
15.2.1973 Specialia 145 

c o n t a i n e d  45CaC12 was in jec ted  in to  t he  a b d o m i n a l  c a v i t y  
of t he  female.  The  r a d i o a c t i v i t y  of t h e  in jec ted  45Ca was 
2-4  ~zCi for each  fish. Unfe r t i l i zed  eggs were o b t a i n e d  
fol lowing Y a m a m o t o ' s  p rocedures  1 and  fer t i l ized eggs 
were col lected f rom an  a q u a r i u m  eve ry  morn ing .  The  
eggs were w a s h e d  th r ee  t imes  w i t h  100 ml  of d is t i l led  
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Fig. 1. Radioactivity in spawned eggs of Oryzias latipes after injection 
of 45Ca-contained Ringer's solution. 

w a t e r  a n d  t h e  eggs were homogen ized  w i t h  te f lon  h o m o -  
genizer  a f t e r  a d d i n g  of a ce r t a in  a m o u n t  of R i n g e r ' s  
solut ion.  T h e  h o m o g e n a t e  was dr ied w i t h  a n  in f ra - red  
l a m p  an d  t h e  r a d i o a c t i v i t y  of t h e  d ry  m a t t e r  was mea-  
sured  us ing  2~ gas-flow counter .  F igure  1 i l lus t ra tes  t h e  
change  in  t h e  r a d i o a c t i v i t y  of t h e  s p a w n e d  egg a f te r  t h e  
in jec t ion  of ~sCa. T h e  r a d i o a c t i v i t y  r eached  a m a x i m u m  
2 or 3 days  a f te r  t h e  in jec t ion  a n d  g radua l l y  decreased.  

I n  order  to  check  t h e  inf luence  of t h e  in jec t ion  on  
spawning ,  2 series of t h e  e x p e r i m e n t s  were p r epa red  ; one  
for t h e  in jec t ion  of R inge r ' s  so lu t ion  w i t h  ~sCa, t h e  o t h e r  
for  t h e  in jec t ion  of R inge r ' s  so lu t ion  only. T h e  n u m b e r  of 
t h e  s p aw n ed  eggs was c o u n t e d  eve ry  d ay  a f t e r  t h e  injec-  
t ion.  I n  b o t h  cases, t h e  n u m b e r  was  r ed u ced  a f t e r  the 
in jec t ion,  an d  t h e  r educ t i on  was r e m a r k a b l e  in t h e  former .  
The  recovery  to i ts  n o r m a l  s t a t e  in  t h e  fo rmer  was s lower  
t h a n  t h a t  in  t h e  la t te r .  F r o m  these  results ,  we are inclined 
to  bel ieve t h a t  n o t  on ly  ~sCa b u t  also R inge r ' s  so lu t ion  
m a y  induce  t h e  i n h i b i t i o n  of spawning.  

M i c r o - a u t o r a d i o g r a p h y  was app l ied  to  unfer t i l i zed  
egg, spawned  eggs an d  i so la ted  ovaries ,  in o rder  to  
examine  the  loca l iza t ion  of t h e  i n co rp o ra t ed  45Ca. Af te r  
w as h i n g  w i t h  dis t i l led  water ,  t h e  m a t e r i a l  was  f ixed 
w i t h  Carnoy ' s  a lcohol  acet ic  acid solut ion,  e m b e d d e d  in  
paraff in ,  sec t ioned in t h e  th i ckness  of 10 v m  an d  s tuck  on  
a glass slide. The  c o n t a c t  m e t h o d  was app l ied  to  t h e  sl ide 
(Fuj i  X - r a y  film, non-sc reen  t y p e  No. 200). Af te r  t h e  
exposure  of a ce r t a in  period,  the  f i lm was deve loped  a n d  
c o m p a r e d  w i t h  t h e  sl ide which  was s ta ined ,  a f te rwards ,  
w i t h  h a e m a t o x y l i n  an d  eosine. As shown  in F igure  2, 
~sCa was i nco rpo ra t ed  w i t h  t h e  cor tex  a n d  ins ide  of t h e  
egg, especial ly  s t rong ly  i nco rpo ra t ed  w i t h  t h e  chorion.  
Accord ing  to YAMANOTO 6, t he  chor ion  of Oryzias egg is 
charged  nega t i ve  in R inge r ' s  so lu t ion  a n d  i t  is easy  to  
s t a in  the  chor ion  w i t h  basic  dyes  such  as m e t h y l e n e  b lue  
an d  to lu id ine  blue. F r o m  th i s  p o i n t  of view, i t  m a y  be  
a s sumed  t h a t  ~Ca  can  be  incorpora ted ,  p r imar i ly ,  w i t h  
the  chor ion  and,  secondar i ly ,  w i t h  t h e  inside of the  egg. 

