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G e r m  Cell Differentiation in E m b r y o n i c  Gonads  
Cultured in Heterosexual  Parabiot ic  Pairs  

I n  b i r d  a n d  m a m m a l i a n  e m b r y o s ,  o o g o n i a  i n i t i a t e  
m e i o t i c  p r o p h a s e  a n d  s t o p  i t  a f t e r  p a c h y t e n e  s t a g e  h a s  
b e e n  r e a c h e d  1,2. S p e r m a t o g o n i a ,  on  t h e  c o n t r a r y ,  do  n o t  
s t a r t  m e i o s i s  u n t i l  s e x u a l  m a t u r i t y ,  in  t h e  p o s t - n a t a l  
pe r iod .  E x p e r i m e n t s  on  s e x  i n v e r s i o n  m a d e  o n  b i r d  a,4 
a n d  m a m m a l i a n  6 e m b r y o s  a p p e a r  t o  i n d i c a t e  t h a t  d i f -  
f e r e n c e  in  e v o l u t i o n  of  g e r m  cel ls  in  b o t h  s e x e s  does  n o t  
d e p e n d  o n  t h e i r  g e n e t i c a l  c o n s t i t u t i o n  b u t  o n  t h e  a c t i o n  
o f  s u r r o u n d i n g  g o n a d a l  t i s s u e s .  T h e  f a c t  t h a t  in b i r d  
e m b r y o s  b o t h  o v a r i e s  a n d  t e s t i s  ' s e c r e t e  h o r m o n e s  6-s 
s u g g e s t e d  t h e  p o s s i b i l i t y  t h a t  t h e s e  h o r m o n e s  m a y  be  
i n v o l v e d  i n  g e r m  cel l  d i f f e r e n t i a t i o n .  I t  h a s  b e e n  d e m o n -  
s t r a f e d  t h a t  t h e  g r o w t h  of  e m b r y o n i c  g o n a d s  in  a p p o s i -  
t i o n  w i t h  g o n a d s  of t h e  o p p o s i t e  s e x  9, or  w i t h  o t h e r  t a r g e t  
o r g a n s  10 is a n  e x c e l l e n t  p r o c e d u r e  in  o r d e r  to  s t u d y  t h e  
a c t i o n  of e m b r y o n i c  g o n a d a l  h o r m o n e s .  T h i s  s a m e  t e c h -  
n i q u e  h a s  n o w  b e e n  u s e d  b y  u s  to  e s t a b l i s h  t h e  p o s s i b l e  
a c t i o n  of t h e s e  h o r m o n e s  o n  g e r m  ceil  d i f f e r e n t i a t i o n .  

S e v e r a l  e x p e r i m e n t s  we re  m a d e  as  d e s c r i b e d  in t h e  
T a b l e .  C u l t u r e s  we re  m a d e  f o l l o w i n g  t h e  t e c h n i q u e  of 
WOLFF a n d  HAFFEN o T h e  m e d i u m  w a s  a s l i g h t  m o d i f i c a -  
t i o n  of  t h e  s t a n d a r d  one  u s e d  b y  t h o s e  a u t h o r s :  

E . E .  (8- to  9 - d a y - o l d  e m b r y o s )  2 5 %  
E a g l e ' s  b a s a l  m e d i u m  2 5 %  
A g a r  s o l u t i o n  (1% in H a n k ' s )  5 0 %  
Pen i c i l l i n  10,000 U / n i l  

W h o l e  g o n a d s  of  8 - d a y - o l d  e m b r y o s  a n d  p i eces  of  g o n a d s  
of  10- a n d  1 3 - d a y - o l d  e m b r y o s  were  c u l t u r e d  in  s e v e r a l  
d i f f e r e n t  c o m b i n a t i o n s  as  e x p l a i n e d  in  t h e  T a b l e .  I n  al l  
c a ses ,  W h i t e  L e g h o r n  c h i c k  e m b r y o s  f r o m  t h e  s a m e  
s o u r c e  we re  u sed .  

