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Fig. 1. A portion of oocyte of N. chrysoleucas, photomicrographed 
under phase-contrast microscope, showing 'yolk nucleus'. 

Fig. 2. Aneartyoocytephotomicrographed toshow the incorporation 
of tritium labelled cytidine in the nucleoli. 

Autoradiographic Studies of Yolk Nucleus 
in Fish Oocytes 

Since t h e  ea r ly  days  of cy to logy  t h e r e  h a d  b e e n  ex- 
t ens ive  s tud ies  on  t h e  e x t r u s i o n  of nuc leo la r  m a t e r i a l  in to  
t h e  c y t o p l a s m ,  w h i c h  is desc r ibed  as  a well  k n o w n  p h e n o -  
m e n o n  of ' yo lk  nuc l eus '  in  f ish ooeytes .  CUNNINGHAM x a n d  
WALLACE 2 were  t he  ear l ies t  workers  to  descr ibe  'yo lk  
nuc leus '  in  t h e  f ish oocy tes  w h i c h  acco rd ing  to  t h e m  
ar ises  in  r e l a t i o n  w i t h  t h e  g e r m i n a l  vesicle or  nuc leus  a n d  
l a t e r  m o v e s  t o w a r d s  t h e  p e r i p h e r y  of t h e  egg. T h e y  
specu la t ed  t he  p r o b a b i l i t y  of some so r t  of r e l a t i onsh ip  of 
t h i s  b o d y  w i t h  t h e  f o r m a t i o n  of oil in  t h e  egg cell;  t h u s  
n a m e d  i t  as ' yo lk  nuc leus ' .  WHEELER a, NARAIN 4, a n d  
SUBRAMANIAM a h a v e  also r e p o r t e d  t h e  nuc l ea r  or ig in  of 
t h e  so-cal led ' yo lk  nuc leus ' .  R e c e n t  s tud ies  of SATHYANE- 
SAN 6 a n d  STOLK 7, ba sed  on  classical  h is to logica l  t e c h n i q u e  
such  as p i c r o f o r m o l - a c e t i c / h a e m a t o x y l i n ,  descr ibe  t h i s  
s t r u c t u r e  as  a n  i n t r a n u c t e a r  body ,  la rger  t h a n  a n o r m a l  
nucleolus  a n d  w i t h  v a r y i n g  s t a i n i n g  i n t e n s i t y ,  w h i c h  
pierces  t h r o u g h  t h e  nuc lea r  m e m b r a n e  to  m i g r a t e  in to  t he  
c y t o p l a s m  where  i t  merges  i n to  t h e  s u r r o u n d i n g  cy to-  
p la smic  inclus ions .  

My p r e s e n t  h i s to -  a n d  c y t o c h e m i c a t  s tud ies  b y  t he  use 
of a u t o r a d i o g r a p h i c  t e c h n i q u e  he lp  to  c la r i fy  t h e  or ig in  
of ' yo lk  nuc leus '  w h i c h  seems to  h a v e  been  mis l ead ing  a 
g r ea t  m a n y  cy to log i s t s  due  to t h e i r  exc lus ive  use of bio-  
logical  s ta ins ,  t h e n  cons ide red  to  be  specific,  b u t  r e c e n t  
a d v a n c e s  in  c y t o c h e m i c a l  t e c h n i q u e s  h a v e  r evea l ed  t h a t  
i d e n t i t y  of s t a i n i n g  r eac t i on  b y  no  m e a n s  impl ies  iden t i ca l  
subs t ances .  

The  a p p e a r a n c e  of a s imi la r  s t ruc tu re ,  c o r r e s p o n d i n g  to  
' yo lk  nuc leus ' ,  h a s  a l r e a d y  b e e n  r e p o r t e d  b y  m e  in f ishes  
Ophiocephalus punctatus s a n d  Barbus ticto% a n d  h a s  also 
been  s tud ied  in Labeo dyocheilus (unpubl i shed) .  As ear l ie r  
r e p o r t e d  th i s  s t r u c t u r e  is no t iced  as a mere  c i rcu la r  con-  
c e n t r a t i o n  of m i t o c h o n d r i a  a n d  Golgi  g ranu le s ;  some-  
t i m e s  smal l  vacuo les  or  t i n y  vesicles m a y  also be  ob-  
served.  Such  a locus can  be  c lear ly  obse rved  u n d e r  phase -  
c o n t r a s t  microscope  (as p h o t o m i c r o g r a p h e d  in Fig. 1) in  
t he  oocy te  of t he  fish,  Notemigonus chrysoleucas. M y  
p r e s e n t  s tud ies  h a v e  revea led  t h a t  t h i s  s t r u c t u r e  h a s  no  
r e l a t i onsh ip  w i t h  nuc leo la r  ex t rus ions .  

