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ABSTRACT 

Although a l k y l a t i n g  a g e n t s  have been used t o  induce 

s t e r i l i t y  i n  i n s e c t s ,  l i t t l e  i s  known o f  t h e i r  e f f e c t s  on 

t h e  phys io logy  and b iochemis t ry  o f  i n s e c t s .  The purpose o f  

this i n v e s t i g a t i o n  was t o  a c q u i r e  a  more comprehensive under-  

s t a n d i n g  of t h e  e f f e c t s  o f  an a l k y l a t i n g  a g e n t  t e p a ,  tris (l- 

a z i r i d i n y l )  phosphine o x i d e ,  on c e r t a i n  a s p e c t s  o f  t h e  phys io logy  

o f  r ep roduc t ion  i n  t h e  female l o c u s t ,  Sch i s  t o c e r c a  g r e g a r i a .  

S t u d i e s  t o  de te rmine  t h e  s e n s i t i v i t y  o f  female Sch i s  t o c e r c a  

q r e q a r i a  and f i f t h  i n s t a r  nymphs t o  v a r i o u s  c o n c e n t r a t i o n s  of  

t e p a  showed t h a t  t h e  f i f t h  i n s t a r  nymphs were more s e n s i t i v e  t o  

t e p a  than  t h e  a d u l t s .  A dose  o f  30 pg o f  t e p a  admin i s t e r ed  t o  

a d u l t s  reduced f e c u n d i t y  by approximately  50%, whereas i n  t h e  

f i f t h  i n s t a r  nymphs a dose  o f  26 pg was s u f f i c i e n t  t o  b r i n g  

abou t  a 50% r e d u c t i o n  i n  f e c u n d i t y .  Moreover t h i s  dose  de layed  

t h e  imaginal  mo l t  a s  w e l l  a s  ma tu ra t ion  o f  t h e  s u r v i v i n g  a d u l t s .  

The r e d u c t i o n  i n  f e c u n d i t y  w a s  p robably  due t o  a  h i g h  inc idence  

o f  r e s o r p t i o n  o f  oocy te s  observed i n  the tepa-kn j ec t ed  l o c u s t s .  

The e f f e c t s  o f  t e p a  w e r e  c o n c e n t r a t i o n  dependent .  

.To de te rmine  whether t r e a t m e n t  w i t h  t epa  i n h i b i t e d  t h e  

s y n t h e s i s  o f  hemolymph p r o t e i n s  female f i f t h  i n s t a r  nymphs were 

i n j e c t e d  w i t h  26 pg o f  t e p a .  A f t e r  the imaginal  mol t  t h e  

hemolymph p r o t e i n  c o n c e n t r a t i o n s  o f  t epa - in  j ec t ed  and c o n t r o l  

i n s e c t s  were determined a t  24 hour  i n t e r v a l s  over  a  24-day 



p e r i o d  . The hemolymph p r o t e i n  c o n c e n t r a t i o n s  w e r e  s i g n i f  i can  tly 

lower i n  t h e  t e p a - i n j e c t e d  l o c u s t s  than i n  t hose  o f  t h e  c o n t r o l s .  

when t h e  f a t  body from t h e  t r e a t e d  and c o n t r o l  groups w a s  

14  
incuba ted  i n  t h e  p re sence  o f  l euc ine-c  i t  w a s  observed t h a t  

t h e  s p e c i f i c  a c t i v i t y  o f  b o t h  f a t  body p r o t e i n s  and o f  p r o t e i n s  

r e l e a s e d  by t h e  f a t  body w a s  s i g n i f i c a n t l y  lower i n  t h e  t e p a -  

i n j e c t e d  group than i n  t h e  c o n t r o l s .  I t  is concluded t h a t  

the r e d u c t i o n  i n  t h e  hemolymph p r o t e i n  c o n c e n t r a t i o n  observed 

i n  t h e  tepa- in  j ec t ed  group i s  due t o  i n h i b i t i o n  i n  t h e  s y n t h e s i s  

o f  p r o t e i n s  as w e l l  as t h e i r  r e l e a s e  from t h e  f a t  body. 

Amounts o f  DNA i n  i n d i v i d u a l  f a t  body n u c l e i  o f  1- and 6-  

day-old f i f t h  i n s t a r  female nymphs o f  - S. q r e g a r i a  w e r e  d e t e r -  

mined microspectrophotometrically on Feulgen-s ta ined f a t  body 

n u c l e i .  The r e s u l t s  show t h a t  t h e  f a t  body c e l l s  c o n t a i n  

m u l t i p l e  DNA c l a s s e s  even i n  t h e  1-day-old nymph. F u r t h e r  

p o l y p l o i d i z a t i o n  appea r s  t o  t a k e  p l a c e  d u r i n g  t h e  growth o f  t h e  

nymph. The DNA c l a s s e s  do n o t  correspond t o  a doub l ing  series. 

I n j e c t i o n  o f  26 w g  o f  t e p a  i n t o  nymphs d u r i n g  t h e  mid-phase o f  

t h e i r  5 t h  s t a g e  h a s  a s l i g h t  i n h i b i t o r y  e f f e c t  on DNA s y n t h e s i s .  

~ u t o r a d i o g r a p h i c  s t u d i e s  w i t h  thymidine -H3 show t h a t  t h e  

i n t e n s i t y  o f  l a b e l l i n g  o f  n u c l e i  i n  t h e  t e p a - i n j e c t e d  i n s e c t s  i s  

less than t h a t  o f  t h e  c o n t r o l s .  The most s i g n i f i c a n t  e f f e c t  

o f  t e p a  is a  40% i n c r e a s e  i n  n u c l e a r  d i ame te r .  

Treatment w i t h  t epa  r educes  t h e  c o l o u r  i n t e n s i t y  o f  



Feulgen-s ta ined n u c l e i .  This  may be due t o  t h e  f a c t  t h a t  

a l k y l a t i o n  o f  DNA p r e v e n t s  t h e  unmasking o f  a ldehyde f u n c t i o n s  

n e c e s s a r y  f o r  r e c o l o r a t i o n  o f  s c h i f  f ' s r e a g e n t .  
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GENERAL INTRODUCTION 

One of the  most promising approaches t o  p e s t  c o n t r o l  i n  

r e c e n t  yea r s  i s  t h a t  of  induced s t e r i l i t y .   educing o r  

e l i m i n a t i n g  reproduct ive  p o t e n t i a l  wi thout  otherwise a f  f e c  t i n g  

behaviour has  been s u c c e s s f u l  i n  c o n t r o l l i n g  some i n s e c t  p e s t s  

(Borkovec, 1966) .  The b e s t  known example of t h i s  method was 

t h e  e r a d i c a t i o n  of  screw-worm f l i e s  from Curacao and the  south-  

e a s t e r n  United S t a t e s  by t h e  r e l e a s e  of  males rendered sexua l ly  

s t e r i l e  by i o n i z i n g  r a d i a t i o n  (Baumhover e t  a l .  , 1955; Knipling, 

1960) . By overwhelming the  n a t u r a l  popula t ion  wi th  s t e r i l e  

screw-worm f l i e s  f o r  s e v e r a l  genera t ions ,  t h e  f e r t i l e  i n d i v i -  

d u a l s  i n  the  n a t u r a l  populat ion experience p r o g r e s s i v e l y  

g r e a t e r  odds i n  encounter ing f e r t i l e  mates u n t i l  t he  chances 

f o r  success fu l  f e r t i l e  matings reach  ze ro .  However, when t h e  

d e n s i t y  i n  a  n a t u r a l  popula t ion  i s  very h igh  the  c o s t  of  r e a r i n g  

and r e l e a s i n g  l a r g e  numbers of  s t e r i l e  i n s e c t s  becomes p r o h i b i -  

t i v e  (Lindquis t ,  1968) . 

The development of  e f f e c t i v e  chemical s u b s t i t u t e s  f o r  

r a d i a t i o n  h a s  broadened the  a p p l i c a t i o n  o f  t h e  induced s t e r i l i t y  

approach t o  p e s t  c o n t r o l .  Ind iv idua l s  of a  n a t u r a l  popula t ion  I 

a r e  exposed t o  these  chemicals ,  c a l l e d  chemoster i lan ts  , i n  

e s s e n t i a l l y  the  same manner t h a t  i n s e c t s  a r e  exposed t o  

i n s e c t i c i d e s  f o r  d e s t r u c t i o n  (Borkovec , 1966) . In  a d d i t i o n  

chemoster i lan ts  a r e  more economical and more p r a c t i c a l  than 



gamma r a d i a t i o n  because the  r e a r i n g  o f  l a r g e  numbers of  i n s e c t s  

f o r  r e l e a s e  is n o t  necessary .  

I n  a very broad sense i n s e c t  chemoster i lan ts  may be def ined  

a s  chemicals which depr ive  i n s e c t s  of t h e i r  a b i l i t y  t o  repro-  

duce.  his d e f i n i t i o n  n e c e s s a r i l y  excludes compounds t h a t  

e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  i n t e r f e r e  wi th  o r  p reven t  mating 

and inc ludes  compounds t h a t  may only i n d i r e c t l y  a f f e c t  the  

gonads (Borkovec, 1966) . U n t i l  r e c e n t l y  t h e  ma jo r i ty  o f  

chemicals e f f e c t i v e  a s  i n s e c t  s t e r i l a n t s  were cancer  chemo- 

t h e r a p e u t i c  agen t s  o r  c l o s e l y  r e l a t e d  compounds (Borkovec , 1966) . 

Chemoster i lants  a r e  t h e r e f o r e  c l a s s i f i e d  according t o  a system 

used i n  cancer  r e sea rch .  Five c a t e g o r i e s  of  chemicals a r e  

d i s t ingu i shed :  a l k y l a t i n g  agen t s ,  m i t o t i c  poisons ,  a n t i -  

me tabo l i t e s ,  radiomimetic compounds, and miscel laneous agents  

(Borkovec, 1962) . Due t o  the  c l a s s i f i c a t i o n  system which i s  

p a r t l y  chemical and p a r t l y  b i o l o g i c a l  t h e r e  a r e  many compounds 

t h a t  f a l l  i n t o  more than one ca tegory .  

Chemoster i lants  may b r i n g  about  s t e r i l i t y  i n  i n s e c t s  i n  a 

number of ways: induct ion  of  dominant l e t h a l  mutat ions i n  

e i t h e r  sex ,  f a i l u r e  t o  develop oocytes  o r  sperm, d e s t r u c t i o n  

o r  i n a c t i v a t i o n  of  oocytes  o r  sperm a f t e r  they a r e  produced 

(La Chance e t  a l . ,  1968) .  To be u s e f u l  a s  a chemos te r i l an t  

chemicals must n o t  s e r i o u s l y  a f  f e c t  competi t iveness  o r  

longev i ty ,  t h e r e f o r e  somatic damage must be minimal and the  



major e f f e c t s  must c o n c e n t r a t e  on germ t i s s u e s .  Although a  

g r e a t  number o f  chemica ls  a r e  a v a i l a b l e  f o r  i n s e c t  chemos t e r  ili- 

z a t i o n  and many d i f f e r e n t  i n s e c t s  have been s t e r i l i z e d  

( n i p l i n g ,  1 9 6 8 ) ,  much remains  t o  be l e a r n e d  r e g a r d i n g  t h e  

mode o f  a c t i o n  o f  t h e s e  chemica ls .  

The ca t ego ry  o f  chemical  compounds appea r ing  t o  o f f e r  t h e  

g r e a t e s t  promise o f  s u c c e s s  as chemos t e r i l a n t s  i s  t h e  b i o l o g i c a l  

a l k y l a t i n g  a g e n t s .  A b i o l o g i c a l  a l k y l a t i n g  a g e n t  i s  a  r e a g e n t  

which f u n c t i o n s  by  a c c e p t i n g  an e l e c t r o n  p a i r  from carbon i n  an 

o r g a n i c  r e a c t i o n  under p h y s i o l o g i c a l  c o n d i t i o n s  (Turner ,  1968) .  

The p o l a r  compounds o r  n u c l e o p h i l e s  w i t h  which they  r e a c t  dona te  

t h e  e l e c t r o n  p a i r  t o  t h e  carbon i n  t h e  r e a c t i o n .  A l k y l a t i o n  , 

i s ,  t h e n ,  a  s u b s t i t u t i o n  o f  an a l k y l  group f o r  a  hydrogen atom 

on a  nuc l eoph i l e  w i t h  t h e  whole p r o c e s s  termed n u c l e o p h i l i c  I 

s u b s t i t u t i o n .  Var ious  a l i p h a t i c ,  a romat ic  and h e t e r o c y c l i c  

analogues  o f  e thy len imine ,  a l l  o f  which a r e  a z i r i d i n y l  compounds, 

are t h e  b i o l o g i c a l  a l k y l a t i n g  a g e n t s  t h a t  chemos t e r i l a n t s  

r e s e a r c h  i s  g e n e r a l l y  focussed  on.  Other groups inc luded  a s  

b i o l o g i c a l  a l k y l a t i n g  a g e n t s  a r e  m e  thane s u l f o n a t e s  and mustards  . 

S t e r i l i t y  e f f e c t s  o f  a l k y l a t i n g  a g e n t s  a r e  p robab ly  due t o  

t h e  a l k y l a t i o n  o f  some t a r g e t  n u c l e o p h i l e  p r e v e n t i n g  i t s  u t i l i -  

z a t i o n  i n  t h e  r e p r o d u c t i v e  p r o c e s s .  The e a s e  w i t h  which t h e s e  

a g e n t s  r e a c t  w i t h  n u c l e o p h i l e s  i n  l i v i n g  systems s u g g e s t s  t h a t  

a number o f  r e a c t i o n s  may occur  s imu l t aneous ly  and t h a t  s e v e r a l  



t a r g e t  molecules may be involved (Turner,  1968) .  The molecular 

b a s i s  f o r  s t e r i l i z a t i o n  h a s  n o t  y e t  been e s t a b l i s h e d .  

