
The distribution, rate of synthesis and characterization of protein from the eggs of Aulocara elliotti
(Thomas) (Orthoptera, Acrididae) during development
by Richard Wilmer Robinson

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
DOCTOR OF PHILOSOPHY in Zoology
Montana State University
© Copyright by Richard Wilmer Robinson (1970)

Abstract:
Dry weight, protein content and rate of protein synthesis of whole eggs and separate egg fractions
(embryo, yolk and shell) were followed throughout the embryogenesis of Aulocara elliotti (Thos.).
Protein content was determined by the biuret assay. The protein of whole eggs and the yolk fraction
decreased markedly during the transition from prediapause to diapause development. The embryonic
protein increased during the first 50 days of diapause development and gradually decreased with longer
times in the diapause state. Increases in embryonic protein paralleled morphogenetic changes during
post-diapause development.

There was an increase in the ratio of non-protein to protein material in the embryo during late
pre-diapause which reached a high level that was maintained throughout diapause and decreased during
post-diapause development. Uniformly-labeled valine-C14 was introduced by a desiccation-absorption
technique to allow a 4-day period of in vivo incorporation into protein. The embryo fraction showed a
high rate of protein synthesis at 36 days of pre-diapause development. The rate of protein synthesis was
low in embryos and relatively high in yolk during diapause. The observations indicate that the increase
in the ratio of non-protein to protein material in the diapausing embryo is due to continued hydrolysis
and transfer of yolk reserves to the embryo while a low embryonic metabolic rate allows the
accumulation of the products.

Embryonic proteins and yolk proteins that were soluble in 40 % sucrose were separated
electrophoretically on polyacrylamide disc gels.

Yolk protein not soluble in 40 % sucrose (over 50 %) was dissolved in 0.6 N KC1 and separated. The
number of protein bands was determined by-staining with Amido-Schwarz. Proteins conjugated with
carbohydrates or lipoid material were indicated by use of the PAS reaction and Sudan Black B staining.
The general pattern of protein bands was determined in embryos and yolk during pre-diapause,
diapause and post-diapause development. Protein from embryos and yolk contained the largest number
of bands during diapause. Three lipid-positive bands were found in diapausing embryos while only one
was found during pre-diapause and post-diapause development. Four protein bands in diapausing
embryos correspond with bands in the yolk pattern during diapause. This may mean that intact proteins
are transferred from the yolk to the embryo. Two, five and six lipoprotein bands, respectively, appeared
in 40 % sucrose-soluble yolk during pre-diapause, diapause and post-diapause development. Yolk
soluble in 0.6 N KC1 contained two major protein bands which were positive for both carbohydrate
and lipid. 
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ABSTRACT

• Dry w e ig h t , p r o t e i n  c o n te n t  and r a t e  o f  p r o t e i n  s y n th e s i s  o f  w hole 
eggs and s e p a r a t e  egg f r a c t i o n s  (em bryo , y o lk  and s h e l l )  w ere  fo llo w e d  
th ro u g h o u t  th e  embryo genes i s  o f  Auloeava e ll i -o tt - i  (T h o s . )  . P r o te in  con­
t e n t  was d e te rm in e d  by th e  b i u r e t  a s s a y .  The p r o t e i n  o f  w ho le  eggs and 
th e  y o lk  f r a c t i o n  d e c re a s e d  m ark ed ly  d u r in g  th e  t r a n s i t i o n  from  p r e ­
d ia p a u s e  to  d ia p a u s e  d e v e lo p m e n t. The em bryon ic  p r o t e i n  in c r e a s e d  
d u r in g  th e  f i r s t  50 days o f  d ia p a u s e  deve lopm en t and g r a d u a l ly  d e c re a s e d  
w i th  lo n g e r  t im e s  i n  th e  d ia p a u s e  s t a t e .  I n c r e a s e s  i n  em bryon ic  p r o t e i n  
p a r a l l e l e d  m o rp h o g e n e tic  changes d u r in g  p o s t - d ia p a u s e  d ev e lo p m en t.
T here  was an i n c r e a s e  i n  th e  r a t i o  o f  n o n - p r o te in  to  p r o t e i n  m a t e r i a l  
i n  th e  embryo d u r in g  l a t e  p r e - d ia p a u s e  w hich  re a c h e d  a  h ig h  l e v e l  t h a t  
was m a in ta in e d  th ro u g h o u t  d ia p a u s e  and d e c re a s e d  d u r in g  p o s t - d ia p a u s e  
d ev e lo p m en t. U n if o rm ly - la b e le d  v a l in e - C l^  was in t r o d u c e d  by a d e s ic ­
c a t i o n - a b s o r p t i o n  te c h n iq u e  to  a llo w  a 4 - day p e r io d  o f  'in v ivo  i n c o r ­
p o r a t io n  i n t o  p r o t e i n .  The embryo f r a c t i o n  showed a h ig h  r a t e  o f  p r o t e i n  
s y n th e s i s  a t  36 days o f  p r e - d ia p a u s e  d ev e lo p m en t. The r a t e  o f  p r o t e i n  
s y n th e s i s  was low i n  em bryos and r e l a t i v e l y  h ig h  i n  y o lk  d u r in g  d ia p a u s e .  
The o b s e r v a t io n s  i n d i c a t e  t h a t  th e  i n c r e a s e . in  th e  r a t i o  o f  n o n - p r o te in  
to  p r o t e i n  m a t e r i a l  i n  th e  d ia p a u s in g  embryo i s  due to  c o n tin u e d  h y d ro ­
l y s i s  and t r a n s f e r  o f  y o lk  r e s e r v e s  to  th e  embryo w h i le  a  low em bryon ic  
m e ta b o lic  r a t e  a llo w s  th e  a c c u m u la tio n  o f  th e  p r o d u c t s .

Em bryonic p r o t e i n s  and y o lk  p r o t e i n s  t h a t  w ere  s o lu b le  i n  40 % s u c ­
r o s e  w ere  s e p a r a te d  e l e c t r o p h o r e t i c a l l y  on p o ly a c ry la m id e  d i s c  g e l s .
Y olk  p r o t e i n  n o t  s o lu b le  i n  40 % s u c ro s e  (o v e r  50 %) was d i s s o lv e d  in  
0 .6  N KCl and s e p a r a te d .  The num ber o f  p r o t e i n  b ands was d e te rm in e d  by- 
s t a i n i n g  w ith  A m ido-Schw arz. P r o te in s  c o n ju g a te d  w ith  c a rb o h y d ra te s  o r  
l i p o i d  m a t e r i a l  w ere  i n d i c a t e d  by  u se  o f  th e  PAS r e a c t i o n  and Sudan 
B lack  B s t a i n i n g .  The g e n e r a l  p a t t e r n  o f  p r o t e i n  b an d s  was d e te rm in e d  
i n  em bryos and y o lk  d u r in g  p r e - d i a p a u s e , d ia p a u s e  and p o s t - d ia p a u s e  
d e v e lo p m en t. P r o t e i n  from  em bryos and y o lk  c o n ta in e d  th e  l a r g e s t  
num ber o f  bands d u r in g  d ia p a u s e .  T h ree  l i p i d - p o s i t i v e  bands w ere found  
i n  d ia p a u s in g  em bryos w h i le  o n ly  one was found  d u r in g  p r e - d ia p a u s e  and 
p o s t - d ia p a u s e  d ev e lo p m en t. F ou r p r o t e i n  bands in  d ia p a u s in g  embryos 
c o rre s p o n d  w i th  bands i n  th e  y o lk  p a t t e r n  d u r in g  d ia p a u s e .  T h is  may 
mean t h a t  i n t a c t  p r o t e i n s ' a r e  t r a n s f e r r e d  from  th e  y o lk  to  th e  em bryo. 
Two, f i v e  and s i x  l i p o p r o t e i n  b a n d s , r e s p e c t i v e l y ,  a p p e a re d  i n  40 % 
s u c r o s e - s o lu b le  y o lk  d u r in g  p r e - d i a p a u s e ,  d ia p a u s e  and p o s t - d ia p a u s e  
d ev e lo p m en t. Y olk s o lu b l e  i n  0 .6  N KCl c o n ta in e d  two m a jo r  p r o t e i n  
b ands w h ich  w ere  p o s i t i v e  f o r  b o th  c a rb o h y d ra te  and l i p i d .



INTRODUCTION

The g ra s s h o p p e r  s p e c ie s  Aulocava e l V i o t t i  (Thomas) i s  in d ig e n o u s  

to  th e  G re a t P l a in s  a r e a  o f  th e  U n ite d  S t a te s  and h a s  b e e n  o f  c o n s id ­

e r a b l e  i n t e r e s t  from  an econom ic s ta n d p o in t  f o r  many y e a r s . A lthough  

c o n t r o l  o f  t h i s  i n s e c t  i s  p o s s ib l e  by c h e m ic a l m ean s, an u n d e rs ta n d in g  

o f  th e  f a c t o r s  w h ich  c a u se  p o p u la t io n  changes and s u b s e q u e n t  econom ic 

damage w ould  be  o f  v a lu e  when p la n n in g  any s o r t . o f  c o n t r o l  p ro g ram . 

C o n s e q u e n tly , d u r in g  th e  p a s t  d ecad e  a  num ber o f  b io c h e m ic a l  s tu d i e s  

hav e  b een  u n d e r ta k e n  on th e  egg s ta g e  o f  t h i s  s p e c ie s  w i th  th e  id e a  

t h a t  an i n t i m a t e  know ledge o f  th e  p h y s io lo g y  m ig h t r e s u l t  i n  some 

u n d e r s ta n d in g  o f  th e  r e a s o n s  f o r  p o p u la t io n  change.

S e v e ra l  c l a s s e s  o f  compounds h av e  b e e n  i n v e s t i g a t e d .  Svoboda 

(1964) s tu d i e d  th e  l i p i d  f r a c t i o n  o f  d e v e lo p in g  eggs and found  t h a t  

t h e r e  was a  m arked  in c r e a s e  o f  l i p i d s  w i th in  th e  em bryo d u r in g  e a r l y  

d ia p a u s e  d ev e lo p m en t. The l i p i d  c o n te n t  and e s p e c i a l l y  th e  t r i ­

g ly c e r id e  f r a c t i o n  o f  w ho le  eggs d e c re a s e d  c o n s id e r a b ly  d u r in g  th e  

p o s t - d ia p a u s e  p e r io d  s u g g e s t in g  t h a t  t h e s e  m a t e r i a l s  w ere  b e in g  

u t i l i z e d  f o r  e n e rg y  o r  a s  a  c a rb o n  s o u r c e .  B o e ll  (1935) r e p o r t e d  t h a t  

73 % o f  th e  oxygen consum ed d u r in g  th e  developm en t o f  Melanoplus 

d i f f e v e n t i a l i s  can  b e  a c c o u n te d  f o r  on th e  b a s i s  o f  o x id a t io n  o f  f a t s .  

Thus i t  a p p e a rs  t h a t  th e  p a t t e r n  o f  u t i l i z a t i o n  i n  A. e l l l o t t l  i s  

s i m i l a r  to  t h a t  found  i n  M. OiiffeventyLaUs.
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Q uickenden  and R oem hild  (1969) and Q uickenden  (1970) d e te rm in e d  

th e  c a rb o h y d r a te  l e v e l s  . in  eggs th ro u g h o u t  em b ry o g en esis .. They n o te d  

i n c r e a s e s  i n  m a n n i to l  and t r e h a lo s e  d u r in g  d ia p a u s e .  S in c e  g ly co g en  

l e v e l s  d id  n o t  d e c l in e  and th e  q u a n t i t y  o f  f r e e  m annose.w as i n s u f ­

f i c i e n t  to  s e r v e  as th e  o n ly .p r e c u r s o r  f o r  m a n n ito l  s y n t h e s i s ,  i t  was 

p o s tu l a t e d  t h a t  th e  h y d r o ly s i s  o f  p r o te in - c a r b o h y d r a te  com plexes 

c o u ld  p r o v id e  p r e c u r s o r s  f o r  m a n n i to l  a n d /o f  t r e h a lo s e  s y n t h e s i s .

Bunde (1965) and Bunde and P e p p e r  (1968) s tu d i e d  th e  f r e e  amino 

a c id s  p r e s e n t  a t  v a r io u s  s ta g e s  i n  th e  d ev e lo p m en t o f  A.1 eVlioitti, 

e g g s . They fo u n d  t h a t  th e  t o t a l  f r e e  amino a c id  l e v e l  was much h ig h e r  

d u r in g  th e  d ia p a u s e  p e r io d  th a n  d u r in g  o th e r  d e v e lo p m e n ta l p e r io d s .  

They s u g g e s te d  t h a t  th e  i n c r e a s e  d u r in g  d ia p a u s e  m ig h t b e  due to  a • 

d e c re a s e  i n  t h e  u t i l i z a t i o n  o f  amino a c id s  f o r  p r o t e i n  s y n th e s i s  w h ile  

th e  h y d r o ly s i s  o f  y o lk  p r o t e i n s  c o n tin u e d .

F lu c tu a t io n s  ,in  f r e e  amino a c id  l e v e l s  may be r e f l e c t e d  in  th e -  

p r o t e i n  m e ta b o lism  o f  th e  eg g . Changes in  th e  d i s t r i b u t i o n  o f  p r o t e i n  

and th e  r a t e  o f  p r o t e i n  s y n t h e s i s . s h o u ld  p ro v id e  in f o r m a t io n  r e l a t i n g  

to  g row th  and p h y s i o l o g i c a l . a c t i v i t y  d u r in g  e m b ry o g e n e s is . Such f i n d ­

in g s  w ould  b e .v a lu a b le  i n  th e  i n t e g r a t i o n  o f  th e  p h y s io l o g i c a l  p i c t u r e  

o f  t h i s  o rg an ism .

Numerous s tu d i e s  on p r o t e i n  m e ta b o lism  i n  i n s e c t s  h av e  been  r e ­

v iew ed  r e c e n t l y  by G ilm our (1 9 6 5 ) , A g r e l l  (1 9 6 4 ), C h e fu rk a  (1965) and
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Chen (1 9 6 6 ). I t  i s  g e n e r a l l y  a c c e p te d  t h a t  t h e  t o t a l  n i t r o g e n  o f  th e  

i n s e c t  egg rem a in s  c o n s ta n t  t h r o u g h o u t■e m b ry o g e n e s is . The d i s t r i ­

b u t io n  o f - n i t r o g e n  h a s  b een  fo llo w e d  i n  th e  egg o f M. d i f f e v e n t i d l i s  

by T ro w b rid g e  and B odine ■ (1 9 4 0 ). They fo und  an  i n c r e a s e  i n  th e  n i t r o ­

gen o f  th e  embryo and a  c o n c o m ita n t d e c re a s e  i n  th e  n i t r o g e n .o f  th e  

y o lk ,  w h i le  s h e l l  n i t r o g e n  in c r e a s e d  a t  th e  b e g in n in g  o f  em bryo- 

g e n e s is  and d e c re a s e d  a t  th e  e n d . ■ No change was found  d u r in g  d ia p a u s e .

A g r e l l  (1964) s t a t e s  t h a t  u r i c  a c id  s h o u ld  be  th e  end  p ro d u c t 

o f  n i t r o g e n  m e ta b o lis m  i n  i n s e c t  e g g s ,  h o w e v e r, f in d in g s  a r e  c o n tro ­

v e r s i a l .  Shaw (1955) h a s  fo u n d  h ig h  l e v e l s  o f  e th a n o la m in e  p h o s p h o r ic  

a c id  i n  g ra s s h o p p e r  e g g s . T h is  compound c o u ld  be  im p o r ta n t  i n  n i t r o ­

gen e l i m i n a t i o n  (A g r e l l , 1 9 6 4 ) . B odine (1946) h a s  r e p o r t e d  t h a t  th e

u r i c  a c id  c o n te n t  c o u ld  b e . e q u iv a le n t  to  no more th a n  6 .6  % of.;,the
.. ■

n i t r o g e n  o f  th e  egg p r o t e i n  o f  M. d i f f e r e n t i a l i s .  Ludwig and R o th - 

s t e i n  (1952) i n d i c a t e d  t h a t  p r o t e i n  was n o t  u t i l i z e d  a s  an e n e rg y  

s o u rc e  i n  P o p i t l i a  Qaponioa s in c e  t o t a l  n i t r o g e n  rem a in e d  c o n s ta n t  .and 

t h e r e  was no e v id e n c e  f o r  th e  a c c u m u la tio n  o f  w a s te  n i t r o g e n .

M e ta b o lic  changes a r e  d i f f i c u l t  to  d e m o n s tra te  i n  i n s e c t  eggs 

due to  t h e i r  s m a l l . s i z e  and th e  l a r g e  num bers n eed ed  f o r  b io c h e m ic a l  

a n a ly s e s .  An u n d e r s ta n d in g  o f  th e  b a s i c . s t r u c t u r a l  ch an g es and tem­

p e r a t u r e  r e q u ir e m e n ts  o f  a c r i d i d  eggs d u r in g  em b ry o g e n es is  i s  e s s e n ­

t i a l  to  d e s ig n  a  m e a n in g fu l s tu d y .
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No s t u d i e s  o f  th e  A. e H - io tt i  egg s h e l l  h av e  b e e n  p e rfo rm e d , 

h o w ev er, th e  g e n e r a l  f e a t u r e s  o f  a c r i d i d  egg s h e l l s  a p p e a r  to  be th e  

sam e. H a r t le y  (1961) p e rfo rm e d  l i g h t  m ic ro sc o p e  s t u d i e s  o f  th e  s h e l l  

o f  n e w ly - la id  eggs i n  se v e n  a c r i d i d  s p e c i e s .  He c a l l s  th e  s h e l l  o f  

th e  n e w ly - la id  egg th e  c h o r io n . I t  i s  o f  m a te rn a l  o r i g i n  and i s  d i ­

v id e d  i n t o ; a  t h i c k  in n e r  l a y e r  c o n s i s t i n g  o f  an i n t e r l o c k i n g ,  t a n g le d  

sy s te m  o f  f i n e  s t r u t s ;  a  t h i n  b u t  more d e n se  l a y e r  o r  a r e a  a d ja c e n t  

to  i t ;  and a  t h i n . g r a n u la r  o u t e r  l a y e r .  H e ,a l s o  n o te d  t h a t  th e  com plex 

in n e r  l a y e r  w a s •much t h i c k e r  a t  th e  p o s t e r i o r  end o f  th e  egg and i n  

some c a s e s  h ad  p i t s  p a s s in g  i n t o  - i t ■from  th e  o u t s id e .  Such an a r r a n g e ­

m ent w ould  a p p e a r  to  b e  co n d u c iv e  to  w a te r  a b s o r p t io n  and m igh t be 

r e s p o n s ib le  f o r  t r a p p in g  c e r t a i n  m o le c u le s . The c h o r io n  rem a in s  on 

th e  egg  th ro u g h o u t  em b ry q g e n es is  a l th o u g h  i t  may becom e c ra c k e d  and 

d is c o n t in u o u s  i n  o l d e r  e g g s . T h is  may b e .o f  l i t t l e  im p o r ta n c e  s in c e  

th e  s e r o s a l  c u t i c l e s ,  w h ich  a r e  o f  em bryon ic  o r i g i n ,  become th e  p r i n c i ­

p l e  l a y e r s  o f  th e  s h e l l  soon  a f t e r  l a y in g .  S l i f e r  (1937) and M athee 

(1951) hav e  s tu d i e d  th e  c u t i c u l a r  l a y e r s  i n  a c r i d i d  egg s h e l l s  and hav e  

found  t h a t  t h e r e  i s  an o u te r  l a y e r  (y e llo w  c u t i c l e )  and an  i n n e r ,  

t h i c k e r  l a y e r  (w h ite  c u t i c l e ) .

The g row th  .and m o rp h o g en es is  . o f  em bryos o f 'A. eV h io tti, have been  

d e s c r ib e d  i n  te rm s o f  27 d i s c r e t e  m o rp h o lo g ic a l  s ta g e s  (Van Horn 1963 , 

1 9 6 6 a ). An o b l ig a to r y  d ia p a u s e  u s u a l ly  b e g in s  a t  s ta g e  19 . F i f t y  

days o f  e x p o su re  to  te m p e ra tu re s  o f  8 °C o r . lo w e r  a r e  r e q u i r e d  to  b re a k
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th e . d ia p a u s e  s t a t e  (R qem hild , 1 9 6 5 a ) .

R pem hild  (1967) h a s  shown t h a t  when eggs a r e  h e ld  a t  25°C f o r  

a b o u t :25 days a f t e r  l a y i n g  c e r t a i n  membranes in  th e  egg a llo w  th e  

fo rm a tio n  o f  d i s t i n c t  c o m p a rtm e n ts . The embryo becom es s e p a r a te d  from  

th e  y o lk  by  th e  p r o v i s i o n a l  d o r s a l  c lo s u r e  fo rm in g  th e  e p in e u r a l  s i n u s .  

The s e r o s a  th e n  d e ta c h e s  from  th e  c u t i c l e  a l lo w in g  th e  fo rm a tio n  o f  

th e  h y d r o p y la r ,  y o lk .a n d  e x t r a - s e r o s a l  com partm ents,. R oem hild  (1967 , 

1968) h a s  found  t h a t  t h e  p h y s i c a l ;and c h e m ic a l c h a r a c t e r i s t i c s  o f  

th e s e  com partm ents- d i f f e r  and s u g g e s te d  t h a t  c o m p a r tm e n ta tio n  y i e l d s  

c o n d i t io n s  u n f a v o r a b le  f o r  f u r th e r .m o r p h o lo g ic a l  d ev e lo p m en t. The 

m em branes a r e  r u p tu r e d  d u r in g  b l a s t o k i n e s i s  w hich  m arks th e  e n d .o f  

d ia p a u s e .  The com partm en ts  a r e  o b l i t e r a t e d  a t  t h i s . t im e  and  morpho­

g e n e t i c  a c t i v i t y  resum es.-

D u rin g  c o m p a r tm e n ta tio n  th e  embryo was i n  an e n v iro n m e n t o f  pH 

7 .4  and h ig h .s o d iu m  io n  c o n c e n t r a t io n .  A f t e r  b l a s t o k i n e s i s  th e  embryo 

comes i n  c o n ta c t  w i th  f l u i d s  o f  pH 6 .6  and low sodium  c o n c e n t r a t io n .  

R oem hild  (1968) h a s  n o te d  t h a t  i n c o r p o r a t io n  o f  v a l i n e - C ^  and a c e t a t e -  

C-*-̂  i n t o  embryo p r o t e i n  i n  v i t v o  i s . h i g h e r  a t  lo w er pH v a lu e s  in  th e  

ra n g e  o f  6 .8 - 7 .0 .  A g r e l l  (1952) h a s  fo und  t h a t  h i s t o l y s i s  i s  a s s o c i ­

a te d  w ith  h ig h  pH v a lu e s  w h i le  p e r i o d s .o f  h i s t o g e n e s i s  o c c u r  when pH 

v a lu e s  a r e  low . The low  sodium  io n  c o n c e n t r a t io n  i n  V iuc a f t e r  b l a s t o ­

k i n e s i s  c o u ld  a l s o  e f f e c t  a n - in c r e a s e  i n  th e  r a t e  o f  p r o t e i n  s y n th e s i s .  

S te v e n so n  and W yatt (1962) and P r i c e  (1967) have  found  t h a t  sodium
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l e v e l s  a r e  c r i t i c a l  to  th e  r a t e  o f  p r o t e i n  s y n t h e s i s . A p p a re n tly  

sodium  i s  i n h i b i t o r y  to  th e  a c t i v a t i o n  s y s te m .a s  i t  i s  i n  mammals 

(S a c h s , 1 9 5 7 ).

S in c e  p r o t e i n s  a r e  i n t i m a t e l y  in v o lv e d  i n  grow th  and f u n c t io n ,  

th e  r a t e  o f  p r o t e i n  s y n th e s i s  s h o u ld  r e f l e c t . t h e  g row th  r a t e  and 

o th e r  p h y s io l o g i c a l  a c t i v i t i e s - d u r i n g  e m b ry o g e n e s is . M o s t .s tu d ie s  o f  

p r o t e i n  s y n th e s i s  i n  i n s e c t s  hav e  in v o lv e d  th e  in  w itvo  i n c o r p o r a t io n  

o f  l a b e l e d  amino a c id s  i n t o  t i s s u e s  o r  t i s s u e  m inces o r  in  v ivo  i n ­

c o r p o r a t io n  a f t e r  t h e . i n j e c t i o n  o f  l a b e l e d  amino a c id s .  One o f  th e  

r e q u ir e m e n ts  f o r  p r o t e i n  s y n th e s i s  i s  th e  f u n c t io n in g  o f  o x id a t iv e  

m e ta b o lism  (C h e fu rk a , 1 9 6 5 ) . The d ia p a u s e  p e r io d  a p p e a rs  to  be un­

f a v o r a b le  f o r  p r o t e i n .s y n th e s i s  i n  some i n s e c t s  b e c a u s e  th e  O2 con­

su m p tio n  i s  low .

' The d ia p a u s e  p e r io d  i n  i n s e c t s  h a s  b een  c h a r a c t e r i z e d  a s  one o f  

lo w e re d  m e ta b o lism  ( K e is t e r  and B uck, 1 9 6 4 ) . D e c re a se s  i n  th e  r e s p i r ­

a to r y  r a t e  o f  M. d i f f e r e n t ia t i s  d u r in g  d ia p a u s e  have  b e e n  n o te d  by 

B odine (1 9 2 9 ) , and  B u r k h o ld e r . (1934) and B o e l l  (1 9 3 5 ). S im i la r  f i n d ­

in g s  have, b e e n  r e p o r t e d  f o r  Bombyx by A sh b e l (1 9 3 0 ). Q u ite  d i f f e r e n t  

o b s e r v a t io n s  hav e  b e e n  o b ta in e d  f o r  d ia p d u s in g  A. e V L io tti  e g g s . The 

r e s p i r a t o r y  r a t e , a s  m easu red  by Og c o n su m p tio n , i s  m a in ta in e d  a t  th e  

r e l a t i v e l y  h ig h  l a t e  p r e - d ia p a u s e  l e v e l  th ro u g h o u t d ia p a u s e  ■ (R oem hild , 

1965b ; L a in e , 1 9 6 6 ) . H arvey (1962) h a s  en u m era ted  t h r e e  p r o c e s s e s  

r e s p o n s i b l e . f o r  Og c o n su m p tio n ; m o rp h o g e n e s is ;  m a in te n a n c e  and f u n c t io n .
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In  s p e c ie s  w i th  low co n su m p tio n  d u r i n g ■d ia p a u s e , o n e :w ould  e x p e c t  

o n ly  m a in te n a n c e  s in c e  t h i s  r e q u i r e s  l e s s  Qg th a n  b io s y n t h e s i s  (L e e s , 

1 9 5 5 ). Bunde (1965) found  t h a t  acetate-C -*-^ was i n c o r p o r a te d  i n t o  8 

amino a c id s  d u r in g  d ia p a u s e  i n  A. e V H o tt i i  t h u s , a t  . l e a s t  some b i o ­

s y n th e s i s  o c c u r s .  S in c e  t h e  r e s p i r a t o r y  . r a t e  i s  m a in ta in e d  a t  th e  

r e l a t i v e l y  h ig h  p re -d ia p a u s e , l e v e l  d u r in g  d ia p a u s e  i n  A* e tX io tt i '  

(R oem hild , 1965b; L a in e , 1 9 6 6 ) , th e  b io c h e m ic a l  t r a n s f o r m a t io n s  d u r in g

t h i s  p e r io d  may be  c o n s id e r a b le  (Van .Horn,; 1963; S voboda , 1964; 

Q u ic k e n d en , 1969; U rb an , 1 9 7 0 ).