Zusammen/assung. Zur  M a r k i e r u n g  des in t raze l luI / i ren  
Ca im F i sch-E i  wurde  ~5CaC12- e n t h a l t e n d e  R i n g e r - L 6 s u n g  
in die A b d o m i n a l h 6 h l e  yon  Oryzias latipes inj iz ier t .  2 -3  
Tage n a c h  der  I n j e k t i o n  zeigt  die R a d i o a k t i v i t / i t  der  
abge leg ten  Eier  ih r  M a x i m u m  u n d  n i m m t  d a n n  a l lm/ ih l ich  
ab. Aus M i k r o a u t o r a d i o g r a m m e n  der  abge leg ten  E ie r  
geh t  hervor ,  dass  45Ca im Chor ion u n d  i n n e r h a l b  des 
Eies e i n g e b a u t  wird. 
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Fig. 2. Microautoradiogram of ova in Oryzias latipes (left; mature 
unfertilized egg, center and right; immature eggs), e T. YAMAMOTO, J. Fac. Sci. Tokyo Univ. sect. IV, d, 249 (1936). 

A c t i v a t i o n  of  M i t o c h o n d r i a l  E n z y m e s  D u r i n g  t h e  

The  increase  of a c t i v i t y  of m a n y  enzymes  d u r i n g  t h e  
ea r ly  p h a s e  of g e r m i n a t i o n  has  been  shown  to co r respond  
to de novo  syn thes i s  1-3. On t h e  o the r  h a n d  some soluble  
enzymes ,  p r e s e n t  in  a n  i n a c t i v e  fo rm in t he  d ry  seed, are  
r e a c t i v a t e d  d u r i n g  t he  v e r y  ear ly  p h a s e  of g e r m i n a t i o n  4-8. 
The  poss ib i l i ty  t h a t ,  in  t h e  g e r m i n a t i n g  cas to r  bean,  
m i t o c h o n d r i a l  enzymes  unde rgo  a r e a c t i v a t i o n  process,  
has  been  sugges ted  on  t he  basis  of t he  resu l t s  of exper i -  
m e n t s  w i t h  p ro t e in  syn thes i s  i n h i b i t o r s  3. 

E a r l y  P h a s e  of  S e e d  G e r m i n a t i o n  

The  p r e s en t  work  br ings  f u r t h e r  ev idence  in  f a v o u r  of 
th i s  view, showing  t h a t  s ign i f ican t  increases  of m i tochon -  
dr ia l  e n z y m e  ac t iv i t i e s  are observed,  u n d e r  cond i tons  of 
inhibited p ro t e i n  synthes is ,  b o t h  in t h e  whole  seeds a n d  
(at  a lesser ex ten t )  in  cell free m i t o c h o n d r i a l  p repa ra t ions .  