S t e r i l i t y  i n  female i n s e c t s  may r e s u l t  from e i t h e r  

in fecund i ty  o r  by t h e  product ion of  i n v i a b l e  eggs.  The most 

important  f a c t o r  governing which of these  e f f e c t s  p r e v a i l s  i s  the 

t iming of  t rea tment  (La Chance e t  a 1  . , 1968) . Oogenesis i s  a  

sequence of  even t s  beginning wi th  mito t i c  d i v i s i o n  o f  oogonial  

c e l l s  and te rminat ing  wi th  the  depos i t ion  of  eggs.  The process  

is  c o n t r o l l e d  by g e n e t i c ,  hormonal and environmental  f a c t o r s .  

up t o  a  c e r t a i n  p o i n t  i n  t h i s  process  i n t e r f e r e n c e  by a l k y l a t i n g  

agents  r e s u l t s  i n  in fecund i ty  cha rac te r i zed  by a  number of  

phys io log ica l  e f f e c t s .  I n t e r f e r e n c e  wi th  oogenesis  a f t e r  

t h i s  s t a g e  r e s u l t s  i n  s t e r i l i t y  caused by damage t o  t h e  gene t i c  

m a t e r i a l  i n  the  oocyte  nucleus and consequent product ion of  

i n v i a b l e  eggs (Borkovec, 1966) .  The importance of t iming was 

demonstrated by Crys ta l  and La chance (1963) and La Chance 

and Leverich (1965) who s tud ied  the  e f f e c t s  of a l k y l a t i n g  

agen t s  on screw-worm f l i e s .  One group o f  f l i e s  contained 

nurse c e l l s  i n  which endomitosis was t ak ing  p lace  while  the  

o t h e r  group of f l i e s  was o l d e r  and endomitosis was complete. 

~ n h i b i t i o n  of  ovar ian  growth was much g r e a t e r  i n  t h e  f i r s t  

group and r e s u l t e d  i n  almost  complete in fecund i ty .  Treatment 

o f  the  second group had l i t t l e  e f f e c t  on fecund i ty  b u t  eggs 

l a i d  d i d  n o t  ha tch .  



I n  female i n s e c t s  t h e  most commonly observed e f f e c t  o f  

a l k y l a t i n g  a g e n t s  i s  i n h i b i t i o n  o f  o v a r i a n  development r e s u l t i n g  

i n  reduced f e c u n d i t y  (Morgan and La Brecque, 1962, 1964; Ra i ,  

1964; Hair  and ~ d k i n s ,  1964; S m i t t l e ,  1964; Schwartz,  1965; 

~ e i s e r  e t  a l . ,  1 9 6 5 ) .  A v a r i e t y  o f  t h e s e  compounds produce 

changes which range  from complete n e c r o s i s  o f  t h e  organ  t o  

o n l y  s l i g h t  r e d u c t i o n  i n  i t s  s i z e  and t h e  s e v e r i t y  o f  t h e  

e f f e c t  is  undoubtedly  c o n c e n t r a t i o n  dependent .  

A number o f  p h y s i o l o g i c a l  e f f e c t s  have been observed a t  

t h e  c e l l u l a r  l e v e l  i n  female i n s e c t s .  Treatment o f  screw-worm 

f l i e s  w i t h  a l k y l a t i n g  a g e n t s  b e f o r e  endomi tos i s  i s  complete 

p r e v e n t s  nu r se  c e l l s  from r e a c h i n g  t h e  deg ree  o f  po lyp lo idy  

n e c e s s a r y  t o  s u s t a i n  t h e  s y n t h e t i c  a c t i v i t y  r e q u i r e d  d u r i n g  

oogenes i s  (La chance and   eve rich, 1965) . F u r t h e r ,  La Chance 

and Lever ich  (1968) found t h a t  second and t h i r d  egg chambers 

f a i l e d  t o  deve lop  which i n d i c a t e d  damage t o  germarium c e l l s .  

I n  female mosquito l a r v a  (Aedes a e q y p t i )  t h e  a z i r  i d i n y l  compound, 

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

e p i t h e l i a  w i t h  clumping o f  chromat in  m a t e r i a l  ( ~ a i ,  1964) . 
Damage t o  f o l l i c l e  c e l l s  and n u r s e  c e l l s  was observed i n  

o v a r i e s  o f  t h e  house f l y  ( M U S C ~  domes t ica )  a f t e r  t r e a t m e n t  

w i t h  a number o f  a l k y l a t i n g  a g e n t s  (Landa and Rezabova, 1965) . 

A t  t h e  molecular  l e v e l  it h a s  been shown t h a t  a l k y l a t i n g  

compounds such as a z i r i d i n e s  can r e a c t  w i t h  n u c l e i c  a c i d  a t  



t h e  N - 7 p o s i t i o n  o f  guanine (Brookes and Lawley, 1 9 6 1 ) .  

Ki lgore  and p a i n t e r  (1964) observed a  s i g n i f i c a n t  r e d u c t i o n  i n  

t h e  l e v e l s  o f  DNA and l a c t i c  dehydrogenase o f  eggs  l a i d  by 

house f l i e s  t r e a t e d  w i t h  t h e  a l k y l a t i n g  a g e n t  a p h o l a t e .  In  a  

l a te r  communication, t hey  ( P a i n t e r  and Ki lgo re ,  1967) r e p o r t e d  

t h a t  ano the r  compound, t h i o t e p a  induced a  s i m i l a r  r e d u c t i o n  i n  

t h e  DNA c o n t e n t  o f  eggs .  chamberla in  and B a r r e t t  (1968) 

observed t h a t  t r e a t m e n t  o f  s t a b l e  f l i e s  (Stomoxys c a l c i t r a n s )  

w i t h  a p h o l a t e  i n h i b i t e d  i n c o r p o r a t i o n  o f  tr  i t i a t e d  thymidine 

i n t o  t h e  DNA o f  nu r se  c e l l s  and f o l l i c u l a r  c e l l s .  

Apar t  from t h e s e  s t u d i e s  l i t t l e  i s  known o f  t h e  e f f e c t s  

o f  a l k y l a t i n g  a g e n t s  on t h e  phys io logy  and b iochemis t ry  o f  

i n s e c t s .  The purpose o f  t h i s  i n v e s t i g a t i o n  was t o  a c q u i r e  a 

more comprehensive unde r s t and ing  o f  t h e  e f f e c t s  o f  t h e  a l k y l a t i n g  

a g e n t  t e p a ,  t r is  ( 1 - a z i r i d i n y l )  phosphene o x i d e ,  on c e r t a i n  

a s p e c t s  o f  t h e  phys io logy  o f  r ep roduc t ion  i n  t h e  female d e s e r t  

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  Fo r ska l .  The o b j e c t i v e s  o f  t h e  

s t u d y  w e r e :  I .  To de te rmine  t h e  s e n s i t i v i t y  o f  t h e  f i f t h  

i n s t a r  and female a d u l t  l o c u s t s  t o  v a r i o u s  c o n c e n t r a t i o n s  o f  

t e p a ,  cons ide r ing :  (1) m o r t a l i t y ,  ( 2 )  mo l t i ng  ( f i f t h  i n s t a r ) ,  

( 3 )  matu ra t ion  and (4 )  f e c u n d i t y .  11. To de te rmine  t h e  

e f f e c t s  o f  t epa  on (1) c o n c e n t r a t i o n  o f  hemolymph p r o t e i n  i n  

a d u l t s  o f  v a r i o u s  age groups and ( 2 )  s y n t h e s i s  o f  p r o t e i n s  and 

t h e i r  subsequent  r e l e a s e  from f a t  body ce l l s .  111. TO d e t e r -  



mine t h e  e f f e c t s  o f  tepa on DNA s y n t h e s i s  i n  n u c l e i  of f a t  

body cel ls .  



chapter 1 

I. SENSITIVITY OF FIFTH INSTAR NYMPHS AND FEMALE 

ADULTS TO VARIOUS CONCENTRATIONS OF TEPA. 



INTRODUCTION 

The l i t e r a t u r e  on chemos te r i l i za t ion  of  i n s e c t s  i s  

voluminous and h a s  been adequately reviewed by Borkovec (1966) 

and LaBrecque and Smith (1968) . These s t u d i e s  have shown the  

p o t e n t i a l i t y  o f  a  wide v a r i e t y  o f  compounds, inc lud ing  a l k y l a t i n g  

agen t s ,  a s  chemoster i lan ts  i n  a  wide spectrum of  i n s e c t  s p e c i e s .  

Tepa, t r is  (1 - a z i r i d i n y l )  phosphine oxide ,  is  one o f  the  

t y p i c a l  a z i r i d i n y l  compounds inves t iga ted  a s  a  chemoster i lan t .  

I t  is  a l s o  known by the  fol lowing synonyms: TEP, APD, aphoxide, 

t r i e t h y l e n e  phosphoramide, SK3818, NSC9717 and ENT2415. Turner 

(1968) reviewed t h e  chemical and phys ica l  p r o p e r t i e s  o f  tepa .  

~t is  a c o l o r l e s s ,  o d o r l e s s  c r y s t a l l i n e  s o l i d  mel t ing  a t  41•‹ C 

and b o i l i n g  a t  90 - 91•‹ C.  I t  i s  known t o  undergo v i o l e n t  

decomposition i f  hea ted  above 130•‹ C ,  i s  very  hygroscopic and 

uns tab le  i n  aqueous s o l u t i o n s .  Tepa is  a l s o  ve ry  s o l u b l e  i n  

water ,  a l c o h o l ,  e t h e r  and acetone.  The s t r u c t u r a l  formula 

of this compound is:  

Mol. W t .  173.16 



Tepa h a s  been s u c c e s s f u l l y  used i n  t h e  s t e r i l i z a t i o n  o f  t h e  

fo l lowing  i n s e c t s :  Aedes a e q y p t i ,  Anopheles quadr imacula tus  

(Weidhaas e t  a 1  . , 1961) Musca domest ica  (LaBrecque, 1961; Gouck, 

1964) S b  maxys c a l c i t r a n s  ( H a r r i s ,  1962) B l a t t e l l a  germanica 

(Burden and S m i t t l e  , 1963) ~ o c h l i o m y i a  hominivorax (Crys t a l l  

1963) Panonychus c i t r i  (cressman, 1963) Culex p i p i e n s  

q u i n q u e f a s c i a t u s  (Mulls, 1964) Musca au tumnal i s  (Hair  and 

Adkins, 1964) C e r a t i t i s  c a p i t a t a ,  Dacus c u c u r b i t a e ,  Dacus 

d o r s a l i s  ( ~ e i s e r  e t  a l . ,  1965) Anastrepha ludens  (Shaw and 

~ i v i e l l o  , 1965) Prionoxys t u s  rob inae  (Solomon, 1966) ~ i a b r o t i c a  

b a l t e a t a  (Creighton e t  a l . ,  1966) Fannia c a n i c u l a r i s  (Davis and 

Eddy, 1966) O s t r i n i a  n u b i l a l i s  (Harding,  1967) Hyper p o s t i c a  

( ~ c ~ a u g h l i n  and Simpson, 1968) ~ o p i l l i a  japonica  (Ladd , 1968) . 
The above s t u d i e s  showed t h a t  t e p a  can induce s t e r i l i t y  i n  

a d u l t s  whether admin i s t e r ed  a long  w i t h  t h e  d i e t  o r  b y  t o p i c a l  

a p p l i c a t i o n .  Even c o n t a c t  o f  an i n s e c t  w i t h  t h i s  compound h a s  

been shown t o  induce s t e r i l i t y ,  a s  h a s  been demonstra ted i n  t h e  

mosquito,  Aedes a e q y p t i  (Weidhaas, 1962) . ~l though t h e  s e n s i -  

t i v i t y  t o  t e p a  of  s e v e r a l  s p e c i e s  o f  holometabolous i n s e c t s  

h a s  been i n v e s t i g a t e d  l i t t l e  i s  known o f  t h e  s e n s i t i v i t y  o f  

hemimetabolous i n s e c t s  t o  t h i s  compound. p a u c i t y  o f  informa- 

t i o n  on t h e  s e n s i t i v i t y  o f  - S. q r e q a r i a  t o  t e p a  n e c e s s i t a t e d  

i n v e s t i g a t i o n s  t o  de te rmine  t h e  minimum q u a n t i t y  o f  t epa  which 

b r i n g s  abou t  a s i g n i f i c a n t  r e d u c t i o n  i n  ovary  development wi th  



l i t t l e  o r  no m o r t a l i t y  i n  t h e  a d u l t s .  These i n v e s t i g a t i o n s  a r e  

p r e s e n t e d  i n  t h i s  c h a p t e r .  



MATERIAL AND METHODS 

The l o c u s t s  used were i n i t i a l l y  ob ta ined  from a l a b o r a t o r y  

colony mainta ined a t  t h e  U n i v e r s i t y  o f  ~ r i t i s h  Columbia. The 

i n s e c t s  were r e a r e d  under c o n s t a n t  l i g h t  a t  a  t empera ture  o f  

3 3  - 36O C ,  a  r e l a t i v e  humidi ty  o f  60 - 70% and on a d i e t  t h a t  

c o n s i s t e d  of a  mix ture  o f  whole wheat b r a n  and f r e s h  g r a s s .  

