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Melezitase and Maltase from the Midgut of Sesamia in.ferens Walker (Lepidoptera: Insecta) 

A. K. AGAt',.WAL 1 

Department o/ Zoology, University o/ Lucknow, Lucknow-226007 (India), 9 September 1975. 

Summary .  The  a c t i v i t y  of melezi tase  and  m a l t a s e  was o p t i m a l  a t  p H  6.2 a n d  t e m p e r a t u r e  35-40~ a n d  i n h i b i t e d  b y  t he  
end-produc t s .  Melezi tase  a c t i v i t y  was affected b y  If+, Li++ and  Tris ions and  was r educed  b y  dialysis .  

Ve ry  l i t t l e  is k n o w n  a b o u t  the  p roper t i e s  of insec t  
melez i tase  a n d  m a l t a s e ;  there fore  t he i r  p roper t i e s  were 
s tudied .  

Materials and methods. Midguts  of t he  l a rvae  were 
homogenized ,  t he  h o m o g e n a t e  was cen t r i fuged  a t  3 000 g 
for 30 min  and  t he  s u p e r n a t a n t  was used as the  e n z y m e  
ex t rac t .  T h e  r eac t i on  m i x t u r e  con t a ined  0.2 ml  of sub-  
s t r a t e  solut ion,  0.2 ml  of buf fe r  and  0.2 ml  of e n z y m e  ex-  
t r ac t .  The  e x p e r i m e n t s  were car r ied  ou t  a t  37 ~ (except  for 
t e m p e r a t u r e  exper imen t s ) .  T he  reac t ion  of melezi tase  was 
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Fig. 1. pH-enzyme activity curves of the larvae of S. inlerens. 
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Fig. 2. Temperature-enzyme activity curves of the larvae of S. 
inferens. 

s topped  b y  a d d i n g  3 ,5-dini t rosa l icyl ic  acid r e a g e n t  2, 
t h e n  t he  colour  was deve loped  b y  h e a t i n g  t he  r eac t ion  
m i x t u r e  in a boi l ing w a t e r - b a t h ;  a f t e r  cooling, the  v o l u m e  
of t he  m i x t u r e  was a d j u s t e d  to  5 ml  b y  add ing  dis t i l led  
water .  The  a m o u n t  of r educ ing  sugars  fo rmed  was esti-  
m a t e d  w i t h  t he  help  of B a u s h  and  L o m b  'Spec t ron ic  20' 
co lor imete r  a t  540 nm.  T h e  reac t ion  of ma l t a se  was 
s topped  b y  immers ing  the  r eac t ion  m i x t u r e  in a boi l ing  
w a t e r b a t h  for 10 min,  and  t he  a m o u n t  of glucose fo rmed  
was e s t i m a t e d  b y  the  m e t h o d  descr ibed b y  YANG a n d  
D A V I E S  a 

