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Abstract:
Aulocara elliotti eggs from three wild and two greenhouse-reared populations were analyzed for free
amino acid content and for in vivo synthesis of free amino acids from radioactive acetate. These
analyses were performed on eggs in the prediapause, diapause, and postdiapause periods of
development. Column chromatography, thin-layer chromatography, colorimetry, and liquid
scintillation counting were used as analytical techniques. Fourteen free amino acids were present in
each population egg sample throughout embryonic development. Five additional free amino acids and
three unknown substances were found in some of the egg samples. The free amino acid content of each
egg sample was found to increase considerably from the prediapause to the diapause period and then to
decline during postdiapause development. Four amino acids were synthesized in vivo by all the egg
samples during each period of development. Five additional ones were synthesized in vivo only in
specific stages of development. All of the differences in free amino acid content and in the in vivo
synthesis of free amino acids between the different egg samples at the same stage of development were
not attributable to a direct effect of population density. 



FJRBE AMINO ACID CONTENT AND BIOSYNTHESIS IN EGGS OF THE GRASSHOPPER 
AUDOCARA ELDIOTTI THOMAS DURING DEVELOPMENT

by

DARYL EUGENE BUNDE

A t h e s i s  s u b m i t t e d  t o  t h e  G ra d u a te  F a c u l t y  i n  p a r t i a l  
f u l f i l l m e n t  o f  t h e  r e q u i r e m e n t s  f o r  t h e  d e g r e e

o f

DOCTOR OF PHILOSOPHY

i n

Z o o lo g y

A p p ro v e d :

D ean , G ra d u a te  D i v i s i o n

MONTANA STATE COLLEGE
B ozem an, M o n tan a

J u n e , 1965



| | £ d i Kl wl  bv 3 '

VITA

D a ry l  E ug en e  Btmde was b o rn  t o  M r. an d  M rs . L . T . Bunde o n  O c to b e r  2 9 ,  
1 9 3 7 , i n  S io u x  F a l l s ,  S o u th  D a k o ta .  He a t t e n d e d  h ig h  s c h o o l  i n  S io u x  F a l l s ,  
g r a d u a t i n g  i n  M ay, 1 9 5 5 . A t A u g u s ta n a  C o l le g e  i n  S io u x  F a l l s ,  h e  c o m p le te d  
u n d e r g r a d u a te  s t u d y ,  r e c e i v i n g  t h e  d e g r e e  o f  B a c h e lo r  o f  A r t s  i n  B io lo g y  
i n  J u n e ,  1 9 5 9 . I n  S e p te m b e r ,  1 9 5 9 , h e  e n t e r e d  th e  G ra d u a te  S c h o o l o f  The 
U n i v e r s i t y  o f  T ex a s  an d  r e c e i v e d  t h e  d e g r e e  o f  M a s te r  o f  A r t s  i n  Z o o lo g y  
fro m  t h e r e  i n  J a n u a r y ,  1 9 6 2 . H is  s t u d i e s  to w a rd  th e  d o c t o r a l  d e g r e e  b eg a n  
i n  May, 1 9 6 2 , when h e  e n t e r e d  t h e  G ra d u a te  D i v i s i o n  o f  M o n tan a  S t a t e  C o l l e g e .  
He c o n t in u e d  t h e s e  s t u d i e s  w i th  t h e  a s s i s t a n c e  o f  a  N a t i o n a l  I n s t i t u t e s  o f  
H e a l th  P r e d o c t o r a l  F e l lo w s h ip .

I n  M ay, 1 9 5 9 , h e  w as m a r r ie d  t o  t h e  fo rm e r  M a r ie  L o u is e  E r ic k s o n .
They h a v e  t h r e e  c h i l d r e n ,  S t e f f e n  M a u r ic e ,  a g e  5 ,  K e rm it A u s t i n ,  ag e  3 ,  
an d  J e a n n in e  M a r ie ,  a g e  I .

He h a s  a c c e p te d  a  p o s i t i o n  a s  A s s i s t a n t  P r o f e s s o r  o f  Z o o lo g y  a t  Id a h o  
S t a t e  U n i v e r s i t y ,  P o c a t e l l o ,  Id a h o .



ACKNOWLEDGEMENTS

The i n v a l u a b l e  . a s s i s t a n c e  a n d  c o u n s e l  t h a t  I  h a v e  r e c e i v e d  from  my 

a d v i s o r ,  D r . Jam es  H . P e p p e r ,  th r o u g h o u t  my d o c t o r a l  s t u d i e s  i s  m ost 

g r a t e f u l l y  a c k n o w le d g e d . I  am i n d e b t e d  a l s o  t o  P r o f e s s o r  E l l s w o r th  H a s t in g s  

f o r  h i s  a i d  i n  o b t a i n i n g  t h e  e x p e r im e n ta l  s p e c im e n s  an d  f o r  h i s  c r i t i c i s m  

i n  p r e p a r i n g  t h i s  m a n u s c r ip t .  The s u g g e s t i o n s  o f f e r e d  b y  D r .  G eorge  R. 

E o em h ild  d u r i n g  t h e  l a b o r a t o r y  w ork  a r e  a p p r e c i a t e d  g r e a t l y .  ■ To D r s .

P .  D. S k a a r  an d  K . J .  G o e r in g ,  I  w a n t t o  e x p r e s s  my g r a t i t u d e  f o r  t h e i r  

c r i t i c a l  r e a d i n g  o f  t h i s  m a n u s c r ip t .  I  am g r a t e f u l  t o  D r .  G raem e L .' B a k e r  

o f  t h e  D e p a r tm e n t o f  C h e m is try  f o r  p e r m i t t i n g  me to  u s e  som e o f  th e  

d e p a r t m e n t 's  e q u ip m e n t , an d  I  a l s o  w a n t t o  th a n k  M r. H ans K. Hamann o f  

t h e  D e p a r tm e n t o f  M a th e m a tic s  f o r  t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a .

T h is  i n v e s t i g a t i o n  was s u p p o r te d  i n  p a r t  by  a  P r e d o d t o r a l  F e l lo w ­

s h i p ,  N o. 4 - F l - 1 2 ,8 9 0 - 0 5 ,  fro m  t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l th  f o r  

w h ic h  I  am v e r y  g r a t e f u l .



TABLE OF CONTENTS
PAGE

l i s t  o f  Tables  ................................................................................. ....................... .. v

LIST OF FIGWKES ............................... ................... ........................ .......................................... v i

ABSTRACT T r i i i

INTRODUCTION....................................................................................................... ......................  I

PROCEDURE AND R ESU LTS...................................... .............................................................. .. 6 '

B i o l o g i c a l  S am p le s  ....................... ........................................................... 6
F r e e  Amino A c id  E x t r a c t i o n  .......................... ................................................. 9
TJtixn-Laye r  O liromat©g ra p liy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11
C o lo r im e t r y  .............................................        18
R adxdactxT re T ra c x n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29
F r e e  Amino A c id s  fro m  A. S m i t h i i  fro m  C h in o o k  . . . . . . . . . . . . .  3 ^

DISCUSSION AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42

SUMMARY...................................................................................................................................... .... 56

APPENDIX e e e e e * o » e » e e e 58

LITERATURE CITED 60



LIST OF TABLES

TABLE PAGE

I  •  ITUBlGno 3 . 1  D@V GlopinGnt A^G * o m * e e m * * a * @ * * e * i » * * e @ * # * e B « * * @ e « *  3

H  o  JJ G I* 1 00  S SlIlpl G e n *  e o e e o e e e o e e e e e e e e e e o e e o e e e W e e e e  10

1 I I I .  A v e ra g e  M ic ro m o le s  x  10 ^  p e r  Egg o f  F r e e  Amino A c id s
P r e d ia p a u s e  . .  ; ...............................................................      20

IV . A v e ra g e  M ic ro m o le s  x  10 ^  p e r  Egg o f  F r e e  Amino A c id s
D i a p a u s e .............................................................................      21

_"Z
V. A v e ra g e  M ic ro m o le s  x  10 p e r  Egg o f  F r e e  Amino A c id s

P o s td i a p a u s e  ..............................................................................       22

V I . C hange i n  Egg W eig h t d u r in g  D e s s i c a t i o n  an d  A b s o r p t io n
P e r i o d s  ......................................................................................      33

V I I .  A v e ra g e  CPM-Bkgd p e r  Egg o f  F r e e  Amino A c id s  P r e d i a p a u s e  .= 35

V I I I .  A v e ra g e  CPM-Bkgd p e r  Egg o f  F r e e  Amino A c id s  D ia p a u s e  . . . . .  3 6

IX . A v e ra g e  GPM-Blgd p e r  Egg o f  F r e e  Amino A c id s  P o s td i a p a u s e  . ,  3 7

X. F r e e  Amino A c id  C o n te n t  o f  A g ro p y ro n  s m i t h i i  ......................   4 l

X I .  V a lu e s  o f  Some Amino A c id s  i n  t h e  CMA S o lv e n t  . . . . . . . . . .  5 9



L IST  OF FIGURES'

FIGURE - PAGE

1 .  T w o -d im e n s io n a l  s e p a r a t i o n  o f  m ix tu r e  o f  21 am ino a c i d s  . . . . . . .  12

2 .  T w o -d im e n s io n a l  s e p a r a t i o n  o f  a  m ix tu r e  o f  23■am ino a c i d s  . . . . .  I 4

3 .  T w o -d im e n s io n a l  s e p a r a t i o n  o f  16  f r e e  am ino a c i d s  a n d  o n e
unknow n s u b s t a n c e  fro m  a  s a m p le  o f  C h in o o k  p r e d ia p a u s e  e g g s  . . .  13

4 .  T w o -d im e n s io n a l  s e p a r a t i o n  o f  I ?  f r e e  am ino a c i d s  a n d  two
unknow n s u b s t a n c e s  fro m  a  s a m p le  o f  C h in o o k  d ia p a u s e  e g g s  . . . . .  16

3» T w o -d im e n s io n a l  s e p a r a t i o n  o f  16 f r e e  am ino a c i d s  an d  two
unknow n s u b s t a n c e s  fro m  a  s a m p le  o f  C h in o o k  p o s t d i a p a u s e  eg g s  . '1 7

6 .  P e r c e n t a g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino  a c id s  fro m  GH-5 
e g g s  a n a ly z e d  a t  t h e  p r e d i a p a u s e ,  d i a p a u s e ,  an d  p o s t d i a p a u s e  
s t a g e s  o f  d e v e lo p m e n t ...................................... ...................................................... 23

7« P e r c e n t a g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino, a c id s  fro m  GH-15 
e g g s  a n a ly z e d  a t  t h e  p r e d i a p a u s e ,  d i a p a u s e , an d  p o s td i a p a u s e  
s t a g e s  o f  d e v e lo p m e n t ................................................... ........................ 24

8 .  P e r c e n t a g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino a c id s  fro m  C h in o o k
e g g s  a n a ly z e d  a t  t h e  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  
s t a g e s  o f  d e v e l o p m e n t ......................................................................... ........................ .. 25

9 .  P e r c e n t a g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino a c i d s  fro m  Simms
e g g s  a n a ly z e d  a t  t h e  p r e d i a p a u s e , d i a p a u s e ,  an d  p o s t d i a p a u s e  
p e r i o d s  o f  d e v e lo p m e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26

1 0 .  P e r c e n t a g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino a c i d s  fro m  Tow nsend
e g g s  a n a ly z e d  a t  t h e  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  
p e r i o d s  o f  d e v e lo p m e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27

1 1 .  T o t a l  f r e e  am ino  a c i d  c o n t e n t  p e r  e g g  o f  e a c h  s a m p le  a t  t h e
d i f f e r e n t  n u m e r ic a l  s t a g e s  o f  d e v e lo p m e n t ....................... .. 28

1 2 .  ~ T w o -d im e n s io n a l  s e p a r a t i o n  o f  7 f r e e  am ino a c i d s  fro m  em bryos
o f  C h in o o k  d ia p a u s e  e g g s  ............................................. ........................ ................... .. 3 0

1 3 .  T w o -d im e n s io n a l  s e p a r a t i o n  o f  18  f r e e  am ino a c i d s  e x t r a c t e d
fro m  y o lk  m a t e r i a l  o f  C h in o o k  d i a p a u s e  e g g s  .......................... .............. .. 31



- v i i -

1 4 .  T o t a l  r a d i o a c t i v i t y  p e r  e g g  o f  e a c h  s a m p le  a t  t h e  d i f f e r e n t
s t a g e s  o f  d e v e l o p m e n t ........... ...................... .....................................................'.............. 38

1 5 .  T w o -d im e n s io n a l  s e p a r a t i o n  o f  I ?  f r e e  am ino  a c i d s  an d  two
unknow n com pounds e x t r a c t e d  fro m  a  s a m p le  o f  A g ro p y ro n  s m i t h i i  
g r a s s  .....................................................................................* ........................... ...................... 40



ABSTRACT

A u lo c a ra  e l l i o t t i  e g g s  fro m  t h r e e  w i ld  a n d  tw o g r e e n h o u s e - r e a r e d  
p o p u l a t i o n s  w e re  a n a ly z e d  f o r  f r e e  am ino a c i d  c o n t e n t  an d  f o r  i n  v iv o  
s y n t h e s i s  o f  f r e e  am ino  a c i d s  fro m  r a d i o a c t i v e  a c e t a t e .  T h e se  a n a ly s e s  
w e re  p e r fo rm e d  o n  e g g s  i n  t h e  p r e d i a p a u s e ,  d i a p a u s e ,  an d  p o s t d i a p a u s e  
p e r i o d s  o f  d e v e lo p m e n t .  Colum n c h r o m a to g ra p h y , t h i n - l a y e r  c h ro m a to g ra p h y , 
c o l o r i m e t r y ,  an d  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  w e re  u s e d  a s  a n a l y t i c a l  
t e c h n i q u e s .  F o u r te e n  f r e e ' am ino a c i d s  w e re  p r e s e n t  i n  e a c h  p o p u l a t i o n  eg g  
s a m p le  t h r o u g h o u t  em b ry o n ic  d e v e lo p m e n t.  F iv e  a d d i t i o n a l  f r e e  am ino a c i d s  
a n d  t h r e e  unknow n s u b s t a n c e s . w e re  fo u n d  i n  som e o f  t h e  e g g  s a m p le s .  The 
f r e e  am ino a c i d  c o n t e n t  o f  e a c h  eg g  s a m p le  w as fo u n d  t o  i n c r e a s e  c o n s i d e r a b l y  
fro m  t h e  p r e d i a p a u s e  t o  t h e  d i a p a u s e  p e r i o d  a n d  th e n  t o  d e c l i n e  d u r in g  
p o s t d i a p a u s e  d e v e lo p m e n t .  F o u r  am ino a c i d s  w e re  s y n t h e s i z e d  i n  v iv o  by  a l l  
t h e  eg g  s a m p le s  d u r in g  e a c h  p e r i o d  o f  d e v e lo p m e n t.  F i v e „a d d i t i o n a l  o n e s  
w e re  s y n t h e s i z e d  i n  v iv o  o n ly  i n  s p e c i f i c  s t a g e s  o f  d e v e lo p m e n t.  A l l  o f  
t h e  d i f f e r e n c e s  i n  f r e e  am ino a c i d  c o n t e n t  a n d  i n  t h e  i n  v iv o  s y n t h e s i s  o f  
f r e e  am ino a c i d s  b e tw e e n  t h e  d i f f e r e n t  e g g  s a m p le s  a t  t h e  sam e s t a g e  o f  
d e v e lo p m e n t w e re  n o t  a t t r i b u t a b l e  t o ‘a  d i r e c t  e f f e c t  o f  p o p u l a t i o n  d e n s i t y .



INTRODUCTION

The g r a s s h o p p e r  s p e c i e s , A u lo c a r a  e l l i o t t i  (T h o m as) , h a s  b een  

o b s e r v e d  o v e r  a n  e x te n d e d  p e r i o d  o f  t im e  t o  u n d e rg o  c o n s i d e r a b l e  f l u c t u a ­

t i o n s  i n  p o p u l a t i o n  d e n s i t y  w i t h i n  a  g iv e n  h a b i t a t .  S i m i l a r  l a r g e  

p e r i o d i c  c h a n g e s  i n  p o p u l a t i o n  n u m b ers  h a v e  b e e n  r e c o r d e d  f o r  o t h e r  a n i m a l s .  