The b r a n  mix ture  was made up as fo l lows:  

6 p a r t s  whole wheat  b r a n  

2 p a r t s  c a r a  g r a s s  meal 

1 p a r t  wh i t e  b r e w e r ' s  y e a s t  

1 p a r t  powdered skim mi lk  

Various  c o n c e n t r a t i o n s  o f  t epa  w e r e  made from a  s t o c k  s o l u -  

t i o n  c o n t a i n i n g  80% t e p a  i n  methanol.  Except d u r i n g  use  a l l  

s o l u t i o n s  c o n t a i n i n g  t e p a  were r e f r i g e r a t e d .  The s o l u t i o n s  were 

i n j e c t e d  w i t h  a  Hamilton c o n s t a n t  r a t e  microsyr inge  c a l i b r a t e d  

t o  d e l i v e r  5  yl. Con t ro l  l o c u s t s  w e r e  i n j e c t e d  w i t h  5  o f  

methanol.  ~ d u l t  females  a s  w e l l  a s  f i f t h  i n s t a r  females  were 

i n j e c t e d  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  t e p a  t o  g i v e  from 5  t o  

50 pg p e r  l o c u s t  (Table  I ,  11). Twenty f i v e  t o  e i g h t y  i n s e c t s  

were used a t  each  c o n c e n t r a t i o n  o f  t e p a .  

P r i o r  t o  i n j e c t i o n ,  t h e  l o c u s t s  w e r e  a n e s t h e t i z e d  w i t h  

carbon d i o x i d e .  I n j e c t i o n s  were given by i n s e r t i n g  t h e  need le  

2 - 3  mrn i n t o  t h e  hemocoel through t h e  a r t h r o d i a l  membrane a t  



t h e  base  o f  t h e  second p a i r  o f  l e g s .  A f t e r  i n j e c t i o n ,  t he  female 

l o c u s t s  were p l aced  i n  r e a r i n g  cages  w i t h  u n t r e a t e d  mature males .  

~ o r t a l i t y  w a s  r eco rded  a t  24 hour  i n t e r v a l s  f o r  2 1  days .  A 

female was cons ide red  s e x u a l l y  mature when it r e c e i v e d  a m a l e  

f o r  mat ing.  The number o f  days  r e q u i r e d  f o r  a female t o  show 

t h i s  response  a f t e r  t h e  imagina l  mol t  i s  r e f e r r e d  t o  a s  the 

ma tu ra t ion  t i m e .  Fecundi ty  was a s s e s s e d  on the b a s i s  o f  t h e  

number o f  eggs  p e r  pod l a i d  d u r i n g  t h e  f i r s t  gonadotrophic  c y l e ,  

which took p l a c e  between t h e  1 6 t h  and 24th day a f t e r  a d u l t  

emergence. 
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RESULTS 

E f f e c t s  o f  tcpa on a d u l t s  

There was no m o r t a l i t y  i n  t h e  c o n t r o l  group and t h e  number 

o f  eggs  p e r  pod w a s  70 i 3.7 (Table I ) .  I n j e c t i o n  o f  5  o r  10 .g 

o f  t epa  p e r  l o c u s t  d i d  n o t  a f f e c t  t h e  s u r v i v a l  o r  t h e  ma tu ra t ion  

t i m e .  Moreover, t h e r e  was no s i g n i f i c a n t  e f f e c t  on t h e  number 

o f  eggs l a i d  p e r  pod ( P  > 0.05) . Although a dose o f  20 ,g o f  

t e p a  p e r  l o c u s t  caused 21% m o r t a l i t y  w i t h i n  21 d a y s ,  t h e r e  w a s  

no d i f f e r e n c e  i n  t h e  ma tu ra t ion  t i m e  o f  t h e s e  t r e a t e d  l o c u s t s .  

~ u t ,  t h e  number o f  eggs  l a i d  p e r  pod w a s  s i g n i f i c a n t l y  reduced 

t o  50 6 3.1  ( P  < 0 . 0 1 ) .  I n j e c t i o n  o f  30 u g  o f  t e p a  caused 49% 

m o r t a l i t y  and t h e  ma tu ra t ion  t ime was i n c r e a s e d  b y  5  days .  The 

number o f  eggs  l a i d  p e r  pod w a s  s i g n i f i c a n t l y  reduced t o  

40 2 .1  ( P  < 0 . 0 1 ) .  I n j e c t i o n s  o f  40 and 50 (Lg o f  t e p a  

r e s u l t e d  i n  8 1  and 100% m o r t a l i t y  r e s p e c t i v e l y .  No mat ing was 

observed i n  s u r v i v i n g  l o c u s t s  i n j e c t e d  w i t h  t h e s e  amounts o f  

t e p a ,  nor  d i d  t hey  l a y  eggs .  

E f f e c t s  o f  t e p a  on f i f t h  i n s t a r  nymphs 

Table  I1 summarizes t h e  e f f e c t s  o f  fou r  c o n c e n t r a t i o n s  o f  

t e p a  i n j e c t e d  i n t o  f i f t h  i n s t a r  nymphs. The d u r a t i o n  o f  t h e  

f i f t h  i n s t a r  was 6 - 7  days  i n  t h e  c o n t r o l  group.  A dose  o f  

22 pg o f  t e p a  d i d  n o t  d e l a y  t h e  imaginal  mol t  nor was m o r t a l i t y  

noted i n  t h e  f i f t h  i n s t a r ,  b u t  22% o f  t h e s e  d i e d  a f t e r  t h e  



imaginal molt .  The number of eggs l a i d  per  pod by the  

su rv iv ing  a d u l t s  was s i g n i f i c a n t l y  reduced t o  51 3.5  ( P  < 0 . 0 1 ) .  

Doses of  26, 29 and 3 2  pg delayed the  imaginal molt  by 3 days.  

~ o r t a l i t y  both i n  the  f i f t h  i n s t a r  and the  a d u l t  s t a g e s  increased 

wi th  inc reas ing  doses .  Also, wi th  inc reas ing  doses o f  tepa  the  

number of eggs pe r  pod decreased s i g n i f i c a n t l y  (P < 0.01) and 

a t  a dose of 3 2  vg no eggs were depos i ted .  

Mating i n  the  c o n t r o l  group was observed 14 days a f t e r  

a d u l t  emergence. ~ n j e c t i o n  of  2 2 ,  26 and 29 of  tepa  per  

i n s e c t  increased t h i s  time t o  15 ,  19 and 2 2  days r e s p e c t i v e l y .  

NO mating was observed i n  those i n j e c t e d  wi th  32 pg  o f  t epa .  

Eqg  v i a b i l i t y  

Although t rea tment  wi th  tepa  reduced the  number of  eggs 

depos i t ed ,  it d id  n o t  appear t o  a f f e c t  t h e  v i a b i l i t y  of  these  

eggs.  In  the  c o n t r o l  and the  tepa- in jec ted  groups o f  both 

experiments an es t imated  70% of t h e  eggs depos i ted  hatched. 

Moreover, the  incubat ion  per iod  of  the  eggs obta ined  from 

t r e a t e d  i n s e c t s  was t h e  same a s  t h a t  of eggs l a i d  by the  

c o n t r o l  group. This pe r iod  was found t o  be approximately 14 

days i n  both groups. 

Gross morphology o f  o v a r i e s  

I n  S .  g r e g a r i a  the  pa i red  p a n o i s t i c  o v a r i e s  l i e  i n  the  

abdomen, one on e i t h e r  s i d e  o f  the  mid l i n e .  Each ovary i s  made 



up of approximately 50 o v a r i o l e s ,  the  proximal ends of  which a r e  

thread - l i k e ,  whereas t h e  d i s t a l  ends thicken and become tubu la r  

i n  s t r u c t u r e .  The tubu la r  por t ion  i s  d iv ided  i n t o  a number of 

f o l l i c l e s  which con ta in  the  developing oocytes  . The most 

developed oocyte ,  the  te rminal  one,  is  n e a r e s t  the  ov iduc t .  

~ l t h o u g h  some morphological changes were observed i n  the  

o v a r i e s  of  tepa-in jec ted  a d u l t s ,  only  o v a r i e s  of  a d u l t s  i n j e c t e d  

wi th  tepa  a s  f i f t h  i n s t a r  nymphs were s tud ied  i n  d e t a i l .  A 

number of  a d u l t s  t h a t  metamorphosed from tepa- in  jected f i f t h  

i n s t a r  nymphs had asymmetric o v a r i e s ,  one be ing  smal ler  than 

the  o t h e r .  The degree of  t h i s  e f f e c t  increased  wi th  inc reas ing  

doses of  tepa .  

Examination of  the  o v a r i e s  i n  the  groups t r e a t e d  w i t h  doses 

of  26 p g  o r  more showed the  presence of  orange-red bodies  i n  

some of  the  te rminal  oocytes .  These have been descr ibed  by 

Lusis  (1963) a s  r e s o r p t i o n  bodies  and a r e  formed when the  

con ten t s  of  a developing oocyte a r e  resorbed l eav ing  behind the  

orange-red pigment, 8-carotene. Various s t a g e s  o f  r e s o r p t i o n  

(RBI t o  RB6) a s  descr ibed  by Lusis  (1963) were cbserved i n  the  

o v a r i e s  of  i n s e c t s  t r e a t e d  with 26 pg o f  tepa  and the  t o t a l  

number of oocytes  thus  a f f e c t e d  ranged from 13 t o  27 i n  a p a i r  

of  o v a r i e s .  Resorpt ion o f  oocytes  was n o t  observed i n  any of  

t h e  o v a r i e s  of  c o n t r o l  females.  







DISCUSSION 

I t  is  ev iden t  from the  r e s u l t s  t h a t  the  f i f t h  i n s t a r  

nymphs a r e  more s e n s i t i v e  t o  tepa  than a d u l t s  with r e s p e c t  t o  

m o r t a l i t y  a s  we l l  a s  fecundi ty .  Treatment i n  the  nymphal s t a g e  

delayed and i n  many cases ,  depending on the  concent ra t ion ,  p re -  

vented a d u l t  emergence. Sharma and ~ a i  (1969) s i m i l a r l y  

observed t h a t  another  a l k y l a t i n g  agent ,  apho la te ,  can i n t e r f e r e  

wi th  growth and metamorphosis of  Aedes aeqyp t i  l a r v a e .  

I n  hemimetabolous i n s e c t s  t h e  phys io log ica l  even t s  l ead ing  

t o  metamorphosis a r e  probably s i m i l a r .  The nymphal epidermal 

c e l l s  of  Rhodnius p r o l i x u s  e x h i b i t  in t ense  mito t i c  a c t i v i t y  

p r i o r  t o  each molt .  This i s  brought  about  by the  a c t i o n  o f  the  

growth hormone, ecdysone, on the  epidermal c e l l s  (Wigglesworth, 

1933; 1954) . Baldwin and Sal thouse (1961) showed t h a t  i r r a d i a -  

t i o n  of  Rhodnius nymphs r e s u l t e d  i n  a de lay  i n  m i t o s i s  i n  the  

epidermal c e l l s  wi th  a corresponding de lay  i n  molt ing.  I t  is  

w e l l  kndwn t h a t  a l k y l a t i n g  agents  can induce g e n e t i c  d i s tu rbances  

i n  c e l l s  which, i n  t u r n ,  r e s u l t  i n  an apprec iable  de lay  i n  

m i t o s i s  (Loveless,  1966) .  heref fore it is reasonable  t o  assume 

t h a t  one of the  f a c t o r s  r e spons ib le  f o r  the  de lay  i n  molt ing 

observed i n  the  tepa- in  jec ted  - S. q r e q a r i a  f i f t h  i n s t a r  nymphs 

i s  caused by a d e l a y  o r  i n h i b i t i o n  of  m i t o s i s  i n  the  epidermal 

c e l l s .  



Treatment w i th  t e p a  induced t h e  r e s o r p t i o n  o f  13  - 27% of  

t h e  t e rmina l  oocy te s  l e a d i n g  t o  t h e  format ion  o f  r e s o r p t i o n  

b o d i e s .  Although female - S. g r e q a r i a  t h a t  have gone through a 

number o f  gonadotrophic  c y c l e s  showed v a r y i n g  numbers o f  r e s o r p -  

t i o n  bod ie s  i n  t h e  o v a r i e s ,  they  were n o t  found i n  u n t r e a t e d  

females  d u r i n g  t h e  f i r s t  gonadotrophic  c y c l e .  A v a r i e t y  o f  

f a c t o r s  appear t o  a f f e c t  oocy te  r e s o r p t i o n  i n  - S. q r e g a r i a  

(Highnam and L u s i s ,  1962; L u s i s ,  1963; Highnam e t  a l . ,  1963; 

Highnam, 1964) . These i n c l u d e  non a v a i l a b i l i t y  o f  p r o t e i n  

(hemolymph p r o t e i n s ) ,  impairment i n  t h e  n e u r o s e c r e t o r y  a c t i v i t y  

and/or low t i t r e  o f  j u v e n i l e  hormone. Whether t r e a t m e n t  w i t h  

t e p a  i s  accompanied by a l l  o f  t h e  above i s  n o t  known. Subse- 

quen t  s t u d i e s  showed a s i g n i f i c a n t  r e d u c t i o n  i n  hemolymph 

p r o t e i n s  o f  t epa  t r e a t e d  l o c u s t s  (Chapter 2 ) .  Hence t h e  i n c r e a s e  

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

probably  due t o  t h e  lower l e v e l s  o f  hemolymph p r o t e i n s .  

The o b j e c t i v e  o f  t h i s  s t u d y  was t o  de te rmine  t h e  minimum 

q u a n t i t y  o f  t e p a  t h a t  would b r i n g  abou t  a s i g n i f i c a n t  r e d u c t i o n  

i n  ovary  development w i t h  l i t t l e  m o r t a l i t y  i n  t h e  a d u l t s .  A 

dose  of  26 bg  i n j e c t e d  i n t o  f i f t h  i n s t a r  nymphs caused a 50% 

r e d u c t i o n  i n  f e c u n d i t y .  Although h i g h e r  doses  reduced t h e  

b 

f e c u n d i t y  f u r t h e r  t h e  m o r t a l i t y  was h i g h  i n  bo th  f i f t h  i n s t a r  

, and a d u l t  s t a g e s .  Hence a dose  o f  26 pg o f  t e p a  h a s  been 

I chosen f o r  subsequent  s t u d i e s  r e p o r t e d  i n  Chapters  2 and 3 .  



