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E n d o m e i o s i s  and  S e x  D e t e r m i n a t i o n  
in Daphnia pulex 

E n v i r o n m e n t a l  fac to rs  t h a t  f a v o u r  t he  a p p e a r a n c e  of 
a m p h i g o n i c  i n d i v i d u a l  ins p a r t h e n o g e n e t i c a l l y  r ep roduc -  
ing p o p u l a t i o n s  are  supposed  to  exe r t  t h e i r  in f luence  u p o n  
female  i n d i v i d u a l s  t h a t ,  a l t h o u g h  t h e y  are  p h e n o t y p i c a l l y  
homogeneous ,  are  neve r the l e s s  endowed  w i t h  sexua l ly  
d i f f e r en t i a t ed  g e n o t y p e s  ~. I t  h a s  also r ecen t l y  been  shown  
t h a t  a modi f ied  t y p e  of t rue  m e i o s i s - w h i c h  has  b e e n  
n a m e d  e n d o m e i o s i s - t a k e s  place d u r i n g  t he  m a t u r a t i o n  of 
p a r t h e n o g e n e t i c  eggs of Aph ids  and  gives rise to  gene t ic  
v a r i a b i l i t y  w i t h i n  p a r t h e n o g e n e t i c  l ines 2. 

Th i s  i n v e s t i g a t i o n  was s t a r t e d  in o rde r  to  e s t ab l i sh  
w h e t h e r  endomeios i s  t akes  place also d u r i n g  t he  m a t u -  
r a t i o n  of p a r t h e n o g e n e t i c  eggs of D a p h n i d s ,  where  
WEISMANN es t ab l i shed  t h a t  a s ingle  po la r  b o d y  is fo rmed  
a n d  t he  d ip lo id  n u m b e r  of c h r o m o s o m e s  is p r e se rved  3. 
More  r e c e n t  research  seemed  to  con f i rm  t h e  absence  of 
meiosis  in t he  p a r t h e n o g e n e t i c  l ines of Daphnia pulex 4, 
which  are  the re fore  t h o u g h t  to  form clones.  

The  a t t a c h e d  F igures  1-4 h a v e  been  t a k e n  f rom v e r y  
y o u n g  oocytes  of Daphnia pulex f rom E m i l y  wh ich  
a p p e a r s  to  be long  to a t e t r a p l o i d  race,  t he  diploid  n u m b e r  
be ing  8 5. F igure  1 shows a n  oocy te  a t  p a c h y t e n e  s tage  
where  pa i r ing  appea r s  e v i d e n t  in t he  f o r m a t i o n  of bi-  
va len t s .  F igu re  2 shows  an  a d v a n c e d  d ip lo t ene  s tage  
where  t he  b iva len t s ,  wh ich  a p p e a r  n e a r  t he  p e r i p h e r y  of 
t he  nucleus ,  are  r a t h e r  c o n t r a c t e d .  E i g h t  b i v a l e n t s  a re  
p r e s e n t  in  t h e  nuc leus  a l t h o u g h  t h e  p h o t o g r a p h  shows 
on ly  six of t h e m .  The  n e x t  p h o t o g r a p h  (Figure  3) shows  
va r ious  s tages  of t he  d e c o n j u g a t i o n  6 or  d i s j u n c t i o n  of t h e  

Fig. 1. Pachytene stage in the maturation of the parthenogenetic 
eggs of Daphnia pulex. Fig. 2. Late diplotene stage. Fig. 3. 'Decon- 
jugation' or disjunction of the bivalents. Fig. 4. Chromosomes re- 

sulting from pairing and deconjugation. 

b i v a l e n t s  c o r r e s p o n d i n g  to tile f i rs t  a n a p h a s e ,  wh ich  is 
t a k i n g  place wi th in  the  nuc lea r  m e m b r a n e .  F igure  4 shows 
the  p r o d u c t  of these  pa i r ing  an d  d e c o n j u g a t i o n  processes  
c o r r e s p o n d i n g  to t h e  f i rs t  m a t u r a t i o n  divis ion.  These ,  
however ,  r esu l t  in t h e  r e s t o r a t i o n  of t h e  s o m a t i c  n u m b e r  
of c h r o m o s o m e s  because  t h e  p r o d u c t s  of t h e  d iv i s ion  of 
t h e  b i v a l e n t s  r e m a i n  wi th in  t h e  nuc lea r  m e m b r a n e  a n d  no  
po la r  body  is fo rmed  as a resu l t  of th i s  d iv is ion.  On ly  
twe lve  such  c h r o m o s o m e s - i n s t e a d  of s i x t e e n - a r e  vis ible  
in t h e  Figure .  T h e  s u b s e q u e n t  d iv is ion  - wh ich  has  been  
descr ibed  by  va r ious  a u t h o r s  7--corresponds ,  there fore ,  to  
the  second m a t u r a t i o n  d iv is ion  a n d  t h e  single po la r  b o d y  
which  is fo rmed  s u b s e q u e n t l y  co r r e sponds  to t h e  second 
po la r  body,  as a l r e a d y  d e m o n s t r a t e d  in the  case of 
Aphids .  

