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E s t e r a s e  a n d  L e u c i n e  A m i n o p e p t i d a s e  Z y m o g r a m s  in  t h e  I n d i a n  M e a l  M o t h  Plodia interpunctella 
During Development  

Mul t ip l e  m o l e c u l a r  fo rms  of d i f f e ren t  e n z y m e  s ys t ems  
h a v e  been  s t u d i e d  in  m a n y  o rgan i sms ,  i nc lud ing  insects .  
A n u m b e r  of e l ec t rophore t i c  s tud ies  of so luble  p r o t e i n s  
of insec t s  h a v e  been  m a d e  in  r e c e n t  yea r s  for  t h e  iden t i f i -  
c a t i o n  oI t h e  p r o t e i n  or ig in  of  t h e  changes  d u r i n g  in sec t  
d e v e l o p m e n t .  T h e  g r o u p  of non-spec i f ic  es te rases  is a 
f a v o u r a b l e  sys t em,  because  of i t s  p re sence  in  a l m o s t  
e v e r y  l i v ing  o r g a n i s m  a n d  i ts  g r e a t  h e t e r o g e n i t y  x-x°. 
D i f f e r en t  e n z y m e  s y s t e m s  n - ~ ,  i n c l u d i n g  leue ine  a m i n o -  
p e p t i d a s e  (LAP)  ~s-a°, h a v e  b e e n  t r i ed  in insec ts  b y  di f -  
f e r en t  e l ec t rophore t i c  t e chn iques ,  because  of t h e i r  on to -  
gene t ic  dependence .  

So far, no  d a t a  h a v e  b e e n  p r e s e n t e d  on  t h e  on togenes i s  
of es te rases  a n d  L A P  d u r i n g  t h e  life cycle  of Plodia 
interpunctella. T h e  pu rpose  of t h i s  i n v e s t i g a t i o n  is to  
descr ibe  t h e  e l ec t rophore t i c  p a t t e r n  of t he  a b o v e  e n z y m e  
sys t ems  in all  d e v e l o p m e n t a l  s tages  in  t h e  insec t  men-  
t ioned .  

Material and methods. I n  t h e  p r e s e n t  i n v e s t i g a t i o n  
i nd iv idua l s  of ~lodia interpunctella (Hiib) (Lep idop te ra :  
Phyc i t i dae )  of d i f f e ren t  d e v e l o p m e n t a l  s tages  were  used  
f rom a s tock  of our  l a b o r a t o r y .  A m i x t u r e  of ch i cken  
mash ,  g lycer ine  and  h o n e y  in a 6 : 1 : 1  p r o p o r t i o n  was  
used  as  r ea r ing  m e d i u m .  T e m p e r a t u r e  a n d  h u m i d i t y  were  
k e p t  c o n s t a n t  a t  28 - 30°C  a n d  4 0 - 5 0 %  respec t ive ly .  
U n d e r  t h e s e  cond i t ions ,  t h e  s t ages  of egg, l a r v a  a n d  
p u p a  were  c o m p l e t e d  in 3, 17 a n d  7 days  respec t ive ly .  
48-hour -o ld  eggs were  used ;  1, 8, 12 a n d  16-day-o ld  
l a r v a e ;  1, 4, a n d  7-day-old  p u p a e  a n d  n e w l y  e m e r g e d  
adu l t s .  I n d i v i d u a l s  were  f r o z e n - t h a w e d  a n d  s q u a s h e d  
w i t h  a glass  rod  on  a n  iced m o r t a r  w i t h  a d r o p  of d i s t i l l ed  
water ,  in  w h i c h  s a n d  was  a d d e d  for  b e t t e r  h o m o g e n i z a -  
t ion .  More  t h a n  one  i n d i v i d u a l  were  h o m o g e n i z e d  for  
s amp le s  of eggs a n d  l a r v a e  u p  to  t h e  t 2-day-old.  F o r  a l l  
o t h e r  ages, t he  s ample  c o n t a i n e d  a s ingle  i nd iv idua l .  
H o r i z o n t a l  s t a r c h  gel e lec t rophores i s  w i t h  a d i s c o n t i n u o u s  
buf fe r  s y s t e m  was  car r ied  o u t  accord ing  to  t h e  m e t h o d  
desc r ibed  b y  ASHTON a n d  BRADEN zl as modi f i ed  b y  
CHRISTODOULOU 2~. Gels were  p r e p a r e d  w i t h  13°/o h y d r o -  
lyzed  s t a r c h  ( C o n n a u g h t  Medica l  Labora to r i e s ) .  T h e  
e l ec t rophores i s  was  p e r f o r m e d  a t  a c o n s t a n t  vo l t age  
42 V / c m  for  2V, h in a r e f r i ge r a t o r  a t  4°C. T he  zones 
of es terase  a c t i v i t y  were d e m o n s t r a t e d  us ing  e - n a p h t h y l  
b u t i r a t e  as s u b s t r a t e  a n d  R e d  T R  sa l t  as a coup l ing  
a g e n t  *,~. The  zones of L A P  a c t i v i t y  were  iden t i f i ed  
us ing  L- leucy l - f l -naph thy lamide  HC1 as s u b s t r a t e  a n d  
B l a c k  ' K '  as coup l ing  a g e n t  ~. 