Chapter 2 

11. E F F E C T  O F  TEPA ON HEMOLYMPH PROTEIN CONCENTRATION 

AND PROTEIN SYNTHESIS  I N  THE FAT BODY. 



INTRODUCTION 

Wigglesworth (1943) f i r s t  sugges ted  t h a t  hemolymph 

p r o t e i n s  could be  taken up d i r e c t l y  by t h e  deve lop ing  oocy te s  

when he  observed t h a t  hemoglobin d e r i v a t i v e s  were found i n  t h e  

oocy te s  o f  a b lood-sucking i n s e c t ,  Rhodnius p r o l i x u s .  T e l f e r  

(1954) ,  u s i n g  immunochemical t echn iques ,  provided c o n c l u s i v e  

ev idence  f o r  t h i s  when h e  demonstra ted t h e  p r e f e r e n t i a l  accumu- 

l a t i o n  o f  s e x - s p e c i f i c  p r o t e i n s  from hemolymph by t h e  oocy te s  

i n  Hyalophora c e c r o p i a .  

H i l l  (1962) observed c y c l i c  changes i n  t h e  c o n c e n t r a t i o n  

o f  hemolymph p r o t e i n s  i n  female - S. q r e q a r i a  d u r i n g  oocyte  

development. The c o n c e n t r a t i o n  o f  hemolymph p r o t e i n s  i nc reased  

d u r i n g  t h e  e a r l y  p e r i o d  o f  yo lk  d e p o s i t i o n .  This  was followed 

by a dec rease  when y o l k  d e p o s i t i o n  was complete .  The d e c r e a s e  

i n  p r o t e i n  c o n c e n t r a t i o n  was due t o  t h e  uptake o f  p r o t e i n s  by 

t h e  oocy te s  s i n c e  i n  ovar iec tomized  - S . g r e q a r i a  t h e  concen t r a -  

t i o n  o f  hemolymph p r o t e i n s  cont inued  t o  r ise.  O r r  (1964) 

observed a s i m i l a r  phenomenon i n  Phormia r e q i n a .  

~ l t h o u g h  t h e  s t o r a g e  f u n c t i o n  o f  t h e  i n s e c t  f a t  body is  

w e l l  known it h a s  become e v i d e n t  t h a t  c o n s i d e r a b l e  metabol ic  

a c t i v i t y  a l s o  t a k e s  p l a c e  i n  t h i s  organ.  I n  r e g a r d  t o  p r o t e i n  

s y n t h e s i s  v a r i o u s  t ransaminases  p r e s e n t  i n d i c a t e  t h a t  t h e  f a t  

body i s  a s i t e  f o r  a c t i v e  amino a c i d  metabolism (Ki lby ,  1963) . 
The f a t  body i s  a l s o  involved i n  f a t  and ca rbohydra t e  metabolism 



and i n  c e r t a i n  d e t o x i f i c a t i o n  r e a c t i o n s  ( ~ i l b y ,  1 9 6 3 ) .  Seve ra l  

workers have cons ide red  t h e  f a t  body t o  be  t h e  impor t an t  s i t e  

o f  hemolymph p r o t e i n  s y n t h e s i s  (Shigematsu,  1958; P r i c e ,  1966, 

1967; p r i c e  and Bosman, 1966; Chippendale and Ki lby ,  1969) .  

Hence any changes i n  t h e  p r o t e i n  s y n t h e t i c  a c t i v i t y  o f  t h e  f a t  

body may be r e f l e c t e d  i n  t h e  hemolymph p r o t e i n  c o n c e n t r a t i o n .  

I n  t h e  p r e v i o u s  c h a p t e r  it was sugges ted  t h a t  t h e  i n c r e a s e  

i n  t h e  i nc idence  o f  r e s o r p t i o n  o f  oocy te s  fol lowed b y  a reduc-  

t i o n  i n  f e c u n d i t y  i n  t e p a - i n j e c t e d  l o c u s t s  was due t o  a lower ing  

o f  hemolymph p r o t e i n  c o n c e n t r a t i o n .  Therefore  t h e  fo l lowing  

s t u d y  w a s  made t o  de te rmine  whether t h e r e  was a change i n  t h e  

c o n c e n t r a t i o n  o f  hemolymph p r o t e i n s  i n  t epa- in  j ec t ed  l o c u s t s  

and whether such a  change was accompanied by changes i n  t h e  

s y n t h e s i s  and r e l e a s e  o f  p r o t e i n s  from f a t  body c e l l s .  



MATERIALS AND METHODS 

Since it was found t h a t  26 pg tepa injected in to  f i f t h -  

ins  t a r  nymphs of 2. greqaria induced approximately 50% reduction 

in  fecundity (Chapter 1) , the same dose was used to  study i t s  

e f f e c t s  on hemolymph protein  concentration, protein synthesis 

in the f a t  body and protein  re lease into  the hemolymph. 

Four-day-old f i f th - ins t a r  female nymphs were injected with 

26 ~g  of tepa. 

Hemolymph proteins 

Hemolymph protein  determinations made began 1 2  and 24 

hours a f t e r  the imaginal molt, thereaf ter  da i ly  for  24 days. 

Hemolymph samples were obtained by severing the dorsal  vessel  

in  the l a s t  abdominal segment and allowing hemolymph to  flow 

onto clean parafilm squares. Disposable micropipets were then 

used to  obtain two 5  pl samples from each locust .  ~ i v e  locusts  - 
were used a t  each time to  give 10 hemolymph samples. A t o t a l  

of 250 locusts were used i n  t h i s  study. 

Each hemolymph sample was added to  2 m l  of 5% t r ich loro-  

ace t i c  acid (TCA) t o  p rec ip i t a t e  the protein .  After centr  ifuga- 

t ion the *precipi ta te  was washed i n  5% TCA, centrifuged and the 

prec ip i ta te  washed twice i n  3 : 1 ethanol: e ther .  The t o t a l  

protein i n  each sample was estimated according to  the method 

of Lowry e t  a l .  (1951) . Known concentrations of bovine serum 



1 albumin were used as s t a n d a r d s .  O p t i c a l  d e n s i t y  w a s  determined 
1 

1 a t  500 nanometers i n  a unicam SP500 spectrophotometer  . 

A f t e r  o b t a i n i n g  t h e  hemolymph samples t h e  l o c u s t s  w e r e  

d i s s e c t e d  and t h e  o v a r i e s  examined t o  de te rmine  t h e  t ime a t  

which yo lk  d e p o s i t i o n  i n  t h e  t e rmina l  oocy te s  became appa ren t .  

p r o t e i n  s y n t h e s i s  i n  t h e  f a t  body 

The most s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  hemolymph p r o t e i n  

c o n c e n t r a t i o n  i n  t h e  c o n t r o l  and t e p a - i n j e c t e d  groups occur red  

on t h e  9 t h  day a f t e r  t h e  imagina l  mol t .  The re fo re ,  f a t  body 

from 9-day-old l o c u s t s  was used f o r  t h e  a n a l y s i s  o f  t h e  e f f e c t  

o f  t e p a  on p r o t e i n  s y n t h e s i s .  For t h e  i ncuba t ion  o f  f a t  body 

t i s s u e  a  medium c o n t a i n i n g  a l l  e s s e ~ t i a l  amino a c i d s  e x c e p t  

l e u c i n e  was used (medium A, Stephenson and Wyatt,  1962; s e e  

Appendix 1) . Osborne e t  a 1  . (1968) found t h a t  t h i s  medium i s  

s u i t a b l e  f o r  i n c u b a t i o n  o f  l o c u s t  f a t  body. 

Locusts  were a n e s t h e t i z e d  w i t h  C 0 2  and subsequen t ly  t h e i r  

f a t  body w a s  d i s s e c t e d  o u t  i n  t h e  above medium a t  approximate ly  

4' C. The p e r i v i s c e r a l  f a t .  body was removed as a  s h e e t ,  f r e e d  

from a i r  s a c s  and t r a c h e a e  and b l o t t e d  on f i l t e r  pape r .  Each 

f a t  body was p l aced  i n  a weighed 10 m l  f l a s k  c o n t a i n i n g  0 .9  m l  

o f  t h e  i ncuba t ion  medium and 0..1 m l  o f  a s o l u t i o n  o f  1 L ~ i  of  

leucine-C14 ( s p e c i f i c  a c t i v i t y  311 m c~/XIIM) . Flasks  were k e p t  

on i c e  u n t i l  t h e  d i s s e c t i o n  and weighing o f  t h e  i n d i v i d u a l  



t i s s u e  samples o f  a l l  l o c u s t s  used i n  t h e  exper iment  had been 

completed.  ~ p p r o x i m a t e l y  100 mg o f  f a t  body w a s  used f o r  each 

i n c u b a t i o n .  F l a sks  were p l aced  i n  a me tabo l i c  shak ing  incuba to r  

a t  30•‹ C f o r  1 5 ,  30 o r  60 min, Twelve samples were used f o r  

each  incuba t ion  p e r i o d  (6 from c o n t r o l s  and 6 from t e p a -  

i n j e c t e d  l o c u s t s )  . 

A t  t h e  end o f  each  incuba t ion  p e r i o d  t h e  r e a c t i o n  w a s  

s topped by p l a c i n g  t h e  f l a s k s  i n  an ice b a t h .  The f a t  body 

was removed from t h e  incuba t ion  medium, r i n s e d  i n  1 m l  o f  t h e  

medium and t r a n s f e r r e d  t o  4 m l  of 70% e t h a n o l .  This  was then 

p l aced  i n  a  wate r  b a t h  (100•‹ C )  f o r  5  minutes .  A f t e r  c o o l i n g  

it was homogenized and t r a n s f e r r e d  t o  c e n t r i f u g e  t u b e s .  A f t e r  

c e n t r i f u g a t i o n  t h e  f a t  w a s  removed from t h e  sample by sequen- 

t i a l l y  e x t r a c t i n g  w i t h  100% e t h a n o l  ( t w i c e )  , and e thano1 :e the r  , 

3 :  1 ( twice )  , o r  u n t i l  no r a d i o a c t i v i t y  w a s  d e t e c t e d  i n  t h e  super -  , 

n a t a n t .  A f t e r  d r a i n i n g  t h e  t u b e s ,  2  m l  o f  1 N  NaOH were added 

t o  each  sample and t h e  t ubes  were p l aced  i n  a wate r  b a t h  (100•‹ C )  

f o r  5  minutes .  From t h i s  s o l u t i o n  1 .O m l  w a s  used t o  e s t i m a t e  
, 

t h e  amount o f  p r o t e i n  (Lowry e t  a l . ,  1951) and 0 . 1  m l  was 

p l aced  i n  1 2  m l  

The s c i n t i l l a n t  

e t h y l e n e  g l y c o l  
/' 

1, 
g l y c o l .  The C 

14  
o f  s c i n t i l l a n t  f o r  measurement o f  C a c t i v i t y .  

w a s  made acco rd ing .  t o  Bray (1960) e x c e p t  t h e  

monome t h y 1  e t h e r  was s u b s t i t u t e d  f o r  e t h y l e n e  I 

4 ~ 
- a c t i v i t y  o f  each sample was then  measured over  1 

a 10 minute p e r i o d  o r  u n t i l  a  p r e s e t  s t a t i s t i c a l  coun t ing  e r r o r  



i of  &1% w a s  reached on a Beckman-250 l i q u i d  s c i n t i l l a t i o n  system.  

j The coun t ing  e f f i c i e n c y  w a s  60%. A l l  coun t s  were c o r r e c t e d  f o r  

background a c t i v i t y  and t h e  s p e c i f i c  a c t i v i t y  o f  t h e  p r o t e i n s  

i s  expressed  a s  coun t s  p e r  minute (CPM) p e r  mg o f  p r o t e i n .  

p r o t e i n  r e l e a s e d  by t h e  f a t  body 

Upon t e rmina t ion  o f  the incuba t ion  p e r i o d ,  each  medium was 

t r e a t e d  w i t h  1 m l  o f  10% TCA ( tw ice )  t o  p r e c i p i t a t e  t h e  p ro -  

d t e i n s .  This p r e c i p i t a t e  w a s  then washed t h r e e  t i m e s  i n  

e thano1 :e the r  (3: 1) and subsequen t ly  t h e  amount o f  p r o t e i n  as 

14  
w e l l  as i t s  C - a c t i v i t y  w a s  determined a s  d e s c r i b e d  above. 

The d a t a  o b t a i n e d  i n  t h e  above i n v e s t i g a t i o n s  w e r e  analyzed 

s t a t i s t i c a l l y  u s i n g  the t- test .  
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RESULTS 

Hemolymph p r o t e i n s  

The hemolymph p r o t e i n  c o n c e n t r a t i o n  i n  t h e  c o n t r o l  and 

tepa- in  j ec t ed  groups are p re sen ted  i n  Table I11 and ~ i g u r e  1. 

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 i l y  d i f f e r e n c e s  between t h e  two 

groups showed t h a t  t hey  were s i g n i f i c a n t  ( P  < 0.01) w i t h  t h e  

excep t ion  o f  t hose  o f  day 1, 2, 6 ,  1 9  and 20. 

Twelve hour s  a f  t e r  t h e  imaginal  mol t  hemolymph p r o t e i n  

c o n c e n t r a t i o n  was approximate ly  4g/100 m l  i n  bo th  c o n t r o l  and 

tepa- in  j ec t ed  groups.  By day 5 it had decreased  t o  1.6g/lOO m l  

i n  t h e  c o n t r o l  group,  whereas i n  t h e  t e p a - i n j e c t e d  group t h e  

l owes t  v a l u e  (1.5g/l00 m l )  was n o t  reached u n t i l  day 9. A f t e r  

t h e  i n i t i a l  d e c l i n e ,  t h e  p r o t e i n  c o n c e n t r a t i o n  r o s e  t o  a  maximum 

o f  6.8g/100 m l  i n  t h e  c o n t r o l  and 5.6g/100 m l  i n  t h e  days  a f t e r  

a d u l t  emergence, whereas i n  t h e  t e p a - i n j e c t e d  group t h e  maximum 

w a s  reached 1 9  days  a f t e r  a d u l t  emergence. This  w a s  fo l lowed 

by a d e c l i n e  i n  b o t h  groups .  

