n  
n a tu r e ,  w ere fre q u e n tly  o b serv ed ; th is  w as also tru e  for a s tro cy to m a  a n d

i

Fig. 1. 2n =  28 chrom osom es o f m ed u llob lastom a o b ta in e d  a f te r  recovery  in glucose. N o te  
c h ro m a tin  d ro p le ts  an d  a t ig h tly  p a ired  c h ro m a tid  o f a n  acen tric  fragm en t; X 1 250

tu b e rc u lo m a . T he low est co u n t in all tu m o u rs  ex cep t m edu llob lastom a [2] 
has b een  28 ^  2. E ven  th is  is h igh ly  v a ria b le  a n d  unexpected , for M a r k  

a n d  o th e rs  [3, 6 — 7] reco rd ed  3 6 —38.

Table 1

M etaphase analysis o f  brain tum ours

No. of 
cases 

studied

Cells showing counts

T um our type
No. of 

metaphases H ypoploid Hyperploid

N. f. N. f.

M a lignan t

A n a p la s tic  gliom a l 24 16 0.666 8 0.334

M edullob lastom a 2 82 59 0.718 23 0.282

B enign

A stro c y to m a 1 14 10 0.714 4 0.286

E p en d y m o m a 2 74 66 0.891 8 0.109

T u b ercu lo m a 2 19 12 0.631 7 0.369
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W hile we h av e  en co u n tered  severa l m e tap h ases  in each k in d  o f tu m o u r, 
we h av e  n o t fo u n d  all chrom osom es u n ifo rm ly  sp read , such as in  th e  fig u re . 
I t  c a n n o t be sa id  there fo re  w hich  g roup  o f chrom osom es is su b je c te d  to  loss 
or gain  d u rin g  v a riab le  plo idy grades o f th e  re spec tive  b ra in  tu m o u rs .

N everthe less, d a ta  in d ica te  th a t  m osaicism  in ch rom osom e n u m b e r 
c a n n o t be th e  m onopo ly  of p a th ogenesis  o f  m a lig n an t tu m o u rs .
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PREVENTION OF INDUCED AUTOPHAGOCYTOSIS BY 
THE PROTEIN-SYNTHESIS INHIBITOR EMETINE

S H O R T  C O M M U N IC A T IO N  

G. R é z  an d  J .  K o v á c s

D EPARTM ENT OF G EN ERA L ZOOLOGY, EÖTVÖS LO RÁ ND  UNIVERSITY, B U D A PEST

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

In  re c e n t years severa l d a ta  h av e  been  p u b lish ed  concern ing  th e  effect 
on ce llu la r a u to p h ag y  o f tra n s la tio n a l in h ib ito rs  o f p ro te in  b io sy n th es is . 
Som e o f th e se  in h ib ito rs , like p u ro m y c in  [4] a n d  d im e th y ln itro sa m in e  [2], 
w ere re p o rte d  to  induce a u to p h ag o cy to s is  in  th e  cy top lasm  o f th e  d am ag ed  
cells. On th e  o th e r h an d , th e  g lu ta rim id e  a n tib io tic  cyclohexim ide cau sed  no 
co n siderab le  f in e -s tru c tu ra l a lte ra tio n s  in  th e  cy to p la sm  and  i t  w as ev en  found  
to  be  capab le  for p re v e n tin g  a u to p h ag o cy to s is  induced  in  vivo b y  e ith e r  of 
n e u tra l  red  [6], pu rom ycin  [4], a h y p ero sm o tic  so lu tion  of sucrose a n d  cad 
m ium  ions [7].

In  th e  p resen t w ork, th e  effect o f th e  ipecac a lkalo id  em etine , a ribosom al 
in h ib ito r  o f  p ep tid e  bond  fo rm a tio n  [1] w as te s te d  on a u to p h ag o cy to s is  in 
d u ced  b y  n e u tra l  red  in  m ouse p a n c re a tic  ac in a r  cells in  vivo.

Mice w ere given n e u tra l  red  0.4 m g/g b o d y  w eight in tra p e r ito n e a lly . As 
ex p ec ted , a m assive au to p h ag o cy to s is  w as seen in  th e  ac inar cells 3 h  la te r  
(F ig . 1). I f  m ice w ere given a single n o n -le th a l dose (e ither 0.01 o r  0.005 m g/g 
b .w .) o f em etine  30 m in u tes  p rio r to  n e u tra l  red , no au tophag ic  v acu o le s  were 
o bserved  in  th e  cells 3 h  a f te r  th e  in je c tio n  o f  th e  dye (Fig. 2). W h e n  n e u tra l  
red  w as ad m in is te red  24 h  a f te r  th e  sam e doses o f  em etine , a u to p h a g ic  vacuoles 
d id  a p p ea r. E m etin e  alone d id  n o t cause a n y  d e tec tab le  f in e -s tru c tu ra l a lte ra 
tio n s  in  th e  cy top lasm  as co m p ared  to  th e  u n tre a te d  contro ls. A cco rd in g  to  
o u r p re lim in ary  resu lts , em etin e  is cap ab le  o f  p rev en tin g  n eu tra l-re d -in d u c e d  
a u to p h a g y  also in  th e  ep ith e lia l cells o f  th e  sem inal vesicle.

In  acco rdance  w ith  p rev ious d a ta , th e  p re se n t resu lts h av e  sh o w n  th a t ,  
b ased  on th e ir  effect on ce llu la r a u to p h a g y , tra n s la tio n a l in h ib ito rs  can  be 
classified  in to  a t  least tw o  g roups. Som e o f th e m , like p u ro m y c in , c th io n in e  
an d  d im eth y ln itro sam in e , induce  au to p h ag o cy to s is , while o th e rs , in c lud ing  
cyclohex im ide  an d  em etine , are protective  a g a in s t indu c tio n . S ince a ll o f  th em  
in h ib it p ro te in  b io syn thesis  a t  th e  r ib o so m al level, th e  d ifferences in  th e ir  
m echan ism s o f action  shou ld  be ta k e n  in to  co n sid e ra tio n  w hen try in g  to  ex 
p la in  th e ir  d iverg en t ac tio n  on a u to p h a g y . A b reakdow n o f p o ly ribosom es 
follow ed b y  d eg ran u la tio n  o f th e  ro u g h -su rfaced  endoplasm ic re tic u lu m  is
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c h a ra c te r is tic  o f th e  a c tio n s  o f  th e  in h ib ito rs  cau sin g  au toph ag o cy to sis  as well 
[see R efs 6 an d  8]. C o n tra ry  to  th is , cyclohex im ide  inh ib its  p ep tid e  b o n d  fo r
m a tio n  m ain ly  th ro u g h  in h ib itio n  of tra n s lo c a tio n , an d  th e reb y  freezes p o ly 
ribosom e s tru c tu re  [5]. T h e  m ode of ac tion  b y  w h ich  em etine in h ib its  p ep tid e  
b o n d  fo rm a tio n  is s im ila r to  [1], th o u g h  n o t id e n tic a l w ith  [3], t h a t  o f cyclo
h ex im id e . E m etin e  in h ib its  th e  am in o acy l-tR N A  tra n s fe r  reaction  in  p ro te in

F ig . 1. P a r t  o f ac inar cell 3 h  a f te r  th e  tre a tm e n t w ith  n e u tr a l  red . A num ber o f au to p h ag ic  
vacu o les  are  p resen t in  th e  c y to p la sm ; X 12 000 

Fig. 2. P a n c re a tic  cell 3 h  a f te r  th e  n e u tra l red  t re a tm e n t  fro m  m ouse p re tre a te d  w ith  em etine . 
No d y e -in d u ced  au tophag ic  v a cu o les ; X 10 000

b io sy n th esis . I f  it is a d d ed  a f te r  p ro te in  sy n th esis  h a s  been in itia ted , th e  n a scen t 
p ep tid e s  rem ain  f irm ly  a t ta c h e d  to  th e  freezed  polyribosom e s tru c tu re  [1]. 
T h erefo re , th e  fac t t h a t  p re tre a tm e n t w ith  e m e tin e  is p ro tec tiv e  a g a in s t in 
duced  a u to p h a g y , is c o n s is te n t w ith  our p rev io u s hy p o th esis , th a t  th e  s ta b ili
za tio n  o f  po ly ribosom es m a y  be followed by  a p re se rv a tio n  of th e  ro u g h -su r
faced  endop lasm ic  re tic u lu m . This would m ean  an  in h ib ition  of a m em b ran e  
tra n s fo rm a tio n  considered  to  be necessary  fo r th e  fo rm atio n  o f th e  lim itin g  
m em b ran es  o f th e  a u to p h a g ic  vacuoles [6, 7].
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RECENSIONES

F r a zer , J .  F . D .: A m phib ians
T he W ykeham  Sciences Series 25. W ykeham  P u b lica tio n s , L ondon  (1973), pp. 122, £  2. 0.

T his book gives a  b rie f su rv ey  of am p h ib ian s , a class o f V e rteb ra ta , and d iscusses som e 
in te res tin g  de ta ils  o f th e ir  lives an d  th e  unso lved  p ro b lem s o f th e ir  w ay of living.

In  ad d itio n  to  th e  preface, th e  book con ta ins 12 in d ep e n d en t chap ters follow ed b y  tw o 
appendices an d  a su b je c t and  a u th o r  index . The f ir s t  5 c h a p te rs  sum m arize th e  sy s te m a tic s  
and  ev o lu tion , th e  geograph ica l range  an d  spécia tion , th e  a n a to m y  and  physiology, th e  ecology 
and  b eh av io u r, and  th e  la rv a  (tad p o le) o f am p h ib ian s . F o u r  ch ap te rs  describe th e  w ay  o f liv ing  
of A m p h ib ia  in  d iffe ren t h a b ita ts . W ith in  th e  la t te r  p ro b lem , special chap ters  a re  d ev o ted  
to  th e  h u m id  e n v iro n m en t, th e  a d a p ta tio n  to  arid  e n v iro n m e n t, rep resen ta tiv es liv in g  ab ove  
soil level, an d  to  a d a p ta tio n  to  exclusively  a q u a tic  h a b ita t .  T he rem ain ing  3 ch ap ters  su m m arize  
am p h ib ian  biocenoses, th e  re la tio n s o f am ph ib ian s to  m an , an d  th e  problem s an d  te c h n iq u es  
of in v estig a tio n s. T he c h ap te rs  each  form  se lf-re lian t u n its ,  viz. read ing  one c h ap te r  does no t 
suppose th e  know ledge of th e  o thers . T he f irs t of th e  ap p en d ices lists periodicals a n d  som e 
general an d  local p u b lica tio n s on  am p h ib ian  research  w hile th e  second one p resen ts th e  sy s tem  
of am p h ib ian s b ro k en  dow n to  th e  genus. T he book is en d ed  by  an  index prom oting  o r ie n ta tio n  
and  it  is i llu s tra te d  b y  a good m an y  p h o to g rap h s , m ap s , a n d  figures.

