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of D N A * .  T h e  d e g r a d a t i o n  o f  t h e  D N A  w a s  c h e c k e d  b y  
v i s c o s i t y  m e a s u r e m e n t s a .  C u r v e  1 s h o w s  t h a t  a d d i t i o n  o f  
0 . 1 %  c y s t e a m i n e  h y d r o c h l o r i d e  t o  t h e  D N A  s o l u t i o n  h a s  
n o  e f f e c t  o n  i t s  v i s c o s i t y ,  w h e r e a s  t h e  s a m e  a m o u n t  of  L- 
c y s t e i n e  c a u s e s  a d i s t i n c t  d e c r e a s e  o f  t h e  v i s c o s i t y  ( c u r v e  
2). T h e  v i s c o s i t y  d e c r e a s e  c a u s e d  b y  0 . 1 %  L - c y s t e i n e  is 
S t r o n g l y  e n h a n c e d  b y  t h e  p r e s e n c e  o f  e i t h e r  0 . 0 1 %  des-" 
f e r r i o x a m i n e  B ~ o r  0 . 0 1 %  E . D . T . A .  * o r  0 . 0 0 1 %  c a t a l a s e  7 
(curve ~) s. 

A c c o r d i n g  to  t h e  e x p e r i m e n t a l  r e s u l t s  p r e s e n t e d ,  t h e r e  
is a s u b s t a n t i a l  d i f f e r e n c e  b e t w e e n  c y s t e i n 6  a n d  c y s t e -  
a m i n e  w i t h  r e s p e c t  t o  t h e i r  p r o - o x i d a t i v e  e f f e c t  t o w a r d s  
]3NA.  T h i s  r e s u l t  m a y  h a v e  s o m e  r e l a t i o n  t o  t h e  f a c t  t h a t  
c y s t e a m i n e ,  w h i c h  c a u s e s  n o  D N A  d e g r a d a t i o n  in  o u r  
s y s t e m ,  is  a m u c h  b e t t e r  r a d i o p r o t e e t i v e  a g e n t  t h a n  
c y s t e i n e  L 

T h e  p r o m o t i n g  e f f e c t  o f  t h e  t w o  m e t a l  c h e l a t i n g  a g e n t s  
m e n t i o n e d  a n d  of  c a t a l a s e  t o w a r d s  t h e  D N A  d e g r a d a t i o n  
b y  c y s t e i n e  is  v e r y  s u r p r i s i n g ,  s i n c e  t h e  s a m e  c h e l a t i n g  
a g e n t s  a n d  c a t a l a s e  a r e  s t r o n g  i n h i b i t o r s  w i t h  r e s p e c t  to  
I ) N A  d e g r a d a t i o n  w h e n  h y d r o g e n  p e r o x i d e  is u s e d  a s  t h e  
d e g r a d i n g  a g e n t ~ 0 . n  A p p a r e n t l y  t h e  f o r m a t i o n  o f  s t r o n g  
Oxid iz ing  a g e n t s ~ , *  in  t h e  c o u r s e  o f  t h e  a u t o x i d a t i o n  o f  
c y s t e i n e  is  f a v o u r e d  b y  t h e  p r e s e n c e  o f  c e r t a i n  c h e l a t i n g  
a g e n t s  ~ a n d  b y  c a t a l a s e  ~ .  
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Effect of mercapto compounds on the specific viscosity of an aqueous 
solution of 0.07% DNA. (1) 0.1% cys~;eamine. (2) 0.1% L-cysteine. 
(a) 0.1% L-cysteine plus the following additives: ~ 0.01% desferri- 

oxamine B; • 0.01% E.D.T.A.; • 0.001% catalase. 