, 

P r o t e i n  s y n t h e s i s  i n  t h e  f a t  body I 
I 

14 
Inco rpo ra t ion  o f  leucine-C i n t o  f a t  body p r o t e i n s  i nc reased  

! w i t h  i n c r e a s e  i n  i n c u b a t i o n  t i m e  i n  c o n t r o l  a s  w e l l  a s  t epa -  I 

1 
i n j e c t e d  l o c u s t s ,  However, i n  t h e  l a t t e r  t h e  r a t e  o f  i nco rpo ra -  

4 ! 

t i o n  was s i g n i f i c a n t l y  lower' than' t h a t  i n  t h e  former group I 
(Fig .  2,  Table IV)  . 
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Protein released by the f a t  body 

The amount of protein released from the f a t  body in to  the 

incubation medium a l so  increased with increase i n  incubation 

time. B u t  in the tepa-in jected locusts the amounts were lower 

than those i n  the controls  (Table V ) .  

The spec i f ic  a c t i v i t y  of the released protein showed an 

increase i n  both groups with respect  to  time. ~ u t  only a f t e r  

one hour of incubation was it s ign i f i can t ly  higher i n  the 

control  than i n  the tepa-injected group ( ~ i g .  3 ;  Table VIJ. 



TABLE 111 

Hemolymph p r o t e i n  c o n c e n t r a t i o n s  i n  c o n t r o l  and 

tepa- in  j ec t ed  a d u l t  female - S .  q r e g a r i a .  

Hernolymph p r o t e i n  c o n c e n t r a t i o n  
Age o f  l o c u s t  g/lOO m l  E ~s.D. Comparison 
i n  days  c o n t r o l  ~ e p a - i n j e c  t ed  o f  means 



TABLE I11 (cant. ) 

Hemolymph protein concentration 
Age of locust  q/lOO ml x *S.D. Comparison 
i n  days Control ~ e p a - i n  jected of means 



F i g u r e  1. E f f e c t  o f  t e p a  on hemolymph p r o t e i n  c o n c e n t r a t i o n s  

i n  female  - S. g r e g a r i a .  ~ o c u s t s  w e r e  i n j e c t e d  a s  

four-day-old f i f t h  i n s t a r  nymphs. Each p o i n t  repre- 

s e n t s  t h e  mean s t a n d a r d  d e v i a t i o n  o f  10  hemolymph 

samples, from f i v e  l o c u s t s .  - 0  c o n t r o l s ,  

0-0 t e p a - i n  j e c t e d .  





Figure 2 .  The e f f e c t  of tepa on the incorporation of leucine- 

14 
C in to  f a t  body proteins of female - S. gregar ia .  

Fat body was taken from 9-day-old adul ts  t h a t  had 

been injected as  4-day-old f i f t h  ins t a r  nymphs. 

Each point  represents the mean *S.E. of s i x  f a t  body 

,- 
samples from s i x  locusts .  0-0 controls ;  

0-0 tepa-in jected . 



SPECIFIC ACTIVITY OF FAT BODY PROTEIN COUNTS/MIN/MG X lo3 
C h) W P ul m 

0 0 0 0 0 0 0 



TABLE IV 

14 
E f f e c t  o f  t epa  on t h e  i n c o r p o r a t i o n  o f  leucine-C i n t o  

f a t  body p r o t e i n s  o f  female - S.  q r e g a r i a  

Incuba t ion  
Time (Min) 

S p e c i f i c  A c t i v i t y  of P r o t e i n s  x 10 
3 

Comparison 
Control  ( 2 s .  E.  ) Trea ted  (Xis .  E. ) of Means 



TABLE V 

Amount o f  p r o t e i n  r e l e a s e d  i n t o  t h e  i n c u b a t i o n  media by  f a t  body 

from c o n t r o l  and t e p a - i n  jected female  - S .  g r e g a r  i a  

- -- - - 

Released P r o t e i n  asp-% 
I n c u b a t  i o n  of  F a t  Body P r o t e i n  Comparison 
Time (Min) C o n t r o l  (xfS.  E. ) T r e a t e d  (R fS .E.  ) of  Means 



~ i g u r e  3 .  The e f f e c t  of tepa on the incorporation of leucine- 

14 
C in to  proteins released from the f a t  body of 

female - S.  greqaria.  The f a t  body used for incubation 

was from 9-day-old locusts  injected with tepa as  

4-day-old f i f t h  ins ta r  nymphs. Each point  represents 

the mean &.E. of the spec i f ic  a c t i v i t y  of proteins 

released by f a t  body from s i x  samples. 

- a  controls;  0-0 tepa injected.  



SPECIFIC ACTIVITY OF RELEASED PROTEIN COUNTS/MIN/MG X lo3 



TABLE VI 

14 
E f f e c t  of  tepa  on the  incorpora t ion  of leucine-C i n t o  

p r o t e i n s  r e l e a s e d  from f a t  body of female - S. g r e g a r i a  

I n c u b a t i o n  S p e c i f i c  A c t i v i t y  o f  P r o t e i n s  x lo3 Compar i s o n  
Time (Min) C o n t r o l  (=S. E .  ) T r e a t e d  (*S. E. ) of  means 



DISCUSSION 

H i l l  (1962) observed i n  - S. q r e g a r i a  t h a t  fo l lowing  imaginal  

mo l t ,  t h e  hemolymph p r o t e i n  c o n c e n t r a t i o n  inc reased  from lg/100 m l  

t o  6g/100 m l  w i t h i n  10 days .  He a s s o c i a t e d  t h i s  i n c r e a s e  w i t h  

oocyte  ma tu ra t ion ,  a  p r o c e s s  which i s  thought  t o  be  c o n t r o l l e d  

by t h e  neuroendocr i n e  s y s  tem. H i l l ,  fu r thermore  , sugges ted  t h a t  

t h e  c o n c e n t r a t i o n  o f  hemolymph p r o t e i n s  must r each  approximately  

4g/100 m l  f o r  yo lk  d e p o s i t i o n  t o  beg in .  The d a t a  o b t a i n e d  i n  

t h e  p r e s e n t  s t u d y  a r e  g e n e r a l l y  i n  agreement w i t h  t hose  o f  H i l l .  

Yolk d e p o s i t i o n  was n o t  a p p a r e n t  u n t i l  t h e  1 0 t h  day a f t e r  t h e  

imaginal  mol t .  A t  t h a t  t ime t h e  hemolymph p r o t e i n  c o n c e n t r a t i o n  

w a s  4  .lg/100 m l .  That  t h i s  c o n c e n t r a t i o n  is indeed r e l a t e d  t o  

t h e  o n s e t  o f  yo lk  d e p o s i t i o n  i s  f u r t h e r  i l l u s t r a t e d  by t h e  f a c t  

t h a t  i n  t h e  tepa- in  j ec t ed  l o c u s t s  yo lk  d e p o s i t i o n  d i d  n o t  

commence u n t i l  day 14 when t h e  p r o t e i n  c o n c e n t r a t i o n  had 

reached 3.8g/100 m l  . 
However, i n  t h e  p r e s e n t  s t u d y  i t  w a s  observed t h a t  t h e  

c o n c e n t r a t i o n  o f  hemolymph p r o t e i n s  i s  h i g h  i n i t i a l l y  and it 

d e c l i n e s  r a p i d l y  t o  a  low l e v e l  o f  1.6g/100 m l  by day 5.  Hudson 

(1966) a l s o  observed a  d rop  i n  c o n c e n t r a t i o n  o f  hemolymph p ro -  

t e i n s  i n  f  i f  t h - i n s  tar  l a r v a  o f  Pro toparce  quinquemaculata 

fo l lowing  e c d y s i s  . This  i n i t i a l  d e c r e a s e  i n  c o n c e n t r a t i o n  o f  

hemolymph p r o t e i n s  h a s  been a s s o c i a t e d  w i t h  a  p e r i o d  o f  r a p i d  

growth o f  t i s s u e s .  ~ u c h e r  and h i s  a s s o c i a t e s  (Bucher, 1966) 



1 d i f fe ren t i a t ion  of f l i g h t  muscles begins immediately a f t e r  the 1 
i imaginal molt . Further they showed tha t  the mitochondr i a  increase 

in  number and s i ze .  They found the r a t e  of incorporation of 

14 c -labelled isoleucine into  mitochondria1 protein  was highest 

on day 1 and had declined to  a low value by day 5 when d i f -  

fe ren t ia t ion  of f l i g h t  muscles was complete. ~ l t h o u g h  similar  

s tudies  have not been carried out  in  - S. gregar ia ,  it is  

reasonable to assume tha t  such changes a re  indeed taking place 

in  i t s  f l i g h t  muscle.  his i s  supported by the observation 

t h a t  the weight of the f l i g h t  muscle in  - S. gregaria is  more 

than doubled by the f i f t h  day a f t e r  the imaginal molt (weis- 

Fogh, 1952) . Hence the decline i n  concentration of hemolymph 

proteins a f t e r  the imaginal molt can be associated p a r t l y  with 

the d i f f e ren t i a t ion  of the f l i g h t  muscles. 

The decline i n  hemolymph proteins can a l so  be due to 

sequestration of hemolymph proteins by f a t  body c e l l s .  That 

hemolymph proteins do enter  f a t  body t i s sue  has been shown i n  

Rothchildia or izaba and Malacosoma amer icanum (Loughton and 

West, 1965) , - P. quinquemaculata (Hudson, 1966) and Calliphora 

erythrocephala (pr ice ,  1967) . Locke and Collins (1968) deduced 

from electron micrographs tha t  f a t  body c e l l s  of Calpodes e th l ius  

i 
sequester hemolymph proteins .  They suggested tha t  protein  i s  i 

I 

f i r s t  concentrated i n  the in t r ace l lu la r  spaces and channels by 



l o s s  o f  w a t e r .  I•’ a  s i m i l a r  phenomenon is t a k i n g  p l a c e  i n  t he  

f a t  body c e l l s  o f  - S. g r e g a r i a  it could then account  f o r  t h e  

r a p i d  d e c l i n e  i n  t h e  c o n c e n t r a t i o n  o f  hemolymph p r o t e i n s  a f  ter 

t h e  imaginal  mol t .  

Although changes i n  hemolymph p r o t e i n  c o n c e n t r a t i o n  i n  t h e  

t e p a - i n j e c t e d  l o c u s t s  p a r a l l e l  t hose  i n  t h e  c o n t r o l  group,  t h e  

maximum c o n c e n t r a t i o n  is s i g n i f i c a n t l y  lower than t h a t  i n  t h e  

c o n t r o l s .  A s  a l r e a d y  s t a t e d ,  r e s o r p t i o n  o f  oocy te s  and conse-  

quen t  r e d u c t i o n  i n  f e c u n d i t y  i n  t epa- in  j ec t ed  l o c u s t s  may be 

due t o  i n s u f f i c i e n t  q u a n t i t y  o f  p r o t e i n s  i n  t h e  hemolymph. The 

lower c o n c e n t r a t i o n  o f  hemolymph p r o t e i n s  i n  t e p a - i n j e c t e d  

l o c u s t s  conf i rms t h e  v a l i d i t y  o f  t h e  above assumption.  I t  

appears  a s  though t h e r e  i s  s u f f i c i e n t  c o n c e n t r a t i o n  o f  p r o t e i n s  

t o  a l l o w  oocy te s  t o  beg in  development b u t  n o t  enough t o  a l l o w  

a l l  o f  t h e s e  t o  complete it. One o f  t h e  o t h e r  f a c t o r s  t h a t  i s  

r e s p o n s i b l e  f o r  r e s o r p t i o n  o f  oocy te s  i n  - S. q r e g a r i a  i s  l a c k  

o f  corpus  a l l a t u m  hormone (Highnam e  t a1 . , 1963 ) . I n  t h e  

p r e s e n t  s t u d y  no a t t e m p t  w a s  made t o  de te rmine  whether i n  jec-  

t i o n  o f  t e p a  i n h i b i t e d  t h e  s y n t h e s i s  and/or r e l e a s e  o f  t h e  

corpus  a l l a t u m  hormone. 

a unction ally t h e  f a t  body o f  i n s e c t s  is  analogous t o  t h e  

v e r t e b r a t e  l i v e r  a s  i t  is  cons ide red  t o  be t h e  c h i e f  s i t e  of  

i n t e rmed ia ry  metabolism ( ~ i l b y ,  1963) . Using an  - i n  v i t r o  

system w i t h  Bombyx t i s s u e s  Shigematsu (1958) e s t a b l i s h e d  t h a t  



hemolymph p r o t e i n s  a r e  synthes ized  by the  f a t  body and then 

r e l e a s e d  i n t o  the  hemolymph. H i l l  (1965) showed t h a t  the  con- 

14 
c e n t r a t i o n  of the  c - l abe l l ed  p r o t e i n  i n  the  f a t  body of 

S. g r e g a r i a  reached a  maximum i n  one hour a f t e r  i n j e c t i o n  of  - 
14 

glycine-c , whereas s p e c i f i c  a c t i v i t y  of  the  hemolymph pro-  

t e i n s  showed a  maximum on ly  a f t e r  four  hours ,  which impl ies  t h a t  

hemolymph p r o t e i n s  a r e  synthes ized  i n  f a t  body and then r e l e a s e d .  