Materials and methods. P l a n t  ma te r i a l :  Cas tor  b e a n  
seeds (Ricinus communis var .  sanguineus) were decoa t ed  
and germinated in tSetri dishes on we t  f i l ter  paper ,  in t h e  
d a r k  a t  0~ or 27~ S q u a s h  seeds (Cucurbita maxima) 
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were decoa ted  and depr ived  of the  inner  m e m b r a n e  af ter  
5 h of imbib i t ion  at  0 ~ then  ge rmina ted  in Pe t r i  dishes a t  
0~ or 30~ in the  dark.  

P repa ra t ion  of the  mi tochondr ia l  f ract ion and deter-  
mina t ion  of enzyme  act ivi t ies  : the  mi tochondr ia l  f rac t ion 
f rom castor  b e a n  endospe rm and squash  co ty ledons  was 
p repa red  as previous ly  descr ibed ~, ~. 

Succinic dehydrogenase  (E.C.1.3.99.1.) ac t iv i ty  was  
measured  b y  the  m e t h o d  of I-IIATT 10. Cy tochrome  oxidase  
(E.C.1.9.3.1.) ac t iv i ty  was de t e rmined  as descr ibed by  
SMITH n, by  measur ing  in 6 0 m M  po ta s s ium p h o s p h a t e  
buffer  (pH 7.2) the  ox ida t ion  ra te  of cy toch rome  c, 
reduced  by  sodium d i th ionyte .  Malate  dehydrogenase  
(E.C.1.1.1.37.) ac t iv i ty  was de t e rmined  by  the  m e t h o d  
of O C H O ~ .  Glu tama te -oxa lace ta t e  t r ansaminase  (E.C. 
2.6.1.1.) ac t iv i ty  was measured  as descr ibed by  
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Fig. 1. The effect of RNA and protein synthesis inhibitors and of low 
temperature on the development of mitoehondrial enzyme activities 
in endosperm Irom castor bean seeds (A, 13) and in cotyledons from 
squash seeds (C, D, E, F) germinated at 30~ in water ( - -B--) , in  the 
presence of 10-3M cycloheximide (--A--) or aetinomycin D (50 [zg/ 
ml.) (--&--) and at 0~ in water (--I1--). The values of enzyme 
activities are expressed as nmoles substrate consumed/rain/seed. 
Castor bean endosperm:A) cytochrome oxidase; B) malate dehydro- 
genase. Squash seed cotyledons: C) eytoehrome oxidase; I3) malate 
dehydrogenase; E) suceinate dehydrogenase; F) gIutamate-oxal- 
acetate transaminase. 

SCHWARTZ ~a. Fu mara s e  (E.C. 4.2.1.2,) ac t iv i ty  was 
de te rmined  according to  RACI~ER ~ employ ing  45 m M tris  
buffer  (pH 8) ins tead of p h o s p h a t e  buffer .  

For  the  exper imen t s  of in v i t ro  reac t iva t ion ,  t he  mi to-  
chondr ia l  p repa ra t ions  f rom castor  bean  were d i lu ted  
(1:1) w i th  a med i u m conta in ing  2 • 10-3M ATP,  

2 • 10 -aM ADP,  2 x 1 0 - e M  succinate,  10-2M MgC12, 
2 • 10-2M K~HPO~ and  k e p t  a t  0~ or 27~ for t he  
per iods  indicated.  The mi tochondr ia I  p repa ra t ions  f rom 
squash  seeds were  i ncuba t ed  w i t h o u t  d i lu t ion at  30~ 
for the  per iods  indicated.  