Results and discussion. Tile z y m o g r a m  r e su l t i ng  f rom 
s e p a r a t i o n  of so luble  es te rases  of t h e  insec t  e x a m i n e d  is 
s h o w n  in F igure  1. T h e  n u m b e r  of es te rase  a reas  acco rd ing  
to  t h e i r  i nc reas ing  e l ec t rophore t i c  m o b i l i t y  were 4 (IV, 
I I I ,  I I ,  I). T h e  zones of es te rase  a c t i v i t y  h a d  d i f f e ren t  
t i m e s  of appea rance .  Thus ,  2 ' s t r o n g '  zones  of a r ea  I 
a p p e a r e d  in  1-day-old  l a r v a e  a n d  were  p r e s e n t  u p  to  
t h e  adu l t s ,  whi le  t h e  ' f a i n t '  zone w i t h  t h e  f a s t e s t  m o b i l i t y  
was  p r e s e n t  f r o m  12-day-old  l a r v a e  to  4 -day-o ld  p u p a e .  
Areas  I I  a n d  I I I  were  p r e s e n t  in  a l l  d e v e l o p m e n t a l  
s tages,  whi le  a r ea  I V  a p p e a r e d  f rom 8-day-o ld  l a r v a e  
up  to  t he  adu l t s .  T h e  m a x i m u m  of r e l a t i ve  es te rase  
a c t i v i t y  ( a m o u n t  of d ye  p rec ip i t a t i on )  for  t he  m a j o r i t y  
of t h e  zones, s eemed  to  a p p e a r  in t h e  s tage  of t h e  l a t e  
la rva .  The  re l a t ive  a c t i v i t y  of es te rase-zones  in b o t h  t h e  
ear l ier  a n d  l a t e r  ages  decreased  s ign i f i can t ly  w i th  min i -  
m u m  in t he  eggs a n d  adu l t s .  Our  o b s e r v a t i o n s  c o n c e r n i n g  
t h e  e s t e r a se - ac t i v i t y  in l a t e  l a r v a e  a re  d i f f e ren t  f rom 
those  in some Drosophila species ~ where  t he  m a x i m u m  
of a c t i v i t y  was obse rved  in adul t s .  EGUCHI a n d  SUGI- 