A lth o u g h  v a r i o u s  e n v i r o n m e n ta l  c o n d i t i o n s  u s u a l l y  h a v e  b e e n  p re su m e d  to  

b e  t h e  c a u s a t i v e  a g e n t s  f o r  t h e s e  c h a n g e s ,  m ore r e c e n t  e v id e n c e  i n d i c a t e s  

t h a t  i n t r i n s i c  f a c t o r s  may b e  i n v o l v e d .  I n  s m a l l  mammal p o p u l a t i o n s  t h e  

s t r e s s  o f  h ig h  d e n s i t i e s  h a s  b e e n  s u g g e s t e d  t o  b e  r e s p o n s i b l e  f o r  c h a n g e s  

i n  th e .  h o rm o n a l s e c r e t i o n s  w i t h i n  i n d i v i d u a l s ,  an d  a l s o  f o r  c h a n g e s  i n  

t h e i r  b e h a v io r  p a t t e r n s .  T h e se  i n  tu rn -  a d v e r s e l y  e f f e c t  t h e  r e p r o d u c t i v e  

p o t e n t i a l  o f  t h e  t o t a l  p o p u l a t i o n  ( C h i t t y , 1957» 1 9 6 4 ; C h r i s t i a n ,  1957»

1965  a ,  1 9 6 5 b ; K r e b s , 1 9 6 4 ) .
v

H a s t in g s  a n d  P e p p e r  (1 9 6 4 )  h a v e  i n d i c a t e d  s e v e r a l  f a c t o r s  i n c l u d i n g  

g e n e t i c  s e g r e g a t i o n ,  p h y s i o l o g i c a l  v i g o r ,  a n d  e n v i r o n m e n ta l  s t r e s s  w h ich  

may b e  a s s o c i a t e d  w i th  A. e l l i o t t i  p o p u l a t i o n  f l u c t u a t i o n s .  T hey h a v e  

a l s o  o b s e r v e d  i n s t a n c e s  w h e re  m o r t a l i t y  am ong n ew ly  h a t c h e d  nymphs 

e x c e e d e d  99 p e r c e n t  w i th  no  a p p a r e n t  e x t r i n s i c  c a u s e  f o r " t h e s e  h ig h  

m o r t a l i t i e s .  T h is  l e d  th em  to  c o n c lu d e ,  (P e p p e r  an d  H a s t i n g s » 1 9 6 4 ) ,  

t h a t  t h e  em b ry o s fro m  w h ic h  t h e  nym phs h a t c h e d  w e re  p h y s i o l o g i c a l l y  

a l t e r e d ,  an d  t h a t  t h i s  c o n d i t i o n  may h a v e  b e e n  due  to  s t r e s s  im p o sed  

d u r in g  t h e  p r e c e d i n g  a d u l t  s t a g e  w h ich  b r o u g h t  a b o u t  a  h o rm o n a l im b a la n c e  

w i t h i n  t h e  e g g s .  T h is  im b a la n c e  i n  h o rm o n e s , c o n c e iv a b ly ,  c o u ld  h a v e  

e f f e c t e d  t h e  n o rm a l m e ta b o ls im  o f  c a r b o h y d r a t e ,  l i p i d  o r  p r o t e i n  m a t e r i a l s
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w i t h i n  t h e  d e v e lo p in g  em b ry o . The r e s u l t  c o u ld  b e  a  p h y s i o l o g i c a l l y  

d e r a n g e d  a n im a l .  S in c e  t h e  ab o v e  w as p o s t u l a t e d ,  S v o b o d a  (1 9 6 4 )  i n v e s t i ­

g a t e d  t h e  l i p i d  c o m p o s i t io n  o f  A., e l l i o t t i  e g g s  from  d i f f e r e n t  p o p u l a t i o n s ,  

b u t  w as u n a b le  t o  f i n d  a n y  d i f f e r e n c e s  t h a t  c o u ld  b e  c o r r e l a t e d  w i th  

p o p u l a t i o n  d e n s i t y ;  w h e r e a s ,  Van H o rn  (1 9 6 3 )  f a l lo w e d  t h e  m o rp h o lo g y  o f  

t h e s e  e g g s  t h r o u g h o u t  em b ry o n ic  d e v e lo p m e n t an d  d i s c o v e r e d  s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  m o r p h o lo g ic a l  v a r i a b i l i t y  an d  d e v e lo p m e n t r a t e s  i n  

d i f f e r e n t  p o p u l a t i o n s .

S in c e  t h e  m o rp h o lo g y  o f  c e l l s  i s  a s s o c i a t e d  w i th  p r o t e i n  s t r u c t u r e ,  

i t  f o l l o w s  t h a t  a b n o rm a l m o r p h o lo g ic a l  d e v e lo p m e n t may b e  th e -  r e s u l t  o f  

a b e r r a n t  p r o t e i n  s y n t h e s i s .  I n - t h e  c l e i o d i c  e g g  o f  a  g r a s s h o p p e r  t h e  am ino  

a c i d s  r e q u i r e d  f o r  t h e  s y n t h e s i s  o f  new em b ry o n ic  p r o t e i n s  m u s t e i t h e r  b e  

s y n t h e s i z e d  b y  t h e  em bryo o r  come fro m  t h e  y o l k  m a t e r i a l  s u r r o u n d in g  i t .  

T hus t h e  p a t t e r n  o f  t h e s e  u n b o u n d  am ino a c i d  b u i l d i n g  b lo c k s  'a t  an y  p o i n t  

i n  e m b ry o n ic  d e v e lo p m e n t r e p r e s e n t s  a n  i n d e x  o f  t h e  p r o t e i n  m e ta b o lis m  o f  

t h e  eg g  a t  t h a t  s t a g e  o f  m o rp h o g e n e s is  (Colom bo e t  a l . , 1 9 6 2 ) .

Upon s u c h  a  b a c k g ro u n d ,  t h e  p r e s e n t  s t u d y  w as i n i t i a t e d  t o  o b t a i n  

som e b a s i c  i n f o r m a t i o n  o n  t h e  f r e e  am ino a c i d  an d  p r o t e i n  m e ta b o lis m  o f  

t h e  e g g .  The p a t t e r n  o f  d i s t r i b u t i o n  o f  t h e  f r e e  am ino a c i d s  th r o u g h o u t  

t h e  d e v e lo p m e n t o f  t h e  e g g  a t  p r e d i a p a u s e ,  d i a p a u s e ,  an d  p o s t d i a p a u s e  

s t a g e s  w as i n v e s t i g a t e d  a s  w e re  t h e  p a t t e r n s  o b t a i n e d  fro m  d i f f e r e n t  w i ld  

a n d  g r e e n h o u s e - r e a r e d  p o p u l a t i o n s .  R e l a t i o n s h i p s  w e re  a l s o  s o u g h t  b e tw e e n  

t h e  f r e e  am ino  a c i d  p a t t e r n s  an d  t h e  d e n s i t y  o f  t h e  p o p u l a t i o n s  from  w h ic h
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t h e  e g g s  w e re  o b t a i n e d .

The many i n v e s t i g a t i o n s  t h a t  h a v e  b e e n  d o n e  o n  t h e  f r e e  am ino a e i d s  

e x t r a c t e d  fro m  m a tu re  i n s e c t  t i s s u e s  h a v e  b e e n  r e v ie w e d  r e c e n t l y  (C h en , 

1 9 6 2 ; S i lm o u r , 1961» W y a tt ,  1 9 6 1 ) .  T h e se  s t u d i e s  h a v e  show n t h a t . a d u l t  

i n s e c t  t i s s u e s  c o n t a i n  a  g r e a t e r  c o n c e n t r a t i o n  o f  f r e e  am ino  a c i d s  t h a n  

i s  n o r m a l ly  fo u n d  i n  o t h e r  o r g a n is m s .  And a l s o  i n  i n s e c t s ,  t h e  l e v e l  o f  

c o n c e n t r a t i o n  o f  e a c h  am ino a c i d s  h a s  b e e n  fo u n d  to  v a r y  c o n s i d e r a b l y  

b o th  b e tw e e n  d i f f e r e n t  s p e c i e s  an d  w i t h i n  o n e  s p e c i e s  e x a m in e d  a t  d i f f e r e n t  

t im e s  ( A w ap ara , 1 9 6 2 ; B u c h a te a u  and  F l o r k i n ,  1 9 5 5 ; G ilm o u r , 1 9 6 1 ; S te p h e n  

a n d  S t e i n h a u e r , 1 9 5 9 )»  A lth o u g h  s p e c i a l  f u n c t i o n s  h a v e  b e e n  d e s ig n a t e d  

t o  t h i s  u n iq u e  -amino a c i d  d i s t r i b u t i o n ,  c o m p le te  u n d e r s t a n d in g  o f  i t s  

s i g n i f i c a n c e  i s  s t i l l  l a c k i n g  ( B a r to n -B ro w n e , 1 9 6 4 ; B l a c k i t h ,  1 9 6 1 ;

B u r s e l l , 1 9 6 3 ; G ilm o u r ,  19.61; S c h o f f e n i e l s ,  i 960 ) .  x

A d d i t i o n a l  e v id e n c e  o f  t h e  im p o r ta n c e  o f  f r e e  am ino a c i d s  i n  t h e  

m e ta b o l is m  o f  i n s e c t s  h a s  b e e n ..fo u n d  u p o n  e x a m in a t io n  o f  im m a tu re  s t a g e s .

I n  t h e  h o lo m e ta b o I o u s  i n s e c t s ,  H ad o rn  an d  M i t c h e l l  (1 9 5 5 )  s tu d y i n g  th e  

d e v e lo p m e n t o f  D r o s o p h i l a  m e la n o g a s te r  w e re  t h e  f i r s t  t o  u s e  p a p e r  

c h ro m a to g ra p h y  t o  i d e n t i f y  t h e  f r e e  am ino  a c i d s  p r e s e n t  i n  t h a t  s p e c i e s .  

A u c l a i r  an d  D u b r e u i l  (1 9 5 1 )  a d a p te d  t h i s  t e c h n i q u e  to  t h e  q u a n t i t a t i v e  

e s t i m a t i o n  o f  t h e  f r e e  am ino  a c id s  i n  t h e  l a s t  l a r v a l  i n s t a r  o f  G a l l e r i a  

m e l l o n e l l a . S t u d i e s  h a v e  a l s o  b e e n  r e p o r t e d  o n  t h e  f r e e  am ino  a c id s  i n  

im m a tu re  fo rm s  o f  A edes a e g y p t i  an d  C u le x  q u l n q u e f a s c i a t u s  (M ick s and  

E l l i s ,  1 9 5 2 ) ,  Bombyx m o ri ( D r i lh o n  an d  B u s n e l , 1 9 5 2 ) ,  C . p i p i e n s  (C h en , 

1 9 5 8 ) ,  a n d  D . m e la n o g a s te r  ( C ro n e -G lo o r ,  1 9 5 9 )»
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B enz (1 9 5 7 )»  Ghen a n d  H ad o rn  (1 9 5 5 ) 9 H a d o rn  (1 9 5 6 , 1 9 6 1 ) ,  H ad o rn  

a n d  Stum m -Zo! l i n g e r  (1 9 5 5 )«  an d  L ew is  (1 9 5 4 )  e s t a b l i s h e d  t h e  u s u a l  p a t t e r n  

o f  o c c u r r e n c e  o f  f r e e  am ino  a c i d s  i n  I). m e la n o g a s te r  th r o u g h o u t  i t s  e m b ry - 

o n i c  d e v e lo p m e n t a n d  d e t e c t e d  d e v i a t i o n s  fro m  t h i s  p a t t e r n  i n  f i v e  l e t h a l  

m u t a n t s , a l l  o f  w h ic h  d i e d  p r i o r  t o  r e a c h i n g  t h e  a d u l t  s t a g e .  S i m i l a r  

e v id e n c e  o f  t h e  p o s s i b l e  e f f e c t  o f  f r e e  am ino  a c i d s  o n  em b ry o n ic  d e v e lo p m e n t . 

h a s  b e e n  fo u n d  i n  C . p i p i e n s  by  L av en  an d  Ghen (1 9 5 6 ) an d  i n  E p h e s t i a  

k u h n i e l l a  b y  Ghen a n d  Kuhn ( 1 9 5 6 ) .  V a r io u s  o t h e r  s t u d i e s  h g v e  a l s o  

i l l u s t r a t e d  o t h e r  p o s s i b l e  e f f e c t s  t h a t  a l t e r a t i o n s  i n  f r e e  am ino a c id  

c o n t e n t  c a n  h a v e  up o n  s p e c i f i c  p h y s i o l o g i c a l  p r o c e s s e s  ( E lv e h jem , 1956?

Lyman e t  a l . , 1964? M arch e t  a l . ,  1964? S id r a n s k y  e t  a l . , 1 9 6 4 ) .

I n  t h e  h e m im e ta b o I o u s  i n s e c t s ,  t h e  p r e s e n c e  o f  f r e e  am ino  a c i d s  i n  

t h e  g r a s s h o p p e r  eg g  o f  C h o r to p h a g a ■v i r i d i f a s c i a t a  h a s  b e e n  show n by  Sh^w 

( 1 9 5 5 ) ° Fu  (1 9 5 7 )  n o t e d  t h e  c h a n g e s  i n  c o n c e n t r a t i o n  o f  s u l f u r  c o n t a i n ­

i n g  am ino a c i d s  i n  t h e  d e v e lo p in g  g r a s s h o p p e r  eg g  o f  M e la n o p lu s  

d i f f e r e n t i a l i s .  T w enty  f r e e  am ino a c i d s  w e re  d e te r m in e d  q u a n t i t a t i v e l y  

b y  C olom bo, e t  a l . ,  (1 9 6 2 )  i n  e g g s  o f  t h e  l o c u s t ,  S c h i s t o e e r c a  g r e g a r l a , 

fro m  r i p e  o o c y te s  t h r o u g h  t o  t h e  t im e  o f  h a t c h i n g ,  an d  s e p a r a t e l y  i n  

y o l k  an d  em b ry o s o f  l a t e r  d e v e lo p m e n ta l  s t a g e s .  The r e s u l t s  o f  t h e s e  

s t u d i e s  h a v e  show n t h a t ,  i n  a l l  o f  t h e  h o lo m e ta b o lo u s  a n d  h em im etab o I o u s  

i n s e c t s  so  f a r  e x a m in e d , t h e  f r e e  am ino a c i d  c o n t e n t  o f  t h e  im m atu re  

fo rm s  i s  h i g h ,  a n d  t h e  p a t t e r n  o f  d i s t r i b u t i o n  o f  t h e s e  com pounds v a r i e s  

w i th  t h e  s t a g e  o f  d e v e lo p m e n t.
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S

To f o l lo w  t h e  b i o s y n t h e s i s  o f  t h e  am ino a c i d s  i n  A. e l l i o t t i  eg g s

a n d  t o  d e te r m in e  w h ic h  o n e s  c a n  b e  s y n t h e s i z e d  i n  v i v o , v a r io u s -  p r e c u r s o r

co m p o u n d s, c o n t a i n i n g  r a d i o a c t i v e  i s o t o p e s ,  w e re  i n t r o d u c e d  i n t o  i n t a c t

o r g a n is m s ,  an d  a f t e r  v a r y in g  l e n g t h s  o f  t im e  t h e  f r e e  am ino  a c i d s  w e re

e x a m in e d  f o r  r a d i o a c t i v i t y .  I n  r e c e n t  r e p o r t s ,  K a s t in g  a n d  M cG innis

( 1 9 5 8 , 'I 9 6 0 ,  1 9 6 2 ) a n d  K a s t i n g  e t  a l . , (1 9 6 2  d e m o n s t r a te d  t h e  i n c o r p o r a -  

I ^  ■ ■
t i o n  o f  G ■ fro m  u n i f o r m ly  l a b e l e d  g lu c o s e  i n t o  s e v e r a l  am ino  a c id s  i n  

l a r v a e  o f  A g r o t i s  o r th o g o n i a , G t e n i c e r a  d e s t r u c t o r  an d  P h o rm ia  r e g i n a .
14

T h is  t e c h n i q u e  w as e x te n d e d  t o  o t h e r  o rg a n is m s  u s i n g  g lu c o s e - C  an d  ' 

o t h e r  r a d i o a c t i v e  p r e c u r s o r s  s u c h  a s  c a rb o n  d io x id e - O ^ ^ ,  g l y c e r o l - C ’̂ ,  

a n d  a c e t a t e - G  (A w apara an d  C a m p b e ll,  1 9 6 k ; M o h ri, 1 9 6 4 ; E o t h s t e i n , 1 9 6 3 ;

S c h a e f e r ,  1 9 6 4 ; S t r o n g  a n d  S ak am o to , 1963 )« G e n e r a l l y ,  l e s s  th a n  11  o f  

t h e  common 20 am ino  a c i d s  w e re  fo u n d  t o  b e  s y n t h e s i z e d  b y  a n y  o rg a n is m .

To a c c o m p l is h  t h e  p u r p o s e s  o f  t h i s  i n v e s t i g a t i o n  i n t o  t h e  am ino a c i d  

m e ta b o l is m  o f  t h e  A. e l l i o t t i  e g g s ,  t h e  t e c h n i q u e s  o f  co lu m n  ch rom a­

to g r a p h y ,  t h i n - l a y e r  c h ro m a to g ra p h y , c o l o r i m e t r y ,  an d  r a d i o a c t i v e  t r a c i n g

w e re  s e l e c t e d .



PROCEDURE M D  RESULTS

T he e g g s  u s e d  i n  t h i s  s t u d y  w e re  o b t a i n e d  fro m  t h r e e  g e o g r a p h i c a l l y  

s e p a r a t e d  w i ld  p o p u l a t i o n s ,  a n d  fro m  a d d i t i o n a l  o n e s  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 i o n s  a t  tw o d i f f e r e n t  d e n s i t i e s » The w i ld  p o p u l a t i o n s  

w e re  l o c a t e d  s o u th  o f  C h in o o k , i n  n o r t h c e n t r a l  M o n tan a , w e s t  o f  S im m s, 

i n  c e n t r a l  M o n tan a , an d  n o r th w e s t  o f  T o w n sen d , i n  c e n t r a l  M o n tan a .

D u r in g  t h e  sum m er o f  1 9 6 4  t h e  Simms, p o p u l a t i o n  was t h e  l o w e s t  i n  d e n s i t y  

w h i le  t h e  C h in o o k  o n e  w as t h e  h i g h e s t  an d  t h e  T ow nsend p o p u l a t i o n  was 

i n t e r m e d i a t e  b e tw e e n  t h e  tw o .

The g r a s s h o p p e r s  t h a t  w e re  r e a r e d  i n  c a g e s  i n  t h e  g r e e n h o u s e  w e re  

c o l l e c t e d  a s  nym phs i n  l a t e  J u n e  fro m  t h e  p o p u l a t i o n  n e a r  T ow nsend .

T w elv e  c a g e s  i n  a l l  w e re  u s e d .  E ach  h a d  a  b o tto m  a r e a  o f  o n e  s q u a r e  

f o o t  an d  w as c o n s t r u c t e d  w i th  a  c i r c u l a r  w ooden f l o o r ,  c y l i n d r i c a l  I n c i t e  

w a l l ,  a n d  a  c h e e s e c l o t h  t o p .  A re m o v a b le  n i n e  in c h  a lum inum  p a n ,  f i l l e d  

w i th  s o i l  i n  w h ic h  t h e  g r a s s h o p p e r s  c o u ld  o v i p o s i t ,  was i n s e r t e d  th r o u g h  

a  h o l e  i n  t h e  b o t to m  o f  t h e  c a g e .  On a l t e r n a t e  d a y s  f r e s h  c u t t i n g s  o f  

A g ro p y ro n  s m i t h i i , t h e  p r e f e r r e d  f o o d p l a n t  o f  A. e l l i o t t i  (A n d e rs o n ,

1 9 6 4 ) ,  w e r e  p l a c e d  i n  t h r e e  s m a l l  v i a l s  p o s i t i o n e d  i n  t h e  c a g e  f l o o r .

- E ig h t  c a g e s  w e re  i n c l u d e d  i n  o n e  s e r i e s  o f  t e s t s  w i th  f i v e  p a i r s  o f  

a d u l t  g r a s s h o p p e r s  i n  e a c h  c a g e .  I n  a  s e c o n d  s e r i e s  15 p a i r s  o f  a d u l t s  

w e re  p l a c e d  i n  e a c h  o f  f o u r  c a g e s .  On a l t e r n a t e  d a y s  t h r o u g h o u t  J u l y  a n d ■ 

A u g u s t t h e  s o i l  i n  t h e  p a n s  w as s i f t e d  an d  t h e  e g g  p o d s  re m o v e d . T h ese  

p o d s  w e re  p o s i t i o n e d  v e r t i c a l l y  i n  v i a l s  p a r t i a l l y  f i l l e d  w i th  s o i l  an d
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s t o r e d  a t  2 5 °C .