The  e n z y m e  a c t i v i t y  was e s t i m a t e d  a t  severa l  p H  
va lues  r ang ing  f rom 3.0 to  9.0 us ing  d i f fe rent  buf fe r  
sys tems  (0.1 M sod ium ci t ra te-HC1 buf fe r  for p H  3.0-  
5.0; 0.1 M p h o s p h a t e  buf fe r  for p H  5.5-7.5;  and  N a O H -  
glycine buf fe r  for  p H  8.0-9.0).  Effec ts  of all  o the r  fac to rs  
were s tud ied  a t  t he  p H  a t  w h i c h  o p t i m a l  a c t i v i t y  was 
observed .  The  t e m p e r a t u r e  effect  on t h e  a c t i v i t y  of t h e  
e n z y m e  was s tud ied  b y  i n c u b a t i n g  the  r eac t ion  a n d  con-  
t ro t  m i x t u r e s  a t  va r ious  t e m p e r a t u r e s  r ang ing  b e t w e e n  
5 a n d  70 ~ To s t u d y  the  effects  of i n c u b a t i o n  periods,  a 
pool  of r eac t ion  m i x t u r e  was i n c u b a t e d  a t  37 ~ and  t he  
samples  were t a k e n  ou t  a t  d i f fe ren t  i n t e rva l s  of t ime  for 
the  a s say  of r educ ing  sugars  formed.  F o r  s u b s t r a t e  con-  
c e n t r a t i o n  effect  s tudies ,  d i f fe ren t  concen t r a t i ons  of sub-  
s t r a t e  were used v a r y i n g  f rom 0.5 to 5.0%. To f ind o u t  
t he  effects  of e n z y m e  concen t r a t i on ,  d i f fe rent  concen t r a -  
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Fig. 4. Enzyme concentration-suhstrate hydrolysis curves of the 
larvae of S. inlere~s. 
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Fig. 3. Incubation period-substrate hydrolysis curves of the larvae Fig. 5. Substrate concentration-enzyme activity curves of the larvae 
of S. inlerens, of S. inlerens. 
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l ions  of the  enzyme ranging f rom 1 midgu t  per  ml  to  
8 midgu t s  per  ml  were used in the  reac t ion  mixture .  To 
see the  effect  of end-produc ts ,  cor responding  sugars were 
added  to the  react ion mix tures ;  in controls  t h e y  were 
added  a f te r  s topp ing  the  react ion.  The effect  of dialysis on 
the  melezi tase  ac t iv i ty  was observed af ter  dialyzing the  
enzyme  ex t r ac t  agains t  dist i l led wa te r  a t  4 ~ for 24 h. To 
see the  effect  of ions, d i f ferent  concen t ra t ions  of KC1, 
LiC12 and Tfis sal t  solutions were added  to the  reac t ion  
mix tu res  so as to  br ing the i r  s t r eng th  in di f ferent  mix tures  
f rom 0.001 M to 1.025 M ;  and then  re la t ive melezi tase  
ac t iv i ty  was  de te rmined .  

Results and discussion. The o p t i m u m  ac t iv i ty  of mele- 
zi tase and  of mal tase  f rom midguts  of S. in/erens was at  
p H  6.2 (Figure 1). KRISHNA 4 found 2 p H  opt ima,  4.8 and  
6.0 in case of melezi tase  f rom the  gut  of the  larva of 
Trogoderma, while mal tase  f rom di f ferent  insects  showed 
op t ima l  ac t iv i ty  be tween  p H  5.2-6.8 5-8. The p H  range 
of the  midgu t  of S. in/erens is 7.9-8.2. At  th is  p H  the  
ac t iv i ty  of melezi tase  and mal tase  will be ve ry  low, t h a t  
is only  20-26% and 13-18% of the  o p t i m u m  respect ively.  

Melezitase and mal tase  showed o p t i m u m  ac t iv i ty  a t  
t e m p e r a t u r e  of 35 and 40~ respect ive ly  (Figure 2). As 
the  larvae were reared a t  32~ at  th is  t e m p e r a t u r e  the  
ac t iv i ty  of metezi tase  and mal tase  will be 87.5% and  
64% of the  o p t i m u m  (at p H  6.2) respect ively.  

The increase in the  incubat ion  per iod (Figure 3), the  
enzyme concen t ra t ion  (Figure 4) and  the  subs t r a t e  con- 
cen t ra t ion  (Figure 5) enhanced  the  ra te  of hydrolys is  of 
the  subs t ra tes  and  the  concen t ra t ion  of the  hydro ly t i c  
end-produc t s .  The la t t e r  inhib i ted  the  ac t iv i ty  of the  
enzymes,  

Dialysis reduced  the  ac t iv i ty  of melezi tase by  4 .8%;  
K+ and Li++ ions increased its ac t iv i ty  up to  0.001 M 
final concen t ra t ion  and the rea f t e r  an increase in the i r  
concent ra ion  inhib i ted  its ac t iv i ty ;  while Tris increased 
the  ac t iv i ty  a t  0.025 M final concen t ra t ion  by  85.62%. 