P r i c e  (1966) provided f u r t h e r  evidence rega rd ing  the  r o l e  of  

f a t  body v is -a-v is  hemolymph p r o t e i n  s y n t h e s i s .  He found t h a t  

when f a t  body of  C .  e ry throcephala  l a r v a  was incubated i n  the  - 
14 

presence of  val ine-c t h e  s p e c i f i c  a c t i v i t y  of  r e l e a s e d  

p r o t e i n  increased r a p i d l y .  

i ~t was mentioned e a r l i e r  t h a t  the  r educ t ion  i n  f ecund i ty  

I 

i n  the  t epa - in jec ted  l o c u s t s  was probably due t o  lower concen- 

t r a t i o n  of  hemolymph p r o t e i n s .  In  the  l i g h t  of  evidence p r e -  

sented  regarding  t h e  r o l e  of  f a t  body i n  hemolymph p r o t e i n  

s y n t h e s i s ,  t he  r educ t ion  i n  hemolymph p r o t e i n  concen t ra t ion  

observed i n  the  tepa- in  jec ted  l o c u s t s  i s  due t o  an i n h i b i t i o n  

i n  p r o t e i n  s y n t h e s i s  and i t s  r e l e a s e  from the  f a t  body. 



Chapter 3 

111. POLYPLOIDIZATION IN THE FAT BODY CELLS OF FIFTH 

INSTAR NYMPHS OF 5. GREGARIA 



INTRODUCTION 

E a r l y  a t t e m p t s  a t  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  deoxyribo-  

n u c l e i c  a c i d  (DNA) u s i n g  biochemical  methods (Boivin  e t  a 1  . , 
I 
I 1948; Vendrely and Vendrely,  1948, 1949; ~ i r s k y  and v is, 1949) 

t 
I 
I 

r e s u l t e d  i n  t h e  DNA cons tancy  theo ry .  However, t h e s e  methods 

f a i l e d  t o  demons t ra te  e x c e p t i o n s  t o  t h e  t heo ry .  Gross a n a l y s e s  

o f  n u c l e a r  suspens ions  where o n l y  average DNA v a l u e s  o f  l a r g e  

numbers o f  n u c l e i  a r e  p o s s i b l e  could n o t  show d i s c r e p a n c i e s  i n  

t h e  amount o f  DNA between s i n g l e  n u c l e i .  More s p e c i f i c a l l y ,  

t h e  po lyp lo idy  known t o  e x i s t  i n  some animal t i s s u e s  (Swi f t ,  

1950) could  n o t  be  d e t e c t e d .  

Caspersson ' s p i o n e e r i n g  work i n  1936 brought  abou t  t h e  

development o f  u l t r a v i o l e t  microspectrophotome t r y  which made 

p o s s i b l e  t h e  q u a n t i t a t i v e  de t e rmina t ion  o f  DNA i n  s i n g l e  

n u c l e i .  The f i r s t  photomet r ic  e s t i m a t e s  o f  t h e  amount o f  DNA 

p e r  nuc leus  were made by caspe r s son  (1939) on t h e  t e s t e s  n u c l e i  

o f  t h e  grasshopper  Gomphocerus . Leuchtenberger and Schrader  

(1952) were t h e  f i r s t  t o  demons t ra te  po lyp lo idy  i n  i s o l a t e d  

r a t  l i v e r  n u c l e i  by t h i s  method. 

I n  e a r l y  s t u d i e s  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  DNA from 

RNA i n  n u c l e a r  a b s o r p t i o n  hampered photomet r ic  e s t i m a t i o n s  o f  

t h e  amount o f  DNA p e r  nuc l eus .  Employing t h e  s p e c i f i c i t y  o f  t he  

Feulgen r e a c t i o n  f o r  DNA combined w i t h  microspec t ropho  tome tr i c  



t echniques  h a s  f u r t h e r  advanced r e s e a r c h  on 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  amount o f  DNA i n  s i n g l e  nuc l eus .  Using t h i s  

method Mirsky and   is (1949) f i r s t  r e p o r t e d  t h e  p re sence  o f  

m u l t i p l e  DNA c l a s s e s  i n  mammalian l i v e r .  Three n u c l e a r  DNA 

c l a s s e s  were found i n  a 1: 2:4 r a t i o  w i t h  t h e  l owes t  c l a s s  c o r -  

responding  t o  t h e  d i p l o i d  v a l u e .  S imi l a r  r e s u l t s  have been 

o b t a i n e d  i n  o t h e r  mammalian l i v e r  t i s s u e  u s i n g  t h e  s a m e  o r  a 

s l i g h t l y  modified method ( s w i f t ,  1950; A l f e r t ,  1950; ~ e s c h w i n d  

e t  a l . ,  1 9 5 8 ) .  c l i n i c a l  c y t o l o g i s t s  have a l s o  used t h e s e  methods 

t o  demons t ra te  p o l y p l o i d y  and t h e  cor responding  i n c r e a s e  i n  DNA 

l e v e l s  i n  t h e  d i a g n o s i s  o f  mal ignant  tumors. 

In  t h e  p r e v i o u s  c h a p t e r  it was r e p o r t e d  t h a t  t r e a t m e n t  

w i t h  t e p a  i n h i b i t e d  p r o t e i n  s y n t h e s i s  i n  t h e  f a t  body o f  

Sch i s toce rca  q r e g a r i a ,  b u t  t h e  mechanism involved i n  t h i s  

i n h i b i t i o n  remains t o  be e s t a b l i s h e d .  A l k y l a t i n g  a g e n t s  such 

a s  a z i r i d i n e s  are known t o  r e a c t  w i t h  DNA and p r o t e i n s .  Tha t  

a l k y l a t i n g  a g e n t s  i n h i b i t  DNA s y n t h e s i s  i n  t h e  o v a r i e s  o f  

i n s e c t s  h a s  been demonstra ted a t  l e a s t  i n  two s p e c i e s .  T r e a t -  

ment o f  screw-worm f l i e s  w i t h  an a l k y l a t i n g  a g e n t  b e f o r e  endo- 

m i t o s i s  i n  t h e  nu r se  c e l l s  i s  complete p r e v e n t s  them from 

r e a c h i n g  t h e  deg ree  o f  po lyp lo idy  neces sa ry  t o  s u s t a i n  t h e  

s y n t h e t i c  a c t i v i t y  r e q u i r e d  d u r i n g  oogenes i s  (Lachance and 

e v e r i c h ,  1965) . By au torad iograph*  t echn iques  chamberla in  

and Barre  t (1968) have demonstra ted t h a t  t r e a t m e n t  o f  young 



s t a b l e  f l i e s  (Stomoxys c a l c i t r a n s )  w i t h  a p h o l a t e  r e s u l t s  i n  a 

c o n s i d e r a b l e  i n h i b i t i o n  i n  t h e  i n c o r p o r a t i o n  o f  thymidine  -H 3 

i n t o  DNA o f  n u c l e i  o f  t h e  n u r s e  cel ls  and f o l l i c l e  c e l l s .  

Th i s  can  l e a d  t o  impairment o f  c e l l u l a r  f u n c t i o n s .  Although 

a l k y l a t i n g  a g e n t s  have been used f o r  s t e r i l i z a t i o n  o f  a  wide 

spec t rum o f  i n s e c t s  l i t t l e  i s  known o f  t h e i r  e f f e c t s  on ce l l s  

o t h e r  t han  t h o s e  o f  gonads.  Hence t h e  p r e s e n t  s t u d y  was under-  

t aken  w i t h  a view t o  1) o b t a i n i n g  i n fo rma t ion  on p o l y p o l o i d i z a -  

t i o n  i n  the f a t  body ce l l s  o f  f i f t h  i n s t a r  nymphs o f  S. y r e g a r i a  - 

and 2 )  d e t e r m i n i n g  t h e  e f f e c t  o f  t e p a  on this p r o c e s s .  



MATERIALS AND METHODS 

~ i c r o s p e c  t ropho  tome t r y  

Squash p r e p a r a t i o n s  o f  f a t  body t i s s u e  from f i v e  l - day -o ld  

and f i v e  6-day-old f i f t h  i n s t a r  nymphs o f  - S.  y r e q a r i a  w e r e  

f i x e d  i n  10% b u f f e r e d  n e u t r a l  f o rma l in  f o r  24 h o u r s .  They 

w e r e  washed o v e r n i g h t  i n  runn ing  wa te r  and s t a i n e d  b y  t h e  

Feulgen t echn ique  a s  o u t l i n e d  by D e i t c h  (1966) . The optimum 

t i m e  o f  h y d r o l y s i s  f o r  maximum i n t e n s i t y  o f  s t a i n i n g  was found 

t o  be 10 minu tes  a t  60•‹ C i n  1 N H C 1  (F ig .  4 )  . The DNA c o n t e n t  

o f  100 n u c l e i  from each  age  g roup ,  r e l a t i v e  t o  t h e  amount o f  

Feulgen s t a i n ,  was de te rmined  on a Shimadsu MPS-50 -W scann ing  

microspec t rophotomete r  . A q u a r t z  d i f f u s i o n  p l a t e  w a s  used 

t o  minimize t h e  "edge e f f e c t " .  A l l  s c a n s  w e r e  made w i t h  a 50X 

o b j e c t i v e  and t h e  d i ame te r  o f  t h e  s cann ing  a p e r t u r e  was 5 b .  

Absorpt ion spec t rum o f  t h e  Feulgen s t a i n e d  n u c l e i  showed t h a t  

maximum a b s o r p t i o n  occu r r ed  a t  approx imate ly  560 nm (F ig .  5 ) .  

The o p t i c a l  d e n s i t y  o b t a i n e d  from t h e  s can  was m u l t i p l i e d  by 

t h e  d i ame te r  o f  t h e  n u c l e u s  i n  microns  t o  a r r i v e  a t  t h e  DNA 

c o n t e n t  i n  a r b i t r a r y  u n i t s  (AU) . u s i n g  t h e  above methods 

squash p r e p a r a t i o n s  o f  t h e  testes from f i f t h  i n s t a r  nymphs 

w e r e  employed t o  o b t a i n  t h e  DNA c o n t e n t  i n  AU o f  20 spermato-  

g o n i a l  n u c l e i .  These v a l u e s  w e r e  averaged  t o  c a l c u l a t e  t h e  

mean d i p l o i d  v a l u e .  One h a l f  o f  t h i s  r e p r e s e n t s  t h e  h a p l o i d  



! nuc leus  measured by C, a s e r i e s  o f  va lues  was o b t a i n e d ,  which 

I 
I s ubsequen t ly  was grouped i n t o  c l a s s e s .  The f requency d i s t r  ibu-  

t i o n  thus  ob ta ined  is taken t o  r e f l e c t  t h e  po lyp lo idy  o f  t he  

c e l l s  o f  t h e  f a t  body. 

To de te rmine  t h e  e f f e c t  o f  t e p a  on p o l y p l o i d i z a t i o n ,  

squash p r e p a r a t i o n s  f a t  body t i s s u e  w e r e  made s imu l t aneous ly  

from f i v e  6-day-old f i f t h  i n s t a r  nymphs t h a t  had been i n j e c t e d  

w i t h  26  pg  o f  t e p a  a s  four-day-old f i f t h  i n s t a r  nymphs. ~ u r i n g  

t h e s e  i n v e s t i g a t i o n s  I observed t h a t  a l t hough  t r e a t m e n t  w i th  

t e p a  d i d  n o t  change t h e  a b s o r p t i o n  spectrum o f  t h e  Feulgen- 

s t a i n e d  n u c l e i  it i n t e r f e r e d  w i t h  t h e  Feulgen r e a c t i o n  r e s u l t i n g  

i n  some l o s s  i n  t h e  i n t e n s i t y  o f  s t a i n i n g  (F ig .  6 )  . ( D e t a i l s  

r e g a r d i n g  t h i s  a s p e c t  are d i s c u s s e d  i n  t h e  n e x t  c h a p t e r ) .  

Therefore  a c o r r e c t i o n  f a c t o r  had t o  be a p p l i e d  f o r  t h e  c a l c u l a -  

t i o n s  o f  t h e  DNA c l a s s e s  i n  t h e  t e p a - t r e a t e d  l o c u s t s .  The C 

v a l u e  was determined from 20 spermatogonial  n u c l e i  o f  t epa -  

i n j e c t e d  (26 pg)  f i f t h  i n s t a r  males .  The DNA c l a s s e s  i n  t h e  
I 

f a t  body n u c l e i  were then c a l c u l a t e d  by d i v i d i n g  t h e  i n d i v i d u a l  

AU by C .  

Au t o r  ad iog r  aphy 

Au t o r a d i o g r a p h i c  techniques  w e r e  used p r i m a r i l y  t o  con•’ i r m  

t h e  v a l i d i t y  o f  some o f  t h e  o b s e r v a t i o n s  on p o l y p l o i d i z a t i o n  

made w i t h  photomet r ic  t echn iques .  They were n o t  in tended  f o r  a 



d e t a i l e d  a n a l y s i s  o f  t h i s  p r o c e s s  i n  t h e  f a t  body o f  t h e  f i f t h  

i n s t a r  nymphs. T h i s  i n  i t s e l f  c o u l d  form t h e  s u b j e c t  m a t t e r  

o f  f u r t h e r  i n v e s t i g a t i o n .  

Four -day-old f i f t h  i n s t a r  f emale  nymphs w e r e  i n j e c t e d  

w i t h  26 ~g o f  

o f  me thano l .  

a c t i v i t y  1 9 . 7  

nymphs i n  two 

t e p a  i n  5 o f  me thano l .  c o n t r o l s  r e c e i v e d  5 

3 
Four h o u r s  l a t e r  20 P ~ i  o f  thymidine-H ( s p e c i f i c  

c ~ / I ~ M )  i n t o  e a c h  o f  t h e  c o n t r o l  and t e p a  t r e a t e d  

1 0  samples  f o u r  h o u r s  a p a r t .  Squashes  o f  

f a t  body o f  c o n t r o l  and t e p a  i n j e c t e d  g r o u p s  ( s i x  i n s e c t s  were  

used  from e a c h  g r o u p )  were made when t h e  nymphs w e r e  s i x  d a y s  

o l d .  They were  f i x e d  i n  10% n e u t r a l  f o r m a l i n  f o r  24 h o u r s .  