Egg p o d s  fro m  t h e  w i ld  p o p u l a t i o n s  w e re  c o l l e c t e d  in ' l a t e  A u g u st an d  

s t o r e d  a t  2 5 °G. i n  p e t r i  d i s h e s  c o n t a i n i n g  s o i l  t a k e n  fro m  t h e  c o l l e c t i o n  

s i t e .  I n  t h e  f i r s t  p a r t  o f  O c to b e r  t h e s e  p o d s  a lo n g  w i th  t h o s e  from  t h e  

g re e n h o u s e  w e re  t r a n s f e r r e d  t o  a  room  h e l d  a t  8 °C . T hey  w e re  r e tu r n e d  

t o  t h e  2 5 °C . ch a m b e r i n  e a r l y  D ecem b er. E ac h  w eek th r o u g h o u t  t h i s  p e r i o d  

t h e  p o d s  w e re  w a te r e d  l i g h t l y  to  p r e v e n t  d e s s i c a t i o n .

S am p le s  o f  e g g s  fro m  t h e  t h r e e  w i ld  p o p u l a t i o n s  an d  t h e  tw o g r e e n ­

h o u s e  g ro u p s  w e re  a n a ly z e d  f o r  f r e e  am ino  a c i d  c o n t e n t  a t  p r e d i a p a u s e , 

d i a p a u s e ,  a n d  p o s t d i a p a u s e  s t a g e s  o f  em b ry o n ic  d e v e lo p m e n t = One h u n d re d  

e g g s  w e re  u s e d  f o r  e a c h , s a m p le  e x c e p t  t h o s e  fro m  t h e  Simms p o p u l a t i o n  

w h ic h  w e re  l i m i t e d  t o  5 0  e g g s .  O n ly  e g g s  w h ic h  a p p e a re d  v i a b l e  an d  w e re  

i n  t h e  d e s i r e d  s t a g e  o f  d e v e lo p m e n t w e re  i n c l u d e d  i n  t h e  s a s jp l e .

D ia p a u s e  e g g s  w e re  p r o c e s s e d  i n  t h e  8 °C . ro o m . T hey w e re  im m ersed  i n  

d i s t i l l e d  w a te r  an d  o b s e r v e d  u n d e r  a  d i s s e c t i n g  s c o p e  t o  d e te r m in e  t h e  

d e v e lo p m e n ta l  s t a g e  o f  t h e  em b ry o . T h is  w as a c c o m p lis h e d  b y  c o m p a r iso n   ̂

w i th  t h e  m o r p h o lo g ic a l  c h a r a c t e r i s t i c s  f o r  e a c h  s t a g e  a s  o u t l i n e d  by 

Van H o rn  ( 1 9 6 3 ) .

T a b le  I  show s t h e  n u m e r ic a l  d e v e lo p m e n ta l  a g e  o f  t h e  A= e l l i o t t i  

e g g s  fro m  t h e  d i f f e r e n t  p o p u l a t i o n s  a t  t h e  t im e  o f  a n a l y s i s .  The u s e  

o f  tw o s a m p le s  a t  e a c h  s t a g e  o f  d e v e lo p m e n t w i l l  b e  e x p l a i n e d  l a t e r .

I t  w i l l  b e  n o te d  fro m  T a b le  I  t h a t  d u r in g  t h e  d ia p a u s e  a n d  p o s t d i a p a u s e

p e r i o d s ,  t h e  n u m e r i c a l ly  d e s i g n a t e d  s t a g e  o f  d e v e lo p m e n t i s  q u i t e

f
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TABLE I

N u m erica l D evelopm ent Age

GH-5 GH-15 Chinook Simms Townsend

P re d ia p a u s e ' * **11 ,12 1 2 ,1 3 1 5 ,1 6 ,1 7 1 6 ,1 7

* * 1 2 ,1 3 1 2 ,1 3 1 3 ,1 4 ,1 5 1 3 ,1 4 ,1 5 1 4 ,1 5 ,1 6

D iap au se * 1 8 ,1 9 18 ,19 1 8 ,1 9 1 8 ,1 9  .

* * 1 8 ,1 9 1 8 ,1 9 1 8 ,1 9

1 8 ,1 9 * * *

1 8 ,1 9 1 8 ,1 9

P o s td ia p a u s e *25 ,26 2 4 ,2 5 25 '25

* * 2 3 ,2 4 ,2 5 2 3 ,2 4 ,2 5 " 2 4 ,2 5 25 2 4 ,2 5

* Sam ples u s e d  i n  c o lo r im e tr y  a n a l y s i s .

** Sam ples u s e d  i n  r a d i o a c t i v e  a n a l y s i s .

*** Sam ple u se d  i n  s e p a r a t i o n  o f  y o lk  and  em bryo.
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c o n s i s t e n t  f o r  a l l  p o p u l a t i o n s .  i t  was n o t  p o s s i b l e ' ,  h o w e v e r ,  to  o b t a i n  

e g g s  fro m  a l l  t h e  p o p u l a t i o n s  a t  t h e  sam e s t a g e  d u r in g  p r e d ia p a u s e  b e c a u s e  

t h e r e  w as no  way o f  k n o w in g  when t h e  w i ld  e g g s  w e re  d e p o s i t e d .

■ A f t e r  t h e  s t a g e  o f  d e v e lo p m e n t was d e te r m in e d ,  t h e  e g g s  w e re  a i r  

d r i e d  o n  f i l t e r  p a p e r  f o r  a p p r o x im a te ly  15 m in u te s  an d  t h e n  w e ig h e d .

$ h e  r e s u l t s  a r e  r e c o r d e d  i n .T a b le  I I .

F r e e  am ino a c i d  e x t r a c t i o n

A f t e r  -w e ig h in g , e a c h  s a m p le  w as t r i t u r a t e d  i n  a  m ic ro h o m o g e n iz e r  f o r  

f i v e  m in u te s  w i th  c o ld  8© p e r c e n t  e t h a n o l .  T h is  m ix tu r e  w as h e a te d  f o r  

a  few  m in u te s  t o  e n s u r e  d e m a tu r a t io n  o f  t h e  p r o t e i n  an d  t h e  t o t a l  

h o m o g e n a te  c e n t r i f u g e d  a t - 5,0©© rpm  f o r  15 m in u te s .  A f t e r  d e c a n t in g  t h e  

s u p e r n a t a n t  i n t o  a n o t h e r  t u b e ,  t h e  r e s i d u e  was e x t r a c t e d  w i t h  5© p e r c e n t  

e t h a n o l  an d  t h e n  w i th  d i s t i l l e d  w a t e r .  T h is  p r o c e d u r e  w as m o d i f ie d  fro m  

t h a t  s u g g e s t e d  by  S c h a e f e r  ( 1 9 6 3 ) .

The s u p e r n a t a n t  an d  t h e  tw o a d d i t i o n a l  e x t r a c t i o n s  w e re  com bined  

a n d  p a s s e d  th r o u g h  a  s h o r t  i o n  e x c h a n g e  co lu m n  o f  Bowex 50Wx8 ( H ' ) 

• f o l lo w in g  t h e  s t e p s '  o u t l i n e d  by  C o r r ig a n  a n d  K e a rn s  ( 1 9 6 3 ) ,  F u ru h o lm en  

e t  a l . , ( 1 9 6 4 ) ,  an d  S c h a e f e r  ( 1963)0  T he s a m p le s  c o n t a i n i n g  t h e  am ino 

a c i d s  w e re  t h e n  e l u t e d  w i th  5© m i l l i l i t e r s  o f  4 N WH^GE, - d r i e d  i n  v acu o  

t o  n e a r  d r y n e s s ,  a n d  m ade u p  t o  two m i l l i l i t e r s  w i th  d i s t i l l e d  w a te r .

A l l  s a m p le s  w e re  s t o r e d  i n  t h e  d e e p  f r e e z e  u n t i l  a s s a y e d .  A t o t a l  o f  

t h i r t y  s a m p le s  w e re  p r e p a r e d .
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TABLE II

.W eig h t p e r  100  E gg S am p le  (g ram )

OH-5 GH-15 • C h in o o k Simms Tow nsend

P r e d ia p a u s e * 0 .6 4 0 6 0.6977 0.7593 0 .6 9 7 4

* * 0 .8 9 3 5 0 .8 4 6 6 0 .7 0 0 5 0 .9 2 1 0 0.7737
D ia p a u s e * 1 .0 5 1 3 1 .0800  ' ' 0.9753 1 .0 2 7 7

**1 .0765 0 .9 6 6 4 0.9838 0 .8 2 8 0 1.0864

1 .0 3 7 0 * ** ***

P o s td i a p a u s e * 1 .0 7 2 8 1 .1 3 0 3 0 .9 6 4 4 1 .0 5 5 5

**1.0588 1.0506 0.9887 0 .8 6 7 0 1 .0 1 3 4

T o t a l s 5.7935 5.7766 6 .4 0 9 0 2 .6160 5.6541

A v e ra g e s 0 .9 6 5 6 0.9628 0.9156 0 .8 7 2 0 0 .9 4 2 4

* S am p les  u s e d  i n  c o l o r i m e t r y  a n a l y s i s „

** S am p les  u s e d  i n  r a d i o a c t i v e  a n a l y s i s .

*** S am ple  u s e d  f o r  s e p a r a t i o n  o f  y o lk  a n d  em b ry o .
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T h i n - I a y e r  e h ro m a to  g ra p h y

P a p e r  c h ro m a to g ra p h y  w as em p lo y ed  i n i t i a l l y  t o  s e p a r a t e  an d  i d e n t i f y  

t h e  f r e e  am ino a c i d s .  T h is  p r o c e d u r e ,  h o w e v e r ,  was d i s c o n t i n u e d  i n  f a v o r  

o f  t h i n - l a y e r  c h ro m a to g ra p h y  w h ic h  i s  l e s s  t im e  co n su m in g  an d  o f  g r e a t e r  

s e n s i t i v i t y . The m eth o d  o f  t h i n - l a y e r  c h ro m a to g ra p h y  a s  d e s c r i b e d  by 

K a n d e ra th  (1 9 6 3 a )  w as p u r s u e d .  L -am in o  a c i d  s t a n d a r d s , a l l  o f  r e a g e n t  

g r a d e , w e re  p u r c h a s e d  fro m  Mann R e s e a rc h  L a b o r a t o r i e s ,  New Y o rk , an d  fro m  

S ig m a C h e m ic a l Com pany, S t .  L o u i s .

A t f i r s t ,  tw o c e l l u l o s e  a d s o r b e n t s  ( C e l l u l o s e  MN 3 0 0  an d  MN 3 00  G, 

B rin k m an n  I n s t r u m e n t s , W e s tb u ry , New Y o rk ) w e re  t r i e d  u s i n g  t h e  s o l v e n t s

p ro p o s e d  b y  W o lle n w e b e r  ( 1 9 6 2 ) .  T en o t h e r  s o l v e n t s  o f  t h e  a u t h o r ’ s  own
< '• •

d e r i v a t i o n  a l s o  w e re  t e s t e d  w i th  t h e s e  a d s o r b e n t s .  O n e -d im e n s io n a l  r u n s  

w e re  s a t i s f a c t o r y  w i t h  a  few  o f  t h e s e  s o l v e n t s ,  b u t  n o n e  p ro d u c e d  u s a b l e  

r e s u l t s  tw o - d i m e n s i o n a l l y .

The - a d s o r b e n t  S i l i c a  G e l G ( B rin k m an n  I n s t r u m e n t s ) a n d  t h e  s o l v e n t  

s y s te m s  d e v e lo p e d  b y  B re n n e r  an d  N ie d e r w ie s e r  ( i 960 ) an d  Fahmy e t  a l . , 

(1 9 6 1 )  w e re  t r i e d  a l s o .  S in c e  t h e  a u t h o r  was n o t  a b l e  t o  r e p ro d u c e  t h e  1 

s e p a r a t i o n  p a t t e r n  u s i n g  t h e  two s o l v e n t s  t h a t  w e re  e s p e c i a l l y  recom m ended 

( Fahmy e t  a l . , p .  2 0 2 2 ) ,  s e v e r a l  m o d i f i c a t i o n s  w e re  a t t e m p t e d .  F i n a l l y ,  

a  m ore a d e q u a te  tw o - d im e n s io n a l  s e p a r a t i o n  o f  24  am ino a c i d  s t a n d a r d s  w as 

a c h ie v e d  b y  u s i n g  c h lo r o f o r m - m e th a n o l - 17 p e r c e n t  am m onia (C M , 1 : 3 : 1  v / y )  

a s  t h e  f i r s t  . s o lv e n t  i n  c o m b in a t io n  w i th  p h e n o l - w a te r  (PW, 7 5 :2 5  w/w) a s  

t h e  s e c o n d  s o l v e n t .  F ig u r e  I  i l l u s t r a t e s  t h i s  s e p a r a t i o n  p a t t e r n .  .R^
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1. CHCI3-CH3OH-It^ NH3 (1:3:1 v/v)

90 min/15 cm

Met.SO,
Phe

CySO3H 0 O O necP 1"
ZVllu V / f  J  Leu
U  T h r ^  w Val

0 o " <
Alp Gly O  O h^

^^/3-Ala ^^Pro

Ser

Olrs
2. Phenol-water (75:25 w/w) 

l80 min /1 5 cm

F ig u re  I .  T w o-d im ensional s e p a r a t i o n  o f  a  m ix tu re  o f  21 amino a c id s .
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v a l u e s  f o r  e a c h  am ino a c i d  i n  t h e  GMA s o l v e n t  i s  g iv e n  i n  T a b le  X I i n  t h e  

a p p e n d ix .

A lth o u g h  t h e  s e p a r a t i o n  p a t t e r n  p ro d u c e d  by  t h e s e  tw o s o l v e n t s  (CMA 

a n d  PW) w as a d e q u a t e , f u r t h e r  a t t e m p t s  w e re  m ade to  im p ro v e  t h e  m e th o d . 

A n o th e r  a d s o r b e n t ,  A n a s i l  B , ( B rinkm ann  I n s t r u m e n t s ) w as t e s t e d  w i th  

s o l v e n t s  r e p o r t e d  by  O ru ic k s h a n k  an d  S h e e h a n  ( 1 9 ^ 4 ) .  The r e s u l t s  w e re  

u n s a t i s f a c t o r y .  A v e r y  u s e f u l  s e p a r a t i o n  p a t t e r n  was f i n a l l y  o b t a i n e d  b y  

s u b s t i t u t i n g  t h e  s o l v e n t  m e th y l  e t h y l  k e t o n e - p r o p i o n i c  a c i d - w a t e r  

( 4 : 3 : 2  v / v )  u s e d  b y  K n ig h t  (1 9 6 2 ) f o r  t h e  GMA s o l v e n t  a s  t h e  f i r s t  

d im e n s io n  a n d  p h e n o l - w a t e r  ( 75:25  w /w ) a s  t h e  s e c o n d  d im e n s io n  w i th  t h e  

s i l i c a  g e l  a d s o r b e n t  ( F ig u r e  2 ) .  The u s e  o f  t h i s  c o m b in a t io n  was r e c e n t l y  

r e p o r t e d  b y  S c h a e f e r  ( 1 9 6 4 ) .  I n  a l l  c a s e s  r e a g e n t  g r a d e  s o l v e n t s  w e re  

em p lo y ed  b u t  o n ly  o n e  c o m m e rc ia l  p h e n o l  r e a g e n t  (M a l l i n k r o d t  88 p e r c e n t  

p h e n o l ,  l i q u e f i e d , "  p r e s e r v a t i v e  f r e e )  w as u s e d .  R ic h a rd s o n  an d  T o l b e r t  

(1 9 6 4 )  r e p o r t e d  ! t h a t  w i th  p a p e r  c h ro m a to g ra p h y  t h e  c o m m e rc ia l  p h e n o l  

r e a g e n t  c a u s e d  g l y c i n e  t o  fo rm  s t a b l e  c o n d e n s a t io n  p r o d u c t 's .

R e p r e s e n t a t i v e  c h ro m a to g ra p h ic  d i s t r i b u t i o n s  o f  f r e e  am ino a c id s  

i s o l a t e d  fro m  C h in o o k  e g g s  a t  p r e d i a p a u s e ,  d i a p a u s e ,  an d  p o s t d i a p a u s e  

d e v e lo p m e n t s t a g e s  a r e  show n i n  F ig u r e s  3 ,  4 ,  and  5* I n  o r d e r  to  s t a y  

w i t h i n  t h e  l i m i t s  o f  t h e  c o l o r i m e t r i c  q u a n t i t a t i v e  t e s t ,  t h e  am ount o f  

s a m p le  u s e d  t o  o b t a i n  t h e  c h ro m a to g ra p h  i n  F ig u r e  3  w as f o u r  t im e s  t h a t  

i n  F ig u r e  4  a n d  tw o t im e s  t h a t  i n  F ig u r e  5 -  •"

To d e t e c t  a n d  i d e n t i f y  t h e  i n d i v i d u a l  am ino a c i d  s p o t s  o n  th e
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A
I .  M ethyl e th y l  k e to n e -p r o p io n ic  a c id -w a ter  (4 :3 :2  v /v )  

160 min / 1 7 .5  cm

2 .  P h enol-w ater (7 5 :2 5  w/w) 

275 min /1 7 .5  cm ----------- *

F ig u re  2 .  T w o -d im ensional s e p a r a t io n  o f  a  m ix tu re  o f  23 amino a c i d s .
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>K
I .  M ethyl e th y l  k e to n e -p r o p io n ic  a c id -w a ter  (4 :3 :2  v /v )  

160 min / 1 7 .5  cm

2 . P henol-w ater (75=25 w/w) 

275 min /1 7 .5  cm _______

F ig u re  3 -  T w o-d im ensional s e p a r a t io n  o f  16 f r e e  amino a c id s  and one unknown
s u b s ta n c e  from  a  sam ple  o f  Chinook p re d ia p a u s e  eg g s .
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I .  M ethyl e th y l  k e to n e -p ro p io n ic  a c id -w a ter  (4 :3 :2  v /v )  

160 min /1 7 .5  cm

Gly Asn

2 . P heno l-w ater (75:25 v/v) 
275 min /1 7 .5  cm _____

F ig u re  4 .  T w o-d im ensional s e p a r a t io n  o f  17 f r e e  amino a c id s  and two unknown
s u b s ta n c e s  from a  sam ple  o f  Chinook d ia p a u se  e g g s .
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/h  I . M ethyl e th y l  k e to n e -p ro p io n ic  a c id -w a ter  (4 :3 :2  v /v )  

160 min /1 7 .5  cm

O P h e

O  Val

0lGlu Thr

0 „ o 0  -00 0
O  7

ro

2 . Phenol-w ater (75 :25  w/w) 

275 min /1 7 -5  cm

F ig u re  5 .  T w o-d im ensional s e p a ra t io n  o f  16 f r e e  amino a c id s  and two unknown
su b s ta n c e s  from a  sam ple o f  Chinook p o s td ia p a u s e  eg g s .
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c h r o m a t o p la te ,  t h e  n i n h y d r i n  r e a g e n t  o f  M o ffa t  a n d  L y t l e  (1 9 5 9 )  was 

a p p l i e d .  The n i n h y d r i n  p o s i t i v e  s p o t s  a p p e a r in g  o n  t h e  c h r o m a to p la te s  

w e re  d i s t i n g u i s h e d  h y  c o m p a r is o n  w i th  t h e  v a l u e s  o f  t h e  am ino a c id  

s t a n d a r d s  i n  t h e  tw o - d im e n s io n a l  s e p a r a t i o n s  a s  w e l l  a s  t h e  d i s t i n c t i v e  

c o l o r s  o f  t h i s  s t a i n i n g  r e a g e n t .