MOTO s, w o r k i n g  on  a n o t h e r  L e p i d o p t e r o n  (Bombyx mori), 
f o u n d  t h a t  t h e  h i g h  i n t e n s i t y  of es te rase  zones  in t h e  
i n t e s t i n e  a p p e a r e d  in  t h e  l a s t  l a r v a l  s tage.  Our  exper i -  
m e n t a l  r e su l t s  c o n c e r n i n g  t h e  h i g h  e s t e r a s e - a c t i v i t y  in  
t h e  l a t e  l a r v a l  s tage  m a y  be  due  p r o b a b l y  to  t h e  i n t e s t i n e ' s  
b e h a v i o u r .  
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Fig. 1. Schematic picture showing the electrophoretie pattern of 
esterases during ontogenesis of Plodia interpunctella. 1. Eggs; 
2-5. Larvae (1-, 8-, 12- and 16-day-old respectively); 6-8. Pupae 
(1-, 4- and 7-day-old respectively); 9. Adults. 
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W i t h  r ega rd  to  t h e  L A P ,  3 areas  of a c t i v i t y  a p p e a r e d  
(Figure  2), c h a r a c t e r i z e d  as a reas  I I I ,  I I ,  a n d  I a c c o r d i n g  
to  t h e i r  i nc reas ing  e l ec t rophore t i c  mob i l i t y .  Area  I con-  
s i s t ed  of 1 to  3 zones. T h i s  a r ea  was  p r e s e n t  in  al l  devel -  
o p m e n t a l  s tages  w i t h  a m a x i m u m  of r e l a t i ve  a c t i v i t y  in  
t h e  p u p a l  s tage .  Area  I I  cons i s ted  of  one  zone of s t a b l e  
m o b i l i t y  p r e s e n t  in  al l  s tages,  w i t h  a p e a k  of a c t i v i t y  
in  1- a n d  4 -day-o ld  pupae .  F ina l ly ,  a r ea  I I I  cons i s ted  
of  4 zones h a v i n g  d i f f e r e n t  t i m e s  of appea rance .  Thus ,  
zone I I I , ,  w i t h  t h e  f a s t e r  mob i l i t y ,  was  p r e s e n t  f rom 
4-day-o ld  p u p a e  a n d  t h e r e a f t e r  zones  I I I  2 a n d  III~ 
a p p e a r e d  f r o m  12-day-old  l a r v a e  u p  to  t h e  adul t s ,  wh i l e  
I I I ,  was  obse rved  f rom 8-day-o ld  l a rvae  a n d  the rea f t e r .  
The  m a x i m a  of r e l a t i ve  L A P - a c t i v i t y  were obse rved  in 
4- a n d  7-day-old  pupae .  I n  some of t he  s amples  e x a m i n e d  
of 1-day-old  p u p a e  a f a i n t  zone of a n  i n t e r m e d i a t e  
m o b i l i t y  of a reas  I a n d  I I  was vis ib le .  Genera l ly ,  t he  
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Fig. 2. Schematic picture showing the electrophoretic pattern of 
teucine aminopeptidase durit~g ontogenesis of Plodia interpunctella. 
1. Eggs; 2-5. Larvae (1-, 8-, 12- and 16-day-old respectively); 
6-8. Pupae (1-, 4- and 7-day-old respectively) ; 9. Adults. 

h i g h e s t  L A P - a c t i v i t y  was  p r e s e n t  in  t he  p u p a l  s tage,  
p a r t i c u I a r l y  in  m id  a n d  l a t e  pupae .  The  e l ec t rophore t i c  
p a t t e r n  of L A P  in Plodia is in  a g r e e m e n t  w i t h  t h e  f ind ings  
of SAKAI e t  al.  x~ c o n c e r n i n g  t h e  s tage  whe re  t h e  h i g h e s t  
L A P - a c t i v i t y  appea red .  T h e  a b o v e  o b s e r v a t i o n  s u p p o r t s  
t h e  sugges t ion  of SAKAI e t  a l )  s a b o u t  t h e  p a r t i c i p a t i o n  
of exopep t idases ,  con t ro l l ed  b y  L A P - D  locus, in  t he  
mass ive  h is to lys is  of  l a r v a l  t i ssues  in  p u p a l  s tage.  

T h e  absence  of some  zones in  es te rase  a n d  L A P  zynlo-  
g r a m s  of  eggs, ea r ly  a n d  i n t e r m e d i a t e  l a r v a e  m a y  n o t  
i nd i ca t e  t o t a l  absence  of t he se  mo lecu l a r  forms,  b u t  
could be  due  to  t he  s e n s i t i v i t y  of e l ec t rophore t i c  t ech-  
n ique  24. On  t he  o t h e r  hand ,  t he  c o n s t a n c y  of t h e  m a j o r i t y  
of t he  m o l e c u l a r  forms of es te rase  a n d  L A P  a c t i v i t y  
d u r i n g  m e t a m o r p h o s i s  in Plodia, s u p p o r t s  t h e  sugges t ion  
Of PANTELOURIS et  al. 2 t h a t  t h e  genes  respons ib le  "for 
t h e  s y n t h e s i s  of es terases  m u s t  be  ' o n '  before  a n d  d u r i n g  
m e t a m o r p h o s i s .  

