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Dehn, P.  F . ,  D. E .  Aiken,  and S .  I,. Waedy. 1983. Aspects  of v i t e l l o g e n e s i s  i n  t h e  l o b s t e r  Pomarus 
a m e r i c a n u s .  Can. Tech. Rep. F i s h .  Aquat ,  S c i .  1161: i v +  24 p. 

I n  c r u s t a c e a n s  e v i d e n c e  e x i s t s  f o r  bo th  an exogenous and eildogenous o r i g i n  of l i p o v i t e l l i n ,  t h e  major 
y o l k  p r o t e i n .  I n  t h e  l o b s t e r ,  liomarus a rner icanus ,  a f e m a l e - s p e c i f i c  serum l i p o p r o t e i n  in  e l e c t r o p i ? o r i ? t i c n l L y  
and immunologica l ly  i d e n t i c a l  t o  l i p o v i t e l l i n .  T h i s  l i p o p r o t e i n ,  v i t e l l o g e n i n ,  is assiined t o  he t h e  p r e c u r s o r  
t o  o r  t o  be  l i p o v i t e l l i n ,  and is presumably s e q u e s t e r e d  by t h e  o v a r y .  Data o b t a i n e d  from Homarus a n e r i c a n u s ,  
from a  v a r i e t y  of -- i n  v i v o  and -- i n  v i t r o  l a b e l i n g  t e c h n i q u e s :  s u p p o r t  c u r r e n t  t h e o r i e s  f o r  a  d u a l  o r i g i n  of y o l k  
p r o t e i n s  i n  c r u s t a c e a n s .  E x t r a - o v a r i a n  serum v i t e l l o g e n i n  has  a r ? l e  i n  y o l k  f o r m a t i o n  d u r i n g  s e c o n d a r y  
v i t e l l o g e ~ z e s i s ,  w h i l e  endogenous s y n t h e s i s  of  yo lk  p r o t e i n s  seems t o  be m r e  a c t i v e  i n  primary 
v i t e l l o g e n e s i s .  

Secondary  v i . t e l l o g e n e s i s  is c h a r a c t e r i z e d  by h i g h  l e v e l s  of v i t e i l o g e n i n  i n  t h e  serum, &;hioh a r e  t i e  
r e s u l t  of  p r o t e i n  i n  t r a n s i t  from t h e  s y n t h e t i c  s i t e  t o  t h e  o v a r y .  V i t e l l o g e n i n  p r o d u c t i o n  d e c l i n e s  artd 
c e a s e s  p r i o r  t o  e x t r u s i o n  a n d / o r  r e s o r p t i o n .  T o t a l  l e v e l s  of serum p r o t e i n s  and serum v i t e l l o g e n i n  CecrrA,;i:. 
~ r i n r  t o  e x t r u s i o n  o r  r e s o r p t i o n .  'rlich r e s o r p t i o n ,  l e v e l s  of t o t a l  serilii;. p r o t e i n  and serum v i t e l l o g e n i  11 
i n c r e a s e  markedly and a r e  tile resu2.t of p r o t e i n  s a l v a g e  from t h e  ovary .  E y e s t a l k  a b l a t i o n  had i i t t l e  e f i c ? c t  
on  s e c o n d a r y  v i t e l l o g ~ n e s i s .  

The ovary  i s  c a p a b l e  of s y n t h e s i z i n g  p r o t e i n s  and l i p o v i t e l l i n .  The g r e a t e s t  amount of s y n t h e t i c  
a c t i v i t y  is d u r i n g  pr imary  v i t e l l o g e n e s i s .  The ovary  is a l s o  c a p a b l e  of s e q u e s t e r i n g  p r o t e i n s  d u r i n g  
s e c o n d a r y  vf t e l  l o g e n e s i i ;  a s  p u r i f i e d  l i p o v i t e l l i n  was taken  up -- i n  v i t r o .  The exogenorls s o u r c e  of s e r a !  
v i t e l l o g e n i n  is  s t i l l  unknown. 

Yev words:  v i t e l l o g e n r s r s ,  Homarus amer icanus  

Dehn, P. ? . ,  D .  E .  Aiken,  and S .  L. baddy. 1983. Aspec ts  of v i t e l l o g e n e s i s  i n  tVLe l o b s t e r  Homarus 
a m e r i c a n u s .  Can. Tech.  Rep. F i s h .  Aqiiat. S c i .  1161: i v  t 24 p. 

Chez l e s  c r u s t a c i s ,  on a  rguss! 2 prouver  l ' o r i g i n e  exogsne e t  e n d o g h e  d e  l a  l i p o v l t e l i i n c ,  l a  p r o t 6 i ? e  
p r i n c i p a i e  du jnune d'oe~i:. Chez l e  homard d 'Am"eilqe,  r:ne l i p o p r o t 6 i n e  du sertirn p r o p r e  atix F e q e l ?  e est .z.i 

p o i n t  d e  vue 6 l e c t r o p h o r 6 t i q u e  e t  i~aiiiu?.oIogiqrle, i d e n t i q u e  2 l a  l i p o v i t e l l i n e .  Ii e s t  admis que ce:ti7 
l i p o p r o t l i i  a e ,  La v i t e l l n g i 5 n i n e ,  e s t  l e  p r s c u r s e u r  de l a  l i p n v i t e l l i n e  ou c o n s t i t u e  l a  l i p n v i t e l l i r ~ e  e l  lr-mi-xe; 
e l L r  e s t  p robahlement  s i q u e s t r i i e  p a r  l ' o v a i r e .  i e s  donn6es o b t e n u e s  au s u j e t  du homard d8Arn6rique 2 i ' a i 4 e  de 
d i v c r s c s  t e c h n i q u e s  d e  narquage  i n  v i v a  e t  i n  v i t r o ,  a p p u i e n t  l e s  t h P o r i e s  a c t u e l l e s  s u r  La dnirbie o r i g i n e  dcs . . -- 
p r o r c l n e s  du jaune  d 9 0 e u f  chez  l e s  e r u s t a c i s .  La v i t e l l o g G n i n e  du sGrum e x t r a - o v a r i e n  p a r t i c i p e  5 la 
f o r m a t i o n  du janne d 'oeuf  a u  c o u r s  d e  l a  v i t e 1 l o g e n S s e  s e c o n d a i r e ,  t a n d i s  que l a  s y n t h S s e  e n d o g h e  d e s  
pro t i r l i l es  du  jaune  d ' o c u f  :;ernble S t r e  pliis a c t i v e  at3 c o u r s  de l a  v i t e l l o g e n s s e  p r i m a i r e .  

La v i t e l l o g e n e s e  s e c o n d a i r e  s e  c a r a c t e r i s e  par  unr t e n e u r  & l e v i e  de v i t e l l o g 6 n i n e  dacs  l e  s irurn,  caus6c  
p a r  l a  p r e s e n c e  d e  p r o t P i n e s  p a s s a n t  du li.eu de synthssr. 2 l ' o v a i r e .  La p r o d u c t i o n  de v i t e ? l o g P n i n ~  diminue 
e t  c r s s e  c o n p l P ~ e m e n t  a v a n t  l ' e x p u l s i n n  ou l a  r 6 s o r p t i o n .  La t e n e u r  t o t a l e  en p r o t g i n e s  e t  ec v i t e i l o g 6 a i n r  
d u  sjir i lm diminue a v a n t  i ' e x p u l s i o n  ou la r s s o r p t i o n ;  a u  moment d e  la r e s o r p t i o n ,  e l l e  augmente st.nsi?icmcnt 2 
ca i l s r  i:i, l a  p rPsence  d e  p r o t e i n e s  "ehaappses de l ' o v a i r e .  L ' a h l a t i o n  d e s  yeux p6donctrlGs ;I r u  p r u  i?\cff+? stir 
l a  v1 t r  l logenPse  s e c o n d a i r e .  

1 , k v a i r e  peut  E a i r r  l a  s y n t h P s e  des p r o t l i i n e s  e t  de La l i p o v i t e ' i l i n c .  L 3  p lus  graiide j i a r t i c  d c  l ~ i  
sy i i th6se  s i e f f e c t u e  nu c o u r s  d e  l a  v i t e l l o g e n S s e  p r i m a i r e .  L ' o v a i r e  pei:t i g a l e m e n t  s6qriacstrer l e s  p r a r 6 i n e s  
a u  cotirs  d r  l a  v i t e l l o g e n P s e  s e r o n d a i r e ,  t o u t  cnnme ?a l i p o v i t e l l i n e  p u r i f i i e  perit S t r e  absorb& - i n  - v i t r o .  .. . . 1.a 
so t i rce  exogPnr d e  l a  v i t e l i n g G n i n e  du serum d e m u r e  inconnue.  



i n  L e c i t h o t r o p i c  %mine o r g a n t s m s ,  embryos a r e  
d e p e n d e n t  on yo14 i n  t h e  eggs  f o r  t h e i r  n u t r i t i o n a l  
r e q u i r e m e n t s .  The p r o c e s s  of yo lk  d e p o s i t i o n ,  o r  
v i t e l l o g e n e s t s ,  i n  o o c y t e s  I s  a  s e a s o n a l  o r  c y c l i c a l  
phenomenon. V i t e l l o g e n e s i s  o c c u r s  i n  two s t a g e s  in 
c r u s t a c e a n s  ( s e e  4 d i y o d i  and Adiyodi  1974 and Aiken 
a n d  Waddj 1980 f o r  r e v i e w s ) .  P r i m a r y  v i t e l l o g e n e s i s  
n a y  e x t e n d  o v e r  s e v e r a l  inontns and r e s r r i t s  i n  a  s low 
i n c r e a s e  i n  o o c y t e  s i z e ,  w h i l e  s e c o n d a r y  
r r i t e l l o g e n e s i s  r e s u l t s  i n  a  r a p i d  i n c r e a s e  i n  o o c y t e  
s i z e  and l e a d s  t o  o v i p o s i t i o n  (Aiken and Waddy 
L 980) .  

S y n t h e s i s  of p r o t e i n s  and t h e i r  r n c o r p o r a t i o n  
i ~ t o  y o l k  d u r i n g  v i t e l l o g e n e s i s  h a v e  been s t u d i e d  m 
many d ~ f f e r e n t  g roops  of a n i q a l s .  I n  a d d i t i o n  t o  
t h e  checilical c h a r a c t e r i z a t r o n  aqd identification of 
 he v a r i o u s  y o l k  p r o t e i n s  and p r e c u r s o r s ,  t h e  
, z t e ( s j  o f  s y n t h e s i s  h a s  been of inajor concern .  I n  
b i r d s  and amphib ians ,  t h e  y o l k  p r e c u r s o r s  a r e  
prodliced i n  t h e  l r v e r  and t r a n s p o r t e d  t o  t he  ovary  
vrhere p i n o c y t o s i s  by t h e  d e v e l o p i n g  o o c y t e s  o c c u r s  
(Dehn and Wal lace  1973;  Wal lace  i 9 7 0 ;  W a l l a c e  and 
3 e r g l a k  1974,  Wal lace  and Dumont 1968) .  I n  i n s e c t s ,  
t h e  y o l k  p r o t e i n  is produced e x t r a - o o c y t i c a i l y  by 
t h e  f a t  body (Hagedorn dad Kunkel L979). i n  
c r u s t a c e a n s ,  e v i d e n c e  e x i s t s  f o r  b o t h  dn endogenous 
(Reams and L e s s e l  1903; u a n l o n  and K e s s ~ L  1 9 7 2 ;  
K e s s e l  1169;  K e s s e l  and Reams 1963; Lui  e t  el .  1974;  
L u i  and ? 'Connor 1976 ,  5977) and a  exogenous 
( C r o i s s i l e  e t  a l .  1974;  Canion e t  a l .  1972;  Junera 
c - t  a l ,  2977a,  1977b; K e r r  1968,  1969;  Yeiisy e t  a l .  
:974, V a r a d a r a j a n  aiid Subramoniaa 1980;  kjol in e t  a i .  
1973)  o r r g i n  of  v i t e l l o g e n i q .  Accumulnting e v i d e n c e  
s trccgi  i t i  t h a t  yo lk  prd t r i r_ ;  , y - t h e s i s  mv be both 
?ndogcnor~s  and fxngcqous (Beams c%nci K e s s e l  1980, 
l i c l , i ~ i ~ r i y ~ i i l c :  et a1 . 198ii; Dhai17atlt and l iei ,cer>yadi~r 
1970 ,  i u r e i i L i ~ s  1973: F y f f e  and O'Cornnor 1974 ,  Ylnscii 
a i ~ d  ( orlc 1969,  S c h a d ~  and b h r v e r s  L380- Varadarajari  
and  S t~bramonian  1980; S e r b 1 0  1977,  1979) .  
Endoget-tous s y n t 1 , e s i s  of y o l k  p r o t e i q s  { p r i m a r i i y  
~ ; ? y < q > r o ' t ~ ~ ~ w  111 n a i u r e )  o c c i r i  d i i r ing  p r i w r ~  
v . r tc l lo i . , iweb~ s ,  w l . ~ l e  P X O ~ C I I O I * " I  synt he919 occrlr4 
t l i i r lng ' i>- i> i~dary  v i  t e ?  l o y , c - r ~ r ~ : ~  (ilcl isr*r'iyniii.r c s t  i l  . 
19/30, b a r  k d a r a ~ a , ~  I I I ~  >ul)r a n o n f ? m  19tSO; / i* rhIh  
1 9 7 7 ) .  D r ~ r i n g  t h e  c x o r : ~  1011s p h a ~ ~ c ,  the yolk 
( p r l t n a r r  ly  a l l p o g l y c o i a r i e n o p c o t e I n  complex t 1s 
produced  from a  I L p o p r o t e ~ n  c o ~ n l e x  p r e s e n t  rn t h e  
heacslynpii, which r s  tlien s e q a e s t e r e d  by t h e  o o c y t e  
v r a  m i c r o p i n o c y t o s i s  ( D e l e e r s y n d e r  e t  31. 1980; 
j a r a d a r a j a n  and Sdbramoniam 1980; Z e r b i b  1937) .  

A f e m a l e - s p e c i f i c  p r o t e i n  (FSP), v i t e l l o g e n f n ,  
e x i s t s  l n  t h e  hernolymph of c r u s t a c e a n s  and i s  
e l e c t r o p h o r e t i c a l l y  and Immunologica l ly  i d e n t i c a l  t o  
t i l e  major  y o l k  p r o t e i n ,  l i p o v i t e l l i n  ( s e e  Neusy 1980 
f o r  a r e v i e w ) .  V i t e l l o g e n i n  and i t s  r o l e  i n  v i t e l l o -  
g e n e s i s  is n o t  c l e a r l y  unders tood  i n  c r u s t a c e a n s .  A 
p o s i t i v e  c o r r e l a t i o n  e x i s t s  between v i t : e l l o g e n i n  
l e v e l s  and o o c y t e  inatiuracion (Aiken and Waddy 1980 
f o r  r e v i e w ) .  Whether v i t e l i o g e n i n  and l i p o v i t e l l i n  
a r e  one niid t h e  same is riot known, a l t h o u g h  iminuno- 
l o g i c a l l y  and e l e c t r o p h o r e t i c a l l y  t h e y  a p p e a r  t o  be 
(Xeusy 1980) .  

1.. ,, --. *is t a c e a : : ~ ,  t h e  s v ~ i t h c t  i.c si", c?C serum 

vitel1ogc:nin 11iis no t  been c l e a r l y  demoi i s t ra ted ,  
alrhotigl? .Tunera e t  aL. (1977b j  Iiave s i i o w ~ i  i t  to be 
e x t r a - o v a r i a n .  Tqe h e p a t o p a n c r e a s  {Besse  e t  a l .  
1970; C e c c a l d i  and M a r t i n  1969; C e c c a l d i  1970; 
Kesse?  i968; 'nioii.? e t  al. 1473)  and iiemncytes ("ierr 

1968) have  been s u s p e c t e d  as t h e  s y n t h e t i c  s L t e s  of 
v i t e l l o g e n i n .  R e c e n t l y  j u n e r a  and C r o i s i l l e  (1983,, 
P i c a u d  ( 1 9 8 0 ) ,  P icaud  and S o u t y  j i980) ,  and S o ~ t y  
and PLcaud (1981) have  p r e s e ~ ~ t e d  e v i d e n c e  trzat t'rip 
s a b e p i d e r m a l  a n i p o s e  t i s sb je  produces  vl tei l3ee?r: .  

The c o r l l r o l s  of v i t e l l o g e n e s i s  a r c  ju;? 

b e g i n n i n g  t o  be i n v e s c i g n t e d  rn c r u s t a c e a ? ,  i V c a s v  
1 9 8 0 ) .  I t  ic a s s u a e d  that  the r e i i r o s e c c e - o r y  t i s s a e  
produces  t h r e e  hormories: gonad I nlil h i tqmr]  hor-ione 
( G I H )  . gonad str i i i i i2at ing hormone (;SH), a  -.r 1 - 
i n h i b i t o r y  hormone (YlH) whrch s u p p r e s s  ~ n l t r n p  
d a r i n g  tlre r e p r o d u c t i v e  cqcie ( A d ~ g ' o d i  and . l i l ~ v ? e  a 

1970; Aiken and Waddy 1980 aornirskl  r t  e l .  1 3 8 1 ) .  
E y e s t a l k  a b l a t i o n  a c c e l e r a t e s  v i t e l l o g e ~ ~ s ~ i  rr 3 
v a r i e t y  of decapods  ( 4 d r y o d i  and A d ~ y o o ,  19"rg. 
DeLeersynder e t  a l . .  5980; Yeilsy 1980).  I b l a t r o n  oF 
t h i s  s t r u c t u r e  reqoves  t h e  X-orsan-swus gland 
complex whick a c t s  a s  t h e  n e u L o s e c r r t o r v  c e p r e r  and 
presumably removes t h e  o f f e c t s  of CTH. if 15 
a s s u a e d  t h a t  t h e  n e u r o s e c r e t o r y  c e n t e r  s t l - u i ? t e s  
t h e  v i t e l l o g r n l n  s y n ~ h e s i z ~ ~ ~ g  t i s s u e ,  ovar  e s ,  a?> 
p o s s i b l y  t h e  y-organs,  VhLcQ produce :hr r i o ~ ~ ~ n g  
hormone iY f t )  a l t h o u g h  nzdrnqer - re tory  cnfi f  -o l s avr  
n o t  been Gemonstrated ("ieusy 1980:. "eeic85i 
hormones w y  c o n t r o l  t h e  a a i - t e n a n c e ,  r ~ ~ ; ? r p c ~ ( ~ i - ,  o r  
u p t a k e  9 E  v i t e l l o g e n i n  d i r e c t i y  o r  r o d l r  i t l r  
t h r o u g h  nn i n t e r m e d ~ a t e  f a c t o r ,  

I n  t h e  l o b s t e r ,  l i t t l e  is known of  itel el lo- 
g e n e s i s  o r  of t h e  p o s s i b l e  endogeiloils c o c r r o l s  of 
t h e  v i t e l l o g e n i c  p r o c e s s  (AiXen and %add? 13R(;j. h 
l i p o p r o t e i n ,  l i p o v i t e l l i n ,  has been i s o l a t e i i  f r 9 m  

t h e  ovary  (Wal lace  e t  a l .  1967)- A female-: ifinit-d 
l i p o p r o t e i n ,  v i t e l l o g e n i i i ,  has  been found L.1 t h e  
henolymph and is imunnlogl i :a l l ) 'y  and e l r r c r o -  
p h o r e t i c a l l y  i d e n t i c a l  eo 1 L p o v i t e l l i n  ( 3 y a r ~ i  1975). 
The o r i g i n  of v i t e l l o g e n i n  is tinknown :is :i i t s  role 
1.n v i t e l i o g c ; l e s i s .  The c o r i t r o l s  of v i t z :  l<::.:r.::i.si.;:t>~'~,sis 
a r e  ;ilsii unkrtown, altliougir ryt .s tal l i  nh i , i t l :>* :  r-s:iZ:-; 
i n  i n c r e a s e d  l e v e l s  of serum 1jpoj i ro te i :  xh i - i ?  .?,iy 
be t h e  resu1.t of p r o t e i n  n iob iLiza t ion  Leadirir :c, 

u p t a k e  by,  o r  r e s o r p t i o n  from, mati ir ing ~x)c y t e c  
(Ai'nen a n d  Waddy 1980). 

