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Thermal acclimatory responses of salivary amylase of Periplaneta americana (Linn.) 
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Summary. A di f ferent ia l  t h e r m a l  a cc l i m a t o r y  response  of sa l iva ry  amylase  is e v i d e n t  ill P. a m e r i c a n a - n y m p h s  d e m o n -  
s t r a t i n g  a t r a n s l a t i o n a l  and  males  a r o t a t i o n a l  p a t t e r n ,  while  females  exh ib i t  t he  t r a n s l a t i o n a l  c u m  r o t a t i o n a l  p a t t e r n  
(Prosser ' s  t y p e  IV-D).  

The  process  of t h e r m a l  acc l ima t ion  has  been  exp la ined  
in t e r m s  of ac t iv i t i es  of enzym es  in t i ssues  of a hos t  of 
v e r t e b r a t e s  and  a few i n v e r t e b r a t e s L  However ,  insec ts  
h a v e  n o t  been  explored  ful ly in th i s  respect .  Ac t iv i t i es  of 
succinic dehydrogenases ,  ca ta lase  a n d  g lyce rophospha-  
tase  were found  to be g rea t e r  in cold a d a p t e d  t h a n  in 
w a r m  a d a p t e d  po t a t o - bee t l e s  ~. Car lson 3 a n d  P r e c h t  ~ 
r epo r t ed  increased  co-ca rboxylase  a c t i v i t y  in  b o t h  sum-  
mer  a n d  win te r  L e p t i n o t a r s a  d e c e m l i n e a t a  due  to cold 
a d a p t a t i o n .  P e r i p l a n e t a  a m e r i c a n a  and  Tenebr io  mol i tor ,  
a d a p t e d  to  low t e m p e r a t u r e ,  exh ib i t ed  h ighe r  muscle  
apy rase  a n d  succinic d e h y d r o g e n a s e  ac t iv i t i es  as com- 
pa red  to w a r m  a d a p t e d  ones 5. Th iessen  a n d  M u t c h m o r  6 
r epo r t ed  s imi la r  obs e r va t i ons  in t he  leg muscle  of Per i -  
p l a n e t a  a m e r i c a n a  and  Musca  domes t ica ,  a ccom pan ied  
b y  an  increased  n u m b e r  of m i t o c h o n d r i a  due  to cold 
acc l imat ion .  These  obs e r va t i ons  show t he  capac i t y  of 
insec ts  for a c c l i m a t o r y  responses  a t  t he  e n z y m a t i c  level  
due  to  t h e r m a l  changes .  However ,  l i t t l e  is k n o w n  so far  
r ega rd ing  t he  b e h a v i o u r  of d iges t ive  enzym es  d u r i n g  
t h e r m a l  a d a p t a t i o n  of insec ts  in  pa r t i cu la r ,  and  poikilo-  
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Fig. 1. Effect of temperature on the activity of salivary amylase of 
toM and warm adapted nymphal cockroach. 
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Fig. 2. Effect of temperature on the activity of salivary amylase of 
cold and warm adapted male cockroach. 