Zusammen/assung .  L - C y s t e i n  b e w i r k t  in  w i i s s r ige r  LS-  
SUng u n t e r  a e r o b e n  B e d i n g u n g e n  e i n e n  A b b a u  y o n  D e s -  
° x y r i b o n u c l e i n s l i u r e  ( D N S ) ,  w ~ h r e n d  C y s t e a m i n  i n  d e r -  
Selben V e r s u c h s a n o r d n u n g  d i e s e  \ V i r k u n g  n i c h t  a u s f i b t .  
I ) u r c h  K a t a l a s e  s o w i e  d u t c h  d i e  C h e l a t b i l d n e r  D e s f e r r i -  
o x a r n i n  ]3 u n d  E . D . T . A .  w i r d  d e r  a b b a u e n d e  E f f e k t  y o n  
C y s t e i n  g e g e n i i b e r  D N S  w e s e n t l i c h  v e r s t i i r k t .  E s  l i egen  
so rn i t  g e r a d e  d i e  u m g e k e h r t e n  V e r h ~ l t n i s s e  v o r  wie  b r i m  

D N S - A b b a u  d u t c h  W a s s e r s t o f f p e r o x y d ,  w e l c h e r  d u r c h  
d i e  e r w ~ i h n t e n  C h e l a t b i l d n e r  u n d  d u r c h  K a t a l a s e  s t a r k  
a b g e s c h w ~ i c h t  o d e r  s o g a r  u n t e r b u n d e n  w i r d .  
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The  V a r i a t i o n  of A d e n o s i n e  T r i p h o s p h a t e  and  
A d e n o s i n e  T r i p h o s p h a t a s e  in Triboliurn con- 
fusum, D u v a l  at the  Di f ferent  S t a g e s  of  i ts  Life 

Cycle  a 

R e c e n t l y  CHOWDHURY a n d  LEMONDE 9. r e p o r t e d  t h e  re -  
s u l t s  o f  t h e i r  d e t e r m i n a t i o n  o n  t h e  c o n t e n t s  o f  t o t a l  p h o s -  
P h o r u s ,  i n o r g a n i c  p h o s p h o r u s  e tc . ,  in  Tr ibo l ium con]usum, 

D u r a l  a t  t h e  d i f f e r e n t  s t a g e s  o f  i t s  g r o w t h  a n d  d e v e l o p -  
m e n t .  T h e  d e t e r m i n a t i o n  o f  t o t a l  p h o s p h o r u s  o r  i n o r g a n i c  
p h o s p h o r u s  w i t h o u t  a n y  k n o w l e d g e  o f  A T P  c o n t e n t  a n d  
A T P a s e  a c t i v i t y ,  h a s  m u c h  less  s i g n i f i c a n c e  i n  u n d e r -  
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s t a n d i n g  p h o s p h o r u s  m e t a b o l i s m  in  a n y  l iv ing  cell, s ince 
i t  is t h e  e n e r g y  l i be r a t ed  on  A T P  hydro lys i s ,  d r ives  all  t h e  
e n e r g y  r equ i r i ng  processes  of life. Since t h e  hydro lys i s  of 
A T P  is ca t a lysed  b y  ATPase ,  we rea l ized  t h e  i m p o r t a n c e  
of u n d e r t a k i n g  a s y s t e m a t i c  i n v e s t i g a t i o n  on  t h e  v a r i a t i o n  
of A T P  c o n c e n t r a t i o n  a n d  A T P a s e  a c t i v i t y  in  Tr ibo l ium 
conJusum, D u v a l  a t  t he  v a r i o u s  s tages  of i t s  life cycle ~,*, 
a n d  t h e  r e su l t s  a re  r e p o r t e d  in  t h i s  c o m m u n i c a t i o n .  I n  t h e  
f i r s t  p a r t  of t h i s  c o m m u n i c a t i o n  t h e  c o n d i t i o n s  for  op t i -  
m u m  A T P a s e  a c t i v i t y  d e t e r m i n a t i o n  h a v e  b e e n  descr ibed .  