T1ie p i ~ r r o s e  o f  t l i l .  ~,P,~idy da"r rn er I - l  q i  I i 

ri,'ii. o f  scxrirn v I L c * I I o ~ E ' I J  II i t i *  iilg ~ ( " C O R ~  IT i I P I  I r  - 
gtv"inis;  the r o l e  of i t l f  o v i r y  tr t h e  s r n t  1 :  f 1 -  j F  

i l  p i iv i te i  l i n ;  t"7 e f f e c t s  of i e u r o i i e c r P i ? r j  r g , n r e r  
removal on v l t e l l o g e n i c  ?c t i v i t y ,  and possible 
e x t r a - o v a r i a n  s y - r t h r L L ~  s i r e s  i , ~  t h e  I O I I ~ Z - I  , 
Honarus a ~ e r i c a n u s .  

F e n a l e  l o b s t e r s  were o b t a i n e d  froin tile sc iu ther r~  
Gulf of 52 .  1,awrence i n  t i le  North Rus";.:~ ; ~ n d  
Miminegash a r e a s  of P r i n c e  Edward I s l a n d .  ii i were 
i n  i n t e r m o l t  j C 4 ) ,  had less  than  6 wk t o  eutrus ' i .?n 
as  i n d i c a t e d  by cement g land  development !S tage  ? )  
(Aiken and Waddy 1 9 8 2 ) ,  had c a r a p a c e  1.eng:ils o f  
72-80 mm, and had wet weights  03300-LZC g .  I n i n a l s  
were ina in ta ined  i n  a flow-througl? w a t e r  i:~sti'r? ac 
c o l l e c t i o n  t e n p e r a t u r e s  ( S ° C ) .  Two weeks p r i o r  ca 
e x o e r i ~ a e i ~ t a t i o n ,  females  were ia:.?veii i-.tir 1:: " <  w?tc3r 
and m a i n t a i n e d  a t  t h i s  t e n y e r a t o r e  t h r o i i g h ~ u :  t h e  
e x p e r i m e n t a l  period. A i l  animals werz  :ed ; i - e  
t iines week1.y. 



CHOICE OF RADIOLABEL AND W E R  

Leucine was chosen a s  t h e  marker as  i t  is a  
major component of both the  hemolymph (F lo rk in  1960; 
Xesse l  1968; S t ewar t  e t  a l .  1966) and the  oocytes  
(Kesse l  1968) du r ing  the  r ep roduc t ive  cycle .  Most 
l a b e l i n g  was done wi th  3 ~ - l e u c i n e  a s  Kerr (1968) 
r e  o r t e d  t h a t  she  obta ined inconc lus ive  r e s u l t s  with 
C l e  when a t t empt ing  t o  l a b e l  serum v i t e l l o g e n i n .  

GENERAL TREbT1"IENT OF RADIOACTIVE SUfPLZS 

Serum was processed according t o  Byard (1975).  
Crude ova r i an  homogenates were prepared i n  0.5 !I 
NaC1-5mY EDTA. P r i o r  t o  c e n t r i f u g a t i o n  25 pM PESF 
(phenylmethyl s u l f o n y l  f l u o r i d e )  was added t o  t he  
crude  homogenate t o  i n h i b i t  enzymatic a c t i v i t y .  
P u r i f i e d  ova r i an  l i p o p r o t e i n s  were prepared from 
c rude  homogenates by ammonium s u l f a t e  p r e c i p i t a t i o n  
(Wallace e t  a l .  1967).  The p u r i f i c a t i o n  proposed by 
Wallace e t  a l .  (1967) does not  i s o l a t e  j u s t  one 
p r o t e i n .  However, l i p o v i t e l l i n  i s  t he  major p r o t e i n  
i s o l a t e d ,  a s  a l l  o t h e r  p ro t e ins  can only be de t ec t ed  
wi th  t h e  use of a  s i l v e r  s t a i n  ( F i g -  1). A l l  
p r e p a r a t i v e  work was done i n  the  cold  (4OC). P r o t e i n  
l e v e l s  were measured by e i t h e r  t h e  b i u r e t  (Gorna l l  
e t  a l .  1949) o r  t h e  Lowry (Lowry e t  a l .  1951) 
method, u s ing  BSA a s  t he  s tandard .  Radiolabel  
i nco rpora t ion /accumda t ion  i n t o  t o t a l  TCA p rec ip i -  
t a b l e  p r o t e i n s  was determined by rhe  f i l t e r  paper 

F ig .  1. Represen ta t ive  polyacrylamide s t r i p  of a  
p u r i f i e d  l i p o v i t e l l i n  f r a c t i o n  prepared by t h e  
method of Wallace e t  a l .  (1957) from a  v i t e l l o g e n i c  
H .  americanus ovary .  A. S t r i p  s t a i n e d  wi th  - 
Coomassie b r i l l a n t  b lue  R-250 ( l e v e l s  of d e t e c t a b l e  
p r o t e i n  as  -ow a s  0.5 pg/cm2).  B.  S t r ~ p  s t a i n e d  
w i t h  s i l v e r  s t a i n  (Bio-Rad, l e v e l s  of d e t e c t a b l e  
p r o t e i n  0.05-0.01 pg/cm3).  L i p o v i t e l l i n  is t h e  
major p r o t e i n  p re sen t  ( a r r o ~ s ) .  The sample o r i g i n  
i s  i n d i c a t e d  ( 0 ) .  

-2- 
d i s c  method (Xans and Nove l l i  1961). As t h i s  method 
could not measure t he  i nco rpo ra t ion  of l abe l ed  amino 
a c i d  i n t o  a  s p e c i f i c  serum o r  ova r i an  p r o t e i n  
d i r e c t l y ,  h o r i z o n t a l  th in- layer  g e l  e l e c t r o p h o r e s i s ,  
w i th  a  5% polyacrylamide g e l  {PAGE) and Tr i s -g lyc ine  
b u f f e r  system (pH 8 .9 ) ,  was used t o  s e p a r a t e  
p r o t e i n s  f o r  examination of l a b e l  i nco rpo ra t ion  i n t o  
s p e c i f i c  hemolymph and ova r i an  p ro t e ins .  E l ec t ro -  
p h o r e t i c  samples were run i n  d u p l i c a t e  so t h a t  ha l f  
of t he  ge l  could be s t a i n e d  wi th  Coomassie b r i l l i a n t  
b lue  (R-250; Eastman Yodak) t o  provide a  record of 
p r o t e i n  mig ra t ion  d i s t a n c e s ,  whi le  t he  d u p l i c a t e  
h a l f  could be prepared f o r  l i q u i d  s c i n t i l l a t i o n  
count ing.  The unstaii led g e l  was used f o r  s c i n t i l -  
l a t i o n  count ing a s  t he  dye was found t o  s eve re ly  
quench the counts  present  jp.  5 ) .  The ge l  was f i r s t  
s epa ra t ed  i n t o  sample s t r i p s ,  then each s t r i p  was 
c u t  by hand i n t o  2 - m  s e c t i o n s .  Earh 2% sec r ion  
was placed i n t o  a  numbered s c i n t i l l a t i o n  v i a l  and 
t r e a t e d  wi th  0 .5  mL NCS t i s s u e  s o l u b i l i z e r  ( 9 : l  
NCS:BOH) (Amersham) a t  50°C f o r  2  h  t o  r e l e a s e  the 
p r o t e i n s  from the  ge l .  Following s o l u b i l i z a t i o n ,  
t h e  v i a l s  were cooled and 17 mL OCS (Amersham), a  
premixed s c i n t i l l a n t  recommended f o r  use wi th  PAGE 
and NCS, was added. To prevent spur ious  coun t s ,  
samples were l e f t  i n  the  dark  f o r  24 h ,  then counted 
i n  a  Beckman L-100C. To determine the  t o t a l  counts 
( f r e e  and bound l euc ine )  i n  t he  serum and i n  the  
m a t e r i a l  loaded on the  g e l  f o r  e l e c t r o p h o r e s i s ,  
d u p l i c a t e  50-pL samples were placed i n  s c i n t i l l a t i o n  
v i a l s  t o  which NCS (0 .5  mL) was added t o  absorb the 
water .  A f t e r  thorough mixing, 17 mL o f  OCS was 
added, and the  samples were then kept i n  the  dark 
f o r  24 h  p r i o r  t o  counting.  A l l  counts  were 
c o r r e c t e d  f o r  background and a r e  expressed as  CPF! 
( coun t s  per minute)/mL and/or  as  CPM/mg protein/mL. 



ROLE OF S5KLrE.I VlTELLOGENiN DLiRZhG SECONDARY VTTELLOGEN'oSLS 

INTRODUCTION 

Secondary  v i t e l l o g e a e s ~ s  i~ Yomarus --- amer icanus  
i s  c h a r a c t e r i z e d  by t \ e  p r e s e n c e  of  a f e n a l e  
s p e c i f - i c  p r o t e i n  (FSP) ,  v i t e l l o g e n i n ,  which is 
i m a n o i o g ~ c a l  i y  and e l e c t r o p E ~ o r e t ~  c a l l y  i d e n t i c a l  t o  
t h e  major  y o l k  p r o t e l n ,  l ~ p o v i t e l l i n ,  which r a n  be 
s x t r a c t - d  from n a t u r e  o o c y t r s  'B~yard 1975; Wallace  
et d l .  1967). A p o s i t i v e  c o r r e l a t i o ~  e x i s t s  between 
v i t e l l o g e n - ~ n  l e v e l s  i n  t h e  hernolymph aqd s a c c e s s f h l  
o v a r i a n  m a t u r a t i o n  t h a t  r e s u l t s  i n  o v i n o s l t i o n ,  
l e v e i s  b e i n g  m x i r n a i  d u r i ~ ~ g  c i a e s  of  f i n a l  m c y t e  
m a t ~ r a t l o n  (Byard 1975;. The r o l e  of serum 
v ~ i e l  l o g e ~ r n  1s s t i l l  unknowa, a s  a c t u a l  up take  of 
t n i s  serum component by t h e  o o c y t e s  Iias n o t  beep 
d e n o r s t r a t e d -  It is  presumed t h a t  serurr v i t e l i o -  
g e n i n  is s e q u e s t e r e d  by t h e  o o c y t e  v i a  micropino- 
c y t o s i s  i i r r r i n g  r i le ' r n a i  s t a g e s  of o v a r i a f  
n a t u r a t i o n  ( D e i e e r s y ~ d e r  e t  a l .  1980; V a r a d a r a j a n  
a n d  Subra"ion~u.ri 1980; Z e r b i b  1977).  T?e purpose a f  
t h i s  phase of t h e  work was t o  examrne t h e  r o l e  of  
v r t e l l o g e n i n  d u r i n g  s e c o n d a r y  v l t e l l o g e n e s i s  (final 
s t a g e s  of o v a r i a n  m a t u r a t r o n )  by r a d i o a c t i v e l y  
l a b e l ~ n g  t h i s  serum component and then  f o l l o w i n g  i t  
t h r o u g i ~ o u t  t l ie  f i n a l  p e r i o d  of t h e  r e p r o d u c t i v e  
c y c l e .  

MATERIALS AT0 METtZODS 

On >lay 28,  1981, L-(4, 5 - 3 ~ ) - l e u c i n e  
(Amers?laa) ,  1 . 5  uCi ( s p .  a c t .  65 Cl/mxol.)/g wet body 
weight  was i . n j e c t e d  i n t o  t h e  v e n t r a l  a b d o ~ i n a l  s i n u s  
o f  a  p re -ovigerous  Female. A :-nI, serum sample was 
renoved from t h e  s i n u s  a t  0, 2,  4 ,  8 ,  1 2 ,  24, 48, 
7 2 ,  96, 1 2 4 ,  168,  and 212 h .  A f t e r  p r o c e s s i n g ,  
i i izpl icace 5 0 ~ L  samples  were withdrawn t o  examine 
t h e  i n c o r p o r a t i o n  of  l a b e l  i n t o  t o t a l  TCA p r e c i p i -  
t a b l e  p r o t e i n s .  i n  a d d i t i o n ,  t h e  12-,  24-, 96-, 
168-, and 212-h samples  were used t o  e l e c t r o -  
p i i o r r t i c a l l y  exainine i n c o r p o r a t i o n  i n t o  serum 
v i r ~ 1 l i i i : c n i i i -  L e v e l s  of  serum p r o t e i n  o f  samples 
trsc;ii f o r  elt?c:ropiiorirr;is were rne;rninred by t h e  b l u r e t  
m ! , i i ~ r ~ i i .  I ' rotet i l  l e v e l s  loaded  o n t o   he g e l s  were 
between 7 and 9 mg/mL (0.07-0.09 m g / l i l  pi,). B o t h  
dyed and inndyed g e l  s t r i p s  were s e c t i o n e d  and 
corinted t o  o b s e r v e  what e f f e c t  t h e  dye might have on 
c o n n t f n g  e f f i c i e n c i e s .  D u p l i c a t e  g e l  s t r i p s  were 
s e c t i o n e d  and counted  t o  o b s e r v e  what v a r i a t i o n  
might  e x i s t  a s  a  r e s u l t  of hand s e c t i o n i n g .  A f t e r  
t h e  la t i1  d a y ,  t h e  female  was s a c r i f i c e d  and t h e  
o v a r y  was homogenized and p r l r i f i e d  a s  previous1.y 
d e s c r i b e d  (p .  2). The amount of Label  a s s o c i a t e d  
w i t h  l i p o v i t e i l i n  was e x a a i n e d  e l e c t r o p h o r e t i c a l l y ,  
The p u r l f i e t i  f r a c t i o n  was t i loroughly d i a l y z e d  
a g a i n s t s a m p l e  b u f f e r  n r f o r  to a l e c c r o p h o r e s i s  t o  
remove s a l t s  which i n t e r f e r e  w i t h  p r o t e i n  m o b i l i t y .  

On !May 2 g 9  1982,  L - J ' ~ C ( I I ) ) - ~ ~ I I C I ~  (VEN), 
1 .5  p C i ( s p .  a c c .  753 mCi/~iol)ig wet body r e i g h t  was 

i n j e c t e d  i n t o  t h e  v e n t r a l  abdominal  s i a r s  OF t h r e e  
pre-ovigerous  females  t o  d e t e r m i n e  wile t k e r  or not  
t h i s  i s o t o p e  could  be used t o  l a b e l  v i r e 1 l o g e n ; n  i p .  
2 ) .  4 1-L serum sample was  take:^ from t h e  s in i :s  a t  
Or l ,  2 ,  4 ,  and 7  d ,  A f t e r  p r o c e s s i n g ,  d ~ p l i c a i e  
50-pL samples  were withdrawn t o  examine I ~ n i : o r p ~ r s -  
t i n n  of  Label i n t o  t o t a l  TCA p r e c i p i t i i b i e  ; r o c e i n s .  
Serum was examined e l e c t r o p h o r r t i c a l i y  to ae;is:ire 
I n c o r p o r a t i o n  i n t o  serum v l t e l l n g e n i n .  L e v e l s  of 
serum p r o t e i n  were measured f o r  a l l  sam?;es ky the 
b i u r e t  rnechod. P r o t e i n  l e v e l s  loaded octo t h e  g e l s  
were between 7 and R mg/aL (0.07-0.08 ng,'i3 &I-). 
.After tile 7 t h  day ,  f e m a l e s  were sacr:f ice;!, ,ai~ii 
o v a r i e s  homogenized and p u r i f i e d  a s  p r e s i o c s l y  
d e s c r i b e d  jp .  2). The amount of l a b e l  ; ~ s s o c i a t e d  
w i t h  both t o t a l  TCA p r e c i p i t a b l r  p r o t e i r s  .;;Ti2 
l i p o v i t e l l i n  was exaziined i n  cri ide and p u r i f i e d  
f r a c t i o n s .  8och f r a c t i o n s  were thoroiigi i iy d i a l y z e d  
a g a i n s t  sample huf f e r  p r i o r  to e i e c t r o p l ~ o r e ~ i s  . 

2 .  FATE OF THE L4BELED VITELLOGEE4iiJ IN IXF 
Hr",l?OLYYI?H DURING SECONDARY VITEi,LOGE"iES IS 

On June  27, 1981, 1.-(3, i ,5-3i l j - ieucine 
(XN), 1.5 uCi ( s p -  a c t ,  115.2 C i / m i i i ~ l ) ! ~  wet body 
weight  was i n j e c t e d  i n t o  riie v e n t r a l  nht!orni na i  s i n u s  
o f  f i v e  pre-ovigerous  f e a a l e s .  A I-mL s e r u n  sample 
was t a k e n  from t h e  s i n u s  a t  a p p r o x i m a t e l y  3-4 d 
i n t e r v a l s  f a r  t h e  f i r s t  33 d  f o l l o w i n g  the  i n i t i a l  
i n j e c t i o n ,  t h e n  once weekly f o r  t h e  f i r s t  month 
f o l l o w i n g  e i t h e r  e x t r u s i n n  o r  r e s o r p t i o n ;  i n t e r v a l s  
of  3-4 d  were chosen f o r  sampling a s  Sar low and 
Ridgeway (1969) r e p o r t e d  ChaC Cole (19441) f oun t !  ,i 

s i g n i f i c a n t  d e c r e a s e  in  'i~emolymph :?rutel  n canter?: 

w i t h  more f r e q c e n t  h l e e d i n g s .  T t  si~ouli! be noted 
t h a t  t h e i r  b r e e d i n g s  c o r ~ s l s r e d  of 2-5 s?l. axid s-a:ler 
a n i m a l s  were used .  Neverthe:.i.ss, t h i s  g r ~ i  Je  was 
used t o  enst ire  t h a t  p r o t e i n  l e v e l s  .xnnld be 
u n a f f e c t e d  by s o a p l i n g  regimen and would ,sccurate:y 
r e p r e s e n t  r e a l  d i f f e r e n c e s  is-: serum p r o t e i n  l ev i l l  
{ s e e  s e c t i o n  111. Endoci-iae iContx-02, f o r  l - i r t ' i r r  
d i s c u s s i o n ) .  i n c o r p o r a t i o n  of l a b e l  i r . to  serum 
v i t e l l o g e n i n  was examined e l e r t r o p h o r e t i c a 1 ? y .  
L e v e l 8  of serum p r o t e i n  were measured f o r  a i l  
salnples by t h e  b i u r e t  method. P r o t e i n  i e v o l ;  Loaded 
o n t o  t h e  g e l s  were between 5 and 7 sg/mL iq.05-0.07 
r n g / L O p ~ ) .  A f t e r  t h e  7 t h  day ,  one fe-iale was 
s a c r i f i c e d ,  and the  ovary was homngeni zed ai:d 
p u r i f t e d  ( p .  2 ) .  The amount nf I a h e l  , i i i s o c l . i t ~ d  
w i t h  1 i p o v i t e i - i  i n  was examined ' I e r t r i?y :~oref  Lcall;. 
The p m i f  fed  f r a c  t i o n  was tiioroug?l?y df .I 1i.zt.t: 
a g a i n s t  sample b u f f e r  p r i o r  ro e l i ~ r i r o ~ i i i i i r ~ ~ s i s .  