1 Acknowledgments: The author is thankful to Professor 
R. RAKSHPAL for valuable guidance, and to University Grants 
Commission, for awarding me a Junior Research Fellowship. 
P. BERNFELD, in Methods in Enzymology (Eds. S. P. COLOWlCK 
and N. O. ]~APLAN; Academic Press, New York and London 
1955), vol. 1, p. 149. 

a y .  j .  Y,~o and D. M. DAvies, J. Insect Physiol. 14, 1221 (1968). 
4 S. S. KRIS~NA, Physiol. Zool. 31, 316 (1958). 
5 p. L. BHATNAGAR, Indian J. Ent. 2g, 19 (1963). 
6 V. B. WmOLESWORTH, Biocheln. J. 21, 797 (1927). 

S. S. KRISm,~A and K. N. SAXENA, Physiol. Zool. 35, 66 (1962). 
s y. HORIE, Bull. sericult. Exp. Stn. Japan 15, 365 (1959). 

Latency of Taste Nerve Signals in Frog (Rana catesbeiana) 
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Summary. The la tency  of frog gus t a to ry  neural  impulses to  1.0 M NaC1 was a mean  of 86 msec.  Electr ical  s t imula t ion  
of t a s t e  cell m e m b r a n e s  p roduced  gus t a to ry  neural  impulses w i th  the  mean  5 msec la tency.  I t  is concluded t h a t  mos t  
of t he  86 msec la tency  of t a s t e  nerve  responses  to 1.0 M NaC1 is due to  t he  l a tency  of tas te  receptor  po ten t ia l  following 
the  onset  of gus t a to ry  s t imula t ion .  

Ver t eb ra t e  t a s t e  cells make  funct ional  con tac t  wi th  
gus t a to ry  nerve  fibres. According to  p resen t  knowledge,  
t r a n s d u c t i o n  of t a s t e  s t imul i  into neural  signals can be 
descr ibed by  the  following scheme : a) adsorp t ion  of t a s t e  
s t imul i  onto  the  tas te  receptor  membrane2 ;  b) receptor  
po ten t i a l  of t a s t e  ceils 3 7 ; c) pos t synap t i c  po ten t i a l  a t  the  
subsynap t i c  nerve  fibre membraneS;  and d) genera t ion  
of gus t a to ry  impulses  a t  the  nerve t e rmina l  s . Because of 
technica l  difficulty,  there  is no full physiological  under-  
s t and ing  of the  t ime course be tween  the  successive events  
men t ioned  above.  However ,  e lectrophysiological  invest i -  
gat ions  have  revealed t h a t  the  t ime required for the  whole 
process,  f rom the  onset  of s t rong  gus t a to ry  s t imula t ion  of 
tongue  to  the  in i t ia t ion of the  first  gus ta to ry  nerve  im- 
pulse, is abou t  35-50 msecg, ~~ W h e n  such a la tency  of 
gus t a to ry  nerve  impulses p roduced  b y  t a s te  s t imula t ion  
is compared  wi th  t h a t  p roduced  by  electrical s t imula t ion  
of gus t a to ry  ceils and  nerve  terminals ,  analysis  of factors  
associa ted wi th  the  l a tency  would be feasible. W'ith th is  
approach ,  I a t t e m p t e d  to  examine  the  proper t ies  of 
l a t ency  of gus t a to ry  impulses  and to analyze the  factors  
de t e rmin ing  the  la tency.  

Materials and methods. Tongues of bullfrogs (Rana 
catesbeiana) anes the t ized  w i t h  u re thane  were used in the  
exper iments .  A fungiform papi l la  was fully d rawn  into a 
recording suct ion  e lect rode filled w i t h  Ringer  saline n ,  
and  the  act ion poten t ia l s  which  were conduc ted  ant i -  

dromical ly  f rom o the r  papi l lae  to t he  gus t a to ry  nerve 
fibres of t he  suct ioned papil la  were recorded (Figure la).  
The p resen ta t ion  of t a s t e  solutions was done wi th  a t as te -  
s t imulus-del iver ing  device, composed  of electric in terval  
t imers  and solenoid valves~2. A nozzle of the  gus ta to ry  
s t imula to r  was p u t  in the  centre  of the  fungiform papillae 
popula t ion  func t iona l ly  connec ted  wi th  the  papil la  s tudied.  
The solut ion f rom the  nozzle f lowed over  the  tongue  sur- 
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