E x p l a n t s  were  f i xed  a f t e r  4, 7 a n d  14 d a y s  of c u l t u r e .  
In  t i le  l a s t  c a se  t h e  m e d i u m  w~s  r e n e w e d  o n  t h e  s e v e n t h  
d a y .  A f t e r  f i x a t i o n  w i t h  B o u i n ' s  f lu id ,  e x p l a n t s  were  
s t u d i e d  w i t h  r o u t i n e  h i s t o l o g i c a l  t e c h n i q u e s  (H. a n d  E.) .  

As  s h o w n  in  F i g u r e  1 p a r a b i o t i c  p a i r s  of  g o n a d s  dif-  
f e r e n t i a t e d  wel l  a n d  f u s e d  c o m p l e t e l y ,  a l t h o u g h  t h e  l i m i t  
b e t w e e n  t i s s u e s  of  b o t h  o r i g i n s  w a s  a l w a y s  i d e n t i f i a b l e .  
[ n  s o m e  c u l t u r e s  t e s t i e u l a r  t i s s u e  w a s  in c o n t a c t  w i t h  
o v a r i a n  m e d u l l a  ( F i g u r e  1), a n d  in  o t h e r s  w i t h  t h e  c o r t e x .  
B o t h  i s o l a t e d  o v a r i e s  c u l t u r e d  as  c o n t r o l s  a n d  o v a r i a n  
t i s s u e  in p a r a b i o t i c  p a i r s  s h o w e d  t h e  s a m e  e v o l u t i o n  as  

o v a r i e s  d e v e l o p e d  in  v i v o :  t h e  g e r m  cel ls  c o n t a i n e d  in  
t h e i r  c o r t e x  t r a n s f o r m e d  i n t o  o o c y t e s  in  d i f f e r e n t  p h a s e s  
o f  m e i o t i c  p r o p h a s e  ( F i g u r e  2). I n  p a r a b i o t i c  p a i r s  f o r m e d  
b y  8 - d a y - o l d  g o n a d s  i t  w a s  f o u n d  t h a t  t h e  g e r m  cel ls  in  
o v a r i a n  c o r t e x  h a d  s t a r t e d  m e i o t i c  p r o p h a s e  a f t e r  7 d a y s  
of c u l t u r e ,  wh i l e  no  m e i o t i c  p r o p h a s e  w a s  s e e n  in  t e s t i c u l a r  
t i s s u e  of  t h e  s a m e  c u l t u r e s  a f t e r  14 d a y s  of c u l t u r e .  T h e  
s a m e  d i f f e r e n c e  w a s  o b s e r v e d  in  1 0 - d a y - o l d  g o n a d s  cu l -  

Series ~ Hormone Type of No. of ])uration 
added to cxplant explants ~ ofcul t , re  
the medimn (days) (days) 
(100 T/nil) 

Fig. 1. Heterosexual parabiotic pair of 8-day-old gonads, eultured 
during 7 days. tt.  and E., • 90. 

Fig. 2. Ovarian cortex from the same explant at higher magnification. 
H. and E., • 800. 

Fig. 3. Testieular cords from the salne explant. H. and E., • 700. 

4 
5 FSH~ 
6 LHo 
7 F S H " +  

LH" 

~ + ( ~ 8  70 7 
? + ~2 s 6~ 14 
d~lo 

13 70 4 
~) +~ '  10 60 7 
(~ + c~ l0 30 7 

~ ~ 10 30 7 
(~ +(~ 10 30 7 

Gonads of both sexes of 8-, 10- and 13-day-old embryos which were 
cultured during 4, 7 and 14 days as controls, are not included in this 
Table. b The few explants which did not culture satisfactorily are 
not included. ~ Purified I:SH and LH kindly supplied by N.I.H., 
Bethesda, U.S.A. 
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tu red  for 6 days,  and  in 13-day-old exp lan t s  cul tured  for 
4 days.  Resul ts  wi th  control  ovaries and testis ,  as well as 
wi th  parabio t ic  pairs  cul tured  wi th  media  wi th  gonado-  
t rophins ,  showed no difference to the  above -men t ioned  
results.  

