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Migration of the Chick Primordial  Germ Cells From the Intracoelomically Transplanted Germinal  
Crescent Into the Genital Ridge 

I n  n o r m a l  d e v e l o p m e n t  of an  a v i a n  embryo ,  p r imord ia l  
germ cells (PGC} are or ig inal ly  loca ted  e x t r a e m b r y o n a l l y ,  
in t he  ge rmina l  crescent ,  a n d  r each  the  gen i t a l  r idges  b y  
vascu la r  route .  There  is a n  inc reas ing  a m o u n t  of d a t a  
showing  t h a t  t h e  geni ta l  r idges a t t r a c t  p r i m o r d i a l  germ 
cells, a n d  t h a t  t h i s  a t t r a c t i o n  is c h e m o t a c t i c  in  c h a r a c t e r  
and  is no t  species specific. S I 2 a ~ J - ~ b g a i n e d  colonizatio_n. 
of chicl~_~enital r idges b y  duck  p r i m o r d i a l  g~i :~  cells in  
e m b r y o n i c  ~a rah iose~ i i~  ~ v i t ~ 6 .  R ~  ~-~ur in 
p r o d u c i n g  s e t t l e m e n t  of t u r k e y  p r i m o r d i a l  ge rm ceils in 
the  gen i t a l  r idges  of a ch ick  e m b r y o  a f t e r  in j ec t ing  a 
suspens ion  of PGC in to  t he  b lood vessels. As DuBoIs  a,4 
has  shown,  PGC m a y  also pass  d i rec t ly  f rom the  ge rmina l  
c rescent  to  t he  geni ta l  ridge, if b o t h  these  s t r u c t u r e s  are 
p u t  in  c o n t a c t  and  cu l tu red  for a ce r t a in  t i m e  in vi t ro .  
Using  t h e  above  obse rva t i on  as a basis,  a n  a t t e m p t  was 
u n d e r t a k e n  to p rov ide  the  e m b r y o  in ovo w i t h  ' a l ien '  
p r imord ia l  germ cells b y  i n t r o d u c i n g  t he  ge rmina l  c rescent  
in to  t h e  coelomic cavi ty .  This  me thod ,  l ike REYNAUD'S 
method ,  would m a k e  i t  possible  to  t race  t he  fa te  of PGC 
for a far  longer  per iod  t h a n  is possible  u n d e r  cond i t ions  
of cu l tu re  in  vi t ro .  

E m b r y o s  of t he  Leghorn  s t r a in  in  s tages  f rom the  p r im-  
i t ive  s t r eak  to  7 somi tes  ( abou t  24 h of incuba t ion) ,  
were used as donors,  a n d  25-30 somi te  e m b r y o s  (about  
66 h of i ncuba t ion )  as hosts .  HAMBURGER'S 5 me thod ,  
modif ied  b y  HARA s, of in t ra -coe lomic  g ra f t ing  was used. 
The  t r a n s p l a n t s  were excised in Locke ' s  f luid depr ived  
of Ca a n d  Mg; th i s  caused t he  germ layers  to  sepa ra te  
a t  t he  edges a n d  to a ce r t a in  e x t e n t  f ac i l i t a t ed  a t t a c h -  
m e n t  of t he  t r a n s p l a n t  to  the  host .  The  smal l  size of the  
coelomic c a v i t y  of the  young  e m b r y o  d id  no t  p e r m i t  
i n t roduc ing  the  whole ge rmina l  crescent ,  b u t  efforts  were 
m a d e  to  ensure  t h a t  t he  t r a n s p l a n t  inc luded  a t  leas t  the  
whole b r e a d t h  of ge rmina l  crescent .  Hos t s  were sacrif iced 
0-30 h a f t e r  opera t ion ,  and  pos te r ior  pa r t s  f ixed in Bou in ' s  
fluid, e m b e d d e d  in pa ra f f in  wax,  sec t ioned a t  6 V and  
s ta ined  w i t h  h e m a t o x y l i n  and  eosine. 

The  m a t e r i a l  consis ted  of 36 grafts .  The  f la t  t r a n s p l a n t s  
curl  a t  f i rs t  and  t h e n  r o u n d  ou t  in to  vesicles, in which  
the  e n t o d e r m  is a lways  located  on  t he  ex t e rna l  side. The  
t r a n s p l a n t s  h a v e  a t e n d e n c y  to  a t t a c h  t h e m s e l v e s  a t  the  
ends, o f ten  c rea t ing  U- shaped  format ions .  Con t ac t  be- 
tween  t r a n s p l a n t  and  hos t  m a y  be e s t ab l i shed  v e r y  quickly,  
even  w i t h i n  the  f i rs t  3 h a f t e r  opera t ion .  