RESULTS AVD 13196i'SSiI)N 

I n c o r p o r a t i o n  of l a 5 e l  i n t o  t o t a l  TC4 
p r e c i p i t a 5 l . e  s e r m  p r o t e i n s  was e v i d e n t  a t  2-11 
p o s t - i n j e c t i o n ,  reached  highest :  z e a s u r e d  l e v e l s  on 
day 3 and: then  s l o w l y  d e c l i n e d  through d a y  IC (Fig. 
2 j -  l a b e l  was a s s o c i a t e d  with v i t e l l o g e a L n  a t  1 2  h ,  
r e a c h e d  h i g h e s t  measured ~.e~ii?ls on d a : ~  ', anti 
d e c l i n e d  through day 10 (Fig* 2;. F i g u r e  3 shows 
t h e  day 4 g e l  a s  w e l l  a s  .bctli t h e  c o u n t s  a s s o c i a t e < ?  



T~me (Hours)  

F i g .  2 .  T i m e  course of i n c o r p o r a t i o n  of l a b e l  i n t o  total TCA precipitabie 
se rum p r o t e i n s  a n d  s e r u a  v i t e l l o g e n i n  for a v i t e i l o g e n i c  H. americanus i n j e c t e d  
w i t h  31i-leilci no ( 1 . 5  p.rCi/g wet body weigh t  j . 
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*" . r rg. 3. Representative polyacry lamt t ie  g e l  t r a c i n g ,  of serum p r o t e i n s  f r m  a 
v i r e l l o g c n i c  . ti. - - ainer"irrin8.n~ . - - . . 4 d ruftt>r. I n j r c t  lo? o f  '11-1ei:cine i 1.5  p C i  ! g  wet hody 
w e ? g h t ) -  Serilnl p r o f i l e s  and c o r r e s p o n d i n g  CPS/ml,  a r e  indicated f o r  dzlp!.icate 
undyed and dyed s t r i p s .  Each gel s L I c e  was a p p r o x i m a t e l y  2 mm. 

v ~ t h  raci l  2-am s e c t i o v ,  and t h e  p r o t e i n  bands wi ih  
t h e ; r  migration d i s t a n c e s .  The dye  was fouvd t o  
quenc" (by a s  much a s  4OZ) t h e  c o u n t s  w i t n i n  t h e  
s a m p l e s  (F ig .  3 ) .  As c o u n t s  were e x p e c t &  t o  be low 
f o r  s o w  s a m p i e s ,  1 . e .  I n  v i t r o  ~ o r k  (p. 10, 201, -- 
o n l y  undled  g e l s  Mere used f o r  scintillation 
c o ~ l n r l n g .  U s e  of undyed g e l s  *as n o t  e n t l r e l v  
s - n t ~ s f a c t o r y  f o r  match ing  r a d i o a c t i v e  peaks w i t h  
t h e i r  r o r r e s p o n d ~ n g  p r o t e i n  band, a s  v a r i a t i o n s  i n  
p r o t e i n  rnlgrat ioi l  d i s t a n c e s  were observed  11 l a n y  
d u p l r c a t e  samplen [ F i g .  3 ) -  y o s t  of  t h i s  v a r i a t i o n  
was t* le  r r s u l t  of hand i ; e c t i o n i ~ g .  T h i s  o r o h l e a  was 
overcrme h r  o c c a s i o n a l l y  s e c t i o n i i ~ g  d u p l i c a t e  dyed 
a d  t i ~ d ? e d  strips f o r  z o r r o i ? o r a t i o ~  of  band 
rn lgra t  Lori d i s t a n c e s  and match ing  r a d i o a c t ~ v e  ;;ealis. 

Tile l i p o v i t e i . l i ?  f r a c t i o n  i s o l a t e d  from t h e  
o v a r y  c o n t a i n e d  r a d i o a c t t v i t y .  E i g h t y  p e r c e n t  of 
rhe r o t a 1  CP?i",/rcL o r  ? i i :  o f  t h e  CP?l/mg t o t a l  o v a r j a n  
p r o t e i n / m %  l o a d e d  o n t o  t h e  g e l  was a a s o c l a t e d  w i t h  
t h e  l i p o v i t e i l i n  band ( 3 6 . 7  CPM x : ~ ~ / n ~  p r c t e i n ) .  
T h i s  i n c o r p o r a t i o n  may he  t h e  re. i i l l t  of u p t a k e  of 
label and s y i ~ t l ~ e s i . ;  o f  Iahclod i i p n v i t r l l i n  by t i i t ,  

ovary  a n d / o r  t h e  s e q u e s t c r j n g  of l a b p l e d  ncriim 

v i t e l l o g e n i n  ( s e e  s e c t i o n  11. Role o f  t h e  Ovary,  f o r  
f u r t h e r  d i s c u s s i o n ) .  

I n c o r p o r a t i o n  of l a b e l  i n t o  t o t a l  TCA 
p r e c i p i t a b l ~  srrnrn p r o t e i n s  had reached  ss=evha;ir 
s t a b l e  l e v e l s  by 24 h ;  and s l o w l y  d e c r e a s e d  by day 7 
( P i g .  4 ) .  Label  was a s s o c i a t e d  w i t h  t h e  serum 
v i t e l l o g e n i n  a t  24 h ,  reached  h i g h e s t  Ir- i-els  oil day 
2 ,  and d e c l i n e d  through day 7 .  F i g u r e  5 s h s w s  a day 
2 g e l  from one of t he  females  as w e l l  as both the 
c o u n t s  a s s o c i a t e d  w i t h  t h e  f i r s t  20 m~ n'l tile g..l 
arid i h e  p r o t e i n  hands w i t h  t h e i r  n i g r a t b n  
d i s t a n c e s .  L e v e l s  of t o t a l  serum p r o t e i r  remained 
f a i r l y  c o n s t a n t  th roughout  the 7-d period, 3Ithoi:sii 
t h e r e  was a  s l i g h t  r e d i i c t i o n  i n  p r o t e i n  l e v e l s  froin 
day 1 ( 6 9 . 5 5 . 7 )  t o  day (61.4+.5.7), but s i i~wed 
i n c r e a s e s  by day 7 ; 6 6 . 7 + 7 . 3 ) .  These xere qii::e -. 
s m a l l  changes w e l l  w i t h i n  tiie norm:il ri?iij;zi .if 

v s r i n t i o u  { s e e  s e c t i o n  i i l ,  Bndccrlne C c n t r . i l ,  f o r  
iu r t i r r? r  d i s r ~ i s n i n n ) ,  an,? were .noat 1 i k t " i y  ( f i r # .  r d )  

cbangi..: i l l  fc,oil Iotabr,  a s  Ti.na1i.q ref i :%i*d 1 + ) r 3 4  :or 
t h e  f i r s t  24-48 11 a f t e r  i u e r t i i i i l e .  
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Fig. 4 .  Time c o u r s e  of  i a c o r p o r a t i n n  of l a b e ?  i n t o  
total TCA p r e c i p i t a b l e  serum p r o t e i n s  and serum 
v i t e l l 7 g e n i n  f o r  v i t e l l o g e n i c  amer icanus  i n j e c t e d  
w i t h  I r c - l e u c i n e  (1.5 p C i / g  wet body w e i g h t ) .  
The  l i n e s  i n d i c a t e  means. 
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Fig .  5 .  R e p r e s e n t a t i v e  vo lyacry lamrde  gel t r n c r - g  
o f  serum p r o t e i n s  from R vi te : logenic  Y. a r e r i c a n u s  
2 d a f t e r  i n j e c t i o n  of 14C-leuci31e (I .5>1174 18 
wet body w e i g h t ) .  Serum p r 9 f i l p s  and c o r r e 5 o o n d i q g  
CPY/mL a r e  i n d i c a t e d  f u r  a n  undyed s t r l n .  "arb g e l  
s l i c e  was a p p r o x i m a t e l f  h m .  



The lrpovitellin fractrons isolated from the 
ovarles contained the label (Table 1). Counts/mg 
protein associated wlth both the TCA precipitable 
proteins and I~povitelli~ #ere highest in the crude 
frartrons, indicating the presence of other labeled 
prate~qs (non-lipovitellin ovarian proteins). In 
the purified fractions, 90-98% of the c ~ ~ l / r o L  or 
22-132 of the CPM/mg total ovarian protein/nl loaded 
onto the gel were associated with the lipovitellin 
hand. This incorporation may be the restilt of 
uptake of label and synthesis of labeled lrpo- 
uitellrn by the ovary and/or tie sequestering of 
labeled viteilogenin from the serum (see section 11, 
Role o f  the Qvary, for further discussion). 

2 .  FATE OF THE LABELED iJlTELL0CENlN IN THP IIEM0LY"IPH 
D U R I N G  SECONDkRP PITELLOGENESIS 

incorporation of label into vitellogenin was 
variable among animals, ranging from 13-52 GPM x 
l 0 i n g  total sernn protein on day 7 ,  and then 
declined ihrough day 12 (Fig. 6 ) .  On July 4th, 7 d 
aftcar t i l e  h i t i a ~  'A-leticine injection, 
1 -(i4~-/0))-leucine (UFN), 1.5 uCi (sp. act. 353 
mCl/mmoE)/g wet body weight was iqjected into the 
ventral abdominal sinus of the three remaining 
pre-ovigeraus females (one female extruded 24 h 
after the initiai injection and no label was found 
in either the serum vitellogeqin or the llpovitellin 
of the extruded eggs; tile other female was 
sacrificed) to determine whether levels of availahi~ 
label were too  lo^ or vitellogenin prodrrction was 
declining. No 14~-label was found associated 
with vitellogenin, indicating that vitellogenin 
prcduction had halted by the 7th day (see section 
above for substantiation that serum vitellogenin can 
he labelled by I'c). All results are therefore 
grven tor 3ti-leircine only, even thnugti 14c-leucine 
count.; were takeen. for all samples following 
injection of this label. 

Fig. 6. Levels of incorpor'ntion of label i n i o  serum 
vitellogenin from vitellngrnic - H, americanus fcrnalcs 
injected initially with 'ti-leucine followed 7 if :ate: 
by 14c-leucine (2 - 5  yCi/g wetbody w e i g h t ) .  33113 
given are for 3~-lencine only, as there were.  no 
counts observed for I4C in the uitellogea?? Sand. 
The lines indicate means. 

The remaining females underuretlt t o t a l  warran 
resorption 29-33 d after the inltiai 3%- ieu r r ?e  
injection. Levels of labeled vitellog~7i- decrease? 
prior to resorption, even though levels of l abe l  
remained high within the serum (Fig. 7). IT 
addition, the electrophorctic hands ass-~rat* a i i  th 

vitellogenln became quite faint 2-3 u ? ~  after t r l r  

initial injection (Fig. Ea,bj, i3dica:ing 3 

T l s i c  1. protein Levels and counts associared with ttle crude and ~urifred fractions isjlater: f r o n  >var:cs 
of 14~-leucine injected females. Data represent both total TCA precipitaSle proteins and the lipovrrelli? 
w i l ~ ~ i r  was separated electrophoretically. 

- Total TCA precipitation protein -- 1,ipoviteilln ( L p j  - - -- -- - - - - - --- 

Protein CPY x : 0 3 /  ~ p y  x LOi: 
Protein 3 CPY ic 10 / 2 CF% x I 0  / loaded CPN x 10 / mL i n  t p  rng pz-.stei: 

Fraction (mg/d,) mTA mg protein (mg/mL) mi loaded band 2 .,. .% - i-p hand 

Crbde 
t 45.72 104 -06 22.76 7.03 25.82 ~ 3 ~ 5 5  17.85 
1 50.43 115.43 22.89 7.20 24.99 21 .Oh 13.25 
3 42.20 84.92 19.91 7.03 23.82 iQ. 28  7b"i;e 

i'urif i r d  
1 '30.67 53.42 17.42 7.67 16.07 .. ! j ~ . & $  2~; , + 5  
7 37 .02 61.53 16.62 7.40 12.06 i0,87 L i . 5 9  
3 36.08 68.87 19.09 7-22 14.74 13.91' -9.13 



Time (Weeks)  

Fig.  7 .  Mean (i S D )  l e v e l s  of 3 ~ - v i t e l l o g e n i n ,  
l e v e l s  of t o t a l  serum p r o t e i n ,  and l e v e l s  of 
3 ~ - l e u c i n e  (excluding a l l  measurable 3 ~ - l e u c i n e  
from polyacrylamide  g e l  s t r i p s  s t a i n e d  wi th  Coomassie 
b r i l l a n t  b lue )  from t h e  serum of v i t e l l o g e n i c  H. 
americanus females which underwent t o t a l  ova r i an  
r e s o r p t i o n  29-33 d a f t e r  i n j e c t i o n  wi th  3 ~ - l e u c i n e  
(1 .5  /uCi/g wet body weight) .  

- * r l g .  8. Represen ta t ive  polyacrylamide g e l  s t r i p s  
from a  s i n g l e  v i t e l l o g e n i c  E. americanus t h a t  
underwent t o t a l  ovar ian  r e s o r p t i o n  29-33 d  a f t e r  
i n j e c t i o n  wi th  3 ~ - l e u c i n e  (1.5 ,aCi/g wet body 
weight) .  A. I n i t i a l  serum p r o f i l e  the  day before  
i n j e c t i o n  (5.(16 mg/uiL loaded onto the  g e l ) .  3 .  The 
serum p r o f i l e  16 d  a f t e r  the  i n j e c t i o n  (5.39 mg/mL 
loaded onto the  g e l ) .  C. The serum p r o f i l e  51  d  
a f t e r  t he  i n j e c t i o n ,  1 8  d  a f t e r  the  onset  of 
r e s o r p t i o n  (6.78 mg/mL loaded onto the g e l ) .  Arrows 
i n d i c a t e  t h e  v i t e l l o g e n i n  band and the  sample o r i g i n  
i s  i nd i ca t ed  ( 0 ) .  There was some shr inkage of g e l s  
due t o  d ry ing  which makes the  bands appear t o  have 
d i f f e r e n t  m o b i l i t i e s .  Th i s  i s  e n t i r e l y  a r t i f a c t u a l .  



r e d u c t i o n  r ~  t h e  t o t a l  Level or t h i s  p r o t e i n  i n  t h e  
s e r ~ r .  Wrth r h e  o n s e t  o f  r e s o r p t i o n ,  t h e  e l e c t r o -  
p h o r e t l c  bands a s s o c i a t e d  w i t h  t h e  v i t e i l o g e n i n  
b e c 3 - i ~  prominent  ( P i g -  9 c ) ,  i n d i c a t i n g  an i n c r e a s e  
~ n  t h e  t o t a l  l e v e l  of  t h i s  p r o t e i n  I n  t h e  serum, I n  
a d d r t i o n ,  l e v e l s  of  l a b e l e d  v i t e l l o g e n i n  i n c r e a s e d  
markedly  ( F i g .  71,  It was assuned  t h a t  t h i s  
i n c r e a s e  i n  v i t e l l o g e n i n  Gas t h e  r e s u l t  of p r o t e i n  
s a l ~ a g e  by t h e  o v a r y ,  r a t h e r  t h a n  new p r o t e i n  
qyilChe4i'i9 a s  t h e r e  were no 1 4 ~ - 2 e u c i n e  c o u n t s  
a s s 3 c i a t e d  w i t h  t h e  v i t e i l o g e n i n ,  even  thoug't clli s 
l a h e ?  a l s o  was a v a i l a b l e  i n  t h e  seruin. There  were 
no ~ h s e r v a h l e  d i f f e r e n c e s  i n  p r o r e r a  m o b i l i t e s  of 
v l t e l I o g e o i n  l n  t h e  serum of n o r n a l l y  matur ing  and 
r e s a r b z n g  f e m a l e s  e r t h e r  b e f o r e  o r  d u r i n g  resorp-  
t i o n ,  ~ n d i c a t ~ n g  t b a t  t h e  v i t e i l o g e n i n  g o l n g  i n  and 
comlng o u t  was t h e  s a n e  i n  bo th  groups .  T o t a l  serum 
? r o t e 1 2  i e v e l s  f o l l o g e d  tFi= same p a t t e r n  a s  v i t e l i o -  
g e n i n -  d e c r e a s i ~ g  p r i o r  t o  r e s o r p t i o n  and then  
I n c r r a s z n g  w i t h  t h e  o n s e t  of r e s o r p t i o n  ( F i g .  7 ) .  

-, ine l i p o v i t e l l ~ n  f r a c t i o n  i s o l a t e d  from t h e  one 
f e m a l e  7 d  a f t e r  t h e  i l i t i a l  i v j e c t i o n  c o n t a i n e d  t h e  
l a b e l .  4 p p r o ~ i r n s t e l y  95Z o f  t h e  CF'"?/nii o r  12% of 
t h e  CPY/mg t o t a l  o v a r i a n  p r o t e i n / m t  loaded  o n t o  t h e  
g e l  was a s s o c i a t e d  w i t h  l i p n i r i t e l l i i ~  band (26.83 x 
,O CP%/mg p r o t e i a ) .  T h i s  Lncorpora t inn  may be che 
r e s u l t  o f  u p t a k e  of l a b e l  and s y ~ t ' n e s t - ?  of l a b e l e d  
l i p o v ~ t e l l i n  by t n e  o v a r y ,  b u t  a l s o  must be t h e  
r e s u l t  of  u p t a k e  an2 s e q u e s t e r i n g  of  l a h e l e d  serum 
v i t z l i o g e n t n  a s  l e v e l s  of 3 ~ - l e i i i l n e  l a b e l e d  
v i t e l l o g e n  l n  d e c l i n e d  2-3 wk a f t e r  i n j e c t i o n  t h e n  
i n c r e a s e d  markedly w i t h  r e s o r p t i o n ;  t o t a l  l e v e l s  of 
v i t e l l o g e n i n  a l s o  f o l l o w e d  t h e  same p a t t e r n  and no 
i 4 ~ - ~ c u c i n c  IaSleTrd v i t e l l o g e n i n  vras observed  i q  

t h e  hemolyaph e i t h e r  b e f o r e  o r  a f t e r  t h e  o n s e t  of 
r e s o r n l l o n .  

T y f i e  arid 03Cniinor (1974) suggested t h a t  h i g h  
ser,im v + : ~ ? l o g e n i n  l e g c l s  might he t h e  r e s u l t  of 
;iroetAlil i ?  t r a n s i t  froin t h e  e x t r a - o v a r t a z l  s y n c l i e t i c  
s t t e  f , t h e  ovary  o r  t h e  r e s u l t  of  r e a b s o r p t i o n  of 
l i p o ~ i r e l l r n  f ror :  t h e  egg .  They d i d  o o i n t  o u t  t h a t  
t h e s e  c r n r e s s p s  were n o t  m t u a 2 l y  e x c l u s i v e  e v e n t s .  
L e r r  (1969) $>as  shown t h a t  passage  of l i p o v i t e l l i n  
I n t o  t n e  hemalymph from a  n o r ~ a l l y  m a t u r i n g  egg d i d  
n o r  o c c u r .  In many c r u s t a c e a n s ,  a  s m a l l  r i s e  i n  
l e v e l s  of b o t h  blood p r o t e i n s  and serum v i t e l l o g e n i n  
o c c u r r  EoLLow~ng t h e  c o m p l e t i o n  of o o c y t e  growth,  
whicn nap  be r e l a s e d  t o  r e s o r p t i o n  from eggs n o t  
e x i r u l e d  dnd/or  t o  p r o t e i n s  n o t  u t i l i z e d  ( h d i y o d i  
and  Xdlyodr 1974). Under c e r t a i n  c i r c u m s t a n c e s ,  
s o n e  o r  a l l  of t h e  o o c y t e s  nay  be  r e s o r b e d  ( s e e  
Adjyod; and 4dxyodi 1974 f o r  r e d e w ) .  Yuch of  t h e  
a v a i l a b l e  ~ n f o r m a t r n n  a s s o c i a t e d  w i t h  r e s o r p t i o n  
r o w s  from work w i t h  i n s e c t s .  B e l l  (1971) h a s  
r e p o r r e d  a d e c r e a s e  i n  p r o d u c t i o n  of v i t e l l o g e n ~ n  
ane n m a r ~ e c i  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  of blood 
i r i t e l l o g e ~ i n  d u r l n g  r e s o r p t i o n  i n  t h e  r n s e c i  
P e r ~ p l a n e t n  a n e r l c a n a ,  and s-igges", t h a t  i n c r e a s e s  - -- 
i n  serum ~ r t e l l o g e * ~ i n  a r e  t h e  r e s u l t  of p r o t e i n  
s - i l v a g ~  frogn t h e  o v a r v .  H i s t o c h e m i c a l  s t u d i e s  on 
S c b ~ s t o c e r a  g r e g a r i a  o v a r i e s  i n d i c a t e d  t n a t  - - --- - 
resorpr -  i o n  Incliideri aq enzymat ic  breakdown of t h e  
 rota-i I and 1 1 n l d  yo lk  coi'sti tiien"i ((Z.tisis 1963). 
d e l l  (1971) $ u g g + s t s  c h a t  p. amer icana  r e l e a s e s  l t s  
\ i t r l l n g ~ n ~ n s  l - i t a r t  ~ i i t o  &e hemol~-ipir ,  a s  t h e r e  
bizre no Lmmunocl-enical differences between 
~ z - t l i ? g ~ n i n s  d e r r v e d  f r o n  normal o r  r ~ s o r h l n g  
o o ~ y t e s *  o r  t h o s e  r s o l a t ~ d  from t h e  M l n d  of  
normal lr nat-arin;: o r  r e s n r b r n g  f e m a l e s .  