T h e  va r ious  h i s t o c h e m i c a l  t e s t s  show t h a t  in  v e r y  ear ly  
oocy tes  t h i s  b o d y  ' t h e  so-cal led yo lk  nucleus" a p p e a r s  as  a 
j u x t a - n u c l e a r  c o n c e n t r a t i o n  of m i t o c h o n d r i a l  g ranu les  
a m o n g  w h i c h  a large  n u m b e r  of b igger  g ranu les  w i t h  
s t r o n g e r  s u d a n o p h i l  n a t u r e  a re  formed.  A few s u d an o -  
p h o b e  vacuo les  or  vesicles may- also be  seen  a p p e a r i n g  in  
t h i s  area.  T h e  f ine m i t o c h o n d r i a l  g ranu le s  show p r o t e i n  
c o n t e n t s  w i t h  c e r t a i n  l ipo -p ro te in  t r aces ;  whi le  t h e  
s u d a n o p h i l  b igger  g ranu les  cons i s t  exc lus ive ly  of p h o s p h o -  
l ipids,  as r evea led  b y  B a k e r ' s  acid h a e m a t i n  t e c h n i q u e .  
I n  t h e  la te  oocy tes  t h i s  b o d y  seems to  merge  i n to  t h e  
s u r r o u n d i n g  c y t o p l a s m i c  inclusions.  

F u r t h e r  i nves t i ga t i ons  w h e t h e r  t h e  ' yo lk  nuc leus '  re-  
p re sen t s  a nucleolus  emerg ed  f rom t h e  nuc leus  of t h e  
oocy te  were  s u p p l e m e n t e d  b y  t h e  use  of a u t o r a d i o -  
g raph ic  t e c h n i q u e  in  w h i c h  t r i t i u m  labe l led  cy t i d ine  was  
used  to  follow t h e  e x t r u s i o n  of nuc leo la r  RNA.  T h e  oocy tes  
of t h e  fish, Notemigonus chrysoleucas, were i n c u b a t e d  in 
t h e  i so tope  so lu t ion  (10 ~cur ie  in  2 ml  of R i n g e r ' s  so lu t ion)  
for  12, 24, a n d  36 h a t  r oom t e m p e r a t u r e .  T h e  g ra ins  
p r o d u c e d  on  t h e  a u t o r a d i o g r a p h i c  f i lm showed  t h a t  t h e r e  
is o p t i m u m  u p t a k e  of l abe l led  cy t id ine  b y  t h e  R N A  of t h e  
nucleol i  of ea r ly  oocy tes  in  24 h (Fig. 2); a n d  t h a t  a t  no  
s tage  a nuc leo lus  is seen  pass ing  o u t  i n to  t h e  c y t o p l a s m  in 
i t s  comple t e  form.  However ,  i t  m a y  be  p r o b a b l e  t h a t  
some nuc leo la r  m a t e r i a l  passes  o u t  in to  t h e  c y t o p l a s m  in 
t h e  d i f fused  s ta te ,  as s h o w n  b y  t h e  fac t  t h a t  nucleol i  
a lways  p l a s t e r  a g a i n s t  t h e  n u c l e a r  m e m b r a n e  in l a t e  
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oocytes  and  seem to lose the i r  cer ta in  par ts .  Also the  cy to-  
p lasmic  R N A  is feebly  labelled as m a y  be revealed by  very  
few gra ins  in t he  cy top lasm.  

