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Stat is t ica l  analysis  of the  results  was pe r fo rmed  for 
each ca t  separa te ly  wi th  the  use of Wi lcoxon r ank  sum 
test .  Changes  in the  acid o u t p u t  f rom periods before to 
during,  and f rom dur ing  to af ter  s t imula t ion  in the  s t imu-  
lat ion sessions were compared  to changes  f rom the  corres- 
pond ing  periods in the  control  sessions. No signif icant  
differences (p > 0.05) were found be tween  the  control  and 
the  s t imula t ion  sessions in 6 cats.  In  only one ca t  (GH11) 
a s ignif icant  decrease ( p <  0.016) in acid ou tpu t  was ob- 
served dur ing s t imula t ion  sessions while an increase in 
acid output occurred dur ing contro l  sessions. 

Discussion. This s t u d y  showed t h a t  electrical s t imu-  
la t ion wi th in  the  la teral  h y p o t h a l a m u s  which had  been 
effect ive in evoking feeding in sa t ia ted  cats  did no t  pro- 
duce any  s ignif icant  increase in gastr ic  acid secret ion in 
the  same cats  in the  hung ry  state.  

These results  are no t  cons is ten t  wi th  the  observa t ions  
of the  o the r  au thors  5-s men t ioned  earlier in this  paper .  
This difference in the  results  migh t  be a t t r ibu tab le  to the  
difference in m e thods  and in an imal  species used in the i r  
s tud iesa-L In  addi t ion,  we canno t  exclude a possibi l i ty  
t h a t  the  sites of s t imula t ion  used by  these  au thors  were 
somew ha t  d i f ferent  t h a n  those  used in our exper iments .  
The electrolyt ic  lesions wi th in  the  lateral  h y p o t h a l a m u s  

in s tudies  of KADEKARO et al. 8 p roduced  exper imen ta l  
condi t ions  qui te  d i f ferent  f rom those  of t he  p resen t  s tudy.  
Therefore,  the  da ta  ob ta ined  by  those au thors  canno t  be 
d i rec t ly  compared  wi th  our results.  

On the  o ther  hand,  the  resul ts  of our exper iments  seem to 
be cons is ten t  wi th  the  observa t ions  of SEN and ANAND 12. 
These au thors  found t h a t  electrical s t imula t ion  wi th in  
the  mid- la te ra l  h y p o t h a l a m u s  did not  produce  any  sig- 
nif icant  change  in gastr ic  acid o u t p u t  in conscious cats.  
They  also found t h a t  the  si tes effective in increasing acid 
secret ion were located in the  an ter io-media l  h y p o t h a l a m u s  
and preopt ic  area. fn  fact, in ano the r  s t u d y  which is now 
in progress  we did find sites wi th in  the  an tero-media l  
h y p o t h a l a m u s  where electrical  s t imula t ion  produced  an 
increase in acid secret ion in cats  t es ted  in the  same ex- 
pe r imenta l  condi t ions  as those  of the  p resen t  s tudy ;  these  
effective sites cor responded  to the  loci indica ted  by  SEN 
and ANAND t2. Electr ical  s t imula t ion  of these  sites did not ,  
however ,  produce  s t imulus -bound  feeding in these cats  ~. 

le R. N. SEN and B. K. ANAND, Indian J. med. Res. 45, 507 (1957). 
is This study was supported by USPHS Grants Nos. AM 17328 

and MH 13958. 

T r y p s i n  A c t i v i t y  in  t h e  M i d g u t  of  Sarcophaga ruficornis a n d  Musca domestica ( D i p t e r a :  I n s e c t a )  

M. SINHA 1 

Department o/Zoology, University o/Lucknow, Lucknow 226007 (India), 27 January 1976. 

Summary. The p H  and  t e m p e r a t u r e  for the  o p t i m u m  ac t iv i ty  of t ryps in  f rom the  midgu t  of Sarcophaga ruficornis and 
Musca domestica was 7.5 and 8.0 respect ive ly  and 50 ~ The enzymic  ac t iv i ty  increased wi th  the  increase in incubat ion  
per iod and  enzyme concent ra t ion .  

P ro te ins  or the i r  degrada t ion  p roduc t s  are essent ial  
d i e t a ry  cons t i tuen t s  for mos t  insects2. The p r i m a r y  en- 
zymes  faci l i ta t ing b reakdown  of complex  pro te ins  are 
pro te inases  or endopept idases .  Insec t  prote inases  are ge- 
neral ly  act ive in neu t ra l  or alkaline medium,  and thus  re- 
semble  ve r t eb ra t e  t rypsin .  The presen t  s t u d y  deals wi th  
the  na tu re  of the  midgu t  t ryps in  f rom the  larvae and  
adul t s  of S. ru/icornis and M. domestics. 
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Fig. i. Effect of pH on the activity of the midgut trypsin. 