Changes i n ;p r o t e i n  s y n t h e t i c  a c t i v i t y  m ig h t be  i n d i c a t e d  b y . t h e '  

s e p a r a t i o n  and p a r t i a l  c h a r a c t e r i z a t i o n  o f  th e  p r o t e i n s  i n  th e  eg g . 

C om parisons o f  hemolym ph; and y o lk  p r o t e i n s  w ere  made e l e c t r o p h o r e t i c a l l y  

i n  Pertiplaneta amerieana- by  N e i l s e h  and M il l s  (1968) and i n  Leuoophaea 

maderae by  S h e e re r  (1 9 6 9 ). Dtike (1966) u se d  t h i s  m ethod t o  s tu d y  th e  

hemo lymph p r o t e i n s  i n  Lqousta m ig ra to ria  m ig ra torio id .es . T hese w o rk e rs  

h av e  i n d i c a t e d  t h a t  some hemolymph p r o t e i n s  a re  d e p o s i te d  d i r e c t l y  i n to  

th e  y o lk  d u r in g  v i t e l l o g e n e s i s . S in c e  th e  y o lk  i s  th e  s o u rc e  o f  e n e rg y  

and m e ta b o l ic  m a t e r i a l s  f o r  e m b ry o g e n e s is ; i t  c o u ld  be  in f o r m a t iv e  to  

s e p a r a te  and com pare th e  e m b r y o n ic .p r o te in s  and y o lk  p r o t e i n s  th ro u g h ­

o u t t h i s  p e r io d .

P a r t i a l  c h a r a c t e r i z a t i o n  o f  th e  p r o t e i n  bands can b e  a c co m p lish ed  

u s in g  h i s t o c h e m ic a l t e c h n iq u e s . Wang. and P a t to n  (1968) fo und  p o s i t i v e  

r e a c t i o n s  f o r  f i v e  ty p e s  o f  c o n ju g a te d  p r o t e i n  i n  th e  l a r v a l  hemolymph
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o f  G d tlev ia  m eVlonella3 Aeheta dom esttaus . and Tenebrio moI i to r .

D ejm al and B rookes (1968) hav e  i d e n t i f i e d  th e  m ajo r com ponent .o f  ■ 

Leucophaea maderae y o lk  as a  l i p o p r o t e i n  by  a h i s to c h e m ic a l  te c h n iq u e  

and V inson  and Lew is (1969) hav e  d e te c te d  4 g ly c o p r o te in s  and 2 l i p o ­

p r o t e i n s  i n  s u b - a d u l t s  and a d u l t s  o f  t h r e e  s p e c ie s  o f  H eli,o th is. S in c e  ■ 

c a rb o h y d ra te s  and l i p i d s  a r e  p ro b a b ly  th e  m ost im p o r ta n t  e n e rg y  s o u rc e s  

d u r in g  i n s e c t  e m b ry o g e n es is  ( R o th s te in ,  1952 ; L udw ig .and  R am o zzo tto , 

1 9 6 5 ) , t h e  d e t e c t i o n  o f  th e s e  m a te r i a l s .c o n ju g a t e d  w i th  p r d t e i n  was 

u n d e r ta k e n .

In  th e  p r e s e n t  s tu d y ,  w hole  e g g s , em bryos, y o lk  and  s h e l l s  w ere 

a n a ly z e d  s e p a r a t e l y  to  d e te rm in e  p r o t e i n  c o n te n t .a n d  th e  r a t e  o f  p ro ­

t e i n  . s y n th e s i s  th ro u g h o u t  e m b ry o g e n e s is . Em bryonic p r o t e i n  and y o lk  

p r o t e i n  w ere  s e p a r a te d  on p o ly a c ry la m id e  g e l s A d d i t i o n a l  g e ls  w ere 

ru n  to  t e s t  f o r  p r o te in - c a r b o h y d r a te  and l i p o p r o t e i n  c o m p le x e s .



MATERIALS AND METHODS

E x p e r im e n ta l  D esign

Egg sa m p les  .of know n-age r e p r e s e n t in g  v a r io u s  s ta g e s  i n  em bryo- 

g e n e s i s  .w ere c o l l e c t e d  i n  1967. . T hese  eggs w ere  a llo w e d  to  ab so rb  

v a l i n e - C ^  as  a  t r a c e r  to  d e te rm in e  th e  r a t e  o f  p r o t e i n  s y n t h e s i s .  

R a d io a c t iv e  v a l i n e  u p ta k e ,  p r o t e i n  c o n te n t  and sam ple  d ry  w e ig h ts  w ere  

d e te rm in e d . . The eggs w ere  d iv id e d  i n t o  two g ro u p s , h e r e a f t e r  c a l l e d  

S e r ie s  I  and. S e r ie s  I I .  The f i r s t  s e r i e s  was composed o f  w hole egg 

sam p les  w h i le  th e  se c o n d  s e r i e s  was made up o f  s e p a r a te  egg f r a c t i o n s ;  

t h a t  i s ,  th e  em bryo, y o lk  a n d . s h e l l .  A w h o le ,e g g  sam p le  h e ld  a t  25°C 

f o r  140 days i n  th e  d ia p a u s e  s t a t e  to  d e te rm in e  th e  e f f e c t  o f  no c o ld  

e x p o su re  i s  m arked  (* ) b e lo w . Sam ple a g e , c o n d i t io n  and te m p e ra tu re  

reg im e  a r e  r e p r e s e n te d  s c h e m a t ic a l ly  a s :

P r e - d i a p a u s e . D ia p a u se  P o s t - d ia p a u s e
S t a t e  S t a te  S ta te

________________________ Eggs a t  25°C________ Eggs a t  8°C_______ Eggs a t  25°C
S e r ie s  I
Days o f  deve lopm en t 
i n  s t a t e  when sam ple
was ta k e n :  8 15 26 36 42 52 26 50 76 140 140* I  3 5 10 15

M o rp h o lo g ic a l  .s ta g e
(Van H o rn , 1 9 6 6 ): I  5 10 13 18 19 19 19 19 19 19 20-24  25 26

S e r ie s  I I  
Days o f  d e v e lo p ­
m ent 8 15 20 28 35 41 26 45 51 H O  1 3  5 10 15

M o rp h o lo g ic a l
s t a g e :_________________ I  5 7 10 13 18 19 19 19 19 ■ 20-24  25 26



—10—

F u r th e r  in f o r m a t io n  a b o u t th e  egg p r o t e i n s  was o b ta in e d  th ro u g h  

an e l e c t r o p h o r e t i c  s tu d y  o f  - th e  p r o t e i n s  i n  th e  embryo f r a c t i o n  and 

y o lk  f r a c t i o n  o f  S e r ie s  I I :  F o r t h i s  s tu d y  two a d d i t i o n a l  egg f r a c t i o n

s a m p le s , one i n  d ia p a u s e  and th e  o th e r  i n  th e  p o s t - d ia p a u s e  s t a t e , w ere  

p r e p a r e d  from  eg g s w h ich  h a d .n o t  b e e n  ex p o sed  t o , valine-C -*-^.

B io lo g ic a l  Sam ples

The r e p r o d u c t iv e  a d u l t s  o f  A.- w ere  r e a r e d  from  a  popu­

l a t i o n  n e a r  D e c k e r, M ontana , irj th e  summer o f  1967. . The g ra s s h o p p e rs  

w ere  r e a r e d  u n d e r  g r e e n h o u s e ,c o n d i t io n s  i n  c y l i n d r i c a l  I n c i t e  c a g e s i 

2 0 .5  cm i n  d ia m e te r  and 2 7 .5  cm h ig h ,,  s e t . o n  d i r t - f i l l e d  p an s  a c c o rd in g  

t o . t h e  p ro c e d u re s , d e s c r ib e d  by A nderson  and H a s t in g s  (1 9 6 6 ) . They w ere  

m a in ta in e d  i n  20 c a g e s ,  e a ch  w ith  a  d e n s i ty  o f  t h r e e  p a i r s  p e r  c a g e , 

and w ere  fe d  f r e s h  w e s te r n  w h e a tg r a s s , Agropyron SmithLi3 one o f  th e  

p r e f e r r e d  f o o d - p la n ts  o f  A. e V l i o t t i  ( P f a d t ,  1949; A n d e rso n , 1 9 6 4 ).

Egg pods w ere  , c o l l e c t e d  on a l t e r n a t e  days by s i f t i n g  th e  d i r t , i n  

th e  pans., The pods w ere  th e n  s to r e d  i n  p l a s t e r  o f  P a r i s  b lo c k s  a t  

25°C f o r  d eve lopm en t (Van H orn , 1 9 6 6 b ) . A f t e r  a p e r io d  o f  52. d a y s , 

egg pods s e l e c t e d  f o r  d i a p a u s e .o r  p o s t - d ia p a u s e  sam p les  w ere  p l a c e d . i n  

an ,.S0G r e f r i g e r a t o r .  A f t e r  a b o u t 4 m on ths o f  c o ld  e x p o s u re  egg pods ' 

t b .b e  u se d  f o r  p o s t - d ia p a u s e  sam p les  w ere  r e tu r n e d  to  25°C . At th e  

a p p r o p r i a t e  , t im e -e g g s  .fo r  each  o f  th e  p r e - d i a p a u s e ,. d ia p a u s e  and p o s t r  

d ia p a u s e  sam p les  w ere  rem oved and t r e a t e d  u s in g  m ethods d e s c r ib e d  l a t e r  

To p r e v e n t  d e s i c c a t i o n ,  egg  pods m a in ta in e d  a t  25°C w ere  w a te re d  l i g h t l y
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tw ic e  a  week, and th o s e  k e p t  a t  8 °C o n ly  once  a  w eek . .

The spheine by w h ich  eggs w ere -p ro c e s se d  i s  show n, on th e  fo llo w in g  

p a g e . W hen■th e  eg g s had  re a c h e d  th e  d e s i r e d  age th e y  w ere  rem oved from  

th e  p o d s , w ashed  j a i r - d r i e d  and w e ig h e d . I s o to p e  i n t r o d u c t i o n  was ac-r 

co m p lish e d  b y  a  d e s i c c a t i o n - a b s o r p t i o n  te c h n iq u e  (B unde, 1965; 

Q u ie k e n d en , .1969 ). The eggs w ere  d e s ic c a t e d  f o r  a  p e r io d  o f  fo u r  days 

o v e r .a n h y d r o u s ■c a lc iu m - s u l f a t e .  E a r ly  p r e - d ia p a u s e  eg g s w ere  d e s ic ­

c a te d  f o r  s h o r t e r  p e r io d s  due to  r a p id  w e ig h t l o s s ,  W eight lo s s  i n  

a l l  sa m p les  was l im i t e d  to  l e s s  th a n  o n e - t e n th  o f  th e  s t a r t i n g  w e ig h t . 

The eggs w ere  th e n  im m ersed i n  a  r a d i o a c t i v e  s o l u t i o n  c o n s i s t i n g  o f  

25 y ic  o f  u n ifo rm ly  l a b e l e d  L -v a lin e ^ C -^  ( s p e c i f i c  a c t i v i t y  = 190 mc/mM) 

p e r  ml .o f  d i s t i l l e d - v a t e r .  T h is  amino a c id  was ch o sen  b e c a u s e  Bunde . 

(1965) found  t h a t  th e  c o n c e n t r a t io n  o f  f r e e  v a l i n e  was q u i t e  c o n s ta n t  

and t h a t  i t  was n o t  s y n th e s iz e d  from  a c e ta te - C " ^  d u r in g  th e  em bryo- 

g e n e s is  o f  A. e l l i o t t i .  . D u rin g  a b s o r p t io n  th e  l i d s  o f  th e  in c u b a t io n  

v i a l s  w ere  l i f t e d  p e r i o d i c a l l y  to  p r e v e n t  oxygen - d e p le t io n .  • A f te r  

a b s o r p t io n  f o r  - f o u r -d a y s  . th e  eg g s w ere  w ashed  th o ro u g h ly - i n  d i s t i l l e d  

w a te r ,  a i r - d r i e d  and w e ig h e d . The- age in .d a y s  r e p o r t e d  f o r  a l l  sam p les  

in c lu d e s  th e  4 d a y s . o f  d e s ic c a t i o n  fo llo w e d  by 4 d a y s . o f  a b s o r p t io n  ex ­

c e p t  f o r  e a r l y  p r e - d ia p a u s e  sam p les  i n  w h ich  d e s i c c a t i o n  tim e s  w ere 

s h o r t e r .  The age i n  day s o f  each  sam p le  i s  c o in c id e n t  w i th  th e  end 

o f  th e  a b s o r p t io n  p e r io d .
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SERIES I 

Whole Eggs

I
Desiccation  

Absorption of  Val. C

I
Homogenization

V
Frozen

SERIES II

Whole Eggs
I

V
Desiccation

Absorption of Val. C1^

I
Dissection

^  V ^
Shell Embryo Yolk

I' 4/ V
Frozen Frozen Frozen

From t h i s  p o in t  o n , w hole eg g s and egg f r a c t i o n  sam p les  
w ere  s e p a r a t e l y  s u b je c t e d  to  th e  fo llo w in g  s t e p s :

Lyophilization

I
Homogenization

I
Z

3 Aliquots

Protein Assay (BPE) LSC (BPE)

V
Protein Extraction 

LSC

F ig u re  I .  M ajor s t e p s  i n  th e  p ro c e d u re  f o r  d e te rm in in g  th e  p r o te in  
c o n te n t  and v a l i n e - C ^  a c t i v i t y  o f  e x t r a c t e d  p r o t e i n  i n  A. e l l i o t t i  
w hole eggs and egg f r a c t i o n s .  A b b r e v ia t io n s : V a l . c l4 - u n i fo r m ly
la b e le d  L - v a l i n e - C l ^ , L S C -I iq u id  s c i n t i l l a t i o n  c o u n t in g ,  B P E -befo re  
p r o t e i n  e x t r a c t i o n .



In  s e r i e s  I , w ho le  egg sam p les  u se d  v a r i e d  from  13 to  34 e g g s . 

Embryos i n  th e  d ia p a u s e  and p o s t - d ia p a u s e  p e r io d s  w ere  c a te g o r iz e d  

u s in g  s t a g i n g  c r i t e r i a  f o r  t h i s  s p e c ie s  e s t a b l i s h e d  by Van Horn (1 9 6 6 a ) . 

A f te r  t h e  a b s o r p t io n  p e r io d  and s t a g in g  w ere c o m p le te d , t h e  eggs w ere 

hom ogenized  f o r  t h r e e  m in u te s  i n  d i s t i l l e d  w a te r  a t  4°C and th e n , 

f ro z e n  a t  -2 0 °C .

I n  S e r ie s  I I ,  sam p les  c o n ta in e d  41 to  94 e g g s . When th e  ab­

s o r p t io n  p e r io d  was c o m p le te d , th e  eg g s w ere  p la c e d  i n  d i s t i l l e d  w a te r  

f o r  d i s s e c t i n g .  Embryos .and egg s h e l l s  w ere  rem oved s e p a r a t e l y  from  

th e  d i s s e c t i n g  medium w i th  as l i t t l e  w a te r  a s  p o s s i b l e .  They w e re ,  

r i n s e d  b r i e f l y  i n  d i s t i l l e d  w a te r  and p la c e d  i n  s e p a r a t e  c o n ta in e r s .

The re m a in in g  m a t e r i a l  ( d i s s e c t i n g  m edium , y o lk  and r i n s e  w a te r )  

form ed th e  y o lk  f r a c t i o n .  In  th e  f i r s t  t h r e e  p r e - d ia p a u s e  sam ples 

th e  em bryos w ere  l e f t  i n  th e  y o lk  f r a c t i o n  b e c a u se  o f  t h e i r  s m a ll  s i z e ;  

th e  y o lk  and  s h e l l s  o f  o n ly  20 eggs w ere  s e p a r a te d  i n  t h e s e  sa m p le s .

In  l a t e  p o s t - d i a p a u s e  eggs th e  y o lk  m ass had  b een  e n g u lf e d  by th e  

em hryos b u t  was rem oved to  m a in ta in  s e p a r a te  f r a c t i o n s  .'

S ix te e n  w ho le  egg sam p les  f o r  S e r ie s  I  and 4 5 .egg f r a c t i o n  sam ples, 

f o r  S e r ie s  I I  w ere  p r e p a r e d .  Some sa m p les  w ere  s to r e d  a t  - 2 0 ° C f o r  as 

lo n g .a s  2 y e a r s .  F o r e a s i e r  h a n d lin g  and to  o b ta in  th e  d ry  w e ig h ts ,  

a l l  sam ples, w ere  l y o p h i l i z e d  p r i o r  to  a n a l y s i s .  V ery l i t t l e  d i f f e r ­

ence  was n o te d  i n  th e  e l e c t r o p h o r e t i c  p a t t e r n s  o f  p r o t e i n  from  f r e s h  .

- 1 3 -

and s to r e d  m a t e r i a l .
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Two a d d i t i o n a l  p o s t - d ia p a u s e  w ho le  egg sam p les w ere  a n a ly z e d  to  

check  th e  p o s s i b i l i t y  t h a t  m ic ro o rg a n ism s  m igh t c o n ta m in a te  th e  in c u b a ­

t i o n  medium and a f f e c t  th e  r e s u l t s .  Two mgs each  o f  P e n i c i l l i n  G, Myco- 

s t a t i n  and s t r e p to m y c in  s u l f a t e  w ere  added  to  th e  in c u b a t io n  medium o f  

one sa m p le . T hese  b a c t e r i o s t a t i c  and f u n g ic i d a l  a g e n ts  e l im in a te d  th e  

p o s s i b i l i t y  o f  p r o t e i n  s y n th e s i s  by m ic ro o rg a n ism s  i n  th e  medium. In  

th e  o t h e r  s a m p le , 2 mgs o f  c h lo ra m p h e n ic o l ,  a  b ro a d  s p e c tru m  b a c t e r i c i d e  

and p r o t e i n  s y n th e s i s  i n h i b i t o r ,  w ere  added  to  th e  medium. I n c o r p o r a t io n  

o f  valine-C"*"^ i n t o  p r o t e i n  by b o th  sa m p les  i n d i c a t e d  t h a t  m ic ro o rg a n ism s  

w ere  n o t  r e s p o n s ib le  f o r  t h i s  p r o t e i n  s y n th e s i s  and t h a t  c h lo ra m p h e n ic o l 

i n  th e  in c u b a t io n  medium d id  n o t  s to p  p r o t e i n  s y n t h e s i s .  The a n t i b i o t ­

i c s  p ro b a b ly  d id  n o t  p e n e t r a t e  th e  s h e l l s  o f  th e s e  e g g s ..

B iu r e t  A ssay

C o lo r im e t r ic  q u a n t i t a t i v e  a n a ly s i s  o f  th e  p r o t e i n  c o n c e n t r a t io n  o f  

e ach  l y o p h i l i z e d  sam ple  was m ade. One l a r g e  a l i q u o t  was d iv id e d  i n to  

t h r e e  p a r t s  f o r  th e  d e te r m in a t io n  o f  p r o t e i n  c o n c e n t r a t io n ,  u p tak e  o f  

v a l in e - C - ^  and i n c o r p o r a t io n  o f  v a l in e - C " ^  i n t o  p r o t e i n .  A b i u r e t  s t a n ­

d a rd  c u rv e  was d e v is e d  u s in g  b o v in e  serum  a lb u m in . L i n e a r i t y  in  a c c o r ­

dance  w i th  B e e r 's  Law was e s t a b l i s h e d  i n  th e  ra n g e  o f  0 .1  to  7 .0  mgs o f  

p r o t e i n  by  r e a d in g  th e  a b so rb a n c e  a t  540 mp on a B ausch and Lomb S p e c t-  

r o n ic  20 C o lo r im e te r .  The b i u r e t  r e a g e n t  u sed  was m o d if ie d  from  t h a t  

d e s c r ib e d  by G o r n a l l  a t  a l .  (1949) by  th e  a d d i t io n  o f  e t h y l  e t h e r  as  

u se d  by  K a rn a v a r  and N a ir  (1 9 6 9 ). The p r o t e i n  s ta n d a r d s  w ere  t r e a t e d  

i n  th e  same m anner as  th e  s a m p le s .
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A l a t g e  a l i q u o t ■o f  l y o p h i l i z e d  m a t e r i a l  from  e a c h  sam p le  was 

hom ogenized  i n  d i s t i l l e d  w a te r  i n  a  Ten B roeck  g round  g l a s s  t i s s u e  

g r in d e r .  F in a l  vo lum es o f  hom ogenates w ere  from  5 to  10 m l. B iu r e t  

a s s a y  a l i q u o t s  o f  I  to  3 m l w ere  ta k e n  from  th e  h o m o g en a te s . W henever 

th e  am ount o f  sam p le  m a t e r i a l  was s u f f i c i e n t , 3 ml o f  th e  hom ogenate 

w ere  tak e n .,a n d  d iv id e d  i n t o  3 a l i q u o t s  f o r  t r i p l i c a t e  a n a l y s i s .  A 1 : 4 : 1 .

m ix tu re  o f  h o m o g e n a te -b iu re t  r e a g e n t - e t h y l  e t h e r  was u s e d . A f te r  a d d in g  

e t h e r  f o r  l i p i d  e x t r a c t i o n  th e  m ix tu re  was sh ak en  f o r  15 seco n d s  a n d ■ 

c e n t r i f u g e d  f o r  10 m in u te s  a t  4 ,0 0 0  rpm . W ithou t th e  e t h e r  e x t r a c t i o n  

th e  b i u r e t  medium becom es c lo u d y . W ith th e  l i p i d s  i n  th e  e t h e r  l a y e r ,  

t h e  aqueous l a y e r  was t r a n s f e r r e d  to  a  c u v e t t e  f o r  a  c o lo r im e te r  r e a d in g  

30 m in u te s  a f t e r  th e  i n i t i a l  m ix in g .

P r o t e i n  E x t r a c t io n

P r o t e i n  was e x t r a c t e d  from  th e  re m a in in g  hom ogenate  by a p ro c e d u re  

s i m i l a r  to  t h a t  o f  W annemacher et_ a l .  (1 9 6 5 ). An e q u a l  volum e o f  c o ld  

20 % t r i c h l o r o a c e t i c  a c id  was added  to  th e  h o m o g en a te . The p r e c i p i t a t e  

form ed was s e p a r a te d  from  th e  s u p e r n a ta n t  f l u i d  by c e n t r i f u g a t i o n  i n  an 

I n t e r n a t i o n a l  HN c e n t r i f u g e  a t  4 ,0 0 0  rpm a t  4°C. Two more e x t r a c t i o n s  

w ith  8 ml o f  c o ld  10 % t r i c h l o r o a c e t i c  a c id  fo llo w e d . To rem ove r e s i ­

d u a l  a c i d ,  a s  w e l l  a s  some o f  th e  l i p i d ,  th e  p r e c i p i t a t e  was e x t r a c t e d  

w ith  8 m l o f  a  95 % e th a n o l  s o l u t i o n  s a t u r a t e d  w ith  sod ium  a c e t a t e  

(W annem acher, 1965 and Lowry eh a l . , 1 9 5 1 ) . A d d i t io n a l  l i p i d  ex­

t r a c t i o n s  w ere  p e rfo rm e d  w ith  8 ml o f  3 :1  e t h a n o l - e t h y l  e t h e r  and 8 ml
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o f  an h y d ro u s e t h y l  e t h e r .  E xcess  e t h e r  was rem oved by d ry in g  i n  a 

c o n v e c t io n  hood . The p r e c i p i t a t e  was th e n  p la c e d  o v e r  anhydrous 

c a lc iu m  s u l f a t e  i n  a d e s i c c a t o r  f o r  24 to  48 h o u rs  and w e ig h e d .

L iq u id  S c i n t i l l a t i o n  C o u n tin g

R a d i o a c t iv i t y  i n  th e  sam p les  was m o n ito re d  w i th  a  m odel 6804 

N u c le a r  C hicago  l i q u i d  s c i n t i l l a t i o n  c o u n te r .  B lanks w ere  c o u n ted  to  

d e te rm in e  b ack g ro u n d  a c t i v i t y .

The d ry  p r o t e i n  p r e c i p i t a t e s  w ere  v e ry  i n s o l u b l e .  C o n s e q u e n tly , 

th e y  w ere  g round  to  a  f i n e  c o n s is te n c y  i n  a  Ten B roeck  gound g la s s  

t i s s u e  g r in d e r  w i th  e t h y l  e t h e r  a s  th e  s o lv e n t .  The r e s u l t a n t  s l u r r y  

was t r a n s f e r r e d  t o  a  s c i n t i l l a t i o n  v i a l  c o n ta in in g  a  C a b -O -S il g e l  

s c i n t i l l a t i o n  medium. T h is  medium c o n ta in e d  34 .3 5  g o f  C a b -O -S il,

4 g o f  PPO and 0 .2 5 0  g o f  P0P0P p e r  l i t e r  o f  to lu e n e  (O tt  e t  a l . ,

1959 and J a c k s o n , p e r s o n a l  c o m m u n ic a tio n ) . The e t h e r  was e v a p o ra te d  

i n  a  c o n v e c t io n  hood and th e  t h i x o t r o p i c  g e l  medium was sh ak en  to  

e v e n ly  su sp en d  th e  p r o t e i n  f o r  c o u n tin g . Sam ples w ere  c o u n te d  f o r  

t im e s  o f  I  to  10 m in u te s .  An e r r o r  o f  l e s s  th a n  f iv e  p e r c e n t  was 

o b ta in e d  f o r  a l l  sa m p les  a c c o rd in g  to  a  s ta n d a r d  c h a r t  composed by 

A ro n o ff  (1956) d e p ic t in g  c o u n tin g  tim e  i n  r e l a t i o n  to  p e rc e n ta g e  e r r o r .  