These d a t a  i n d i c a l e  t h a t  f o r  i lonarus  h i g h  qerus, -. 
v i t e l l o g e n i n  l e v e l s  can indeed  bc t h e  r e s t i l t  q f  both 
p r o t e i n  i n  t r a n s i t  from t h e  e x t r a - w ~ a r i z a  sy? t i :e r lc  
s i t e  t o  t h e  ovary  and t h e  r e s o r p t i o n  of l i p n v i t e l l i n  
from e g g s ;  and w i t h  normal m a r u r a t i o n  t h e  f i r s t  
p r e c e d e s  t h e  second.  Although u p t a k e  ~f l a b e l  a n d  
s y n t h e s i s  of l a b e l e d  l i p o v i t e l l i n  hy the o v a r y  
c a n n o t  be exc luded  ( s e e  s e e t i o r .  11. Role of t:lr 
Ovary,  f o r  f u r t h e r  d i s c u s s i o n ) ,  i t  does  see-  t h a t  
u p t a k e  of l a h e i e d  serum v i t e l l o g e n i n  a l s o  occ:jrs. 
I n  a d d i t i o n ,  v i t e l i o g e n i n  p r o d u c t i o n  c e a s e s  and 
l e v e l s  w i t h i n  t h e  serum d e c r e a s e  p r i o r  to r e s n r p -  
t i o n ;  and w i t h  t h e  o n s e t  of r e s o r p t i o n  l e v e l s  of 
v i t e l l o g e n i n  i n c r e a s e  i n  ~ h e  henolymph as n result 
o f  p r o t e i n  s a l v a g e  f r o n  t h e  o v a r y .  It a l s o  a p ? e a r s  
t h a t  v i t e l l o g e n i n  m y  be r e l e a s e d  i n t a c t  "on t h e  
r e s o r b i n g  o o c y t e s  i n t o  t h e  hernolymph. 
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U l t r a s t r u c t u r a l  e v i d e n c e  i n d i c a t e s  t h a t  
c r u s t a c e a n  o o c y t e s  have t h e  n e c e s s a r y  s y n t h e t i c  
a p p a r a t u s  t o  produce  l i p o v i t e l l i n  i n t r a - o o c y t k c a l l y  
(3eams and K e s s e l  1953 ,  1980; D e i e e r s y n d e r  e t  a l .  
1980;  Dhainaiit and DeT,eersynder 1976;  E u r e n i u s  1973; 
Ganion  and K e s s e l  1972;  Z i n s c h  and Cone 1969; K e s s e l  
1968;  K e s s e l  and Beams 1963, 1968; Schade and ,. 1 s n i v e r s  1980; S o u t y  2980; Z e r b i b  2977, 19791. 
V a r i o u s  i n c u b a t i o n  s t u d i e s  have shown t h a t  i s o l a t e d  
o o c y t e s  aird o v a r i a n  Fragments a r e  a b l e  t o  i n c o r -  
p o r a t e  l a b e l e d  amino a c i d s  i n t o  o v a r i a n  p r o t e i n s ,  
bu t  s p e c i f i c  yo lk  p r o t e i n s  have  not  been i s o l a t e d  t o  
o b s e r v e  t h e i r  i n c o r p o r a t k o n  of l a b e l  (Canion and 
K e s s e l  1 9 7 2 ;  K e s s c l  1 9 6 8 ) .  A s e r i e s  of i n  v i t r n  -- 
s t i i r l i r : ~  on  v a r i o u s  r r i i s tacc ; ,ns  have sliown t h a t  t h e  
ov;iry i s  r a p a b l e  o r  s y n i i ~ c s l z i n i :  iiui on ly  i i p o -  
p r o t r > i n s ,  bur; a l s o  a t  l e a s t  t h r e e  o f  rlir T i \ i e  
sribliiii t s  e f  t h e  l i p o v l  t e l l  i n  mol:?rirlr F t r s t  
described by Iv'allace e r  a l .  (1967) ( L u i  i.1- a l .  1974;  
L u i  and r>Y~nnnor  1976 ,  i937). 

U l t r a s t r u c t u r a l  e v l d e x c e  a l s o  i n d i c a t e s  t h a t  
c r u s t a c e a n  o o c y t e s  e x h i b i t  e x t e n s i v e  micropin-  
o c y t o t i c  a c t i v i t y  (Beams and K e s s e l  1980; 
rJel ,eersyuder e t  a l .  1989: Dhainaiit and De1,eersynder 
1976;  F u r e n i u s  1973; Kinsch and Cone 1969; Schade 
and S h i v e r s  i980;  S o u t y  1980; Wo1in et a l .  1973;  
Z e r h i b  1977,  1 9 7 9 ) .  !4i c r o p i n o c y t o s i s  a c r o s s  t h e  
surfac.e of t h e  o o c y t e  may a c t a s  j h e  major r o u t e  of  
e n t r y  f o r  t h e  c i r c u l a t i n g  e x t r a - o v a r i a n  
v i t e ?  l o g e n i n .  It h a s  been shown t h a t  no u p t a k e  of 
l a b e l  o c c u r s  i n  Uca o v a r i e s  i n c u b a t e d  i n  v i t r o ,  bu t  - -- 
b o t h  fernale serum and l a b e l e d  l i p o v i t e l l i n  were 
t a k e n  up m i c r o p i n o c y t o t i c a l l y  (Wolin e t  a1.  1973). 

4 c c u m v . i t i n g  e v i d e i ~ c e  from n v a r i e t y  of s t u d i e s  
s t r o n g l y  s u g g e s t s  tiia: t i l e re  i s  a d u a l  s o u r c e  of 
l i p o v i r e l l i n  i i i  c r u s t a c e a n s ,  which may be r e l a t e d  t o  
t h e  s t a g c  o f  v i t e l l o g e n e s i s .  Endogei~oiis s y n t h e s i s  
of l i p o v i t e f l i n  is p r i m a r i l y  a  f u n c t i o n  of  p r imary  
v i t e l l o g e n e s i s  a s  t h e  s m a l l  kmrnatiire o o c y t e s  e x h i b i t  
e x t e n s  i , ~ e  g r a n u l a r  endoplasmic  r e t i c u l u m ,  show 
h l g h e r  l e v e l s  of l a b e l i n g  I n  v i t r o ,  and e x h i b i t  v e r y  -- 
weak, i f  a n y ,  m i c r o p i n o c y t o t t c  a c t i v i t y  {Seams and 
K e s s e l  1980;  DeLeersynder e t  a i .  1980; Dhainaut  and 
D e t c e r s y n d e r  1976;  E u r e n i u s  1973;  F y f f e  and O'Connor 
1974;  Ganion and K e s s e l  1972; Hinsch  and Cone 1969; 
K e s s e l  1368; Schade and S h i v e r s  2980; Souty  1980; 
V a r a d a r a j a n  and Subramoniam 19530; Z e r h i b  1977,  
2979).  i?ptake o f  exogenous v i . t e l l o g e n i n  from t h e  
se rur :  i s  n f u n c t i o n  of s e c o i ~ d a r y  v i . t e l l o g e i ~ e s i s  a s  
m l c r o p i a o c y t o t l c  a c  t i v - i t y  i n c r e a s e s  wi th  m a t u r a t i o n  
and  t h e  g r a n u l a r  endoplasmic  r e t i c u l u m  becomes l e s s  
w e l l  deve loped  (Beams and K e s s e l  1930;  DeLeersynder 
e t  aL, 1980; Dhainaut  and DeLeersynder 1976; 
E u r e n i u s  1973; Hinsch  and Cotre 1969;  Sc'iiadc and 
S h i v e r s  1980; S o u t y  i 9 8 0 ;  Z e r b i b  1977 ,  1979) .  

I n  view of t h e  a c t i v e  d i s c u s s i o n  and d i f f e r e n c e  
o f  o p i - i i o n  c o n c e r n i n g  t h e  r o l e  nf t h e  ovary  i n  t h e  
s y ~ i t - h - s i s  of yolk p r o t e t n  i n  C r u s c a c e a ,  i t  seeaied 
i .n:)ijr  tan^ a i ~ d  of L o t e r e s t  t:) i n v e s c i  g a t e :  whether 
Somarus cotild s y r l i h e s i z e  l i p o v i t e l i i n  -- 'n v i t r o ;  
wli i , t l . i t . r  t h e r e  were any d i f f e r e n c e s  i n  s y n t l l e t l c  
f i i ~ c t  Lor! d u r i n g  pritnnry and secondary  v i t e i l o -  
g e i i c s i s ;  wiiether  t?ru ovary  corild t a k e  up l a h e l e d  
v i t e l l o g e n i ~  from the serum a n d / o r  l a b e l e d  

l i p o v i t e i l l i i  i s o l a t e d  from the  o v a r y  i. . ~ i f r o - ;  and 
t o  compare i n  v i t r o  and ln v i v o  i n c o r p o r a t i t , r , /  -- -- 
accumul.at ion r a t e s ,  a s  no k i n e t i c  slli:dtes have been 
done p r e v i o u s l y  i n  any of t h e  c r u s t a c e a n s .  

ILriTERJ ALS AYD YfTWODS 
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. , O v a r i e s  were r e m o ~ e d  a s  a s e p t i c a l l y  as ? a b ; i ~ ~ ! ~  

( a n i e a l s  were s u r f a c e  s t e r i l i z e d  w i t h  7 0 7  '?T"H?, axd 
p l a c e d  i n  s t e r i l i z e d  l o b s t e r s  R i x g e r s  coniai . ; i~;g : Y 
a n t i b i o t i c s  (10000 :!/mi p i i n i c i l i  i n ,  100Gii ncg:zI. 
si:reptom;icii-i, 2 5  mcg/mL F ~ r i ~ g i z o n e ,  Crand T r i ? n i  
H!.olo,qical). O v a r i e s  ueri? c u r  i n t o  sm.3: i pii- ,cei ,  
r i n s f v l  :I niinlm~im (if th re i .  t!.sei: in  s t * r i l e  Q ingc - rq  
and ; i n t l ? : i o t i c s ,  and t r a n s f e r r e d  t o  c t r a r l l c  v i i l s  
c o i i t n i n l n g  t h e  rul t u r e  med la. A1 1 p r e p a r a l i v c  work 
was done i n  t h e  c o l d  (4°C).  

S e v e r a l  d i f f e r e n t  Xingers  s t ? ? u t i o n a  were c r i r l ,  
Cavanang'n's (1956) s o l r l t i o n  ( p e r  2: 26 .4  g CaC1, 15 
ml.1 KCl, 25  mM, CaCI2, l i , 6  mI, iI3Ro4 ( 9 . 5  Yj, Lm"i YgCi;, 
4M4 MgSOq, 0 , 9 5  mL EaaOH (0 .5  '1) a d j u s t e d  to  08 7 . 6  
w i t h  8la2R~O4) was used f o r  a l l  t h e  ;98! c u l r i ~ r e i .  
As a  f l o c c u l e n t  p r e c i p i t a t e  was produced and had to 
be  f i l t e r e d  when a d j i ~ s t i n g  t o  pH 7A5, norm,il 
hernolymph pH, Welsh e t  a l . "  (1968)  so1s:ion !per -.: 
462.8  m?il NaCl, 1 5 - 7  mN KKCI, 25.9 ml.I CaCL2, 8.3 m! 
WgCl*, 3.k rriY NaSO;, 5 mM I*g:ucose, 5 liiE Tr i s - i lC!  

g i v i n g  a  F i n a l  o s m o i a l i t y  of 995 + 5 mC)snoL.'ig 
H20, pir: 7.1)  was adopted  For a l l  The I982 ctl l :~ir t .~s.  

C u l t u r e  media v a r i e d ,  bu t  a l l  coiltiiicei! :' 
a n t i b i o t i c s  ( s e e  above).  Ovar ian  fragment.: were 
inc l rba ted  i n  male serum and l a h e 1  i 3 ~ - l e i i c f ~ ~ r ,  5 

p C i / n i ) ,  Fernrile serum c o n t a i n i n g  3~- le i ic i :+  
l a b e i e d  " i t e l l o g e n i n ,  o r  'H- leuc ine  l a b e l e d  
l i p o v i t e l l i n  i s o l a t e d  from o v a r i e s .  The Iz5rled 
serum and o v a r i a n  l i p o p r o t e i n s  were prepared  by 
i n j e c t i n g  a  female  t w i c e ,  3 d  a p a r r ,  wlrh 
2-(3 , 4 , 5 , 3 ~ ) - i e u c i n e  1 .5  pCi /g  wet body veLght .  
T h r e e  days a f t e r  t h e  second i n j e c t i o n ,  sc3sria was 
c o l l e c t e d  and t h e  ovary  removed f o r  l i p o v i t c l l i n  
i s o l a t i o n .  Fol lowing  pur i  f L c a t i o n  (p. 2 > ; t h e  
l i p o v i t e l i i n  was thoroughly  d i a l y z e d  a g a t n s t  s t e r i  i e  
R i n g e r s  c o n t a i n i n g  a n t i b i o t i c s .  

Ovar ian  f ragments  were incuba ted  a t  19.5 _i 
O.Z°C i n  a C i l s o n  s h a k i n g  w a t e r  b a t h .  L > w i n i  
incubation, o v a r i e s  were r i n s e d  i : ~  a  nin:m,~:>. o f ? g 6  
mL s t e r i l e  R i n g e r s  fol lowed by a  m i n i m m  of 20:) ~ 1 .  
of  0.5 M NaCl-5 mM ZDTA t o  remove any excess; l a b s ?  
a d h e r i n g  t o  t h e  s u r f a c e ,  homogenized, p i r r i f i e d ,  an2 
s e p a r a t e d  e l e c t r o p h o r e t i c a l l y .  ? r o t e i n  l e ~ ~ e i s  
l o a d e d  onto  t h e  g e l  f o r  p u r i f i e d  f r a c t i o n s  were 
between 7  and i O  n g / m ~  (0.07-0.10 nig/ i?i-Jt)  ::uri7g 
s e c o n d a r y  v i t e l l o g e n e s i s  and 2 t o  7 mg!ir.L (5.62-0.07 
mgiPT,) d u r i n g  pr imary  v i t e l l o g e n e s i s .  incor;~.-trairirrn 
o f  l a b e l  o r  of l a b e l e d  p r o t e i n  i n t o  t i i t a 2  TC4 
? r e c F p i t a b l s  o v a r i a n  p r o t e i i ~ s  ;in6 :i p o v i r e l :  i n  ii.:s 

measured.  L e v e l s  of t o t a l  o v a r i a n  prot:,in wcr? 
rneasured by t h e  h i u r e t  method ( ? .  : j .  



A -  rt*.,111 i s ,  f i i r  $ 3 1 1  In  v i t r o  ov i l r lan  r x t l t n r e s  - - 
ir, larari.rl l o w  i e v ~ ~ l s  of I n r n r p o r a t  Ion  I n t o  
I i p o v l t e l I P n ,  i t  seened  n e c e s s a r y  t o  examine m v i v a  
a c c u r n u l a t i n : ~  r a t e s  i n  o r d e r  t o  p r o v i d e  i n f o r m a t i o n  
t h a t  Lncrrbation t i m e s  used were s a t i s f a c t o r y  f o r  
m o n i t o r i n g  s y n t F e t i c  a c t i v i t i e s .  F i v e  pre-ovigerous  
f e n a l e s ,  a l l  i n  t n e  same approximate  r e p r o d u c c i v e  
c o n d i t i o n  ( a s  i r r d l c a t e d  by cement g l a n d  s t a g e s ) ,  
were i n j e c t e d  w i t h  'ti-leucine ( 1 . 5  @Ci /g  wet  
body w e i g h t ?  on  J u n e  T ,  1982.  One featale was 
s a r r i f r c e d  e a c h  a t  5 ,  1 2 ,  2 4 ,  48, and 9 6  h  pos t -  
i n j e c t i o n .  O v a r i e s  were removed, washed thoroughly  
( s e e  - i n  -- v i t r o ) ,  homogenized,  p u r i f i e d ,  and s e p a r a t e d  
e l e c t r o p h o r e t i c a l l y .  I n c o r p o r a t i o n  of  Label a n d / o r  
l a b e l e d  p r o t e i n  i n t o  t o t a l  T64 p r e c i p i t a b l e  o v a r i a n  
p r o t e r n s  and l r p o v i t e l l l n  was measured.  L e v e l s  of 
t o t a l  o v a r i a n  p r o t e i n s  were measured hy t h e  b i u r e t  
method.  

RESULTS M\B DISCUSSION 

1 .  I", Vl'TRO TNCORPORATIOM OF LABEL .&l/OR LABELED - -- 
VCZOTE~N iSTO LZTOVITEI,L'LP~ 

i e c o n d a r y  v i t e l i o g e n e e s  -- 
During  %he l a t e  summer of 1981,  o v a r i a n  

f r a g m e n t s  were i n c u b a t e d  1-1 3 mL o f  male serum f o r  
2 4  and 48  n .  L e v e l s  of l a b e l e d  TC4 p r e c i p i t a b l e  
p r o t e i n s  i n c r e a s e d  from 2 4  t o  45 h  i n  bo th  cri ide and 
p u r i f i e d  f r a c t i o n s  ( F i g .  91, i n d i c a t i n g  t h e  c u l t u r e s  
w e r e  viable and i n c o r p o r a t i 9 1 1  was a  f u n c t i o n  of 
tzme. i l e v e i s  of i n r o r p o r a t  i o n  of l a b e l  were h i g h e r  
,r: criidr f r a c t i o n s  when compared t o  p u r i f i e d  
f r a c L n n s  ( F i g .  31, i n d i e a t l o g  t h e  p r e s e n c e  of o t h e r  
Labe led  n o n - l i p s v i t e l i i n  p r o t e i n s .  The p e r c e n t a g e  
o f  t b e  c o t a l  CPM/mL l o a d e d  o n t o  t h e  g e l  t h a t  was 
~ O ~ J S I ~  a s s a c i a t e d  w i t h  t h e  l i s c v i t e l l i n  hand was l e s s  
t i tan 25X i n  botn c u l t ~ r e s  (FLp. 9 ) .  These c o u n t s  
r e p r e s e n t e d  l e s s  t h a n  3% o f  t h e  t o t a l  C P M / ~ ~  
p r o t c r n / m ~  loaded  o n t o  t h e  gc l  ( F i g .  9 1 ,  i n d i c a t i n g  
t h a r  o n l y  a  very  s m a l i  amount of r a d i o a c t i v i t y  
p r e s e n t  was a s s o c i a t e d  w i t h  I i p o v i t e l l i n .  Most of 
t h e  l a b e l  was a s s o c i a t e d  w i t h  o t h e r  n o n - l i p o v i t e l l i n  
p r o t e i n s  p r e s e n t  i n  t h e  o v a r y .  