C o lo r im e tr y

Q u a n t i t a t i v e  d e t e r m i n a t i o n s  o f  t h e  i n d i v i d u a l  f r e e ,  am ino  a c id s  

p r e s e n t  i n  e a c h  s a m p le  w e re  made by  t h e  c o l o r i m e t r y  m eth o d  o f  P r i c e  

(1 9 6 3 )  an d  Shaw ( 1 9 6 1 ) .  T h e i r  m o d i f ie d  n i n h y d r i n  r e a g e n t  ( 0 . 5  p e r c e n t  

n i n h y d r i n  i n  a b s o l u t e  e t h a n o l )  was u s e d  a s  i t  g a v e  m ore u n i f o r m  c o l o r  

r e s u l t s . E ach  n i n h y d r i n  p o s i t i v e  s p o t  o n  t h e  c h r o m a to p la te  w as o u t l i n e d  

w i th  a  s h a r p  p o i n t e r  an d  t h e  g e l  w i t h i n  t h e  a r e a  s c r a p e d  i n t o  'a  c e n t r i f u g e  

t u b e . T h re e  m i l l i l i t e r s  o f  5® p e r c e n t  e t h a n o l  was th e n  a d d e d  an d  t h e  

m ix tu r e  s t i r r e d  t h o r o u g h ly  i n  a  c y c lo - m ix e r .  A f t e r  c e n t r i f u g i n g  to  

s p i n  down t h e  s i l i c a  g e l  w h ich  w o u ld  o t h e r w i s e  re m a in  i n  s u s p e n s io n  an d  

d i s t o r t  t h e  r e s u l t s , t h e  s u p e r n a t a n t  w as d e c a n te d  i n t o  a  c o l o r i m e t e r  

t u b e .  Q u a n t i t a t i v e  m e a su re m e n ts  o n  e a c h  am ino  a c id  w e re  r e a d  a t  a  w ave­

l e n g t h  o f  57® m i l l i m i c r o n s  e x c e p t  f o r  p r o l i n e  w h ich  w as r e a d  a t  a  w ave­

l e n g t h  o f  35® m i l l i m i c r o n s .

A l l  r e a d i n g s  w e re  t a k e n  u s i n g  a  Bausteh & Lomb S p e c t r o h i e  20 

C o lo r im e te r  an d  t h e  am oun t o f  e a c h  am ino a c i d  d e te r m in e d  b y  r e f e r e n c e  t o  

s t a n d a r d  c u r v e s .  V a lu e s  d e r iv e d  fro m  t h r e e  s e p a r a t e  c h ro m a to g ra p h s  i n  

w h ic h  know n am o u n ts  o f  s t a n d a r d  am ino a c i d s  w e re  d e v e lo p e d  w e re  u s e d  f o r  ..
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l o c a t i n g  each  p o i n t  on  th e  r e f e r e n c e  c a r v e .  Amino a c id s  from  z e ro  to  

20 m icrogram s w ere  d e te rm in e d  w i th in  an  e r r o r  o f  -5  p e r c e n t .  A l l  sam p les  

w ere  a n a ly z e d  i n  t r i p l i c a t e .

The f r e e  ^mino a c id  c o n te n t  o f  eggs from  th e  d i f f e r e n t  p o p u la t io n s  

o f  A. e l l i o t t i  a s  d e te rm in e d  by th e  p ro c e d u re s  d e s c r ib e d  a r e  p r e s e n te d ,  

f o r  p r e d ia p a u s e ,  d ia p a u s e ,  and  p o s td ia p a u s e  s t a g e s  i n  T a b le s  I I I ,  IV , and  

V r e s p e c t i v e l y .  N in e te e n  f r e e  amino a c id s  w ere  found  i n  th e  w hole e g g s . 

T h ree  a d d i t i o n a l  n in h y d r in  s t a i n i n g  s p o ts  w ere d e te c te d ,  b u t  th e y  w ere 

n o t  i d e n t i f i e d  s in c e  th e y  d id  n o t  c o r re s p o n d  to  any o f  t h e  s ta n d a r d  

amino a c i d s .  P o s s ib l y ,  t h e s e  t h r e e  s p o t s  w ere  s h o r t  c h a in  p e p t i d e s .

The v a lu e s  i n  T a b le s  I I I ,  IV , and V a r e  a v e ra g e s  o f  t h r e e  d e te rm in a ­

t i o n s  on  e ach  s a m p le , and a r e  l i s t e d  a s  m icrom ole  x  IO- ^ o f  amino a c id  

p e r  e g g . Amino a c id s  p r e s e n t  i n  am ounts to o  low  to  be  m easu red  i n  th e  

c o lo r im e te r  a r e  shown a s  " t r a c e s " . The a b se n c e  o f  some o f  th e  amino 

a c id s  i n  c e r t a i n  s t a g e s  i s  i n d i c a t e d  by  a  d a s h .

The h i s to g r a m s ,  p r e s e n te d  i n  F ig u re s  6 ,  7 , 8 , 9» and 1 0 , show th e  

c o n c e n t r a t io n s  o f  amino a c id s  from  e a ch  p o p u la t io n  i n  th e  t h r e e  s ta g e s  

s t u d i e d .  The q u a n t i t y  o f  each  a c id  i s  p r e s e n te d  a s  a  p e rc e n ta g e  o f  th e  

t o t a l  f r e e  amino a c id  c o n te n t  f o r  t h a t  p a r t i c u l a r  s a m p le . The v a lu e s  

p r e s e n te d  i n  T a b le s  I I I ,  IV , and V a r e  shown g r a p h i c a l l y  i n  F ig u re  11 to  

i l l u s t r a t e  t h e  change  i n  t o t a l  c o n te n t  o f  amino a c id s  i n  th e  p r e d ia p a u s e ,  

d ia p a u s e ,  and  p o s td ia p a u s e  s t a g e s .

I n  o r d e r  to  g e t  an  i n d i c a t i o n  o f  t h e  d i f f e r e n c e  i n  f r e e  amino a c id
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TABLE III

A v e ra g e  M ic ro m o le s x  1 0  3  p e r  Egg o f  F r e e  
P r e d i a p a u s e

Amino A c id s

Amino a c i d s GH-5 GH-15 C h in o o k Simms Tow nsend
A la n in e STZ 52.9 13.3 6 2 .2 1 8 .7
A r g in in e
A s p a r t i c

160 4 8.92 3.40 T r 3-50
a c i d

G lu ta m ic
37.7 38.9 33.3 5 0 ;  8 26-7

a c i d 50.3 47.7 28.4 5608 3 0 .4
G lu ta m in e 20.1 27.8 5 «66 1 .0 1 7.33
G ly c in e 9.84 5 4 .0 18.5 T r 13.5
H i s t i d i n e 26 .8 1 5 .9 T r T r I l o l
I s o l e u c i n e 13.4 l 4 „ i 4.92 7 -5 5 5.33
L e u c in e 1 6 .4 15 .8 7 .4 4  , 13.5 7 -4 4
L y s in e
P h e n y l-

1 7 .9 2 0 .0 18.5 T r 1 1 .1

a l a n i n e 13.7 13.7 8.95 -1 4 .7 8.95
P r o l i n e 31.3 26.2 29.9 55.6 27-6
S e r i n e 5 1 -1 4 5 .5 35.5 54.9 25-5
T h re o n in e 32.0 26.9 1 5 -2 23.2 1 7 -4
T y r o s in e  . 12.5 13.8 8 .3 6 16.7 8.88
V a lin e 27.8 25.6 1 3 - 7 27-8 10.4
(Unknown) O ? ? ? ?
(Unknown) ? =■ — «*» <=»

438.34 447,72 243.03T o ta ls 384.76 233.83
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TABLE IV

A verage  M icrom oles x  10 ^  p e r  Egg o f  F re e  Amino A c id s
D iap au se

Amino A c id s GH-5 ■ GH-15 C h in o o k Simms Tow nsend
A la n in e
B e ta - .

38.2 4 o .4 40e4- 3 0 ” 38.2

A la n in e - - - - T r
A r g in in e 19.9 8.0© 1 7 .4 10.3 19.3
A s p a r a g in e T r T r T r T r -
A s p a r t i c 5 5 .5 55.5 5 8 .0 5 1 .0 55.5
G lu ta m ic 6 8 .6 1 0 0 . 7 6 .1 8 0 .0 75.0
G lu ta m in e 9.36 9 .6 7 8 .3 2 1 .0 4 9.15
G ly c in e 4 6 .9 2 .6 6 13.3 1 5 .9 7.98
H i s t i d i n e 6 3 .4 5 4 .1 5 8 .7 58.7 37.4
I s o l e u c i n e 5 .4 9 5.49 3.92 6 .1 0 6.1©
L e u c in e 15.8 2 2 .0 1 1 .5 1 1 .8 13.7
L y s in e
P h en y ].-

32.0 19.9 2 3 .2 2 5 -9 21.3

a l a n i n e 1 5 .4 1 2 .1 1 2 .1 8.48 1 1 .6
P r o l i n e 8 0 .8 99.2 9 8 .4 7 3 .0 85.6
S e r i n e 6 8 .1 6 8 .1 8 0 .8 43.8 74.2
T h re o n in e 31.8 2 7 .5 3 4 .9 2 2 .5 22.2
T ry p to p h a n T r - - 13.7
T y r o s in e 1 6 .5 1 7 .2 1 4 .7 1 4 .7 1 2 .8
V a l in e 2 6 .2 3 2 .4 2 2 .8 1 9 .7  - 2 0 .5
(Unknow n) ^ - — ? ? ? -

(Unknown) ? ? ? - ?

T o t a l s 593.95 570.22 574.54 4 8 1 .1 2  . 5 2 4 .2 3
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TABLE V

A v e ra g e  M ic ro m o le s  x  1 0 ~ y ' p e r  Egg o f  F ree - Amino A c id s
P o s td i a p a u s e

A m ino. a c i d s GH-5 GH-15 C h in o o k Simms T ow nsend
A la n in e 2 5 .1 3 5 .0 2 8 .7 2 0 .2
A r g in in e ' 1 0 .1 9 .6 0 8.48 8 .0 0 1 0 .7
A s p a r t i c 5 5 .5 60 .1 55.8 4 8 .1 5 2 .6
G lu ta m ic 5 3 .0 38.0 3 8 .0 39=4 39=4
G lu ta m in e T r T r T r T r T r
G ly c in e T r T r T r T r 2 .6 6
H i s t i d i n e 4 2 .0  - 4 4 .3 2 7 .7 4 4 .3 2 5 .8
I s o l e u c i n e 1 .5 2 T r 1 .5 2 T r 1 .5 2
L e u c in e
P h e n y l-

8 .8Q 6 .4 0 8 .4 8 7=01 7.62

a l a n i n e - - T r T r — •
P r o l i n e 1 1 4 . 88.0 5 5 .2 5 6 .6 47.9
S e r i n e 4 9 .4 46.8 4 7 .5 4 3 .8 39=5
T h re o n in e 2 2 .2 T r 2 1 .1 2 1 .8 T r
T ry p to p h a n T r T r T r T r 9=36
T y r o s in e 1 4 .6 1 0 .1 1 3 .0 1 1 .0 1 4 .6
V a l in e 1 5 .0 1 5 .7 2 1 .4 1 8 .7 1 6 .0
(Unknown) ? ? ? ?
(Unknown) 7 — _ ? _
(Unknown) . ? ? ? - 7

T o t a l s 4 1 1 .2 2 3 5 4 .0 3 2 4 .1 8 327.41 287=86
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GH-5
PHEDIAPAUSE

10  11 12 13 14 15 16 I ?

DIAPAUSE

POSTDIAPAUSE

2=Arg

3=Asp

4 = Q 1 u

5=G ln

6=Gly

7=H is

S = I le

9=Leu

IO=Lys

I l= P h e

12=Pro

13= S er

IA=Thr

15=Try

l6 = T y r

17=V al

I= A la

F ig u r e  6 .  P e r c e n t a g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino a c id s  fro m
GH-5 e g g s  a n a ly z e d  a t  t h e  p r e d i a p a u s e ,  d i a p a u s e ,  an d  p o s t d i a p a u s e
s t a g e s  o f  d e v e lo p m e n t»
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GH-15

PREDIAPAUSE

DIAPAUSE

POSTDIAPAUSE

14 P? 16

I= A la  

2=Arg 

3=Asp

4=G1u

5=Gln

6=Gly

7=H is

S = I le

9=Leu

IO=Lys

I l= P h e

12=Pro

13= S er

l4 = T h r

15=Try

l6 = T y r

17=V al

F ig u r e  ? .  P e r c e n ta g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino a c id s  fro m
GH-15 e g g s  a n a ly z e d  a t  t h e  p r e d i a p a u s e ,  d i a p a u s e  an d  p o s td i a p a u s e
p e r i o d s  o f  d e v e lo p m e n t.
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C h in o o k
PREDIAPAUSE

DIAPAUSE

POSTDIAPAUSE

I= A la  

2=A rg 

3=A sp 

4=Q1u 

5= G ln  

6=G ly 

7 = H is 

8= l i e  

9=Leu 

IO =Lys 

I l= P h e  

12= P ro  

1 3 = S e r 

IA = T hr 

1 5 = T ry  

l6 = T y r  

17= V al

F ig u r e  8 .  P e r c e n ta g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino a c id s  fro m
C h in o o k  e g g s  a n a ly s e d  a t  t h e  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
p e r i o d s  o f  d e v e lo p m e n t.
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% 10 

5

15

% 10 

5

15

% 10 

5

15
Simms

PKEDIAPAUSE

DIAPAUSE

POSTDIAPAUSE

I= A la  

2=A rg 

3=Asp 

4=G1u 

5=G ln  

6=G ly 

7 = H is 

S = I l e  

9=Leu 

IO =Lys 

I l= P h e  

12 = P ro  

1 3 = S e r 

l4 = T h r  

1 5 = T ry  

l6 = T y r  

1 7 = V al

F ig u r e  9 .  P e r c e n t a g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino a c id s  from
Simms e g g s  a n a ly z e d  a t  t h e  p r e d i a p a u s e ,  d i a p a u s e ,  an d  p o s t d i a p a u s e
p e r i o d s  o f  d e v e lo p m e n t.
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Towns end  
PREDIAPAUSE

DIAPAUSE

POSTDIAPAUSE

I= A la  

P=Arg 

3=Asp 

4=G1u 

5=G ln  

6=G ly 

7--H is 

8=l ie  

9=L eu 

IO =Lys 

I l= P h e  

IP = P ro  

1 3 = S e r 

l4 = T h r  

1 5= T ry  

l6 = T y r  

17= V al

F ig u r e  1 0 .  P e r c e n t a g e s  i n  t o t a l  c o n t e n t  o f  f r e e  am ino a c i d s  fro m  
Tow nsend e g g s  a n a ly z e d  a t  t h e  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  p e r i o d s  o f  d e v e lo p m e n t.
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s 5=GH-5Q

I

B

P r e d ia p a u s e

D ia p a u s e

P o s td i a p a u s e

15=GH-15

C =Chinook

S=Simms

T=Townsend

N u m e r ic a l  d e v e lo p m e n t ag e
F ig u r e  1 1 .  T o t a l  f r e e  am ino a c id  c o n t e n t  p e r  eg g  o f  e a c h  sa m p le  a t  th e  
d i f f e r e n t  n u m e r ic a l  s t a g e s  o f  d e v e lo p m e n t.

i
rooo
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c o n t e n t  b e tw e e n  em b ry o s a n d  t h e i r  s u r r o u n d i n g  y o lk  d u r in g  t h e  d ia p a u s e  

s t a g e ,  o n e  s a m p le  o f  C h in o o k  e g g s  i n  t h i s  s t a g e  was p r e p a r e d  i n  t h e  

f o l l o w i n g  m a n n e r . One h u n d re d  e g g s ,  s u i t a b l e  f o r  s t u d y ,  w e re  rem oved  

fro m  t h e i r  p r o t e c t i v e  p o d s ,  d iv i d e d  i n t o  g ro u p s  o f  t e n ,  a n d  i p n e r s e d  i n  

d i s t i l l e d  w a te r  p r e v i o u s l y  c h i l l e d  t o  t h e  a m b ie n t  t e m p e r a tu r e  o f  t h e  c o ld  

ro o m . T he e g g s  w e re  t h e n  o p e n e d  a n d ^ a s  m e t i c u l o u s l y  a s  p o s s i b l e ,  t h e  

y o lk  m a t e r i a l  s e p a r a t e d  fro m  t h e  em b ry o . T h is  m a t e r i a l  w as l e f t  i n  t h e  

d i s t i l l e d  w a te r  y nd  t h e  em b ry o s t r a n s f e r r e d  to  a  c o n t a i n e r  i n t o  w h ich  

5 6  p e r c e n t  e t h a n o l  w as a d d e d .  The y o l k - w a t e r  m ix tu r e  w as e v a p o r a te d  to  

n e a r  d r y n e s s  a n d  a b s o l u t e  a l c o h o l  a d d e d  t o  b r i n g  t h e  m ix tu r e  t o  8© p e r ­

c e n t  a l c o h o l  b y  v o lu m e . T he f r e e  am ino  a c i d s  t h e n  w e re  e x t r a c t e d  from  

t h e  s a m p le s  o f  y o lk  a n d  em b ry o s i n  t h e  m an n e r p r e v i o u s l y  d e s c r i b e d .