t h e r m i c  an ima l s  in  general .  Hence,  t h e  p r e sen t  inves t iga -  
t ion  was a imed  a t  f ind ing  t h e  p a t t e r n  of t h e r m a l  acc l ima-  
t ion,  if any,  of s a l i va ry  amylase  a c t i v i t y  in  n y m p h a l ,  
male  a n d  female  cockroaches ,  P e r i p l a n e t a  a m e r i c a n a  
(Linn.) a d a p t e d  to  low a n d  h igh  t empe ra tu r e s .  
N y m p h s  a n d  adu l t s  of b o t h  sexes of P. a m e r i c a n a  (Linn.) ,  
a f te r  col lect ion f rom the  local  g rocery  stores,  were a d a p t e d  
to  15~ • I~  a n d  35~ • I~  in B . O . D .  i n c u b a t o r s  for 
a t  leas t  3 weeks p r io r  to  t he i r  use in  t he  expe r imen t s .  
The  insec ts  were qu ick ly  d issected  and  b o t h  s a l i va ry  
g lands  (w i thou t  t h e  h y p o p h a r y n x )  were r emoved .  The  
comple t e  g lands  of b o t h  sides (from one ind iv idua l )  were 
homogen ized  in 6.0 ml  p h o s p h a t e  buf fe r  (pH 6.9). The  
e x t r a c t  was  d i lu ted  50 t imes  w i t h  t he  buffer  in case of 
female  insects,  b u t  on ly  25 t imes  in case of n y m p h a l  a n d  
male  ind iv idua l s  because  of the  d i f fe rent  Size of t he  
g lands  in t he  2 sexes a n d  in n y m p h s .  The  d i s t i nc t i on  
w i t h  r e spec t  to  sex a m o n g  n y m p h s  t hemse lves  for en- 
zyme  a c t i v i t y  was n o t  made.  The  a c t i v i t y  of s a l i va ry  
amylase  of insects  of b o t h  t h e r m a l  ca tegor ies  was mea-  
sured  a t  15, 25 a n d  35 ~ based  on t he  s t a rch- iod ine  t e s t  
fol lowing t he  p h o t o m e t r i c  m e t h o d  of S m i t h  and  RoeL  
The  p ro t e in  c o n t e n t  of t he  sa l iva ry  g lands  was m e a s u r e d  
w i t h  t he  Fol in-Cioca l teau  reagent ,  as sugges ted  b y  
L o w r y  e t  al. 8, us ing  bov ine  se rum a l b u m i n  as the  s t an -  
dard.  The  e n z y m e  a c t i v i t y  was expressed as m g  s t a r c h  
h y d r o l y z e d  per  ra in  per  m g  p ro t e in  of sa l iva ry  gland.  
The  d a t a  p r e sen t ed  in f igures 1-3 show the  fol lowing 
s ign i f ican t  facts  : 
1. Tile 15~  n y m p h s  exh ib i t  a s ign i f i can t ly  
h igher  amylase  a c t i v i t y  t h a n  t he  35~  indi-  
v idua l s  a t  all t e m p e r a t u r e s  of m e a s u r e m e n t .  The  degrees  
of d i f ference b e t w e e n  t he  2 t h e r m a l  ca tegor ies  of n y m p h s  
are 24% a t  15~ (p < 0.01), 40% a t  25~ (p < 0.001) 
a n d  26% a t  35~ (p < 0.001). The  t a b l e  i l lus t ra tes  no  
s ign i f ican t  change  in t he  va lue  of Q~0 for th i s  e n z y m e  
a c t i v i t y  in  n y m p h s  due  to a d a p t a t i o n  to low and  h i g h  
t e m p e r a t u r e s .  However ,  w i t h  an  increase  in t e m p e r a t u r e  
of m e a s u r e m e n t  of t he  r a t e  process,  a decrease  in t h e  
va lue  of Q10 is e v i d e n t  in n y m p h s  of b o t h  t h e r m a l  g roups  
(30-48%) .  The  n y m p h a l  insects  e x h i b i t  an  a l m o s t  t r a n s -  
l a t iona l  p a t t e r n  (Prosser ' s  t y p e  I I -A) - sh i f t i ng  of t h e  
R - T  curve  t owards  t he  left, i nd i ca t i ng  t he  p r o b a b i l i t y  of 
a q u a n t i t a t i v e  change  in t he  e n z y m e  c o n c e n t r a t i o n  a n d  
a change  in t he  con t ro l l ing  cond i t ions  like ionic s t r eng th ,  
p H  a n d  w a t e r  ac t iv i ty ,  or a change  in r e l a t ionsh ip  a m o n g  
enzymes  in series or paral lel .  
2. The  2 t h e r m a l  ca tegor ies  of male  roaches  p r e sen t  a 
reverse  r e l a t ionsh ip  a t  h ighe r  (25 and  35 ~ t e m p e r a t u r e s .  
Whi le  t h e  a c t i v i t y  of s a l i va ry  amylase  of cold a d a p t e d  
male  insec ts  is 61% h ighe r  (p < 0.001) t h a n  t h a t  of 
w a r m  a d a p t e d  ones  w h e n  m e a s u r e d  a t  15~ t h e  w a r m  
a d a p t e d  males  h a v e  a 20% h igher  va lue  (p < 0.02) a t  
25~ a n d  37~o h i g h e r  va lue  (p < 0.001) a t  35~ t h a n  
the  cold a d a p t e d  ones. As obv ious  f rom the  tab le ,  ma le  
insects  d e m o n s t r a t e  a decrease  (50%) of t h e  t h e r m a l  
coeff ic ient  va lue  in t he  lower  t h e r m a l  r ange  due  to cold 
a d a p t a t i o n ,  whereas  in t he  h igher  t h e r m a l  r ange  th i s  
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Q10 values for the activity of salivary amylase of cold and warm 
adapted cockroaches 