Resu l t s  a n d  d i scuss ion .  A-Castor  bean  endosperm.  In  
the  castor  bean  endospe rm few mi tochondr i a  are p resen t  
in the  d ry  seed and a rapid  syn thes i s  of these organelles 
occurs dur ing early ge rmina t ion  a, ~. However ,  t he  increase 
of mi tochondr ia l  act ivi t ies  in the  f i rs t  24 h of germina t ion  
is re la t ively  l i t t le  affected by  pro te in  synthes is  inhibi tors ,  
thus  suggest ing the  reac t iva t ion  of p reexis t ing  inac t ive  
en zy me  forms.  The  resul ts  of F igure  1 show t h a t  t he  
rap id  increase of cy tochrome  oxidase  and  of (mitochon-  
drial) mala te  dehydrogenase  in t he  f i rs t  24 h of germina t ion  
are no t  s ignif icant ly  inh ib i ted  by  ac t inomyc in  D and by  
only  ca. 50% by  low t e m p e r a t u r e  (0 ~ U n d e r  t he  same 
exper imen ta l  condi t ions  ac t inomyc in  D marked ly  inhibi ts  
R N A  and  pro te in  synthes is  6,16, and  a t  0 ~ prac t ica l ly  no 
pro te in  synthes is  is detectable .  F u r t h e r  suppor t  to t he  
reac t iva t ion  hypothes i s  comes f rom exper imen t s  in which 
mi tochondr i a  isolated f rom dry  seed endospe rm were 
incuba ted  a t  0~ and  a t  27~ In  th i s  case, as shown in 
Figure  2, a var iable  (from 30% to 100%), bu t  Mways 
s ignif icant  increase of cy tochrome  oxidase was observed in 
the  p repa ra t ions  fro m dry  seeds. This  process  is clearly 
t e m p e r a t u r e  dependen t .  A paral lel  s t u d y  on isolated 
mi tochondr i a  f rom the  same mater ia l  shows t h a t p r a c t i e a l l y  
no p ro te in  synthes is  occurs in the  isolated organelies 
under  the  same expe r imen ta l  conditions~L Moreover  in 
v i t ro  ac t iva t ion  of cy tochrome  oxidase or o the r  mi tochon-  
drial  enzymes  was never  observed  when  the  mi tochondr i a  
were p repa red  f rom seeds ge rmina ted  60 h. The re la t ive ly  
low values of ac t iva t ion  in the  cell free ex t rac t s  compared  
wi th  the  in vivo condi t ion  migh t  be easily expla ined as 
due in pa r t  to  ac t iva t ion  dur ing  the  isolat ion procedure,  
in p a r t  to  the  obviously  d i f fe rent  phys ico-chemica l  con- 
di t ions  under  which  the  process is occurring.  
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B-Co ty l edons  of s q u a s h  seeds. The  conclusions  r eached  
on  t h e  bas is  of t he  e x p e r i m e n t s  on  t he  cas to r  b e a n  en- 
d o s p e r m  are  conf i rmed  a n d  genera l ized  b y  t h e  f i nd ing  of 
a s imi la r  b e h a v i o u r  of some m i t o c h o n d r i a l  e n z y m e  ac t iv i -  
t ies  in t h e  co ty l edons  of g e r m i n a t i n g  s q u a s h  seeds. F igure  
1 shows in  t h i s  m a t e r i a l  t he  effects  of cyc lohex imide  or 
of low t e m p e r a t u r e  (prac t ica l ly  no  p r o t e i n  syn thes i s  is 
de t ec t ab l e  a n y  more  u n d e r  these  condi t ions)  on  t h e d e v e l -  
o p m e n t  of m i t o c h o n d r i a l  m a l a t e  dehydrogenase ,  succinic  
dehydrogenase ,  o x a l a c e t a t e - g l u t a m a t e  t r a n s a m i n a s e  and  
c y t o c h r o m e  oxidase  ac t iv i t ies .  I n  all  cases, a s ign i f ican t  
increase  of e n z y m e  ac t iv i t i e s  is obse rved  even  u n d e r  t h e  
two cond i t ions  of i n h i b i t e d  p r o t e i n  synthes is .  Th i s  fac t  
is v e r y  e v i d e n t  d u r i n g  t he  f i rs t  24 h of g e r m i n a t i o n  and  
m u c h  less so in t h e  fol lowing 24 h, w h e n  t he  r a t e  of t he  
increase  of e n z y m e  ac t iv i t i e s  in  the  con t ro l  co ty ledons  is 
v e r y  high.  