C o n t a c t  be tween  t he  c rescent  and  t he  gen i ta l  r idge 
was obse rved  in 18 cases only  (Table).  The  n u m b e r s  of 
p r imord i a l  germ cells in t he  t r a n s p l a n t s  were ve ry  small ,  
even  in t r a n s p l a n t s  f ixed i m m e d i a t e l y  a f t e r  opera t ion .  
This  is p r o b a b l y  due  to t he  fac t  t h a t  t h e y  c o n t a i n e d  only  
p a r t  of t he  ge rmina l  c rescent  and  were t a k e n  f rom rela-  
t ive ly  y o u n g  donors.  I n  4 cases, however ,  i t  p roved  pos- 
sible to  obse rve  t he  p r imord ia l  ge rm cells a t  t he  m o m e n t  
of cross ing the  b o u n d a r y  b e t w e e n  the  t r a n s p l a n t  an d  t h e  
hos t  (Figures  1 a n d  2). U n f o r t u n a t e l y  t he  presence  of 
the  h o s t ' s  own p r imord ia l  germ cells in  t h e  gen i ta l  r idge 
m a d e  i t  imposs ib le  to  iden t i fy  t he  PGC of t he  t r a n s p l a n t  
which  m i g h t  h a v e  p e n e t r a t e d  p rev ious ly  in to  t he  ridge. 
I t  is n o t e w o r t h y  t h a t  p e n e t r a t i o n  of PGC in to  t he  gen i ta l  
r idge was  obse rved  in one gra f t  as old as 24 h (Figure 2). 
The  hos t  h a d  b y  t h e n  been  i n c u b a t e d  for 90 h an d  h a d  
reached  t he  s tage  w h e n  n o r m a l l y  t he  m i g r a t i o n  of PGC 
has  long since been  comple ted .  E v i d e n t l y  t he  geni ta l  
ridges, as REYNAUD 2 has  a l r eady  po in t ed  out ,  are able  
to  a t t r a c t  p r imord ia l  germ cells for a far  longer  t i m e  t h a n  
has  h i t h e r t o  been  as sumed  to be  t he  case. 

Fig. 1. Germinal crescent after 5 h of intracoelomic development. 
Primordial germ cell (arrow) at the very moment of penetration into 
the genital ridge. • 400. 

Fig. 2. Part of a germinal crescent after 24 h of intracoelomic devel- 
opment, showing migrating primordial germ cell (short arrow). 
Primordial germ cell lying in genital ridge (long arrow) probably 
originates also from the graft. • 400. 
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Numbers of primordial germ ceils in grafts attached to the genital 
ridge 

Number Age of graft (h) Number of PGC 

1 0 2 
2 0 8 
3 0 5 
4 1 11 
5 �9 1 10 
6 2 44 
7 2 4 
8 ~ 3 13 
9 4 4 

10 �9 5 22 
11 6 8 
12 9 110 
13 19 17 
14 21 1 
15 24 0 
16 24 7 
17 ~ 24 7 
18 30 0 

Immigration of primordial germ cells into the genitai ridge was 
observed in these grafts. 

In t ra -coe lomic  t r a n s p l a n t a t i o n  of t he  germinaI  crescent  
can  thus  be appt ied as a m e t h o d  for in t roduc ing  a small  
n u m b e r  of 'a l ien '  p r imordia l  germ ceils into t he  genital  
ridge. I t  would,  however,  be  necessary  to have  sterile 
hosts ,  or use 2 species differing grea t ly  as to  the  size of 
p r imord ia l  germ ceils, in order  to  be able to t race the  
fa te  of these  cells in the  developing gonadL  

Rdsumd. Lorsque  le croissant  germinal  est  in t rodu i t  in 
ovo dans  la cavit6 coelomique de la r6gion gonadique,  
les cellules germinales  pr imordia les  p eu v en t  sort ir  du 
greffon et  fimigrer vers  l '6pith61ium germinat i f .  
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Connect ion  Be twe e n  a Mitochondr ion  and E n d o p l a s m i c  Re t i cu lum in Liver 