A C a b -O -S il q u e n c h in g  c u rv e  was p r e p a r e d  a f t e r  Wang and W i l l i s  (1 9 6 5 ). 

T h is  a llo w e d  th e  c a l c u l a t i o n  o f  th e  s p e c i f i c  a c t i v i t y  ( d i s i n t e g r a t i o n s  

p e r  m in u te  p e r  mg) o f  th e  valine-C ^^ l a b e le d  p r o t e i n .
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S in c e  a l l  sam p les  d id  n o t  a b s o rb  th e  same am ount o f  t r a c e r  p e r  

e g g , i t  was n e c e s s a r y  to  m easu re  th e  u p ta k e  o f  v a l i n e - C - ^ . F o r th e  

f i r s t  m ea su rem e n t, a 10 y a l a l i q u o t  o f  th e  in c u b a t io n  medium i n  w hich  

w ho le  eggs w ere  im m ersed f o r  4 d a y s , was ta k e n  b e fo r e  and a f t e r  ab ­

s o r p t i o n  and c o u n te d  i n  th e  l i q u i d  s c i n t i l l a t i o n  c o u n te r .  The d i f f e r ­

e n c e  i n  c o u n ts  r e p r e s e n te d  th e  amount a b s o rb e d  by w ho le  e g g s . In  th e  

se co n d  s e t  o f  m e a su re m e n ts , th e  u p ta k e  o f  v a l in e - C - ^  was d e te rm in e d  

f o r  th e  d i f f e r e n t  egg f r a c t i o n s  a s  w e l l  as  th e  w hole  egg sa m p le s . 

A l iq u o ts  o f  th e  c ru d e  l y o p h i l i z e d  m a t e r i a l  w ere  ta k e n  from  each  sam ple  

and hom ogenized  i n  0 .5  ml o f  d i s t i l l e d  w a te r .  The hom ogenates w ere 

c o u n te d  i n  a  p -d io x ap /e  s c i n t i l l a t i o n  medium c o n ta in in g  6 g o f  PPO,

0 .5 6 8  g o f  POPOP and 120 g o f  n a p h th a le n e  p e r  l i t e r  o f  p -d io x a n e  

(Bush and H ansen , 1 9 6 5 ) . A n o th e r q u e n c h in g  c u rv e  was p r e p a re d  f o r  

t h i s  s c i n t i l l a t i o n  medium. The s p e c i f i c  a c t i v i t y  o f  th e  e x t r a c t e d  

p r o t e i n  th e n  was d iv id e d  by th e  s p e c i f i c  a c t i v i t y  o f  th e  u n e x tr a c te d  

m a t e r i a l  to  o b t a in .p e r c e n ta g e  i n c o r p o r a t io n .  T h is  c a l c u l a t i o n  a llo w s  

sam p les  to  b e  com pared ev en  th o u g h  th e y  a b so rb e d  d i f f e r e n t  l e v e l s  o f 

v a l i n e - C ^ .

D isc  E le c t r o p h o r e s i s

P r o t e i n  from  th e  s e p a r a te  embryo f r a c t i o n s  and y o lk  f r a c t i o n s  was 

s u b je c te d  to  d i s c  e l e c t r o p h o r e s i s  on p o ly a c ry la m id e  g e l s  u s in g  a m ethod 

m o d if ie d  from  D av is  (1 9 6 4 ). The name o f  t h i s  te c h n iq u e  was d e r iv e d  

from  i t s  d ependence  on d i s c o n t i n u i t i e s  i n  th e  e l e c t r o p h o r e t i c  m a tr ix
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a n d , c o i n c i d e n t a l l y , from  th e  d i s c o id  sh a p e  o f  t h e  b an d s  o f  s e p a r a te d  

io n s  ( O m s te in ,  1 9 6 4 ) . The p o ly a c ry la m id e  g e l  colum ns w ere  form ed i n  

c y l i n d r i c a l  g l a s s  tu b e s  65 mm lo n g  w i th  an i n n e r  d ia m e te r  o f  5 .5  mm. 

The g e l  was composed o f  t h r e e  l a y e r s ;  I )  u p p e rm o s t: a  l a r g e  p o re

(3 .7 5  % a c ry la m id e )  sam p le  g e l  7 mm i n  l e n g th  c o n ta in in g  th e  p r o te i n  

i o n s ;  2) m id d le :  a  l a r g e  p o re  (3 .7 5  % a c ry la m id e )  s p a c e r  g e l  7 mm in

l e n g t h ; and 3) b o tto m : a  s m a l l  p o re  (7 % a c ry la m id e )  s e p a r a t i o n  g e l

45 mm i n  l e n g t h . The s e p a r a t i o n  g e l  was c h e m ic a lly  p o ly m e r iz e d  w ith  ; 

ammonium p e r s u l f a t e  a s  th e  c a t a l y s t  and th e  l a r g e  p o re  g e ls  w ere 

p h o to p o ly m e r iz e d . The l a r g e  p o re  s p a c e r  g e l  was e l im in a te d  i n  m ost 

g e l s  s in c e  i t  o f f e r e d  no im provem ent i n  th e  r e s o l u t i o n  o f  p r o t e i n  

b a n d s . -

An e i g h t - p o s i t i o n  p l e x i g l a s s  e l e c t r o p h o r e s i s  c e l l  (T h u rs to n ,

1966) was b u i l t  by th e  In s t ru m e n t  S e r v ic e  Shop a t  M ontana S ta te  

U n i v e r s i ty .  The c e l l  c o n s i s t e d  o f  s e p a r a t e  u p p e r and lo w e r  b u f f e r  

r e s e r v o i r s ,  e ach  c o n ta in in g  a  p la t in u m  e l e c t r o d e .  The g e l s  w ere 

p la c e d  v e r t i c a l l y  (sam p le  g e l  up) i n  d o u b le  O -r in g s  e q u i d i s t a n t  from  

th e  p la t in u m  e l e c t r o d e .o f  th e  u p p e r  r e s e r v o i r .  W hen .the  b u f f e r  ( T r i s -  

g I y c i n e , pH 8 .3 )  was .added th e  u p p e r  end  o f  th e  g e l  was i n  c o n t a c t ,  

w i th  th e  b u f f e r  i n  th e  u p p e r  r e s e r v o i r  and th e  lo w e r end  o f  th e  g e l  

was i n  c o n ta c t  w i th  th e  b u f f e r  i n  th e  lo w e r r e s e r v o i r .  C u r re n t was 

a p p l i e d  a t  3 -4  m i l l i am peres p e r  tu b e  a t  2 5 0 .to  350 V. The p o l a r i t y  

was s e t  so  t h a t  th e  p o s i t i v e  p o le  was th e  e l e c t r o d e  i n  th e  b o tto m
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r e s e r v o i r .  T h e r e f o r e , a l l  p r o t e i n  io n s  w h ich  w ere  n e g a t i v e l y  c h a rg ed  

a t  pH 8 .3  m ig ra te d  downward i n  th e  d i r e c t i o n  o f  th e  s e p a r a t i o n  g e l .  

F iv e  d ro p s  o f  0 .0 0 1  % aqueous Brom phenol B lue  w ere  added  t o  th e  u p p e r 

r e s e r v o i r  a s  a  t r a c k in g  dye a t  th e  s t a r t  o f  e l e c t r o p h o r e s i s .  A f te r  

a b o u t 75 m in u te s  o f  e l e c t r o p h o r e s i s  th e  t r a c k in g  dye band  had  m ig ra te d  

to  a  p o in t  I  cm from  th e  lo w e r end  o f  th e  s e p a r a t i o n  g e l  and e l e c t r o ­

p h o r e s i s  was s to p p e d . The g e ls  w ere  th e n  rem oved from  th e  tu b e s  f o r  

s t a i n i n g .  A s e p a r a te  c e l l ,  t h a t  accom m odated l a r g e r  tu b e s  w hich  w ere 

c o n s t r i c t e d  a t  th e  b o t to m , was u se d  f o r  d e s t a i n in g .  The p r o t e i n ,  

l i p o p r o t e i n  and p o ly s a c c a r i d e - c o n ta in in g  p r o t e i n  p a t t e r n s  o f  embryos 

and y o lk  i n  th e  p r e - d i a p a u s e ,  d ia p a u s e  and p o s t- rd ia p a u s e  p e r io d s  o f  

d eve lopm en t w ere  s t u d i e d .  I n d iv id u a l  p a t t e r n s  w i th in  any one p e r io d  

d is p la y e d  o n ly  m in o r d i f f e r e n c e s  and w ere  n o t  s tu d i e d .  I t  sh o u ld  be 

n o te d  t h a t  s e v e r a l  em bryos o r  y o lk s  from  eggs i n  d i f f e r e n t  s ta g e s  o f  

d eve lopm en t w ere  p o o le d . S e v e ra l  g e ls  from  a t  l e a s t  two s e p a r a te  

e l e c t r o p h o r e t i c  ru n s  w ere  s tu d i e d  to  d e te rm in e  p a t t e r n s  f o r  each  o f  

th e  t h r e e  m a jo r  d e v e lo p m e n ta l p e r i o d s .

F o r e a c h  g e l  3 . to  6 mg o f  l y o p h i l i z e d  embryo o r  y o lk  f r a c t i o n s  

w ere  p r o c e s s e d .  The m a t e r i a l  was hom ogenized  i n , 40 % s u c ro s e  i n . a  Ten 

B roeck  g round  g l a s s  t i s s u e  g r in d e r  a f t e r  N ie ls e n  and M il l s  (1 9 6 8 ). i t  

was th e n  c e n t r i f u g e d  a t  1 2 ,0 0 0  rpm f o r  10 m in u te s  a t  4°C . The s u p e r ­

n a t a n t  s o l u t i o n  was c a r e f u l l y  rem oved and' m ixed w ith  2 volum es o f  th e  

sam p le  g e l  m inus th e  s u c ro s e  s o l u t i o n  o f  D av is  (196.4),
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O ver f i f t y  p e r c e n t  o f  th e  y o lk  m a t e r i a l  was i n s o l u b l e  i n  40 % 

s u c r o s e .  T h is  i n s o l u b l e  m a t e r i a l  was a l s o  a n a ly z e d  e l e c t r o p h o r e t i c a l l y . 

I t  was d i s s o lv e d  i n  0 .6  M KCl w ith  th e  a id  o f  a  c y c lo -m ix e r  and c e n t r i ­

fu g e d  a t  1 2 ,0 0 0  rpm f o r  10 m in u te s  a t  4°C. A r e s id u e  o f  a b o u t 5 % 

rem a in e d  a f t e r  t h i s  c e n t r i f u g a t i o n .  S u c ro se  was added  to  th e  s u p e r ­

n a ta n t  s o lu t i o n ,  to  a  c o n c e n t r a t io n  o f  a b o u t 40 % to  f a c i l i t a t e  p o ly ­

m e r i z a t io n .  Two volum es, o f  sam ple  g e l  w ere  added  to  th e  s u p e r n a ta n t  

s o l u t i o n  a s  d e s c r ib e d  above and th e  m a t e r i a l  was d iv id e d  among 3 g e l  

tu b e s  f o r  e l e c t r o p h o r e s i s .  One g e l  was u s e d . f o r  g e n e r a l  p r o t e i n  s t a i n ­

in g  and th e  o th e r s  w ere  s t a i n e d  f o r  l i p o p r o t e i n  and p o ly s a c c h a r id e -  

c o n ta in in g  p r o t e i n .

P r o t e i n  C h a r a c t e r i z a t i o n

G e n e ra l  p r o t e i n  s t a i n i n g .

P r o t e i n  b ands w ere  d i s c e r n e d  by s t a i n i n g  g e l s  f o r  I . h o u r - in  

a  s o l u t i o n  o f  I  % Amido Schw arz i n  7 % a c e t i c  a c id .  G els  w ere  d e s ta in e d  

by le a c h in g  o r  e l e c t r o p h o r e s i s  i n  7 % a c e t i c  a c id .

P e r io d i c  a c i d - S c h i f f  r e a c t i o n .

T h is  r e a c t i o n  i s  w e l l  known f o r  th e  d e t e c t i o n  o f  p o ly ­

s a c c h a r id e s .  PAS- p o s i t i v e  p r o t e i n  b an d s  w ere  d e m o n s tra te d  by th e  

m ethod o f  H o tc h k is s  a s  d e s c r ib e d  by  G u rr  (1 9 5 8 ). The fo l lo w in g  s t e p s  

w ere  p e rfo rm e d  a f t e r  e l e c t r o p h o r e t i c  s e p a r a t i o n :  ( I )  th e  g e ls  w ere

o x id iz e d  in  0 .8  % aqueous p e r i o d i c  a c id  f o r  f i v e  m in u te s  and w ashed 

i n  70 % e th a n o l ;  (2 ) th e  g e ls  w ere  re d u c e d  f o r  f i v e  m in u tes , i n  an 

a c i d i c  s o l u t i o n  ( I  g o f  KI and I  g o f  sod ium  t h i o s u l f a t e  d i s s o lv e d  i n
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20 ml o f  d i s t i l l e d  w a te r ,  30 ml o f  a b s o lu te  e th a n o l  and 0 .5  ml o f  2 

N HCl) and w ashed  i n  70 % e th a n o l ;  (3 ) th e  g e ls  w ere p la c e d  i n  S c h i f f rs 

r e a g e n t  (D a v e n p o rt , 1960) f o r  t e n  m in u te s ; and (4 ) th e  g e ls  w ere  w ashed 

i n  a  s o l u t i o n  o f  0 .2  g o f  p o ta s s iu m  m e t a b i s u l f i t e  i n  4 5 .5  ml o f  d i s ­

t i l l e d  w a te r  and 0 .5  ml o f  c o n c e n t r a te d  HCl; P A S -p o s i t iv e  m a t e r i a l  

s t a i n e d  a  r o s e  to  p u r p le  c o lo r  i n  S c h i f f ' s  r e a g e n t .  Bands became more 

a p p a re n t  w i th  p ro lo n g e d  s u l f i t e  w ashes and s to r a g e  i n  7 % a c e t i c  a c id .

S in c e  s u c r o s e . i s  P A S -p o s i t iv e  and was in c lu d e d  i n  th e  sam ple  g e l  

i t  was n e c e s s a ry  to  d e te rm in e  i t s  e f f e c t . C o n tro l  g e ls  w ere  s u b je c te d  

t o  e l e c t r o p h o r e s i s :  ( I )  w i th o u t  p r o t e i n  ..in th e . sam ple  g e l ;  (2) w i th ­

o u t s u c ro s e  i n  th e  sam ple  g e l ;  and (3 ) w i th o u t,  p r o t e i n  o r  s u c ro s e  i n  

th e  sam p le  g e l .  PAS t e s t s  on th e s e  c o n t r o l s  showed t h a t  s u c ro s e  i n  

th e . sam p le  g e l  does n o t  i n t e r f e r e  b y .e n t e r in g  th e  s e p a r a t i o n  g e l .

L ip o p r o te in  s t a i n i n g .

L ip o id  b ands w ere  v i s u a l i z e d  i n  th e  g e ls  by th e  Sudan B lack  

m ethod a f t e r  Wang and P a t to n  (1 9 6 8 ). A 0 .5  % s o l u t i o n  o f  Sudan B lack.

B i n  a  3 :3 :4  m ix tu re  o f  e th a n o l - e th y le n e  g ly c o l - w a te r  was u s e d . Brown 

to  d a rk  brow n b an d s  a p p e a re d  a f t e r  5 h o u rs  o f  s t a i n i n g .



RESULTS AND DISCUSSION

I s o to p e  I n t r o d u c t io n  and Egg W eight Changes

In  m ost i n s e c t  b io c h e m ic a l  . t r a c e r  s tu d i e s  th e  i s o to p e  i s  in c lu d e d  

in  th e  d i e t , i n j e c t e d  i n t o  th e  a n im a l o r  p u t  i n t o  an yIn v i t r o  medium 

(W in te rin g h am , 1962; L o c k s h in , 1966; C h e fu rk a , 1 9 6 5 ). O b v io u sly  d i e t ­

a ry  i n t r o d u c t i o n  c a n n o t b e  u se d  w ith  th e  c l e i d o i c  eggs o f  A. e V l i o t t i  

and an in  v i t r o  s tu d y  c o n n o te s  d i s r u p t io n  o f  egg s t r u c t u r e  w hich  m igh t 

i n t e r f e r e  w i th  n o rm a l e m b ry o g e n e s is . L ik e w is e , i n j e c t i o n  o f  th e  eggs 

c o u ld  r e s u l t  i n  i n j u r y  and r e s u l t a n t  wound r e p a i r  m igh t mask n o rm al 

e v e n ts  (H arvey  and W il l ia m s , 1961; S te v e n so n  and W y a tt, 1 9 6 2 ). The 

d e s i c c a t i o n - a b s o r p t i o n  te c h n iq u e  o f  i s o to p e  i n t r o d u c t i o n  c irc u m v e n ts  

th e s e  d i f f i c u l t i e s . .

The a v e ra g e  w e ig h t l o s s . p e r  day p e r  egg d u r in g  d e s i c c a t i o n  and 

th e  a v e ra g e  w e ig h t g a in  p e r  egg d u r in g  f o u r  days o f  a b s o r p t io n  a r e  

shown i n  T a b le  I .  P r e - d ia p a u s e  eggs l e s s  th a n  20 days o ld  h av e  f r a g i l e  

s h e l l s  and lo s e  w e ig h t r e a d i l y  upon d e s i c c a t i o n .  S h e l l  f r a g i l i t y  and 

w e ig h t l o s s  upon d e s ic c a t i o n  d e c re a s e s  i n  eggs o v e r  20 days o ld .  T hese  

changes a r e  th o u g h t  to  b e .d u e  to  s e r o s a l  c u t i c l e  p r o l i f e r a t i o n  ( S l i f e r , 

1937; M c F a rla n e , 1 9 6 0 ). A l l  o f  th e  egg sam p les e x h ib i t e d  g a in s  in  

w e ig h t d u r in g  th e  f o u r  day a b s o r p t io n  p e r io d  (T ab le  I ) .  C o n s id e ra b le  

v a r i a t i o n  i n  b o th  l o s s  and g a in  o f  w e ig h t was n o te d .  S in c e  u p ta k e  o f  

v a l in e - C - ^  was n o t  a lw ays p r o p o r t i o n a l  to  th e  w e ig h t g a in  d u r in g  ab­

s o r p t i o n ,  i t  was n e c e s s a r y  to  g a in  in fo r m a t io n  r e g a r d in g  th e
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T a b le  I .  Changes' i n  th e  w e ig h t o f  eggs from  A.- e l l i o t t i -  d u r in g  
d e s i c c a t i o n  and a b s o r p t io n .

Days i n  s t a t e  a t
A verage w e ig h t l o s s  th e  end  o f  th e
p e r  day p e r  e g g a a b s o r p t io n  p e r io d

A verage w e ig h t g a in  
p e r  egg a f t e r  fo u r  
days o f  a b s o r p t io n

S e r ie s  I ■ S e r ie s  I I  S e r ie s  :E S e r ie s  I I S e r ie s  I S e r ie s  I I

P r e - d ia p a u s e  eggs a t  25 '5G

0 .8 2  mg 0 .5 4  mg 8 days 8 days 0 .8 5  mg 0 .5 0  mg
.95 .70 15 15 1 .1 0 1 .0 4

1 .0 8 .76 15 16 1 .4 6 .89
.3 1 • 60 . . 26 20 1 .0 5 .6 8
.20 .09 36 • 28 1 .2 7 1 .6 8
.1 8 .12 42 35 1 .3 3 .93
.16 • 3-5 42 41 2 .4 5 1 .5 6
.17 42 2 .3 2
.1 3 52 2 .4 2

D iap au se eg g s a t  8 °G

.0 3 .02 26 26 I .  79 1 .1 8

.12 .04 50 45 1 .7 1 1 .8 5

.0 8 .1 3 76 51 1 .8 9 1 .6 6

.09 .08 140 HO 1 .1 1 2 .2 1

.0 8 140b ■ 1 .8 8

P o s t r d ia p a u s e  eggs a t  25'5C

.0 4  ■ .0 4 I I . 2 .1 4 1 .0 8

.0 8 .0 4 3 3 2 .5 2 .99

.1 1  • .06 5 5 2 .1 4 2 .4 8

.2 3 .2 1 10 10 1 .9 6 2 .0 4
0 .2 1 0 .2 4 15 15 0 .8 9 0 .8 8

a  Eggs w ere  d e s ic c a t e d  u n t i l  o n e - t e n th  o f  t h e i r  o r i g i n a l  w e ig h t was - 
l o s t  o r  f o r  no more th a n  fo u r  d a y s .

T h is  sam p le  was k e p t  a t  2 5 °C, w h ereas  a l l  o th e r  d ia p a u s e  sam ples 
w ere  s t o r e d  a t  S0C.



c o n c e n t r a t io n  o f  v a l i n e - C ^  a v a i l a b l e  f o r  in c o r p o r a t io n  i n t o  p r o t e i n  

(F ig u re  2 , T a b le  I I ) .  The u se  o f  t h i s  in fo r m a t io n  i s  d e s c r ib e d  i n  th e  

f o l lo w in g  p a r a g r a p h s .

R a d io a c t iv e  V a lin e  U ptake M easurem ent

Two m easu rem en ts  o f  th e  c o n c e n t r a t io n  o f  valine-C-*-^ i n  th e  sam p les  

w ere  d e s c r ib e d  e a r l i e r .  The f i r s t  m easurem ent d e te rm in e d  th e  amount 

o f  v a l in e -C " ^  a b s o rb e d  from  th e  in c u b a t io n  medium by  o ld e r  e g g s . T h is  

was a c c o m p lish e d  by m o n ito r in g  v a l i n e - C ^  r a d i o a c t i v i t y  i n  th e  in c u ­

b a t io n  medium b e f o r e  and a f t e r  a b s o r p t io n .  The d i f f e r e n c e  was assum ed

to  b e  th e  amount a b s o rb e d . The e q u a t io n  v-̂ y ^ e- ^ , a b s o rb e d  p e r . egg
v a l in e - C l4  a v a i l a b l e  p e r  egg

100 ( se e  F ig u re  2) was u se d  to  c a l c u l a t e  th e  p e rc e n ta g e  a b s o r p t io n  o f  

th e  i s o t o p e .  P r e - d ia p a u s e  eggs w ere  h ig h ly  v a r i a b l e  w i th  r e s p e c t  to  

t h e i r  a b s o r p t io n  o f  th e  i s o t o p e , an o b s e r v a t io n  n o te d  p r e v io u s ly  b y . 

Bunde (1 9 6 5 ). S t r u c t u r a l  changes i n  th e  s h e l l  c o u ld  c a u se  v a r i a b l e  

a b s o r p t io n  o f  v a l in e - C - ^ .  Eggs becam e m ore r e s i s t a n t  to  d e s ic c a t io n  

as p r e - d ia p a u s e  d ev e lo p m en t p r o g r e s s e d ,  w h i le  s h e l l  d ry  w e ig h t i n ­

c re a s e d  and s h e l l  f r a g i l i t y  d e c re a s e d . T h is  may h av e  b e e n  due to  th e  

p r o c e s s e s  o f  p h e n o l ic  t a n n in g  and s e r o s a l  c u t i c l e  d e p o s i t io n .  T hese 

p r o c e s s e s  h av e  b een  s tu d i e d  in  o th e r  o r th o p te r a n s  by S l i f e r  (1 9 3 7 ), 

M athee (1951) and M cF arlane  (1 9 6 0 ).

D ia p a u se  and p o s t - d ia p a u s e  sam p les  w ere  l e s s  v a r i a b l e  w i th  r e ­

s p e c t  to  th e  a b s o r p t io n  o f  v a lin e -C ^ ^  th a n  w ere th e  p r e - d ia p a u s e
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s a m p le s . The p e rc e n ta g e  o f  a b s o r p t io n  was h ig h  and a p p e a re d  to  i n ­

c re a s e  i n  o ld e r  e g g s . The s t r u c t u r e  o f  th e  s h e l l  o f  some a c r i d i d  eggs



IOOr

Day Age 10

State diapauseprediapause postdiapause

condition of eggs

F ig u re  2 . P e r c e n t  a b s o r p t io n  o f  valine-C"*"^ by A. e l l i o t t i  
eggs d u r in g  d e v e lo p m en t. S e r ie s  I  w hole  egg sa m p les—# . S e r ie s  I I  
egg sam p les  ( b e fo re  f r a c t i o n i n g ) —O . P e rc e n t  a b s o r p t io n  was c a lc u la t e d  
from  v a l in e - C l4  abs.Qrp.t i o n  p e r  egg % 1 0 0 _ 

v a l in e - C 14 a v a i l a b l e  p e r  egg
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T a b le  I I .  Valine-C-I-^ u p ta k e  m easu rem en ts e x p re s s e d  in  d i s i n t e g r a t i o n s  
p e r  m in u te  p e r  A. eXViotti,  egg  o r  egg f r a c t i o n .

Whole egg sam p les Egg f r a c t i o n  sam p les

Age o f A verage Age o f A verage A verage A verage
sam ple dpm /egg s amp Ie dpm/embryo dpm /yolk d p m /s h e ll

P r e -d ia p a u s e eggs a t  2 5 °C

8 days 1 2 ,5 6 8 8 days 2 0 ,4 9 3 2 ,3 2 6
15 2 2 ,4 5 8 15 2 5 ,3 5 8 3 ,274
15 2 9 ,8 0 0 16 9 ,8 8 7 2 ,1 1 0
26 2 4 ,5 9 8 20 1 6 ,4 5 4 8 ,230
36 6 0 ,4 0 6 28 437 3 ,4 1 4 618
36 76 ,537 35 1 ,0 0 1 2 ,1 8 0 1,499
42 32 ,0 4 9  . 41 1 ,3 3 9 12 ,950 10 ,150
42 39 ,675
52 88 ,4 7 6

D ia p a u se  eggs a t  8° C

26 1 7 ,0 3 3 26 36 716 810
50 1 ,544 45 199 1 ,5 4 0 1 ,9 9 1
76 3 ,0 6 0 51 476 1 ,6 1 6 1 ,4 7 1

140 90 ,8 9 5 HO 640 5 ,0 4 3 3 ,924
140a 37 ,9 0 5

P o s t - d ia p a u s e eg g s a t  25°C

I 4 5 ,3 4 1 I 1 ,2 3 8 1 7 ,1 1 3 22 ,847
3 73 ,1 7 0 3 3 ,9 2 2 11 ,620 16 ,7 6 1
5 9 9 ,0 1 3 5 1 ,7 2 8 32 ,209 19,365

10 81 ,9 6 7 10 8 ,5 3 7 13 ,3 6 2 24 ,242
15 39 ,639 ' 15 5 ,5 7 8 10 ,1 8 5 18,327

a
T h is  sam p le  was k e p t  a t  25°C , w h e re as  a l l  o th e r  d ia p a u s e  sam ples 
w ere  s to r e d  a t  8°C.
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su ch  as  M. SziffeTent1I d l1Is3 h a s  b e e n  r e p o r te d  to  be  n e a r l y  co m p le te  a t  

th e  tim e  th e  egg e n t e r s  d ia p a u s e  ( S l i f e r ,  1 9 3 7 ). I f  th e  developm en t 

o f  th e  egg s h e l l  i s  s i m i l a r  i n  A. e V t i o t t i  th e  d i f f e r e n t i a l  a b s o r p t io n  

r a t e  o b se rv e d  d u r in g  p r e - d ia p a u s e  c o u ld  b e  due to  ch an g es i n  th e  s h e l l  

a t  t h i s  t im e . A b s o rp tio n  o f  a c e t a t e  a l s o  was found  to  b e  more c o n s ta n t  

d u r in g  d ia p a u s e  and p o s t - d ia p a u s e  i n  eg g s o f  A., e l l i o t t i .  (B unde, 1965) . 