I d e n t i c a l . a m o u n t s  o f  y o lk  an d  em bryo e x t r a c t s  w e re  p i p e t t e d  o n to  s e p a r a t e  

c h r o m a to p la te s  an d  d e v e lo p e d  a s  b e f o r e .  The r e s u l t s  a r e  show n i n  F ig u r e s  

12 a n d - 1 3 .

R a d io a c t iv e ,  b r a c i n g

I n  g e n e r a l . ,  r a d i o  c h e m ic a ls  a r e  i n t r o d u c e d  i n t o  a n  a n im a l  e i t h e r  by  

i n c l u d i n g  th em  i n  t h e  s u b j e c t ' s  d i e t  o r  b y  i n j e c t i n g  th em  d i r e c t l y  i n t o  

t h e  a n im a l  (M o h r i ,  1 9 6 4 ; S t r o n g  a n d  S a k a m o to , 1 9 6 3 )«  I n c l u d i n g  a  r a d i o i s o ­

to p e  i n  t h e  d i e t  h a s  no a p p l i c a t i o n  w i th  t h e  c l e i d o i c  e g g s  o f  A. e l l i o t t i .

T ae i n j e c t i o n  t e c h n i q u e  a l s o  h a s  l i m i t a t i o n s  s i n c e  t h e ‘p r o c e d u r e  i t s e l f  

c a u s e s  a  wound t h a t  c o u ld  p o s s i b l y  a l t e r  t h e  em b ry o n ic  am ino  a c id  m e ta b o l is m .  

R o em h ild  (1 9 6 3 )  em p lo y ed  a  t e c h n i q u e  i n  w h ic h  an  e n t i r e  s a m p le  o f  e g g s  w a s

I
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l . M ethyl e th y l  k e to n e -p ro p io n ic  a c id -w a ter  (4 :3 :2  v /v )

160 min / 1 7 .5  cm

One
Oval

0  Glu
Ala

O

Gly 0 OGln Pro

2 . P henol-w ater (7 5 :2 5  w/w) 

275 min /1 7 .5  cm

F ig u re  1 2 . T w o-d im ensional s e p a r a t io n  o f  7 f r e e  amino a c id s  from  em bryos o f
C hinook d ia p a u se  e g g s .
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I . M ethyl e th y l  k e to n e -p ro p io n ic  a c id -w a ter  (4 :3 :2  v /v )

160 min /1 7 .5  cm

F igu re 1 3 . Tw o-dim ensional se p a r a tio n  o f  18 fr e e  amino a c id s  e x tr a c te d  from 
y o lk  m a te r ia l o f  Chinook d iapause e g g s .
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d e s s i c a t e d  f o r  a  few  d a y s  an d  th e n  a l lo w e d  to  a b s o r b  w a te r  i n  w hich, a  

r a d io c h e m ic a l  h a d  b e e n  d i s s o l v e d .

I n  t h e  p r e s e n t  s t u d y  3 0  m i c r o c u r i e s  o f  a c e t a t e - l - C ^  ( s p e c i f i c  

a c t i v i t y  1 2 .1  mc/mm) w e re  d i s s o l v e d  i n  tw o m i l l i l i t e r s  o f  w a te r .  When 

a p p r o x im a te ly  t h e  sam e p e r c e n t a g e  o f  t o t a l  w e ig h t  w as l o s t  by  d e s s i c a t i o n  

fro m  e a c h  o f  t h e  s a m p le s , t h e  r a d i o a c t i v e  , a c e t a t e  (19 ,120  cpm p e r  e g g )  

was a d d e d . A f t e r  an  a r b i t r a r i l y  s e l e c t e d  f i v e  d ay  a b s o r p t i o n  p e r i o d , 

t h e  f r e e  am ino  a c i d s  w e re  e x t r a c t e d  fro m  t h e  e g g s .  T he t o t a l  w e ig h t  o f  

e a c h  eg g  s a m p le  was r e c o r d e d  d a i l y  th r o u g h o u t  t h e  d e s s i c a t i o n  and  

a b s o r p t i o n  p e r i o d s .  The a v e r a g e  w e ig h t  l o s s  p e r  d ay  p e r  e g g  d u r in g  

d e s s i c a t i o n  an d  t h e  c o r r e s p o n d in g  a v e r a g e  w e ig h t  g a in  p e r  d a y  p e r  eg g  

d u r i n g  t h e  a b s o r p t i o n  p e r i o d  f o r  e a c h  s a m p le  was c a l c u l a t e d  an d  i s  show n 

’ i n  T a b le  V I.

F o r  a l l  p o p u l a t i o n s ,  e x c e p t  S im m s, tw o s a m p le s  w e re  p r e p a r e d , o n e  f o r  

q u a n t i t a t i v e  c o l o r i m e t r y  a n d  o n e  f o r  r a d i o a c t i v e  a n a l y s i s  = T h e re  was o n ly  

en o u g h  m a t e r i a l  fro m  Simms f o r  o n e  5 0  e g g  sa m p le  a t  e a c h  o f  t h e  d e v e lo p ­

m e n ta l  s t a g e s  a n a ly z e d  so  t h e  c o l o r i m e t r y  t e s t  was r u n  a l s o  o n  th e  

r a d i o a c t i v e  s a m p le .

14
To d e te r m in e  i f  C w as i n c o r p o r a t e d  i n t o  t h e  f r e e  am ino  a c id s

lb
e x t r a c t e d  fro m  e g g s  t o  w h ic h  a c e t a t e - C  w as a d d e d , t h e  s a m p le s  f i r s t  

w e re  ch o m a to g ra p h e d  tw o - d im e n s io n a l ly  w i th  t h e  d i f f e r e n t  s o l v e n t  s y s te m s .  

L o c a t io n s  o f  i n d i v i d u a l  am ino a c i d s  w e re  m ade by  s p r a y in g  t h e  p l a t e s  

l i g h t l y  w i th  0 .0 2  p e r c e n t  n in h y d r i n  i n  a b s o l u t e  e t h a n o l  ( S c h a e f e r ,  1 9 6 3 ,
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TABLB VI

C hange i n  Egg W eig h t d u r in g  D e s s i c a t i o n an d  A b s o r p t io n  P e r io d s

P o p u la t i o n s
A v e ra g e  W e ig h t L o ss  

p e r  Day p e r  Egg
A v e ra g e  W eig h t G a in e d  

p e r  Day p e r  Egg

P r e d ia p a u s e

C h in o o k 0 .050  mg Oo593  mg

Simms 0 .088 0 . 4 l 4

Tow nsend 0 .4 1 2 0 .218

GH-5 0 .0 3 8 0.891

0 5 -1 5 0 .0 5 5 0.956

D ia p a u s e

C h in o o k 0 .0 1 3 0 .1 0 9

Simms 0 .0 2 3 0 .1 0 4

Tow nsend 0 .0 3 3 0 .1 2 1

GH-5 0 .0 3 7 0 .0 5 6

GH-15 o .o 4 6 0 .0 9 3

P o s td i a p a u s e

C h in o o k * 0 .006 0 .0 9 4

Simms 0 .0 2 0 0 .0 2 0

T ow nsend  ■ 0 .0 2 4 0 .1 1 2

GH-5 0 .0 2 1 0 .0 6 7

GH-15 0 .0 4 4 0 .0 3 2
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1 9 & k ) .  E ach  s p o t  th e n  was s c r a p e d  i n t o  a  s c i n t i l l a t o r  v i a l  an d  l i q u i d  

s c i n t i l l a t i o n  f l u i d  c o n s i s t i n g  o f  a  m ix tu r e  o f  d ip h e n y l o x a z o I e » t o l u e n e ,  

an d  m e th a n o l  w as a d d e d  ( B i r k s , 1 9 5 3 ; B o e m h ild , 1963)«. R a d io a c t iv e  

e m is s io n s  fro m  e a c h  am ino a c i d  s a m p le  w e re  c o u n te d  i n  a  l i q u i d  s c i n t i l l a ­

t i o n  a p p a r a t u s  (P a c k a rd  T r iG a rb  L iq u id  S c i n t i l l a t i o n  S p e c t r o m e te r ,  S e r i e s  

3 l k a )  an d  c o n t in u e d  u n t i l  a  c o u n t in g  e r r o r  o f  o n ly  f i v e  p e r c e n t  was 

a t t a i n e d  ( A r o n o f f , 1 9 5 6 ) .

The s t u d y  w as u n d e r ta k e n  to  d e te r m in e  i f  t h e r e  w e re  d i f f e r e n c e s  

b e tw e e n  t h e  p o p u l a t i o n s  i n  t h e i r  a b i l i t y  t o  u t i l i z e  a c e t a t e  i n  

s y n t h e s i z i n g  am ino a c i d s .  E ach  sa m p le  w as a n a ly z e d  i n  t r i p l i c a t e .  

R a d i o a c t i v i t y , ab o v e  t h e  n o rm a l b a c k g ro u n d  c o u n ts  f o r  t h e  f r e e  am ino 

a c i d s  w h ic h  i n c o r p o r a t e d  t h e  a c e t a t e ,  i s  l i s t e d  i n  T a b le s  V I I ,  V I I I  and  

IX . The t o t a l  r a d i o a c t i v i t y  o f  e a c h  s a m p le  a t  t h e  d i f f e r e n t  d e v e lo p m e n ta l  

s t a g e s  w as g ra p h e d  an d  i s  show n i n  F ig u r e  1 4 .

F r e e  am ino a c i d s  i n  A-. s m i t h i i  fro m  C h in o o k

No s t u d i e s  h a v e  b e e n  r e p o r t e d  o n  t h e  a b i l i t y  o f  a d u l t  A . e l l i o t t i  

t o  s y n t h e s i z e  am ino  a c i d s  n o r  h a v e  a n y  b e e n  r e p o r t e d  o n  t h e  p r e s e n c e  o f  

t h e s e  com pounds i n  t h i s  g r a s s h o p p e r 's  p r e f e r r e d  fo o d  p l a n t .  Thus i t  

seem ed  d e s i r a b l e  t o  d e te r m in e  w h ich  f r e e  am ino a c i d s  w e re  a v a i l a b l e  t o  

t h e  a d u l t  g r a s s h o p p e r s  th r o u g h  t h e i r  d i e t  an d  s u b s e q u e n t ly  a v a i l a b l e  to  

t h e  em bryos a s  n u t r i t i v e  m a t e r i a l s  c o n t a i n e d  i n . t h e  y o l k .

I n  e a r l y  S e p te m b e r  f r e s h -  c u t t i n g s  o f  A. s m i t h i i  w e re  c o l l e c t e d  fro m  

t h e  h a b i t a t  o f  A. e l l i o t t i  n e a r  C h in o o k . T en g ram s o f  t h i s  g r a s s  w e re
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t a b l e  V I I

A v e ra g e  CPM-Bkgd p e r  Egg o f  F r e e  Amino A c id s  
. P r e d i a p a u s e

Amino a c i d s GH-g GH-15 C h in o o k Simms Tow nsend

A la n in e 38.5 18 .8 8.3 2 3 .2 6 .2

A s p a r t i c
a c i d 9.2 ^ 5 . 2 9 .0 1 1 .6 , 1 .1

G lu ta m ic
a c i d 1 1 1 .6 5 0 .2 55.8 T 9 1 .7 33.3

G lu ta m in e 32.8 9.7 • 2 0 .1 2 8 .9 5.7
G ly c in e 4.2 - - - -

L y s in e 0.9 1 .2 1 .0 1 .9 1 .4

P r o l i n e 1 4 ,4 2.8 2 5 .4 27.8 6.4

S e r i n e 1 .7 - - 4.7 -

T h re o n in e 3 . 0 1 .5 - - —

T o t a l s 2 1 6 .3 . 8 9 .4 1 1 9 .6 189.8 5 4 .1
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table V III

A v e ra g e  CPM-Bkgd p e r  E gg o f  F r e e  Amino- A c id s  
B ia p a u s e

Amino a c i d s GH-5 GH-15 C h in o o k Simms Tow nsend

A la n in e 4 .9 5 . 9 1 .7 3 . 6 1 .8

A s p a r a g in e - - 0 .8 1 . 4 -

A s p a r t i c
a c id 5 . 2 2 .6 2 . 2 1 .3

G lu ta m ic
a c i d 3 7 .0 28 .6 3 5 .4 3 0 .1 27 .8

G lu ta m in e 8 .0 5 . 4 5 .8 9 . 2 4 .5 :

G ly c in e 0 . 9 0 .9 1 .2 0 . 7 l . l

P r o l i n e 0 . 9 2 .2 1 .8 1 . 4 -

S e r i n e 0 .8 0 .8 0 . 6 1 . 6 0 . 2

T o t a l s 5 7 .7 4 6 .4 4 9 .5 5 2 .0 . 3 6 .7
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t a b l e  IX

A v e ra g e  CPH-Bkgd p e r  Egg o f  F r e e  Amino A c id s  
P o s td i a p a n s e

Amino a c i d s GH-5 GH-15 C h in o o k Simms Tow nsend

A la n in e 3 . 1 7 .2 6 .5 4 .9 1 2 .1

A s p a r t i c
a c i d 1 .2 1 .2 3.8 2 .1 6 .6

G lu ta m ic
a c id 1 3 .4 1 4 .9 23.3 1 9 .9 4 o . l

G lp ta m in e 9 .1 7 .5 1 3 .4 8 .1 2 6 .8

G ly c in e 0 . 9 1 .8 2.4 1 .6 3.5

P r o l i n e 2 .7 5 .2 8 .0 1 .8 4 .0

S e r i n e 0 . 4 1.3 0 . 4 2 .0 1 .0

T o t a l s 3 0 .8 3 9 .1 57.8 4 0 .4 94.1

3
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t r i t u r a t e d  w i th  80  p e r c e n t  e t h a n o l  i n  a  H a m ilto n  B each  b l e n d e r  (M odel 6 ) 

an d  t h e  f r e e  am ino  a c i d s  e x t r a c t e d  an d  d e te r m in e d  a s  d e s c r i b e d  e a r l i e r .

A c h ro m a to g ra p h  o f  t h e  d i s t r i b u t i o n  o f  i n d i v i d u a l  am ino  a c i d s  fro m  

t h e  C h in o o k  g r a s s  i s  show n i n  F ig u r e  15« Q u a n t i t a t i v e  r e s u l t s ,  b a s e d  

o n  t h r e e  s e p a r a t e  a n a l y s e s , a r e  p r e s e n t e d  i n  T a b le  X. S e v e n te e n  am ino 

a c i d s  w e re  i d e n t i f i e d  fro m  t h e  g r a s s  an d  tw o unknow n s p o t s  a p p e a r e d .  ,
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1 .  M ethyl e th y l  k e to n e -p ro p io n ic  a c id -w a ter  ( h : 3 : 2  v /v )  

160 min / 1 7 .5  cm

5-A la

2 . P henol-w ater (75 :2 5  w/w)

275 min /1 7 .5  cm

F ig u re  1 5 . T w o-d im ensional s e p a r a t io n  o f  17 f r e e  amino a c id s  and two unknown
compounds e x t r a c te d  from a  sam ple  o f  A gropyron s m i th i i  g r a s s .
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TABLB X

F r e e  Amino A c id  C o n te n t  o f  A g ro p y ro n  s m i t h l i

Amino a c i d s

_3
A v e ra g e  m ic ro m o le s  x 10' , 

p e r  10 mg
A la n in e 3 .9 2

A la n in e T r
A r g in in e T r
A s p a r t i c  a c i d T r
G lu ta m ic  a c i d 4 .1 3
G lu ta m in e 3 -8 1
H i s t i d i n e 2 .7 2
I s o l e u c i n e 0 .61
L e u c in e 1 . 4 l  •
•L y sin e T r
P h e n y l a l a n i n e 2 .1 4
P r o l i n e 4 .7 8
S e r i n e 4 .7 8  '
T h re o n in e T r  '
T y r o s in e 1 .8 9
V a l in e 2 .0 3
GABA*' ?
(Unknown) ?

*GABA=gamma am in o - n - b u t y r i c  a c i d



DISCUSSION AND CONCLUSIONS

F o u r te e n  f r e e  am ino  a c i d s  w e re  fo u n d  i n  e a c h  sa m p le  o f  A . e l l i o t t i  

e g g s  fro m  t h e  C h in o o k , S im m s, a n d  Tow nsend p o p u l a t i o n s  a n d  i n  th e  g r e e n ­

h o u s e  p o p u l a t i o n s  o f  f i v e  a p d  15 p a i r s  o f  a d u l t s  p e r  c a g e ,  h e n c e f o r th  

r e f e r r e d  to  a s  0H-5- a n d  GH>15, r e s p e c t i v e l y .  T h e se  l 4  a c id s " w e r e  a l l  

p r e s e n t  i n  t h e  p r e d i a p a u s e ,  d i a p a u s e ,  a n d  p o s t d i a p a u s e  d e v e lo p m e n ta l  s t a g e s ,  

an d  i n c l u d e  a l a n i n e ,  a r g i n i n e ,  a s p a r t i c  a c i d ,  g lu ta m ic  a c i d ,  g lu ta m in e ,  

g l y c i n e ,  h i s t i d i n e ,  i s o l e u c i n e ,  l e u c i n e ,  p r o l i n e ,  s e r i n e ,  t h r e o n i n e ,  

t y r o s i n e ,  a n d  v a l i n e  (F ig u rO g  5 ,  4 ,  5 ;  T a b le s  I I I ,  IV , V ) . Two a d d i t i o n a l  

am ino  a c i d s ,  l y s i n e  an d  p h e n y l a l a n in e , w e re  p r e s e n t  i n  p r e d ia p a u s e  and  

d ia p a u s e  s t a g e s  o f  a l l  eg g  s a m p le s  b u t  w e re  n o t  fo u n d  i n  t h e  p o s t d i a p a u s e  

s t a g e  i n  a n y  s a m p le .  A s p a r a g in e  a p p e a r e d  i n  t h e  d ia p a u s e  s t a g e  i n  e g g s  

o f  a l l  p o p u l a t i o n s  e x c e p t  ^ h o s e  o f  T o w n sen d . T h o se  fro m  t h i s  a r e a  o n ly  

c o n t a i n e d  b e t a - a l a n i n e  i n  t h e  d ia p a u s e  s t a g e . T ry p to p h a n  w as fo u n d  i n  

d ia p a u s e  e g g s  fro m  t h e  Tow nsend a n d  GH-15 g ro u p s  a n d  i n  p o s t d i a p a u s e  e g g s  

fro m  a l l  p o p u l a t i o n s .