T he book  m ay  be considered  as a  p o p u la r w o rk  o f h igh  level. W hen w riting  th e  book , 
th e  a u th o r  has h ad  th e  in te n tio n  to  fam iliarize  those in te re s te d  in n a tu re  w ith  th e  life o f a m p h ib 
ians, on th e  one h a n d , and  to  call th e  a tte n tio n  of th e  y o u n g  zoologist gen era tio n  to  th e  re 
search  on th e  life o f th is  group  o f an im als , on th e  o th e r  h an d .

O. G. D e l y  (B u d a p es t)

P o r ter , K . R .: H erpetology
W . B. S au n d ers Co., P h ilad e lp h ia —L o n d o n —T o ro n to  (1972), pp . 524.

T his h a n d b o o k  sum m arizes our basic  know ledge on herpeto logy . In  a d d itio n  to  th e  
preface, i t  is d iv id ed  in to  15 ch ap ters . C h ap te r 1 is an  in tro d u c tio n  w hich offers a  b r ie f  su rv ey  
on th e  h is to ry  of, th e  p ro m in en t sc ien tis ts , p rim arily  th o se  in  A m erica, engaged in , a n d  on th e  
m odern  tre n d s  of, he rp eto lo g y . The in tro d u c tio n  th e n  fam ilia rizes th e  reader w ith  th e  societies 
function ing  and  th e  period icals p u b lish ing  in th is  b ra n c h  o f science. The o th er c h a p te rs  d iscuss 
am p h ib ian s an d  rep tiles  belonging to th e  su b jec t, u sin g  in d iv id u a ls , active  m em bers o f  w hole 
p o p u la tio n s an d  biocenoses, to  illu s tra te  th e  s tru c tu re  a n d  fu n c tio n  of th e ir o rg an ism . T h u s, 
special c h ap te rs  are d ev o ted  to  th e  m orphological a n d  fu n c tio n a l ch aracte ris tics , th e  orig in  
and  th e  phy lo g en e tic  re la tio n s o f th e  d iffe ren t g ro u p s, th e ir  geographic range, th e  ro le of 
w a te r  an d  m oist req u ired  for th e ir  no rm al life fu n c tio n s  an d  for th e ir in te rac tio n  w ith  th e  
en v iro n m en t, th e ir  co lour and  a d ap tiv e  colour changes, th e  p rob lem s of th e ir n u tr it io n , b io logy 
of rep ro d u c tio n , th e  rep ro d u c tiv e  iso lation  of th e  species, th e  p o p u la tio n  dynam ics o f  th e  m ore 
im p o rta n t g roups, an d  finally , th e ir  re la tio n  to  m an . T h e  book is concluded by  a l is t  o f th e  
sc ien tific  te rm s  a n d  a su b jec t and  an  a u th o r  index.

T he a u th o r  p rim arily  discusses th e  to -d ay -liv in g  (recen t) anim als and uses p a léo n to lo g ie  
m ate ria l in so fa r  as i t  is necessary  to  e luc idate  a n a to m ic a l and  biological re la tions. H e  re fra in s 
to get en tan g led  in th e  prob lem s o f sy s tem atics , b u t  s im p ly  follows the  system  d ev elo p ed  th u s  
far. W h en ev er i t  is possible, th e  m ate ria l o f th e  c h a p te rs  each  is p resen ted  in c o n te x t  ra th e r  
th a n  iso la ted . T he te x t  is ex q u is ite ly  com ple ted  b y  p h o to g rap h s , m aps, tab les , fig u res , e tc .

T h is book is v e ry  useful for all those  who w ish to  g e t engaged in h e rp e to lo g y  a n d  who 
are  in te res ted  in am p h ib ian s and rep tiles .

0 .  G. D e l y  (B u d a p e s t)
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H o r t o b á g y i, T.: The m icro flo ra  in  the  se ttlin g  a n d  subsoil w a ter-en rich ing  b asin s o f the 
B u d a p es t W aterw orks
A k a d é m ia i K iadó , B u d ap es t (1973), pp . 340, Figs 610.

T h is  w ork  concerns som e p ra c tic a l q u estio n s . T h e  f irs t h a lf of th e  book  p o in ts  to  the  
p ro b le m s aris ing  during  th e  e v e ry d a y  fu n c tio n  of B u d a p e s t W aterw orks. In  o rd e r to  solve 
th e  p ro b lem s, a te a m  has been  organ ized , u n d e r th e  lead ersh ip  of Dr. A. B e r c z ik , fo r carry ing  
o u t  th e  sc ien tific  ev a lu a tio n  of genera l hy d ro b io lo g ical, ecological and cenological in v es tig a 
tio n s  o n  th e  se ttlin g  an d  subsoil w a ter-en rich in g  b a s in s  as well as th e  f ilte rin g  sy s tem s. The 
a u th o r  o f th e  book u n d e r rev iew  in v es tig a ted  th e  m icro flo ra .

S y n ch ro n o u sly  p a ra lle l series of sam ples w ere ta k e n  in  order to  o b ta in  ap p rec iab le  
c o m p lex  d a ta  (physical, chem ical, b o tan ica l a n d  zoolog ical ones). The sam plings w ere carried  
o u t  b e tw e e n  M ay 1968 and  O ctober 1969, a lto g e th e r 42 sam ples were tak e n . T he a u th o r  d e te r
m in e d  415 ta x o n s  and  classified th e m  in to  116 genuses. O f th em  238 tax o n s  p ro v ed  to  be  new  
fo r th e  f lo ra  o f th e  riv er D an u b e , an d  58 of th em  h av e  been  new for the  science a t  all. Am ong 
th e  a lg a l p h y la  green  algae show ed th e  h ighest freq u e n c y , 307 species of th em  w ere e n co u n te red , 
266 o f th e m  could be classified in to  th e  o rder o f Chlor о со cc ales, 129 of these  be lo n g ed  to  the  
g en u s Scenedesm us. P h y lu m  C hrysophyta  was re p re se n te d  b y  47 species, 39 of th e m  w ere Bacil- 
la r io p h y ce a e . P h y lu m  C yanophyta  w as p resen t w ith  33 ta x o n s . Algal bloom  w as in d u ced  b y  the  
m ass occu rren ce  of a M icrocystis  species. I t  h as b een  estab lished  du ring  th e  in v es tig a tio n s  
c a r r ie d  o u t  a t  hom e an d  a b ro ad  t h a t  th e  fre q u e n t occu rren ce  of Planctomyces béke fii GlM. in 
flo w in g  a n d  stan d in g  w a ters  in d ica te s  an  increasing  p o llu tio n . T he p lan k to n  o f th e  D a n u b e  being 
r ic h  in  o rg an ism s du ring  sum m er co n ta in s 17— 31 m illions o f algal ind iv iduals pe r lite r . A ccord 
ing  to  th e  p a ram e te rs  o f th e  know n saprob io log ical sy s tem s, th e  river D anube  belongs to  the  
b e ta -m e so sap ro b ic  ones an d  so does th e  se ttlin g  b a s in , w hereas th e  en rich ing  o ne , ju s t  as 
a co n seq u en ce  of th e  algal bloom , can  be considered  as a be ta -a lp h a-m eso sap ro b ic  one. A u th o r 
fo llow s th e  lis t of e u ry th e rm  an d  sten o th e rm  species, com pares the  seasonal d a ta  o b ta in ed  
in  th e  w a te r  o f th e  D anube, th e  se ttlin g  and en rich in g  basins. The deta iled  d esc rip tio n  of the 
species b e in g  new  for th e  science as well as th e  sizes a n d  frequency  of occurrence  o f  all the 
species in v es tig a te d  and  th e ir  p lace in  th e  sap ro b io log ical system  are to  be fo u n d  on 62 pages. 
T he p h y to cen o lo g ica l d a ta  o f th e  42 sam ples in c lu d in g  th e  places and da tes o f sam p lin g s, the 
w a te r  te m p e ra tu re s , th e  p e rcen tag e  of th e  in d iv id u a l n u m b ers  of p re d o m in an t species as 
w ell as th e  p e rce n tu a l d is tr ib u tio n  of th e  algal p h y la  are  described on 13 pages.

T h e  re su lts  of th e  v a lu ab le  lim nological w ork  b e in g  of significance even  fro m  p o in ts 
o f v iew  o f tech n ica l p rac tice  are sum m arized  in 21 p o in ts . T he list of references covers 5 pages 
c o n ta in in g  th e  w orks of n um erous hom e and  fo reign  sc ien tis ts .

T h e  book is illu s tra te d  b y  610 a rtis tic  w ash -d raw in g s covering 138 pages. T he de ta ils  
o f th e  in v es tig a tio n s , th e  d o c u m e n ta tio n  and su m m ary  are  o f h ighest value fo r th e  lim no log ists 
a n d  e v en  fo r th e  tech n ica l p ractice .

G izella  T amás (T ih an y , H u n g a ry )

A d vances in  m olecu lar genetics
E d . W . H a y e s , B ritish  M edical B u lle tin , Vol. 29 (3), M edical D ep artm en t. T he B ritish  Council, 
L o n d o n  (1973)

O ne can  on ly  en v y  th e  ed ito r for his p o ss ib ility  o f  fin d in g  excellent e x p e rts  in  th e  vast 
fie ld  o f  m o d ern  m olecular genetics in a single c o u n try  an d  also for his — c e rta in ly  well- 
e s ta b lish e d  — belief th a t  th e  book w ill be read  b y  p h y sic ian s.

T o le a rn  m olecu lar genetics seem s to be in ev itab le  fo r every  b iologist inc lu d in g  p h y si
c ian s in  m ed ica l research , b u t  one w onders if th is  n e cess ity  m atches w ith  th e  a c tu a l a b ili ty  of 
th e  m e d ic a l re sea rchers to  d igest all th a t  is so well con d en sed  in these papers.