The fact  t h a t  germ cells in embryonic  chick ovaries are 
capable  of in i t ia t ing meiotic p rophase  while cul tured  in 
v i t ro  agrees wi th  resul ts  ob ta ined  on o ther  avian  n,12 and 
m a m m a l i a n  18 embryos .  The earl iest  indicat ion of gonado-  
t roph ic  act ion in chick embryos  has  been found by  FuGo 14 
on the  13th day  of incubat ion.  I t  m a y  be a d m i t t e d  t h a t  
very  minu te  amoun t s  of gonado t roph ins  m a y  exist  in 9- 
day-old  chick embryo  ext rac ts ,  bu t  cul ture media  con- 
ta in ing t h e m  are considered for prac t ica l  purposes  as non-  
hormonal .  Cul tured in these  condit ions,  the  t ime needed 
by  germ cells in ovar ian  t issue to  reach meiot ic  p rophase  
was s imilar  to t h a t  needed  by  germ cells in ovaries of the  
same age developed in vivo (HUGHES1). All these facts  
appear  to indicate  t h a t  no ex t ragonada l  ho rmona l  ac t ion 
is necessary  for this  process  to take  place. This supposi-  
t ion also receives suppor t  f rom the  fact  t h a t  the  addi t ion  
of grea t  amoun t s  of gonado t roph ins  to the  media  did no t  
a l ter  ge rm cell behaviour .  

As ho rmones  p roduced  by  gonads  in organ cul ture dif- 
fuse freely 15, it  can be accepted  t h a t  germ cells in bo th  
ovar ian  and tes t icular  t issues cul tured toge the r  were 
sub jec ted  to similar ho rmona l  s t imulat ion,  a l though  dif- 
ferences in concen t ra t ion  m a y  have  existed.  Differences 
in the  behav iour  of germ cells in b o t h  types  of t issues are 
t hen  diff icult  to explain  on a ho rmona l  basis. 

I t  m a y  be suggested t h a t  the  act ion of cells in d i rect  
c o n t a c t  wi th  germ cells could explain  this  d i f ferent  beha-  

viour. OHNO and SMITH 16 hold  t h a t  correct  d i f ferent ia t ion  
of m a m m a l i a n  oocytes  depends  on the  presence of a suffi- 
c ient  n u m b e r  of follicular ceils su r round ing  t h e m  dur ing  
the  embryon ic  period.  The inabi l i ty  of germ ceils in 
tes t icu lar  t issue to  ini t ia te  meiosis in our cul tures would 
then  pe rhaps  be due to lack of adequa te  d i f ferent ia t ion  of 
suppor t ing  cells su r rounding  t h e m  17. 

Resumen. Ovarios y testfculos de embri6n de  pollo 
fueron cul t ivados en aposicidn. En  los ovarios las c61ulas 
germinales  iniciaron la profase mei6t ica mien t ras  q u e e n  
los tes t iculos  aquellas pe rmanec ie ron  indiferenciadas.  E1 
agregado de h o rmo n as  al medio no modific6 la situaci6n. 
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Temperature  Acc l imat izat ion  and Protein 
Synthes is  in the Goldfish Mucosa  