T h e se  r e s u l t s  a r e  i n  g e n e r a l  a g re e m e n t  w i th  t h o s e  o f  o t h e r  w o r k e r s .  

A u c l a i r  a n d  D u b r e u i l  (1 9 5 1 ) fo u n d  t h e  sam e f r e e  am ino a c i d s  p l u s  p h e n y l ­

a l a n i n e  i n  t h e  l a s t  l a r v a l  i n s t a r  o f  G a l l e r i a  m e l l o n e l l a . M icks a n d  E l l i s  

(1 9 5 2 ) i s o l a t e d  a n d  i d e n t i f i e d  18 f r e e  am ino  a c id s  i n  d i f f e r e n t  d e v e lo p ­

m e n ta l  s t a g e s  o f  A edes a e g y p t i  a n d  C u le x  q u i n 'q u e f a s c i a t u s .  Two o f  t h e s e  

am ino a c i d s ,  t a u r i n e  an d  m e th io n in e ,  w e re  n o t  ftiu n d  i n  A . e l l i o t t i  e g g s ;  

h o w e v e r ,  a s p a r a g i n e ,  g l u t a m in e , an d  p h e n y l a l a n i n e ,  n o t  fo u n d  by  M icks an d  

E l l i s ,  w e re  p r e s e n t  i n  A .  e l l i o t t i  e g g s .  E ggs o f  t h e  g r a s s h o p p e r ,



C h o r to p h a s a  v i r i d i f a s e i a t a , w e re  fo u n d  t o  c o n t a i n  15 f r e e  aminm a c i d s  

(S haw , 1 9 5 5 ) n o t  i n c l u d i n g  a l a n i n e ,  g l u t a m in e ,  h i s t i d i n e ,  l y s i n e *  an d  

v a l i n e  w h ic h  w e re  i d e n t i f i e d  i n  e g g s  o f  A . e l l i o t t i .  Colombo a t  a l . ,

(1 9 6 2 )  e x t r a c t e d  20  f r e e  am ino  a c i d s  fro m  e g g s  o f  t h e  l o c u s t ,  S c h i s t o c e r c a  

g 'r e g a r i a , b u t  d id  n o t  r e p o r t  f i n d i n g  a n y  a s p a r a g i n e .

No s u l f u r  c o n t a i n i n g  am ino a c i d s  w e re  fo u n d  i n  a n y  o f  t h e  A . e l l i o t t i ,  

e g g  s a m p le s  a l t h o u g h  t e s t  c h ro m a to g ra p h s  o f  s t a n d a r d  am ino  a c i d s  ( F ig u r e s  

1 , 2 )  . i n c l u d e d c y s t e i c  a c i d ,  m e t h i o n in e ,, a n d  m e th io n in e  s u l f o n e .  C y s te i c  

a c i d  a n d  m e th io n in e  s u l f o x i d e  w e re  fo u n d  i n  GL m e l l o n e l l a  (Aucl a i r  and  

D u b r e u i i , 1 9 5 1 ) ,  m e th io n in e  w as fo u n d  i n  A. a e g y p t i  an d  j0 . q u i n q u e f a s c i a t u s  

(M ick s  a n d  E l l i s ,  1 9 5 2 ) a n d  c y s t e i n e ,  c y s t i n e ,  an d  m e th io n in e  w e re  i d e n t i ­

f i e d  i n  EL g r e g a r i a  e g g s  (Colom bo e t  a l . , 1 9 6 2 ) .  A c c o rd in g  t o  Chen ( 1 9 6 2 ) ,  

o u t  o f  a  t o t a l  o f  2 0  d i f f e r e n t  s p e c i e s  o f  i n s e c t s  e x a m in e d , c y s t e i n e  was 

i s o l a t e d  a n d  i d e n t i f i e d  fro m  two s p e c i e s ,  c y s t i n e  fro m  n i n e  s p e c i e s ,  

m e th io n in e  fro m  16 s p e c i e s ,  a n d  m e th io n in e  s u l f o x i d e  fro m  tw o s p e c i e s .

C y s te in e  c a n  b e  o x i d i z e d  to  c y s t i n e  a n d  c y s t e i c  a c i d ,  a n d  m e th io n in e  

c a n  b e  o x i d i z e d  to  m e th io n in e  s u l f o x i d e  a n d  m e th io n in e  s u l f o n e  i n  t h e  

p r e s e n c e  o f  p h e n o l  v a p o r s  ( A r o n o f f ,  1 9 5 6 ; S haw , 1 9 5 5 )•  S in c e  p h e n o l  was 

u s e d  a s  a  s o l v e n t  i n  t h e  c h r o m a to g ra p h ic  s e p a r a t i o n s ,  c y s t e i c  a c i d  and  

m e th io n in e  s u l f o n e  w e re  i n c l u d e d  i n  t h e  i n i t i a l  t e s t  s e p a r a t i o n s  o f  s t a n d a r d  

am ino  a c i d s .  A d d i t i o n a l  t e s t s  a l s o  w e re  r u n  t o  e s t a b l i s h  v a lu e s  f o r  

c y s t e i n e ,  c y s t i n e , ,  a n d  m e th io n in e  s u l f o x i d e  i n  t h e  d i f f e r e n t  s o l v e n t s  u s e d .  

T he Rj, v a l u e s  ‘o f  t h e  unknow ns i n  T a b le s  I I I ,  I V , ■ and" V d i d  n o t  c o n fo rm  t o

- 4 3 -



- 4 4 -

t h o s e  o f  c y s t e i n e ,  c y s t i n e , o r  m e th io n in e  s u l f o x i d e .

The q u a n t i t a t i v e  r e s u l t s  ( T a b le s  I I I ,  IV , V; F ig u r e s  6 ,  7 ,  8 ,  9 ,  1 0 ) 

show  t h a t  t h e r e  w e re  d i f f e r e n c e s  i n  b o th  t h e  i n d i v i d u a l  a n d  t o t a l  f r e e  

am ino a c i d  c o n t e n t  b e tw e e n  e g g s  fro m  d i f f e r e n t  p o p u l a t i o n s  a n a ly z e d  a t  

t h e  sam e s t a g e  o f  d e v e lo p m e n t.  T h e se  d i f f e r e n c e s  w e re  m o s t n o t i c e a b l e  i n  

t h e  p r e d i a p a u s e  s t a g e  (T a b le  I I I ) .  The t o t a l  f r e e  am ino a c i d  c o n t e n t  o f  

e g g s  i n  t h i s  s t a g e  was h i g h e s t  i n  t h o s e  fro m  GH-5 an d  G H -15, som ew hat 

lo w e r  i n  Simms e g g s ,  a n d  lo w e s t  i n  t h o s e  fro m  C h in o o k  a n d  T ow nsend .

The d i f f e r e n c e s  i n  t o t a l  f r e e  am ino  a c i d  c o n t e n t  b e tw e e n  e g g s  i n  t h e  . 

d i a p a u s e  s t a g e  fro m  d i f f e r e n t  p o p u l a t i o n s  (T a b le  IV ) w e re  n o t  a s  g r e a t  

a s  t h e y  w e re  i n  t h e  p r e d ia p a u s e  s t a g e .  I n  t h e  d ia p a u s e  s t a g e  Simms e g g s  

c o n t a i n e d  t h e  l o w e s t  t o t a l  a c i d s  an d  GEH-5 e g g s  • c o n ta in e d  t h e  h i g h e s t  w h i l e  

c o n c e n t r a t i o n s  i n  t h e  C h in o o k , G H -15, a n d  Tow nsend e g g s  w e re  i n t e r m e d i a t e  

b e tw e e n  t h e  h i g h  a n d  lo w  v a l u e s .

The t o t a l  f r e e  am ino a c i d  c o n t e n t  i n  e g g s  from  v a r i o u s  p o p u l a t i o n s  

v a r i e d  t h e  l e a s t  i n  t h e  p o s t d i a p a u s e  s t a g e  (T a b le  V ) . T he a c i d  c o n te n t  

w as h i g h e s t  i n  GH-5 e g g s  a t  t h i s  s t a g e  an d  lo w e s t  i n  T ow nsend eg g s  w h i le  

t h o s e  o f  G H -15, C h in o o k , an d  Simms c o n t a i n e d  i n t e r m e d i a t e  a m o u n ts 6

The q u a n t i t a t i v e  v a l u e s  i n  T a b le s  I I I ,  IV , an d  V w e re  a n a ly z e d  

s t a t i s t i c a l l y  u s i n g  t h e  F - T e s t  t o  d e te r m in e  t h e  v a r i a n c e  i n  t h e  f r e e  

am ino a c i d  c o n t e n t  o f  e g g s  fro m  t h e  v a r i o u s  p o p u l a t i o n s  a t  t h e i r  d i f f e r e n t  

d e v e lo p m e n ta l  s t a g e s .  T h is  F  v a lu e  w as 6 .8 4 3  f o r  p r e d i a p a u s e  eg g s  ( s i g ­

n i f i c a n t  a t  t h e  99»5  p e r c e n t  l e v e l ) ,  2 .1 1 3  f o r  d ia p a u s e  e g g s  ( s i g n i f i c a n t



a t  t h e  90  p e r c e n t  l e v e l ) , an d  I »919 f o r  p o s t d i a p a u s e  e g g s  (no  s i g n i f i c a n c e ) .  

The d a t a  i n  T a b le  I  show  t h a t  e g g s  fro m  t h e  w i ld  p o p u l a t i o n s  an d  th o s e  

fro m  t h e  g re e n h o u s e  w e re  i n  d i f f e r e n t  s t a g e s  o f  e m b ry o n ic  a d v a n c e m e n t 

a c c o r d in g  to  t h e  n u m e r i c a l  s t a g i n g  c r i t e r i a  d e v e lo p e d  by  Van H orn  (1 9 6 3 ) 

f o r  _A» e l l i o t t i  e m b ry o s . The d i f f e r e n c e s  b e tw e e n  p o p u l a t i o n s  i n  t o t a l  

f r e e  am ino a c i d  c o n t e n t  o f  p r e d ia p a u s e  e g g s  t h e r e f o r e  may h a v e  b e e n  th e  

r e s u l t  o f  v a r i a t i o n s  i n  d e v e lo p m e n ta l  a g e  b e tw e e n  th e  p o p u l a t i o n s .  No 

c o r r e l a t i o n s  b e tw e e n  t h e  f r e e  am ino a c i d  c o n t e n t  an d  t h e  w e ig h t  o f  e a c h  

s a m p le  w as e v i d e n t  fro m  t h i s  s t u d y  (T a b le  I I ) .

The d i a p a u s e  e g g  s a m p le s  fro m  t h e  f i v e  p o p u l a t i o n s  w e re  s i g n i f i c a n t l y  

d i f f e r e n t  ( a t  t h e  9 0 #  l e v e l )  fro m  o n e  a n o t h e r  i n  t o t a l  f r e e  am ino a c id  

c o n c e n t r a t i o n .  The tw o e x p e r im e n ta l  g r o u p s , GH-5 an d  GH-1 5 ,  w e re  

c o l l e c t e d  a s  nym phs fro m  t h e  sam e w i ld  p o p u l a t i o n  an d  w e re  r e a r e d  u n d e r  

i d e n t i c a l  c o n d i t i o n s  i n  t h e  g re e n h o u s e  w i th  th e  e x c e p t io n  o f  p o p u l a t i o n  

d e n s i t y .  H ie  h i s to g r a m s  *( F ig u r e s  6 -1 0 )  show  t h a t ,  i n  d i a p a u s e ,  th e  

p e r c e n t a g e  c o n c e n t r a t i o n  o f  e a c h  am ino a c i d  was s i m i l a r  f o r  a l l  s a m p le s  

w i th  t h e  e x c e p t i o n  o f  g l y c i n e  i n  t h o s e  fro m  t h e  GH-5 a n d  GH-15 p o p u l a t i o n s .  

B etw een  t h e s e  tw o s a m p le s  t h e  r a t i o s  o f  g l y c i n e  c o n t e n t  t o  t h e  t o t a l  

am ino a c i d  c o n t e n t  o f  e a c h  sa m p le  d i f f e r e d  b y  7 .4  p e r c e n t .  T h is  d i f f e r e n c e  

b e tw e e n  t h e  tw o g re e n h o u s e  p o p u l a t i o n s  c o u ld  h a v e  c o n t r i b u t e d  s i g n i f i c a n t l y  

t o  t h e  90%  c o r r e l a t i o n .  W h ile  t h e  w i ld  p o p u l a t i o n s  fro m  w h ic h  th e  e g g s  

w e re  c o l l e c t e d ,  d i f f e r e d  fro m  o n e  a n o t h e r  i n  p o p u l a t i o n  d e n s i t y ,  a d d i t i o n a l  

f a c t o r s  o t h e r  t h a n  t h i s  may h a v e  m asked  d i f f e r e n c e s  i n  f r e e  am ino a c id
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c o n t e n t  t h a t  m ig h t  o t h e r w i s e  h a v e  a p p e a r e d .  S u ch  f a c t o r s  a s  fo o d ,  

d e v e lo p m e n ta l  a g e ,  g e n e t i c  d i f f e r e n c e s , . e t c . , c o u ld  b e  r e s p o n s i b l e .

V ery  s i g n i f i c a n t  d i f f e r e n c e s  i n  f r e e  am ino  a c i d  c o m p o s i t io n  w e re  fo u n d  

b e tw e e n  n o rm a l a n d  m u ta n t  ( l e t h a l - m e a n d e r ) l a r v a e  o f  D. m e l a n o g a s te r ,

Ghen a n d  H a d o rn  (1 9 5 5 )«  T h ey  d i s c o v e r e d  t h a t  t h e  t o t a l  f r e e  am ino a c id  

c o n t e n t  o f  n o rm a l l a r v a e  w as two t o  t h r e e  h u n d re d  p e r c e n t  h i g h e r  t h a n  i n  

t h e  m u ta n t  l a r v a e  o f  t h e  sam e a g e .  No s u c h  d i f f e r e n c e s  w e re  fo u n d  b e tw e e n  

t h e  p o p u l a t i o n s  r e p o r t e d  i n  t h i s  s t u d y .

The d a t a  i n  F ig u r e  11  i l l u s t r a t e  t h e  c h a n g e  i n  t o t a l  f r e e  am ino a c i d  

c o n t e n t  o f  A. e l l i o t t i  e g g s  a s  d e v e lo p m e n t p r o c e e d s  fro m  p r e d ia p a u s e  t o  

p o s t d i a p a u s e .  I t  w i l l  b e  p o t e d  t h a t  a  d e c r e a s e  i n  t o t a l  c o n c e n t r a t i o n  o f  

t h e  a c i d s  o c c u r r e d  fro m  S ta g e  11  to  S ta g e  I ?  i n  p r e d ia p a u s e  e g g s .  

N o t i c e a b l e  d e c r e a s e s  i n  i n d i v i d u a l  am ino a c i d  c o n c e n t r a t i o n s .d u r i n g  t h i s  

s t a g e  o c c u r r e d  i n  a l a n i n e ,  g lu ta m ic  a c i d ,  g lu t a m in e ,  l e u c i n e ,  s e r i n e ,  

t h r e o n in e ,  an d  v a l i n e .  A lth o u g h  t h e s e  m e a su re m e n ts  w e re  m ade o n  sa m p le s  

fro m  d i f f e r e n t  p o p u l a t i o n s ,  t h e y  may i n d i c a t e  w h a t h a p p e n s  t o  t h e  f r e e  

am ino  a c i d  c o n t e n t  o f  e g g s  fro m  a  g iv e n  p o p u l a t i o n  d u r in g  p r e d ia p a u s e  

d e v e lo p m e n t.  The p o s s i b i l i t y  e x i s t s  t h a t  d u r in g  t h e  p r e d ia p a u s e  s t a g e  

f r e e  am ino a c i d s  a r e  u t i l i z e d  f o r  p r o t e i n  s y n t h e s i s  i n  em b ry o n ic  

h i s t o g e n e s i s  f a s t e r  t h a n  t h e y  c a n  b e  r e p l a c e d  b y  e i t h e r  y o l k  p r o t e i n  

h y d r o l y s i s  o r  b y  em b ry o n ic  s y n t h e s i s .  Ghen (1 9 6 2 ) s t a t e d  t h a t ,  d u r in g  

t h e  e m b ry o g e n e s is  o f  i n s e c t s ,  p r o t e i n  m e ta b o l is m  i s  e s p e c i a l l y  i n t e n s i v e  

a n d  i n v o l v e s  m a in ly  t h e  b reak d o w n  o f  y o lk  m a t e r i a l s  w i th  c o n v e r s io n  o f



r

t h e  p r o d u c t s  i n t o  new o r g a n - s p e c i f i c  p r o t e i n s .  S h u lo v  (1957)" d e m o n s t r a te d  

t h a t  p r o t e o l y t i c  e n z y m a tic  a c t i v i t y  o c c u r r e d  i n  t h e  y o lk  i n  v a r io u s  em b ry o n ic  

s t a g e s  o f  t h e  e g g s  o f  L o c u s ta  m i g r a t e r i a .

A s t r i k i n g  i n c r e a s e  i n  t o t a l  f r e e  am ino  a c i d  c o n c e n t r a t i o n  from  t h e  

p r e d ia p a u s e  t o  d i a p a u s e  p e r i o d s  w as n o te d  i n  a l l  eg g  s a m p le s  ( F ig u r e  1 1 ) .