T h is  n u m b er o f th e  B u lle tin  sum m arizes our c u r re n t  ideas in the  fram ew ork  o f m olecu lar 
b io lo g y  a b o u t  how  th e  liv ing  sy s tem s o perate . T h ere  a re  fifteen  papers w ith  th e  follow ing 
tit le s :  D N A  sy n th esis; R ep lica tio n  of D N A  in e u k a ry o tic  chrom osom es; M olecular a rch ite c tu re  
o f h u m a n  chrom osom es; R eg u la tio n  o f cell d iv ision  in  b a c te r ia ;  Positive and  n e g a tiv e  con tro l 
o f t r a n s c r ip tio n  in bac terio p h ag e  À; C ontro l o f tra n s c r ip tio n  in bac teria ; G enetic  an d  s tru c tu ra l  
a n a ly s is  o f  tra n s fe r  R N A ; D N A  re p a ir  and  re co m b in a tio n ; M olecular s tru c tu re  a n d  fu n c tio n  
in R N A  p h ag es ; G enetic s tu d ies on  R N A  tu m o u r v iru se s and  th e ir hosts; G enetic  analysis 
o f a n im a l v iru ses; P ro te in s o f po lyom a v irus and  SV40; N u c lea r tra n sp la n ta tio n  a n d  re g u la tio n  
of cell p ro cesses ; C ytoplasm ic genetic  system s of e u k a ry o tic  cells; The genetics o f b eh av io u r.
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Only five o f th e  15 p a p ers  are concerned  w ith  v iruses and  b a c te rio p h a g es  b u t even 
th e  n u m b er o f papers dealing  w ith  eu k ary o tic  cells is n o t m ore th a n  five. T h ere  does no t seem 
a b re ak th ro u g h  as y e t in ap p ly in g  m olecu lar genetics in u n d e rs tan d in g  th e  m ore com plex 
liv in g  system s.

G. S zabó (D ebrecen)

SzÓRÁDY, L : P h a rm a c o g e n e t ic s .  P r in c ip le s  a n d  p e d ia tr ic  a sp ec ts
A kadém iai K iadó, B u d a p es t (1973), pp. 240.

One of the  m ost im p o r ta n t  p rob lem s w orrying th e  p o p u la tio n  of th e  w orld  is th e  question  
o f p o llu tio n  and v ita tio n  o f th e  en v iro n m en t. T h o u san d s of co m pounds are  p rep ared  and 
in tro d u c ed  every year. We m ee t these  su bstances in severa l w ays, e ith e r by  e a tin g , drink ing , 
b re a th in g  and  w earing th em , o r by  using  th em  as d rugs. T he u tiliza tio n  o f th e  new  com pounds 
is h igh ly  beneficial fo r m an k in d , as] th e y  u sually  m akej life easier a n d  su p p o r t our figh t 
ag a in s t several diseases. N everth e less , some of these  su b stan ces in  som e in d iv id u a ls  m ay 
cause  unexpected , d e le terious effects depending  on th e  genetic  c o n s titu tio n  o f a pe rso n  receiv
ing a drug.

A co m p ara tiv e ly  new  b ra n ch  o f the  genetic  sciences is dealing  w ith  th e  s tu d y  o f genetically  
d e te rm in ed  v a ria tio n s in an im a ls  an d  h u m an s w hich are  revealed  b y  th e  e ffec ts  o f drugs. 
T h is new  b ranch  is p h a rm aco g en e tics . A bou t 10 y ears ago ju s t  a few ex am p les were know n 
(like aca ta las ia , p rim aq u in e  se n sitiv ity , su x am eth o n iu m  se n sitiv ity , slow  a n d  ra p id  in ac tiv 
a tio n  of isoniazid, PTC  ta s te - te s tin g  po lym orph ism , a n d  G —6 P D  defic iency), while now a
d ay s , hu n d red s o f enzym es o r enzym e system s have  been  recognized in th e  h u m a n  organism , 
all o f th em  being g en etica lly  d e te rm in ed , th u s  hav in g  th e  possib ility  o f m issing  o r a lte ra tio n .

In  sp ite  o f th e  su p e ra b u n d a n t m ass o f in fo rm a tio n  in th is  field , th e re  a re  only very 
few  books dealing w ith  p h arm aco g en e tics , as i t  can  be seen in  th e  key re fe ren ces o f D r. Szó- 
r á d y ’s book, where on ly  th re e  basica lly  pharm aco g en e tic  w orks could be m en tio n ed  (K alow ’s, 
L our  and W a ller’s and  Me ie r ’s books). T his com es from  th e  fac t th a t  pharm aco g en e tics  
can  be considered as p h a rm aco lo g y  by  th e  geneticists a n d  as genetics b y  th e  p h arm aco log ists. 
F ro m  th is p o in t o f view  D r. Szórády’s book is supp ly ing  a g re a t w a n t, a n d  is o f g rea t im 
p o rtan ce .

D r. SzÓRÁDY is a p e d ia tric ia n  w ith  a deep in te re s t in clinical p h a rm aco lo g y , and  it  is 
e asy  to  u n d e rs tan d  th a t  he is d iscussing  pharm aco g en e tics as a p a r t  o f  c lin ical p h arm aco logy , 
as i t  can be read  in C h ap te r  I ,  b u t  as soon as he is sum m ariz ing  p h a rm a co g e n e tic  enzym o
p a th ie s  in C hap ter I I ,  he becom es a tru e  geneticist. A m ong th e  clinical a sp ec ts  o f  p h arm aco 
genetics (C hapter I I I )  th e  m ain  a tte n tio n  is pa id  to p ed ia tric s , b u t  o th e r b ra n ch e s  o f m edicine 
( in te rn a l m edicine, n e u ro p sy ch ia try , o b ste tric s  and gynecology, su rg ery  an d  anaesthesio logy , 
derm ato lo g y  and a llergology, e tc .)  are also d ealt w ith . T h u s th e  book w hich  is com ple ted  by 
th ree  ad d itio n al ch ap te rs  on  ex p erim en ta l pharm aco g en e tics  (C h ap te r IV ), pharm aco g en e tics 
in  p rev en tiv e  and  social m edicine  (C h ap te r V) and th e  teach in g  of p h a rm aco g en e tic s  (C hap ter 
V I), gives full sa tis fac tio n  to  p harm aco log ists, genetic ians an d  clin icians as well.

The best pages o f  th e  book are  those dealing w ith  th e  b iochem ical a n d  clinical con
sequences o f the tem p o ra rily  im m a tu re , insufficien t enzym e set o f th e  p re m a tu re  or even of 
th e  m atu re  new born b ab ies, w hich  are (as Dr. SzÓRÁDY was th e  f irs t  to  p o in t o u t)  sim ilar to 
th o se  caused by  real, g en etica lly  d e te rm in ed  enzym e defects.

The reader who w an ts  to  deal m ore in tense ly  w ith  p h arm aco g en e tics  is s tro n g ly  su p p o rt
ed by  th e  am ple b ib lio g rap h y  consisting  of m ore th a n  1500 references.

The book, w hich is p ro v id ed  w ith  a forew ord by  Professor G. F a n c o n i, can  be recom 
m ended  to  advanced  s tu d e n ts  in  m edicine and  biology and  to  ex p erts  in b io logy  a n d  m edicine 
w ho wish to get a cq u a in te d  w ith  th e  deta ils , p re sen t s ta te  and  fu tu re  o f p h arm acogenetics .

The Publish ing H ouse of th e  H u n g arian  A cadem y of Sciences deserves c red it for the 
rea liza tio n  of th is book. P e rh a p s  leg ib ility  could h av e  been b e tte r  h e lp ed  b y  a little  b it 
looser ty p e-settin g .

G. Sz e m e r e  (Szeged)

Sl e ig h , M. A., MacD o n a ld , A. G.: T h e  e ffe c t o f  p re s s u re  o n  o rg a n ism s
C am bridge U n iversity  P ress, C am bridge (1972), pp . 516, £  8.0

T he volum e co n ta in s  th e  lec tu res given a t  th e  26 th  Sym posium  of th e  Society for 
E x p erim en ta l B iology, concerned  w ith  th e  effects o f p ressure  on  liv ing  o rgan ism s. The first 
series o f papers concerned th e  effects o f pressure  on physico-chem ical fe a tu re s , on  very  excit-
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ing  fa c ts  on  w ater s tru c tu re , b u ffe r  system s and on th e  c o n fig u ra tio n  of m acrom olecules; the  
seco n d  series of papers is d e v o te d  to  th e  effects of pressure  on  enzym e system s and  th e  in te g ra t
ed  fu n c tio n in g  of a q u a tic  a n im a ls ; th e  n e x t papers d iscuss th e  gas-filled  spaces, p rov id ing  
b u o y a n c y  an d  various o th e r p o ss ib ilitie s  of m ain ta in ing  i t ,  th e ir  fe a tu re s  re la ted  to  p ressure , 
th e  p ro b lem s of com pression a n d  gas exchange du ring  d iv in g  b y  a ir-b rea th in g  v e rte b ra te s , 
th e ir  sp ec ia l ad ap ta tio n  to  long  d iv in g  periods w ith  collapse o f th e  lung ; las tly , p rob lem s of 
d e te c t io n  o f pressure changes a n d  th e ir  influence on an im al b e h av io u r are d iscussed. Am ong 
th e  re fle x es  concerned, th e  tr ig e m in a l  nerve  and , especially , th e  p e rin a sa l region p lay  an  im 
p o r ta n t  role.

T h e  sym posium  co m p re h en d e d  a g re a t v a ria tio n  of p re ssu re , su rro u n d in g s, te m p e ra tu re  
a n d  b io log ical species from  th e  p o in t  o f view  of various d isc ip lines, sum m ariz ing  re ce n t know l
edge  on  influence of h igh p re ssu re  on biological processes a n d  life in th e  Oceans. T h ere  are 
m a n y  references to  h u m an  d iv in g  w ith  im p o rta n t p ra c tic a l consequences. F ac ts  an d  th eo ry  
o f n itro g e n  narcosis and  its c o n n ec tio n  w ith  th e  influence o f p re ssu re  are discussed.

T h e  volum e is a h igh ly  in te re s t in g  syn thesis of know ledge w on in th e  field  o f various 
sc iences a n d  opens new asp ec ts  o f  re se a rc h  in connection  w ith  change  of e n v iro n m en ta l p ressure  
a n d  i ts  in fluence on m an y  p ro cesses in physics, ch em istry , b io ch e m is try  and  biology.

In s tru c tiv e  figures an d  p la te s  he lp  u n d erstan d in g  th e  co m p lex ity  o f s ta te m en ts .