Q10 values 
15-25 ~ 25-35 ~ 

Nymph 15 ~ 2.7 1.4 
35 ~ 2.3 1.6 

Male 15 ~ 1.5 1.2 
35 ~ 3.0 1.3 

Female 15 ~ 1.3 1.2 
35 ~ 2.1 1.3 
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Fig. 3. Effect of telnperature on the activity of salivary amylase of 
cold and warm adapted female cockroach. 
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t he rma l  charac ter i s t ic  remains  unal tered .  W a r m  a d a p t e d  
males  exh ib i t  a decrease (57%) of t he  Qlo value wi~h an 
increase in t e m p e r a t u r e  of m e a s u r e m e n t  of the  enzyme  
act iv i ty .  An a p p r o x i m a t e  ro ta t iona l  p a t t e r n  (Prosser 's  
t ype  I I I )  is obse rved  for th is  ra te  process  in males re- 
sui t ing in an a l te ra t ion  of the  energy  of ac t iva t ion  ('g.') 
which signifies a qua l i t a t ive  change  in the  na tu re  of 
enzymat i c  prote in  followed by  a change  in some cofactor,  
or a sh i f t  to an a l t e rna te  p a t h w a y .  
3. The warm a d a p t e d  females  exh ib i t  an increased amy-  
lase ac t iv i ty  - 55% (p < 0.01) a t  25~ and 74% (p < 
0.001) a t  35 ~ in compar i son  wi th  cold ad ap t ed  insects.  
In  contras t ,  the  s i tua t ion  is reversed when  m e a s u r e m e n t s  
are t aken  at  15 ~ where  the  value for th is  ra te  process is 
8% higher  (p < 0.05) in cold ad ap t ed  female roaches  
t h a n  in warm a d a p t e d  ones. However ,  th is  minu te  dif- 
ference may  pract ica l ly  be insignif icant .  A decrease 
(38%) in the value of Q~0 in the  lower t h e rma l  range due 
to  cold a d a p t a t i o n  is observed in female roaches,  b u t  no 
such change is visible in the  h igher  t he rma l  range.  A 
decreased Q10 value (38%) wi th  an increase in t empera -  
ture  of m e a s u r e m e n t  is ev iden t  in warm ad ap t ed  females  
b u t  remains  s t a t i o n a r y  in cold ad ap t ed  ones. Female  
roaches d e m o n s t r a t e  'P rosse r ' s  t y p e  IV-D '  p a t t e r n  of 
accl imat ion for the  ac t iv i ty  of its sa l ivary  amylase.  This  
pa t t e rn  is rarely m e t  w i th  and is n o n - c o m p e n s a t o r y  in 
na ture .  
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Summary. Pancrea t ic  slices incuba ted  in glucose med i u m take  up oxygen and glucose and  l iberate  pentose ,  p y r u v a t e  
and proteins .  Th iamine  def iciency decreases oxygen consumpt ion  b u t  increases l iberat ion of pentose ,  p y ru v a t e  and 
pro te ins  by  panc rea t i c  slices. 

Among  the  vi ta l  organs of the  body,  the  pancreas  oc- 
cupies an i m p o r t a n t  pos i t ion in view of its exocrine and 
endocr ine  funct ions.  These funct ions  involve act ive pro-  
cesses concerned  wi th  ca rbohydra t e  metabol ism,  p ro te in  
b iosynthes is  and  pro te in  secretion.  Pancreas  has a high 
th iamine  con ten t  1, which  gets deple ted  to  a grea t  ex t en t  
(73%) at  the  peak  of t h i amine  deficiency. The t rans -  
ketolase ac t iv i ty  of th is  t issue is also decreased consider-  
ably  (63%) despi te  increased t issue n i t rogen con t en t  fol- 
lowing th i amine  def iciency 1. 
Ear l ier  s tudies  f rom this  l abora to ry  have  ind ica ted  t h a t  
th i amine  def iciency br ings abou t  various b iochemical  
a l te ra t ions  such as a s ignif icant  e levat ion  in the  blood 
levels of glucose, p y r u v a t e  and nonpro te in  ni t rogen,  and 
a marked  decrease in t he  glucose tolerance 2. Anorexia  is 
one of the  p rominen t  s y m p t o m s  of th i amine  deficiency ~, 4. 

The behaviour  of pancrea t i c  slices dur ing  incuba t ion  in a 
glucose-saline m e d i u m  was t h o u g h t  to be able to t h r o w  
some l ight  on pancrea t i c  secre t ion of enzymes  and o the r  
metabol i tes  which  could pe rhaps  explain  the  anorexia  in 
th iamine-def ic ien t  s ta te .  
Materials a.nd methods. Male albino rats ,  2 m o n t h s  of age 
and made  th iamine-def ic ien t  ~, were  sacrificed along wi th  
controls  and 3 por t ions  of pancreas ,  viz. duodena l  (head), 
gastr ic  (body) and splenic (tail) pa r t s  were cut  out,  and  
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