Soury  j1980j  r e p o r t e d  t h a t  t h e  i sopod  I d o t e a  
b a i t h i c a  b a s t e r i  showed e v i d e n c e s  of endogenously --- -- 
s y n t h e s i z i n g  y o l k  p r o t e i n s  e a r l y  i n  secondary  
c l t e l l o g e n e s i s .  As t k e  p r e v i o u s  c i i l t u r e  was done 
m ~ d  t o  l a t e  i n  secondary  v i t e l l o g e n e s i s ,  i t  was 
d e c i d e d  t o  re l iea t  t h e  c u l t a r e  e a r l v  i n  secondary  
v l t e i l o g r n e s i s  and c o n c o a i t a n c l y  examine t h e  u p t a k e  
of b o t h  l a b e l e d  serum v i t e l l o g e n i i ~  and p u r i f i e d  
o r a r l a n  I i p o v i t e l l i n .  During t h e  e a r l y  summer of  
1982, o v a r i a n  f r a g m e n t s  from t h e  same female were 
~ ~ c u n a t r d  i n  e i t h e r  3 mL o f  male serum and l a b e l ,  
l a b e l ,  f e m a l e  serum c o n t a i n i n g  l a b e l e d  v i t e l l o g e n i n ,  
o r  p u r i f ~ e d  l a b e l e d  l i p o v i t e i l i n .  L e v e l s  of l a b e l e d  - rn 1.A ~ r e c i p i t a h i e  p r o t e i n s  were 'n ighes t  I n  c r u d e  
f r a c t i o n s  o-ragments i n c u b a t e d  i n  female  and male 
serum when compared t o  p u r i f i e d  Srac tLons  ( F i g .  l o ) ,  
r n d i c a t i n g  t h e  p r e s e n c e  9 f  o t h e r  l a h e l e d  non- 
1 1 p o - a t e l l i n  p r o r e i n s .  L e v e l s  of  l a b e l e d  TCA 
p r e c i p r t a b l e  p r o t e i n s  were i d e n t i c a l  i n  bo th  c r u d e  
and p u r i f  l e d  f r a c t i o n s  of  f ragments  i n c u b a t e d  i n  
l i p o v i t e l l i n  ( F i g .  TO), i n d i c a t i n g  t h e  presence  of 
o n l y  l a h e l e d  l i p o v i t e l l l n .  When examining t h e  
CPN/rng t o t a l  o v a r i a n  p r o t e i n  i n  t h e  l i p o v i t e l l i n  
hand ,  t h e  h i g h e s t  c o u n t s  were a s s o c i a t e d  w i t h  
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F i g .  9. L e v e l s  of l a b e l  z n c n r p o r a t l o n  I n t o  t h e  TC4 
p r e c i p i t a b l e  p r o t e i - x s  of c r u d e  aod pili 'red f r a c t l n n s  
and level . ;  of l a b e l  i n c o r ~ o r a t e d  i n t o  ?*:r:fied 
l i p o v i t e l l i n  from an amer icanus  o v a r y  ~ a c i i > a t e l  -- 
i n  Vitro f o r  24  and 48  h i n  male seriiin and 
%-leuc ine  (5  ,uCi/mL) d i~r rnq;  s e c o n d a r y  v r t e l l ? -  
g e n e s i s .  'ihe p e r c e n t  of t h e  t o t a l  CPM and t o t a :  
C P M / ~ ~  p r o t e i n  loaded  onto  t h e  g e l  t h a r  wai iairnd I n  

t h e  l i p o v i t e l l i n  band is i n d i c a t e d  a l s o .  

f r a g m e n t s  i n c u b a t e d  i n  male serum, f o l l o k e d  D;. t n o s e  
i n c u b a t e d  i n  female  serum, GJFlile t h e  lowes t  c o u n t s  
were a s s o c i a t e d  w i t h  those  i n c u b a t e d  i n  purl f l e d  
l i p o v i t e l l i n  ( f i g .  10). When e x p r e s s i n g  t ? e s e  
c o u n t s  ~ n  terms of  t he  p e r c e n t  of t h e  t o t a l  CpY/mL 
o r  p e r c e n t  of t h e  t o t a l  CPM/rng/~ro te in /*n i  I l a d e d  
o n t o  t h e  g e l ,  t h e  h i g h e s t  p e r c e n t a g e s  were 
a s s o c i a t e d  w i t h  t h o s e  f ragments  i ~ c u b a t e d  rr 
p u r i f i e d  l i p o v i t e l l i n ,  fo l lowed by t h o s e  inctl 'saied 
~ n  female  s e r u x ,  aad those  m c u b a t e d  rn ~ 1 e  s r r m  
( P i g .  lo), i n d i c a t i n g  t h a t  t h e  o v a r y  was w r e  
e f f i c i e n t  i n  t a k i n g  up l a 5 e l e d  1 r p a v i t e l l : n  9 s  i e r ~ n  
v i t e l l o g e n i n  than  i n  converting 3 s - i e ~ c i n e  i n t o  
l i p o v i t e l l i n .  However, r e s u l t s  do ~ n d l c a t e  tha"  t h e  
o v a r y  is c a p a b l e  of s y n t h e s i z i q g  t h i s  Z i p ~ ~ r 3 t e l ~ .  

P r i m a r v  v i t e l i o e e n e s i s  

Females used f o r  o v a r i a n  c 8 i l t u r e s  had e x t r r i d e i  
3-4 t o  8-9 wk p r i o r  t o  u s e ,  and hence  v a r i e d  i n  
t h e i r  s t a g e  O F  p r imary  v i t e l l o g e n i c  a c t i v i t y  ( s e e  
Aiken and Waddy 1980,  L952 ,  f o r  a  rev iew of ovarLan 
c o n d i t i o n ,  s i z e ,  c o l o r ,  :zr:. i n  r e l a t i o n  to . x i a t u r t t y  
i n  Nomarus). The e a r l i e s t  o v a r y  (3-4 wk yost- 
e x t r u s i o n )  was l i g h t  g r e e n  i n  c o l o r  and shoved 
e v i d e n c e s  of r e s o r p t i o n  i n  t h e  p o s t e r i o r  l o b e s .  ;he 
middle  ovary  (6-7 wk pos t -ex t i - - i s ion)  was rlediiirn 
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F i g .  10. L e v e l s  of l a b e l  i n c o r p o r a t e d  i n t o  t h e  TCA p r e c i p i t a b i e  p r o t e i n s  of  c r u d e  and : :uri t iei i  
i r a c t f o n s  and l e v e l s  of l a b e l  i n c o r p o r a t e d  i n t o  p u r i f i e d  l i p o v l i e l . l i n  from an - :i. a r ~ e r i c a n i i s  o v a r j  
i n c u k a t e d  -- i n  v i t r o  f o r  24 h  i n  e i t h e r  3 ~ - l i p o v i t e ? ~ i . n  ( L p ) ,  3 ~ - f e r n a l e  serum ( 9  j ,  o r  male sc.ru% 
and ";I- leucine (6) ( 5  ~ C i l m i )  d u r i n g  secondary  v i c e l l o g e n e s i s .  %.e p e r c e n t  of che t o t a l  CP": 
and CPYJmg p r o c e i n  loaded  o n t o  t h e  g e l  t h a t  was found i-1 t h e  l I p o v i t e l l . i n  hand is Ir,d;c;ir_ed a l s o ,  

Arcsen i n  c o l o r  and showed smai'l e v i d e n c e s  of 
r e s o r p t i i ' i n  4n t h e  t i p s  of  t h e  p o s t e r i o r  l o b e s ;  and 
tire l o t e s t  o v c r y  (8-9 wk p o s t - e x t r u s i o n )  itas nedium 
g r e e n  Ln c o l o r  and silowed no e v i d e n c e  of r e s o r p t i o n  
( i t  is t h i s  ovary  s t a g e  t h a t  remains th roughout  t h e  
w i n r e r ;  (Waddy and A i k e n  1983) 1. Ovar ian  F r a g n e n t s  
werz c u l t t i r e d  f o r  35 h i n  male serum and 
3 ~ - l e u c i n e  ( 5  pCi/rni) .  L e v e l s  of i n c o r p o r a t i o n  
o f  l a b e l  i n t o  TCA p r e c i p i t a b l e  p r o t e i n s  were h i g h e r  
in c r u d e  F r a c t i o n s  when coinpared t o  p u r i f i e d  
f r a c t i o n s  ( F i g .  1 1 ) ;  i n d i c a t i n g  t h e  p r e s e n c e  of 
o t h e r  l a b e l l e d  n o n - l i p o v i t e l l i n  p r o t e i n s ,  L e v e l s  of 
TCA p r e c i p i t e b l e  p r o t e i n s  i n c r e a s e d  from t h e  
e a r l i e s t  t o  t h e  middle  p o s t - e x t r u s i o n  o v a r y ,  t h e n  
d e c r e a s e d  i n  t h e  l a t e s t  p o s t - e x t r u s i o n  ovary  ( F i g .  
?I), I n d i c a t i n g  t h a t  "Le p r o d u c t i o n  of l i p o v i t e l l i n  
occur - ;  coiicoiai t a n t l y  w i t h  r e s o r p t i o n  of  r e l i c t  
n o c y t e s  d u r i n g  pr imary  v i t r l l o g e n e s i s ,  and i s  of a  
s h o r t  d t i r a t  i o n  i n  t h e  Lobs te r .  Tire CP".l/mg t o t a l  
o v a r i a n  p r o t e i n  i n  t h e  l i p o v i t e l l i n  band showed 
h i g h e s t  l e v e l s  of  l a b e l e d  priotein i n  t h e  6-7 uk 
p o s t - e x t r u s i o n  o v a r y ,  w h i c ! ~  r e p r e s e n t e d  2 2 %  o f  t h e  
total CP!l;!mL o r  11% of t h e  t o t a l  CPN/mg protee'in!ml 
loaded  o n t ?  t h e  g e l  ( F i g -  1 1 ) -  The CPM/mg t o t a l  
o v a r i a n  p r n c e i n  found i n  rile l i p o v i t e l i i n  hand a s  
~ e ? l  as  t h e  p e r c e n t  of r h e  t o t a l  CPE.I/al, and t h e  
pi-rcenr of t h e  t o t a l  CPM/mg protein!& were coa- 
s i i i e r a b l y  Lover f o r  t i lose o v a r i a n  f ragments  from t h e  
e a r l l e s t  and l a t e s t  p o s t - e x t r u s i o n  o i a r i e s ,  a g a i n  
i nd [ c a r i n g  t h a t  t h e  t ime  c o u r s e  of I i p o v i t e l l  i n  

s y n t h e s i s  d u r i n g  primary v i t e i l n g e n e s i s  is  of shor t  
d u r a t i o n .  

U l t r a s t r u c t u r a l l y ,  Eurcn l  cis (1973) nn:l i i iaci? 
and Cone (1969) h a v e  d e s c r i b e d  two v e r y  d i : fe renr  
ways t?mt yolk p r o t e i n  f o r m a t i o n  o c c u r s  i? 
c r u s t a c e a n s .  The c i s t r n a e  of t h e  g r a n ~ i i a r -  ~ai?do- 
p l a s m i c  r e t i c u l u m  is involved i n  oiif type  of y o l k  
formatior:, w h i l e  accumula t ion  of m a t e r i a l  witl-:in a 
l i m i t i n g  membrane of t h e  smootF! t y p e ,  pres;i.-r.ib?)i 
d e r i v e d  from u i c r o p i n o c y t o s i s ,  nccoi:nts f o r  the  
second type  of y o l k  foraa t i -on .  Z e r t i b  (1977, 2 9 7 9 ) ,  
D e t e e r s y n d e r  e t  al. (4980) ,  and V a r a d n r a j a n  ar:l 
Subramonlazi (1980) have added u a r i o i ~ s  t y p e s  of ;:it:- 

chemica l  and h f s t o c h e m i c a l  d a t a  t h a t  not o c l ; ~  
s u b s t a n t i a t e  t h e  i i i t r a s t r u c t u r a ?  evidenci .  f o r  a d u a l  
o r i g i n  o f y o l k  f o r m a t i o n ,  h i t  a1 s o  p i n p n i n r  
endogenoils y31k f o r m a t i o n  a s  a prodcc: o f  p r i r a r y  
v i t e l Z o g e n e a i s  w h i l e  exogenous yolk. E-ir:narial is a 
p r o d u c t  of secondary  vi-1 l o g e n e s i s ,  S o r ~ t y  ! ;956) 
I, ,*ds r r e p o r t e d  f o r  t h e  isopod ' ldo tea  t h a t  a  4;:1311 

a a o u n t  oi endogenous s y n t h e s i s  of Iipnvitcilin 
o c c u r s  e a r l y  i :~  secondary  v i t e i l o p e n r s i s  mi? i$ 
r e p l a c e d  by p i n o c y t o t i c  up take  of materials aq 
secondary  v i r e ?  l o g e ; ~ s i s  p r o g r e s s e s .  She a l s o  
r e p o r t e d  t h a t  m i c r o p i n o c y r o t i c  q c r i g i r y  r r a s e c  as 
o v a r i a n  m a t u r a t i o n  n e a r s  c x t r i r s i o n .  

I n  Light of t h i s  new i n f o r m a ? i c n ,  it i s  of 
v a l u e  t o  t r y  t o  r e i n t e r p r e t  p a s t  ~ x p e r i n e n t a l  d.ata 



C .- 
(I) 
C" 

2 
CL 

Wseks Post-Extrudon 

F i g .  1 1 .  L e v e l s  of  l a b e l  i n c o r p o r a t e d  i n t o  t h e  TCA p r e - i p i t a b l e  p r o t e i n s  of c r u d e  a d  p i r ~ f r e S  
f r a c t i o n s  and l e v e l s  of i a h e l  i n c o r p o r a t e d  i n t o  p u r i f i e d  1 i p o v l L e l l r n  from M. a iner icanus  o v a r i e s  
~ n c u h a t e d  i n  v i t r o  f o r  36 h i n  male serum and 3 ~ - l e u c i n e  (5 uCi/mLi d u r i n g  p r i w r y  
v r t e l i o g e n e s i s .  The p e r c e ~ l t  of t h e  t o t a l  CPM and t o t a l  ZPM/ng p r o t e i n  loaded onLn t ;*e q e l  t h a t  
was found in  t h e  l i p o v i t e l l i n  band is i n d i c 2 t e d  n l s o .  

t h a t  de5cr1bes y c ~ l k  f o r m a t i o n  a s  e n t i r e l y  endogenous 
o r  exogenous i n  o r i g i n .  G a n ~ n n  an+ K e s s e l  (1972) 
s n o r e d  t h a c  t h e  o v a r l e s  of rhe  c r a y f l s r  O r c o n e c t e s  
were  c a p a b l e  of s y n t h e s t z r n g  o v a r i a n  p r o t e r n s  i n  
v r ~ r o ,  b u t  L l p o v i t e l l l n  was n o t  i s q l a t e d .  ~ s i <  
=adiography co c y t o l o g i c a l l y  examine %-iebc ine  
i n c o r p o r a t i o n ,  t h e y  found t n a t  t h e  most e x t e n s i v e  
l a b e l i n g  of o o c y t e s  were t h o s e  i n  e a r l y  s t a g e s  of 
v l t e l l n g e r r c . ; l s ,  and t h a t  t h e  r a t e  oi l a b e l i n g  
d e c r e a s e d  a s  v i t e l i o g e n e s i s  proceeded.  One can only  
presume c h a t  t h e s e  e a r l y  s t a g e s  ( s m a l l  o o c y t e s  
260-400  in) were oocy t e s  In  pr imary  . i i t e l l o g e n e s i s ,  
w h r l e  l a t e r  s t a g e s  (medium and l a r g e  o o c y t e s )  were 
I n  e a r l y  and middle  t o  l a t e  ae:ondary v l t e i l o -  
g p n e s r s ,  r e i ; > e c t i v e l y .  Lui  e t  a l .  ( 1 9 7 4 3  showed 
t h a t  t h e  o v a r i e s  of  t h e  c r a y i l s h  Procambarus c o u l d  
s y n t h e 5 i z c  l i p n v ~ t e l l i n  - r n  -- v l t r o .  Tn a  l a t e r  & 
v r r r o  st iudy,  i t  was .;tlown t h a t  r a d l o a e t i v e  arnrno -- 
acids were ~ n c o r p o r a i e d  i n r o  t q r e e  of  :be f i v e  
? u r r t L e d  s u b u n i t s  of l i p o v i t e l l i n ,  w h ~ c h  s t r o n g l y  
i u g g r s t e d  t h a t  t h e  ovary  was c a p a b l e  of endogenous 
s y n t i l e s r s  of  I I P O V ~ ~ P I  Zin ( t u i  and O Y o w ~ o r  2975). 
The reproductive s t a t e  of  t h e s e  c r a y f l s h  @as n o t  
d e s c r r b e d ,  b u t  nrdlum s l z e  o o c y t e s  would r n d i c a t e  
c h a t  t h e s e  anrmaLs n o s t  l i k e l y  were 17 e a r l y  s t a g e s  
of s e c o n d a r y  v i t e l i o g e n e s l s .  J o l i n  e t  aL. (1973) 
sfiowcii upbake of  f l ~ 3 r e b - ~ l p - c o n  _ *qln=rod 0 - -  seru--  inr? 

o v a r i a n  p r o t e s n s  by r n l r r o n l q o c y t o s i s .  T i e  g r e a t e s t  
ainounr oE f l u o r e s c e i i i e  *a% observed  i? t h e  r a r l z L s t  
s t a g e s  of secondary  v ~ t e l l l g e - i c  o o c y i e s  and 
~ r a d u i l l y  t a p e r e d  o f f  t o  no f l ~ o r e s c e n c e  i~ x a t ~ , r e ,  
r e a d y - t a - e x t r u d e ,  o o c y t e s .  Tqey a l s o  r e p o r t e d  no 
u p t a k c  3 f  f I i~o rece i r i - co t~ j i~ya ted  male serum 11 any 

s t a g e  examined, but  t h e i r  work d i d  no: iqc?alle 
p r i m a r y  v i t e l l o g e n i c  o o c y i e s .  Ganion e t  a l .  (18721 
i n c i ~ b a t e d  o v a r i a n  f ragments  and i s o i a r e d  n o c y t e s  of 
L i b i n i a  i n  i s o l a t e d  32~-ser;~m vitel leogirnix ax?? 
T l x c i n e . ,  They found t h a t  t h e  l l ~ - l e u c i a r  
l a b e l  was a s s o c i a t e d  w i t h  i n s o l u b l e  protein, - d i i l e  
a l l  t h e   label was found i n  the 4 o l u b l e  
p r o t e i n  f r a c t i o n ,  t o  which I . i p o v i t e l l i n  b e l o l g s .  
They  conclrided that t h e  o v a r y  s c q u c s t e r s  
i i p o v i t e l l  i n  and endogenously s y n t h e s i z e s  o t h s r  
n o n - l i p o v i t e l l i n  p r o t e i n ( s j  .. ' J a l l a c e  h e l l i e ~ ~ e s  t h a t  
t h e  o t h e r  p r o t e i n ( s )  may -be a s s o c i a t e d  u i i t i ~  the 
m a t r i x  of t h e  y o l k  p l a t e l e t s  ( p e r s .  corn.!.  I t  i s  
assumed t h a t  t h e s e  a n i m a l s  were i n  e a r l y  t c ?  rtidd:e 
s t a g e s  of secondary  v i t e l l o g e n e s i s  a s  s r r t i ?  
v i t e l l o g e n i n  was be ing  s y n t h e s i z e d *  

These  d a t a  f o r  Homarus i r i d i c a t e  that the  w a r y  
i s  c a p a b l e  of endogeiiously s y f i t h e s i z i n g  nvnr  ;;?:I 
p r o t e i n ( s ) ,  and among r11e-n I l p o v i t e l l i n .  m e  
g r e a t e s t  amount of s y n t h e t i c  a c t i v i t y  For lipo- 
v i t e l l i n  appeared  t o  be a s s D c i a t e d  w i t h  o v a r i e s  
undergoing  pr imary  v i t e i l o g e n e s : ~ ,  fo l lowed t o  
l e s s e r  d e g r e e s  by o v a r i e s  i n  early-mid s t a g e s  of 
s e c o n d a r y  v i te l . l .ogenes i s  (?i.g. 12). L e v e l s  of 
l a b e l e d  I t p o v i r e l i i n  were ninirna;, y e t  l e v e l s  o f  
l a b e l e d  TCA p r e c i p i t a b l e  p r o t r l n s  were i:fgh, 
I n d i c a t i n g  the  presence  and sy i ; thes i s  of q tne r  ?on- 
i i p o v i t e l l i n  p r o t e i n s  i n  :??@ o v a r y .  Cptnke ~ i -  
p u r i f i e d  l i p o v i t e l l i n  also o c c u r r e d  duri-..r, secondary  
v i t e l l o g e n e s i s ,  i n d i c a t i n g  t h a t  t h e  ovary  i s  c a p z b i e  
of s e q u e s t e r i n g  p r o t e l c s  ( s e e  !. Role of  Serun  
T, v i ~ e l l o g e n i a ,  . A f o r  f u r t h e r  ? i s c u s s i o n ) .  A.s the 



Prlmsry vs Secondary 

Time (Hours ) 

F i g .  1 2 .  C o n p a r i s o n s  of l e v e l s  of l a b e l  i n c o r p o r a -  
t e d  i 7 t o  p u r i f i e d  l i p o v i t e l l i n  from H. amer icanus  
o v a r i e s  i n c u 5 a t e d  i n  v i t r o  i n  male $=urn and 
3 ~ - : e u c i n e  ( 5  @ C i / r n ~ )  d u r i n g  pr imary  and secondary  
v i t e l l o g e n e s i s .  