I. R ózsah eg y i (B u d ap es t)

L ib b e r t , E .:  L e h rb u c h  d e r  P fla n z e n p h y s io lo g ie
У Е В  G. F ischer, Je n a  (1973), p p . 472, M. 39.

P la n t  physiology closely fo llow s th e  speedy d ev elo p m en t o f b io logy an d  th u s  th e  excel
le n t  b o o k  w ritte n  by  th e  p ro fesso r o f  p la n t  physiology a t  th e  U n iv e rs ity  o f R ostock  is w arm ly  
w e lcom e. T he book well re flec ts  th e  p re sen t s ta tu s  o f th is  a rea  o f science and  discusses every  
m o d e rn  p ro b lem  of p la n t p h y sio lo g y , p resen ting  341 fig u res fo r illu s tra tio n . T he f ir s t  th ree  
m a in  c h a p te rs  sum m arize th e  b as ic  th eo re m  bearing  our p re se n t know ledge on m etab o lism  and 
re g u la tio n  from  the  general b io lo g is t’s p o in t of view . The follow ing m ain  ch ap ters  discuss ex 
p lic i tly  th e  n u tritio n  and  in te rn a l  t r a n s p o r t  of m ate ria ls  o f p la n ts , th e  p rob lem s of g row th  
a n d  d ev e lo p m en t, and fina lly , th e  physio logy  of m otion  a n d  e x c ita tio n  of p lan ts . A special 
m e r it  o f  th e  book is th a t  it p re se n ts  a clear and concise su m m a ry  o f th e  u p -to -d a te  m ate ria l, 
m ak in g  a scientific  o r ien ta tio n  po ss ib le  fo r everybody  in te re s ted . T he book is ra th e r  in s tru c tiv e  
fo r b o th  u n d e rg rad u a te s  an d  u n iv e rs ity  in stru c to rs . T he a lp h a b e tic  in d ex  is so am ple  th a t  it 
m ay  be a  good source of in fo rm a tio n  fo r an y body  in te res ted .

V. F ren y ó  (B u d ap es t)

U lt r a s t r u c tu r a l  fe a tu re s  o f  ce lls  a n d  t is s u e s  in  c u ltu re
S y m p o s ia  Biologica H ungarica , E d . I. TÖRŐ and Gy . R a pp a y . Vol. A kadém iai K iadó , B u d ap es t 
(1972).

T h is  volum e con ta ins le c tu re s  p resen ted  a t  th e  B u d a p e s t C ongress of th e  E u ro p ean  
T issu e  C u ltu re  Society held  in  1971. T he 12 lectures were p re se n te d  as m ain  re fe ra te s  by  the  
m o st fam o u s rep resen ta tiv es o f t is su e  cu ltu re . The co n férâ tes  a n d  sh o rt pap ers  p resen ted  
a t  th e  C ongress are no t in c lu d ed  in  th is  volum e.

I. TÖRŐ, the  P resid en t o f th e  C ongress, dealt w ith  th e  a lte ra tio n s  in th e  fine s tru c tu re  of 
ly m p h o re tic u la r  cells. H e in v e s tig a te d  th e  re la tio n sh ip  b e tw een  th e  fine  s tru c tu re  and  enzym e 
a c tiv it ie s  o f  ex p lan ta tes  of r a t  th y m u s  a f te r  d ifferent periods o f  c u ltu re . W hile th e  ep ithe lia l 
cells o f th y m u s  appeared  to  h a v e  lo s t th e ir  fine s tru c tu ra l e lem en ts  ind ica tiv e  o f specific 
fu n c tio n s  in  vivo , th e  su b m icroscop ic  s tru c tu re  of th e  f ib ro b la s ts  rem a in ed  u nchanged . P ro b 
a b ly , th e  c u ltu red  ep ithe lia l cells u n d e rw e n t functional ch anges, w hereas th e  f ib ro b la s ts  con
tin u e d  p ro d u c in g  connective tis su e  fib res .

D r. F ranks in v es tig a ted  th e  fin e  s tru c tu re  of cell lines o b ta in e d  from  n o rm al and 
tu m o u r  tissu es. The form er sh o w ed  u ltra s tru c tu ra l  changes d u rin g  c u ltu rin g , in d ep en d en tly  
o f th e  a n im a l species, i.e., th e  sp ec ific  u ltra s tru c tu ra l m ark e rs  o f th e  tissues d isap p eared . The 
cells re sem b led  m orphologically  th e  en d o th e lia l and p e ric y tic  cells. In  th e  a u th o r’s opinion 
th ese  cells m ay  have o rig in a ted  fro m  p aren ch y m a l cells o f th e  tissu es. On th e  c o n tra ry , the  
cell lin es  ta k e n  from  tu m o u r tis su es  p reserv ed  the  ch a ra c te ris tic  fin e  s tru c tu re  of th e  orig inal 
tissue.
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T i x i E R - V i D A L  estab lished  th a t  th e  fine  s tru c tu re  o f p ro lac tin -sy n th esiz in g  an d  e la b o ra t
ing cells o f duck  hypophysis w as essen tia lly  th e  sam e in o rgan  cu ltu re  as in th e  in ta c t  anim als. 
T he fine  s tru c tu re  of L H -p ro d u cin g  cells o f r a t  h y p o p h y sis  in cu ltu re  in d ica te s  a  con tin u o u s 
sy n th esis . In  her opinion, how ever, th e  h o rm one was decom posed by  th e  a b u n d a n t  lysosom es. 
A d d itio n  of LH -releasing  fa c to r to  th e  cu ltu res  re su lted  in an a lte ra tio n  of th e  cellu la r fine 
s tru c tu re  and  an  increase in th e  basic  secre tion  of th e  L H  cells. The u l tr a s t ru c tu re  o f a cell 
line o b ta in e d  from  an e stro g en -in d u ced  h y p o p h y sea l tu m o u r ind ica ted  a v e ry  low  basic  secre
tio n , confirm ed  even by  b ioassays.

A. K ahri  and  his g roup  stu d ied  th e  re la tio n sh ip s  be tw een  the  fine s tru c tu re  a n d  horm one 
p ro d u c tio n  of em bryonic  r a t  ad ren a l g land . T he u l tra s tru c tu re  of cells c u ltu re d  w ith o u t 
A C TH  tre a tm e n t was s ig n ifican tly  d iffe ren t as com p ared  to  th a t  know n in in ta c t  anim als. 
T he h o rm one p roduction  o f such  cu ltu res  w as also v e ry  low. A fter a 6 -d ay  t r e a tm e n t  w ith  
A C T H , th e  fine s tru c tu re  o f th e  cells reg en e ra ted  an d  even  th e  horm one p ro d u c tio n  increased . 
Since th e  21-hydroxylase an d  11-b e ta -h y d ro x y la se  enzym es, p lay ing  a p ro m in e n t role in  the  
s te ro id  syn thesis, are to  be found  in  th e  endop lasm ic  re ticu lu m  and  th e  m ito c h o n d ria , respec
tiv e ly , an d  th e  ACTH tre a tm e n t a lte red  f ir s t  o f all even th e  fine s tru c tu re  o f th o se  e lem en ts, 
th e  a u th o rs  regard  as p ro v en  th e  ex istence of a d irec t re la tio n sh ip  be tw een  th e  m orpholog ical 
effect o f ACTH on th e  c u ltu red  a d ren a l cells and  th e  increased  stero id  sy n th esis .

T he sam e problem  w as concerned  in th e  n e x t lec tu re . In  ca t, r a t  an d  h u m a n  em bryos 
no d irec t re la tio n sh ip  was fo und  be tw een  th e  fine s tru c tu re  and horm one p ro d u c tio n  of a d 
ren a l cells. E ven  th e  poorly  d iffe ren tia ted  ad ren a l cells, show ing an u l tra s tru c tu re  differing 
from  th a t  know n in ad u lt in d iv id u a ls , were able to  p ro d u ce  a g rea t a m o u n t o f specific  horm one 
a f te r  a d d itio n  of ACTH. T he a u th o rs  assum e th a t  th e  steroidogenic an d  s t ru c tu ra l  effects 
o f A C TH  m ay be segregated  in  vitro.

D r. B uku ly a  stu d ied  th e  fine s tru c tu re  o f r a t  ad ren a l cells an d  th e ir  responsiveness 
d u rin g  em bryon ic  life. T he d iffe ren tia tio n  of r a t  a d ren a l g lands in  vivo seem ed to  be in flu 
enced  n o t only by  th e  tro p h ic  effec t o f ACTH.

Sm all lym phocy tes were th e  su b je c t o f ex ten siv e  stud ies. B lazsek  an d  h is co-w orkers 
s tu d ied  th e  m orphological a lte ra tio n s  o f w h ite  blood cells as well as th e ir  su rv iv a l in  sh o rt 
c u ltu rin g  w ith o u t m itogenic ag en ts . T h ey  estab lish ed  th a t  the  g ran u lo cy tes  w ere  th e  f irs t 
to  d is in teg ra te , w hereas sm all ly m p h o cy tes  o f u n ch an g ed  s tru c tu re  were o b se rv ed  even  in  the  
120th  h o u r o f cu ltiv a tio n . T he num ero u s ac tiv e  m acrophages ap pearing  in th e  c u ltu re s  and 
p h ag ocy tosing  th e  destro y ed  cells, deserve special in te res t.

W. O. Gross (L au san n e) described  a m eth o d  for em bedding a single h eart-m uscle  
cell cu ltu red  in a m onolayer for e lectron  m icroscopy, allow ing a light- an d  e lectron -m icroscop ic  
id en tif ic a tio n  of cell partic les.

R öhlich  and  T örök  rep o rted  on th e  fine s tru c tu re  of re tin a l p ig m e n t e p ith e liu m  in 
o rgan  cu ltu res  tak e n  from  ch icken  em b ry o s of d iffe ren t ages. T hey o bserved  a  special effect 
o f th e  T8 m edium  (T r o w e l l , 1959) on th e  u l tra s tru c tu re  of th e  cu ltu red  p ig m e n t ep ithe lium .

H . E . St r e e t  and h is group  described  th e  fine s tru c tu re  of p la n t cells g row ing  in su sp en 
sion. T h ey  po in ted  ou t th a t  th e  in v es tig a tio n  of fine s tru c tu re  of living cells allow s a m ore ex ac t 
re v e la tio n  of cellu lar fu n c tio n s. N um erous figures d em o n s tra te  th e  u l tr a s t ru c tu re  an d  its 
a lte ra tio n s  du ring  cell d iv ision  of th e  m aple  cells grow ing and m u ltip ly in g  in  suspension. 
T he a u th o rs  expect fu r th e r  in fo rm a tio n  in  cell m etab o lism  from  so-called s te a d y -s ta te  cu ltu res.