These  d a t a  suggest  Chat a minor ,  b u t  s t i l l  s ign i f ican t  
f r ac t ion  of t he  increase  of t h e  ac t iv i t i e s  cons idered  depends  
on  t h e  r e a c t i v a t i o n  of p reex i s t ing  i nac t i ve  e n z y m e  forms.  
As in t he  case of t he  cas to r  b e a n  t h i s  conclus ion  is con- 
f i rmed  b y  t he  d a t a  of F igure  2, showing  t h a t  even  in 
i so la ted  m i t o c h o n d r i a  o b t a i n e d  f rom d r y  seeds a cons i s t en t  
increase  of m a l a t e  dehydrogenase ,  c y t o c h r o m e  oxidase,  
a n d  t r a n s a m i n a s e  is obse rved  d u r i n g  t he  f i rs t  2-3  h of 
i ncuba t ion .  He re  aga in  t he  cond i t ions  of i n c u b a t i o n  are 
such  t h a t  no  de t ec t ab l e  in  v i t ro  p r o t e i n  syn thes i s  can  
occur.  Moreover,  no a c t i v a t i o n  a t  all  was  ever  obse rved  

in m i t o c h o n d r i a  i sola ted f rom seeds g e r m i n a t e d  for 
24 h or longer.  

Conclusions. The  p r e sen t  resu l t s  e x t e n d  to  m i t o c h o n d r i a l  
enzymes  t h e  p h e n o m e n o n  of revers ib le  i n a c t i v a t i o n -  
r e a c t i v a t i o n  p rev ious ly  r epo r t ed  f rom some soluble  
enzymes  4-s. The  c o n t r i b u t i o n  of e n z y m e  r e a c t i v a t i o n  to 
t he  d e v e l o p m e n t  of t he  e n z y m e  p a t t e r n  of ea r ly  germi-  
n a t i o n  is q u a n t i t a t i v e l y  l imi ted .  However ,  i t s  i m p o r t a n c e  
is easi ly u n d e r s t o o d  if one considers  t h a t  t he  beg inn ing  
of r ap id  de nov�9 e n z y m e  syn thes i s  m u s t  be  cond i t ioned  b y  
some level  of m e t a b o l i s m  s u p p o r t e d  b y  p reex i s t ing  ca ta -  
ly t ic  act iv i t ies .  

The  molecu la r  n a t u r e  of t he  e n z y m e  i n a c t i v a t i o n -  
r e a c t i v a t i o n  process  is la rgely  obscure.  The  revers ib le  
t r a n s i t i o n  f rom the  ac t ive  to t i le i nac t i ve  e n z y m e  fo rm 
d u r i n g  m a t u r a t i o n  can  be  (at  leas t  in  some cases) m a r k e d l y  
speeded up  b y  e x p e r i m e n t a l  d e h y d r a t i o n  ~, is, 1,. Moreover ,  
t he  p r e sen t  da ta ,  t o g e t h e r  w i t h  those  r epo r t ed  b y  o the r  
au thors ,  show t h a t  some r e a c t i v a t i o n  can  be  d e m o n s t r a t e d  
in cell free sys tems,  b y  s imple  i n c u b a t i o n  of t h e  i nac t ive  
forms in d i lu ted  solut ions,  w i t h o u t  d ras t i c  t r ea tmen t s~ ,% 
These  d a t a  sugges t  t h a t  w a t e r  a v a i l a b i l i t y  (in t h i s  case 
as in  t h a t  of t he  h y d r a t i o n - d e p e n d e n t  con t ro l  of p ro t e in  
syn thes i s  in  t he  g e r m i n a t i n g  seed)~0 is t h e  m a i n  f ac to r  
i nvo lved  in th i s  process. The  p r o b l e m  of t he  l ikely in te rac -  
t ions  be tween  single e n z y m e  and  o the r  large or sma l l  
molecules  r ema ins  comple te ly  open  a n d  f u r t h e r  work  on 
th i s  i n t e re s t ing  po in t  is desirable .  
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Fig. 2. In  v i t ro  t ime course of mi tochondr ia l  enzyme  activi t ies of 
castor bean endosperm and of squash cotyledons. The values are 
expressed as nmoles substrate consumed/rain/seed. A) Castor bean 
mitochondria were extracted from dry seeds and the preparation 
incubated at 0 ~ (--O--) or at 27 ~ (--�9 ), or from seeds germin- 
ated for 60 h at 27 ~ and the preparations incubated at 27 ~ (-- [] --). 
B) Squash mitochondria were extracted from dry seeds and the 
preparations incubated at 30~ - -O-- ,  glutamate-oxalaeetate 
transaminase; --�9 malate dehydrogenase; - -A-- ,  cytoehrome 
oxidase. 