A f t e r  thorough  washing t h e  s l i d e s  were p l a c e d  i n  c o l d  5% TCA 

c o n t a i n i n g  0.1% n o n - r a d i o a c t i v e  thymidine  f o r  1 0  m i n u t e s .  

The s l i d e s  were t h e n  washed i n  d i s t i l l e d  w a t e r  and s t a i n e d  by 

t h e  Feulgen t e c h n i q u e .  The s l i d e s  were  c o a t e d  w i t h  Kodak 

emuls ion  NTB-2 and s t o r e d  a t  4' C f o r  2  weeks.  A f t e r  d e v e l o p i n g  

and f i x i n g  t h e  a u t o r a d i o g r a p h s  w e r e  examined f o r  t h e  p e r c e n t a g e  

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

n u c l e i  were examined f o r  t h e  i n t e n s i t y  o f  l a b e l l i n g  and f u r t h e r  

c l a s s  i f  i e d  i n t o  m o d e r a t e l y  l a b e l l e d  ( F i g  . 10) and h e a v i l y  

l a b e l l e d  n u c l e i  ( F i g .  11, Tab le  V I I I )  . 



~ i g u r e  4. Colour i n t e n s i t y  o f  Feulgen - s t a ined  sperrnatogonial  

n u c l e i  o f  - S .  q r e q a r i a  a s  a  f u n c t i o n  o f  h y d r o l y s i s  

t i m e  i n  1 N  H C 1  a t  60' C. 





Figu re  5.  Absorp t ion  spec t rum (450 t o  650 nm) o f  a Feulgen- 

s t a i n e d  f a t  body nuc l eus  o f  f i f t h  i n s t a r  nymph 

S.  g r e g a r i a .  - 
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Figure  6 .  Typica l  scan  a c r o s s  Feulgen -s t a i n e d  spermatogonial  

nuc l eus  i n  a c o n t r o l  ( A )  and tepa- in  j ec t ed  ( B )  

f i f t h  i n s t a r  male - S. q r e g a r i a .  o p t i c a l  d e n s i t y  w a s  

measured a t  560 nm. Note t h e  r e d u c t i o n  i n  i n t e n s i t y  

of s t a i n i n g  i n  B. 





RESULTS 

~ i c r o s p e c  t ropho  tome t r y  

The DNA c o n t e n t  o f  t h e  f a t  body n u c l e i  o f  1-day-old f i f t h  

i n s t a r  nymphs ranged  from 8 t o  13  AU, whereas t h a t  o f  t h e  6-day- 

o l d  nymphs ranged from 9 t o  1 5  AU ( F i g .  7A, B )  . When t h e s e  

v a l u e s  w e r e  d i v i d e d  b y  t h e  h a p l o i d  DNA v a l u e  t h e  DNA class- 

series o b t a i n e d  i n  t h e  1-day-old group o b t a i n e d  was: 3C (23%) , 

4C (54%) and 5C (23%) .  I n  t h e  6-day-old c o n t r o l s  t h i s  series 

was : 3 c  (2%) ,  4 c  (60%),  5c  (35%) and 6C (3%) o f  t h e  n u c l e i  

( F i g s  . 8A, B; Table  V I I )  . 
I n  t h e  t e p a - i n j e c t e d  group the AU ranged  from 7 t o  13 .  Of 

t h e s e  n u c l e i  64% w e r e  found between 7 and 10 AU (F ig .  7C) .  

The C v a l u e s  o b t a i n e d  a f te r  making t h e  n e c e s s a r y  c o r r e c t i o n  due 

t o  l o s s  i n  Feulgen s t a i n i n g  a s  a r e s u l t  o f  a l k y l a t i o n  o f  DNA 

by  t e p a ,  showed t h a t  1 4 ,  49,  26 and 11% o f  t h e  n u c l e i  w e r e  

i n  3C, 4C, 5C and 6C r e s p e c t i v e l y  ( F i g .  8C; Table  V I I )  . 
Ana lys i s  of  t h e  d a t a  on t h e  n u c l e a r  d i ame te r  showed t h a t  

i n  the 1-day-old f i f t h  i n s t a r  nymph it ranged  from 10 t o  17  CL 

i n  l e n g t h  ( F i g .  9A) w i t h  a mean o f  13 .2  0 . 9  CL. In  t h e  6-day- 

o l d  f i f t h  i n s t a r  nymph t h e  r ange  o f  t h e  n u c l e a r  d i a m e t e r  was 

from 11 t o  1 8  CL w i t h  a mean d i ame te r  14 .2  & 1.1 ( F i g .  9B) . 

I n  t h e  t e p a - i n j e c t e d  group it ranged from 14  t o  25 1, ( F i g .  9C) 

w i t h  a mean o f  19 .5  1 . 4  v .  The d i f f e r e n c e  i n  t h e  means 



between t h e  6-day-old c o n t r o l  and t h e  t e p a - i n  j e c t e d  g roups  is 

s i g n i f i c a n t  (P < 0 .01)  . 

Au t o r  ad i o q r  aphy 

The r a t i o  o f  l a b e l l e d  t o  u n l a b e l l e d  n u c l e i  was a p p r o x i m a t e l y  

1: 1 0  i n  t h e  c o n t r o l  and t e p a - i n  j e c t e d  g r o u p s .  However, t h e  

i n t e n s i t y  o f  t h e  l a b e l l i n g  was d i f f e r e n t .  There  were  more o f  

h e a v i l y  l a b e l l e d  n u c l e i  and less of m o d e r a t e l y  l a b e l l e d  n u c l e i  

i n  the c o n t r o l  t h a n  i n  t h e  t e p a - i n  j e c t e d  g roup  (Tab le  V I I I )  , 



Figu re  7 .  Frequency d i s t r i b u t i o n  o f  f a t  body n u c l e i  o f  f i f t h  

i n s t a r  nymphs of - S. g r e g a r i a  a c c o r d i n g  t o  t h e i r  DNA 

c o n t e n t s  i n  a r b i t r a r y  u n i t s  (Au) . A,  l - day -o ld  

c o n t r o l s ;  B ,  6-day-old c o n t r o l s  and C ,  6-day-old 

t epa - in  j e c t e d  i n s e c t s .  T o t a l  number o f  n u c l e i  

measured p e r  group was 100.  
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~ i g u r e  8.  Frequency d i s t r i b u t i o n  o f  f a t  body n u c l e i  o f  f i f t h  

i n s t a r  nymphs o f  5. g r e g a r i a  a c c o r d i n g  t o  c l a s s e s  

o f  DNA-contents (degree  o f  p o l y p l o i d y )  . A ,  l - d a y -  

o l d  c o n t r o l s ;  B ,  6-day-old c o n t r o l s  and C, 6-day-  

o l d  t epa - in  j e c t e d  i n s e c t s .  T o t a l  number o f  n u c l e i  

measured per group was 100.  
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TABLE VII 

DNA c l a s s e s  ( C )  i n  f a t  body n u c l e i  of  1-day-old c o n t r o l s ,  

6-day-old c o n t r o l s ,  and 6-day-tepa-in j ec t ed  f i f t h  

i n s t a r  - S. g r e g a r i a .  

Pe rcen t  o f  Nuclei  
DNA C l a s s  1 Day c o n t r o l  6  Day Con t ro l  6  Day Treated 

6C -- 3 11 

Each group c o n s i s t e d  of 5 i n s e c t s .  T o t a l  number o f  n u c l e i  
measured p e r  group was 100. 



Figure 9.  Frequency d i s t r i b u t i o n  of  f a t  body n u c l e i  i n  the  

f i f t h  i n s t a r  nymphs of - S.  y r e g a r i a  according t o  

t h e i r  d iameters  i n  microns ( p )  . A ,  1-day-old 

c o n t r o l s ;  B, 6-day-old c o n t r o l s  and C ,  6-day-old 

tepa-in jected i n s e c t s .  To ta l  number of  n u c l e i  

measured i n  each group was 100. 
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Autoradiographs  o f  f a t  body n u c l e i  l a b e l l e d  w i t h  thymidine-H . 
I I 
I Moderately l a b e l l e d  nuc leus  (F ig .  1 0 ) .  Heavi ly  l a b e l l e d  nuc leus  1 



TABLE V I I I  

E f f e c t  o f  t epa  on DNA s y n t h e s i s  i n  t h e  f a t  body n u c l e i  

o f  female f i f t h  i n s t a r  nymphs o f  - S. q r e g a r i a .  

Moderately Heavi ly  
Labe l led  Labe l led  

Group ~ u c l e i  (%) Nucle i  (%) 

c o n t r o l  6 2  38 

~ e p a - i n  jec  t e d  73 27 

One hundred l a b e l l e d  n u c l e i  from each  group were examined t o  
a r r i v e  a t  t h e  pe rcen tages  o f  moderate ly  and h e a v i l y  l a b e l l e d  
n u c l e i .  S l i d e s  were exposed i n  t he  d a r k  f o r  a p e r i o d  o f  2 
weeks p r i o r  t o  p r o c e s s i n g .  



DISCUSSION 

~ o l y p l o i d y  appea r s  t o  be a normal occur rence  i n  t h e  somat ic  

t i s s u e s  o f  i n s e c t s .  I t  is w e l l  known t h a t  t h e  d i p t e r o u s  s a l i v a r y  

gland n u c l e i  become p o l y p l o i d  by endomi tos i s  . G e i t l e r  (1937) 

desc r ibed  512-ploid n u c l e i  i n  t h e  s a l i v a r y  gland c e l l s  o f  the 

w a t e r  s p i d e r   err is  l a t e r a l i s .  Berger (1938) observed t h a t  t h e  

n u c l e i  o f  t h e  e p i t h e l i a l  ce l ls  o f  t h e  i leum i n  Culex p i p i e n s  

l a r v a e  underwent p o l y p l o i d i z a t i o n  by r e p e a t e d  i n t e r n a l  d i v i s i o n s .  

From microspectrophotome tr ic  s t u d i e s  on Feulgen-s t a i n e d  n u c l e i  

Mittwoch e t  a l .  (1966) concluded t h a t  p o l y p l o i d i z a t i o n  occu r s  i n  

t h e  somat ic  cel ls  o f  t h e  honey bee Apis m e l l i f e r a .  Po lyp lo id  

n u c l e i  up t o  32-ploid w e r e  found i n  the f a t  body n u c l e i  o f  t h e  

f o u r t h  s t a g e  l a r v a e  o f  Rhodnius p r o l i x u s  (Wiggleswor t h ,  1967) . 
This  h a s  been a s c e r t a i n e d  by coun t ing  t h e  number o f  chromosomes. 

Wigglesworth a t tempted  a l s o  t o  show t h e  presence  o f  i n t e r m e d i a t e  

n u c l e i  o f  the t r i p l o i d  series by photomet r ic  measurements o f  

Feulgen-s t a i n e d  n u c l e i ,  b u t  t h e  r e s u l t s  were i nconc lus ive  s i n c e  

t h e  measurements were v a r i a b l e  and t h e  number o f  n u c l e i  measured 

was t o o  s m a l l .  

The r e s u l t s  ob t a ined  i n  t h e  p r e s e n t  s t u d y  i n d i c a t e  t h a t  t h e  

f a t  body c e l l s  a r e  a l r e a d y  p o l y p l o i d  i n  t h e  f i f t h  i n s t a r  nymph 

o f  - S. q r e g a r i a .  Nucle i  hav ing  from 3 t o  5 t i m e s  t h e  DNA c o n t e n t  

o f  t h e  germ ce l l s  a r e  found i n  t h e  1-day-old f i f t h  i n s t a r  nymphs. 

Since t h e r e  a r e  n u c l e i  i n  t h e  6C class,  an i n c r e a s e  i n  t h e  



percentage of the nuclei  i n  the c lasses  4C and 5 C  and a cor- 

responding decrease i n  the c l a s s  3 C  i n  the 6-day-old f i f t h  

instar  nymphs, i t  i s  evident t h a t  fur ther  polyploidization 

takes place i n  the f a t  body c e l l s  of the f i f t h  ins t a r  nymphs 

during the i r  growth. 

Fox (1970) has recent ly  described the DNA s e r i e s  i n  the 

somatic t i s sues  of Locusta migratoria and - S .  gregaria adul t s .  

By microdensitometric methods Fox has shown tha t  the DNA se r i e s  

do not correspond to  a doubling se r i e s  similar  to  tha t  observed 

in  the somatic t i s sue  of seven Dermestes species (Fox, 1969) . 

The lack of a doubling s e r i e s  in  the somatic t i s sues  of the 

locusts i s  probably due to  under rep l ica t ion .  The absence of 

doubling se r i e s  and the presence of intermediate forms 

observed i n  the f a t  body c e l l s  of the f i f t h  ins t a r  nymphs of 

S. gregaria could a l so  be due to  the f a c t  tha t  DNA synthesis - 

might be occurring in some c e l l s  a t  the time of f ixa t ion .  

~ l t h o u g h  there i s  a small increase in the percentage of 

6 c nuclei  in  the tepa t reated insec ts ,  it appears t h a t  tepa 

has a s l i g h t  inhibi tory e f f e c t  on the process of polyploidiza- 

t ion .  The percentage of 3 C  nuclei  is higher i n  the tepa- 

injected group than t h a t  of the 6-day controls ,  whereas the 

percentages of 4 C  and 5 C  nuclei  are  lower than those i n  the 

control group (Table V I I )  . I t  is  per t inent  to  mention here 

tha t  tepa was injected when the nymphs were four days old.  