Materials and method. S. ru/icornis was reared on cane- 
sugar and mea t  M. domestics on cane-sugar  and milk a. 
The midgu t  homogena te  was p repared  as descr ibed 
earlier 4. E n z y m e  homogena te  (0.1 ml) was incuba ted  wi th  
0.2 ml of the  0.25 .~4 subs t r a t e  (p-tosyl-L-arginine m e t h y l  
ester  HC1) and 0.3 ml of appropr i a t e  buffer  (S6rensen 's  
phospha t e  buffer,  0.1 M, f rom p H  5.5-8.0; g lyc ine-NaOH 
buffer,  0.1 M, f rom p H  8.5-10.5) a t  37~ The enzyme 
concen t ra t ion  and incuba t ion  per iod was 1 gut/0.1 ml and  
30 min in case of the  larvae and  2 guts/0.1 ml and 2 h in 
case of the  adul ts  of S. ru/icornis ; 2 guts/0.1 ml and 1 h in 
M. domestics. After  incubat ion ,  the  enzyme  was inact i -  
va t ed  by  adding  0.5 ml of 10% tr ichloroacet ic  acid 
(TCA), and the  mix tu re  was cent r i fuged at  2500 rpm for 
10 rain. Tryps in  ac t iv i ty  was measured  by  the  colorime- 
tr ic me t h o d  of YANG and DAVIES 5. 

O p t i m u m  p H  for t ryps in  ac t iv i ty  was de te rmined  f irs t  
and then  the  effect of t empera tu re ,  subs t r a t e  concent ra-  
tion, enzyme concen t ra t ion  and  incuba t ion  period on 
enzymic  ac t iv i ty  was s tudied  a t  o p t i m u m  pH.  

Results and discussion. Effec t  of pH.  The pH op t ima  
for midgu t  pro te inase  ac t iv i ty  ranged f rom 7.5 6 to 8.5 7 in 
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Optinmm pH for trypsin activity and the pH of the nfidgut 

Insect Optimum pH pH in the midgut 

Anterior Middle Third Last 

S. ru/icornis 

Larva 7.5 7.2-7.6 ~ 2.8-3.6 8.4-8.8 - 
Adult 7.5 6.2-6.8 3.6-4.2 8.0-8.4 ~ 

M. domestica 

Larva 8.0 7.0-7.2 3.6-4.2 8.0-8.4 �9 7.6-8.0 
Adult 8.0 7.0-7.2 3.6-4.2 7.2 7.6 = 6.8-7.0 

The region where maxinmnl activity of trypsin would be anticipated. 
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Fig. 2. Effect of temperature on the activity of the midgut trypsin. 
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Fig. 3. LINEWEAVER-BURK plot for Michaelis-Menten constant of 
midgut trypsin. 

p ip t e r ans .  The  m i d g u t  t r y p s i n  f rom the  l a rvae  a n d  a d u l t s  
of S. ru/ icornis  a nd  M .  domestica showed  m a x i m u m  ac- 
t i v i t y  a t  p H  7.5 a nd  8.0 r e spec t ive ly  (Figure 1). T h e  
o p t i m u m  p H  va lue  of t he  e n z y m e  f rom S. ru/ icornis  is 
s imi la r  to  t h a t  of t he  e n z y m e  f rom t h e  l a rvae  of Luc i l ia  
sericata s a n d  Gastrophilus intestinalis% POWNING et  a l !  
r epo r t ed  t he  o p t i m u m  p H  of t he  t ryps in - l ike  e n z y m e  f rom 
the  l a rvae  of M .  domestica to be 8.5 u s ing  ge la t in  as 
s u b s t r a t e ,  while GREENBERG a n d  PARETSKY 9 repor t ed  it  to  
be 8.0 u s ing  case in  as s u b s t r a t e .  The  difference b e t w e e n  
t he  two  obse rva t i ons  m a y  be due  to t he  difference in t he  
s u b s t r a t e  used  6,s,1~ However ,  t he  p r e s e n t  o b s e r v a t i o n s  
on t h e  e n z y m e  f rom M .  domestica are in a g r e e m e n t  w i th  
those  of GREENBERG a n d  PARETSKY 8, insp i te  of the  dif- 
ference in t he  s u b s t r a t e  used,  a n d  the  o p t i m u m  p H  va lue  
also agrees  w i t h  t h a t  of Stomoxys  calcitrans lo. 