T h is volum e, as th e  above exam ples in d ica te , co n ta in s useful in fo rm a tio n  a b o u t the  
fine s tru c tu re  o f cu ltu red  cells, m a in ta in in g  or losing th e ir  specific fu n c tio n s, a n d  offers a basis 
fo r discussions on th e  p ro b lem  of re la tio n sh ip s o f cellu la r fine s tru c tu re  and  specific  functions.

An gela  Gy é v a i  (B u d ap est)

G rundlagen  der Cytologie
E d . G. Ch. H irsch , A. R u ska  an d  P. S i t t e .
V E B  G u stav  F ischer, J e n a  (1973), pp. 790, Figs 605, 135 M.

F ro m  th e  p o in t o f view  of cell-biologists i t  is im p o rta n t to  review  th e  e v e r increasing  
a m o u n t o f electron  m icroscopic an d  cy tochem ica l resu lts .

T his very  valuab le  book  w as w ritte n  by  m an y  au th o rs , all w ell-know n spec ia lis ts  of 
th e ir  ow n sub jects. F o r th is  reaso n  th e  level o f every  c h a p te r  is high.

T he in troducing  c h a p te r  gives a h is to rica l su rv ey  of the  cyto logy an d  a  sh o rt descrip 
tio n  o f th e  cell s tru c tu re . T h e  second c h a p te r  sum m arized  the  m ost im p o r ta n t a n d  well- know n 
tech n iq u es used  in cy to log ical researches. Two c h a p te rs  give a m olecular b io log ical analysis 
o f th e  cell-s truc tu re.
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In  th e  following c h ap te rs  th e  nucleus of th e  in te rp h a se  a n d  m ito tic  cells, th e  s tru c tu re  
a n d  fu n c tio n  of th e  cen trosom es a n d  cilia, and th e  o th e r  cy to p la sm ic  organelles as well are 
d esc rib ed . F ive  ch ap ters  give a v e ry  good descrip tion  o f th e  d iffe ren t p la n t cells.

In  th e  n ex t m ain  p a r t  o f th e  book  we can read  a b o u t  d iffe ren t an im al cells. A t f irs t ,  the  
d ev e lo p m en t and  th e  s tru c tu re  o f th e  sperm  cell and  ov u m  are  d iscussed , th en  dev elo p m en t of 
th e  sk in  o f  various species is d e m o n s tra ted .

T h e  ep ithe lium  of re sp ira to ry  system , the  h aem o p o ie tic  cells as well as th e  d iffe ren t 
e p ith e lia l  cells of th e  k id n ey  are  a lso described.

In  th e  la s t c h a p te r  th e  m o st im p o rta n t b io p h y sica l, physiological and  e lectron- 
m icroscop ica l d a ta  concern ing  th e  neurons, m uscle cells a n d  o p tica l nerves are rev iew ed .

T he te x t  is co m p le ted  w ith  e x tra o rd in a ry  good m ic ro p h o to g rap h s  and  sch em atic  
d raw in g s, pra is ing  n o t on ly  th e  a u th o rs  b u t  also th e  carefu l w o rk  of th e  G ustav  F ischer V erlag.

L. K ovács (B u d a p es t)

T h e  c e ll cy c le  in  d e v e lo p m e n t a n d  d if fe re n tia t io n
B r itish  Society fo r  D evelopmental B iology Sym posium
E d . M. B alls and  F. S. B i l l e t t . C am bridge U n iv e rsity  P re ss , L ondon  (1973), pp . 483, £  11, 
$ 32.50

T h e  B ritish  Society  fo r D ev e lo p m en ta l Biology held  its  24 th  m eeting  a t  th e  U n iv e rsity  
o f B ris to l in  1972. The p a p e rs  d e liv e red  have been p u b lish ed  in  th is  book.

One of th e  m ost im p o r ta n t  fie ld  o f th e  m odern  cell-b io logical researches is th e  o b se rv a 
tio n  o f cell cycle. Cell cycle is s tu d ie d  by  m any  au th o rs  fro m  d iffe ren t aspects. F o r th is  reason  
i t  is n o t  surprising  th a t  th e  “ Cell cycle in developm ent a n d  d iffe re n tia tio n ”  was th e  th em e  of 
th e  sym posium .

Professor Mit c h is o n , in  h is in tro d u c in g  paper, a n a ly sed  th e  cell cycle from  th e  aspect 
o f  m orphogenesis and period ic  gene expression . A ccording to  h is thes is , b o th  processes can  be 
fo u n d  in  th e  cell cycle.

T h e  ex ac t d e te rm in a tio n  o f  th e  leng th  of th e  in te rm ito t ic  period  was th e  su b jec t 
o f  D r. St e e l s ’ paper. H e su m m ariz ed  th e  d ifferen t m e th o d s , a n d  th e  technical p ro b lem s 
w ere discussed.

M any  papers were de liv e red  on  th e  d e te rm in a tio n  o f p ro life ra tiv e  processes o f d ifferen t 
p la n ts  a n d  in v erteb ra tes . T hese  o rg an ism s seem to  be good te s t  ob jec ts.

D r. H amilton  used  e a rly  e m b ry o s  of A m phib ia  to  d e m o n s tra te  how  th e  d ifferen t phases 
o f  cell cycle influence th e  ra d io se n s it iv ity  o f p ro life ra tin g  cells.

T h e  question  of cell k in e tic s  o f  fo e ta l and a d u lt  e ry th ro p o ies is  was dea lt w ith  in  tw o 
p a p e rs , em phasizing  th e  im p o rta n c e  o f e ry th ro p o ie tin .

Dr.  G raham , s tud ied  th e  cell-cycle changes du r ing  th e  ear ly  phase of m am m al ian  cell 
d ev e lo p m en t .

D r. Sn o w  d e m o n s tra ted  th e  d am ag ing  effect o f 3H -th y m id in e  on developing m ouse 
e m b ry o  tissues.

T he la s t p ap er, de liv e red  b y  D r. R ytömaa  an aly sed  th e  im p o rtan ce  of th e  chalones 
in  th e  co n tro l o f m am m alian  cell d iv ision .

T he p u b lica tions o f th ese  w orks has been reaso n ab le  b ecause  th e  papers give a good 
in fo rm a tio n  on th e  recen t re su lts  o f  d ev elopm en tal bio logy.

T h e  excellen t p re se n ta tio n  o f  th e  book praises th e  ca re fu l w ork  of Cam bridge U n iv e r
s ity  P ress .

L. K ovács (B u d ap es t)

E i b e n , О . G .: T h e  p h y siq u e  o f  w o m a n  a th le te s
T h e  H u n g a ria n  Scientific C ouncil fo r P h y sica l E d u ca tio n , B u d a p e s t (1972), pp . 190, 94 tab les , 
55 f ig u res

A n  o u ts tan d in g  group  of ch a ra c te ris tic s  of th e  p o ly m o rp h ism  of th e  h u m an  race  are  th e  
n u m ero u s  p a ram ete rs  o f th e  m orpho log ical co n stitu tio n .

T h e  in d iv id u a l v a r ia tio n s  a n d  th e  ind iv idual d iffe re n tia tio n  a re , o f course, th e  re su lta n ts  
o f  sev e ra l en v iro n m en ta l fa c to rs  in  a d d itio n  to the  genetic  b a ck g ro u n d .

D a ta  o b ta in ed  by  th e  m e th o d s  of physical a n th ro p o lo g y  recognizing “ m an ”  from  th e  
h u m a n  biological, viz., a u n iq u e  p o in t  o f view , offer an  o p p o r tu n ity  for a num ber of p ra c tic a l 
conclusions.
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M odern sp o rts , especially  the  ach iev em en ts  o f th e  highest-level c o m p e titio n s  and  
O lym pic  G am e s. arouse  in te re s t in the  physical p ro p e rtie s  o f th e  sportsm en and  sp o rtsw o m en  
p ro m in e n t in a b ra n ch  of sp o rt.

W hile a n u m b er o f s tud ies has a lread y  been  pe rfo rm ed  on m an a th le te s , th e  sp o rt 
an th ro p o lo g y  of w om an a th le te s  is an a lm o st u n e x p lo re d  field .

T h is book p resen ts  th e  d a ta  o b ta in ed  by th e  a u th o r  on th e  m ost p ro m in e n t w om an 
a th le te s  ach iev ing  to p m o st ach ievem en ts in E u ro p e . As con tro ls, the  u n d e rg ra d u a te s  o f th e  
School o f Physica l E d u ca tio n  and  th e  T each ers’ T ra in in g  College and sw ordsw om en were 
stu d ied .

B ody  h e ig h t, b re a d th , circum ference and  w e ig h t, an d  physiom etric  m easures were ta k e n  
an d  p ro p o rtio n s were also d e te rm ined . E xp ressin g  th e  re su lts  in re la tive  m easu res, indices 
could also be fo rm u la ted  from  w hich con tro lled  d a ta  on  th e  fem ale m orphological c o n s titu tio n  
could be o b ta in ed  b y  a p p ro p ria te  m ath e m a tic a l a p p a ra tu s .  — C orrelations o f th e  body  sizes 
were also calcu la ted  accord ing  to  th e  princip les su g g ested  by  T a n n e r . T o ta l co rre la tio n s w ere 
c a lcu la ted  fo r 9 sub g ro u p s of th e  w om an a th le te s  w hile p a r tia l  corre lations w ere c a lcu la ted  
for several o th er g roups.

In  ad d itio n  to  th e  co n v en tional a n th ro p o m e tr ic  an alysis, the  m ethod of an a ly sis  by  th e  
so-called generalized  m ajo r axis has also been in tro d u c ed  by  th e  au th o r. (F o r d e ta ils , th e  te x t  
o f th e  book should  be referred  to .) The sm a rt co rre la tio n  v ec to r analysis is a p t for c o m p u ta tio n  
an d  p ro g ram m in g . T he va lues o b ta ined  ap p ea r in th e  sy s tem  of co-ord inates as p o in ts  an d  
as c lu s te rs o f p o in ts  when re la ted  to  m ore in d iv id u a ls , b u t  a t  the  sam e tim e th e y  d e te rm in e  
th e  ch ara c te ris tic  loca tion  and  area  in th e  sy s tem  o f co -o rd in a tes of the  sub g ro u p  stu d ied  as 
con seq u en t from  th e  d a ta  o f th e  m easu rem en ts. T y p ic a l and  ch arac te ris tic  o v e rlap p in g s can  
be fo u n d  betw een th e  fields o f th e  d ifferen t a th le tic a l form s, while re p re se n ta tio n  sep a ra tes  
c e rta in  re la te d  form s of sp o rt in  the  system  of co -o rd in a tes .