1 rf po lyp lo id iza t ion  t akes  p l a c e  p r i o r  t o  t h i s ,  then i n j e c t i o n  

of  tepa would n o t  r e v e a l  i t s  e f f e c t ,  i f  any, on DNA s y n t h e s i s .  

I t  would have been more appropr ia t e  t o  i n j e c t  tepa  i n t o  l-day- 

o l d  • ’ i f  t h  i n s  t a r  nymphs, b u t  m o r t a l i t y  was cons iderably  h igh  

when tepa  was i n j e c t e d  a t  t h i s  phase of  the  f i f t h  i n s t a r  nymphs. 

The r e s u l t s  obta ined  i n  the  autoradiographic  s tudy demon- 

s t r a t e  beyond any doubt t h a t  DNA s y n t h e s i s  takes  p lace  dur ing  

the  l a t e r  phase of  t h e  • ’ i f  th i n s t a r  nymph. Although the  number 

o f  l a b e l l e d  n u c l e i  i n  t h e  c o n t r o l s  and the  tepa- in jec ted  in ' sec ts  

is e s s e n t i a l l y  s i m i l a r ,  the  i n t e n s i t y  of l a b e l l i n g  appears  t o  be 

d i f f e r e n t  i n  both t h e  groups. In the  c o n t r o l s  38% of  the  n u c l e i  

a r e  heav i ly  l a b e l l e d  whereas i n  the  tepa- in jec ted  i n s e c t s  only  

27% showed t h e  same e x t e n t  o f  l a b e l l i n g .  Curiously enough the  

t epa - in jec ted  group showed an inc rease  i n  the  percentage of  

moderately l a b e l l e d  n u c l e i  over t h a t  observed i n  t h e  c o n t r o l s .  

Does this mean t h a t  r e p a i r  mechanisms opera te  involv ing  r e -  

s y n t h e s i s  of  the  m a t e r i a l  removed by a l k y l a t i o n ?  The e x t e n t  o f  

i n h i b i t i o n  of  DNA s y n t h e s i s  i s  n o t  cons iderable  and this was n o t  

s u r p r i s i n g  s i n c e  only  10% of  t h e  n u c l e i  i n  the c o n t r o l s  showed 

DNA s y n t h e s i s .  

The most s i g n i f i c a n t  e f f e c t  o f  tepa  i s  the  inc rease  i n  

nuclear  s i z e .  ~ a r r i n g t o n  and Koza (1951) r epor ted  t h a t  

i r r a d i a t i o n  of  embryos of  the  grasshopper,  Choro tophaga 

v i r  i d i f  a c i a t a  , with X-rays r e s u l t e d  i n  the  enlargement of  the  



n u c l e a r  volume. These a u t h o r s  sugges t ed  t h a t  depo lymer i za t i on  

o f  DNA cou ld  l e a d  t o  an  i n c r e a s e  i n  t h e  osmot ic  p r e s s u r e  and 

t h u s  cause  t h e  n u c l e i  t o  s w e l l .  Nair  and Bhakthan (1969) 

observed s w e l l i n g  o f  t h e  s a r cop l a smic  r e t i c u l u m  i n  t h e  f l i g h t  

muscles  o f  t h e  h o u s e f l y  exposed t o  gamma-radiation. Th i s  h a s  

been a t t r i b u t e d  t o  changes  i n  p e r m e a b i l i t y  induced b y  gamma- 

r a d i a t i o n .  Whether t h e  i n c r e a s e  i n  t h e  n u c l e a r  volume observed  

i n  t h e  t epa - in  j e c t e d  l o c u s t s  is  due t o  s i m i l a r  c a u s e s  i s  n o t  

known. 



C h a p t e r  4 

I V .  E F F E C T  O F  ALKYLATION O F  DNA ON THE COLOR I N T E N S I T Y  O F  

FEULGEN REACTION 



INTRODUCTION 

During t h e  c o u r s e  o f  my i n v e s t i g a t i o n s  r e p o r t e d  i n  the 

p r e v i o u s  c h a p t e r  it was observed  t h a t  i n j e c t i o n  o f  t e p a  i n t o  

f i f t h  i n s t a r  nymphs o f  - S .  g r e q a r i a  r e s u l t e d  i n  a l o s s  i n  t h e  

i n t e n s i t y  o f  Feulgen s t a i n i n g  i n  t h e  f a t  body n u c l e i .  A 

s i m i l a r  r e d u c t i o n  i n  t h e  i n t e n s i t y  o f  Feulgen s t a i n  w a s  a l s o  

observed i n  t h e  spe rma togon ia l  n u c l e i  o f  t epa - in  j e c t e d  f i f t h  

i n s t a r  males.  Hence i t  w a s  assumed t h a t  t h e  r e d u c t i o n  i n  t h e  

i n t e n s i t y  o f  Feulgen s t a i n  observed  i n  the f a t  body n u c l e i  o f  

t epa - in  j e c t ed  f i f t h  i n s t a r  female  nymphs was n o t  e n t i r e l y  due 

t o  r e d u c t i o n  i n  t h e  DNA c o n t e n t  b u t  due t o  i n t e r f e r e n c e  i n  t h e  

Feulgen r e a c t i o n .  The f o l l o w i n g  expe r imen t s  w e r e  conducted 

t o  de t e rmine  whether  a l k y l a t i o n  o f  DNA would p r e v e n t  unmasking 

of t h e  a ldehyde groups  n e c e s s a r y  f o r  Feulgen r e a c t i o n .  



MATERIALS AND METHODS 

The fo l lowing  two exper iments  were c a r r i e d  o u t  

t o  i n v e s t i g a t e  whether a l k y l a t i o n  o f  DNA i n h i b i t s  t h e  i n t e n s i t y  

o f  Feulgen s t a i n .  

Experiment I 

Squash p r e p a r a t i o n s  o f  t h e  t e s t e s  from t h e  f i f t h  i n s t a r  

nymph o f  - S. g r e g a r i a  w e r e  p l aced  i n  1% t e p a  s o l u t i o n  i n  

methanol f o r  1 5  o r  60 minutes .  The c o n t r o l  p r e p a r a t i o n s  were 

p l aced  i n  methanol f o r  t h e  same p e r i o d s .  The s l i d e s  were then  

washed i n  d i s t i l l e d  wate r  and f i x e d  i n  10% n e u t r a l  fo rma l in .  

DNA c o n t e n t  i n  AU o f  20 ~ e u l g e n - s t a i n e d  n u c l e i  from each o f  

t h e  c o n t r o l  and t e p a - t r e a t e d  p r e p a r a t i o n s  was determined as 

o u t l i n e d  i n  Chapter  3 .  

Experiment I1 

I n  t h i s  s t u d y  the Feulgen r e a c t i o n  was c a r r i e d  o u t  on a 

s o l u t i o n  o f  DNA (Sigma).  The method o f  s t a i n i n g  DNA i n  s o l u t i o n  

w a s  s i m i l a r  t o  t h a t  d e s c r i b e d  by Hardonk and van Dui jn (1964) . 
To 0.2 m l  o f  0.5% DNA i n  d i s t i l l e d  wate r  was added 0.8 m l  o f  a  

s o l u t i o n  o f  1% t e p a  i n  d i s t i l l e d  wa te r .  The c o n t r o l s  c o n s i s t e d  

o f  0.2 m l  o f  0.5% DNA p l u s  0 .8  m l  o f  d i s t i l l e d  wa te r .  Alkyla-  

t i o n  o f  DNA was c a r r i e d  o u t  a t  3 7 O  C f o r  1 hour .  The c o n t r o l  

t ubes  were a l s o  incuba ted  f o r  t h e  same p e r i o d .  A f t e r  incuba-  

t i o n  2  m l  o f  2N H C 1  (60•‹ C )  were added i n t o  each  tube  and t h e  

DNA hydrolyzed f o r  1 5  minutes  a t  60' C .  P re l imina ry  s t u d i e s  



showed t h a t  -1'5 minutes of  hydro lys i s  was necessary f o r  the  

development of maximum c o l o r  a f t e r  t h e  a d d i t i o n  of  the  Sch i f f  I s  

r eagen t .  After  hydro lys i s  the  tubes were cooled r a p i d l y  and 

0.3 m l  of 35% NaOH and 0 .1  ml of 15% s o l u t i o n  o f  potassium 

metabisu lphi te  were added i n t o  each tube.  Af ter  thorough 

mixing i n  a  vor t ex  mixer,  1 m l  of S c h i f f '  s r e a g e n t  was added. 

After  3  hours  the  o p t i c a l  d e n s i t y  of t h e  c o l o r  developed was 

determined i n  a  unicam SP 500 spectrophotometer a t  560 nm. 

Five r e p l i c a t e s  each o f  t h e  c o n t r o l  and t epa - t r ea ted  samples 

were used i n  t h i s  s tudy.  



TABLE IX 

E f f e c t  o f  a l k y l a t i o n  w i t h  t e p a  on Feu lgen- revea led  DNA 

c o n t e n t  (AU) o f  spe rma togon i a l  n u c l e i  o f  - S. g r e q a r i a  . 
Nucleus  C o n t r o l  Nucleus A l k y l a t e d  samples  

No. 15  minu tes  1 hour No. 15  minu tes  1 hour 

20 4 . 8  4 . 2  2 0 2 .2  2 .8  
RS-Dek4 .43*0 .48  4 .35f0.42 2.76f0.24 2 .75f0.22 

Comparison o f  t h e  means o f  t h e  c o n t r o l  and t r e a t e d  samples  show t h a t  t h e  
d i f f e r e n c e s  a r e  h i g h l y  s i g n i f i c a n t  ( P  < 0 .01) .  The t v a l u e s  f o r  t h e  15  and 
1 hour samples  a r e  12 .7  and 13.9  r e s p e c t i v e l y .  



TABLE X 

E f f e c t  o f  a l k y l a t i o n  o f  DNA on the  c o l o r  i n t e n s i t y  of  

Feulgen r e a c t i o n  expressed  a s  o p t i c a l  d e n s i t y  

a t  560 nm. 

Alkyla ted  
Rep1 i c a  te Con t ro l  Sample 

%s.D. 0.658h0.235 F~s .D.  0.220*.139 

comparison o f  t h e  means o f  t h e  c o n t r o l  and a l k y l a t e d  samples 
showed t h a t  t h e  d i f f e r e n c e s  a r e  s i g n i f i c a n t  P < 0.05 (t = 3.07) . 



RESULTS AND DISCUSSION 

The DNA value r e l a t i v e  t o  the  Feulgen s t a i n  was s i g n i f i -  

c a n t l y  lower i n  the  t epa - t r ea ted  spermatogonial  n u c l e i  than 

t h a t  of  the  c o n t r o l s  (Table I X ) .  Within 15 minutes of a l k y l a -  

t i o n  the  DNA va lues  were reduced t o  approximately 50%. No 

f u r t h e r  reduct ion  was observed a f t e r  1 hour of a l k y l a t i o n  

i n d i c a t i n g  t h e  completion of  a l k y l a t i o n  wi th in  the  f i r s t  15 

minutes. The r e s u l t s  of  t h e  experiments a r e  i n  agreement. The 

o p t i c a l  d e n s i t y  of  the  c o l o r  developed i n  t h e  a l k y l a t e d  samples 

w a s  s i g n i f i c a n t l y  lower than t h a t  of the  c o n t r o l  samples 

(Table X ) .  These r e s u l t s  demonstrate t h a t  a l k y l a t i o n  of  DNA 

i n h i b i t s  r e c o l o r a t i o n  of  t h e  Schif f  ' s reagen t .  

~t is e s t a b l i s h e d  t h a t  aldehyde func t ions  a r e  r e spons ib le  

f o r  the  r e c o l o r a t i o n  of  t h e  S c h i f f ' s  r eagen t .  Hence any r e a c -  

t i o n  t h a t  involves b locking  of  the  aldehyde groups o r  prevent ing  

t h e  unmasking of  aldehyde groups would l ead  t o  a  r educ t ion  i n  

t h e  i n t e n s i t y  of  Feulgen s t a i n .  This may l ead  t o  erroneous 

conclusions i n  q u a n t i t a t i v e  cytochemis t r y  o f  DNA. The r e s u l t s  

of  both experiments show t h a t  the  r educ t ion  i n  t h e  i n t e n s i t y  of  

Feulgen s t a i n  i n  the  a l k y l a t e d  samples i s  n o t  s o l e l y  due t o  

l e s s e r  q u a n t i t i e s  of  DNA b u t  due t o  t h e  f a c t  t h a t  a l k y l a t i o n  

o f  DNA i n t e r f e r e s  wi th  the  Feulgen r e a c t i o n .  
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APPENDIX 1 

composit ion of  medium A used f o r  i n c u b a t i n g  f a t  body. 

C o n s t i t u e n t  

K C 1  

CaC12 

M W 2  

MgSO4 

NaH2P04 

Malic a c i d  

L-asparagine 

L-aspar t i c  a c i d  

L-cys t e i n e  H C 1  

L-cys t i n e  

L-glutamic a c i d  

L-glu tamine 

C o n s t i t u e n t  

Glycine  

L-His t id ine  HC1 

L- i so leuc ine  

L- lys ine  H C 1  

L-me t h i o n i n e  

L-phenylalanine 

L-prol ine  

L-ser i n e  

L- threonine 

L-tryptophan 

L- tyros ine  

L-valine 

  he s o l u t i o n  a l s o  con ta ined  s t rep tomycin  s u l f a t e  ( 2 5  ug/ml) 

and p e n i c i l l i n  G (250 un i t s /ml )  and t h e  pH w a s  a d j u s t e d  t o  6 .5  

w i t h  NaOH. To avoid p r e c i p i t a t i o n ,  t h e  CaCl w a s  added a f t e r  
2  

mixing t h e  amino a c i d s  w i t h  t h e  o t h e r  s a l t s .  
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