TCA Precipitable Proteins 

amount of l a b e l  a s s o c i a t e d  w i t h  l l p o v i t e r ! ~ l n  was low 
i n  a l l  c a s e s  examined,  and t h e  p i r i f i e d  l i p o v i t e l l i n  
f r a c t i o n  does  c o n t a i n  o t h e r  protein conta in inants  in  
s i n a l l  amounts ( p .  2), r e f i n e m e n t  of both p u r i f l -  
c a t i o n  t e c h n i a u e s  and methods of q u a n t i f y i n g  t h e  
p r e s e n c e  of l a b e l  i n  l i p o v i t e l l i n  needs t o  be g iven  
c o n s i d e r a b l e  a t t e n t i o n  b e f o r e  a d d i t i o n a l  work is  
a t t e m p t e d .  The c o u n t i n g  e f f i c i e n c i e s  fo r  t r i t i u m  ia 
polyacry lamide  g e l s  were low (20Z). I t  i s  hoped  c h a t  
g e l  a u t o r a d i o g r a p h y  u s i n g  a f i l m  e s p e c i a l l y  d e s i g l e d  
f o r  t r i r i u r n  w i l l  p r o v i d e  more det ; l ; is  cance:;iln,: the  
p r e s e n c e  of l a b e l  i n  l i p o v i t e l l i n  and t h e  o t h e r  
p r o t e i n s  p r e s e n t  i n  t h e  p u r i f i e d  f r a c t i o i ~ s ,  T h i s  i s  
c u r r e n t l y  under way, but  improved p u r i f i c a t i o n  
n e t h o d s  f o r  i s o l a t i n g  l i p o v i t e l l i n  from c?'e o v a r y  
and v i t e l l o g e n i n  from t h e  serum a r e  needed to 
p r o v i d e  c o n c l i ~ s i v e  e v i d e n c e  :?lat t h e s e  p r o t e i n s  a r e  
s e q u e s t e r e d  a n d / o r ,  i n  t h e  c a s e  of ? i p o v : t e l l i n ,  
produceti i n  v i t r o .  It a l s o  is hoped that, i i ;  the - -- 
f u t u r e ,  i n v e s t i g a t o r s  w i l l  p r o v i d e  def i : l ! t ivc  
i n f o r m a t i o n  c o n c e r n i n g  t h e  exact r e p r o d i ~ c t  ;ve stat? 
o f  a n i m a l s  iised t o  a l l o w  f o r  c l a r i f i c e t i ~ , : l  of the  
o r i g i n  of l i p o v i t e l l i n  and t h e  r o l e  of tile ovary  as 
r e g a r d s  p r o t e i n  s y n t h e s i s  d u r i n g  vitellogen~sis. 

7, I N  V I V O  AGCCWLATTON OF WBEI,  ru"m/DA I t R F L F I )  -- 
PROTZIN INTO LIPOVITELLIN 

L e v e l s  of l a b e l e d  TC4 p r p c l p ~ t a b i e  p r 7 c e r n i  
i n c r e a s e d  from 5- t o  96-h pos t - -n :ec t lon  i ?  lwtb 
c r u d e  and w r i f ~ e d  f r a c i r o n s  ( r i g .  i3), -nd~cari 
incorporation was a  f u n c t r n n  of t ime.  Label  wns 

a s s o c i a t e d  w i t h  t h e  l i p o v i t r l l i ?  a c  5 31 aa1 
i n c r e a s e d  t h r o u g h  36 13 IP both  c r d e  at?? ~ ~ r l ' r e d  
f r a c t i o n s  ( F i g .  13, 1 4 ) .  Counts were n r g h e r  11 

cri ide f r a c t i o n s ,  indicating t h e  prese.1ce oc o t  i t r  
n o n - l i p o v i t e l l i n  p r o t e l n s  ( " l g .  23, 1L).  -\e 
percer . tage  of t h e  t o t a l  CPLiimg p r o t e l a i q l l  loaded  

Lipoviteilin 

-7 , i . ~ g .  13. I n  v i v o  incorporat ion!accumti lat ion r a t e s  of  l a b e l  i n t o  TC4 p r e c i p l t a b l e  p r o t e i n s  and 
l i p o v i t e l l i n  of  c r u d e  and p u r i f i e d  f r a c t i o n s  of o v a r i e s  from v i t e l l o g e n i c  "i. a r e r i c a n u s  i n j e c t e d  
w i t h  3 t i - l e i ~ c i n e  ( 1 . 5  .mCi/g wet body w e i g h t ) .  



Tgme (Hours) 

Fzg. 1 4 .  Time course  of inrorporation/accumulation 
of  l a b e l  and/or  Labeled p r o t e i n s  i n t o  t he  l i po -  
v i t e l l i n  of crude  and p u r i f i e d  f r a c t i o n s  of ova r i e s  
r;?d seri~rn from v i t ~ l l o g ~ n i c  ilmericanils i n j e c t e d  
wi th  3 ~ - i e u c i n e  ( i  . 5  p C i / g  wet body deigi-it), 

on to  t h e  g e l  t h a t  was a s s o c i a t e d  with t he  l i po -  
v i t e l l i n  band i i c r e a s e d  from l e s s  than 1 a t  5 h t o  
3 I -o ,i 95  11 (F ig .  1 4 ) .  Rates  o f  i nco r2o ra t ion  of 
l a b e l  lato l i p o v i t e l l i n  f o r  animals i n  e a r l y  
secondary  v i t e l l o g e n e s i s  a t  24 h show h ighe r  l e v e l s ,  
11% CDH/rag p r o t e i n  i n  v iva  coiilpared wi th  2.52 CPf?/mg 
p r o t e i n  (p .  111, in v i t r o .  This  m y  i n d i c a t e  e i t h e r  
f a s t e r  s y n t h e t i c  r a t e s  i n  v ivn  a s  a  r e s u l t  of sub- -- 
op t ima l  i ncuba t ion  c o n d i t i o n s ,  o r  a d d i t i o n a l  seques- 
t e r i n g  of l abe l ed  v i t e l l o g e n i n  from the  serum. A t  
t h i s  Lime, it i s  not known what accounts  f o r  these  
observed differences. No comparisons a r e  a v a i l a b l e  
f o r  o t h e r  c rus t aceans  undergoing secondary v i t e l l o -  
g e n e s i s  o r  f o r  females i n  primary v i t e l l o g e n e s i s .  
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The c o n t r o l s  of  v i t e l l o g e n e s i s  a r e  jusc  
b e g i n n i q g  t o  be i n v e s t i g a t e d  i n  c r u s t a c e a n s  ( s e e  
Xeusy 1980 f o r  r e v i e w ) .  F i g u r e  1 5  o u t l i n e s  t h e  
h y p o t i i e t i c a l  c o n t r o l s  i n v o l v e d  i n  endogenous 
r e g u l a t i o n  of  c r u s t a c e a n  v i t e l l o g e n e s l s .  I r  is 
assumed t h a t  t h e  n e u r o s e c r e t o r y  c e n t e r  produces 
t h r e e  hormones: gonad i n h i b i t o r y  hormone (GIH), 
gonad s t i m u l a t i n g  hormone (GSH), and molt  i n h i b i t o r y  
hormoile ("?IN).  I t  has  been s u g g e s t e d  t h a t  G T H  
i n h i b i t s  o v a r i a n  m a t u r a t i o n ,  GSH s t i m e l a t e s  
f o r n a t i o n  and t h e  u t i l i z a t i o n  of  yo lk  p r o t e i n s ,  
w h i l e  M I i l  p r e v e n t s  m o l t i n g  d u r i n g  t h e  r e ? r o d u c t i v e  
c y c l e  t h r o u g h  s u p p r e s s i o n  of t h e  V-organ which 
p r o d u c e s  t h e  m o l t i n g  hormone (XH)(Adiyodi and 
Adrgodi  1970;  Aiken and Waddy 1980) .  Evidence from 
v a r i o u s  e x p e r i m e n t a l  s t u d i e s  i n d i c a t e  t h a t  t h e  
Y-organ produces  a  f a c t o r ,  perhans  low l e v e l s  of Ffil, 
which ha5  a  p o s i t i v e  e f f e c t  on bo th  t h e  v i t e l l o g ~ n i n  
s y n t h e s i z i n g  t i s s u e s  and gametogenes is  (Besse  2975; 
Besse  and M a i s s l a t  i971;  John  and Thampy 1373; Meusy 
e t  al. 1 9 7 7 ) .  E x p e r i m e n t a l  e v i d e n c e  a l s o  s u g g e q t s  
theL t h e  v i t e l l o g e n i n  s y n t h e s i z i n g  t t s s u e  i s  
s t i m u l a t e d  by a  hormone, v i t e l l o g e o l n  s t i m u l a t i n g  
o v a r i a n  hormone JWSDNI, produced by t h e  ovary  
( J u n e r d  e t  a l .  197717). P r e s i m a b l y ,  s y n t h e s i s  of  
WSOtl  wodld be s u p p r e s s e d  by CIH and s t i ~ n u l a t e d  by 
GSH (P.iken avd Waddy 1980) .  The maildibular  organ 
n1,o h a s  heen  s i ~ g g e s t e d  t o  have a  p o s s i b l e  e i ~ d o c r i n e  
F u n c t i o n ,  a s  o v a r i e s  of ; m a t u r e  c r a b s  e x h i b i t e d  
s i g n s  o f  p r e c o c i o u s  * f i t e l l o g e n e s i s  a f t e r  mandibular  

o rgan  i m p l a n t s  ( ~ l n s c h  1 9 8 0 ) .  4 o r o z e s t e r o n t - l i k e  
s u b s t a n c e  has been i d e n t i f i e d  i n  *l,e -u3asl,S1113r 
o r g a n  (Couch e t  a l .  1978),  and nay o l a y  a r ~ l t ,  lz 
s t i m u l a t i n g  o v a r i a n  a c t i v i t y  i n  c o n j ~ n c t i o c  w i t ?  
o t h e r  n e u r o e n d o c r i n e  organs .  S e a s o n a l  e f f e c t s  s C  

e y e s t a l k  e x t i r p a t i o n  have heen o b s e r v e d ,  ~ n d ~ l c a t i - . g  
t h a t  v a r i o u s  e n v i r o n m e n t a l  f a c t o r s  nau ~ c t  a s  
proximate  c o n t r o l s  of  endogenous s y s t e n s  (4d3 rod1  
and Adiyod; 1970). 

E y e s t a i k  a b l a t i o n  a c c e l e r a t e s  vi:ei?o~:ene!jis i n  
a  v a r i e t y  of decapods  (Adiyodi  and Adiyod: 1970;  
Anilkvrnar and Adiyodi  1980; D e i e e r s y n d e r  and 
Dhainaut  1977 ; D e i e e r s y n d e r  e t  a ? .  1980; Vciis:? 
1980) .  E y e s t a l k  a b l a t i o n  removes t h e  X-rirga:? sinus 
g l a n d  complex which a c c s  a s  t h e  neurosecre tor ;?  
c e n t e r ,  and presumably removes t h e  e f f e c t s  of G;H. 
I n  a d d i t i o n ,  e y e s t a l k  hormones may ccntrx,', t h e  
main tenance ,  r e s o r p t i o n ,  a n d / o r  up take  of v i t e i l o -  
g e n i n .  N e u r o s e c r e t o r y  c o n t r o l s  have no: bec;: 
d e m o n s t r a t e d  f o r  any  of t h e  c r u s t a c e a n s  ( N i ~ i i s y  
1380). I t  seemed of i n t e r e s t  t o  examine t h e  i . f f c c t s  
of  n e u r o s e c r e t o r y  c e n t e r  removal on t h e  v i t e l l o g c n i c  
a c t i v l t y  of females  i n  f i n a l  s t a g e s  of o v a r i a n  
development ( s e c o n d a r y  v i t e l l o g c n e s i s ) ,  and more 
s p e c i f i c a l l y  LO examine t i lose p r o c e s s e s  a s s o c i a t e d  
w i t h  e x t r a - o v a r i a n  v i t e l l o g e n i n  p r o d u c t i n n ,  1:pteiie 
a n d / o r  p r o d u c t i o n  by o v a r i e s ,  and t o  s e e  I F  t h e  
n e u r o s e c r e t o r y  c e n t e r  had a  r o l e  i n  o v a r i a n  
main tenance .  

Environment 
( t enpera ture ,  photoperiod, food ,  

s a l i n i t y ,  t ida l  ana lunar cycles, e t c . )  

hieurosecretory Center 
(x-organ sinus gland 1 

ManS1bui3r 
X 

substance 
l i k e  

F i g .  15. H y p o t h e t i c a l  c o n t r o l s  of  r e p r o d u c t i v e  a c t i v i t y  i n  c r u s t a c e a n s  
( m o d i f i e d  from Adiyodi  and Adiyodi  1970; Aikeii and Waddy -1980; and Meiisy 
1980). M i i i  - m o l t  i n h i b i t i n g  hormone, \.IF1 - molt horoiine, G S N  - gonad 
s t i m u l a t i n g  hormone, G T H  - gonad i n h i b i t i n g  hormone, YSOH - v i t e i l o g ~ i i i n  
s i j m u l a t i n g  hormone, Vg - v i t e l l o g e n i n ,  tp - l i p n v i t e l l i n .  



MATERIALS AND ?IETHDDS 

F r v e  pre-ovigerods  f e m a l e s  C4L5-363 g  wet 
w e l i h t l  were b i l a t e r a l l y  e y e s t a i k  a b l a t e d  w r t h  a  
p o l y e t h y l e n e  t h r e a d  l i g a t u r e ,  w h i l e  f ~ v e  pre- 
o v i g e r o u s  f e m a l e s  1419-325 g wet w e j g h t )  s e r v e d  as 
c o n t r o l s .  On May 28,  1981, bo th  groups  were 
i n j e c ~ e d  w i t h  3 ~ - ~ e t ~ c i n e  (1 - 5  uCi /g  wet body 
w e l g h r ) .  Abla tLo ,~ ,  were performed 24 h p r i o r  t o  
111jec t len5-  A 1-mi serum sarnplr jias t aken  froin t h e  
v e i l t r a l  ;.bdominal s l n u s  a t  aporoit i inatr ly 3- t o  4-d 
~ n t c - r v a l +  f o r  t h e  f i r i t  33 d f o l l o w i n g  tire I n i t i a l  
t n j c , c t z o n ,  t h e n  once weekly f o r  t h e  1st a o n t h  
t h e r e a f t e r .  Z n c o r p o r a t r o n  of  l a b e l  i n t o  serum 
v i t e l  l o g e n i n  was examined e l  ? c t r o p h o r e t i c a l l y .  
L e v e l s  oi zelurn p r o t e r n  were measured by t h e  b i u r e t  
tnethod. P r o t e i n  l e v e l s  loaded  o n t o  t h e  g e l s  were 
b e c ~ e e ~  5 3rd 7  mS/& (0.05-0.07 mg'ii? u l ) .  A f t e r  
Else 7 t h  d a y ,  one female  fram each  group  was 
r a r r i f ~ c e d ,  and t h e  o v a r y  h o n o g e ~ z z e d  and p u r i f i e d .  
The awount of l a b e l  a s s o c i a t e d  w r t h  i i p o v i t e l l i n  was 
e x a n i n e d  i . ler tropqroret ical :v.  The remaining members 
o f  bo tY,  groups  Yjere r e - ~ n ~ e r t c t i  on t h e  7 t h  day t o  
d e t e r % l n +  whether  l e v e l s  of f r e e  l a b e l  a v a i l a b l e  
were 1o.u o r  ~f u.ii-ellogeilir? p r o d u c t i o n  was 
d r c l ~ n r n g ,  a s  l e v e l s  of l a b e l l e d  serum v i t e l l o g e n i n  
* e r e  i l ec r i ia i jng .  The c o ~ t r o l  group was i n j e c t e d  
wit11 I -( L 4 ~ - ( ~ ) - l e u c i n e  ( Y F N ) ,  I .  5 ~ C l l g  wet body 
weigh;) w h i l e  a b l a t e d  t e m a i e s  were i n  j e c t p d  w i t h  
?if -1cuc l n e .  4 b l a t e d  rt=ma l ~ 4  W L T ~  n o t  i n  j ~ c t e d  
w l t h  1 4 ~ - l r t ~ c i n c -  a s  t h i ~  marker was h e i n g  r e s e r v e d  
r n  c a s e  c y c s t a l k  i ~ ~ p l a n t s  became neces?t-y . R e s u l t s  
a r e  g i g e ~ l  f o r  3 ~ - l e u c r i ~ e  Label o n l y ,  a s  no 
? L C-labe?  was Found a s s o c i a t e d  w i t h  serum 

u . i te lT?genln  a t  any t l a e  th roughout  t h e  day 9-71 
n b s e r v a t  I on p e r i o d .  