The m easu rem en ts  d e s c r ib e d  above d e te rm in e d  th e  u p ta k e  o f  v a lin e -C ^-^  

by w ho le  e g g s . D a ta  d e r iv e d  from  th e s e  m easu rem en ts w ere  u se d  to  show 

p e rc e n ta g e  a b s o r p t io n  o f  v a l i n e - C ^  b u t  w ere  n o t  u se d  to  c o r r e c t  sam p les  

f o r  v a r i a b l e  i s o t o p e  c o n c e n t r a t io n .

E m bryos, y o lk  and s h e l l s  d id  n o t  t a k e  up v a l in e -C ^ ^  i n  p r o p o r t io n  

to  t h e i r  w e ig h ts .  S in c e  i t  was n e c e s s a r y  to  know th e  am ount o f  v a l i n e -  

a v a i l a b l e  f o r  i n c o r p o r a t io n  i n t o  p r o t e i n  i n  e a ch  egg f r a c t i o n  to  

d e te rm in e  m e a n in g fu l i n c o r p o r a t io i i  v a l u e s , a n o th e r  s e t  o f  c o n c e n t r a t io n  

m easu rem en ts  was o b ta in e d .  An a l i q u o t  o f  th e  c ru d e  l y o p h i l i z e d  m a te r ­

i a l  from  e a ch  w ho le  egg sam ple  and e a ch  egg f r a c t i o n  sam p le  was homo­

g e n iz e d  and c o u n te d  as  d e s c r ib e d  e a r l i e r .  T hese c o u n ts  w ere  used  to  

c a l c u l a t e  th e  s p e c i f i c  a c t i v i t y  o f  -v a l in e -C " ^  f o r  a l l  sam p les  (T ab le  

I I ) .  T h is  in fo r m a t io n  was u se d  to  c o r r e c t  f o r  v a r i a b l e  i s o to p e  u p ta k e  

and w i l l  b e  e l a b o r a t e d  on in  a l a t e r  s e c t i o n .

Dry W eigh ts  o f  Whole Eggs and Egg F r a c t io n  Sam ples

The a v e ra g e  d ry  w e ig h t p e r  w ho le  egg o r  egg f r a c t i o n  was d e t e r ­

m ined f o r  a l l  sa m p les  a f t e r  ly o p h i l i z a t i o n  (T ab le  I I I , F ig u re  3 ) .  The
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T a b le  I I I .  P e r c e n t  d ry  w e ig h ts 3 o f  w hole  eggs and egg  f r a c t i o n s  from  
A.- elHottn,.

Age o f  
s a m p le s :

S e r ie s  I

Whole, egg 
s a m p le s : .

S e r ie s  I

Age o f  
sam p les

S e r ie s  I]

Whole egg*3 
s a m p le s :

[... S e r ie s  I I

Egg f r a c t i o n  s a m p le s : 

S e r ie s  I I
Embryo Y olk S h e l l

P r e -d ia p a u s e eggs a t  25°C

8 days 4 6 .1 7  % 8 days 4 4 .6 8  % 4 3 .6 9  % 0 .9 9  %
15 4 5 .3 2 15 4 5 .7 3 4 4 .7 7 .96
15 39 .3 5 16 4 1 .9 1 4 1 .4 2 .49  .
26 3 6 .3 8 20 4 6 .1 3 4 4 .8 1 1 .3 2
36 37 .80 28 3 8 .9 4 1 .0 1 % 3 6 .7 2 1 .2 1
36 3 4 .4 0 35 3 6 .3 9 2 .0 9 33 .1 5 1 .1 5  ■
42 3 4 .9 2 41 3 1 .2 2 2 .7 0 2 7 .2 0 1 .3 2
42 3 7 .1 3
52 - 30 . p2

D ia p a u se  eggs a t  8°C

26 2 9 .8 3 26 3 0 .2 2 3 .8 0 2 5 .0 9 1 .3 3
50 2 9 .7 3 45 2 7 .8 6 3 .8 8 2 2 .8 6 1 .1 2
76 2 7 .1 9 51 3 2 .9 8 5 .6 2 2 6 .1 0 1 .1 6

140 2 7 .8 1  . HO 2 6 .6 9 3 .7 1 2 1 .6 5 1 .3 3
140c ' 2 5 .9 3

P o s t - d ia p a u s e eggs a t  2 5 °C

I 2 6 .3 4 I 2 8 .7 5 4 .1 4 2 3 .4 5 1 .1 6
3 2 6 .8 3 3 2 7 .4 5 4 .0 6 2 2 .2 0 1 .1 9
5 2 9 .2 0 5 2 7 .3 3 3 .86 2 2 .2 9 1 .1 8

10 2 6 .6 9 10 , 2 7 .2 0 6 .9 5 1 9 .0 5 1 .2 0
15 3 1 .3 5 15 2 8 .9 6 8 .8 5 1 9 .1 2 0 .9 9

a
A verage  l y o p h i l i z e d  w e ig h t p e r ,  egg___________ x
A verage  w et w e ig h t p e r  egg a f t e r  a b s o r p t io n

k The d ry  w e ig h ts  o f  th e  egg f r a c t i o n s  w ere  summed to  c a l c u l a t e  th e  
p e r c e n t  d ry  w e ig h t- .o f  S e r ie s  I I  w ho le  e g g s , 

c
T h is  sam p le  was k e p t  a t  ,250C, w h e r e a s , a l l . o t h e r  d ia p a u s e  sam ples 
w ere  s to r e d  a t  - S0C.
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----whole eggs
-  -  yolk

Day Age IO

S ta te ---------- prediapause--------------------- 1---------- diapause ♦ postdiapouse

condition of eggs

F ig u re  3. P e r c e n t  d ry  w e ig h t o f  A. e l l i o t t i  w hole eggs and egg f r a c ­
t i o n s .  S e r ie s  I  w hole e g g s —# .  S e r ie s  I I  eggs (sum o f  egg f r a c t i o n s )  
- 0  . S e r ie s  I I  y o lk  f r a c t i o n —̂  . S e r ie s  I I  embryo f r a c t i o n —̂  .
S e r ie s  I I  s h e l l  f r a c t i o n —o  . P e r c e n t  d ry  w e ig h t i s  th e  p ro d u c t  o f  
a v e ra g e  l y o p h i l i z e d  w e ig h t p e r  w hole  egg o r  egg f r a c t i o n  x ^QO 
a v e ra g e  w et w e ig h t p e r  egg a f t e r  a b s o r p t io n
B roken l i n e s  i n  th e  lo w e r  g raph  a r e  u se d  to  d e n o te  tim e  p e r io d s  b e ­
tw een sam p les  t h a t  a r e  to o  g r e a t  to  e s t a b l i s h  a t r e n d .
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d ry  w e ig h ts  o f  .em bryo, y o lk  and s h e l l  f r a c t i o n s  o f  S e r ie s  I I  w ere 

summed to  o b t a in  th e  w ho le  egg v a l u e s . P e rc e n ta g e  d ry  w e ig h ts  f o r

th e  w ho le  egg sam p les  and egg f r a c t i o n  sam p les  w ere  c a l c u l a t e d  as

f o l l o w s : a v e ra g e  l y o p h i l i z e d  w e ig h t p e r  egg  o r  egg f r a c t i o n
a v e ra g e  w et w e ig h t p e r  egg a f t e r  a b s o r p t io n

P e r c e n ta g e  v a lu e s  a r e  f r e e  o f  a p p a re n t  changes due to  s i z e  v a r i a t i o n s  

i n  th e  e g g s . Q u ickenden  (1969) d e te rm in e d  p e rc e n ta g e  d ry  w e ig h t in  

I  to  7- d a y - o ld  p r e - d ia p a u s e  A. e I Z i o t t i  eggs to  be a b o u t 45 %. T h is  

i s  i n  a g reem en t w i th  th e  p e rc e n ta g e  d ry  w e ig h t v a lu e s  o f  - 45 and 46 % 

found  i n  two 8 - d a y -o ld  p r e - d ia p a u s e  sam p les  i n  th e  p r e s e n t  s tu d y .  The 

p e rc e n ta g e  d ry  w e ig h t o f  w ho le  eggs showed t h a t  egg h y d r a t io n  in c r e a s e s  

d u r in g  p r e - d ia p a u s e  and rem a in s  h ig h  th ro u g h o u t  th e  re m a in d e r  o f  em bryo- 

g e n e s i s .

Embryos e x h ib i t e d  a  g ra d u a l  i n c r e a s e  i n  d ry  w e ig h t th ro u g h o u t t h e  

p r e - d ia p a u s e  p e r io d  and f o r  50 days o f  d ia p a u s e  d e v e lo p m e n t. Em bryonic 

d ry  w e ig h t shows a  d e c re a s e  to  t h e . e a r l y  p r e - d ia p a u s e  l e v e l  a f t e r  HO 

days o f  e x p o su re  to  8°C d u r in g  d ia p a u s e  and r i s e s  a g a in .d u r in g  p o s t ­

d ia p a u s e  d ev e lo p m en t a t  250C. The. m a t e r i a l  a c c u m u la te d  by th e  embryo 

d u r in g  th e  t r a n s i t i o n  from  p r e - d ia p a u s e  to  d ia p a u s e  i s  a p p a r e n t ly  

u t i l i z e d  d u r in g  p ro lo n g e d  c o ld  e x p o su re  w h i le  i n  th e  d ia p a u s e  s t a t e .

The y o lk  d i s p la y e d  a  g r a d u a l  d e c l in e  i n .p e r c e n t a g e  d ry  w e ig h t th ro u g h ­

o u t d ev e lo p m en t w h ich  i s  c o n s i s t e n t  w i th  i t s  u se  as  a  s o u rc e  o f  e n e rg y  

and a n o b o lic .  m a t e r i a l s . The d ry  w e ig h t o f  th e  egg s h e l l  showed a 

m arked  i n c r e a s e  d u r in g  p r e - d ia p a u s e  w h ich  l e v e l e d  o f f  d u r in g  d ia p a u s e
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and d ro p p ed  i n  p o s t - d ia p a u s e  j u s t  p r i o r  to  h a tc h in g  (F ig u re  4 ) .  The 

i n c r e a s e  d u r in g  p r e - d ia p a u s e  was p ro b a b ly  due to  d e p o s i t io n  o f  s e r o s a l  

c u t i c l e  a s  was m e n tio n e d  e a r l i e r  i n  r e l a t i o n  to  th e  d e c re a s e  in  s h e l l  

f r a g i l i t y  and r e s i s t a n c e  to  d e s i c c a t i o n .  The d e c re a s e  i n  th e  d ry  

w e ig h t o f  th e  s h e l l  p r i o r  to  h a tc h in g  ( p o s t - d ia p a u s e  s a m p le , 15 days 

o ld :  F ig u re  3) can b e  a t t r i b u t e d  to  th e  breakdow n o f  th e  s h e l l . .  S l i f e r  

(1937) n o te d  a  d e c re a s e  i n  th e  th ic k n e s s  o f  th e  i n n e r  l a y e r  o f  th e  

s e r o s a l  c u t i c l e  d u r in g  p o s t - d ia p a u s e  i n  M. d i f f e r e n t i a t i s  and Trow­

b r id g e  and B odine (1940) found  a  d e c re a s e  i n  th e  t o t a l  n i t r o g e n  o f  th e  

s h e l l  i n  t h i s  s p e c ie s  p r i o r  to  h a tc h in g .  S l i f e r  (1937) a t t r i b u t e d  th e  

d e c re a s e  i n  c u t i c l e  th ic k n e s s  to  th e  a c t i o n  o f  a ,h a tc h in g  enzyme .p ro ­

duced  by th e  p le u r o p o d ia .  U rban (1970) found  t h a t  th e  p le u r o p o d ia  o f  

A. e l l i o t t i  e x h ib i t e d  h ig h  p r o te a s e  a c t i v i t y  i n  th e  em b ry o n ic  e x u v ia e , 

e x tra -e m b ry o n ic , f l u i d  and on th e  i n s i d e  o f  th e  s h e l l .  I t  a p p e a rs  t h a t  

th e  d e c re a s e  i n  th e  d ry  w e ig h t o f  th e  s h e l l  o b s e rv e d  i n  th e  p r e s e n t  

s tu d y  may hav e  b e e n  due to  e n z y m a tic  d i g e s t i o n  o f  p a r t  o f  th e  s h e l l .  

P r o t e i n  C o n te n t■o f  Whole Eggs and Egg F r a c t io n s

The p r o t e i n . c o n t e n t  o f  S e r ie s  I .and  S e r ie s  I I  sa m p les  was d e t e r ­

m ined- th ro u g h o u t  e m b ry o g e n e s is . P r o t e i n  was a s sa y e d  by a .m o d if ie d  

b i u r e t  m ethod . M ost o f  th e  v a lu e s  a r e  a v e ra g e s  o f  s e v e r a l  a n a ly s e s :

2 -6  a n a ly s e s  w ere  p e rfo rm e d  on S e r ie s  I  w ho le  egg sa m p les  and S e r ie s  

I I  y o lk  f r a c t i o n  sa m p les  w ere  a n a ly z e d  i n  t r i p l i c a t e ;  t h e  v a lu e s  ob­

t a i n e d  f o r  d ia p a u s e  em bryos a r e  th e  a v e ra g e  o f  2 -3  a n a ly s e s ,  e x c e p t
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Day Age IO 
S tate ----------- p red iapause d iapause postdiapause

condition of eggs

F ig u re  4 . S h e l l  d ry  w e ig h t o f  A. e l l i o t t i  eggs
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f o r  two sa m p les  w i th  s i n g l e  a n a l y s e s : s i n g l e  a n a ly s e s  w ere  u sed  f o r  

S e r ie s  IX s h e l l  f r a c t i o n s .  The Q t e s t  (Skoog and W e st, 1963) was u se d  

to  e v a lu a te  th e  v a l i d i t y  o f  b i u r e t  r e a d in g s  from  S e r ie s  I  w hole egg 

s a m p le s . T h ree  r e a d in g s  w ere  r e j e c t e d  by t h i s  c r i t e r i o n .

B iu r e t  d e te r m in a t io n s  o f  th e  p r o t e i n  c o n te n t  o f  S e r ie s  I  w hole . 

eggs a r e  p r e s e n te d  i n  T a b le  IV and F ig u re  5 . The p r o t e i n  c o n te n ts  o f  

th e  em bryo, y o lk  and s h e l l  from  S e r ie s  I I  egg f r a c t i o n  sam p les  w ere 

summed to  o b t a in  w ho le  egg  v a lu e s  (T a b le  V, F ig u re  6 ) .  The m ost con­

s i s t e n t  o b s e r v a t io n s  i n  F ig u re s  5 and 6 a r e  t h a t  th e  p r o t e i n  c o n te n t  

o f  w ho le  eg g s  d e c re a s e d  d u r in g  t h e . f i r s t  26 days o f  d ia p a u s e  a t  S0C, 

in c r e a s e d  d u r in g  th e  n e x t  25 days and d e c re a s e d  a f t e r  m ore th a n  two 

m onths o f  c o ld  e x p o s u re . The S e r ie s  I  w ho le  egg sam p les  m a in ta in e d  

a t  25°C f o r  140 days i n  th e  d ia p a u s e  s t a t e  showed a s l i g h t l y  h ig h e r  

p e rc e n ta g e  o f  p r o t e i n  th a n  th e  co m p arab le  sam ple m a in ta in e d  a t  S0C 

(T a b le  IV ) . The w ide  ra n g e  o f  v a lu e s  and th e  la c k  o f  a  s u f f i c i e n t  

num ber o f  sam p les  make i t  d i f f i c u l t  t o  i n t e r p r e t  t h e s e  r e s u l t s .  The 

p r o t e i n  c o n te n t  o f  em bryo f r a c t i o n s . and y o lk  f r a c t i o n s  i s  r e p o r te d  

below  as  c o r r o b o r a t iv e  in fo r m a t io n .

In  o v ip a ro u s  a n im a ls  th e  y o lk  i s  consumed d u r in g  em b ry o g en es is  

as a  s o u rc e  o f  e n e rg y  and a n a b o l ic  m a t e r i a l s .  I t  seem s a p p a re n t  t h a t  

th e  p r o t e i n  c o n te n t  o f  th e  embryo s h o u ld  i n c r e a s e  w h i le  t h a t  o f  th e  

y o lk  d e c re a s e s  d u r in g  A. e lV io t t i ,  e m b ry o g e n e s is . C hanges w hich  o c c u r  

i n  p r o t e i n  l e v e l s ,  e s p e c i a l l y  d u r in g  th e  d ia p a u s e  p e r i o d ,  h o w ev er,
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T a b le  IV . P r o t e i n  c o n te n t  o f  S e r ie s  I  w ho le  eggs th ro u g h o u t  th e  
e m b ry o g e n es is  o f  A. QZZ-Vott1I.

D e s c r ip t io n  o f  sam p les P r o t e i n c o n te n t

A verage
Day age S ta g e s Mean s ta g e No. o f  'eggs m g/egg % p r o t e i n 3

Pr e - d ia p a u s e eg g s a t 25°G

8 18 1 .7 8 5 9 .1 4
15 13 2 .0 3 79 .61
26 22 1 .7 5 59 .52
36 25 1 .4 0 46 .35
36 25 1 .4 2 5 2 .5 9
42 24 1 .6 8 57 .93
42 18 1 .5 8 5 4 .4 3
52 19 ■19 34 1 .4 6 5 2 .3 1

D ia p a u se  eggs a t  80C

26 19 19 34 1 .2 3 47 .69
50 19 19 24 1 .6 3 5 7 .6 0
76 19 19 25 1 .5 2 53 .90

140 19-23 2 0 .0 25 1 .3 3 54 .7 3
14 Ob 19-23 1 9 .6 27 1 .3 8 62 .1 6

P o s t - d ia p a u s e eg g s a t 25°C

I 21 -23 2 1 .8 25 1 .5 2 54 .09
3 no d a ta 25 1 .5 7 57 .9 3
5 20-25 2 2 .6 23. 1 .7 7 62 .1 1

10 25-26 2 5 .5 24 1 .5 6 57 .1 4
• 15 25-27 2 6 .2 25 1 .4 8 52 .86

a  P e r c e n t  p r o t e i n  was c a l c u l a t e d  from  m& p r o te i n _ p ^ r  egg----- x 100.
v mg d ry  w e ig h t p e r  egg

T h is  sam p le  was m a in ta in e d  a t  25°C.
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condition of eggs

F ig u re  5 . P r o te in  c o n te n t  o f  S e r ie s  I  w hole eggs th ro u g h o u t th e  em brya g e n e s is  o f 
A. e l l t o t t i .  N um erals above th e  sym bols r e p r e s e n t  th e  num ber o f  a n a ly s e s  on th a t  
sa m p le . #  d e n o te s  two sa m p le s , nc —d e n o te s  no c o ld  e x p o s u re .
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Table V. P ro te in  conten t o f S e r ie s  I I  egg fr a c t io n  samples from A. e l t i o t t i

D e s c r ip t io n  o f  sam p les A verage  p r o t e i n  c o n te n t  p e r  w ho le  egg o r  egg f r a c t i o n

Day
age S ta g e s

Mean
s ta g e

No. o f  
eggs

Embryo Y olk S h e l l Whole e g g sd

mg' p e rc e n t^ mg p e rc e n t^ mg p e rc e n t^  mg p e rcen t^ 3

P r e -d ia p a u s e eggs a t  25°C

8 20 1 .7 1  . 6 3 .5 6 23 4 1 .0 3 1 .7 3 64 .3 1
15 20 1 .4 9 5 4 .7 8 17 5 6 .6 3 1 .5 1 54 .3 2
16 20 1 .5 0 5 3 .3 8 17 2 8 .5 7 1 .5 2 54 .09
20 46 1 .4 3 5 5 .8 6 12 13 .3 4 1 .4 2 53 .79
28 9-12 1 0 .4 86 0 .0 4 0 5 7 .9 7 1 .3 7 5 3 .9 4 31 35 .8 4 1 .4 4 5 3 .3 3
35 13-16 1 4 .6 48 .090 5 8 .0 6 1 .4 0 5 6 .9 1 27 32 .94 1 .5 2 56 .3 0
41 18-19 1 8 .9 53 .114 4 7 .9 3 1 .4 4 59 .0 2 51 42 .32 1 .6 1 57 .5 0

D iap au se  eggs a t 8°C

26 19 19 51 .125 3 7 .5 4 1 .1 9 54 .1 9 30 25 .49 1 .3 4 5 0 .9 4
45 19 19 47 .177 4 6 .5 8 1 .2 5 5 5 .8 6 27 2 3 .5 8 1 .4 5 5 2 .7 3
51 19 19 43 .239 45 .7 0 1 .3 6 5 6 .1 1  . 29 25 .75 1 .6 3 53 .1 0

HO 19 19 47 .139 42 .9 0 1 .0 8 56 .8 9 35 30 .45 1 .2 5 53 .65

P o s t - d ia p a u s e eg g s a t  25°C

I 19-24. 2 0 .5 50 .182 4 4 .8 3 1 .2 7 5 5 .2 2  . 52 4 5 .5 3 1 .5 0 54 .35
3 19-24 2 0 .6 48 .164 4 1 .0 8 1 .2 5 5 6 .8 7 34 26 .6 4 1 .45 5 3 .3 1  ■
5 19-24 2 1 .1 41 . 212 51 .3 9 1 ,1 8 56 .6 9 43 40 .15 1 .4 1 55 .29

10 24-26 2 4 .7 49 .371 5 7 .8 4 1 .0 8 6 0 .0 0 33 29 .6 7 1 .3 9 54 .09
15 25-27 2 6 .0 50 .461 5 8 .9 7 1 .0 7 6 3 .3 1 31 33 .82 1 .5 6 6 0 .9 4

a The p r o t e i n  c o n te n ts  o f  em bryo, y o lk  and s h e l l  f r a c t i o n s  w ere  summed to  o b ta in  w hole  egg 
v a l u e s . • ■

b a v e ra g e  mg p r o t e i n  p e r  w ho le  egg o r  egg f r a c t i o n  
a v e ra g e  mg d ry  w e ig h t p e r  w ho le  egg o r  egg f r a c t i o nP e r c e n t  p r o t e i n X 100,
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condition of eggs

F ig u re  6 . P r o te in  c o n te n t  o f  S e r ie s  I I  egg f r a c t i o n  sam p les th ro u g h o u t th e  em bryogenesis  
o f  A. e l l i o t t i .  Em bryo, y o lk  and s h e l l  p r o t e i n  w ere summed to  o b ta in  th e  w hole egg p r o te in  
c o n te n t .  N um erals above th e  sym bols r e p r e s e n t  th e  num ber o f  a n a ly s e s  on th e  sam p le .



- 3 8 -

may be  o f  s p e c i a l  i n t e r e s t .

The p r o t e i n  c o n te n t  o f  th e  embryo f r a c t i o n s  e x h ib i t e d  an in c r e a s e  

d u r in g  p r e - d ia p a u s e  d ev e lo p m en t a s  shown i n  T a b le  V and F ig u re  7. A 

s l i g h t  i n c r e a s e  i n  em b ry o n ic  p r o t e i n  a p p e a re d  d u r in g  th e  t r a n s i t i o n  

from  th e  p r e - d ia p a u s e  to  th e  d ia p a u s e  s t a t e .  Two d ia p a u s e  sam p les  ex ­

p o sed  t o  th e  c o ld  f o r  45 and 51 days r e s p e c t i v e l y , showed in c r e a s e s  i n  

p r o t e i n  c o n te n t  w h ich  c o r r o b o r a te  th e  i n c r e a s e  se e n  i n  th e  egg as a 

w ho le  (F ig u re s  5 and 6 ) a t  a b o u t 50 days o f  d ia p a u s e  d ev e lo p m en t.

A f t e r  HO days o f  c o ld  e x p o su re  th e  p r o t e i n  c o n te n t  had  d e c re a s e d  a l ­

m ost t o  th e  e a r l y  d ia p a u s e  l e v e l .  T h u s , an i n c r e a s e  i n  p r o t e i n  d u r in g  

th e  f i r s t  50 days o f  d ia p a u s e ,  fo llo w e d  by a  d e c re a s e  d u r in g  p ro lo n g e d  

c o ld  e x p o s u re ,  may b e  t y p i c a l  o f  d ia p a u s in g  em bryos. The f i r s t  t h r e e  

p o s t - d ia p a u s e  sam p les  d i s p la y e d  l i t t l e  i n c r e a s e  i n  p r o t e i n  w hich  i s  

p ro b a b ly  r e l a t e d  to  th e  o b s e r v a t io n  t h a t  many o f  th e  em bryos in  th e s e  

sam p les  w ere  r e t a r d e d  a s  e v id e n c e d  by t h e i r  low a v e ra g e  m o rp h o lo g ic a l  

s ta g e  (Van H orn , 1 9 6 6 b ) . P o s t - d ia p a u s e  embryo f r a c t i o n s  from  th e  eggs 

o f  two sam p les  t h a t  h ad  b e e n  rem oved from  th e  c o ld  f o r  10 and 15 days 

r e s p e c t i v e l y ,  h ad  h ig h  l e v e l s  o f  p r o t e i n .