T h u s  p a r t h e n o g e n e s i s  is of meio t ic  t y p e  in the  E m i l i a n  
race  of Daphnia putex a n d  i t  c an  safely be  a s s u m e d  t h a t  
r e c o m b i n a t i o n  can  give rise to  gene t ic  v a r i a b i l i t y  w i t h i n  
s ingle p a r t h e n o g e n e t i c  l ines of Daphnia, as h a s  been  
gene t i ca l ly  d e m o n s t r a t e d  in p a r t h e n o g e n e t i c  l ines of 
Aphids .  Th i s  exp la ins  w h y  BANTA an d  WOOD 8 found  
t h a t  v a r i a b i l i t y  in the l igenous  p a r t h e n o g e n e s i s  of I ) aph -  
n ids  is as h igh  as in the  offspr ing of a m p h i g o n i c  repro-  
duc t ion .  

P rev ious  e x p e r i m e n t a l  research  h a s  s h o w n  t h a t  male  
i nd iv idua l s  c an  be  induced  in p a r t h e n o g e n e t i c  l ines of 
Daphnia pulex a n d  of severa l  o t h e r  species of I ) a p h n i d s  9 
by  a n u m b e r  of e n v i r o n m e n t a l  factors.  As meiot ic  pa r -  
t henogenes i s  was  u n k n o w n  in D a p h n i d s ,  t h e  a p p e a r a n c e  
of a m p h i g o n i c  i n d i v i d u a l s  f rom such  p a r t h e n o g e n e t i c  l ines 
was  t h o u g h t  to  be  exc lus ive ly  due  to e x t e r n a l  fac tors ,  t h a t  
is to  be  en t i r e ly  p h e n o t y p i c a l  ao. 

T h e  d i scovery  of endomeios i s  in Daphnia pulex shows 
the  poss ib i l i ty  of o b t a i n i n g  d i f fe ren t  sex g e n o t y p e s  
t h r o u g h  r e c o m b i n a t i o n  w i t h i n  p a r t h e n o g e n e t i c  l ines of 
l ) a p h n i d s  an d  c o n s e q u e n t l y  t h e  poss ib i l i ty  of a no t  pu re ly  
p h e n o t y p i c  sex d e t e r m i n a t i o n .  P r ev ious  o b s e r v a t i o n s  can  
also be  exp l a ined  b y  t h e  p resence  of endomeios is .  I t  h a s  
been  r epo r t ed  n t h a t  s t r a i n s  which  were ab le  to  p roduce  
a m p h i g o n i c  i n d i v i d u a l s  u n d e r  g iven  e n v i r o n m e n t a l  con-  
d i t i ons  were no  longer  able  to  do so u n d e r  t h e  s ame  con-  
d i t i ons  a f t e r  a long per iod  of p a r t h e n o g e n e t i c  r ep roduc t ion .  
I t  c an  now be  sugges ted  t h a t ,  d u r i n g  t h e  en d o me i o t i c  
processes,  p r e d o m i n a n t l y  ma le  geno types  h a v e  been  
s e g r e g a t e d  a n d  h a v e  been  e l imina t ed  while  u n d e r  the  
l a b o r a t o r y  cond i t ions  t h a t  se lected in f a v o u r  of p a r t h e n o -  
gene t ic  r ep roduc t ion .  The  sex v a r i a b i l i t y  of t h e  or ig ina l  
s t r a i n s  has  a p p a r e n t l y  been  reduced  t h r o u g h  a n  el imi-  
n a t i o n  of male  fac tors  a n d  a race showing  acycl ica l  par-  
thenogenes i s  has  been  evolved .  