M i d g u t  is t he  chief  si te  of t h e  d iges t ion  of food 11. Mor- 
phologica l ly  th i s  region is n o t  subd iv ide d  in these  flies. 
However ,  on t he  bas is  of p H  va lues ,  t h e  m i d g u t  of S. ru- 
]icornis a nd  M .  domestica is divisible in to  3 and  4 zones  
r e spec t ive ly  (Table) 12. The se  va lue s  ind ica te  tha t ,  a l t h o u g h  
t r y p s i n  is ac t ive  t h r o u g h o u t  t he  m i d g u t  e xc e p t  t he  mid-  
m i d g u t ,  t he  p H  of t he  f i rs t  zone of the  m i d g u t  in t he  l a rvae  
of S. ru/icornis,  t h e  las t  zone in its a d u l t s  a nd  t he  t h i rd  
zone in M .  domestica is m o s t  su i t ab le  for o p t i m u m  t r y p t i c  
ac t iv i ty .  

Ef fec t  of t e m p e r a t u r e .  T h e  o p t i m u m  t e m p e r a t u r e  for 
t r y p s i n  a c t i v i t y  f rom the  m i d g u t  of t he  2 flies is 50~ 
(Figure  2) a nd  it  is s imi la r  to  t h a t  of Stomoxys  calcitrans 18, 
A edes aegypti a nd  Culex /a t igans l~ .  LIN a n d  t~ICHARDS 15 
repor t ed  t h a t  t he  o p t i m u m  t e m p e r a t u r e  for  the  g u t  pro-  
t e inase  f rom the  la rvae  of M .  domestica loses ha l f  of i ts  
a c t i v i t y  w h e n  exposed  to  70~ even  for 1 min,  b u t  t he  
p r e s e n t  o b s e r v a t i o n s  ind ica te  t h a t  the  e n z y m e  was  ac t ive  
even  a f te r  1 h i n c u b a t i o n  a t  80~ T r y p s i n  f rom the  lar- 
vae  of b o t h  t he  species of flies is ac t ive  f rom 10~ to 
80 ~ b u t  t he  a c t i v i t y  of t he  e n z y m e  is a l m o s t  negligible 
a t  80 ~ in t he  case of the  a d u l t  flies (Figure  2). H e nc e  it  
m a y  be conc luded  t h a t  t he  e n z y m e  f r o m  the  l a rvae  is 
more  h e a t - s t a b l e  as c o m p a r e d  to  t h a t  f r om the  adu l t s .  

Ef fec t  of s u b s t r a t e  concen t r a t i on .  D a t a  on the  effect  of 
s u b s t r a t e  c o n c e n t r a t i o n  on t h e  ca t a ly t i c  a c t i v i t y  of t he  
e nz yme ,  w h e n  p lo t t ed  accord ing  to LINEWEAVER a n d  
BURK16, gave  a s t r a i g h t  line (Figure  3). Michae l i s -Menten  
c o n s t a n t  of t he  e n z y m e  was  found  to be 7.6 • 10 -s  M for 
t he  larvae ,  5.5 • 10 3 M for t he  males  a n d  3.8 • 10 -3 M for 
t he  f emales  of S. ru/ icornis  a n d  3.3 • 10 -2 M,  6.6 • 10 -3 M 
a nd  1.2 • 10 -2 M for t he  la rvae ,  ma les  a n d  females  of 
M .  domestica respect ive ly .  

Ef fec t  of i n c u b a t i o n  per iod a nd  e n z y m e  concen t r a t ion .  
The  hyd ro ly s i s  of the  s u b s t r a t e  increased  l inear ly  w i t h  t h e  
increase  in i n c u b a t i o n  per iod a n d  e n z y m e  c o n c e n t r a t i o n  
ind ica t ing  t h a t  the  e nz ymic  a c t i v i t y  was  n o t  a f fec ted  b y  
t he  c o n c e n t r a t i o n  of h y d r o l y t i c  p r o d u c t s  of t he  sub-  
s t r a t e  17. 

T r y p s i n  a c t i v i t y  was  h i g h e s t  in the  l a rvae  a nd  lowest  in 
the  ma le  flies (Figures  1 a n d  2). However ,  e n z y m e  ac- 
t i v i t y  was  t h e  s a m e  in t he  two  sexes  of Stomoxys calci- 
trans 13 a nd  a d u l t  s imul ids  5. 
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