V a r ia t io n  i n  th e  s i z e  o f  em bryos may b r in g  a b o u t d i f f e r e n c e s  in  

p r o t e i n  c o n te n t  b e tw een  one sam ple  and a n o th e r . The u s e  o f  p e rc e n ta g e  

v a lu e s  w i l l ,  e l im in a te  v a r i a t i o n  due t o  d i f f e r e n c e s  i n  w e ig h t and show 

th e  amount o f  p r o t e i n  i n  r e l a t i o n  to  th e  r e s t  o f  th e . d ry  m a t e r i a l  o f  

th e  em bryo. The p e rc e n ta g e  o f  p r o t e i n  i n  em bryos was c a lc u la t e d  from
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condition of eggs

F ig u re  7. P r o t e i n  c o n te n t  and p e r c e n t  p r o t e i n  i n  A. e l l i o t t i  embryos 
th ro u g h o u t  e m b ry o g e n e s is . A verage p r o t e i n  p e r  embryo in  mg—A , p e r c e n t

.....................................  a v e ra g e  mg p r o t e i n  p e r  embryo
embryo p r o t e i n  ( c a l c u l a t e d  from  a v e ra g e  mg d ry  w e ig h t p e r  embryo
N um erals above sym bols-num ber o f  a n a ly s e s .  B roken l i n e s - t i m e  p e r io d  
to o  g r e a t  to  e s t a b l i s h  a t r e n d .

X 1 0 0 ) -*
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X 100. T hese c a l c u l a t i o n s  show t h a ta v e ra g e  mg p r o t e i n  p e r  embryo 
a v e ra g e  mg d ry  w e ig h t p e r  embryo

th e  p e rc e n ta g e  o f  p r o t e i n  i n  em bryos d ro p s  a b o u t 20 % from  th e  3 5 -d a y -

o ld  p r e - d ia p a u s e  sam p le  to  th e  2 6 -d a y -o ld  d ia p a u s e  sam p le  (F ig u re  7 ) .

I t  h a s  b een  s t a t e d , h o w e v e r, t h a t  th e  a b s o lu te  p r o t e i n  c o n te n t  a c t u a l l y  

in c r e a s e d  d u r in g  t h i s  t im e . T h is  m eans t h a t  t h e r e  m ust b e  a  s u b s ta n ­

t i a l  i n c r e a s e ,  i n  th e  n o n - p r o te in  m a t e r i a l  o f  th e  embryo w hich  masks 

th e  i n c r e a s e  i n  p r o t e i n  c o n te n t .

The p r o t e i n  c o n te n t  o f  th e  y o lk  d i s p la y e d  a  g r a d u a l  d e c l in e  th ro u g h ­

o u t em bryogenesi s  (T a b le  IV , F ig u re  8 ) .  The p e rc e n ta g e  o f  p r o t e i n  i n  

y o lk  ( c a l c u l a t e d  from  a v e ra g e  mg y o lk  d ry  w eig h t x 100> was h l Sh in  

sam p les  a t  th e  b e g in n in g  and a t  th e  end o f  e m b ry o g e n e s is . A s h a rp  i n ­

c r e a s e  was n o te d  i n  th e  p e rc e n ta g e  o f  p r o t e i n  i n  y o lk  o f  35 and 4 1 -d a y -  

o ld  p r e - d ia p a u s e  sa m p le s . T h is  c o u ld  mean t h a t  t h e r e  was a  lo s s  o f  

n o n - p r o te in  m a t e r i a l  from  th e  y o lk  t o  th e  embryo o r  t h a t  y o lk  p r o t e i n ,  

was b e in g  fo rm ed . D a ta  to  be  p r e s e n te d  l a t e r  shows t h a t  th e  fo rm er i s  

p ro b a b ly  m ost im p o r ta n t  w h i le  th e  l a t t e r  may be  p a r t l y  r e s p o n s ib le .

The m arked d e c r e a s e . i n  th e  p e rc e n ta g e  o f  p r o t e i n  i n  th e  embryo se e n  i n  

th e  t r a n s i t i o n  from  l a t e  p r e - d ia p a u s e  to  d ia p a u s e  (F ig u re  7) and th e  

i n c r e a s e  i n  p e rc e n ta g e  y o lk  p r o t e i n  o b se rv e d  s im u l ta n e o u s ly  (F ig u re  8) 

i n d i c a t e s  t h a t  n o n - p r o t e in  m a t e r i a l  was t r a n s f e r r e d  from  th e  y o lk  to  

th e  embryo a t  t h i s  t im e . F ig u re  9 i s  an i d e a l i z e d  r e p r e s e n t a t i o n  o f  

th e  s h i f t  i n  th e  am ounts, o f  p r o t e i n  and n o n - p r o te in  m a t e r i a l  i n  th e  

embryo th ro u g h o u t  d e v e lo p m e n t» The s h a rp  drop  i n  p e rc e n ta g e  y o lk
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condition of eggs
F ig u re  8 . P r o t e i n  c o n te n t  o f  th e  y o lk  f r a c t i o n  and s h e l l  f r a c t i o n  th ro u g h o u t th e  em bryo- 
g e n e s is  o f  A. e l l i o t t i .  A verage  mg p r o t e i n  p e r  y o lk —Q , a v e ra g e  jug p r o t e i n  p e r  s h e l l —C , 

, ,   ̂ ,  a v e ra g e  mg y o lk  p r o te i n  p e r  egg y in rn _A
p e rc e n t  y o lk  p r o t e i n  ( c a l c u l a te d  from  a v e r a ge mg y o lk  d ry  w e ig h t p e r  egg *
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F ig u re  9 . An i d e a l i z e d  r e p r e s e n t a t i o n  o f  th e  amount o f  p r o t e i n  and n o n - p ro te in  
m a t e r i a l  in  A. e X Ivo t t i  embryos th ro u g h o u t e m b ry o g e n e s is .
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p r o t e i n  o b s e rv e d  i n  th e  t r a n s i t i o n  from  p r e - d ia p a u s e  to  th e  d ia p a u s e  

s t a t e  was fo llo w e d  by l i t t l e  f l u c t u a t i o n  u n t i l  15 days o f  p o s t - d ia p a u s e  

d e v e lo p m en t. The p e rc e n ta g e  o f  y o lk  p r o t e i n  in c r e a s e d  a t  t h a t  t im e .

S h e l l  p r o t e i n  c o n te n t  a p p e a re d  to  b e  q u i t e  v a r i a b l e  (T ab le  IV , 

F ig u re  8 ) .  I t  s h o u ld  b e  n o te d  t h a t  th e  h ig h ly  i n s o l u b l e  n a tu r e  o f  th e  

s h e l l  p r o t e i n  was n o t  c o n d u c iv e  to  a c c u r a te  p r o t e i n  a s s a y  by th e  

b i u r e t  m ethod and s in c e  th e  s h e l l  f r a c t i o n  y ie ld e d  a  r e l a t i v e l y  s m a ll  

amount o f  m a t e r i a l  o n ly  s i n g l e  a n a ly s e s  w ere  p o s s i b l e .  A p o s s ib l e  

t r e n d  to w a rd  an i n c r e a s e  i n  p r o t e i n  c o n te n t  was n o te d  i n  l a t e  p r e ­

d ia p a u s e  s a m p le s . T h is  s u g g e s t io n  i s  s u p p o r te d  by th e  o b s e rv a t io n  

t h a t  s h e l l  d ry  w e ig h ts  in c r e a s e d  d u r in g  p r e - d ia p a u s e  (T a b le  I I I ,

F ig u re  3 ) .

As p r e v io u s ly  m e n tio n e d , i t  i s  g e n e r a l l y  a c c e p te d  t h a t  t o t a l  

n i t r o g e n  rem a in s  c o n s ta n t  th ro u g h o u t  em b ry o g e n es is  i n  th e  i n s e c t  eg g . 

T o ta l  n i t r o g e n  i n  w ho le  eggs was d e te rm in e d  i n  th e  p r e s e n t  s tu d y  by 

a  m ic ro -K je l d a h l  te c h n iq u e  (R abat and M ayer, 1 9 6 1 ). W ith th e  num ber o f  

d e te r m in a t io n s  i n  p a r e n th e s e s  th e  a v e ra g e  v a lu e s  f o r  p r e - d i a p a u s e ,  

d ia p a u s e  and p o s t - d ia p a u s e  w ho le  eggs r e s p e c t i v e l y ,  a r e  (4 ) 8 .3 8 ,  (2) 

8 .6 6  and (2 ) 8 .4 8  % n i t r o g e n .  T h is  i n d i c a t e s  t h a t  t o t a l  n i t r o g e n  was 

p ro b a b ly  c o n s ta n t  a t  a b o u t 8 .5  % o f  th e  w hole  egg w e ig h t  th ro u g h o u t 

d e v e lo p m e n t.

I t  h a s  b een  r e p o r t e d  t h a t  p r o t e i n  i s  n o t  u t i l i z e d  t o  a  g r e a t  e x te n t  

f o r  e n e rg y  in  Bombyx mori o r  M. d - i f f e r e n t ia l i s  (W il lia m s , 1 9 6 7 ). As
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m en tio n e d  e a r l i e r ,  Ludwig and R o th s te in  (1952) c o u ld  f in d  no e v id e n c e  

t h a t  p r o t e i n  was an  e n e rg y  s o u rc e  i n  P. japoniaa  and u r i c  a c id  

p r o d u c t io n  d u r in g  th e  e m b ry o g e n es is  o f  M. d i f f e r e n t i a l ' s  c o rre sp o n d e d  

to  o n ly  6 .6  % o f  th e  egg p r o t e i n  (B o d in e , 1 9 4 6 ). The p r e s e n t  s tu d y  a l s o  

i n d i c a t e s  t h a t  p r o t e i n  i s  n o t  u t i l i z e d  to  a g r e a t  e x te n t  a s  an e n e rg y  

s o u rc e  b u t  i s  t r a n s f e r r e d  f o r  a n a b o l i c  p u rp o s e s .  The t o t a l  i n c r e a s e  in  

em b ry o n ic  p r o t e i n  shown i n  F ig u re  7 i s  v e ry  c lo s e  to  th e  amount o f  p r o ­

t e i n  l o s t  by th e  y o lk  d u r in g  th e  same p e r io d  (F ig u re  8 ) .  S e v e ra l  s t u d i e s  

hav e  d e m o n s tra te d  th e  t r a n s f e r  o f  y o lk  m a t e r i a l  to  th e  em bryo. Trow­

b r id g e  and B odine (1940) found  t h a t  th e  t r a n s f e r  o f  n i t r o g e n  from  th e  

y o lk  to  th e  embryo was q u a n t i t a t i v e  and c lo s e ly  p a r a l l e l e d  th e  grow th  

c u rv e  o f  M. d i f f e r e n t i a l i s .  The t r a n s f e r  o f  Cu and Fe fo llo w e d  th e  same . 

p a t t e r n  (B odine and W o lk in , 1934 ; B odine and F i t z g e r a l d ,  1 9 4 8 ). T hese  

w o rk e rs  found  p ro n o u n ce d  i n c r e a s e s  i n  th e  t r a n s f e r  o f  th e s e  m a te r i a l s  

d u r in g  p r e - d ia p a u s e  and e s p e c i a l l y  p o s t - d ia p a u s e  d ev e lo p m en t i n  M. 

d i f f e r e n t i a l i s  w h i le  t r a n s f e r  d u r in g  d ia p a u s e  was n e g l i g i b l e .

The in c r e a s e  i n  y o lk  p r o t e i n  i n  45 and 5 1 -d a y -o ld  d ia p a u s e  sam p les  

a n d , a s  r e p o r t e d  e a r l i e r ,  th e  i n c r e a s e  i n  embryo p r o t e i n  a t  th e  same 

tim e  i n d i c a t e s  t h a t  th e  embryo a n d /o r  y o lk  was s y n th e s i z in g  a  s i g n i f i ­

c a n t  amount o f  p r o t e i n  a t  t h i s  s ta g e  o f  d ev e lo p m en t. E v id en ce  to  be  

p r e s e n te d  l a t e r  w i l l  show t h a t  m ost o f  th e  p r o t e i n  s y n th e s i s  a t  t h i s  

t im e  o c c u r r e d  i n  th e  y o lk  (F ig u re  1 1 ) .
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R e p o rts  o f  s y n th e s i s  d u r in g  i n s e c t  d ia p a u s e  have  b e e n  c r i t i c i z e d  

b e c a u s e  o f  th e  p o s s ib l e  i n j u r y  r e s p o n s e  w ith  th e  i n j e c t i o n  te c h n iq u e s  

u se d  f o r  i s o to p e  i n t r o d u c t i o n .  H arvey and W illia m s  (1961) and S te v en so n  

and W yatt (1962) found  i n c r e a s e s  i n  p r o t e i n  b io s y n t h e s i s  and Og con­

su m p tio n  due to  su c h  w ounding i n  th e  d ia p a u s in g  pupae  o f  Eyaloiphova 

oeovopia.  The d e s i c c a t i o n - a b s o r p t i o n  te c h n iq u e  o f  i s o to p e  i n t r o d u c t i o n  

u se d  i n  th e  p r e s e n t  s tu d y  a l s o  m ig h t c a u se  some i n j u r y  to  th e  eggs r e ­

s u l t i n g  i n  s t im u la te d  m e ta b o l ic  a c t i v i t y  w hich  c o u ld  mask n o rm al e v e n ts .  

The eggs w ere h a n d le d  c a r e f u l l y , h o w e v e r , and d e s i c c a t i o n  was c a r e f u l l y  

c o n t r o l l e d .  The d a t a ,  t h e r e f o r e ,  a r e  th o u g h t n o t  to  b e  in f lu e n c e d  by 

i n j u r y  r e s p o n s e  phenom ena.

R oem hild (1961) n o te d  t h a t  a  s m a l l  p e rc e n ta g e  ( e x a c t  v a lu e  n o t  

known) o f  A. e V l i o t t l  eggs lo s e  th e  c o n n e c t io n  b e tw een  th e  s e r o s a  and 

th e  h y d ro p y le  d u r in g  d ia p a u s e .  He found  t h a t  t h i s  o c c u r r e d  i n  b o th  

c h i l l e d  and n o n - c h i l l e d  eggs and r e s u l t e d  i n  a 50 % in c r e a s e  in  r e s p i r a ­

t i o n .  In  th e  p r e s e n t  s tu d y  one sam p le  o f  tw e n ty - f iv e  s ta g e - 1 9  eggs 

in c u b a te d  140 days a t  8°C h ad  24 eg g s w ith o u t  th e  h y d r o p y la r  c o n n e c tio n  

and one t h a t  h a d  co m p le te d  b l a s t o k i n e s i s . In  a n o th e r  2 5 -egg  sam ple 

o f  th e  same a g e , w h ich  was m a in ta in e d  a t  25°C , 22 eggs h ad  l o s t  th e  con­

n e c t io n  and 3 had  c o m p le ted  b l a s t o k i n e s i s . No em bryos i n  o th e r  d ia p a u s e  

sam p les  co m p le te d  b l a s t o k i n e s i s  b u t  a  few (number u n d e te rm in e d )  had  l o s t  

t h e i r  h y d r o p y la r  c o n n e c t io n . T hese  em bryos w ere s t i l l  i n  s ta g e  19 and 

no m o rp h o lo g ic a l  change  was e v id e n t .  I t  w i l l  b e  rem em bered t h a t  a l l  

eggs w ere  im m ersed i n  an aqueous i n c u b a t io n  medium f o r  4 days p r i o r  to
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s a m p lin g . The above o b s e r v a t io n s  s u g g e s t  t h a t  th e  lo n g e r  eggs a r e  i n  

th e  d ia p a u s e  s t a t e  th e  m ore s u s c e p t i b l e  th e y  a r e  to  l o s i n g  t h e i r  h y d ro -  

p y l a r  c o n n e c t io n  and t h a t  t h i s  may be r e l a t e d  to  w a te r  a b s o r p t io n .

R oem hild  (1967) r e p o r t e d  t h a t  th e  f l u i d  i n  th e  e x t r a - s e r o s a l  

com partm ent o f  A. QVi-Iottv3 w h ich  s u rro u n d s  th e  h y d r o p y la r  c o n n e c t io n , 

h a s  a  h ig h e r  o sm o tic  p r e s s u r e  th a n  th e  f l u i d  i n  th e  e p in e u r a l  s i n u s .

He fo und  an o p p o s i te  r e l a t i o n s h i p  b e tw een  th e  t o t a l  s o l i d s  o f  th e s e  

co m p artm en ts . The e p in e u r a l  s in u s  c o n ta in e d  h ig h  l e v e l s  o f  p r o t e i n  

w h i le  th e  e x t r a - s e r o s a l  com partm ent c o n ta in e d  more f r e e  amino a c id s .

The m arked d e c re a s e  i n  y o lk  p r o t e i n  n o te d  from  p r e - d ia p a u s e  to  d i a ­

p a u se  i n  th e  p r e s e n t  s tu d y  c o u ld  be  due to  h y d r o ly s i s  and t r a n s f e r  o f  

some o f  th e  p ro d u c ts  to  th e  e x t r a - s e r o s a l  co m p artm en t., I f  such  a 

p r o c e s s  c o n tin u e d  d u r in g  d ia p a u s e  and e x t e r n a l  c o n ta c t  w a te r  was 

a v a i l a b l e ,  th e  a c c u m u la tio n  o f  s m a l l  m o le c u le s  in  th e  e x t r a - s e r o s a l  

com partm ent c o u ld  r e s u l t  i n  h y d r a t io n  due to  o sm o tic  phenom ena. Hy­

d r a t i o n  o c c u r r e d  i n  th e  p r e s e n t  s tu d y  when eggs w ere  im m e rs e d .fo r  4 

d a y s . in  w a te r  and valine-C-*-^ d u r in g  i s o to p e  i n t r o d u c t i o n .  Eggs m igh t 

b e  s u b je c t e d  to  s i m i l a r  c o n d i t io n s  o f  im m ersion  d u r in g  r a in y  w e a th e r  

i n  th e  f i e l d .  The e f f e c t s  o f  su ch  e n v iro n m e n ta l  c o n d i t io n s  on th e  

em bryon ic  p h y s io lo g y  s h o u ld  n o t  b e  d i s r e g a r d e d .  F o r ex am p le , l a t e  in  

th e  autum n many eggs in  th e  f i e l d  h av e  b een  a t  s ta g e  19 f o r  a t  l e a s t  

s e v e r a l  w e e k s . I f  heav y  r a i n s  o c c u r r e d  a t  t h i s  tim e  e x c e s s iv e  h y d r a t io n  

o f  th e  egg c o u ld  r e s u l t  i n  th e  p re m a tu re  r u p tu r e  o f  th e  h y d ro p y la r
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c o n n e c t io n  and b r in g  a b o u t an i n c r e a s e  in  r e s p i r a t o r y .r a t e , y o lk  r e ­

s e r v e s  th e n  m ig h t be  d e p le te d  b e f o r e  th e  warm te m p e ra tu re s  n e c e s s a ry  f o r  

p o s t - d ia p a u s e  m o rp h o g e n e s is  a r r i v e d ,  and r e s u l t  in  l i m i t e d  s u r v i v a l .

U nder n a t u r a l  c o n d i t io n s  th e  o b l ig a to r y  d ia p a u s e  p e r io d  o f  A. 

e l l i o t t i  i s  te m p o ra l ly  a s s o c i a te d  w i th  c o ld  e n v iro n m e n t. C e r ta in  

b io c h e m ic a l  t r a n s f o r m a t io n s  c o u ld  i n c r e a s e  c o ld - h a r d in e s s  i n  d i s ­

p e n s in g  e g g s . S in c e  f r e e z in g  p o in t  d e p r e s s io n  i s  a  c o l l i g a t i v e  

p r o p e r t y , h y d r o ly s i s  o f  a l a r g e  m o le c u le  i n t o  i t s  c o n s t i t u e n t  su b ­

u n i t s  w ould  d e p re s s  th e  f r e e z i n g  p o in t  i n  p r o p o r t io n  to  th e  num ber o f  

r e s id u e s  i t  c o n ta in e d .  S e v e ra l  w o rk e rs  h av e  r e p o r te d  i n c r e a s e s  in  

th e  c o n c e n t r a t io n  o f  s m a l l  m o le c u le s  i n  th e  d ia p a u s in g  eg g s o f  A. 

e l l i o t t i .

Bunde (1965) found  t h a t  th e  f r e e  amino a c id  c o n te n t  i n  w hole  eggs 

o f  A. e l l i o t t i  was h i g h e s t  d u r in g  th e  d ia p a u s e  s t a t e .  H igh l e v e l s  o f  

t r e h a l o s e  and m a n n i to l  w ere  found  to  b e  a s s o c i a te d  w ith  th e  y o lk  in  

d ia p a u s in g  eg g s o f  t h i s  s p e c ie s  by Q uickenden  (1969 , 1 9 7 0 ) . He a ls o  

r e p o r t e d  h ig h  l e v e l s  o f  t r e h a l o s e  i n  th e  embryo f r a c t i o n  o f  d ia p a u s in g  

e g g s . A l a r g e  i n c r e a s e  i n  th e  s i z e  o f  th e  f a t  body o f  th e  embryo 

d u r in g  d ia p a u s e  was r e p o r t e d  by Van Horn (1 9 6 3 ). The f a t  body i s  

known to  s e r v e  as  a  s to r a g e  r e s e r v o i r  f o r  p r o te in a c e o u s  and l i p o i d  

m a t e r i a l s .  R e s u l t s  o f  Svoboda (1964) showed in c r e a s e s  i n  l i p i d  in  

em bryos o f ' A., e l l i o t t i  d u r in g  d ia p a u s e .  H is d a ta  showed t h a t  th e  

w e ig h t o f  th e  l i p i d  e x t r a c t  i n  sam p les  c o n ta in in g  200 em bryos in c r e a s e d
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from  1 2 .9  to  1 9 .6  mg d u r in g  th e  f i r s t  two m onths o f  d ia p a u s e  d e v e lo p ­

m en t. In  th e  same sam p les  th e  w e ig h ts  o f  th e  t r i g l y c e r i d e s  in c r e a s e d  

from  4 .4  to  8 .0  mg, a l th o u g h  he  e x p la in e d  t h a t  t h i s  c o u ld  be due to  

v a r i a t i o n  i n  egg s i z e  o r  r e s i d u a l  s o lv e n t .  He a l s o  n o te d  t h a t  a f t e r  ■ 

t h i n - l a y e r  ch ro m ato g rap h y  b o th  embryo and y o lk  showed s p o ts  c o r r e s ­

p o n d in g  to  f r e e  f a t t y  a c id s .

The R a te  o f  P r o t e i n  S y n th e s is  i n  Whole Eggs and Egg F r a c t io n s

In  t h i s  s tu d y  i t  was found  t h a t  a  4 -d ay  a b s o r p t io n  p e r io d  was 

n e c e s s a ry  to  i n t r o d u c e  enough valine-C"*"^ i n t o  th e  egg to  show m easu r­

a b le  in c o r p o r a t io n  i n t o  p r o t e i n .  The c o n c e n t r a t io n  o f  v a l i n e - C ^  in  

e ach  sam p le  d i s p la y e d  c o n s id e r a b le  v a r i a t i o n  (T ab le  I I ) .

H ig h e r  c o n c e n t r a t io n s  o f  l a b e l e d  amino a c id s  i n  f r e e  amino a c id  

p o o ls  s h o u ld  r e s u l t  i n  h ig h e r  i n c o r p o r a t io n  o f  them , up to  a  c e r t a i n  

s a t u r a t i o n  l i m i t .  In  o r d e r  to  q u a n t i t a t i v e l y  com pare th e  v a lu e s  o f  

v a l i n e - C - ^ ,  i t  was n e c e s s a r y  to  c o r r e c t  f o r  v a r i a t i o n s  i n  c o n c e n t r a t io n  

due to  v a r i a b l e  u p ta k e .

I t  h a s  b e e n  fo und  t h a t  th e  r e l a t i o n s h i p  be tw een  th e  c o n c e n t r a t io n  

o f  a l a b e l e d  amino a c id  w i th in  a  sam ple  and th e  s p e c i f i c  a c t i v i t y  o f  

th e  e x t r a c t e d  p r o t e i n  i n  th e  sam p les  i s  l i n e a r  (Hyden and L ange, 1 9 6 8 ), 

A ssum ing t h a t  t h i s  l i n e a r  r e l a t i o n s h i p  e x i s t s  i n  th e  eggs o f  A. eZ. 

i t  can b e  s t a t e d  t h a t  th e  s p e c i f i c  a c t i v i t y  o f  th e  p r o t e i n  in  one sam p le  

can b e  com pared w i th  t h a t  o f  o th e r  sam p les  by d iv id in g  th e  s p e c i f i c  

a c t i v i t y  o f  th e  p r o t e i n  by th e  c o n c e n t r a t io n  o f  th e  l a b e l e d  amino a c id
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p r e s e n t .

The c o n c e n t r a t io n  o f  v a l i n e - C ^  i n  th e  u n e x t r a c te d  sam p le  m a t e r i a l  

i s  p r o p o r t i o n a l  to  th e  s p e c i f i c  a c t i v i t y  o f  t h i s  m a t e r i a l .  Concen­

t r a t i o n  m easu rem en ts  w ere  o b ta in e d  as d e s c r ib e d  e a r l i e r .  T hese  d a ta  

and th e  s p e c i f i c  a c t i v i t y  o f  th e  e x t r a c t e d  p r o t e i n  a s  e x p re s s e d  i n  th e  

f o l lo w in g  r e l a t i o n s h i p :

s p e c i f i c  a c t i v i t y  o f  th e  e x t r a c t e d  p r o t e i n  „  . n _ .
s p e c i f i c  a c t i v i t y  o f  u n e x t r a c te d  m a t e r i a l  Siv e  e p e rc e n  age

i n c o r p o r a t io n  o f  th e  i s o t o p e .  T h is  a llo w s  a l l  sam p les  to  be com pared 

even  th o u g h  th e y  showed v a r i a b l e  u p ta k e  o f  v a l i n e - C ^ .  The p e rc e n ta g e  

i n c o r p o r a t io n  v a lu e s  s h o u ld  be p r o p o r t i o n a l  to  th e  r a t e  o f  p r o t e i n  

s y n th e s i s  b e c a u s e  o f  th e  l i n e a r  r e l a t i o n s h i p  d e s c r ib e d  ab o v e .

P r o t e i n  was e x t r a c t e d  from  a l l  sam p les  by a  te c h n iq u e  m o d if ie d  

from  W annemacher et_ a l .  (1965) to  d e te rm in e  th e  in c o r p o r a t io n  o f  

v a l in e - C " ^ .  The amount o f  p r o t e i n  e x t r a c t e d  p e r  egg o r  egg f r a c t i o n  

i s  p r e s e n te d  i n  T a b le  V I. T hese  v a lu e s  w ere  n o t  u se d  to  show th e  p r o ­

t e i n  c o n te n t  o f  eg g s o r  egg f r a c t i o n s  b e c a u s e  b i u r e t  d e te r m in a t io n s  

w ere  deemed m ore e f f i c i e n t .