The  conclusion of ear ly  workers  w i th  regard to  the  
nucleolar  origin of 'yo lk  nucleus '  fails to  be conf i rmed  by  
m y  p re sen t  inves t iga t ions ,  and  I fully agree wi th  N ATH'S et  
al. ~0 v iew advoca t i ng  t h a t  t he  nucleolar  ex t rus ions  in fish 
o ocy t e s  are  a r t e fac t s ;  and  such  a conclusion der ived by  
earl ier  workers  f rom the  i r regular i ty  of nuc lear  m e m b r a n e  
(somet imes  rup tu r ing  also) hav ing  nuclear  pouches  is 
e r roneous  and  m a y  be the  effect  of f ixat ion and  the  
mechan ica l  d i s tu rbance .  

Rdsumd. L'expu l s ion  de la mati~re nucl6olaire dans  les 
ceufs du poisson est  6tudi6e ici pa r  au to rad iograph ie .  
E m p l o y a n t  la cy t id ine -H  3, nous  avons  vu que  le R N A  
nucl6olaire passe  dans  le c y t o p l a s m e  sous forme diffuse, e t  
non c o m m e  un nucl6ole comple t  appeM ,noyau- j aune* .  

H. C. C H O P R A  11'12 

Hargitt Research Fellow, Duke University, Durham (N. C.), 
November ] 1, 1960. 

T e m p e r a t u r e  and  M u t a n t  E x p r e s s i o n  

The un i fo rm a d a p t i v e  p h e n o t y p i c  reac t ions  to  envi ron-  
m e n t a l  change  pe r fo rmed  by  popu la t ions  of wi ld - type  
o rgan i sms  are t h o u g h t  to  be or ig ina ted  by  na tu r a l  
select ion.  O u t  of a he te rogeneous  popu la t ion ,  w i t h  indi-  
v iduals  reac t ing  in var ious  direct ions ,  only  those  geno- 
t ypes  showing a useful  reac t ion  would  be preserved .  

There  is s u p p o r t  for th i s  idea  in t h e  fact  t h a t  wild 
popu la t ions  do  no t  r eac t  un i fo rmly  to  such  u n n a t u r a I  
va r i a t ions  in e n v i r o n m e n t  as p rov ided  by  t e m p e r a t u r e  
shock,  X - r ays  and  var ious  chemicals  (review GOLD- 
SCHmDT x). Moreover ,  by  art if icial  select ion for  a special  
t y p e  of r eac t iv i ty  to  such  a b n o r m a l  cond i t ions  in Droso- 
phila, BATEMAN ~ ob t a ined  s tocks  showing  p r e d o m i n a n t l y  
t he  reac t ion  selected.  On this  basis one migh t  expec t  t h a t  
in an  e x p e r i m e n t M  s i tua t ion ,  whe re  a m u t a n t  gene is 
i n t roduced  in an  o therwise  wild geno type ,  a g iven change  
in e n v i r o n m e n t  would  no t  resul t  in a un i fo rmly  d i rec ted  
reac t ion  of the  m u t a n t  express ion.  However ,  in t he  m a n y  
e x p e r i m e n t s  done  on  the  r eac t iv i ty  to t e m p e r a t u r e  change  
of m u t a n t  express ion  in Drosophila melanogaster, only  
un i fo rm reac t ions  were  repor ted .  T h e y  were  in fact  de-  
scr ibed as a p r o p e r t y  of t he  m u t a n t  gene. We  men t ion  the  
work  of "ZELENY and  his g roup  (a.o. HERSH3) on Bar,  
S T A N L E Y  4, HARNLEY 5 a n d  ~IEDEL 6 on ves t ig ia l  a n d  
STERN 7 a n d  HOUSE s on  cub i tu s - in t e r rup tus .  In  those  
exper imen t s ,  m os t l y  inbred  l abo ra to ry  s tocks  were  used 
to  ensure  a un i form response,  s ince the  main  in te res t  lay in 
t he  precise  q u a n t i t a t i v e  re la t ions  b e t w e e n  t e m p e r a t u r e  
and  m u t a n t  express ion.  These  re la t ions  were  expec t ed  to  
yield i n fo rma t ion  a b o u t  t he  na tu r e  of gene ac t ion  (PLuN- 
KETTg). 