T he book th en  offers a deta iled  analysis o f th e  sim ilarities , iden tities, an d  d ifferences 
am ong, an d  co n stitu tio n a l ch arac te ris tics  of, th e  v a rio u s  k inds o f sport.

F in a lly , th e  book raises th e  question : are  w om en born  as, or develop in to , a th le te s? T h e  
answ er is: th e y  are b o th  bo rn  as and develop in to  a th le te s  (Ta n n e r ).

T he value of th e  book is no t only in th e  trem en d o u s m ass of d a ta  w hich , concern ing  
w om an a th le te s  are com ple te ly  new, b u t also in th e  in tro d u c tio n  of the  new  m eth o d  w hich 
js very  usefu l for o th e r physical and  an th ro p o lo g ica l in v estig a tio n s in ad d itio n  to  th e  a c tu a l 
gtudies.

T he book p ub lished  in E nglish  is a prom ise  to  be  an  excellent book of reference.

Gy . K i s z e l y  (Szeged)

The physical m a tu rity  of nursery-school and school ch ild ren  in  B udapest
E d . H e g e d ü s , Gy ., E i b e n , О. Public H e a lth  S ta tio n , B u d ap es t (1971).

T he book is th e  w ork of a team  of the  follow ing au th o rs : Drs Ottó E i b e n , Gy ö rg y  
H e g e d ű s , Mátyás B á n h e g y i , K lára K is s , Margit  Mo n d a , and I lona  T a s n á d i .

T he ed ito rs’ p reface sets the  purposes o f th e  b o o k le t: to observe and su rv ey  th e  ch ild ren  
of nursery-schooling  and  schooling age for physical m a tu r i ty  in B u dapest and  to  co m pare  th e  
resu lts  o f th e  m easu rem en ts perform ed in 19S0 to  th o se  in 1960. The resu lts  of th ese  m easu re 
m en ts  offer im p o rta n t d a ta  no t only for pedagogues a n d  physicians, b u t also for those  who 
s tu d y  th e  p rob lem s of u rb an iza tio n  and  those  of d ev e lo p m en ta l acceleration  in  con n ec tio n  
w ith  th e  p o stp o n em en t o f th e  up p er lim it of th e  schooling-age.

Since b o th  th e  m easu rem en ts and  th e  e v a lu a tio n  of the  d a ta  have  been pe rfo rm ed  
accord ing  to  the  in s tru c tio n s  of th e  In te rn a tio n a l B iological P rogram  (IB P ), th e  b o o k let m ay  
be considered  a s ig n ifican t w ork of reference in te rn a tio n a lly  as well. This c h arac te rizes  th e  
ev a lu ab ility  and th e  su b seq u en t u sab ility  o f th e  d a ta .  C ross-sectional g row th  s tu d ies , w hen 
p e rfo rm ed  on the  e th n ic  g roup  of an  area , becom e in te re s tin g , if repea ted , th e  role o f en v iro n 
m en ta l (n a tu ra l and  social) and  p o p u latio n  g en etica l fac to rs  can be judged .

In  C h ap te r 1, th e  m ate ria l s tud ied  and th e  m eth o d s  used are described in d e ta il. A to ta l  
o f 4 859 boys and  5 051 girls o f th e  age betw een 3 a n d  18 y ears  were stud ied  in 27 k in d e rg a rte n s , 
12 pub lic  p rim ary  schools, and  3 secondary  schools d u rin g  th e  school-year of 1968 69. T he
stu d ies  on ch ild ren  of th e  age betw een 7 an d  14 m a y  be considered as re p re se n ta tiv e  since 
public  p r im a ry  school is ob lig a to ry  in H u n g a ry . T o m ake  th e  sam ple re p re se n ta tiv e , ch ild ren  
in va rio u s d is tr ic ts  o f d iffe ren t ch arac te ris tics  o f B u d a p es t were stud ied . F o r the  d e te rm in a tio n  
of age, th e  decim al system  suggested by  th e  IB P  w as used  as described in th e  A p p en d ix  of
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th e  bo o k . T he genera l p o in ts  o f view  of th e  m easu rem en ts , th e  in s tru m en ts , th e  c h a ra c te ris tic s  
m ea su re d , th e  m eth o d s o f ev a lu a tio n , th e  c a lcu la tio n  o f indices as well as th e  b io m e tric a l 
m e th o d s  are  described  in d e ta il.

I n  C h ap te r 2, th e  resu lts  o f th e  s tud ies are  p re sen te d  and  discussed. The b o d y  p a ra m 
e te rs  (b o d y  h e ig h t, s ittin g  h e ig h t, b re a d th  across th e  sh o u lders, th e  b re ad th  of th e  h ip , th e  
c ircu m feren ce  of th e  chest, and  b o d y  w eight) a re  show n b y  tab le s  p resen ting  th e  n ecessa ry  
m a th e m a tic a l  an d  b iom etrica l va lues an d  th e n  th e  w ay  in  w hich  body  m easu rem en ts a p p ro a c h  
th e  v a lu e s  ch a ra c te ris tic  o f a d u lts  is analysed . R e la tiv e  b o d y  sizes an d  indices as well as n o rm al 
zones a re  also p resen ted . F in a lly , th e  physical m a tu r i ty  o f th e  y o u th  (3 — 18 y ears  o f age) 
o f B u d a p e s t  in  th e  la te  1960s is com p ared  w ith  th e  d a ta  o b ta in e d  for th e  early  1950s.

T he cross-sectional p ic tu re  th u s  o b ta in ed  m ay  be co rre la ted  w ith  econom ical an d  
social changes th a t  occurred  d u rin g  th e  period  an d  h av e  an  in d isp u tab le  p rac tica l an d  th e o re t
ical sign ificance . T he a u th o rs  express th e ir  op in ion  th a t  th e  so-called acceleration  o f d ev e lo p 
m e n t is possib ly  due to  th e  cessation  of th e  earlie r re ta rd a tio n , th o u g h , th e  action  o f u rb a n iz a - 
t io n a l a n d  p o p u la tio n -g en e tica l fac to rs  is no t neglig ib le , e ith e r.

T h e  in te res tin g  an d  in s tru c tiv e  book re p o rtin g  d a ta  o f in te rn a tio n a l in te res t, is closed 
b y  a  co m p le te  lis t of th e  re le v an t H u n g a rian  references a n d  b y  a su m m ary  in E nglish .

Gy . K is zel y  (Szeged)

S p e a r m a n , R. I. C.: T h e  in te g u m e n t  
U n iv e rs ity  P ress , C am bridge (1973), pp . 208, £  4.20

T he in te g u m en t is th e  su b je c t o f  th e  th ird  vo lu m e of th e  series pu b lish ed  o n  th e  
B io log ical S tru c tu re  an d  F u n c tio n . The a u th o r  gives a co m p a ra tiv e  account o f th e  in te g u m e n t 
in  b o th  in v e rte b ra te s  and  v e r te b ra te s .

A fte r  a b rie f  h is to rica l in tro d u c tio n , th e  book  deals w ith  m ethodological q u estio n s  
o f m o rp ho log ical, b iochem ical a n d  b iophysical in v es tig a tio n s  necessary  to  s tu d y  th e  skin. 
T h e  f i r s t  p a r t  p re sen ts  th e  c o m p ara tiv e  m orpho logy  o f th e  in teg u m en ts  of in v e rte b ra te s  and  
v e r te b ra te s ,  a n d  devo tes sep a ra te  ch ap te rs  to th e  in te g u m en ts  o f lower in v e rte b ra te s  and  
Coelomata. One can  also read  a b o u t in v e rte b ra te  sk in  co lo u ra tio n . Fish, A m p h ib ia , re p tile s , 
b ird s  a n d  m am m als a re  d ea lt w ith  in sep a ra te  ch ap te rs . T he second p a r t  gives an  acc o u n t o f th e  
c o m p a ra tiv e  fu n c tio n s o f th e  sk in , th e  to p ics in c lu d in g  th e rm a l regu la tion , th e  decisive  role 
o f n e u ro -h o rm o n a l co n tro l, th e  sy n th esis  o f d iffe ren t co m p o n en ts  of the  skin, th e  t ra n s p o r t  
th ro u g h  th e  sk in , im m uno logy  a n d  developm en t.

T h e  book, a co m p ara tiv e  acco u n t on th e  m o rp h o lo g y  and  function  of th e  in te g u m e n t, 
w ill be  o f in te re s t to  zoologists, derm ato lo g ists , p a th o lo g is ts  an d  physio logists. I ts  ex ce llen t 
g e t-u p  a n d  ty p o g rap h y , th e  c lear-cu t d raw ings a n d  h ig h -q u a lity  m icroscopic p ic tu re s  all 
b rin g  c re d it  to  th e  ed ito r.

L. Soltész (B u d a p e s t)

S c h e u n e r , G., H u t s c h e n r e i t e r , J . :  P o la r is a t io n s m ik ro s k o p ie  in  d er H is to p h y s ik
V E B  G eorg T hiem e, Je n a  (1972), pp . 179, Figs 92, M 35,

T h e  significance of p o la riza tio n  m icroscopy  as an  in d irec t m ethod  of u l tr a s t ru c tu ra l  
re sea rc h  in  b io logy has increased  as a re su lt o f th e  grow ing  in te re s t  in biological u l tra s tru c tu re  
a ro u sed  b y  th e  d irec t v isua liz ing  m eth o d  of e lec tro n  m icroscopy . U n fo rtu n a te ly , a t  p re se n t 
o n ly  h a n d b o o k s  (m o stly  o u t o f p r in t)  deal w ith  th e  p rin c ip les  and  app lication  of p o la riza tio n  
m ic ro sco p y . T his book in ten d s  to  p rov ide  the  b asic  know ledge of th e  th eo ry  of p o la riza tio n  
o p tic s  in  a  sh o rt form  w ith  a useful descrip tion  of th e  p ra c tic a l m odern  m ethods of p o la riza tio n  
m ic ro sco p y  of h istochem ical significance.