In  c a s e s  w here  th e  amount o f  p r o t e i n  e x t r a c t e d  was l e s s  th a n  t h a t  

i n d i c a t e d  by b i u r e t  t e s t i n g  th e  p r o t e i n  e x t r a c t i o n  was assum ed to  be  

in c o m p le te .  In  t h i s  i n s t a n c e  th e  amount o f  p r o t e i n  p e r  egg o r  egg 

f r a c t i o n  d e te c te d  by b i u r e t  t e s t i n g  was d iv id e d  i n t o  th e  w e ig h t o f  th e  

e x t r a c t e d  p r o t e i n  to  d e te rm in e  th e  e q u iv a le n t  num ber o f  e g g s , em b ry o s , 

y o lk s  o r  s h e l l s  i n  th e  e x t r a c t e d  p r o t e i n .  T h is  e n a b le d  th e  c a l c u l a t i o n
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T a b le  V I. The amount o f  p r o t e i n  e x t r a c t e d  from  w hole egg and egg 
f r a c t i o n  sa m p les  o f  A. eVl'lott-i.

S e r ie s  ]

Day-
age

C w ho le  egg sam ple
E x t r a c te d
p r o t e i n

s S e r ie s  I I  egg f r a c t i o n sam ples

Day
age

E x t r a c te d  p r o t e i n
A verage 

m g/w hole egg
A verage 

m g/embryo
A verage 
m g /y o lk

A verage 
;U g /s h e l l

P r e - d ia p a u s e  eggs a t  2 5 °C

8 O-67J 8 1 .9 1 23
15 1.38° 15 2 .0 0 17
26 .6 0 b 16 2 .0 0 12
36 I .  39b 20 1 .9 4 78
36 1 .7 6 28 0 .2 8 8 1 .9 5 31
42 2 .0 5 35 .106 2 .0 4 66
42 0 . 82b 41 .175 2 .0 0 108
52 2 .0 3

D ia p a u se  eggs a t  8 °C

26 1 .5 4 26 .190 1 .4 7 103
50 2 .0 1 45 .230 1 .4 3 101
76 1 .9 5 51 .309 1 .6 4 99

140 1 .6 4 HO .226 1 .2 6 91
140a 1 .6 5

P o s t - d ia p a u s e  eggs a t  25°C

I 1 .6 5 I .249 1 .1 0 94
3 1 .6 9 3 ,245 1 .5 0 101
5 1 .8 0 5 .189 1 .5 9 89

10 1 .8 0 10 .362 1 .4 6 94
15 1 .8 3 15 .454 1 .3 4 78

T h is  sam p le  was m a in ta in e d  a t  25° C, w h ereas  <a l l  o th e r d ia p a u s e
sam p les  w ere  k e p t  a t  8°C.

The o r i g i n a l  hom ogenate  i n  t h i s  sam ple  was made 0 .3  N in  KOH w hich  
ca u se d  a l o s s  o f  p r o t e i n  in  th e  f i r s t  t r i c h l o r o a c e t i c  a c id  e x t r a c t i o n  
b u t  d id  n o t  e f f e c t  b i u r e t  v a lu e s  s in c e  a  s ta n d a r d  c u rv e  c o r r e c te d  f o r  
KOH was u se d .
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o f  dpm p e r  egg o r  egg f r a c t i o n  s in c e  th e  egg e q u iv a le n t  o f  th e  p r o t e i n  

i n  th e  c o u n tin g  v i a l  was known. In  c a s e s  w here th e  w e ig h t o f  th e  ex ­

t r a c t e d  p r o t e i n  was m ore th a n  c o u ld  b e  a c c o u n te d  f o r  by  th e  b i u r e t  

v a lu e  i t  was assum ed t h a t  p r o t e i n  e x t r a c t i o n  was c o m p le te  b u t  t h a t  th e  

p r o t e i n  was c o n ta m in a te d  w ith  some n o n - p r o te in  m a t e r i a l s .  H ere th e  

a c t i v i t y  o f  th e  e x t r a c t e d  m a t e r i a l  was d iv id e d  by th e  egg o r  egg f r a c ­

t i o n  e q u iv a l e n t  o f  th e  m a t e r i a l  b e f o r e  e x t r a c t i o n  to  o b ta in  s p e c i f i c  

a c t i v i t y  in  p e r  egg o r  egg f r a c t i o n  u n i t s .

The d a ta  u se d  to  c a l c u l a t e  p e rc e n ta g e  in c o r p o r a t io n  in  th e  w hole 

egg sam p les  o f  S e r ie s  I  a r e  p r e s e n te d  i n  T a b le  V II .  The egg s h e l l s  

a r e  th o u g h t  to  a b so rb  o r  o th e rw is e  n o n - s p e c i f i c a l l y  b in d  valine-C"*"^ 

and t h e r e f o r e ,  th e  i n c o r p o r a t io n  v a lu e s  o f  w hole eggs c a n n o t be con­

s id e r e d  a c c u r a te .  The a p p a re n t  r a t e  o f  p r o t e i n  s y n th e s i s  i n  sam ples 

o f  w hole eggs d u r in g  p r e - d ia p a u s e  re a c h e d  a peak  a t  36 days o f  d e v e lo p ­

m ent and d e sc e n d e d  to  th e  lo w e s t  l e v e l  o b se rv e d  d u r in g  th e  n e x t  16 days 

a t  25°C (F ig u re  1 0 ) . A l l  o f  th e  eggs i p  t h i s  5 2 -d a y -o ld  sam ple  w ere 

i n  s ta g e  1 9 , th e  m o rp h o lo g ic a l  s ta g e  m ost c h a r a c t e r i s t i c  o f  th e  d i a ­

p a u se  s t a t e .  No s t a g in g  d a ta  was o b ta in e d  on th e  f i r s t  se v en  p r e ­

d ia p a u s e  sam p les  o f  w ho le  eggs o r  on th e  seco n d  p o s t - d ia p a u s e  sam p le . 

The r a t e  o f  p r o t e i n  s y n th e s i s  in  w ho le  egg sam ples in c u b a te d  a t  8°C 

a p p e a re d  to  i n c r e a s e  g r a d u a l ly  d u r in g  d ia p a u s e  d ev e lo p m en t. I t  w i l l  

b e  n o te d  t h a t  th e  p e rc e n ta g e  in c o r p o r a t io n  i s  h ig h e s t  i n  two sam ples 

t h a t  w ere  i n  d ia p a u s e  f o r  140 d a y s . Of th e s e  two s a m p le s , th e  one w i th
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T a b le  V I I .  The a p p a re n t  r a t e  o f  p r o t e i n  s y n t h e s i s 3 i n  S e r ie s  I  w hole 
egg sam p les  from  A. e lV L o t t i  m easu red  as p e r c e n t  in c o rp o ­
r a t i o n  o f  v a l in e - C - ^ .

D e s c r ip t io n  o f eggs Whole egg sam p les
A verage
dpHlEpb i
egg

A verage

S racx100 % i n c .
Day
age S ta g e s

Mean
s ta g e

No. o f  
eggs

P re - d ia p a u s e  ieggs a t  25°C

8 18 . 838 1 2 ,5 6 8 6 .6 7
15 13 I 2 ,2 7 1 2 9 ,8 0 0 7 .6 2

. 26 22 6 ,5 9 1 2 4 ,5 9 8 2 8 .2 6
36 25 2 9 ,8 1 6 6 0 ,4 0 6 4 9 .3 6
36 25 3 2 ,7 7 8 76 ,537 4 2 .8 3
42 24 6 ,6 5 9 32 ,049 2 0 .7 8
42 18 6 ,0 2 4 39 ,675 1 5 .1 8
52 19 19 34 2 ,4 1 6 88 ,476 2 .7 3

D ia p a u se  eggs a t  8°C

26 19 19 34 2 ,1 2 5 . 1 7 ,0 3 3 1 2 .4 8
50 19 19 24 295 1 ,5 4 4 1 9 .1 1
76 19 19 25 1 ,0 8 4 3 ,0 6 0 3 5 .4 3

140 19-23 2 0 .0 25 42 ,6 6 2 90 ,8 9 5 4 6 .5 4
140d 19-23 1 9 .6 27 19 ,4 1 9  . 37 ,9 0 5 5 1 .2 3

P o s t - d ia p a u s e eggs a t  25°C

I 21 -23 2 1 .8 25 27 ,299 4 5 ,3 4 1 6 0 .2 1
3 no d a ta 25 4 1 ,2 0 8 73 ,170 56 .3 2
5 20-25 2 2 .6 23 5 1 ,6 7 9 9 4 ,0 1 3 52 .1 9

10 25-26 2 5 .5 24 47 ,5 3 7 81 ,9 6 7 5 8 .0 0
15 25-27 2 6 .2 25 37 ,020 39 ,6 3 9 9 3 .3 9

B ecause  o f  n o n - s p e c i f i c  b in d in g  o f  v a l i n e - C ^  by egg  s h e l l s  th e  v a l ­
ues c a n n o t be  c o n s id e re d  r e p r e s e n t a t i v e  o f  th e  r e a l  r a t e  o f  p r o t e i n  
s y n t h e s i s .
E P - e x tr a c te d  p r o t e i n  

U M -u n ex trac ted  m a t e r i a l

T h is  sam p le  was m a in ta in e d  a t  2 5 °C, w h e re as  a l l  o th e r  d ia p a u s e  
sam p les  w ere  a t  S0C.



IOO

Daysin 8 15 26 36 42 52 26 50 76 140 140 I 3 5 10 15
S ta te --------------prediapause---------------------1----------------------- diapause------------------------------ 1-------------- postdiapause---------------------

condition of eggs

F ig u re  10. P e rc e n t  in c o r p o r a t io n  o f  v a l in e -C " ^  i n t o  p r o t e i n  in  S e r ie s  I  w hole egg sam ples 
th ro u g h o u t th e  em bry© genesis  o f  A. e l l i o t t i .  B roken l i n e s  a re  u sed  w here th e  tim e  p e r io d  
be tw een  sam p les  i s  to o  g r e a t  to  e s t a b l i s h  a t r e n d ,  n c -d e n o te s  no c o ld  e x p o su re .



- 5 4 -

a  s l i g h t l y  h ig h e r  p e rc e n ta g e  o f  i n c o r p o r a t io n  was m a in ta in e d  a t  

25°C r a t h e r  th a n  a t  8°C. P o s t - d ia p a u s e  sam p les  t h a t  had  b een  r e tu r n e d  

t o  2 5 0C f o r  I ,  3 , 5 and 10 days m a in ta in e d  a h ig h  l e v e l  o f  p r o t e i n  sy n ­

t h e s i s  w i th  no a p p a re n t  i n c r e a s e  u n t i l  15 days a t  2 5 °C had  e la p s e d .  A 

s h a rp  i n c r e a s e  i s  n o te d  a t  t h i s  t im e .

The r a t e  o f  p r o t e i n  s y n th e s i s  i n  egg f r a c t i o n  sam p les  from  S e r ie s  

I I  was s i m i l a r  to  d a ta  o b ta in e d  from  th e  sam p les o f  w ho le  e g g s . P e r ­

c e n ta g e  in c o r p o r a t io n  i n  th e  em bryon ic  f r a c t i o n  e x h ib i t e d  a peak  d u r in g  

p r e - d ia p a u s e  a f t e r  35 day s o f  d eve lopm en t a t  25°C (T a b le  V I I I ,  F ig u re  1 1 ) .  

At 41 days o f  d eve lopm en t a  m arked d e c re a s e  in  th e  r a t e  o f  em bryonic

p r o t e i n  s y n th e s i s  a p p e a re d . A s l i g h t  i n c r e a s e  o c c u r re d  a f t e r  26 days

14in  d ia p a u s e  a t  8°C; h o w ev er, th e  u p ta k e  o f  v a l in e -C  and th e  s p e c i f i c  

a c t i v i t y  o f  th e  e x t r a c t e d  p r o t e i n  w ere  so  low t h a t  i t  i s  d i f f i c u l t  to  

sa y  t h a t  t h i s  i n c r e a s e  i s  v a l i d  (T a b le  V I I I ) .  The re m a in in g  f r a c t i o n s  

o f  d ia p a u s e  em bryos showed v e ry  low l e v e l s  o f  p r o t e i n  s y n t h e s i s .  The 

g row th  r a t e  o f  th e  em bryo , as  e v id e n c e d  by th e  a v e ra g e  m o rp h o lo g ic a l  

s ta g e s  i n  F ig u re  1 1 , r e f l e c t s  th e  r a t e  o f  p r o t e i n  s y n th e s i s  o f  th e  

embryo d u r in g  p o s t - d ia p a u s e  d eve lopm en t a t  25°C.

The r a t e  o f  p r o t e i n  s y n th e s i s  d e te c te d  i n  y o lk  f r a c t i o n s  from  

S e r ie s  I I  p eak ed  a t  a  r a t h e r  low l e v e l  a f t e r  35 days o f  p r e - d ia p a u s e  

d eve lopm en t a t  25°C (F ig u re  1 1 ) . A f te r  41 days a t  25°C th e  a v e ra g e  

m o rp h o lo g ic a l  s ta g e  was 1 8 .9  i n d i c a t i n g  t h a t  m ost o f  th e  eggs had 

re a c h e d  s ta g e  19 w h ich  i s  c h a r a c t e r i s t i c  o f  d ia p a u s in g  e g g s . The



T ab le  V III . The r a t e  o f p r o te in  s y n th e s is  i n  S e r ie s  I I  egg f r a c t i o n  sam ples from  A. e l l i o t t i  m easured as -p e rcen t in c o rp o ra t io n .

D e s c r ip t io n  o f  sam ples Embryo f r a c t i o n Y olk f r a c t io n S h e l l  f r a c t io n

Day
age S tag es

Mean
s ta g e

No. o f 
eggs i E E p a - S i uilb X 100 = Z In c . ^ I k E P - 100 = % I * : - 100 = % In c .

P re -d ia p a u s e  eggs a t . 25°C

8 20 1,319 20,493 6.44 594 2,326 25.94
15 20 975 25 ,358 3 .84 487 3,274 14.87
16 20 491 9 ,887 ■ 4 .97 709 2,110 33.60
20 46 443 16 ,454 2 .69 5 ,081 8,230 61.74
28 9-12 1 0 .4 86 62 437 14.19 262 3,414 7 .67 95 618 15.37
35 13-16 14 .6 48 281 1 ,001 28 .07 235 2 ,180 10 .78 721 1,499 48.10
41 18-19 18 .9 53 55 1,339 4 .11 439 12,950 3.39 3 ,418 10,150 33.60

D iapause eggs a t  8:°c

26 19 19 51 2 36 5 .56 114 716 15.92 356 810 43.95
45 19 19 47 6 476 1 .26 576 1,616 35.64 1,068 1,471 72.60
51 19 19 43 2 199 1 .0 1 85 1,540 5 .52 546 1,991 27.42

HO 19 19 47 . 6 640 .94 1,137 5,043 22.55 1,977 3,924 50.38
P o s t-d ia p a u s e  eggs a t: 25°C

I 19-24 20 .5 50 93 1,238 7 .51 7,396 17,113 43.22 11,484 22 ,847 50.26
3 19-24 20 .6 48 713 3,922 18.18 4,147 11,620 35.69 10,020 16 ,761 59.78
5 19-24 2 1 .1 41 278 1,728 16.09 12,985 32,209 40.31 11,284 19,365 58.27

10 24-26 24 .7 49 2,195 8,537 25 .71 6,084 13,862 43.89 15,469 . 24,242 63.81
15 25-27 26 .0 50 3,176 5 ,578 56 .94 5,918 10,185 58 .11 9,535 18,327 52.03

aE P -e x tra c te d  p r o te in  

^U M -unex tracted  m a te r ia l



---------- Cf
10.4

15 20 28
----- prediapause

Stage 
Days in 8 
State------- postdiapausediapause

condition of eggs

F ig u re  11. P e rc e n t  in c o r p o r a t io n  o f  v a l in e -C  i n t o  p r o t e i n  in  S e r ie s  I I  egg f r a c t i o n  
sam p les  th ro u g h o u t th e  em b ry o g e n es is  o f  A. e l l i o t t i . Em bryo-A , y o lk —O , s h e l l —D . B roken 
l i n e s  i n d i c a t e  t h a t  th e  tim e  p e r io d  be tw een  sam p les i s  to o  g r e a t  to  e s t a b l i s h  a t r e n d .
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p e rc e n ta g e  o f  in c o r p o r a t io n  d e c re a s e d  i n  th e  y o lk  f r a c t i o n  a t  t h i s  t im e ,  

a lth o u g h  n o t  a s  s h a r p ly  as i t  d id  i n  th e  embryo f r a c t i o n .  D uring  th e  

f i r s t  26 days o f  d ia p a u s e  d eve lopm en t a t  8°C th e  y o lk  f r a c t i o n  e x h ib i te d  

a  h ig h e r  r a t e  o f  p r o t e i n  s y n t h e t i c  a c t i v i t y  th a n  t h a t  n o te d  d u r in g  p r e ­

d ia p a u s e ,  and a f t e r  45 days a t  8°C , t h i s  r a t e  had  m ore th a n  d o u b le d . 

A f t e r  51 days a t  8°C , th e  p e rc e n ta g e  o f  in c o r p o r a t io n  i n  th e  y o lk  f r a c ­

t i o n  showed an a b ru p t  d e c r e a s e .  The y o lk  i n  th e  1 1 0 -d a y -o ld  d ia p a u s e  

sam ple  h ad  an in c o r p o r a t io n  v a lu e  o f  25 %. The y o lk  f r a c t i o n  d is p la y e d  

a  h ig h  r a t e  o f  p r o t e i n  s y n th e s i s  d u r in g  p o s t - d ia p a u s e  developm en t a t  

25°C.

The p e rc e n ta g e  o f  i n c o r p o r a t io n  v a lu e s  o b ta in e d  f o r  th e  S h e l l  

f r a c t i o n  e x h ib i t e d  w ide  v a r i a t i o n  d u r in g  p r e - d ia p a u s e  and d ia p a u s e  

d eve lopm en t (F ig u re  1 1 ) . The o l d e s t  d ia p a u s e  sam p les  and a l l  o f  th e  

p o s t - d ia p a u s e  sam p les  showed m ore c o n s i s t e n t  and h ig h  in c o r p o r a t io n  

v a l u e s . I t  w i l l  be  r e c a l l e d  t h a t  th e  s h e l l  was th o u g h t  to  b in d  th e  

i s o to p e  n o n - s p e c i f i c a l l y . In  th e  fo l lo w in g  d i s c u s s io n  o f  in fo r m a t io n  

o b ta in e d  on th e  r a t e  o f  p r o t e i n  s y n th e s i s  in  w hole  eggs and egg f r a c ­

t io n s  , a t te m p ts  to  d e te rm in e  th e  n a tu r e  o f  th e  a s s o c i a t i o n  o f  v a lin e -C ^ ^  

w ith  th e  s h e l l  w i l l  b e  d e s c r ib e d .

M easurem ents o f  th e  r a t e  o f  p r o t e i n  s y n th e s i s  a r e  c o m p lic a te d  by 

th e  s im u lta n e o u s  breakdow n o f  p r o t e i n  and r e u t i l i z a t i o n  o f  breakdow n 

p r o d u c t s .  The fo u r -d a y  a b s o r p t io n  p e r io d  f o r  i s o to p e  in t r o d u c t i o n  u sed  

in  th e  p r e s e n t  s tu d y  g iv e s  am ple tim e  f o r  su ch  p r o c e s s e s  to  r e i n ­

c o r p o r a te  th e  i s o t o p e .  H ow ever, th e  c o n tin u o u s  s u p p ly  o f  i s o to p e  to
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t h e  egg d u r in g  t h i s  t im e  s h o u ld  c o u n t e r a c t  t h e  e f f e c t  o f  p r o t e i n  b r e a k ­

down somewhat and s i n c e  " t o t a l "  p r o t e i n  was e x t r a c t e d  t h e  r e c y c l i n g  

o f  t h e  i s o t o p e  from  one p r o t e i n  m o le c u le  t o  a n o th e r  w ould  n o t  r e s u l t  

i n  c o m p le te ly  f a l l a c i o u s  v a l u e s .

Ambiguous r e s u l t s  a l s o  may be  o b t a i n e d  w i th  t h e  u s e  o f  C ^ -  o r
O

H -  l a b e l e d  amino a c i d s  b e c a u s e  o f  n o n - s p e c i f i c  b i n d i n g  o f  t h e  amino 

a c id s  t o  p r o t e i n s  and o t h e r  c e l l u l a r  c o n s t i t u e n t s  (H a u ro w itz ,  1 9 6 3 ) .  

D e t e c t i o n  t e c h n i q u e s  u se d  i n  m o n i to r in g  t h e  r a t e  o f  p r o t e i n  s y n t h e s i s  

a r e  s u b j e c t  to  t h i s  phenomenon. L iq u id  s c i n t i l l a t i o n  c o u n t in g  i s  a 

s e n s i t i v e  t e c h n i q u e  and a l lo w s  t h e  d e t e c t i o n  o f  v e ry  s m a l l  amounts o f  

r a d i o a c t i v i t y .  For e x a m p le ,  t h e  s p e c i f i c  a c t i v i t y  o f  d i a p a u s e  embryos 

was o n ly  2 -6  dpm p e r  embryo (T ab le  V I I ) .  W hether su ch  a  s m a l l  amount 

o f  a c t i v i t y  r e p r e s e n t s  p r o t e i n  b i o s y n t h e s i s  o r  j u s t  n o n - s p e c i f i c  b i n d in g  

o f  valine-C-t-^  t o  a  p r o t e i n  i s  unknown, a l th o u g h  i t  seems t h a t  n e c e s s a r y  

m a in te n a n c e  f u n c t i o n s  c o u ld  a c c o u n t  f o r  a t  l e a s t  t h a t  much i n c o r p o r a t i o n  

o f  valine-C"*-̂ .

R e l a t i v e l y  h ig h  s p e c i f i c  a c t i v i t y  v a lu e s  (dpm/s h e 11) w ere  found  i n  

s h e l l  f r a c t i o n s  (T a b le  V I I ) .  T hese  h ig h  v a lu e s  seem more s i g n i f i c a n t  

when one c o n s id e r s  t h a t  e a ch  s h e l l  c o m p r ise s  l e s s  t h a n  5 % o f  t h e  w hole  

egg d ry  w e ig h t  (T ab le  I I I ) .  A c r i d i d  egg s h e l l s  a r e  r e p o r t e d  t o  be  non ­

ce l l u l a r  w h i l e  p r o t e i n  s y n t h e s i s  h a s  a lw ays  been  found  t o  be  a s s o c i a t e d  

w i t h  c e l l u l a r  s t r u c t u r e s .  Although* an i n t e n s i v e  s tu d y  o f  A. eVl-totti- 

egg s h e l l s  h a s  n o t  b e e n  p e r f o r m e d ,  g e n e r a l  i n f o r m a t i o n  a b o u t  t h e  egg
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s h e l l s  o f  o t h e r  a c r i d i d s  h as  been  p r e s e n t e d  by S l i f e r  ( 1 9 3 7 ) ,  M athee . 

(1951) and H a r t l e y  (1 9 6 1 ) .

I t  a p p e a r s  t h a t  t h e  o n ly  c e l l s  t h a t  c o u ld  rem a in  a s s o c i a t e d  w i th  

t h e  A. eVH otti ,  egg s h e l l  a f t e r  f r a c t i o n i n g  would  be  t h e  h y d r o p y la r  

c e l l s  and p o s s i b l y  f r a g m e n ts  o f  t h e  c e l l u l a r  s e r o s a .  As m en tio n ed  

e a r l i e r ,  i n c r e a s e s  i n  d ry  w e ig h t  and p r o t e i n  d u r in g  p r e - d i a p a u s e  

( F ig u r e s  3 and 7) p r o b a b ly  i n d i c a t e  t h e  d e p o s i t i o n  o f  t h e  s e r o s a l  

c u t i c l e s  d u r in g  t h i s  p e r i o d .  The h ig h  s p e c i f i c  a c t i v i t y  i n  t h e  p r o ­

t e i n  f r a c t i o n  o f  t h e  s h e l l  d u r in g  p r e - d i a p a u s e  c o u ld  be  a t t r i b u t e d  t o  

p r o t e i n  s y n t h e s i s  i n  s e r o s a l  c e l l s .  D u ring  d i a p a u s e  and p o s t - d i a p a u s e  

no changes  a r e  n o t e d  i n  t h e  d ry  w e ig h t  o r  p r o t e i n  c o n te n t  o f  th e  s h e l l  

o t h e r  t h a n  a d e c r e a s e  i n  d ry  w e ig h t  j u s t  b e f o r e  h a t c h i n g .  A lthough  i t  

was o b s e rv e d  t h a t  t h e  s e r o s a  no l o n g e r  h a s  c o n t a c t  w i t h  m ost o f  t h e  

s h e l l  a s  i t  d i d  d u r in g  p r e - d i a p a u s e ,  t h e  s p e c i f i c  a c t i v i t y  o f  th e  m a te r  

i a l  i n  t h e  s h e l l  e x t r a c t  was s t i l l  v e ry  h i g h .