T he a c i d s  t h a t  i n c r e a s e d  t h e  m o st i n  c o n c e n t r a t i o n  i n  a l l  s a m p le s  d u r in g  

t h i s  p e r i o d  w e re  a s p a r t i c  a c i d ,  g lu ta m ic  a c i d ,  h i s t i d i n e ,  p r o l i n e ,  and  

s e r i n e  ( T a b le s  I I I ,  I V ) .  W h ile  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  g lu ta m ic  

a c i d  i n c r e a s e d  i n  a l l  e g g  s a m p le s  fro m  t h e  p r e d ia p a u s e  t o  t h e  d ia p a u s e  

s t a g e ,  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  g lu ta m in e  d e c r e a s e d .  C ro n e -G lo o r  

(1 9 5 9 )  n o t i c e d  t h a t ,  d u r i n g  t h e  em b ry o n ic  d e v e lo p m e n t o f  D. m e la n o g a s te r , 

t h e  c o n c e n t r a t i o n  o f  g lu ta m in e  was i n v e r s e l y  p r o p o r t i o n a l  t o  t h a t  o f  

g lu ta m ic  a c i d .  Colombo e t  a l .  * (1 9 6 2 ) r e p o r t e d  t h a t  i n  e g g s  o f  Si= g r e g a r i a  

t h e  g lu ta m ic  a c i d  c o n t e n t  d ro p p e d  a t  t h e  en d  o f  e m b ry o n ic  d e v e lo p m e n t■ 

w h i le  t h e  g lu ta m in e  c o n t e n t  i n c r e a s e d .

The h i g h  c o n c e n t r a t i o n s  o f  t h e  t o t a l  f r e e  am ino a c i d s  i n  e g g s  from  

a l l  p o p u l a t i o n s  i n  t h e  d i a p a u s e  s t a g e  may b e  r e l a t e d  t o  a  d e c r e a s e  i n  

em b ry o n ic  i n c o r p o r a t i o n  o f  p p o t e i n  d u r i n g  t h i s  p e r i o d .  Van H orn  (1 9 6 3 ) 

s t a t e d  t h a t  t h e  d i a p a u s e  p e r i o d  o f  A. e l l i o t t i  u s u a l l y  b e g in s  when 

i n d i v i d u a l s  r e a c h  S ta g e  19 a t  w h ich  t im e  m o st em bryos e n t e r  a  p e r io d  o f  

r e t a r d e d  d e v e lo p m e n t.  W h ile  a  d e c r e a s e  i n  m o rp h o lo g ic a l  d e v e lo p m e n t 

d u r i n g  d ia p a u s e  w o u ld  b e  a s s o c i a t e d  w i th  a  d e c r e a s e  i n  a n  em b ry o n ic  

p r o t e i n  s y n t h e s i s ,  t h e  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  t o  y i e l d  f r e e
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am ino a c i d s  may s t i l l  c o n t i n u e  t h u s  r e s u l t i n g  i n  an  a c c u m u la t io n  o f  

t h e s e  com pounds b y  t h e  en d  o f  t h e  d i a p a u s e .  The c h ro m a to g ra p h s  i n  F ig u r e s  

12  an d  13 show  t h a t  t h e  C h in o o k  eg g  s a m p le ,  i n  d i a p a u s e ,  c o n ta in e d  a  

g r e a t e r  c o n c e n t r a t i o n  o f  f r e e  am ino a c i d s  i n  t h e  y o lk  t h a n  i n  t h e  em b ry o . 

T h a t  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  t o t a l  f r e e  am ino a c i d s  i n  a l l  eg g  

s a m p le s  i n  t h e  d i a p a u s e  s t a g e  w as d u e  t o  a  c o n t i n u a t i o n  o f  y o l k  d e g r a d a t i o n  

w as i n d i c a t e d  a l s o  b y  t h e  d e c r e a s e  i n  t o t a l  r a d i o a c t i v i t y  o f  f r e e  am ino 

a c i d s  fro m  t h e  p r e d i a p a u s e  t o  t h e  d i a p a u s e  s t a g e  ( F ig u r e  l 4 ;  T a b le  V I I ,  

V I I I ) .  T h is  d e c l i n e  i n  t o t a l  r a d i o a c t i v i t y  i n d i c a t e s  t h a t  t h e  a b i l i t y  

o f  t h e  em b ry o s t o  u t i l i z e  a c e t a t e  a s  a  p r e c u r s o r  f o r  t h e  s y n t h e s i s  o f  

f r e e  am ino a c i d s  i s  d e c r e a s e d  fro m  t h e  p r e d ia p a u s e  t o  t h e  d ia p a u s e  s t a g e .

When d i a p a u s e  i s  b r o k e n ,  d e v e lo p m e n t i s  re s u m e d . I t  s h o u ld  b e  n o t e d  

t h a t  t h e  t o t a l  r a d i o a c t i v i t y  o f  f r e e  am ino a c i d s  d id  n o t  i n c r e a s e  fro m  

t h e  d ia p a u s e  t o  p o s t d i a p a u s e  s t a g e  b u t  re m a in e d  a t  a p p r o x im a te ly  t h e  

sam e l e v e l .  T hus i t  w o u ld - seem  t h a t  t h e  a c c u m u la t io n  o f  f r e e  am ino a c i d s  

d u r in g  d ia p a u s e  w as s u f f i c i e n t  t o  p r o v id e  t h e  em bryos w i th  t h e  n e c e s s a r y  

am ino a c i d  b u i l d i n g  b lo c k s  f o r  p o s t d i a p a u s e  p r o t e i n  s y n t h e s i s  an d  h i s t o ­

g e n e s i s  w i th o u t  an  i n c r e a s e  i n  e m b ry o n ic  am ino  a c id  s y n t h e s i s  d u r in g  t h e  

p o s t d i a p a u s e  s t a g e .

By S ta g e  25 o f  p o s t d i a p a u s e  d e v e lo p m e n t,  d o r s a l  c l o s u r e  o f  t h e  

em bryo i s  c o m p le te d ,  a n d  t h e r e  i s  no m ore e x t r a e m b ry o n ic  y o lk  (Van H o rn , 

1 9 6 3 ) .  S in c e  m o s t o f  t h e  p o s t d i a p a u s e  e g g  s a m p le s  w e re  a n a ly z e d  f o r  f r e e



am ino a c i d  c o n t e n t  a t  S ta g e  25 (T a b le  I ) ,  t h e  a n a ly s e s  r e f l e c t  th e  

em b ry o n ic  f r e e  am ino  a c i d  c o n t e n t  a n d  n o t  t h a t  o f  t h e  y o l k .  T h e r e f o r e ,  

i t  s h o u ld  b e  n o t e d  t h a t  t h e  c o n c e n t r a t i o n s  o f  f r e e  am ino  a c i d s  i n  a l l  

t h e  p o s t d i a p a u s e  e g g  s a m p le s  w e re  c o n s i d e r a b l y  lo w e r  t h a n  i n  t h e  

c o r r e s p o n d in g  s a m p le s  d u r i n g  d ia p a u s e  ( F ig u r e  1 1 ; T a b le s  IV , V ) .

G lu ta m ic  a c i d ,  g l y c i n e ,  i s o l e u c i n e ,  l y s i n e ,  p h e n y l a l a n i n e ,  a n d  , s e r in e  

show ed  t h e  g r e a t e s t  d e c r e a s e  i n  c o n c e n t r a t i o n  i n  t h e  p o s t d i a p a u s e  s a m p le s .  

The h i s to g r a m s  ( F i g u r e s  6 -1 0 )  i n d i c a t e  t h a t  t h e  c o n c e n t r a t i o n s  o f  i n d i v i d u a l  

am ino a c i d s  w e re  s i m i l a r  i n  .ihe v a r i o u s  p o s t d i a p a u s e  s a m p le s  e x c e p t  f o r  

s m a l l  d i f f e r e n c e s  i n  c o n c e n t r a t i o n  o f  g lu ta m ic  a c i d ,  p r o l i n e ,  t h r e o n i n e  

a n d  t r y p t o p h a n .

Colombo a l . , (1 9 6 2 )  p u b l i s h e d  d a t a  o n  c h a n g e s  i n  t h e  f r e e  am ino 

a c i d  c o m p o s i t io n  th r o u g h o u t  t h e  em b ry o n ic  d e v e lo p m e n t o f  n o n d ia p a u s in g  

e g g s  fro m  a  s i n g l e  p o p u l a t i o n  o f  S .  g r e g a r i a .  T hey  a n a ly z e d  l a b o r a t o r y  

r e a r e d  S .  g r e g a r i a  e g g s  a t  e i g h t  d i f f e r e n t  d e v e lo p m e n ta l  s t a g e s  r a n g in g  

fro m  t h e  t im e  t h e  e g g s  w e re  i n  t h e  o v i d u c t s  t o  t h e  t im e  th e y  w ere  r e a d y  ' 

to . h a t c h .  I f  t h e  d e v e lo p m e n t o f  t h e  e x t e r n a l  m o rp h o lo g y  i s  t h e  sam e i n

em b ry o s o f f ! ,  g r e g a r i a  an d  _A» e l l i o t t i , p e r h a p s  t h e  f r e e  -am ino a c id
y

c o n t e n t  o f  e g g s  o f  t h e  l a t t e r ,  c a n  b e  co m p ared  w i th  t h a t  o f  S» g r e g a r i a  

e g g s  a t  s i m i l a r  m o r p h o lo g ic a l  s t a g e s .

Colombo an d  h i s  c o - w o rk e r s  d e te r m in e d  t h a t  t h e  t o t a l  f r e e  am ino 

a c i d  c o n c e n t r a t i o n  o f  t h e  n o n d ia p a u s in g  w h o le  e g g s  o f  S_. g r e g a r i a  was 

5 3 .Q 1  m ic ro m o le s  x  10 ^  p e r  e g g  a f t e r  o n e  d ay  o f  i n c u b a t i o n  (S ta g e  I ) ,
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7 4 .4 8  m ic ro m o le s  x  1 0  ^  p e r  e g g  a f t e r  tw o d a y s  o f  i n c u b a t i o n  ( S ta g e  5 ,  6 ) , .  

1 5 7 0 .2 0  m ic ro m o le s  x  10  ^  p e r  eg g  a f t e r  t h r e e  d a y s  o f  i n c u b a t i o n  ( S ta g e  

8 ,  9 )»  1 5 3 6 .0  m ic ro m o le s  x  10  ^  p e r  e g g  a f t e r  s i x  d a y s  o f  i n c u b a t i o n  ( S ta g e  

1 6 , 17)5  1 9 5 9 .4 2  m ic ro m o le s  x  10  ^  p e r  eg g  a f t e r  n i n e  d a y s  o f  i n c u b a t i o n  

( S ta g e  2 0 ) ,  a n d  8 7 0 .2 3  m ic ro m o le s  x  10  ^  p e r  eg g  a f t e r  tw e lv e  d a y s  o f  

i n c u b a t i o n  ( S ta g e  2 3 ) .  The t o t a l  f r e e  am ino  a c i d  c o n t e n t  o f  w h o le  e g g s  

o f  j l .  e l l i o t t i  r a n g e d  fro m  2 3 3 .8 3  t o  4 4 7 .7 2  m ic ro m o le s  x  10 ^  p e r  eg g  i n  

t h e  p r e d ia p a u s e  p e r i o d  ( S ta g e  1 1 - 1 7 ) ,  fro m  4 8 1 .1 2  to  5 9 3 .9 5  m ic ro m o le s  

x  10  5  p e r  e g g  i n  t h e  d i a p a u s e  p e r i o d  ( S ta g e  1 8 ,  1 9 ) ,  a n d  fro m  287.86  t b  

4 1 1 .2 2  m ic ro m o le s  x  10  ^  p e r  e g g  i n  t h e  p o s t d i a p a u s e  p e r i o d  ( S ta g e  2 3 - 2 5 ) .  

T h is  c o m p a r is o n  sh o w s t h a t  t h e  t o t a l  f r e e  am ino a c i d  c o n t e n t  i n  b o th  A. 

e l l i o t t i  an d  8 .  g r e g a r i a  e g g s  fo l lo w e d  a p p r o x im a te ly  t h e  sam e t r e n d  

d u r in g  em b ry o n ic  d e v e lo p m e n t e v e n  th o u g h  o n e  i s  a  d i a p a u s e  s p e c i e s ,  w h i l e  

t h e  o t h e r  i s  n o t .  C o m p a ra t iv e ly  s p e a k in g ,  t h e  f r e e  am ino a c i d  c o n c e n t r a ­

t i o n  w as lo w  i n  e a r l y  d e v e lo p m e n t , i n c r e a s e d  i n  l a t e r  e m b ry o n ic  s t a g e s  

an d  t h e n  d e c r e a s e d  j u s t  b e f o r e  e m b ry o n ic  d e v e lo p m e n t w as c o m p le te .

■ The sam e t r e n d  i n  f r e e  am ino a c i d  c o n c e n t r a t i o n  d u r i n g  d e v e lo p m e n t 

w as d e s c r i b e d  i n  D. m e la n o g a s te r  b y  C hen a n d  H ad o rn  (1 9 5 5 )»  H ad o rn  an d  

S tu m m -Z o l l in g e r  ( 1 9 5 3 ) ,  a n d  S tu m m -Z o ll in g e r  ( 1 9 5 4 ) .  D e v ia t i o n s  from  t h i s  

p a t t e r n  w e re  n o t e d  i n  p o p u l a t i o n s  o f  c e r t a i n  l e t h a l  m u ta n ts  o f  t h i s  s p e c i e s .  

F o r  e x a m p le , H a d o rn  an d  S tu m m -Z o ll in g e r  (1 9 5 3 )  d e te r m in e d  t h a t  i n  t h e  

b lo o d  o f  n o rm a l I). m e la n o g a s te r  l a r v a e  t h e  c o n c e n t r a t i o n  o f  am ino a c i d s  

d e c r e a s e d  a s  t h e  a n im a l  a p p ro a c h e d  m e ta m o rp h o s is 5 w h i l e  i n  t h e  b lo o d  o f

- 5 0 -



t h e  l e t h a l - t r a n s l u e i d a  m u ta n t ,  t h e  c o n c e n t r a t i o n s  o f  t h e s e  com pounds d id  

n o t  d e c r e a s e  b u t  re m a in e d  a t  t h e  sam e l e v e l  t h a t  was r e a c h e d  i n  e a r l i e r  

d e v e lo p m e n t.  E ven  th o u g h  t h e  d i f f e r e n c e  b e tw e e n  t h e  tw o p o p u l a t i o n s  w as 

t h e  r e s u l t  o f  a  g e n e t i c  m u ta t io n  an d  w as n o t  d u e  t o  an  e f f e c t  o f  p o p u l a t i o n  

d e n s i t y  s t r e s s ,  t h i s  i l l u s t r a t e s  t h e  p o s s i b l e  d i f f e r e n c e s  i n  f r e e  am ino 

a c i d  c o n t e n t  t h a t  c a n  e x i s t  b e tw e e n  tw o p o p u l a t i o n s  o f  t h e  sam e s p e c i e s .

A l l  eg g  s a m p le s  o f  A. e l l i o t t i  f ro m  t h e  p r e d ia p a u s e  t h r o u g h  th e  

p o s t d i a p a u s e  s t a g e  c o n t a i n e d  h ig h  c o n c e n t r a t i o n s  o f  a s p a r t i c  a c i d ,  

g lu ta m ic  a c i d ,  p r o l i n e ,  a n d  S e r i n e  ( T a b le s  I I I ,  IV , V ) . D u r in g  t h i s  

sam e p e r i o d ,  h i s t i d i n e  i n c r e a s e d  w h i le  g l u t a m in e ,  i s o l e u c i n e ,  l e u c i n e ,  

l y s i n e , a n d  p h e n y l a l a n in e  d e c r e a s e d .  B y  c o m p a r is o n  t h e  e g g s  o f  S . 

g r e g a r i a , fro m  S ta g e s  8 t o  2 3 ,  w e re  n o t e d  t o  h a v e  h ig h  o r  i n c r e a s i n g  

c o n c e n t r a t i o n s  o f  a l a n i n e ,  b e t a - a l a n i n e , g l u t a m in e , s e r i n e ,  an d  t y r o s i n e  

w h i le  t h e  c o n c e n t r a t i o n s  o f  a r g i n i n e ,  a s p a r t i c  a c i d ,  g lu ta m ic  a c i d ,  an d  

l e u c i n e  d e c l i n e d  d u r in g  t h i s  p e r io d  (Colom bo a t  a l . , 1 9 6 2 ) .  M icks an d  

E l l i s  (1 9 5 2 ) fo u n d  l a r g e  am o u n ts  o f  a s p a r t i c  an d  g lu ta m ic  a c i d s  i n  eg g s  

o f  _A. a e g y p t i . C ro n e -G lo o r  (1 9 5 9 ) d i s c o v e r e d  t h a t  i n  e g g s  o f  D. meI a n o -  

g a s ' t e r  t h e  q u a n t i t i e s  o f  a s p a r t i c  an d  g lu ta m ic  a c i d s  f e l l  r a p i d l y  d u r in g  

e m b ry o n ic  d e v e lo p m e n t w h i le  t h e  c o n c e n t r a t i o n s  o f  a l a n i n e  a n d  g lu ta m in e  

show ed  a  d i s t i n c t  i n c r e a s e .  L av en  an d  Ghen (1 9 5 6 ) an d  Chen (1 9 5 8 ) r e p o r t e d  

t h a t  t h e  c o n t e n t  o f  p r o l i n e  was e s p e c i a l l y  h ig h  i n  t h e  b lo o d  o f  G. p i p i e n s  

l a r v a e . A lth o u g h  t r y p t o p h a n  i s  a  p r e c u r s o r  f o r  t h e  p h e n o x a z in e  p ig m e n ts  

i n  i n s e c t s  ( G ilm ou r ,  1 9 6 1 ) ,  t h e  q u a n t i t y  o f  f r e e  t r y p to p h a n  w as low  i n  ■ 

e g g s  o f  A« e l l i o t t i  ( T a b le s  IV , V, V I) a s  i t  w as i n  t h e  e g g s  o f  S .

- 5 1 -



X

™52—

g r e g a r i a  (Colom bo e t  a l , 1 9 6 2 ) an d  i n  t h e  hem olym ph o f  E p h e s t i a  k n h n i e l l a  

l a r v a e  (C hen  an d  K u h n 9. 1956 ) .

The eg g  s a m p le s  t o  w h ic h  r a d i o a c t i v e  a c e t a t e  w as a d d e d  i n c o r p o r a t e d

C"*"̂  i n t o  n i n e  f r e e  am ino a c i d s  i n  t h e  p r e d ia p a u s e  s t a g e  (T a b le  V I I )  „ e i g h t

i n  t h e  d i a p a u s e  s t a g e  (T a b le  V I I I ) , a n d  s e v e n  i n  t h e  p o s t d i a p a u s e  s t a g e

(T a b le  I X ) .  F o u r  r a d i o a c t i v e  f r e e  am ino  a c i d s ,  a l a n i n e ,  a s p a r t i c  a c i d ,

g lu ta m ic  a c i d ,  an d  g l u t a m in e , w e re  i s o l a t e d  fro m  a l l  s a m p le s  i n  a l l  s t a g e s .