E n v i r o n m e n t a l  fac tors  t h u s  a p p e a r  to  h a v e  in D a p h n i d s  
b o t h  a d i r ec t  inf luence  u p o n  t h e  d i f f e r en t i a t i o n  of t h e  sex 
p h e n o t y p e s  an d  a se lec t ive  in f luence  u p o n  t h e  d i f f e ren t  
g e n o t y p e s  a v a i l a b l e  w i t h i n  p a r t h e n o g e n e t i c  lines. T h e  
l a t t e r  was indeed  p o s t u l a t e d  in p ioneer  work  b y  WEIS- 
MANN 12 
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Riassunto. ~ descr i t to  un processo endomeio t ico  in 
Daphnia pulex dove  la ma tu raz ione  delle uova  pa r t eno-  
genet iche  ven iva  f inora r i t enu t a  di t ipo  ameiot ico,  L ' endo -  
meiosi e la conseguen te  possibilitb, di r i combinaz ione  gene- 
t ica  m o s t r a n o  la possibil i t~ di compa r sa  di  genot ip i  sessuali  
mult ipl i  e spiegano la r iduzione della variabilitb, sessuale 

in a l l evament i  di Dafnidi  r ip rodot t i s i  pa r t enogene t i ca -  
m e n t e  per  mol te  generazioni .  

G. BACCL G. COONETT~, and  A. M. V'ACCARI 

Istituto di Zoologia dell'Universit~ di Modena (Italy),  Ju l y  
28, 1961. 

E x t r a c t i o n  e t  i s o l e m e n t  d ' u n e  h o r m o n e  p l a c e n -  
t a i r e  h e f f e t  i n h i b i t e u r  s u r  l ' u t 6 r u s  ~ 

Le t iquide amn io t i que  pr61ev6 sur  des grossesses 
humaines  jeunes  et  in tac tes  a un pouvoi r  inh ib i t eu r  sur  la 
moti l i t6  ut6rine de la ra te ,  du  cobaye  e t  de la lapine.  Son 
effet  consis te  dans  un aba i s semen t  du tonus  e t  dans  une 
d iminu t ion  de la f r6quence e t  de  l ' amp l i t ude  des  con-  
t r ac t ions  spontan6es  de l 'u t6rus  ~-4 Cet te  ac t ion  p h a r m a -  
cologique part icul i~re du l iquide amnio t ique ,  confirm6e 
r 6 c e m m e n t  par  CUPARENCU ~ a pu 6tre r ep rodu i t e  sur  
l 'u t6rus  in  situ de la ra te  e t  de la lapine  e-s e t  sur  t 'u t6rus  
in situ de la ra te  p o r t a n t e L  Out re  l ' inh ib i t ion  ut6rine,  le 
l iquide amn io t i que  p rovoque  6galement  une hyp6r6mie  
de l 'u t6rus  e t  des  ovaires  de la ra te .  L 'or ig ine  p lacen ta i re  
du fac teur  inh ib i teur  et  du fae teur  p r o v o q u a n t  l 'hyp6-  
r6mie des ovaires  a pu 6tre d6mont r6e  pa r  leur p roduc t i on  
in  vitro dans  des cul tures  de cellules choriales 1°. Des 
t r a v a u x  r6cents  o n t  abou t i  ~ l ' ex t r ac t i on  e t  l ' i so lement  de 
l ' ho rmone  en ques t ion  de l 'ur ine de f emmes  enceintes .  
La  pr6sente  c o m m u n i c a t i o n  d o n n e  une  descr ip t ion  som-  
maire  du proc6d6 utilis6 e t  des r6sul ta ts  ob tenus .  P o u r  
simplifier ,  le fac teur  inh ib i t eu r  e t  d ' hyp6r6mie  es t  d6sign6 
par  les le t t res  P .P .F .  (P regnancy  P r o t e c t i n g  Factor) .  

(1) ~ldthode d'extraction. La  p r6pa ra t ion  sch6matis6e 
dans  le Tableau  I consis te  ~ ex t ra i re  la d i te  subs t ance  pa r  
pr6c ip i ta t ions  r6p6t6es en milieu acide avec  un  so lvan t  
organique ,  de  s o u m e t t r e  les pr6cipit6s ~ des  dia lyses  pro-  
long6es et  de s6parer  les prot6ines  insolubles e t  inac t ives  
pa r  cent r i fuga t ion .  On o b t i e n t  ainsi  un p rodu i t  purifi6 
(U 11) t i t r a n t  1200-3400 Un i t6 s -Ra t  pa r  mg de subs tance  
sbche. 