H a r t l e y  (1961) h a s  shown t h a t  t h e  c h o r io n s  o f  n e w l y - l a i d  eggs i n  

s e v e n  a c r i d i d  s p e c i e s  a r e  c o n s t r u c t e d  o f  a  c o m p l ic a te d  meshwork as 

d e s c r i b e d  i n  t h e  i n t r o d u c t i o n  t o  t h e  p r e s e n t  s tu d y .  Soon th e  s e r o s a l  

c u t i c l e s  a r e  l a i d  down and t h e s e  l a y e r s  become t h e  p r i n c i p l e  w a l l  o f  

t h e  a c r i d i d  egg ( S l i f e r , 1937; E dney , 1957; and H a r t l e y , 1 9 61 ) .  S l i f e r  

(1946) h a s  shown t h a t  w a t e r  a b s o r p t i o n  o c c u rs  th ro u g h  a  s p e c i a l i z e d  

r e g i o n  o f  t h e  p o s t e r i o r  end  c a l l e d  t h e  h y d ro p y le  i n  t h e  egg o f  M. 

d i f f e r e n t i a l i s .  Mathee (1951) s t a t e s  t h a t  t h i s  s t r u c t u r e  i s  s e c r e t e d
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by t h e  s p e c i a l i z e d  h y d r o p y la r  c e l l s  o f  t h e  s e r o s a  i n  Loaustana 

Ipavdalina. He f i n d s  t h a t  c y to p la s m ic  f i l a m e n t s  from  t h e s e  c e l l s  f o l l o w  

s m a l l  p o r e  c a n a l s  i n  t h e  w h i t e  c u t i c l e  w hich  l e a d  d i r e c t l y  t o  l a r g e r ,  

p o re  c a n a l s  i n  t h e  o u t e r  o r  y e l lo w  c u t i c l e .  He a l s o  d e p i c t s  p o re  c a n a l s  

i n  t h e  s e r o s a l  c u t i c l e s  i n  t h e  r e m a in d e r  o f  t h e  egg s h e l l .  I f  such  an 

a r ra n g e m e n t  e x i s t s  i n  A. e l l i o t t i  t h e n  v a l in e - C ^ ^  c o u ld  be  t r a p p e d  i n  

t h e s e  c a n a l s .  M athee (1951) d id  n o t  f i n d  a waxy l a y e r  be tw een  th e  

w h i t e  and y e l lo w  p o r t i o n s  o f  t h e  s e r o s a l  c u t i c l e  i n  t h e  h y d ro p y le  r e g i o n  

i n d i c a t i n g  t h a t  t h i s  a r e a  i s  s p e c i a l i z e d  f o r  w a te r  a b s o r p t i o n .  I t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t  S l i f e r  (1946) p ro p o se d  t h a t  a wax l a y e r  w a s ■ 

s e c r e t e d  o v e r  t h e  h y d r o p y le  r e g i o n  o f  M. d i f f e r e n t i a l ' s  eggs  to  p r e ­

v e n t  d e s i c c a t i o n  d u r in g  d i a p a u s e .  M athee  (1951) found  t h a t  a  p r o t e i n ­

aceous  l a y e r  was s e c r e t e d  by t h e  h y d r o p y le  c e l l s  o f  L. pardalina  and 

t h a t  i t  b eh av ed  l i k e  a k e r a t i n  membrane i n  p r e v e n t i n g  d e s i c c a t i o n  a t  

low h u m i d i t i e s .  At ,250C t h i s  p r o t e i n  was s e c r e t e d  a f t e r  16 to  18 days 

o f  d e v e lo p m en t .  I t  w ould  a p p e a r  t h a t  su ch  a phenomenon may be  o p e r a t ­

i n g  i n  eggs  o f  A. e l l i o t t i  s i n c e  r e s i s t a n c e  t o  d e s i c c a t i o n  d e v e lo p s  

a f t e r  a  s i m i l a r  p e r i o d  (T a b le  I I ) .  M athee (1951) a l s o  n o t e d  t h a t  t h e  

p r o t e i n  d i s s o l v e s  o r  d i s a p p e a r s  b e f o r e  o r  s im u l t a n e o u s l y  w i t h  w a te r  ab ­

s o r p t i o n .  In  t h e  p r e s e n t  s tu d y  i n c r e a s e s  i n  w e ig h t  w ere  n o t e d  i n  a l l  

sam p les  d u r in g  t h e  a b s o r p t i o n  p e r i o d ,  i n d i c a t i n g  t h a t  t h e r e  was no 

b a r r i e r  t o  w a t e r  u p t a k e . Since, t h e  h y d r o p y la r  c e l l s  a r e  few i n  number 

i n  A. e l l i o t t i  (R o em h ild , 1961) and t h e  amount o f  p r o t e i n a c e o u s  m a t e r i a l
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s e c r e t e d  would  b e  v e ry  s m a l l i i t  seems u n l i k e l y ' t h a t  su c h  a phenomenon 

c o u ld  b e ■r e s p o n s i b l e  f o r  more th a n  a  s m a l l  p o r t i o n  o f  t h e . r a d i o a c t i v i t y  

n o t e d  i n  t h e  e x t r a c t e d  p r o t e i n  from  t h e  s h e l l .  The f o r m a t io n  o f  t a n n e d  

l i p o p r o t e i n  :i n  t h e  y e l lo w  c u t i c l e  and p r o t e i n - c a r b o h y d r a t e  complexes i n  

t h e  w h i t e  c u t i c l e  .cou ld  a c c o u n t  ,for c o n s i d e r a b l e  i n c o r p o r a t i o n  of 

v a l i n e - C"*-̂  d u r in g  t h e  f o r m a t io n  o f  t h e s e  s t r u c t u r e s  i n  e a r l y  p r e - d i a ­

p a u se  d e v e lo p m e n t ; However, h ig h  p e r c e n ta g e  i n c o r p o r a t i o n  v a lu e s  w ere  

o b s e rv e d  th r o u g h o u t  em bryogenes.is  (T a b le  V I I ,  F ig u r e  9 ) .  The b e s t  hypo­

t h e s i s ,  b a s e d  on w hat i s  known a b o u t  a c r i d i d  egg s h e l l s , s u g g e s t s  t h a t  

m o le c u le s  may b e  t r a p p e d  o r  bound w i t h i n  t h e s e  s t r u c t u r e s .

To d e te r m in e  t h e  s t a t e  o f  t h e  a s s o c i a t i o n  o f  t h e  v a l i n e - C ^  i n  

t h e  s h e l l j  egg s h e l l s  w ere  removed from  50 p o s t - d i a p a u s e  eggs and 

p l a c e d  i n  an i n c u b a t i o n  medium c o n t a i n i n g  v a l i n e - C ^  f o r  4 d a y s : P ro ­

t e i n ,  was e x t r a c t e d  u s in g  t h e  m ethods r e p o r t e d  e a r l i e r  and was m o n i to re d  

f o r  r a d i o a c t i v i t y .  The s p e c i f i c  a c t i v i t y  was a lm o s t  i d e n t i c a l  t o  t h a t  

o f  t h e  s h e l l  f r a c t i o n s  i n  w hich  w hole  eggs w ere  - in c u b a te d  in  v ivo  

T h is  was s s t r o n g  i n d i c a t i o n  t h a t  t h e  i s o t o p e  w a s ■n o n - s p e c i f i c a l l y  

bound o r  t r a p p e d  b y . t h e  s h e l l .  In  a n o th e r  e x p e r im e n t  t h e  s h e l l s  w ere  

removed from  a group o f  p o s tv d i a p a u s e  eggs  and b o i l e d  f o r  t h r e e  m in u t e s .  

Then th e y  w ere  im m ersed f o r  two d a y s . i n  a s o l u t i o n  o f  v a l i n e - C - ^  con­

t a i n i n g  a n t i b i o t i c s  to  p r e v e n t  p r o t e i n  s y n t h e s i s  by m ic r o o r g a n is m s . 

P r o t e i n  e x t r a c t e d  from t h e s e  s h e l l s  showed t h a t  l e s s  t h a n  0 ,6  % o f  t h e  

i s o t o p e  o r i g i n a l l y  p r e s e n t  i n  t h e  i n c u b a t i o n  medium was a s s o c i a t e d  w i t h



—6 2 —

t h e  e x t r a c t e d  p r o t e i n .  T h is  low a c t i v i t y  may mean t h a t  t h e  b o i l i n g  

d i s r u p t e d  c e r t a i n  s t r u c t u r a l  a l ig n m e n ts  o f  t h e  s h e l l  w hich  would  n o r ­

m a l ly  t r a p  v a l i n e .  The same p r o c e d u r e  was u sed  t o  e x t r a c t  p r o t e i n  from 

sam p les  o f  embryos and y o l k .  S i m i l a r  low a c t i v i t y  v a lu e s  w ere  o b t a i n e d  

i n d i c a t i n g  t h a t  t h e  e x t r a c t i o n  t e c h n i q u e  was good and t h a t  o n ly  i n s i g ­

n i f i c a n t  n o n - s p e c i f i c  b i n d i n g  o f  v a l i n e  o c c u r r e d  i n  t h e s e  m a t e r i a l s .

S in c e  t h e  v a lu e s  f o r  t h e  s h e l l  f r a c t i o n  p ro b a b ly  do n o t  r e p r e s e n t  

a t r u e  r a t e  o f  p r o t e i n  s y n t h e s i s , i t  seems c l e a r  t h a t  t h e  w hole  egg 

v a lu e s  w ould  be  a f f e c t e d .  I t  can b e  s e e n ,  how ever ,  t h a t  h ig h  r a t e s  o f  

p r o t e i n  s y n t h e s i s  c o i n c i d e n t  w i t h  m a jo r  m o rp h o g e n e t ic  change a r e  n o t  

masked by t h i s  b i n d in g  phenomenon. F o r  ex am p le ,  a  s h a r p  i n c r e a s e  i n  

t h e  r a t e  o f  p r o t e i n  s y n t h e s i s  was n o t e d  i n  w hole  eggs a t  36 days o f  

p r e - d i a p a u s e  deve lopm en t i n  F i g u r e  10 and was a l s o  p r e s e n t  i n  t h e  em­

b ry o  f r a c t i o n  and t o  a  l e s s e r  d e g re e  i n  t h e  y o lk  f r a c t i o n  (F ig u re  1 1 ) .  

These  f r a c t i o n s  w ould  n o t  be  a f f e c t e d  by t h e  n o n - s p e c i f i c  b i n d in g  o f  

v a l i n e - C"*-̂  by egg s h e l l s . The m o r p h o lo g ic a l  s t a g e s  o f  t h e  embryos i n  

t h e s e  egg f r a c t i o n  sa m p le s  r a n g e d  from  s t a g e  13 t o  16 and t h e  a v e ra g e  

s t a g e  was 1 4 .6 .  From s t a g e s  13 to . 16 many o r g a n s ,  t i s s u e s  and c e l l s  

a r e  d i f f e r e n t i a t i n g  i n  A. e l l i - o t t i .  Van Horn (1963) o b s e rv e d  d i f f e r ­

e n t i a t i o n  o f  t h e  e n d o s k e l e t a l  e le m e n ts  a t  t h i s  t im e ,  i n c l u d i n g  t h e  

a n t e r i o r  and p o s t e r i o r  arms o f  t h e  t e n t o r i u m ,  t h e  m e t a t h o r a c i c  apodemes 

o f  t h e  f e m u r , t h e  c o x a l  apodemes and t h e  m a n d ib u la r  apodem es. She 

a l s o  n o t e d  t h e  d i f f e r e n t i a t i o n  o f  t h e  c o r p o r a  a l l a t a ,  c o rp o r a  c a r d i a c a ,  

v e n t r a l  h e a d  g la n d s  and s a l i v a r y  g l a n d s  a t  t h i s  t im e .  T r a c h e a l
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d i v e r t i c u l a ,  o e n o c y t e s , n e r v e  g a n g l i a ,  s e n s e  o r g a n s j  M a lp ig h ia n  t u b u l e s , 

r e c t a l  pads  and s p la n c h n ic -  m u s c u la tu r e  a l s o  show d i f f e r e n t i a t i o n  d u r in g  

s t a g e s  13 t o  16.

When t h e  embryo r e a c h e s  s t a g e  19 m o rp h o g e n e t ic  a c t i v i t y  a p p e a r s  to  

c e a s e .  Most em bryos-do  n o t  r e a c h  t h i s  s t a g e  o f  deve lopm en t u n t i l  a f t e r  

40 days i n  the, p r e - d i a p a u s e  s t a t e  (Van H orn , 1 9 6 6 a ) . F ig u r e s  10 and 11 

show a  m arked d e c l i n e  i n  p e r c e n ta g e  i n c o r p o r a t i o n  from 36 t o  42 days o f  

deve lopm en t i n  p r e - d i a p a u s e  f o r  t h e  w hole  e g g ,  embryo f r a c t i o n  and y o l k  

f r a c t i o n  s a m p le s ,  A w h o l e ■egg sam ple  t h a t  had been  a t  25°C f o r  52 days 

showed a  v e ry  low r a t e  o f  p r o t e i n  s y n t h e s i s .  A l l  o f  t h e  embryos i n  

t h e  sam ple  w ere  s t a g e  19 a n d - a p p a r e n t l y  w ere  i n  d i a p a u s e .  I t  w ou ld -be  

o f  i n t e r e s t  ,.to know how lo n g  t h i s  low l e v e l  o f  p r o t e i n  s y n t h e s i s  would- 

p e r s i s t  i n  eggs n o t  - .exposed t o  t h e  c o ld .  A l l - s a m p le s  e x c e p t  one i n  

the. p r e s e n t  s tu d y  w ere  p l a c e d  a t  S0C f o r  d ia p a u s e  d e v e lo p m en t .  A f t e r  

140 days o f  d ia p a u s e  deve lopm en t a t  25°C t h i s  w h o l e ■egg sam ple  showed 

a  h ig h  r a t e  o f  p r o t e i n  s y n t h e s i s  s i m i l a r  t o  a  com parab le  sam ple  w i th  

c o ld  e x p o s u re .  T h is  may be b e c a u s e  a l l  o f  the  eggs i n  t h e s e  sam ples  

had  l o s t  t h e i r .h y d r o p y la r  c o n n e c t io n  and i t  i s  p resum ed  had  e l e v a t e d  

r e s p i r a t o r y  r a t e s . The i n c r e a s e  i n  r e s p i r a t o r y  r a t e  r e p o r t e d  to  be 

a s s o c i a t e d  w i t h  t h i s  phenomenon (RoemhiTd, 1961) may b e  r e l a t e d  t o  t h e  

h i g h  r a t e  - o f  p r o t e i n  s y n t h e s i s  s e e n  i n  w hole  eggs an d ,  more s p e c i f ­

i c a l l y ,  t h e  y o l k  f r a c t i o n .
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D is c  E l e c t r o p h o r e s i s

Changes i n  t h e  m orphology  and p h y s io lo g y  i n  embryos o f  A. QVLvott-I 

s h o u ld  be  r e f l e c t e d  i n  t h e  c o m p o s i t io n  o f  em bryonic  p r o t e i n  and y o lk  

p r o t e i n .  Such changes  have  b e e n  d e t e c t e d  i n  t h i s  s tu d y  by e l e c t r o ­

p h o r e t i c  m eans . The number and p a t t e r n  o f  c o n ju g a te d  p r o t e i n  bands 

w ere  s t u d i e d  to  i n d i c a t e  w h e th e r  p r o t e i n  was com plexed w i t h  o t h e r  m e ta ­

b o l i t e s .  I n c r e a s e s  i n  t h e  number o r  s t a i n i n g  i n t e n s i t y  o f  such  bands 

may i n d i c a t e  t h e  im p o r ta n c e  o f  t h e s e  m e t a b o l i t e s  d u r in g  deve lopm en t.

E l e c t r o p h o r e s i s  was p e r fo rm e d  as  d e s c r i b e d  e a r l i e r  t o  d e te rm in e  

t h e  p a t t e r n  o f  p r o t e i n  bands  c h a r a c t e r i s t i c  o f  40 % s u c r o s e - s o l u b l e  

em bryonic  p r o t e i n ,  40 % s u c r o s e - s o l u b l e  y o lk  p r o t e i n  and 0 .6  N KCl- 

s o l u b l e  y o l k  p r o t e i n  d u r in g  each  m a jo r  d e v e lo p m e n ta l  p e r i o d .  Less 

th a n  h a l f  o f  t h e  y o lk  was s o l u b l e  i n  40 % s u c r o s e .  The r e m a in d e r  was 

s o l u b l e  i n  0 .6  N K C l. The number o f  g e l s  u sed  t o  d e te r m in e  t h e  p a t t e r n s  

c h a r a c t e r i s t i c  o f  p r e - d i a p a u s e , d i a p a u s e  and p o s t - d i a p a u s e  i s  shown 

above e a ch  g e l  d ia g ra m  i n  -F igures 1 2 ,  13 and 14. S e p a r a t e  g e l s  w ere  

u sed  f o r :  ( I )  g e n e r a l  p r o t e i n  s t a i n i n g  w i t h  A m ido-Schw arz; (2) " p o ly ­

s a c c h a r i d e "  d e t e c t i o n  w i t h  t h e  p e r i o d i c  a c i d - S c h i f f  r e a c t i o n ;  and (3) 

l i p o p r o t e i n  s t a i n i n g  w i t h  Sudan B lack  B . Only s t r o n g l y  p o s i t i v e  PAS 

bands  w i l l  be  d i s c u s s e d  s i n c e  t h e  s p e c i f i c i t y  o f  t h i s  r e a c t i o n  i s  

q u e s t i o n a b l e .  A s t r o n g  r e a c t i o n  i s  g iv e n  by compounds w i t h  1 ,2 -  

g l y c o l  g roups  such  as a l p h a - g l y c e r o p h o s p h a t e ,  m a n n i to l  and m usc le  

g ly c o g e n ,  w h i l e  se rum  a lbum in  and c a s e i n  a l s o  r e a c t  ( G u r r , 1 9 58 ) .
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F ig u re  12. The e l e c t r o p h o r e t i c  p a t t e r n s  o f  40 % s u c r o s e - s o l u b l e  embryo p r o t e i n  d u r in g  th e  
em b ry o g en es is  o f  A. e l l i o t t i  and an i n d i c a t i o n  t h a t  some o f  t h e  p r o t e i n  bands a r e  c o n ju g a te d  
w i th  c a r b o h y d r a te  a n d /o r  l i p o i d  m a t e r i a l .  O r ig in  —  , p e r i o d i c  a c i d - S c h i f f - p o s i t i v e — ( 4 ) ,  
Sudan B lack  B - p o s i t i v e — (* ) ,  t r a c k i n g  dye— TB. The number o f  (+ )  o r  (■*•) symbols i n d i c a t e  
s t a i n i n g  i n t e n s i t y .  The number o f  g e l s  u sed  t o  d e te rm in e  each  p a t t e r n  i s  e n c lo s e d  above each 
d iag ram .
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F ig u r e  13. The e l e c t r o p h o r e t i c  p a t t e r n s  o f  40 % s u c r o s e - s o l u b l e  y o lk  p r o t e i n  d u r in g  th e  
em bryogenes i s  o f  A. e l l v o t t i .  and an i n d i c a t i o n  t h a t  some o f  t h e  p r o t e i n  bands a r e  c o n ju g a te d  
w i t h  c a r b o h y d r a te  a n d /o r  l i p o i d  m a t e r i a l .  O r ig in  *«=— , p e r i o d i c  a c i d - S c h i f f - p o s i t i v e — (+ ) ,  
Sudan B lack  B - p o s i t i v e — (* ) ,  t r a c k i n g  dye— TB. The number o f  ( + )  o r  ( *  ) sym bols i n d i c a t e  
s t a i n i n g  i n t e n s i t y .  The number o f  g e l s  u sed  t o  d e te rm in e  each  p a t t e r n  i s  e n c lo s e d  above each 
d iag ram .
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F ig u re  14. The e l e c t r o p h o r e t i c  p a t t e r n s  o f  0 .6  N KC! - s o l u b l e  y o lk  p r o t e i n  d u r in g  th e  
em b ry o g e n es is  o f  A. e l l i o t t i  and an i n d i c a t i o n  t h a t  some o f  t h e  p r o t e i n  bands  a r e  con­
j u g a t e d  w i th  c a r b o h y d r a te  a n d /o r  l i p o i d  m a t e r i a l .  O r ig in  <—  , p e r i o d i c  a c i d - S c h i f f -  
p o s i t i v e — ( +  ), Sudan B lack  E - p o s i t i v e — ( * ) ,  t r a c k i n g  dye— TD. The number o f  ( +  ) o r  
( * )  sym bols i n d i c a t e  t h e  s t a i n i n g  i n t e n s i t y .  The symbols w i th  (a)  o r  (b) s u p e r s c r i p t s  
r e p r e s e n t  c a r b o h y d r a te  a n d /o r  l i p o i d  p o s i t i v e  a r e a s  i n  w hich  no p r o t e i n  was d e t e c t e d .
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Some t e s t s  and o b s e r v a t i o n s  r e l a t i n g  to  t h e  s p e c i f i c i t y  o f  t h i s  r e ­

a c t i o n  w i l l  be  d i s c u s s e d  l a t e r .

D ia p a u s in g  embryos d i s p l a y e d  3 more p r o t e i n  bands  th a n  d id  p r e ­

d i a p a u s e  o r  p o s t - d i a p a u s e  embryos ( F ig u r e  1 0 ) .  The number o f  i n t e n s e l y  

P A S - p o s i t i v e  bands  i n  t h e  embryo i n c r e a s e d  by one from  p r e - d i a p a u s e  

t o  d i a p a u s e .  Only one l i p i d - p o s i t i v e  band  o f  h ig h  m o b i l i t y  was p r e s e n t  

i n  p r e - d i a p a u s e  and p o s t - d i a p a u s e  em bryos. T hree  new l i p i d - p o s i t i v e  

bands  o f  low m o b i l i t y  w ere  o b s e rv e d  i n  d i a p a u s e , none o f  w hich  c o r r e ­

l a t e d  w i t h  t h e  f a s t  band  n o te d  above .

Tw enty-tw o p r o t e i n  bands  w ere  d e t e c t e d  i n  40 % s u c r o s e - s o l u b l e  

y o l k  d u r in g  d i a p a u s e .  Only 16 w ere  found  i n  p r e - d i a p a u s e  y o lk  and 19 

i n  p o s t - d i a p a u s e  y o l k  ( F ig u r e  1 3 ) .  The t h r e e  f a s t e s t  ban d s  i n  p r e ­

d i a p a u s e  and d ia p a u s e  y o l k  a r e  t h o u g h t  t o  be  i d e n t i c a l  w i t h  bands 14 ,

15 and 16 shown i n  t h e  p r e - d i a p a u s e  embryo g e l  d iag ram  o f  F ig u re  12. 

T h e re  w ere  two s t r o n g  P A S - p o s i t i v e  ban d s  i n  40 % s u c r o s e - s o l u b l e  y o lk  

d u r in g  p r e - d i a p a u s e ,  f o u r  d u r in g  d ia p a u s e  and t h r e e  i n  p o s t - d i a p a u s e .  

F ig u r e  13 shows t h a t  t h e  number o f  Sudan B lack  B - p o s i t i v e  bands  i n ­

c r e a s e d  from  2 to  5 d u r in g  t h e  t r a n s i t i o n  from p r e - d i a p a u s e  t o  d ia p a u s e  

w h i l e  p o s t - d i a p a u s e  y o lk  h a d  6 b a n d s .

The p r o t e i n  o f  t h e  y o l k  t h a t  was s o l u b l e  i n  0 .6  N KCl e x h i b i t e d  

10 p r o t e i n  bands  i n  p r e - d i a p a u s e  and 8 i n  d ia p a u s e  and p o s t - d i a p a u s e  

y o lk  ( F ig u r e  1 4 ) .  I t  a p p e a r s  t h a t  up t o  3 bands i n  b o t h  t h e  a r e a s  o f  

low and  h ig h  m o b i l i t y  i n  0 .6  N K C l - s o lu b le  y o lk  a l s o  a r e  p r e s e n t  i n  40 %
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s u c r o s e - s o l u b l e  y o l k .  The p ro b le m  o f  d e te r m in in g  w h e th e r  t h e  bands o f  

i n t e r m e d i a t e  m o b i l i t y  f rom  0 .6  N K C l-s o l u b l e  y o lk  p r o t e i n  c o r r e s p o n d  • 

w i t h  c e r t a i n  a r e a s  i n  g e l  p a t t e r n s  d e r i v e d  from 4 0 %  s u c r o s e - s o l u b l e  

y o lk  i s  c o m p l ic a t e d  by  t h e  f a c t  t h a t  t h e s e  bands  a p p a r e n t l y  r e p r e s e n t  

more t h a n  o n e . p r o t e i n .  Wang and P a t t o n  (1968) found  t h a t  some p r o t e i n  

bands  i n  the .  l a r v a l  hemolymph o f  Gi InelloneUa3 A. domestiaus  and T. 

moI-Hqt w e re  p o s i t i v e  f o r  a s  many as f i v e  d i f f e r e n t  c o n ju g a t e d  p r o t e i n s .  

Some bands  w ere  b o th  PAS- and l i p i d - p o s i t i v e  i n  t h e  p r e s e n t  s tu d y .

T h is  i s  shown by t h e  p r e s e n c e  o f  b o th  . (+) and ( X ) sym bols b e s i d e  t h e s e  

b a n d s . i n  F ig u r e s  1 2 ,  13 and 14. Two h e a v i l y  s t a i n e d  ban d s  w ere  found 

i n  t h e  0 ,6  N K C l-s o I u b I e  y o l k  th ro u g h o u t  deve lopm en t ( F ig u r e  1 4 ) .  They 

a p p a r e n t l y  r e p r e s e n t ,  t h e  m a jo r  . p r o t e i n s  o f  t h e  y o lk  and a r e  l i p o p r o t e i n  

i n  n a t u r e ,  a l t h o u g h  e a ch  band  a l s o  gave a  p o s i t i v e  PAS- r e a c t i o n . . The 

sym bols  (+a ) and ( -I^) i n  F ig u r e  14 r e p r e s e n t  a r e a s  o f  weak PAS and l i p i d  

s t a i n i n g  i n  w h ich  no p r o t e i n .b a n d .w a s  d e t e c t e d  by Amido-Schwarz s t a i n i n g .  

T h is  may mean t h a t  t h e r e  was no p r o t e i n  p r e s e n t  o r  t h a t  the- amount w a s '  

t o o  low t o  b e  d e t e c t e d .  The l a t t e r  a p p e a r s  to  b e  t h e  c a s e  s i n c e  p r o t e i n  

bands  i n  t h e s e  a r e a s  d i d  s t a i n  i n  g e l s  from o t h e r  d e v e lo p m e n ta l  p e r i o d s .  

The a r e a  m arked  (+a ) i n  t h e  g e l ,d i a g r a m  f o r  p r e - d i a p a u s e  y o lk  c o r r e s ­

ponds w i th  ban d  5 o f  t h e  d ia p a u s e  g e l .  The g e l  d iag ra m  f o r  d ia p a u s e  

y o l k  h a s  two l i p i d  p o s i t i v e  a r e a s  m arked  ( ^ )  i n  w h ich  no p r o t e i n  was 

d e t e c t e d .  These  a r e a s  ,c o r r e s p o n d  w i t h  ban d s  2 .and 3 i n  t h e  g e l  d iag ra m  

f o r  p r e - d i a p a u s e  y o l k  and bands  I  and 2 o f  t h e  g e l  d iag ra m  f o r  p o s t ­

d i a p a u s e  y o lk .
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L i p i d - p o s i t i v e  a r e a s  w ere  i n d i c a t e d  by th e  a f f i n i t y  o f  Sudan B lack  

B dye f o r  l i p i d  m a t e r i a l . Humason (1967) h as  n o te d  t h a t  Sudan B lack  B 

i s  t h e  m ost s e n s i t i v e  o f  t h e  l i p i d  d y e s . The PAS r e a c t i o n  a l s o  i s  

s e n s i t i v e  b u t  does n o t  a p p e a r  t o  be  v e ry  s p e c i f i c .  The PAS te c h n iq u e  

u se d  i n  t h i s  s tu d y  was t h e  same as t h a t  u se d  by Wang and P a t t o n  (1 9 6 8 ) .  