Riassunto. I n  semi  di  r ic ino e di zucca  u n a  f raz ione  
s ign i f i ca t iva  d e t l ' a u m e n t o  di  a t t iv i t& e n z i m a t i c h e  mi to-  
condr ia l i  d u r a n t e  le p r i m e  24 h d i  ge rminaz ione  r i su l t a  
insens ibi le  a in ib i to r i  del la  s in tes i  prote ica .  U n  s ignif icat i -  
v�9 a u m e n t o  delle stesse a t t iv i t& ~ r ive lab i l e  anche  in 
v i t ro  in p r e p a r a t i  m i tocond r i a l i  o t t e n u t i  da  semi  secchi. 
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J o d i d w i r k s a m k e i t  a u f  d e n  W a s s e r g e h a l t  de s  L ig .  n u c h a e  d es  R i n d e s  a l s  F o l g e  a n i o n i s c h e r  A b s c h i r -  
m u n g  p o s i t i v e r  L a d u n g s s t e l l e n  a m  S t r u k t u r p r o t e i n  ~ 

I ~ a h m e n t h e m a  is t  die ex t raze l lu l~re  P h a r m a k o k i n e t i k  
des Jodids .  De r  gegenst~tndliche Be i t r ag  will  e inen  k le inen  
Teil  dieser  W i r k s a m k e i t  expe r imen te l l  erfassen,  u m  Iiir 
de ren  moleku la r -b io log i sche  D e u t u n g  ers te  Ans~ tze  zu 
gewinnen .  Gegent iber  Chlor id  sche in t  J o d i d  als e f fek t iv  
(mi t  Wasserht i l le )  k le ineres  An ion  vorzugsweise  geeignet  
zu seth, d issozi ier te  bas i sche  Res te  der  A m i n o s ~ u r e k e t t e n  
(e lek t ropos i t ive  A S - S e i t e n g r u p p e n )  e l ek t r o s t a t i s ch  abzu-  
sch i rmen .  Folg l ich  werden  die sa lza r t igen  in te r -  u n d  in t r a -  

c h e n a r e n  B i n d u n g e n  zwischen den  pos i t i ven  und  n e g a t i v e n  
A S - S e i t e n g r u p p e n  geschwgcht .  Uberwieg t ,  was  ftir die 
me i s t en  P ro t e ine  i m  bio logischen p H - B e r e i c h  giil t ig ist, 
die Dissoz ia t ion  der  s au ren  Reste ,  u n d  t r~g t  d e m n a c h  das  
P r o t e i n  e l ek t ronega t ive  tJ-berschussladung,  so b e d e u t e t  
die g e n a n n t e  A b s c h i r m u n g  der  n e b e n b e i  noch  v o r h a n d e -  
nen  pos i t i ven  Ladungss t e l l en  (der bas i schen  Res t e  de r  

1 I~errn Professor Dr. Dr. Th.  LEIPERT zuln 70. Gebur t s t ag  gewidmet .  