RZSbLTS 4hB DISCUSS ION 

I i ~ c o r p n r a t i o n  of  l a b e i  i n t o  v i t e l l o g e n i n  was 
. ~ a r i ; i b i f .  among a n i m a l s  i n  bo th  c o n t r o l  and a b l a t e d  
g r o u p s  ( F i g .  15). L e v e l s  of  Labeled v i t e l l o g e n i n  
were  g e n e r a l l y  h i g h e r  i n  c o n t r o l  f e m a l e s ,  bu t  were 
s t a t i s t i c a l l y  s i g n i f i c a n t  o n l y  on t h e  1st day 
e x a 2 i n e d  (2-d p o s t - i n j e c t i o n )  ( F i g .  16). No 
1 I 
& + C - l a b e l  was found a s s o c i a t e d  w i t h  serum 
v i t e l l o g e n i n  of c o n t r o l  females  a t  any t ime d u r i n g  
t h e  31 d t h e y  were f o l l o w e d ,  i n d i c a t i n g  v i t e l l o g e n i n  
p r o d ~ i c t i o n  had c e a s e d  hj "ie 7 r h  day;  n o r  were t h e r e  
eny a p p r e c i a b l e  i n c r e a s e s  i n  t h e  amount of 
" H - l a b e l l e d  v i t e l l o g e n i n  i n  a b l a t e d  f e m a l e s ,  
a g a l n  i n d i c a t i n g  t h a t  v i t e l l o g e n i n  p r o d u c t i o n  was 
declining o r  had h a l t e d  by t h i s  t ime .  L e v e l s  of 
3 g ~ - l a h e ~ c d  v i t e l l o g e n i i l  c o n t i n u e d  t o  d e c l i n e  i n  
t h e  serum t i n t i 1  e i t h e r  e x t r u s i o n  o r  r e s o r p t i o n  
o c c u r r e d ,  a f t e r  which l e v e l s  i n c r e a s e d  ( F i g .  1 7 ) .  
These  r e s u l t s  i n d i c a t e  that t h i s  p r o t e i n  was b e i n g  
s a l v a g e d  from t h e  ovary  and not  s y n t h e s i z e d  d e  novo 
a s  t h e r e  was no 1 4 c - l a b e l  a s s o c i a t e d  w i t h  t h e  
p o s t - r e s o r p t i o n  v i t e i l o g e n i n .  I n c r e a s e s  i n  l e v e l s  
o f  l a b e l e d  v i t e l l o g e n i n  were rmici-i h i g h e r  i n  females  
which r e s o r b e d  o v a r i e s  ( P i g .  17). T h r e e  c o n t r o l  
f e m a l e s  r e s o r b e d  o v a r i e s  29-33 d a f t e r  t h e  i n i t i a l  
i n j e c t i o n ,  and one female  e x t r u d e d  1 d  a f t e r  t h e  
i n i t i a l  i n j e c t i o n .  No l a b e l  was found i n  e i t h e r  
t i l e  serum v i t e l l o g e n i n  o r  t h e  e x t r u d e d  eggs  of t h i s  
femali.. A l l  r emain ing  a b l a t e d  f e m a l e s  e x t r u d e d  eggs 
7-23 d a f t e r  t h e  i n i t i a l  i n j e c t i o n .  D i g e s t s  of 
e x i r - i d e d  eggs i n d i c a t e d  v a r i a b l e  I . evc ls  of both 
r a d i o a c t i v i t y  and t o t a l  p r o ~ e i n  ( T a b l e  21, P u r i f i e d  
f r a c t i o n s  of e x t r u d e d  eggs  a l s o  sirowed i n c o r p o r a t i o n  
of l a b e l  i n t o  l i p o v i t e l l i c  ( 2 0  x CP?l/ng p r o t e i n )  

Ablated 

F i g .  16 .  L e v e l s  or i n c o r D o r a t l n n  of l a b e ?  l ? t  

s e r u a  v i t e l l o g e n r ?  of c o n t r o l  and b i l a t e c I i l  ? V  

a b l a t e d  g .  amer icanus  females  i n 3 e c t e d  wr t?  
3 ~ - l e u c i n e  < ? .  5 pCi /g  w e t  body w e i g h t ) .  'ht 

l i n e s  i n d i c a t e  means. 

L e v e l s  of t o t a l  s e r m  p r o t e i n  Jecri . ise. l  p r i o r  
t o  e i t h e r  r ' s o r s t i o n  or ext r i i s io r i ,  a f l - r  wi i.5 
l e v e l s  I n c r e a s e d  (Tig .  1 7 ) .  C ~ a n g p s  in I c u ~ L s  or 
serum p r o t e i n  bad not  h e n  exa7rined P ~ L J L O I I I ~ Y  f o r  
pre-ovigeroris  females .  It das not  k n o m  i f  'ht' 
observed  d e c r e a s e  i n  p r o t e l n  l e v e l s  *as n?r?a l  ? r  
t h e  r e s u l t  of p e r t u r 3 a t i o q s  induced  hv t1e a d d r r i o n  
of  t h e  l a b e l .  For  t h i s  reaso-i ,  changes  In serum 
p r o t e l n  l e v e l s  were fo l lowed In n o n - r a d r ? a c t i v e  
pre-ovigerous  f e s a i e s .  Four of t h e s e  f e a a l e i  
e x t r u d e d ,  L e v e l s  of t o t a l  serum p r o t e i ~  f o l 1 ? ~ e d  
t h e  same p a t t e r n  a s  t h a t  oc  r a d r o a c t r v e  f r m ~ l e s  
{ F i g ,  181, l n d r c a t i n g  t h a t  t h e  r a d l n l c t ; v ~ t u  p r e s e a t  
d i d  no t  a l t e r  s e r u a  p r o t e i n  l e v e l s  

The p u r i f i e d  f r a c t i o n s  i s o l a t e ?  f r o n  o v i r l e s  o f  
females  s a c r i f i c e d  7 d  a f t e r  t \ e  I n l t 3 a i  i ? j c c t i o l  
c o n t a ~ n e d  t h e  l a b e l  { P i g .  19). Approximate lv  95% o f  
t h e  CPY/mL o r  12% o f  t h e  C>v/rng pro te rn /m~.  l o a d e d  
o n t o  tile g e l  was a s s o c i a t e d  w i t h  t h e  l i p ~ v ~ t e l l l n  
from both c o n t r o l  and a b l a t e d  f e a a l e s  ( F i g .  '9). iiio 
o b s e r v a t i o n s  were made ?a t h e  Leve ls  of l a h e i  i n  
c r u d e  F r a c t i o n s  o r  on t h e  Z e ~ p Z s  of I C P  p T r ~ j p l Z ? h l f  
p r o t e i n s .  

E y e s t a l k  a b l a t i o n  a c c e l e r a t e s  v l t e l l o g e n e s i s  
d u r i n g  pr imary  v i t e l l o g e n e s i s  ( M i y o d i  and 42;yodt 
1970; Anilkumar and Adiyodi  1980; Charn iaux-Tot ion  
and T o u i r  1973; DeLeersynder et a l .  19E0; 
DeLeersynder and Dhainant  1977; D e s c o i l t u r e l l f  i9i8; 
Xeusey 1980; Schade and S h i v e r s  l 9 8 0 ) ,  but  r e s u l t s  
d u r i n g  secondary  v i t e Z l o g e n e s L s  a r e  l e s s  i n p r e s s i v e  
(Adiyodi  and Adiyodi  1 9 7 0 ) .  A b l a t i o n  had no v i s i b l e  
e f f e c t  on v i t e l l o g e n i n  p r o d u c t i o n  i n  H .  americafius- 
d u r i n g  s e c o n d a r y  v i t e l l o g e n e s i s ,  a s  3y- leuc i  le 
was I n c o r p o r a t e d  i n t o  serum v i t e L l o g e ~ . : ?  o f  a h l ~ r e d  
f e m a l e s .  Tha t  a b l a t i o n  itad no e f f e c t  or? v i t z l l n -  
g e n i n  p r o d u c t i o n  is i n  agreement wi t? )  o t s e r v a t  i n n s  
o f  Rlanche t  e t  a l .  (1979)  who found vi tel1ogc:i in 
s y n t h e s i s  independent  of hormonal f l u c t i ; a t i o n s  i : 3  

t h e  ainphipod Orc ikes t ia .  I n i t i a l  Levels  of inri:r- 
p o r a t i o n  were h i g h e r  i n  the  c o c t r o i  g r o u p ,  b!lt 
a b l a t e d  females  e x t r u d e d  7-23 d a f t e r  t i -c  L;l!~Lal 
i n j e c t i o n .  Nighes t  l e v e l s  of i n c o r p n r a t i 9 n  were 
a s s o c i a t e d  w i t h  Females ~djhicc e x t r u d e d  23  and : 7  d 
a f t e r  t h e  i n i t i a l  i n j e c t l q n ,  while lowes: l e v e l s  
were a s s o c i a r e d  with t h e  female -&(i ex t r s>d?d  7 d 



controls  / j Ablated 

Dnys Post-lnlticlion 

F ig .  1 7 .  Levels  of 3b -v i t e l l ogen in  and l e v e l s  of t o t a l  serum p r o t e i n s  
i n  c o n t r o l  G E  b i l a t e r a l l y  ablaced N. americanus females i n j e c t e d  with 
3 ~ - l e u c i l e  (1 .5  ,uCi!g wet body weight) .  R - r e s o r p t i o n ,  D - d i e d ,  
E - e x t r u s i o n ,  h - autops ied .  

Table  2 .  Levels  of r a d i o a c t i v i t y  and l e v e l s  of t o t a i  p ro t e in  a s soc i a t e6  with 
whole egg d i g e s t s  of extruded eggs from ab la t ed  female - H. americanus i n j e c t e d  
gith 3 ~ - ~ e d c l n ~  ( 1 1 5 p C i / g  wet body weight) .  

Ex t rus ion  CPM x  10~1egg  - P r o t e i n  (mg/wL)  - _  
(Days pos t - in j ec t ion )  X 2 SD Range X 2 SD gange 



Time (Weeks) 

Fig .  18. L e v e l s  of  t o t a l  se ru i i  p r o t e i n  i n  
r a r i i o a c t i v e  and nail- r a n ~ o a c  t i  ve - ti. amer icanus  t h a t  
underwent e x t r u s i o n .  

9% of Total GPMlmg P 

"XI of Potel CPM 

.9- 
a f t e r  t h e  i n L t i a l  I n j e c t i o n .  This s u p p ( ~ r : s  t i i t %  

o b s e r v a t i o n  t h a t s e r u m  v i i p  l logi>n'Li~ pr,iiir!i.r f a i l :  

d e c r e a s e s  and s t o n s  p r i o r  t o  e x t r u s i o n  airc":,:r 

r e s o r p t  ion  (no i 4 b - l a b e ~  was found assvc i . i r  e,l 
w i t h  t h e  serum v i t e l l o g e n i n  of c o n t r o l  Ee.n:~Ies). 
A b l a t i o n  had no v i s i b l e  e f f e c t  on v i t e l ? o v , e n i n  
u p t a k e  and/or  t h e  u p t a k e  of ' ~ - i e s i c i n e ,  a s  t i l e  
l a b e l  was Found a s s o c f a t e d  wirh t h e  Z i p c v i r e l ?  i n  
from ba th  o v n r l e s  and i?xt.rur?ed eggr. 

liorinnlly mati ir ing a o c y i r s  ;rre nvii;nri~rl :arid 
o v i p o s i  t e d  b u t ,  under c e r t a i n  c i r c u m s t a n c e s ,  total 
o v a r i a n  r e s o r p t i o n  may o c c a r  ( A l k e n  and Xaddy 1980). 
R e s o r p t i o n  of c o n t r o l  f e n a l e s  mast I.Lke?y ua? 
s t i m u l a t e d  by d i f f e r e n c e s  in t h e  h o l d f i l s  c:>:)dii-inns 
o f  t h e  two g r o u p s .  Abla ted  i t m a l e s  w e r e  h t - ld  i n  
i n d i v i d u a l  compartments t o  p r e v e n t  c:?ni:iih.il ism, :is 

a b l a t i o n  resir l  ts i n  hyperphagy (Adiyod i .11:'! "idivai? i 
1 9 7 4 ) .  C o n t r o l  females  were lieid eoir~nunallv with 
i n d i v i d u a l  s h e l r e r s  i n t o  wkiicir tlrey might t . r awl .  
The l a c k  of i n d i v i d u a l  com?artrnents has Seen 
observed  t o  be a  pc jss ib le  t r i g g e r  of rescr;>:ion i n  
t h e  l o b s t e r  (Waddy and A i k m  1983;. 

Changes i n  t o t a l  serum p r o t e i n s  of ieqnli?s 
d u r i n g  t h e  r e p r o d u c t i v e  s e a s o n  p r e v i o u s l y  tiad n o t  
been fo l lowed.  These d a t a  f o r  H a  amer icanus  - - .--- 
i n d i c a t e  that b a t h  serum p r o t e i n  L e v e l s  nil? ; e v e : ~  
of serum v i t e l l o g e n i n  d e c l i n e  d u r i n g  s e c o n d a r y  
v i t e l l o g e n e s i s .  F o l l o w i n g  e x t r u s i o n  o r  r ? s n r p t  ion, 
l e v e l s  of t o t a l  serum p r o t e i n  and serum v i t t l l o g e n l n  
i n c r e a s e  i n  r e s p o n s e  t o  t h e  r e s o r p t i o n  of r e l i c t  
e g g s  a n d / o r  p r o t e i n  s y n t h e s i z e d  hut  n o t  i i r i i i z e d  
( s e e  I. Role  of t h e  Ovary,  f o r  f u r t h e r  d i s c u s s i o n ) .  
The i n c r e a s e  i n  l e v e l s  of serum p r o t e i n  is g r e a t e r  
i n  females  who undergo t o t a l  o v a r i a n  r e s o r ; > t i o n .  Ic 
many c r u s t l c e a n s ,  a  s m a l l  r i s e  i n  Level .  -i kt'? 

blood  p r o t e i n s  and serum v i t e l l o g e n i ?  has 3cie1, 

observed  f o l l o w i n g  t h e  comnlet i o a ~  o t  oo:  row:'>, 
and h a s  h e m  a t f i r l u t e d  tn a r o t e i ?  s a l q a g a  tron t'lc 
o v a r y  (Ad 1 yodr and i d  rvodl  1971,  . i n i l i u v r  ?rid 
Adryodi  1980) * 

-. Pig  :cj. Leve ls  o f  labe: '- - - - - - - " - A  i e d  ~ : i C u i p ~ ~ n L ~ \ a  i n t o  --.-I ' 
l i p o v i t e l l i n  from o v a r i e s  of c o n t r o l  (C) and 
b i i a t e r a i i y  ( B A )  a b l a t e d  H, amer icanus  f e n a l e s  7 d 
a f t i . r  i n j e c t f o n  w i t i ?  ' ~ - ~ ; u c i n e  ( l . S p C i / g  wet 
body w e i g h t ) .  
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Varioi ls  ~ t i i d l r s ,  9~s1ng e l e c t r o p h o r e t i c ,  incu-  
b a t l o p ,  and rrrmunochemical t e c h n i q u e s ,  have  provided  
c o n f u s i n g  e v i d e n c e  f o r  d e l ~ n e a t i n g  t h e  s y n t h e t i c  
s l t e  of e x r r a - o v a r l a n  v i t e ? i o g e n i n  i n  c r u s t a c e a n s .  
The t n r e e  s u s p e c t e d  s i t e s  have been: t h e  hepa to-  
p a n c r e a s ,  l jh ich  i s  anaiogoiis  t o  t h e  l i v e r ,  t i le  
s y n t h e t i c  s l t e  of  yo lk  p r e c u r s o r s  i n  v r r t e b r a r e s ;  
t b e  hemocytes ,  which have been s u g g e s t e d  t o  
c o n t r i b u t e  t o  t h e  p r o d u c t i o n  of  serum p r o t e i n s  i n  
i n s e c t s ;  and t h e  subepldermal  a d i p o s e  ";issue, which 
L b  andlogous  t o  t h e  f a t  body, t h e  s y n t n c t i c  s i t e  o f  
e x t r a - o v a r i a n  v i t e l l o g e n i n  i n  I n s e c t s  ( s e e  Adiyodi  
and Adiyodl  1374 and Meusy 1980 f o r  r e v i e w s ) .  

T h c  h e p a t o p a n p r e a s  has  been suggested t o  be t h e  
mal? site of e x t r 2 - o v a r i a n  ~ i t e l l o g e n r n  s y n t h e s i s  
{Bessz  e t  ai. 1970; C e c c a l d r  1976; C e c c a l d l  and 
' i a r t r n  1969,  K e s s e l  1968, N o l i n  r t  a l .  1973). Besse  
e t  n ; .  ( 1 9 7 0 )  a?d V o i i n  e t  a l .  (1973) r e p o r t e d  t h e  
e x i s t e q c e  4t a2 p r o t e i n  s u b s t a n c e  In  h e p a c o p a n c r e a t i c  
pxt r a c t s  t h a t  a s  i d e n t i c a l  t o  t h e  f e m a l e - l i n i  t a d  
seruw ? r o t e i n ,  v ~ t e l l o g e n i n .  P icaud  aqd S o u t y  
(1980)  d 9 m o n s t r a t e d  t h e  p r e s e n c e  of  v i t e l l o g e n i n  i n  
r h ~  i-epatopancreas,  bu t  t h e y  d i d  n o t  f i n d  any  
L ~ c d - r p o r a t L o n  of  l a b e l  i n t o  t h i s  m a t e r i a l ,  
s u g g e s  t i n g  t h a t  t h e  I- iepatopancreas may a b s o r b  and 
e l r m ~ n a t ~  e x c e s s  v i t e l ; o g e n i n .  E l e c t r o p h o r e t i c  
a n a l y s i s  of  t h e  h e p a z o p a i ~ c r e a s  of P a r a t e l p h u s a  
showed t h e  p r e s e n c e  of  none of  t h e  major 
v i t e l l o g e n i n s  {Adiyodi  and Adiyodi  1 9 7 2 ) .  

P r e l i m i n a r y  e v i d e n c e  i n d i c a t e d  t l j a t  t h e  
i e m o c y t e s  may s y n t h e s i z e  t h e  s e x - l i m i t e d  serum 
p r o t e i n ,  a s  t h e y  have  been found t o  produce l a b e l e d  
p r o t e i n s  i n  v i t r o  (Kerr  1963). However, e l e c r r o -  -- 
p l ~ o r e t i c  a t t e n p t s  t o  d e m o n s t r a t e  t h e  p r e s e n c e  of 
v i t e 1 2 o g c n i n  i n  t h e  hemocytes of P a r a t e l p h u s a  were 
u n s u c c e s s f u l  (Adiyodi  and Adiyodi  1972) .  No o t h e r  
a t t e m i > t s  h a v e  Seen  aadc t o  c l a r i f y  t h e  p o s s i h l e  r o l e  
o f  t h e  l l enocytes  Lo v i c e l l o g c n i n  p r o d u c t i o n .  

R e c e n t l y ,  e v i d e n c e  h a s  been accumula t ing  i n  
s u p p o r t  of t h e  s u b e p i d e r n a l  a d i p o s e  t i s s u e  b e i n g  t h e  
s y n t h e t i c  s i t e  of  e x t r a - o v a r i a n  v i t e l i o g e n i n ,  During 
b o t h  s e x u a l  i n v e r s i o n  and normal p r o g r e s s i o n  of 
v i t e l l o g e n e s i s ,  t h e  s u b e p i d e r n a l  f a t  h a s  been 
o b s e r v e d  t o  undergo r a p i d  growth and development 
( R e r r e u r  Fionrlenfant 1 9 7 i j .  J u n e r a  and C r o i s i l l e  
1980) h a v e  sliown, v i a  a u t o r a d i o g r a p h y ,  t h a t  

4ii-ie;lcine was i n c o r p o r a t e d  i n t o  t h e  si ibepiderrnal  
Eat  R E  t h e  t h o r a c i c  r e g i o n .  I n  a  s e r i e s  of bo th  i n  - 
v i v o  and i n  v i t r o  s t u d i e s ,  u s i n g  immunofluorescence,  -- - -- 
l m ~ i n o r a d i o g r a p h i c ,  and rad io inmunoassay  t e c h n i q u e s ,  
i.t h a s  been  demons t raced  t h a t  t h e  subepidermal  f a t  
c o n t a l n s  n o t  nz:ly immtinoreactive sites: but  a l s o  
i n c o r p o r a t e s  l a b e l  i n t o  v i t e l l o g e n i n  (P icaud  1980; 
P i c a u d  and Souty  1980; Souty  and P icaud  1981) .  