The concept  of con t inu i ty  be tween  various m e m b r a n e -  
bound  organelles has long appea led  to  biologists.  Such 
possible in te rconnec t ions  have  been  freely i l lus t ra ted 
d iagrammat ica l ly ,  b u t  in only  a few instances,  documen ted  
wi th  e lectron micrographs .  Direct  con t inu i ty  of the  
nuclear  envelope wi th  t he  endoplasmic  re t iculum and 
be tween  profiles of rough  and smoo th  endoplasmic  
re t icu lum is pe rhaps  the  bes t  d o c u m e n t e d L  Recent ly ,  
morphologic  evidence has  been  p resen ted  which suggests  
d i rec t  connect ions  be tween  outer  mi tochondr ia l  mem-  
branes  and  the  sarcoplasmic  re t icu lum of skeletal~,3 and 
cardiac a myocytes .  This  commun ica t i on  concerns  the  
famil iar  physical  p r o x i m i t y  of endoplasmic  re t iculum and 
mi tochondr i a  in hepa tocy tes ,  and  repor t s  an observed 
ins tance  of con t inu i ty  be tween  these  organelles in rhesus 
liver. 

Resul ts  f rom a s tudy  which  compared  dose-d is t r ibu t ion  
and  morphologic  effects  of 32 and 55 Mev pro tons  on 
rhesus  l iver  were previous ly  repor ted  ~. We are now de- 
scr ibing a connect ion  be tween  organelles located in the  
i r rad ia ted  t issue t h a t  lay  p rox imM to the  area of t he  
Bragg peak.  Tissue was f ixed e i ther  in col l idine-buffered 
OsO4 ~ or cacodyla te -buf fe red  g lu ta ra ldehydeL  The glu- 
t a ra ldehyde- f ixed  specimens  were pos t f ixed  in OsO4 af ter  
being p u t  t h rough  several  changes  of cacodyla te  buffer  
dur ing  a 24-72-h period. All s teps  pr ior  to dehydra t ion  
were  carr ied ou t  a t  4~ Tissue was rap id ly  d e h y d r a t e d  
in e thanol ,  in f i l t ra ted  wi th  p ropy lene  oxide followed by  
50% epoxy  in p ropy lene  oxide, and  f inal ly b rough t  
th rough  3 changes  of 100% epoxy  resin (a mix tu re  of 
E p o n  and  Araldite) s. Sect ions were m o u n t e d  on 200- 
and  300-mesh bare  copper  grids. T h e y  were then  s ta ined  
wi th  0 .5% uranyl  ace ta te  9 for 15sec  and wi th  0.4% lead 
c i t ra te~~ 30 sec and  s tud ied  at  100 K v  wi th  an RCA 
electron microscope,  model  E M U  3H. 

A p a t t e r n  consis t ing of a curved  profile of endoplasmic  
re t icu lum par t ia l ly  encircl ing a mi tochondr ion  was re- 
pea ted ly  seen in t h in  s e c t i o n s  of hepa tocy t e s  in b o t h  

cont ro l  and  i r rad ia ted  liver. Sacular,  d i la ted  ends  of these 
profiles of endoplasmic  re t icu lum were close to  the  outer  
mi tochondr i a l  membranes .  W h e n  v iewed at  low magnifi-  
cat ion,  these  2 o rgand ie s  f requent ly  appeared  connected.  
In  all bu t  one instance,  fu r ther  s t u d y  of these  appa ren t  
po in t s  of merger  be tween  organelles revealed juxtapos i -  
t ion  of organelles bu t  e i ther  d i s t inc t  separa t ion  by  a th in  
r im of cy top la sm or un in te rp re t ab le  obl iqui ty  of the  
membranes .  

However ,  one such associat ion of a profile of endo- 
p lasmic  re t icu lum and a mi tochondr ion  in an i r radia ted  
hepa tocy t e  exhib i ted  con t inu i ty  of t he  m e m b r a n e s  and 
in te rna l  spaces of these  organelles (Figure). For tu i tous ly ,  
t he  m e m b r a n e s  were or iented normal  to  t he  plane of 
sect ion at  t he  si te of t rans i t ion  f rom ret icular  m e m b r a n e  
to  mi tochondr ia l  membrane .  

The mi tochondr ion  requires  m a n y  enzymes  in accom- 
pl ishing ox ida t ive  phosphory la t ion .  The prote inaceous  
enzymic  molecules are p robab ly  syns in the  rough 
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