In  con t ra s t ,  for  t h e  e x p e r i m e n t s  r epo r t ed  here,  t h e  
m u t a n t  ci D ( cub i tu s - in t e r rup tus  d o m i n a n t )  was  crossed 
in to  th ree  r ecen t ly  c augh t  wild s tocks  f rom Colmar  
(France,  cou r t e sy  of Prof .  H. BURLA,  Zfirich), Leiden,  
a n d  Gouda  (Nether lands)  in such  a w a y  t h a t  t oge the r  wi th  
ci D on ly  c h r o m o s o m e s  4 and  Y were  in t roduced ,  a m o u n t -  
ing to  a b o u t  0.2% of t he  t o t a l  genet ic  map .  As ciD is 
homozygous  le thal  i t  was  in all cases ba lanced  over  an-  
o the r  4 th  c h r o m o s o m e  lethal ,  spa rk l ing -Ca ta rac t  (spa Cat, 
a b b r e v i a t e d  be low as Cat).  

The ci D m u t a n t  shows  a m o n g  o the r  fea tures  a t e rmina l  
i n t e r r u p t i o n  of the  4 th  longi tudina l  wing vein.  The ex- 
press ion  of ci D was m easu red  as t he  pe rcen tage  ra t io  of the  

leng th  of the  4th to  t h a t  of the  3rd longi tudina l  vein dis ta l  
to the  an te r io r  crossvein (a/b in Fig. 1). All cu l tures  were 
se t  up  w i t h  10 cm 3 of a c o n s t a n t  food m e d i u m  (2% agar,  
15% sugar,  4% dead  dr ied  yeas t ,  0.1°'/o nipagin)  and  wi th  
a c o n s t a n t  popu la t ion  dens i ty  of 100 larvae.  All larvae  h a d  
been  reared  a t  25 ° up to 48 -~ 11/2 h of age. In  each cu l ture  
the  lef t  wings  of 20 9~ and  20 do* were measured .  

In  the  f i rs t  expe r imen t ,  t he  t h ree  s tocks  were  co mp a red  
a t  t e m p e r a t u r e s  20 ° and  25 °. The resul ts  in Table  I show 
clearly t h a t  t he  shif t  in express ion  of ci D is d i rec ted  
di f ferent ly .  The  Leiden  s tock shows a di rect  re la t ion  be- 
tween  t e m p e r a t u r e  a n d  m e a n  express ion,  t he  Colmar  
s tock no change  and  the  Gouda  s tock an inverse  relat ion.  

9O 

8( 

70 

fi0 

,~ 50 
*~ t3- 
g 40 " 

cz~ 
= 30 

L~  

ZO 

10 

e~___ a ___~ 

P>035__ . . . . .  --0 P> 0.85 

P>0.35 -= P>02 

15 ° ~5 ° 30 ° 

Temperature 

l;ig. 1. The mean expression ratio at 3 different temperatnres of the 
Cohnar olD/Cat base population (c? I )  and the lines sehwted for high 
(A l ) and low (OO) expression ratio. Open figures and broken lines 
represent females, solid figures and lines the males. The differences 
between the samples were tested following \Vilcoxon and probabilities 
exceeding 0.001 are given in the Figure.. The means of the high line 

are based on  .10, all other means on 60 individuals. 

Tab. I. The mean expression ratio of ei D in 3 different wild stocks 
at different temperatures. From the Gouda stock for each mean on ly  
40 individuals were measured, the other means are based on 60 in- 

dividuals. P values are calculated after Wilcoxon. 

Stock l)ifference I" 
25°-20 ̀ , 

G o t l d a  ci D 

Cat" 
C o h n a r  ci D 

Cat 
L e i d e n  ci D 

Cat 

Mean express ion ratio 

°5" I ~20° 

? 52.3 56.6 
3' 46.6 50.4 
? 49.1 48.0 

40.5 39.8 
43.7 34.7 

(~ 32.2 29.3 

- 4 . 3  
- 4 . 2  
- 1 . 1  
+0.7 
+ 9  
+2.9 

-,~ 0.001 
<0 .00 i  
>0.4 
>0.14 
<0.001 
<0.001 
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