The purpose  o f  t h i s  phase of t h e  work was t o  
examine a l l  p r e v i o u s l y  s u s p e c t e d  s y n t h e t i c  - s i t e s  of 
t h e  e x t r a - o v a r i a n  v i t e l l o g e n i n ,  u s i n g  i n  v i t r o  
c u l t u r e  methods in  hopes of  c l a r i f y i n g  rhe  o r i g i n  of 
t h i s  p r o t e i n .  A s  a l l  iwthods  used were i n c o n c l u s i v e  
i n  i d e n t i f y i n g  t h e  s y n t h e t i c  s i t e  f o r  v i t e l l o g e i k i n ,  
o n l y  t h e  has12  methods t r i e d  and i n f o r m a t i o n  
c o n c e r n i n g  c h e i r  u s e f u l n e s s  o r  Lack of u s e f u l n e s s  
sjill be d i . s c u s s e l .  

I n t a c t  hemocytes were g a t h e r e d  as d e s c r i b e d  by 
S t e w a r t  e t  a l .  (1966). A l l  equ ipmer~t  L n c l i ~ d i n g  t h e  
l o b s t e r s  were pre-cooled (4°C). The "r,e~oLj-=pi?  WE^ 

withdrawn from t h e  v e n t r a l  nhdcimina? s i ~ ~ u s  i q t o  
s y r i n g e s  c o a t e d  w i t h  v a s e i i n e  t o  prevent  c l o t  
f o r m a t i o n .  Samples were t r a n s f e r r e d  to vaseline 
c o a t e d  c e n t r i f u g e  t u b e s  and immedia te ly  c e n t r i f u g e d  
a t  17000 RTY f o r  l 5  min. FoLLowiilg c e n t r i i i i g a t i c n ,  
t h e  hemocgtes were s e p a r a t e d  f r o e  the  pel 1fi.c i n  a 
volume 3: potass ium phosphate  b u f f e r  (0.1; !<, pH 
8 . 0 )  eqi:nl t o  l/S t h e  o r i g i n a l  hernolymph volane  f:?; 
24 h .  Fol lowing  e x t r a c t i o n  and c e n t r i f u g a r i n n ,  rile 
s u p e r n a t a n t  was used f o r  e u l t u r h g .  

The h e p a t o p a n c r e a s  and a d i p o s e  t i s s u e s  wer* 
removed a s  a s e p t i c a l l y  a s  p o s s i b l e  ( t h e  cnr-ipace was 
s u r f a c e  c lea i l sed  w i t h  70X ETOII ) ,  and p l a c e 2  i n  
s l e r i 1 . e  R t n g e r s  c o n t a i n i n g  a n t i b i o t i c s  (p. 10 ) .  
Organs were r i n s e d  twice  b e f o r e  t h e y  ,were c u t  Int.3 
s ina l l  p i e c e s .  To minimize t h e  l y t i c  a c t  i o n  of t h e  
h e p a t o p a n c r e a t i c  enzymes and t h u s  slow  issue 
breakdown, t h e  R i t ~ g e r s  s o l u t i o n  was removed by p i p e t  
w i t h  minimal d i s t u r b a n c e  t o  t h e  organ  p i e c e s .  Tile 
p r o c e d u r e  was r e p e a t e d  5-6 t i m e s  u n t i l  t h e  sol .ucinn 
was r e l . a t i v e l y  f r e e  of s m a l l  t i s s u e  d e b r i s .  Organ 
p i e c e s  were t h e n  c a r e f u l l y  b l o t t e d  and t r a n s f e r r e d  
t o  s t e r i l e  c u l t u r e  v i a l s  c o n t a i n i n g  tile r i i l t a l re  
media.  Adipose t i s s u e s  were t r e a t e d  i n  the s a n e  
manner. 

Organ p i e c e s  and i s o l a t e d  hemocvtes were Lncu- 
b a t e d  i n  t h e  p r e s e n c e  of 3 ~ - l e u c i n e  ( 5  &1C2!rnL, 
s p .  a c t .  115.3 Ci/ffimol) a t  19.5 -+ 0.2"i i n  a i : iL=on - 
s h a k i n g  w a t e r  b a t h .  Po i lowing  i - l c u h e t t o n ,  mi-d ia was 
f i l t e r e d ,  2 5  nM PXSF added t o  i n h i b i c  e n z g a a r i c  
d e g r a d a t i o n ,  and examined f o r  i n c o r p o r a t i o n  of l a b e l  
i n t o  TCA p r e c i p i t a b l e  p r o t e i n s  and f o r  t h e  p r e s e n c e  
of  v i t e l i o g e n i n .  P r o t e i n  l c v c l s  were measured hy 
t h e  T,owr:y method ( p .  2 ) .  

I n  the  l a t e  s u m e r  of 19131 o r g a n s  From a  
pre-ovigerons  female  were c l i l t u r e d  f o r  24 li i n  rials 
serum ( 1 0 0 % ) ,  a n t i b i o t i c s  (I%) and 3 ~ - ~ e u c i n c ,  
A l l  c u l t u r e s  e x h i b i t e d  l a c o r p o r a t i o n  of l a b e l  i n t o  
TCA p r e c i p i t a b l e  p r o t e i n s ,  b u t  v l t e l l o g a n i c  bins riot 
d e t e c t e d  by t h e  Coomassis b l u e  s t a i n ,  nor v e r e  t h e r e  
a n y  a p p r e c i a b l e  c o u n t s  p r e s e n t  i n  any of t h e  
e l e c t r o p h s r e t i c  bands.. L e v e l s  of l a b e l e d  p r o t e i n  
loaded  onto  t h e  g e l  were l e s s  t h a n  6% o f  t h e  t s t a i  
TCA p r e c i p i t a b l e  p r o t e i n s .  I t  appeared  tha";iqing 
male s e r u a  a s  a  c u l t u r e  media combined w i t h  
e l e c t r o p l - ~ o r e t i c  s e p a r a t i o n  of p r o t e i n s  was not 
s u i t a b l e  f o r  measuring s m a l l  i e v e l s  of r a d i o a c t i v i t y  
o r  f o r  d e t e r m i n i n g  t h e  p r e s e n c e  of newly synt t ies laed  
v i t e l l o g e n i n .  

A r a d i c i m u n o a s s a y  was rrheri dev ised  tc, 'be use3 
i n  con j u n c t i o n  w i t h  i m u n o e l e c t r o p h c r e s i s  ( C l a r k  a d  
Freeinan method),  d u r i n g  t h e  1952 r e p r o d u c t i v e  
s e a s o n ,  i c  hopes of i n c r e a s i n g  t h e  s c e s i r i v i t y  ~f 
measur ing  s m a l l  l e v e l s  of v t t e l l o g e n i n  and i n s u r i n g  
t h a t  v i t e l l o g e n i n  was t h e  o n l y  p r c t e l n  i n  rile 
i : n r ~ n n o p r e r i p i t a c e .  The b a s i c  RIA. wwas mod iiied :TT"T. 

t h o s e  used by tiagedorn e t  a l .  (I 978) f a r  i n s e c t s  and 
Souty  and Picaud (19131) f o r  i s o p o d s .  Orgat15 derr  
c u l t u r e d  f o r  5 h in R i n g e r s  (Welsh e t  al. 19hR), 
l a b e l  and a c t i b i o t l c s .  The 2.1'4 constitel of LO0 u L  



medla t o  which 2 5  uL o f  u n l a b e l e d  l i p a n d  ( p u r l f l e d  
o v a r i a n  l i p o v i t e l l i n ,  1 mg/mL) and 125 uL o f  a n t i -  
serum ( I :  50 d l l o t i o n ,  a s  de te rmined  f r o %  a  d i l u t i o n  
c ~ r r v e )  was added .  T h l s  was ii1cubatc.d f o r  2 h a t  37°C 
and  t h e n  p l a c e d  i n  t h e  c o l d  ( 4 ' C )  o v e r n i g h t .  A f t e r  
m i x i n g ,  t h e  p r e c i p i t a t e  was t r a n s f e r r e d ,  wi thout  
d i l ~ t l o n ,  t o  a  0.45 uki -WdP n i l l i p o r e  f i l t e r  which 
had  been pre-soaked Ln sodium phosphate  b u f f e r  (0.05 
M ,  pH 7 . 4 )  c o n t a i n i n g  0.51 BSA,  i% u n l a b e l e d  
D , L - l ~ t i e i n e ,  and 0.9% V a C i  rn  redxrre non-specif  i c  
p r o t e i n  b ~ n d i n g .  The i n c u b a t i o n  tube  was r i n s e d  w i t h  
I m> o f  t h e  phosphate  b u f f e r  and t r a n s f e r r e d  t o  t h e  
f i l t e r  w h i c h w a s  t h e n  washed w l t h  an a d d i t i o n a l  30 aL 
of b u f f e r ,  f o l l o w e d  by 4 m i  ( 1 : 2 )  cnloroform:  
w e t w n o l .  The f i l t e r  was a l lowed t o  d r y  then  
t r a w f e r r e d  t o  a  coluene-baaed s c l n t i l l a n t ,  s t o r e d  i n  
t h e  d a r k  f o r  24 ix, aiirl c o u n t e d .  

I n c o r p o r a t i o n  of l a b e l  i n t o  TCA pre.  i p i t a h l e  
protc. t i>i  was fo l lowed in  two w a j i :  A t  hor:rly 
i n l e r v d l s ,  250 uL o f  medi? ua.i r e a w e d  arid 
c e n t r i i u q e d .  1 ) u ~ l t c a t e  SO-lil samples  were p i n e t r d  
~ q t s )  F! i t r r  paper  t l l s r r :  6Marls and N o s e l i i  1951). I n  
a h i 7  w,y, I n c o r p i ? r , ~ t l o n  i i ~ ~ o  p r o t e i r i s  io i i ld  hi? 
f 1 w r o t  I i I n  L o  i d .  i t  fbe 
en,: iaf the i n r u ' r a i i o n  p e r  ~ o d  a f t e r  t r r a l m e i l t  of t h e  
rneds? ( se t ,  pbove) ,  100  uL of media t o  which 25 uL of  
u n l a b e l e d  l i g a n d  and 125 ut of 10% TCA Mere added t o  
examine i n c o r p o r a t i o n  $ ? t o  TC4 p r e c i p i t a h l e  p r o t e i n s .  
The p r e c i n l t a t e  was washed o n t o  a m i l l i p o r e  f i l t e r ,  
r i n s e d  w i t h  30 mL o f  10% TC4, 4 mL c h l o r o f o r o :  
m r t i a n o i ,  d r i e d ,  and t r e a t e d  a s  t h e  RIA f i l t e r s  f o r  
s c  i ~ t i l l a t  i o n  c o u n t i n g .  Data were e x p r e s s e d  a s  t h e  
r a t i o  of  l a b e l  ~ n c o r p o r a t e d  in i r n r n t i n o p r r r i p l t s t ~  ur 
l a b e l  l n r o r p o r a t e d  i n t o  t o t a l  TCA p r e c i p i t a h l e  
p r o t e i q s ,  which e l i m i n a t e d  v n r r a t i o n s  due t o  
d r C t e n e , ~ r e . i  i n  amino a c i d  pools  and i n c o r p o r a t i o n  
r a t e i  among d i f f e r e n t  a n i m a l s .  

L I -  
I n c o r p a r a t r o n  of label. i n t o  TCA p r t e i  p i  t a h l t  

p r o t e i n s  was l i n e a r  th roughout  t h e  liiictiLat ,on wr LO,: 

f o r  a l l  c u l t u r e s ,  i n d i c a c i ~ g  t h a t  t h e  c r , i t u r e s  d e r e  
v i a b l e .  A l l  c u l t u r e s  s?iowed c o u n t s  a s s c c l a t e f l  with 
t h e  RIA p r e c l p i  t a t e s  ,  res sun ably i n d i c a t ~ n g  the 
p r e s e n c e  of  v i t e l l o g e n i n .  R e s u l t s  froi" rhe i m u n o -  
e l e c t r o p h o r e s i s  showed t h e  p r e s e n c e  of m i t i p l e  
p r e c i p i t i n  a r c s ,  i n d i c a t ~ n g  t h a t  e i t h e r  t h i  a n t l h o d  j 
was contaminaced o r  t h e  a n t i g e n i c  d e t e r m i r a l t  *as a  
c o m o n  componenr among w r y  d l f f e r e n c  ? r ? t e i n s .  

A s  t \ e  :982 r e n r o d u r t ~  ve s e a s q n  was nedrz~g 
c o m p l e t i o n  and no o t h e r  an t t se rurn  was ? v s i l a n l e ,  t\e 
c u l t u r i n g  p r o t o c o l  was a l t s r e d  i 1 3  t h e  ~ ~ O P P S  09  

s i m p l y  i d e n t i f y i n g  t h e  presence  of  v i t r l l o p e n ~ ? .  
Organs  were c u l t u r e d  f o r  5 h I n  S i n g e r s .  ~ e v ~ l z  of 
i n c o r p o r a t i o n  i n t o  I C A  pr i : ip I ; lb le  ? r o t e l  wer, 
€01 lowed throughorit tlie i l c u h d t i o n  p e r i o d ,  .;ir:?g the 
f I l t e r  paper d i h c  met bod .  " o l i n x l n g  i ? r r ~ h ; i r f o q  and 
t r e a t m e n t  of media,  tire irpd i;l wrre  thorotig $1 J 

d r a l y z e d  < ipniqs t  r l e c t r  , p h o r e s l s  b u f f e r  ( p .  ' 1 t ) 

remove C X C ~ . ~ . ;  ~ n i n c o r p o r n i ; - d  l a b e l .  "Let tro;>iil>r iii 
was carr1c.d a r t  on 57 p o l y a c r y l a n i d e  pel  ,. P I P I ;  i f  
t h e  g e i  xas  s t a ~ n e d  w i t n  s i l v e r  - t a l c ,  t h e  i>i >tnr 
? t a l i  w t i h  r o o m a i s t e  b l u e .  Tncorpor , r t ion  i b f  L *"?el 
i n t o  TC4 p r c r i p l t a b i e  p s o t e i n s  was l i  l r < a r  tor  a l l  
c t i l t u r e s .  R e s u l t s  of s ~ l v e r  s t a i n l q g  1 - d  ici i ted t i tar  
t h e  a d i p o s e  c r s s u e  c u l t u r e  rned~a  c o n t a i l - d  s p r s r e i n  
band i n  t h e  approximate  p o s i t i o n  02 v i t e i l o g e n i n .  
T h i s  band was n o t  v i s i b l e  i n  any  of t h e  o t h e r  
c ~ i l t u r e  media,  nor  i n  t h e  h a l f  of t h e  g e l  s t n i q e d  
w i t h  Coomassie b l u e .  Coomass le -s ta ined  g e l s  &$=re 
d r i e d  f o r  a u t o r a d i o g r a p h y  on LKR-I ' l t roi iFn.  51 'iver- 
s t a f n e d  g e l s  coulif no t  hi. u s ~ d  Tor thi.; :,lir>n.ie, ns 
t i le  si L V P ~  I i i L e r f e r r s  w l t h  ai i toradLograrriy 
(VanKeuren e t  a l .  1981). R e s u l t s  a r e  not  y e t  
rornplete f o r  t h i s  techniqili. .  
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Barlow, J .  , and J. Ridgeway. 1959.  $1 a n r t s  1q 
s e r m  p r o t e i n  d u r i n g  t h e  molt  and r e p r o d u c t ~ v e  

Tiiese d a t a  from Womarus a m e r i c a n u s  t e n d  t o  -- 
s u p p o r t  c a r r e n t  t h e o r i e s  f o r  a  d u a l  o r i g i n  of yo lk  
p r c t e i n s  i n  c r u s t a c e a n s .  E x t r a - o v a r i a n  serum 
v i t e l l o g e n i n  h a s  a  r o l e  i n  y o l k  f o r m a t i o n  d u r i n g  
s e c o n d a r y  v i t e l l o g e n e s i s ,  w h i l e  endogenous s y n t h e s i s  
o f  y o l k  p r o t e i n s  seems t o  be more a c t i v e  i n  pr imary  
v i t e l i o g e n e s i s .  

Secondary  v ~ t e l l o g e n e s i s  is c h a r a c t e r i z e d  by 
h l g h  l e v e l s  of   it el log en in i n  t h e  s e r m  which a r e  
t h e  r e s u l t  of p r o t e i n  i n  t r a n s i t  from t h e  s y n r h e t i c  
s i t e  t o  t h e  ovary .  V r t e l l > g e n i n  p r o d u c t i o n  d e c l i n e s  
aod c e a s e s  a t  l e a s t  24 h p r i o r  t o  e x t r u s i o n  and a t  
L e a s t  2-3 wk p r l o r  co t o t a l  o v a r i a n  r e s o r p t i o n .  
T o t a l  l e v e l s  of serizm p r o t e l n s  d e c r e a s e  p r i o r  t o  
e x t r d s r o n  o r  r e s o r p t i o n ,  a f t e r  whrrh t h e y  i n c r e a s e ,  
and vl t e l  l o g e n i n  l e v e l 9  f o l l o w  trxe same p a t t e r n .  
Wrth r e s o r p t i o n ,  l e v e l s  of t o t a l  s e r i m  p r o t e i n  and 
v i t e l l o g e n i n  i n c r e a s e  markedly and a r e  t h e  r e s u l t  of 
p r o t e i n  s a l v a g e  from t h e  w a r y .  E y e s t a l k  a b l a t i o n  
had l l t t l e  e f f e c t  on v i t e l l o g e n i n  ~ r o d r x c t i o n  and 
u p t a k e  d u r i n g  s e c o n d a r y  v i t ~ l l o g e n e s i s .  

;he ovary  is c a p a b l e  3f s y n t h e s i z i n g  p r o t e i n s  
and  l i p o v i t e l l i n .  The g r e a t e s t  amount of s y n t h e t i c  
a c t l v i t y  is d u r i n g  pr imary  v i t e l l o g e n e s i s .  The 
o v a r y  i p  a l s o  c a p a b l e  of s e q u e s t e r i n g  p r o t e i n s  
dajr ing s e c o n d a r y  v i t e l l o g e n e s i s  a s  p u r i f i e d  l i p o -  
v r t e l l i n  w a s  t a k e n  up i q  v i t r o .  -- -- 

c y c l e s  of t h e  American l o b s t e r  (Homarils 
a m e r i c a n u s ) .  J. 3 i s h .  Res.  Board Can. 26 -- 
2101-2109. 

Beams, 3. W . ,  and R .  G .  K e s s e i .  1951. E l e c t r o n  
microscope  s t u d i e s  on d e v e l o p i c g  c r a y f i s h  
o o c y t e s  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  o r i g i n  of 
y o l k .  ,3. C e l l  3101. 18: 621-649. 

1980. C l t r a s t r t > c t u r e  and :Lre l i  g e n e s r s  
i n  t h e  o o c y t e  of t h e  c r u s t a c e a n ,  Cin~sciis  
a s e l l u s .  J .  Subminrosr .  Cytcil. 1 2 :  17-27. .- 

B e l i ,  W. J. 1971. S t a r v a t i o n - i q d u r e d  w c v t e  
r e s o r o t i o n  and yolk  m o r e i n  s a l v a p e  .ri 

P e r i p l a n e t a  amer icana .  J. I n s e c t  Physi31. ; ? :  
1099-1111. 

Ser reur -Bonnenfant  , J .  1971.  Ecdde conpari t ,  d 4 ,  
t e s t i c l e  de que lques  Crus ta rGs  8onorrb-ir~qdeu 01- 

h e r m a p h r o d i t e s .  4 rch .  Zool. exp.  g6-i. 1 ~ 2  
375-395. 

R e s s e ,  G. 1976. C o n t r i b u t i o n  2 l t 6 t u d e  
e x ~ 6 r i n e n t a l e  de l a  physiologic sexaeLle 
f e m e i l e  chez  les C r d s t a c g s  1soi;ode.; tei-rr i-s tres.  
Th3se d e  D o c t o r a t e  d Y E t a t ,  P o i t i e r s  no. CYRS 40 
13017. 

Besse ,  G., and J. W i s s i a t .  1971 .  Act ion  dc ,a 
g l a n d e  de mue s u r  l a  v i t e l l o g e + s e  d ?  C r u s t a c g  
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Acad. S c i . ,  S e r .  D, 273: 1975-1978. 
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