E v e r t e d  sacs of goldfish in tes t ine  ma in t a in  t r ansmura l  
po ten t ia l s  which  depend  on the  previous accl imat izat ion 
t e m p e r a t u r e  of the  fish 1; changes  in po ten t i a l  which occur 
as co ld -adap ted  fish accl imatize to w a r m  wate r  can be 
inhib i ted  by  the  previous  in ject ion of pu romyc in  2. The 
re la t ive  pe rmeab i l i ty  of mucosal  cell m e m b r a n e s  to ions 
appears  therefore,  a t  least  dur ing  periods of accl imatiza-  
tion, to  be control led t h rough  pro te in  synthes is  in the  
mucosal  cell. The p resen t  expe r imen t s  were designed to 
measure  the  ra te  of p ro te in  syn thes i s  in the  mucosae of 
8 ~ goldfish as t h e y  adap t ed  to 25 ~ and  
to de te rmine  the  effect  of ac t inomyc in  D, a specific inhibi-  
tor  of D N A  directed  M - R N A  synthesis ,  on pro te in  syn-  
thesis  dur ing  th is  per iod of accl imat izat ion.  

Goldfish weighing abou t  50 g were fed dai ly and kep t  
for 2-3 weeks in aera ted  wa te r  a t  a t e m p e r a t u r e  of 8 ~ 
In  one series of expe r imen t s  50 #c of [G-3HJ DL-valine 
or [G-3H] DL-threonine (from the  Radiochemica l  Centre,  
Amersham)  were in jec ted  in t raper i tonea l ly  into fish a t  
8 ~ or a t  d i f ferent  t imes  af ter  t he  t ransfer  of 8 ~ 
t ized fish to wa te r  ma in ta ined  a t  25 ~ and in some cases 
ac t inomycin  D was in jec ted  in t raper i tonea l ly  (1 /~g/g 
body  weight)  a t  the  t ime of t ransfer .  For  comparison,  fish 
accl imat ized to 8 or 25~ for 2-3 weeks were given the  
t r i t i a t ed  amino acid and  ac t inomyc in  D at  the  same t ime.  
All fish were decap i t a t ed  30 min  af ter  t he  inject ion of 

amino acid. The anter ior  in tes t ine  was removed,  r insed 
wi th  physiological  saline and  the  mucosa  squeezed out  
and homogenized  in 1 ml of ice-cold saline. 1 ml of 24% 
w/v  t r ichloroacet ic  acid was added  and  the  suspension 
again homogenized .  These opera t ions  were comple ted  
wi th in  5 min of killing the  fish. The pro te in  suspension 
was hea t ed  at  90 ~ for 1 h, cent r i fuged for 5 min at  3000 
rpm,  and  the  prec ip i ta te  washed twice wi th  5 ml  of 12% 
w/v t r ich loroacet ic  acid. Lipids  were ex t r ac t ed  wi th  5 ml 
of acidified chloroform me thano l  (1:1, v/v),  the  suspen-  
sion being left for 20 min to aid ext rac t ion .  The ex t rac t ion  
was repea ted  wi th  a 2 : 1 mix tu re  of acidified chloroform 
me t h an o l  and the  pro te in  t hen  dried wi th  two 5 mt wash-  
ings of sod ium-dr ied  ether.  Weighed  samples  of p ro te in  
were dissolved in hyamine  hydrox ide  (Nuclear En te r -  
prises Limited,  Ed inburgh)  and t r i t i um es t ima ted  wi th  a 
Tri-Carb liquid scint i l la t ion spec t rome te r  (Packard  In- 
s t r u m e n t  Co mp an y  Inc.). I t  was assumed t h a t  the  ra te  of 
t r i t i um incorpora t ion  represen ted  the  t rue  ra te  of p ro te in  
synthesis .  This will be t rue  p rov ided  the  concen t ra t ions  
of amino  acids a t  the  site of pro te in  syn thes i s  remain  
co n s t an t  t h r o u g h o u t  accl imat izat ion.  

Figure 1 shows the  ra te  of incorpora t ion  of t r i t i u m into 
mucosal  pro te in  a t  d i f ferent  t imes dur ing accl imat izat ion 
to 25 ~ The ra te  of p ro te in  synthes is  in 8 ~ 
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