T h e  a u th o rs , a p h y sic is t (H .) an d  a biological m o rp h o lo g ist (Sch.), have  succeeded  in 
g iv ing  a concise p re sen ta tio n  of th e  th eo re tica l p rinc ip les  o f p o lariza tio n  op tics an d  p o la r iza 
tio n  m icroscopical m ethods w ith  specia l em phasis on  th e  q u a n ti ta t iv e  aspects o f h is to ch em ica l 
se lec tiv ity .

In  th e  f irs t  c h ap te r  th e  b asic  p rincip les o f p o la riza tio n  op tics are described. T he basic  
e q u a tio n s  are  in tro d u ced  an d  m an y  m odel figures a re  in c lu d ed , w hich are helpful in u n d e rs ta n d 
ing th e  o p tic a l phenom ena.

T h e  second c h ap te r  deals w ith  th e  d iffe ren t ty p e s  o f  u ltra s tru c tu ra l m icellar p a tte rn s  
a n d  th e ir  an iso tro p ic  e ffects, fo rm  and  in trin s ic  b irefrin g en ce , d ispersion  of b irefrin g en ce , 
w ith  a  c lear t re a tm e n t o f th e  p h en o m en a  of d ich ro ism  cau sed  by  an o rderly  a rra n g e m e n t
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of se lec tive ly  ab so rb in g  m olecules in biological s tru c tu re s . T he n ex t c h ap te r  d iscusses th e  
p ra c tic a l pe rfo rm an ce  of po lariza tio n -o p tica l in v es tig a tio n s , th e  d e te rm in a tio n  o f th e  c h a ra c te r  
o f b irefringence an d  th e  m easu rem en t o f re ta rd a tio n s  w ith  special respect to  m ea su rin g  th e  
sm allest re ta rd a tio n s  on biological s tru c tu re s . A c h a p te r  is devo ted  to p o la riza tio n -o p tica l 
h is tochem ical m eth o d s. T hese m ethods are based  on th e  specifically  o rien ted  asso c ia tio n  o f co
lourless su b stan ces o r dye m olecules on th e  h is to ch em ica lly  w ell-defined side g ro u p s o f m ice llar 
te x tu re s  o r on th e  specific selective association  o f su ch  com ponen ts on m icellar te x tu re s  as a 
whole. T he q u a n ti ta t iv e  ev a lu a tio n  of these  re ac tio n s  is described and d e m o n s tra te d  w ith  
m an y  g rap h s  an d  tab les.

T h is c h ap te r  will be o f g rea t p rac tica l va lue  in show ing, for the  f irs t t im e , th e  severa l 
possib ilities o f q u a n ti ta t iv e  specific u l tra s tru c tu ra l  in v es tig a tio n  on m any  b io logical s tru c tu ra l  
co m p o n en ts , as connective  tissue g round  su b s tan ce , s t ru c tu ra l  lipids, DNA and  R N A , enzym es, 
n eu rosecre tions an d  d iffe ren tia tio n  betw een  sc lerop ro te ins.

T he book fills a gap and therefo re  deserves to  be welcom ed.

G. R omhányi (P écs, H u n g a ry )

H il l m a n , H .: C e r ta in ty  a n d  u n c e r ta in ty  in  b io c h e m ic a l  te c h n iq u e s
S urrey  U n iv e rs ity  Press, H enly-on-T ham es, O xon (1972), pp . 126, £ 2.85.

T he s tru c tu re  and  th e  biochem ical processes w hich  underlie  life c an n o t be s tu d ied  
d irec tly  in  th e  enorm ous com plex ity  o f th e  liv ing  cell. C onsequently , in th e  ov erw h elm in g  
m a jo rity  o f  ex p erim en ts  life itse lf is f irs t e x tin g u ish ed  by  e ith e r rig id ly  fix ing  cells a n d  tissu es 
or d is in te g ra tin g  th em  in to  th e ir  com ponents. O n ly  th e n  can  the  increasingly  so p h is tic a ted  
assays be carried  o u t w hich , in tu rn , a lte r  fu r th e r  th e  o rig ina l ch aracteris tics o f  th e  sam ple . 
A t th e  end of th is  long O dyssey we are com pelled  to  face th e  crucial question : A re o u r d a ta  
re le v an t to  th e  u n d e rs tan d in g  of life? o r in o th e r  w ords: Do th ey  fa ith fu lly  re fle c t th o se  p ro p 
e rties o f th e  liv ing  m a tte r  on w hich life is d e p en d e n t?

D r. H illman  trie s to  answ er th is  basic q u e s tio n  by  carefully  assessing th e  m u ltip le  
e ffects on p ro te in s o f som e w idely used  tec h n iq u es , such  as subcellu lar fra c tio n a tio n , h is to 
c h em istry , e lectron  m icroscopy, rad io ac tiv e  m easu rem en ts , electrophoresis, a n d  c h ro m a to g 
ra p h y . W ith  sh a rp  criticism  he analyzes each step  o f th e  p rocedures from  the  k illing  o f th e  a n i
m al to  th a t  y ield ing  the  fin a l resu lt. I t  is th e  m erit o f  th e  a u th o r  th a t  he successfu lly  lim its  
th e  d iscussion  to  th e  essen tia l p o in ts w ith o u t becom ing  lost in  th e  evaluation  o f en d le ss  m inor 
m ethodo log ical v a ria tio n s . Some of his op in ions a re  su rp risin g  and will c e r ta in ly  p ro v o k e  
fru itfu l d eb a te . F o r exam ple , he denies th e  m ere ex is ten ce  of the  endop lasm ic  re ticu lu m , 
a t  lea s t in th e  form  v isualized  to d ay . He argues t h a t  th is  th ree-d im ensional n e tw o rk  w ould 
re s tr ic t  o r e n tire ly  lim it th e  m ovem en t o f th e  th ree -o rd ers-o f-m ag n itu d e  la rg e r o rganelles 
easily  seen u n d e r th e  ligh t m icroscope. As th is  is n o t  th e  case, th e  ne t ough t to  be s tre tc h e d  
ex ten siv e ly , b u t th e  e lectron  m icroscopic p ic tu res  do n o t show  the  so-expected , c h a ra c te ris tic  
signs.

In  sp ite  o f som e in ev itab le  ex ag gerations one h as  to  share the  final conclusion  o f the  
a u th o r :  “ A g rea t deal o f m odern  b io ch em istry  o f tissu es in  vitro is done w ith  u n k n o w in g  
d isreg ard  of th e  law s of therm o d y n am ics and physics. I w ould conclude th a t  th e  v a lid a tio n  
o f som e o f th e  m ost p o p u lar techn iques in w orld-w ide use is grossly overdue. U n til  a n d  unless 
th is is done , all th e  find ings based on th em  m u st be  reg ard ed  as unproven . I f  th e  n ecessary  
co n tro l e x p erim en ts  should  fail to v a lid a te  th e  tec h n iq u es , th e  techn iques should  be  ab an d o n e d . 
A t th e  m o m en t b io ch em istry  is in th e  s ta te  of u n c e r ta in ty  because e lem en tary  co n tro l e x p e ri
m en ts fo r com plex p rocedures have never been done . I su b m it th a t  th ey  should  a n d  m u st be 
done s o o n / ’ N everthe less , I feel stro n g ly  th a t  th e  u n c e r ta in ty  is far from  being as a b so lu te  as 
D r. H illman  p o stu la te s . I t  should  be rem em b ered , fo r exam ple, th a t  in  vivo  e x p e rim e n ts  
w ith  rad io ac tiv e  trac e rs  and  those  carried  o u t in  vitro  on iso lated  organelles o r en zy m es are 
v e ry  o ften  in essen tia l ha rm o n y  in sp ite  o f th e  u n q u e stio n a b le  shortcom ings o f th e  m eth o d s 
used. Such  co rro b o ra tiv e  resu lts  should  reassure  us th a t  th e  p resen t u n d e rs tan d in g  o f som e 
b iochem ical processes is a t  least close to re a lity . O n th e  o th e r  hand , th e  re ce n t sp e c ta cu la r  
successes ach ieved  in life sciences m ig h t u n d o u b te d ly  ind u ce  false “ secu rity ”  feelings w hen 
ap p ly in g  these  m eth o d s. The p re sen t book, th e re fo re , shou ld  be read  and  d iscussed  b y  all 
b io logists, p ro v id ed  th e y  seek rem ed y  for th is p a r tic u la r ly  dangerous a ilm en t.

S. K e k p e l - F r o n iu s  (B u d a p e s t)
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I n te r n a t io n a l  S y m p o s iu m  o n  HL — A R e a g e n ts
Proceedings o f  the 36th S y m p o s iu m , organized by the In tern a tio n a l Association o f  B iological 
S ta n d a rd iza tio n , Ju n e  1 — 3, 1972 , Copenhagen
E d . R e g a m e y , R . H. an d  Sp a r c k , J .  V., S. K arger, B ase l, M ünchen , Paris, L ondon , N ew -Y ork , 
S y d n ey  (1973), pp . 317, fig s 65, S F r 60.

T h is  V olum e, No 18 of th e  Sym posia Series on  Im m unob io log ical S ta n d a rd iz a tio n , 
p re se n ts  th e  p roceed ings o f th e  3 6 th  Sym posium  held  sh o r t ly  before th e  5 th  H is to c o m p a tib ility  
W o rk sh o p  a t  E v ia n  in  1972. T he a im  of th e  S ym posium  w as to  review  cu rren t d ev e lo p m en ts  
in th e  s ta n d a rd iz a tio n  o f t r a n s p la n ta t io n  antigens.

T h e  boo k  is d iv id ed  in to  seven  p a r ts : (1) P ro d u c tio n  of H L —A an tibod ies; (2) A ssay  
p ro c ed u re s  an d  s ta n d a rd iz a tio n  o f H L —A an tise ra ; (3) C ellu lar in te rac tio n s “ m  vitro”  in  re la 
tio n  to  H L — A; (4) Serology of th e  H L  -A  sy s tem ; (5) H L — A antigens, p u rif ic a tio n  an d  
ch em ica l c h a ra c te riz a tio n ; (6) G enetics o f th e  H L — A  sy s te m ; (7) General b iological fu n c tio n  
of t r a n s p la n ta t io n  an tig en s.