I n  t h e  p r e d ia p a u s e  s t a g e  a l l  s a m p le s  a l s o  c o n t a i n e d  r a d i o a c t i v e  l y s i n e  a n d

p r o l i n e .  I n  a d d i t i o n  p r e d ia p a u s e  e g g s  fro m  GH-5 c o n t a i n e d  r a d i o a c t i v e

g l y c i n e ,  s e r i n e ,  a n d  t h r e o n i n e ,  t h o s e  fro m  GH-15 c o n ta in e d  r a d i o a c t i v e

t h r e o n i n e ,  a n d  t h o s e  fro m  Simms c o n ta in e d  r a d i o a c t i v e  s e r i n e .  The am ount

o f  i n c o r p o r a t e d  i n  t h e  f r e e  am ino a c i d s  was g r e a t e r  i n  t h e  p r e d ia p a u s e

th a n  i n  t h e  d i a p a u s e  s t a g e .  I n  t h e  l a t t e r  s t a g e  a l l  o f  t h e  e g g  sa m p le s  
14

i n c o r p o r a t e d  C i n t o  tw o a d d i t i o n a l  am ino a c i d s ,  g l y c i n e  an d  s e r i n e .  I n  

t h e  sam e s t a g e  r a d i o a c t i v e  a s p a r a g i n e  w as i s o l a t e d  fro m  C h in o o k  an d  Simms 

eg g  s a m p le s  w h i le  r a d i o a c t i v e  p r o l i n e  w as fo u n d  i n  a l l  s a m p le s  e x c e p t  t h o s e  

fro m  T o w n sen d . No q u a l i t a t i v e  d i f f e r e n c e s  w e re  fo u n d  i n  t h e  i n c o r p o r a t i o n  

o f  C ^  i n t o  f r e e  am ino  a c i d s  b e tw e e n  t h e  d i f f e r e n t  p o p u l a t i o n  sa m p le s  i n  

t h e  p o s t d i a p a u s e  s t a g e .  D u r in g  t h i s  s t a g e  r a d i o a c t i v i t y  w as fo u n d  i n  a l a n i n e ,  

a s p a r t i c  a c i d ,  g lu ta m ic  a c i d ,  g l u t a m in e , g l y c i n e ,  p r o l i n e ,  an d  s e r i n e .

The t o t a l  r a d i o  a c t i v i t y  o f  t h e  f r e e  am ino a c id s  i n  e a c h  sa m p le  d i f f e r e d

q u i t e  m a rk e d ly  i n  t h e  p r e d ia p a u s e  s t a g e  (T a b le  V I I ,  F ig u r e  1 4 )  w h i le  th e  

d i a p a u s e  an d  t h e  p o s t d i a p a u s e  eg g  s a m p le s  w e re  s i m i l a r  i n  t o t a l  r a d i o a c t i v i t y



( T a b le  V I I I ,  I X ) » (C om parison o f  F ig u r e s  11 a n d  1 4 show s t h a t  t h e  p a t t e r n  o f  

t o t a l  r a d i o a c t i v i t y  b e tw e e n  p r e d ia p a u s e  s a m p le s  p a r a l l e l s  c l o s e l y  t h e  p a t t e r n  

o f  t o t a l  f r e e  am ino a c i d  c o n t e n t  b e tw e e n  d i f f e r e n t  p o p u l a t i o n  s a m p le s ,  

w i th  t h e  e x c e p t io n  o f  t h e  GH-15 s a m p le .  The d i s c r e p a n c y  i n  t h i s  l a t t e r  

s a m p le  b e tw e e n  t o t a l  r a d i o a c t i v i t y  an d  t o t a l  c o n t e n t  o f  f r e e  am ino a c i d s  

may b e  due  to  t h e  m eth o d  u s e d  i n  i n t r o d u c i n g  t h e  r a d i o i s o t o p e  i n t o  t h e  e g g s .  

W ith  t h e  m e th o d  u s e d ,  t h e r e  w as no way o f  d e t e r m in in g  i f  e a c h  sa m p le  a b s o r b e d

l 4
t h e  sam e am oun t o f  a c e t a t e - G  . The d i f f e r e n c e s  i n  r a d i o a c t i v i t y  b e tw e e n  

p o p u l a t i o n s  i n  t h e  p r e d ia p a u s e  s a m p le s  ( F ig u r e  l 4 )  may b e  d u e  t o  t h e  

d i f f e r e n c e s  i n  d e v e lo p m e n ta l  a g e  b e tw e e n  t h e  e g g  s a m p le s  s i n c e  t h e  n u m e r ic a l  

s t a g e  o f  d e v e lo p m e n t w as n o t  i d e n t i c a l  i n  e a c h  o f  th em  ( T a b le  I ) . .

Some r e p o r t s  h a v e  a p p e a r e d  i n  t h e  l i t e r a t u r e  o n  t h e  i n c o r p o r a t i o n  o f  

r a d i o i s o t o p e s  i n t o  t h e  f r e e  am ino a c i d s  i n  i n s e c t s .  S c h a e f e r  (1 9 6 4 ) w o rk in g  

w i th  t h e  a d u l t  s a w f l y ,  M e o d ip r lo n  p r a t t i , fo u n d  t h a t  fro m  g lu c o se -T I-G "^  

w as i n c o r p o r a t e d  i n t o  a l a n i n e ,  g lu ta m ic  a c i d ,  g lu t a m in e ,  g l y c i n e ,  h i s t i d i n e ,  

p r o l i n e ,  a n d  s e r i n e .  S t r o n g  and  S akam oto  (1 9 6 3 ) d e m o n s t r a te d  t h e  u t i l i z a t i o n .
14

o f  C i n  s y n t h e s i z i n g  a l a n i n e ,  a s p a r t i c  a c i d ,  g lu ta m ic  a c i d ,  g l y c i n e ,

c y s t i n e ,  a n d  s e r i n e  i n  t h e  a p h id ,  M yzus p e r s i c a e . E a s t i n g  a n d  M cG inn is

( i 9 6 0 ,  1 9 6 2 ) an d  E a s t i n g  e t  a l . ,  ( 1 9 6 2 ) ,  i n  a  s e r i e s  o f  p a p e r s , d e m o n s t r a te d  

14
t h a t  C w as i n c o r p o r a t e d  i n t o  a l a n i n e ,  a s p a r t i c  a c i d ,  s e r i n e ,  an d  p r o l i n e

i n  l a r v a e  o f  P h o rm ia  r e g i n a , i n t o  a l a n i n e ,  a s p a r t i c  a c i d ,  c y s t e i c  a c i d ,

g lu ta m ic  a c i d ,  g l y c i n e ,  p r o l i n e ,  an d  s e r i n e  i n  G t e n i c e r a  d e s t r u c t o r .  The
14

g e n e r a l  p a t t e r n  o f  u t i l i z a t i o n  o f  C i n  s y n t h e s i z i n g  f r e e  am ino  a c id s  i s  

t h e  sam e b e tw e e n  e g g s  o f  A. e l l i o t t i  a n d  o t h e r  i n s e c t  s p e c i e s .
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S e v e n te e n  f r e e  am ino a c i d s  w e re  i s o l a t e d  an d  i d e n t i f i e d  from  s a m p le s  

o f  A. s m i t h i i ,  a  p r e f e r r e d  h o s t  p l a n t  o f  _A. e l l i o t t i , t a k e n  fro m  th e  C h in o o k  

e g g s  c o l l e c t i o n  s i t e  ( F ig u r e  15» T a b le  X ) . No s u l f u r  c o n t a i n i n g  am ino a c i d s  

w e re  fo u n d  i n  t h e  g r a s s  a l t h o u g h  two unknow ns w e re  p r e s e n t ,  t h e  E^1 v a l u e s  

o f  w h ic h  d id  n o t  m a tc h  t h o s e  o f  a n y  am ino a c i d  i n  t h e  s t a n d a r d s  u s e d  ( F i g u r e s  

I ,  2 ,  1 5 ) .  The l o c a t i o n  o f  o n e  o f  t h e s e  u n k n o w n s , h o w e v e r ,  c o r r e s p o n d e d  

w i th  t h e  l o c a t i o n  o f  a n  unknow n fro m  t h e  4 .  e l l i o t t i  e g g s  ( F ig u r e s  3» 1 5 ) .

T he s e v e n te e n  a c i d s  i d e n t i f i e d  fro m  A. s m i t h i i  i n c l u d e d  s i x t e e n  w h ich  w e re  

fo u n d  i n  t h e  e g g s  o f  A., e l l i o t t i  an d  g a n p a - a m in o -n -b u ty r i c  a c i d ,  w h ich  w as 

n o t  i n  t h e i r  e g g s .  A s p a r a g in e ,  g l y c i n e ,  a n d  t r y p to p h a n  w e re  n o t  fo u n d  i n  

_A. s m i t h i i  b u t  w e re  p r e s e n t  i n  t h e  g r a s s h o p p e r  e g g s .  T h e se  t h r e e  am ino 

a c i d s  p l u s  o t h e r s  s u c h  a s  t h e  s u l f u r  c o n t a i n i n g  o n e s  c o u ld  s t i l l  b e  p r e s e n t  

i n  t h e  g r a s s  i n  t h e  fo rm  o f  am ino a c i d  r e s i d u e s  w i t h i n  p r o t e i n s ,  and  t h u s  

b e  a v a i l a b l e  t o  t h e  a d u l t  g r a s s h o p p e r .

T h is  i n v e s t i g a t i o n  h a s  show n t h a t  t h e  f r e e  am ino a c i d  c o m p o s i t io n  o f  

A. e l l i o t t i  e g g s ,  c h a n g e d  q u a l i t a t i v e l y  an d  q u a n t i t a t i v e l y  a s  em b ry o n ic  

d e v e lo p m e n t p r o c e e d e d  fro m  t h e  p r e d ia p a u s e  th r o u g h  t h e  p o s t d i a p a u s e  s t a g e .

W h ile  t h e  f r e e  am ino  a c i d  c o n t e n t  d i f f e r e d  b e tw e e n  e g g s  fro m  v a r io u s  

p o p u l a t i o n s  d u r i n g  d e v e lo p m e n t , t h e s e  may b e  c o r r e l a t e d  w i th  d i f f e r e n c e s  

o t h e r  t h a n  t h e  d e n s i t y  o f  t h e  p o p u l a t i o n s  fro m  w h ich  t h e  e g g s  w ere  c o l l e c t e d .

I t  i s  o f  i n t e r e s t  t h a t  S v o b o d a  (1 9 6 4 ) fo u n d  t h a t  d i f f e r e n c e s  i n  f a t t y  a c i d  

c o n t e n t  b e tw e e n  A. e l l i o t t i  e g g s  fro m  d i f f e r e n t  p o p u l a t i o n s  d u r in g  th e  d i a p a u s e  

s t a g e  c o u ld  n o t  b e  c o r r e l a t e d  w i th  p o p u l a t i o n  d e n s i t y .  N e i t h e r  c o u ld  t h e
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a b i l i t y  o f  A. e l l i o t t i  e g g s  t o  i n c o r p o r a t e  a c e t a t e - C 1 ^  b e  c o r r e l a t e d  w i th  

p o p u l a t i o n  d e n s i t y  d i f f e r e n c e s .



SUMMARY

T he f r e e  am ino  a c i d  c o m p o s i t io n  o f  A. e l l i o t t i  e g g s  fro m  t h r e e  w i ld  

p o p u l a t i o n s  a n d  tw o g r e e n h o u s e - r e a r e d  g ro u p s  w as d e te r m in e d  q u a n t i t a t i v e l y  

i n  t h e  p r e d i a p a u s e , d i a p a u s e ,  an d  p o s t d i a p a u s e  p e r io d s  o f  d e v e lo p m e n t .

T he f r e e  am ino a c i d s  w e re  e x t r a c t e d  fro m  e a c h  sa m p le  o f  e g g s  by  t r i t u r a t i o n ,  

c e n t r i f u g a t i o n ,  an d  co lu m n  c h r o m a to g ra p h y . A tw o - d im e n s io n a l  t h i n - l a y e r  

c h r o m a to g ra p h ic  s y s te m  w as d e v e lo p e d  t o  i s o l a t e  and  i d e n t i f y  t h e  i n d i v i d u a l  

f r e e  am ino a c i d s  fro m  t h e  co lum n  e l u a t e .  The q u a n t i t i e s  o f  f r e e  am ino a c i d s  

p r e s e n t  i n  e a c h  s a m p le  w e re  d e te r m in e d  c o l o r i m e t r i c a l l y .

A t o t a l  o f  19 f r e e  am ino a c i d s  w e re  i d e n t i f i e d  fro m  A., e l l i o t t i  e g g s  

d u r in g  e m b ry o n ic  d e v e lo p m e n t.  F o u r te e n  o f  t h e s e  a c i d s  w e re  p r e s e n t  i n  

e a c h  p o p u l a t i o n  e g g  s a m p le  th r o u g h o u t  d e v e lo p m e n t . F iv e  a d d i t i o n a l  a c i d s  

a n d  t h r e e  unknow n com pounds w e re  fo u n d  i n  som e o f  t h e  e g g  s a m p le s .  The 

f r e e  am ino a c i d  c o n t e n t  o f  e a c h  eg g  sa m p le  w as fo u n d  t o  i n c r e a s e  from  t h e  

p r e d ia p a u s e  t o  t h e  d ia p a u s e  p e r io d  an d  t h e n  to  d e c l i n e  d u r i n g  p o s t d i a p a u s e  

d e v e lo p m e n t.  The i n c r e a s e  i n  f r e e  am ino  a c i d s  d u r in g  t h e  d ia p a u s e  p e r i o d  

w as s u g g e s t e d  to  b e  t h e  r e s u l t  o f  y o lk  p r o t e i n  h y d r o l y s i s  c o n t i n u i n g  d u r i n g  

d ia p a u s e  w h i le  em b ry o n ic  p r o t e i n  s y n t h e s i s  d e c r e a s e s  d u r i n g  t h i s  s t a g e .

The a b i l i t y  o f  A. e l l i o t t i  e g g s  t o  s y n t h e s i z e  f r e e  am ino  a c id s  fro m  

r a d i o a c t i v e  a c e t a t e  a l s o  w as i n v e s t i g a t e d .  R a d io a c t iv e  a c e t a t e  was 

i n c o r p o r a t e d  i n t o  s e p a r a t e  s a m p le s  o f  e g g s  fro m  t h e  f i v e  p o p u l a t i o n s  d u r i n g  

t h e  t h r e e  p e r i o d s  o f  em b ry o n ic  d e v e lo p m e n t.  A t o t a l  o f  n i n e  a c id s  w e re  

fo u n d  t o  c o n t a i n  r a d i o a c t i v i t y .  F o u r  f r e e  am ino a c i d s  w e re  s y n t h e s i z e d  i n  

v iv o  i n - e a c h  sa m p le  o f  e g g s  d u r in g  a l l  d e v e lo p m e n ta l  p e r i o d s .  F iv e
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a d d i t i o n a l  o n e s  w ere  s y n th e s iz e d  i n  v iv o  o n ly  i n  s p e c i f i c  s t a g e s  o f  d e v e lo p ­

m en t. The t o t a l  r a d i o a c t i v i t y  m easu red  i n  each  sam p le  was found  to  d e c re a s e  

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 g e .  A s l i g h t  i n c r e a s e  i n  t o t a l  

r a d i o a c t i v i t y  o f  e a ch  sam p le  was re c o rd e d  from  th e  d ia p a u s e  to  th e  p o s t ­

d ia p a u s e  p e r i o d s .  The d e c re a s e  i n  r a d i o a c t i v i t y  i n  a l l  sa m p le s  d u r in g  

th e  d ia p a u s e  q ta g e  was c o n s id e r e d  to  i n d i c a t e  a  d e c re a s e d  i n  v iv o  

s y n th e s i s  o f  f r e e  amino a c id s  d u r in g  t h i s  s t a g e .

A g ro p y ro n . s m i t h i i , a  g r a s s  from  one  o f  t h e  g ra s s h o p p e r  c o l l e c t i o n  

a r e a s ,  was a n a ly z e d  q u a n t i t a t i v e l y  f o r  f r e e  amino a c id  c o m p o s i tio n .

S e v e n te e n  a c id s  p lu s  one unknown s u b s ta n c e  w ere fo u n d . S ix te e n  o f  th e s e  

a c id s  w ere t h e  same a s  th o s e  found  i n  A., e l l i o t t i  eggs w h i le  t h r e e  o f  th em , 

p r e s e n t  i n  th e  e g g s , w ere  n o t  found  i n  t h e  g r a s s .

D i f f e r e n c e s  i n  f r e e  amino a c id  c o n te n t  and i n  i n  v iv o  s y n th e s i s  o f  

f r e e  amino a c id s  w ere fo u n d  betw een  eg g s from  th e  d i f f e r e n t  p o p u la t io n s  

o f  A. e l l i o t t i  a n a ly z e d  a t  th e  same s t a g e  o f  d e v e lo p m e n t. The g r e a t e s t  

d i f f e r e n c e  was found  i n  th e  c o n te n t  o f  g ly c in e  be tw een  th e  sam p les  from  

th e  two e x p e r im e n ta l  p o p u la t io n s  w h ich  d i f f e r e d  i n  d e n s i t y .
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TABLE XI

V a lu e s  o f  Some Amino A c id s  i n  t h e  CMA s o l v e n t

Amino a c i d s Ej, v a lu e s

A la n in e .5 4
B e t a - a l a n i n e .4 9
A r g in in e .09
A s p a r a g in e ■ .5 5
A s p a r t i c  a c i d .4 9
G y s te ic  a c i d .7 7
G y s t in e •7 2
G lu ta m ic  a c i d .70
G lu ta m in e .'65
G ly c in e .48
H i s t i d i n e .•55
H y d r o x y - p r o l in e .4 9
I s o l e u c i n e .7 9
L e u c in e .79.
L y s in e .07
M e th io n in e , -

M e th io n in e  s u l f o n e .7 5
P h e n y l a l a n i n e .78
P r o l i n e .39
S e r i n e  . .52
T h re o n in e .67
T ry p to p h a n .81
T y r o s in e -7 6
V a l in e .74

\
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