(2) Mdthode d'isolement. L ' e x t r a i t  U 11 es t  ensui te  
s6par6 en une  f rac t ion  pro t6 ique  inac t ive  e t  en un  p6pt ide  
glycidique b io log iquement  actif .  Cet te  s6para t ion  se fait  
avec  le proc6d6 su ivan t  : On d issout  6 mg  de l ' ex t r a i t  U 11 
dans  0,3 ml  d ' u n e  solut ion de b i ca rbona t e  de sod ium 
1%. Le m61ange es t  d6pos6 sur  une  ligne dro i te  longue de 
30 cm situ6e ~ 5 cm de d i s tance  du bord  d ' u n  pap ie r  fi t tre 
W h a t m a n  No. 2 (dimensions  35 × 35 cm). Chromato -  
graphie  a scendan t e  dans  un so lvan t  6 thanol  ~ 50% h la 
t e m p 6 r a t u r e  de 4 ° p e n d a n t  16 h. Apr6s que  le pap ie r  a i t  
6t6 s6ch6 ~ la t emp6ra tu r e  amb ian t e ,  on  d6coupe la zone 
de pap ie r  compr ise  en t re  les va leurs  Rf  0,11-0,38 et  on 
l'61ue en c h a m b r e  h u m i d e  k 4 ° avec de l 'eau distill6e. 
L'61uat est  lyophilis6, puis  d6min6ralis6 pa r  u l t ra - f i l t ra t ion  
sous press ion de 8 a t m o s p h e r e s  d ' u n  m6tange gazeux  
compos6 de 95% d 'oxyg6ne  et  de 5% d ' a n h y d r e  carbo-  
nique.  

(3) Rdsultats biologiques. Le proc6d6 indiqu6 fourn i t  une  
subs t ance  s6che e o n t e n a n t  pa r  mg  25 000-50 000 U. Ra te .  
0,05 ? /ml  de ce t  ex t r a i t  p rodu i sen t  une  inh ib i t ion  de la 
moti l i t6  spon tan6e  de l 'u t6rus  isol6 de la ra te  en pro-  
oestrus .  0,01-0,025 7 de la d i te  subs t ance  inject$e pa r  vole 
in t rap6r i ton6ale  ~t des ra t s  femelles d ' u n  poids  de 35-45 g 
p r o v o q u e n t  une  hyp6r6mie  des ovaires  qui  se r econna i t  5. 
une colora t ion rouge in tense  e t  pe r s i s t an t e  des ovaires  
16 h apr6s I ' in ject ion.  

(4) Propridtds physiques et chimiques de l'hormone isolde. 
La subs t ance  isol6e es t  tr6s soluble dans  l 'eau.  El le  n ' e s t  

pas  pr6cipit6e pa r  l '6 thanol  ou l ' ac6tone  ~ 50%. E n  
solut ion alcoolique 15-20~o de l ' ac t iv i t6  biologique t ra -  
v e r s en t  des ul t racel l f i l t res  ~feinst~ (Membranfi l ter-Gesel l -  
schaf t ,  G6t t ingen) .  La subs t ance  est  ins tab le  clans l 'eau 
disti116e A la t e m p 6 r a t u r e  a m b i a n t e  e t  pe rd  80% de son 
act iv i t6  biologique darts les 6 h. Conserv6e ~t 4 ° sous forme 

Tab. I. M6thode d'extraction du P.P.F. 

Conditions de 
tempSrature 

1000 ml urine congel6e -- 15 ° 
d6congel6e, filtr6e par laine de verre 4 ° 
+ HC1 cone. -pH 3,3 
+ 4 Vol. ac6tone puriss. -~ 15 ° 

- -  15 ° centrifugcr 
I 

I 
surnageant = U 1[227 

t 
centrifuger 

t 
I 

surnageant = U 3]227 

t 
prdcipitd = U ~/227 
+ 50 ml HzO dist. 4 ° 
+ HC1 come. pH 3,3 
+ 4 Vol. ac6tone puriss. -- 15 ° 

t 

I 
prdcipitd = U 4]227 
+ 75 mt H20 dist. 
dialyse 120 h contre 
2000 H~O dist. 6chang6 
toutes les 6 h 
dialysat centrifuger 

1 .... 
I I 

surnageant = U 5/227 s6diment = U 6/227 
+ HCI cone. pH 3,3 4 ° 
+ 4 Vol. ac6tone puriss. -- 1 5  ° 

centrifuger -- 15 ° 
I 

t i 
surnageant = U 7/227 pr~cipit~ = U 8]227 

s6cher 60 min -- 15 ° 
+ 20 ml H20 dist. 4 ° 
dialyse 16 h contre 
2000 H,O dist. 
dialysat centrifuger 

I 
I i 

surnageant = U 9/'227 s6diment = U 10/2~27 4 ° 

- -  Lyophilisation = rdsidu sec = U 111227 

4 ° 
4 o 
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