Zusammen/assung.  E s  w u r d e n  e l e k t r o p h o r e t i s c h e  E s t e -  
rase-  u n d  L e u c i n a m i n o p e p t i d a s e - M u s t e r  im Ver lau fe  de r  
E n t w i c k l u n g  y o n  Plodia interpunctetla darges te l l t .  
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D N A  a n d  R N A  Content  in Dip lo id  a n d  T e t r a p l o i d  A m p h i b i a n s  

The  f i rs t  cy to log ica l  d e m o n s t r a t i o n  of po lyp lo idy  in 
v e r t e b r a t e s  was r e p o r t e d  b y  BEgAK et  al. z in t h e  a n u r a n  
Odontophrynus americanus. Severa l  o t h e r  example s  of 
p o l y p l o i d y  were s u b s e q u e n t l y  s h o w n  in o t h e r  a m p h i b i a n s  
of t h e  f a m i l y  Ce ra toph ryd idae~ ,  3, Hyl idae4,5 ,  a n d  in  
f ish 6, L 

The  genus  Odontophrynus inc ludes  severa l  d ip lo id  
species,  as  O. cultripes, O. carvalhoi, O. occidentalis a n d  
O. americanus, e a c h  w i t h  2n = 22 chromosomes2 ,* ,  s. 
T h e  l a t t e r  is con f ined  to  j u s t  a few local i t ies .  A n o t h e r  
p o p u l a t i o n  of O. americanus, whose  spec imens  a re  v e r y  
s imi la r  to  t h e  d ip lo id  ones,  was  f o u n d  to  b e  t e t r ap lo id ,  
e x h i b i t i n g  4n  = 44 c h r o m o s o m e s  z, ~. T h e  4n  p o p u l a t i o n s  
h a v e  a wide  geog raph ica l  d i s t r i b u t i o n ,  i nc lud ing  seve ra l  
S o u t h  A m e r i c a n  count r ies .  

T h e  ex is tence  of 2 p o p u l a t i o n s  p h y l o g e n e t i c a l l y  v e r y  
closely re la ted ,  showing  h o w e v e r  d i f f e ren t  degrees  of 
p loidy,  c o n s t i t u t e s  a n  ideal  s y s t e m  for a c o m p a r a t i v e  
s t u d y  on  gene express ion .  Th i s  pecu l i a r  s i t u a t i o n  gives 
r ise to  a few i n t e r e s t i n g  ques t ions .  W h a t  h a p p e n s  to  t h e  
m e c h a n i s m s  of r e g u l a t i o n  a n d  t r a n s c r i p t i o n  a f t e r  t he  
species dup l i ca t e s  all  i ts  gene t i ca l  m a t e r i a l ?  Is  t he  
p r o d u c t i o n  of R N A ,  p r o p o r t i o n a l  to  t h e  leve l  of p lo idy  ? 
Does  t h e  a m o u n t  of p r o t e i n  of t h e  t e t r a p l o i d  co r respond  
to  t h e  D N A  increase  ? 

S t a r c h  gel e lec t rophores i s  of t h e  a l b u m i n - l i k e  p r o t e i n  
of t h e  4n  O. americanus r evea l ed  p o l y m o r p h i s m  a t  t h i s  
locus.  5 d i s t i n c t  p h e n o t y p e s  were  found ,  showing  t h a t  

all  4 h o m o l o g u e  genes  are ac t ive  in each  a n i m a l  b u t  no t  
necessa r i ly  s y n c h r o n i c a l  8. 

R N A  content. R N A  m e a s u r e m e n t s  were m a d e  b y  
s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n s  acco rd ing  to  t he  mod-  
if ied m e t h o d  of SCHMIDT a n d  TANNHAUSER l° ' l l .  T h e  
a n i m a l s  were  d i ssec ted  a n d  t h e  k idneys  i m m e d i a t e l y  
frozen,  The  t i s sue  was h o m o g e n i z e d  in dis t i l led w a t e r  
a n d  t h e  h o m o g e n a t e  p r e c i p i t a t e d  in 0 .6N  perch lo r ic  
acid,  c en t r i fuged  a t  1 0 , 0 0 0 × g  for  1 0 r a i n  a t  4°C a n d  
w a s h e d  in  0 . 2 N  pe rch lo r i c  acid.  T h e  p r e c i p i t a t e  was  
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