T h e  f ir s t  p a r t  d iscusses sev era l m ethods for th e  p ro d u c tio n  of H L —A an tise ra  b y  p la n n e d  
im m u n iz a tio n  in h u m an  a n d  he tero logous re la tions. T h e  lec tu re s  rep o rted  in  th e  second p a r t  
deal w ith  th e  serological m e th o d s  of H L —A ty p in g  a n d  p re se n t som e new  m ethods fo r co n cen 
t r a t io n  a n d  s ta n d a rd iz a tio n  of w eak  H L —A an tise ra . H ere  i t  w as necessary  to define th e  ce llu la r 
in te ra c tio n s  in  vitro in  re la tio n  to  H L —A, i.e., to  e s ta b lish  th e  corre lation  be tw een  H L — A 
ty p in g  a n d  MLC response , an d  to  s tu d y  th e  ce ll-m ed ia ted  lym pho lysis in m an. T he re p o rts  
d iscussing  th e  serology an d  genetics of th e  H L —A sy s te m  w ere  th e  m ost in te res tin g  p a r ts  o f 
th e  S ym p o siu m . In  o rd e r to  im p ro v e  th e  know ledge of th e  specificity  of a n tig e n -a n tib o d y  
re ac tio n s , th e  qu estio n  w as ap p ro ach ed  b y  th e  p u rif ic a tio n  a n d  chem ical c h a ra c te riz a tio n  o f 
th e  t ra n s p la n ta t io n  an tig en s.

In  th e  la s t p a r t  o f th e  vo lu m e, some general b io lo g ical functions o f th e  tra n s p la n ta t io n  
an tig en s  a re  considered  fro m  th e  clinical p o in t o f view .

T h is  book is ind isp en sab le  fo r im m unologists a n d  e x p e r ts  w orking in H L —A ty p in g , an d  
fo r su rg eo n s being engaged  in o rg an  tra n sp la n ta tio n .

G. P et r á n y i  (B u d a p e s t)

B iocybernetics . V ol. 4
Proceedings o f  the I l l r d  In terna tiona l Sym posium  on B iocybernetics. Satellite S ym p o siu m  o f  the 
X X V t h  In terna tional Congress o f  Physiological Sciences, L e ip z ig , 3 to 7 A ugust 1971.
E d . H . D r is c h e l  and  P . D e t t m a r . V E B  G ustav  F isch e r V erlag , Je n a  (1972), pp. 320.

T h e  book is a co llection  o f th e  m ost in te re s tin g  p a p e rs  p resen ted  a t th e  S ym p o siu m  
d ev o ted  to  m odelling  b io log ical system s and m a th e m a tic a l analysis of biological processes. 
F o rty -s ix  o u t o f th e  a b o u t 80 p re sen ta tio n s  are in c lu d ed  in th is  volum e and a rran g ed  u n d e r  
th e  fo llow ing five top ics: (1) B asic, general and th eo re tic a l a sp e c ts  of b iocybernetics (11 p ap ers) . 
T he p a p e rs  deal am ong o th e rs  w ith  a pharm aco log ica l a p p ro a c h  to  m odelling n eu ro n al n e ts , 
th e  in tra c e llu la r  re g u la tio n  o f in te rn eu ro n a l co n n ec tiv ity  — a basis of learn ing an d  m em o riz 
ing processes, th e  basic processes o f b ioinform ing a c tiv it ie s  in  th e  b rain . (2) B io cy b ern e tics  
o f th e  v isu a l system  (7 p ap ers) . (3) B iocybernetics o f  m o to r  co n tro l (10 papers). (4) B io cy b e rn e 
tics o f sen so m o to r sy s tem s especially  eye and h ead  p u rsu it  m ovem en ts (9 papers). (5) B io 
c y b ern e tic s  o f au to n o m o u s h o m eo s ta tic  system s, especially  th e  card iovascu lar system  (9 p a p e rs ) . 
T he su m m a ry  of a ro u n d -tab le  d iscussion on the  m ain  to p ic  o f the  Sym posium , h e ld  d u rin g  
th e  m ee tin g  (m o d era to r W . D. K e i d e l ), is also g iven  in  th e  book.

As p o in te d  ou t b y  th e  E d ito rs  in the  preface: “ P a p e rs , discussions and th e  ro u n d 
tab le  d iscussion  have c learly  show n th a t  th e  first an d  b y  fa r  too  op tim istic  phase of c y b e rn e tic  
and  sy s tem s ap p ro ach  in th e  field  o f biological research  h as  b een  overcom e” . A t th e  sam e tim e , 
th e  p re se n ta tio n s  have in d ic a te d  th a t  cybernetics is a  v e ry  u se fu l tool to  gain new  know ledge 
of life fu n c tio n s.

T h e  selection  of th e  lec tu re s  and  the  com pila tion  of th e  m ate ria l are excellent. T he book 
is e sp ecia lly  in te res tin g  to  b iocy b ern e tic ian s and th e o re tic a l b iologists, b u t all those  w o rk in g  
in v a rio u s  fields o f biological sciences m ay benefit fro m  it.

B. H alász (B u d a p e s t)

Aolo Biologica Academiae Scientiarum Hungaricae 24, 1973
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The MicrofJora in the Settling; 
and Subsoil-Water Enriching;
Basins of the Budapest Waterworks

A c o m p a r a t i v e  s t u d y  i n  e c o l o g y ,  l i m n o l o g y  a n d  s y s t e m a t i c s  

b y  T . H o r t o b á g y i

B iospherical po llu tion  an d  th e  e u tro p h iz a tio n  of n a tu ra l  w a te rs  
are  th e  problem s o f to d a y . T he a u th o r  in troduces in  h is  p re se n t 
w ork th e  biocoenoses o f th e  B u d a p e s t W aterw orks. D e ta ile d  d is 
cussion is given on w a te r  p ro d u c tio n , on th e  physical a n d  ch em ica l 
cond ition  o f th e  basin s, on th e  a u th o r ’s lim nological an d  b io log ica l 
s ta te m e n ts . In  th e  tax o n o m ica l p a r t ,  he deals w ith 415 ta x a  b e lo n g 
ing to  116 genera b eau tifu lly  i l lu s tra te d  in  610 original d raw in g s . 
T he a u th o r  a sce rta in ed  238 ta x a , new  to  th e  flora of R iv e r D a n u b e ; 
58 ta x a  p roved  to  be new  to  science. T h e  w ork is con c lu d ed  w ith  
th e  ev a lu a tio n  of th e  collectings; th e  in id iv id u a l phy tocoenoses a re  
com pared  in  tim e  an d  space.

In  E nglish  • 143 pages • 28 T ab les  • 69 Supp lem ents • C lo th
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ULTRASTRUCTURAL FEATURES OF CELLS 
AND TISSUES IN CULTURE

74

e d ite d  b y  I .  Törő  a n d  Gy. R a p p a y  

(S y m p o sia  b io logica H u n g a ric a  14)

T issue  c u ltu re  h as  becom e one o f th e  basic m e th o d s  o f p resen t d ay  e x p e r i

m e n ta l b io logy . I t  is th e  p u rp o se  o f th e  a n n u a l C onferences of the  E u ro p e a n  

T issue  C u ltu re  S oc ie ty  to  p ro m o te  th e  ap p lica tio n  o f  th is  m ethod  in  th e  s tu d y  
o f a ll k in d s  o f cell-b io logical p rob lem s.

T he p a p e rs  in  th is  vo lum e a re  th o se  of th e  f i r s t  d a y  o f  th e  1971 m eetin g  held  

in  B u d a p e s t an d  all th e  c o n tr ib u tio n s  are d ea lin g  w ith  th e  fine s tru c tu re  o f  

c u ltu re d  tissues an d  cells. T h e  papers cover a w ide  range  o f ex p e rim en ta l 

w o rk  w ith  ob jec ts  like ly m p h o re tic u la r  cells, tu m o u r  cells, endocrine as w ell 

as p la n t  cells. T he re su lts  in d ic a te  th a t  irre sp e c tiv e  o f  w hether th e  o rig in a l 

id tr a s t ru c tu re  is re ta in e d  o r lo st in  cu ltu re , v a r io u s  fu n c tio n s ch a rac te riz in g  

th e  cells in  vivo are  s till a p p a re n t  u n d er in  vitro  co n d itio n s . This sy m posium  

h as  b een  a fu r th e r  p ro o f  o f  th e  im portance  o f  th e  tissu e  cu ltu re  m e th o d  in  

s tu d y in g  th e  co n tro l o f v a r io u s  v ita l  functions on th e  ce llu la r level. The e le c tro n  

m ic ro g rap h s  p re sen ted  are  especia lly  v aluab le  to  in te re s te d  cytologists.

In  E n g lish  ■ 1972 • 159 pages • 96 pho tos • 7 figures ■ 16 ta b le s  ■ 17 X 25cm • C lo th
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P A L E O G E N E  F O S S IL  S P O R O M O R P H S  O F T H E  B A K O N Y  

M O U N TA IN S

P a r t  I

b y  M. K edves

(S tu d ia  biologica A cadem iae  S c ien tia ru m  H u n g aricae  12)

I n  h is book ‘■‘■Palynological S tud ies on H ungarian  E a r ly  T ertia ry  

D eposits’’'’ (A kadém iai K iad ó , 1969) th e  a u th o r  d iscussed  th e  sporo- 

m o rp h  com position  o f th e  H u n g a ria n  E a r ly  T e rtia ry  d ep o sits . T he 

p re se n t w ork sets th e  ta rg e t  to  e lab o ra te  m o n o g rap h ica lly  th e  

spo rom orphs of th e  B ak o n y  M oun ta ins. T he com plete w ork  su m m a 

riz ing  som e 10 y ea rs  o f re sea rch  will be pub lished  in  fo u r vo lu m es 

in  th e  series of S tu d ia  B iologica. T he p re se n t, f irs t vo lum e g ives th e  

su rv ey  of th e  re le v a n t l i te ra tu re  on palyno log ica l in v e s tig a tio n  an d  

th e  tax o n o m y  o f spores, to g e th e r  w ith  th e  d esc rip tio n  o f  sev era l 

new  ta x a .

In  E ng lish  • 1973 • 134 pages • 22 T a b le s -12  F igures • C loth
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ACTA BIOLOGICA ACADEMIAE SCIENTIARUM HUNGARICAE publishes original
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204, 553—563.

2. D e  D u v e , C. (1959) L ysosom es, a new  group  of c y to p la sm ic  pa rtic les . In  H a y a s h i,
T. Subcellular particles. Ronald Press, N. Y.

3. U m b r e it , W. E., B u r r is , R. H., St a u ff e r , I .  F. (1957) Manometric techniques.
Burgess Publishing Co., Minneapolis.
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months after submission of manuscripts. In order to speed up publication no proof will be 
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Authors will be furnished, free of charge, with 100 reprints. Additional reprints may 
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