They fou n d  l a r g e  num bers o f  P A S - p o s i t i v e  p r o t e i n  bands  i n  i n s e c t  hemo- 

lymph f o l l o w i n g  e l e c t r o p h o r e s i s .  L a rg e  numbers o f  P A S - p o s i t i v e  bands  

a l s o  w ere  found  i n  t h e  p r e s e n t  s t u d y , and some g e l s  w ere  found  t o  g iv e  

a p o s i t i v e  r e a c t i o n  f o r  e v e ry  p r o t e i n  b a n d .  H au row itz  (1963) has  

s t a t e d  t h a t  m o s t , i f  n o t  a l l ,  p r o t e i n s  c o n ta i n  s m a l l  amounts o f  c a rb o ­

h y d r a t e .  W hether t h i s  i s  t r u e  o r  n o t , t h e r e  a r e  s e v e r a l  s t r u c t u r e s  

o t h e r  t h a n  t h o s e  common t o  c a r b o h y d r a t e s  t h a t  can  e l i c i t  a  p o s i t i v e  

PAS r e a c t i o n  (B arka  and A n d e rso n , 1965; G o rm o ri , 1 9 5 2 ) .  The s t r u c t u r e s  

o f  i n t e r e s t  i n  t h e  p r e s e n t  s tu d y  a r e  t h o s e  a s s o c i a t e d  w i t h  p r o t e i n s .  

B arka  and A nderson  (1965) have  t h e o r i z e d  t h a t  c e r t a i n  amino a c id s  i n  

p r o t e i n s  c o u ld  g iv e  a p o s i t i v e  PAS r e a c t i o n .  To t e s t  t h i s , th e  

f o l l o w i n g  p r o t e i n s  w ere  s u b j e c t e d  t o  e l e c t r o p h o r e s i s  i n d i v i d u a l l y  i n  

t h e  p r e s e n t  . s tu d y ;  r i b o n u c l e a s e ,  D-amino a c i d  o x i d a s e , p e p s in  and 

b o v in e  serum  a lb u m in .  Each gave a  p o s i t i v e  PAS r e a c t i o n  a l th o u g h  t h e  

ban d s  w ere  n o t  i n t e n s e l y  c o lo r e d  and a p p e a re d  s lo w ly .  I t  a l s o  was 

n o te d  t h a t  c e r t a i n  P A S - p o s i t i v e  bands  i n  t h e  em bryonic  p r o t e i n  and y o l k  

p r o t e i n  a p p e a re d  r a p i d l y  and w ere  i n t e n s e l y  c o lo r e d .  T hese  bands have  

b e e n  d e s i g n a t e d  by t h r e e  o r  f o u r  (+) sym bols and a r e  assum ed t o  be
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con j  u g a t  ed. p r o t e i n s  c o n t a i n i n g  a - s i z e a b l e  " p o l y s a c c h a r i d e "  m o ie ty .

Weak P A S - p o s i t i v e  bands  t h a t  a p p e a re d  s lo w ly  a r e  d e s i g n a t e d  w i th  one 

o r  two (+) sy m b o ls .  T h e s e . a r e a s  a r e  n o t  c o n s id e r e d  t o  b e  r e p r e s e n t a ­

t i v e  o f  p r o t e i n s  c o n ju g a t e d  w i th  " p o l y s a c c h a r i d e s "  i n  t h e  f o l l o w in g  

d i s c u s s i o n ,  s i n c e  i t  h a s  b e e n  shown t h a t  p r o t e i n s  n o t  t h o u g h t  t o  be 

c o n ju g a t e d  w i t h  a  s i z e a b l e  p r o s t h e t i c  group  can g iv e  t h i s  ty p e  o f  a 

r e a c t i o n .  I t  i s  r e c o g n iz e d  t h a t  s m a l l  q u a n t i t i e s  o f  a  p r o t e i n  con­

t a i n i n g  c a r b o h y d r a te s  may a p p e a r  i n  t h i s  g ro u p .

The g e l s  show ing em bryon ic  p r o t e i n  and y o lk  , p r o t e i n  ha.d 4 c o r r e s ­

p o n d in g  bands  d u r in g  d i a p a u s e .  They a r e . y o l k  bands  1 , 2 , 4  and 5 and 

em bryon ic  ban d s  I ,  2 , 3  and 5 .  T h is  i s  c o n s i s t e n t  w i t h  t h e  i d e a  t h a t  . 

p r o t e i n s . a r e  b e in g  s y n t h e s i z e d  i n  t h e  y o l k  and t r a n s f e r r e d  t o  t h e  embryo 

d u r in g  d i a p a u s e .  F e l d h e r r  (1962) s t u d i e d  t h e  u t i l i z a t i o n  o f  y o lk  p r o ­

t e i n  i n  H.\ o e e w p ia  th ro u g h o u t  e m b ry o g e n e s is  and s u g g e s t e d  t h a t  some 

p r o t e i n s  r e l e a s e d  from  th e .  y o l k  w ere  i n c o r p o r a t e d  u n m o d if ie d  i n  t h e  

embryo. B a r th  and B a r th  (1954) h a v e  s u g g e s t e d  t h a t  t h e  s t o r a g e  pro-- 

t e i n  o f  y o l k  from f r o g  eggs  p ro b a b ly  i s  n o t  b ro k en  down and t h a t  some 

p r e f a b r i c a t e d  s t r u c t u r a l  p r o t e i n s  o f  t h e  y o l k  m ay,be i n c o r p o r a t e d  • 

unchanged  i n t o  t h e  embryo. I n  A., etZ-tottii. t h e  t r a n s f e r  o f  i n t a c t  p r o ­

t e i n s  from  t h e  y o l k  t o  t h e  embryo c o u ld  a c c o u n t  f o r  some o f  th e  

i n c r e a s e  i n  t h e  em bryon ic  p r o t e i n  c o n te n t  o b s e rv e d  d u r in g  t h e  f i r s t  

50 days o f  d ia p a u s e  deve lopm en t ( F ig u r e  6 ) .  Two l i n e s  o f  e v id e n c e  

s u g g e s t  t h a t  p e p t i d e s  o r  p re fo rm e d  p r o t e i n  may be  t r a n s f e r r e d  from t h e
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y o lk  t o  t h e  embryo. F i r s t ,  t h e  r a t e  a t  w hich  valine-C-*-^ was i n c o r ­

p o r a t e d  i n d i c a t e s  t h a t  p r o t e i n  s y n t h e s i s  i n  th e  embryo was low d u r in g  

d i a p a u s e  • ( F ig u r e  1 1 ) ,  a l t h o u g h  t h e r e  was a  m arked i n c r e a s e  i n  em bryonic  

p r o t e i n  c o n te n t  ( F ig u r e  6) d u r in g  t h e  f i r s t  50 days o f  d i a p a u s e  d e v e lo p ­

m en t .  S e c o n d i a  g r e a t e r  number o f  p r o t e i n  bands  a p p e a re d  i n  b o th  

embryo and y o l k  f r a c t i o n s  d u r in g  d i a p a u s e  and so m e .o f  t h e  new y o lk  

ban d s  a p p e a re d  t o  c o r r e s p o n d  -w i th  new embryo bands  ( F ig u r e s  12 a n d .1 3 ) .  

The- p r e s e n t  s tu d y  i n d i c a t e s  t h a t  u n l a b e l e d  y o lk  p r o t e i n , i s  t r a n s f e r r e d  

t o  t h e  embryo d u r in g  t h e  f i r s t  50 days o f  d ia p a u s e  w h i l e  n e w - la b e le d  

p r o t e i n  i s  b e in g  s y n t h e s i z e d  i n . t h e  y o l k .  T h is  i s  s u p p o r t e d  by th e  

f o l l o w i n g  o b s e r v a t i o n s : ( I )  t h e  h ig h  r a t e  o f  p r o t e i n  s y n t h e s i s  i n  t h e

y o l k  d u r in g  t h e  f i r s t  45 days o f  d i a p a u s e  d e v e lo p m e n t ,a n d  t h e  low r a t e  

o f  p r o t e i n  s y n t h e s i s  i n  t h e  embryo a t . t h i s  t im e  ( F ig u r e  1 1 ) ;  (2) t h e  

i n c r e a s e  i n  p r o t e i n  c o n t e n t  o f  w h o l e :e g g s . d u r in g  t h e  f i r s t  50 days o f  

d i a p a u s e  deve lopm en t ( F ig u r e s  5 and 6) ; (3) t h e  i n c r e a s e  i n  em bryonic  

p r o t e i n  c o n te n t  d u r in g  t h e  same p e r i o d  (F ig u re  7 ) ;  and (4) t h e  a p p e a r ­

ance  ,of new c o r r e l a t i n g  p r o t e i n  bands  i n  b o th  embryo and y o l k  d u r in g  

d ia p a u s e  ( F ig u r e s  12 and 1 3 ) .  The l a r g e  a m o u n t .o f  p r o t e i n  n o te d  i n .  

t h e  f l u i d  o f  t h e  e p i n e u r a l  s i n u s  i n  d i a p a u s i n g  A.-. eVlXotti. embryos ,by 

Roem hild (1967) i s  c o n s o n a n t  w i t h  t h i s  i d e a .

F u r t h e r  co m p a r iso n s  o f  p r o t e i n  ban d s  i n  t h e  g e l s  from  d i f f e r e n t  

d e v e lo p m e n ta l  p e r i o d s  a r e  d i f f i c u l t  and i n t e r p r e t a t i o n s  u n c e r t a i n ,  

s i n c e  g r e a t  . d i f f e r e n c e s  e x i s t  i n  t h e  g e n e r a l  p a t t e r n s  f o r  p r e - d i a p a u s e .
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d ia p a u s e  and  p o s t - d i a p a u s e ,  embryos and y o lk . '  Not enough i s  known 

a b o u t  .;t h e  c h a r a c t e r ,  o r  f u n c t i o n  o f  t h e  Amido-Schwarz s t a i n e d  p r o t e i n s  

to  r e l a t e  them t o  any s p e c i f i c  e v e n t . However, some c o n ju g a te d  p r o ­

t e i n s  have  b e e n  p a r t i a l l y  c h a r a c t e r i z e d  w i t h  r e g a r d  t o  t h e i r  l i p i d  o r  

" p o l y s a c c h a r i d e "  c o n t e n t , and t h e r e f o r e ,  t h e  number and  i n t e n s i t y  o f  

t h e s e  b a n d s  may, i n d i c a t e  changes  i n  t h e  l e v e l s  o f  - . these  m a t e r i a l s  in -  

t h e  e gg .

P r o t e i n - c a r b o h y d r a t e  com plexes w ere  s u g g e s t e d  t o  co m p r ise  a 

m a jo r  p o r t i o n  o f  t h e  y o l k  i n  o o c y te s  o f  A. e t t y e t t i -  on t h e  b a s i s  o f  

h i s t o c h e m i e a l  t e s t s  (L e o p o ld ,  1 9 6 7 ) .  PAS s t a i n i n g  o f - e l e c t r o p h o r e t i c -  

a l l y  s e p a r a t e d  y o l k  p r o t e i n  , in  the , p r e s e n t  -study a l s o  s u g g e s t e d  th e  

p r e s e n c e  o f  a  c o n s i d e r a b l e  amount o f . t h i s  m a t e r i a l ;  h o w e v e r ,  l i p o ­

p r o t e i n s  may co m p r ise  a  g r e a t e r  p o r t i o n  o f  t h e  y o l k .  The l a t t e r  

s u g g e s t i o n  i s  b a s e d  on t h e  p redom inance  o f  l i p o p r o t e i n - p o s i t i v e  a r e a s  

i n  t h a t  p o r t i o n  o f  t h e  y o l k  w hich  was n o t  s o l u b l e  i n  40 % s u c r o s e  b u t  . 

was s o l u b l e  i n  0 .6  N K C l. I t  w i l l  be  remembered t h a t  t h i s  p o r t i o n  

r e p r e s e n t s  o y e r  50 % o f  t h e  y o l k  f r a c t i o n .  Dejmal and Brookes (1968) 

found  t h a t  a b o u t  80 % o f  t h e  y o lk  p r o t e i n  o f  Leuopphaea maderae was 

s o l u b l e  i n  s a l i n e  a t  an i o n i c  s t r e n g t h  o f  0 .4  o r  g r e a t e r .  These  p r o ­

t e i n s  m ig r a t e d  as  .5 ban d s  d u r in g  e l e c t r o p h o r e s i s ,  a l t h o u g h  m o s t ,o f  t h e  

p r o t e i n  a p p e a re d  i n  one band  w h ic h ,w a s  i d e n t i f i e d  as  l i p o p r o t e i n .

The h y d r o l y s i s  o f  p r o t e i n - c a r b o h y d r a t e  com plexes i n  t h e  d i a p a u s in g  

egg o f  A. e t t i o t t i ,  h a s  been  s u g g e s t e d  by. Bunde (1965) as  a  m echanism



—74—

f o r  t h e  i n c r e a s e  i n  f r e e  amino c o n te n t  .and by Q uickenden  (1969) as  an 

e x p l a n a t i o n  f o r  t h e  i n c r e a s e  i n  t r e h a l o s e .  Urban (1970) h a s  n o te d  p r o ­

t e a s e  a c t i v i t y  in .  t h e  s e r o s a  and  y o l k •from  eggs o f  A. e t l i o t t i  d u r in g  

d ia p a u s e  t h a t  c o u ld  a f f e c t  t h e s e  c h a n g e s .  In  t h e  p r e s e n t  s tu d y  

" p o l y s a c c h a r i d e - p o s i t i v e "  ^ p ro te in  ban d s  a p p e a re d  t o  i n c r e a s e  i n  number 

and q u a n t i t y  i n  t h e  40 % s u c r o s e - s o l u b l e  y o lk  f r a c t i o n  from  p r e - d i a ­

p a u s e  t o  d ia p a u s e  ( F ig u r e  1 1 ) .  P a r t i a l  h y d r o l y s i s  o f  t h e s e  complexes 

c o u ld  b e  r e s p o n s i b l e  f o r  t h e  i n c r e a s e  i n  t h e  number o f  y o l k  p r o t e i n  

b a n d s .  N o th in g  d e f i n i t e  can  be  a s c e r t a i n e d  i n  t h i s  r e g a r d  e x c e p t  t h a t  

su c h  m o le c u le s  and t h e  enzymes t o  d e g ra d e  them a r e  p r e s e n t .

I t  h a s  b e e n  s u g g e s t e d  t h a t  c a r b o h y d r a t e s ,  p r o t e i n s  and f a t s  a r e  

u t i l i z e d  i n  t h a t  o r d e r  d u r in g  e m b ry o g e n e s is  (Needham, 1 9 3 1 ) .  The 

im p o r ta n c e  o f  c a r b o h y d r a te s  o r  p r o t e i n s  as  an e n e rg y  s o u r c e  d u r in g  

e m b ry o g e n es is  i s  r a t h e r  o b s c u r e  f o r  A. e l l i o t t i .  Q uickenden  (1969,

1970) found  s l i g h t  e a r l y  and l a t e  u t i l i z a t i o n  o f  g ly c o g e n  i n  A. e l l i o t t i  

b u t  c o u ld  n o t  c o n c lu d e  t h a t  t h i s  m o ie ty  was an im p o r ta n t  e n e rg y  s o u rc e  

f o r  e m b ry o g e n e s i s .  I n  t h e  p r e s e n t  s tu d y  an i n c r e a s e  i n  t h e  p r o t e i n  

c o n te n t  o f  t h e  embryo d u r in g  t h e  f i r s t  50 days o f  d i a p a u s e  was f o l lo w ­

ed by d e c r e a s in g  l e v e l s  o f  p r o t e i n .  T h is  may mean t h a t  some p r o t e i n  

i s  u t i l i z e d  by t h e  embryo d u r in g  d i a p a u s e ,  h o w e v e r , t h e  a c t u a l  u t i l i z ­

a t i o n  o f  p r o t e i n  as  an e n e rg y  s o u r c e  c a n n o t  be  shown.

The im p o r ta n c e  o f  f a t s  d u r in g  i n s e c t  em b ry o g e n es is  h a s  been  n o t e d  

by s e v e r a l  w o r k e r s .  The amount o f  l i p i d  d e c r e a s e s  by more th a n  on e -
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h a l f  d u r in g  e m b ry o g e n e s is  i n  Bonibyx ( W i l l i a m s , 1967) and i n  M. 

d i f f e r e n t i a l i s  (Sl i f e r , 1930) . S l i f e r  a l s o  n o te d  a  g r a d u a l  d e c re a s e  

i n  f a t t y  a c id s  d u r in g  p o s t - d i a p a u s e .  C o n s id e r a b le  e v id e n c e  h as  a c c ru e d  

f o r  t h e  a c c u m u la t io n  o f  f a t s  i n  t h e  embryo d u r in g  d i a p a u s e  i n  A. 

e t l i o t t i - .  The o b s e r v a t i o n s  o f  Van Horn (1963) and t h e  d a t a  o f  Svoboda 

(1964) h a v e  b e e n  d i s c u s s e d  i n  t h i s  r e s p e c t .  K a o c h a re rn  (1958) h a s  

n o te d  t h e  a c c u m u la t io n  o f  f a t  i n  t h e  embryo o f  M. d i f f e v e n t i a l i s  d u r in g  

d i a p a u s e .  R e s u l t s  p r e s e n t e d  e a r l i e r  i n  t h e  p r e s e n t  s tu d y  • (F ig u re  12) 

showed t h a t  3 new l i p o p r o t e i n  bands  a p p e a re d  i n  d i a p a u s e  em bryos. ■ P r e ­

d i a p a u s e  and p o s t - d i a p a u s e  em bryon ic  p r o t e i n  had  o n ly  one l i p o p r o t e i n  

band  ( F ig u r e  1 2 ) .  T h ree  new l i p o p r o t e i n  band.s a p p e a re d  i n  d ia p a u s e  

y o l k  and one a d d i t i o n a l  band  was found  i n  p o s t - d i a p a u s e  y o l k .  These 

f i n d i n g s  c o u ld  mean t h a t  l i p i d s  a c c u m u la te  i n . t h e  embryo d u r in g  d i a ­

p a u s e  and w ere  u t i l i z e d  d u r in g  p o s t - d i a p a u s e  d e v e lo p m en t .  Svoboda 

(1964) found  t h a t  c o n s i d e r a b l e  l i p i d  m a t e r i a l  was u t i l i z e d  d u r in g  

p o s t - d i a p a u s e  i n  eggs  o f  A. e l l i o t t i .  R e s u l t s  o f  t h e  p r e s e n t  s tu d y  

and o f  o t h e r s  (Svoboda, • 1964; Bunde, 19.65; Q u ic k e n d en 5 1969) con­

c e r n i n g  p o s s i b l e  em bryon ic  m e t a b o l i t e s  i n  A. e'LZiott'i e s t a b l i s h  no 

d e f i n i t e  s e q u en c e  o f  u t i l i z a t i o n  f o r  c a r b o h y d r a t e s , p r o t e i n s  o r  f a t s , 

b u t  i t  a p p e a r s  t h a t  l i p i d s  a r e  t h e  m ost im p o r ta n t  e n e rg y  s o u r c e , 

e s p e c i a l l y  d u r in g  p o s t - d i a p a u s e .



SUMMARY

P r o t e i n s  i n  t h e  egg o f  A. e tX V o ttt  w ere  s t u d i e d ' t h r o u g h o u t  

e m b r y o g e n e s i s . Q u a n t i t a t i v e  a n a ly s e s  w ere  made on w ho le  eggs and 

egg f r a c t i o n s  (em bryo, y o l k  and s h e l l ) . A q u a l i t a t i v e  s tu d y  o f  

e m b r y o n i c .p r o t e i n  and y o l k  p r o t e i n  d u r in g  e m b ry o g e n es is  in v o lv e d  th e  

e l e c t r o p h o r e t i c  s e p a r a t i o n  o f  t h e s e  p r o t e i n s  and a p a r t i a l  c h a r a c t e r ­

i z a t i o n  o f  ,those, c o n ju g a t e d  w i t h  c a rb o h y d r a te  o r  l i p o i d  m a t e r i a l .  The 

m a jo r  f i n d i n g s  and c o n c lu s io n s  a r e  e n u m e ra te d  b e lo w .

1. The p r o t e i n  c o n t e n t . o f  t h e  embryo i n c r e a s e d  g r a d u a l l y  d u r in g  p r e ­

d ia p a u s e  deve lopm en t and t h e  p e r c e n ta g e  o f  p r o t e i n  i n  th e -em b ry o  was 

h ig h  u n t i l  a  d e c l i n e  was n o t e d  a f t e r  41 days o f  p r e - d i a p a u s e  d e v e lo p ­

ment a t  25°G.

2. An i n c r e a s e  i n  t h e  p r o t e i n  c o n te n t  o f  w hole  e g g s ,a n d  embryos was 

found  d u r in g  t h e  f i r s t  50 days o f  d i a p a u s e  deve lopm en t a t  8°C.

3. A m arked d e c r e a s e  i n  t h e  p e r c e n ta g e  o f  p r o t e i n  i n  embryos and a 

c o n c u r r e n t  i n c r e a s e  i n  p r o t e i n  c o n te n t  was o b s e rv e d  d u r in g  t h e  t r a n s ­

i t i o n  from  p r e - d i a p a u s e  t o  d i a p a u s e  d e v e lo p m e n t . T h is  i n d i c a t e d  t h a t  

an i n c r e a s e  i n  t h e  a m o u n t .o f  n o n - p r o t e i n  m a t e r i a l  i n  t h e  embryos oc­

c u r r e d  a t  - t h a t  ,time., A d e c r e a s e  i n  t h e  p r o t e i n  c o n te n t  o f  whole - eggs - 

and t h e  y o l k  f r a c t i o n  o b s e rv e d  a t  - t h i s  t im e  s u g g e s t s  t h e  h y d r o l y s i s  o f  

p r o t e i n - c a r b o h y d r a t e  com plexes and t h e  t r a n s f e r  o f  t h e  p r o d u c t s  fo t h e  

embryo. The t r a n s f e r  o f  i n t a c t  p r o t e i n s  from  t h e  y o l k  t o  t h e  embryo 

was i n d i c a t e d  by  the- o b s e rv a n c e  o f  4 ban d s  i n  t h e  e l e c t r o p h o r e t i c a l l y
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s e p a r a t e d  p r o t e i n  o f  b o th  embryos and y o l k  t h a t  had  i d e n t i c a l  m o b i l i t e s .

4 . The p r o t e i n  c o n te n t  o f  w hole  eggs  and t h e  embryo f r a c t i o n  de­

c r e a s e d  g r a d u a l l y  a f t e r  50 days o f  d i a p a u s e  d e v e lo p m en t .  T h is  may mean 

t h a t  some p r o t e i n  i s  u t i l i z e d  as an e n e rg y  s o u rc e  a t  t h i s  t im e .  The 

p r o t e i n  c o n t e n t  o f  embryos i n c r e a s e d  s h a r p l y  a f t e r  10 days  o f  p o s t ­

d i a p a u s e  dev e lo p m en t a t  25°C. Most o f  t h e s e  embryos had  com ple ted  

b l a s t o k i n e s i s  and t h e r e f o r e ,  may have  resum ed m i t o t i c  a c t i v i t y  a t  t h i s  

t im e  as  n o t e d  p r e v i o u s l y  by Roem hild  (u n p u b l i s h e d  r e s e a r c h  d a t a ) .

5 .  The r a t e  o f  p r o t e i n  s y n t h e s i s  d u r in g  p r e - d i a p a u s e  was h i g h e s t  i n  

w hole  eggs and embryos a t  a b o u t  35 days o f  d e v e lo p m en t .  Van Horn (1963) 

h a s  found  t h a t  many t i s s u e s  and o rg a n s  a r e  d i f f e r e n t i a t i n g  a t  t h i s  t im e .

6 . Embryos e x h i b i t e d  a  low r a t e  o f  p r o t e i n  s y n t h e s i s  d u r in g  d i a p a u s e  

deve lopm en t w h i l e  t h e  y o l k  f r a c t i o n  y i e l d e d  h ig h  v a l u e s .  Whole egg 

sam p les  d i s p l a y e d  a  g r a d u a l ,  b u t -m a rk e d  i n c r e a s e  d u r in g  t h i s  p e r i o d .

I t  was s u g g e s t e d  t h a t  t h e  l o s s  o f  t h e  h y d r o p y la r  c o n n e c t io n  i n  d i s ­

p e n s in g  eggs  may c a u se  an i n c r e a s e  i n  t h e  r a t e  o f  p r o t e i n  s y n t h e s i s .

I.  A h i g h  r a t e  o f  p r o t e i n  s y n t h e s i s  d u r in g  p o s t - d i a p a u s e  deve lopm ent 

was o b s e rv e d  i n  w hole  e g g s , embryos and y o l k  and a  d e f i n i t e  i n c r e a s e  

o c c u r r e d  a f t e r  b l a s t o k i n e s i s .

8 , The s h e l l  f r a c t i o n  i s  th o u g h t  t o  n o n - s p e c i f i c a l l y  b i n d  o r  t r a p  

v a l i n e -

9 .  The e l e c t r o p h o r e t i c  s e p a r a t i o n  o f  em bryonic  p r o t e i n  and y o lk  

p r o t e i n  showed t h a t  t h e  g r e a t e s t  number o f  p r o t e i n  bands  w ere  r e s o l v e d
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i n  d i a p a u s e  m a t e r i a l .  P a r t i a l  h y d r o l y s i s  o f  y o lk  p r o t e i n  r e s e r v e s  • 

w i t h  t h e  s u b s e q u e n t  t r a n s f e r  o f  some o f  t h e  p r o d u c t s  t o  t h e  embryo 

c o u ld  p ro d u c e  t h i s  phenomenon.

10 . The p r e s e n c e  o f  - p r o t e i n - c a r b o h y d r a t e . and l i p i d - p r o t e i n  complexes 

was i n d i c a t e d  by t h e  p r e s e n c e  o f  - PAS- p o s i t i v e  and Sudan B lack  B- 

p o s i t i v e  ban d s  i n  e l e c t r o p h o r e t i c a l l y  s e p a r a t e d  e m b r y o n i c .p r o t e i n  and ' 

y o lk  p r o t e i n .

11. New l i p o p r o t e i n  ban d s  a p p e a re d  i n  em bryonic  p r o t e i n  and y o lk  

p r o t e i n  d u r in g  d i a p a u s e  d e v e lo p m en t .  One a d d i t i o n a l  new band p o s i t i v e  

f o r  l i p o p r o t e i n  a p p e a re d  i n  p o s t - d i a p a u s e . y o lk  s o l u b l e  i n  40 % s u c r o s e .

12. Over 50 % o f  t h e  y o l k  was i n s o l u b l e  i n  40 % s u c r o s e  b u t  was d i s ­

s o lv e d  i n  0 .0  N K C l .  T h is  m a t e r i a l  c o n ta i n e d  two m a jo r  bands  th o u g h t  

t o  b e  l i p o p r o t e i n .
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