A def in i t e  weight ,  u sua l ly  f rom 80-100  rag, of 12-13-  
day-o ld  l a r v a  was  w a s h e d  twice  w i t h  0 .85% cold sa l ine  
a n d  t h e n  a 1 .0% h o m o g e n a t e  in  cold glass-dis t i l led w a t e r  
was  p r e p a r e d  in a n  E l v e h j e m - P o t t e r  h o m o g e n i z e r  a t  0°C, 
f i l tered t h r o u g h  6 layers  of f ine cheese c lo th ,  t h e n  sub-  
j ec t ed  to  f reezing a n d  t h a w i n g  t h r e e  t i m e s  a n d  f ina l ly  
d i lu t ed  w i t h  a n  e q u a l  v o l u m e  of cold wa te r .  I t  was  a g a i n  
h o m o g e n i z e d  in  a n  al l-glass h o m o g e n i z e r  a n d  subse-  
q u e n t l y  used  for  t he  d e t e r m i n a t i o n  of A T P a s e  ac t iv i ty .  
T h e  insec t  used  in t h i s  work  was  t a k e n  f rom a pu re  s tock  
c o n t i n u a l l y  r e a r e d  for  t h e  l a s t  t e n  yea r s  on  a d ie t  com-  
posed  of w h e a t  flour,  p r ev ious ly  passed  t h r o u g h  a No. 80 
sieve,  a n d  5% dr ied  b r ewer ' s  yeas t .  T h e  cu l tu res  were  
k e p t  in  a r oom m a i n t a i n e d  a t  28 4- 1°C a n d  a t  c o n s t a n t  
h u m i d i t y  of 704-  5%.  T h e  A T P a s e  a c t i v i t y  was  de te r -  
m i n e d  acco rd ing  to  t h e  m e t h o d  p rev ious ly  desc r ibed  b y  
SARKAR, SZENT-GY6RGYI a n d  VARGA 6 b y  m e a s u r i n g  t h e  
' P '  l i b e r a t e d  f rom A T P  in  a r eac t i on  m i x t u r e  of 1 ml,  con-  
t a i n i n g  30 ~moles  of tris,  p H  8.5, 2.5 ~moles  of N a - sa l t  
of A T P ,  0.025 t~moles of E D T A ,  1.25 t~moles of Mg++ or 
2.5 tzmoles of Ca ++ a n d  0.5 m l  of t h e  d i lu t ed  h o m o g e n a t e .  
T h e  r e a c t i o n  m i x t u r e  was  i n c u b a t e d  a t  28 4 - 5 ° C  for  30 
m i n  a n d  t h e  r e a c t i o n  was  t e r m i n a t e d  b y  a d d i n g  a n  equa l  
v o l u m e  of 10% cold TCA. On  s t a n d i n g  for  30 ra in  a t  2 to  
4°C, i t  was  cen t r i fuged  a t  0°C for  20 m i n  a t  2500 r .p .m.  
T h e  c lear  T C A - e x t r a c t  was  used  for  ' P '  d e t e r m i n a t i o n .  
P h o s p h o r u s  was d e t e r m i n e d  b y  K m a ' s  s mod i f i ca t i on  of 
F i ske  a n d  S u b b a r o w ' s  m e t h o d ,  a n d  p r o t e i n  b y  t h e  m e t h o d  
of LA~GL T h e  A T P a s e  a c t i v i t y  was expressed  as  m g  of 
' P '  l i b e r a t e d  pe r  0.5 m l  of t h e  h o m o g e n a t e .  

T h e  resu l t s  l is ted in t h e  T a b l e  i n d i c a t e  t h a t  A T P a s e  
a c t i v i t y  d e p e n d s  on  e i t h e r  Mg++ or  Ca ++ a n d  M g - a c t i v a t e d  
A T P a s e  is 1 5 - 1 8 %  more  ac t ive  t h a n  C a - a c t i v a t e d  A T P a s e  
u n d e r  t h e  b e s t  cond i t ions  of t he  e x p e r i m e n t .  These  two  
m e t a l s  h a v e  also been  f o u n d  to  a n t a g o n i z e  each  o t h e r  as is 
k n o w n  to  be  t h e  case w i t h  muscle  ATPase .  A d d i t i o n  of 
D N P  a t  o p t i m u m  c o n c e n t r a t i o n ,  e n h a n c e s  t h e  A T P a s e  
a c t i v i t y  b y  on ly  1 0 - 1 2 % ;  i t  is, however ,  ac t ive  ove r  a wide 
r a n g e  of  i t s  c o n c e n t r a t i o n .  E D T A ,  on  t h e  o t h e r  h a n d ,  
suppresses  t h e  hydro lys i s  of A T P  a n d  a t  2.5 x 1 0 - S M  con-  
c e n t r a t i o n  a b o u t  8 0 - 8 5 %  of A T P  hydro lys i s  is i nh ib i t ed .  
A D P  a n d  A M P  are also h y d r o l y z e d  to  t he  e x t e n t  of 4 0 -  
45% a n d  1 0 - 1 2 %  respec t ive ly ,  ca lcu la ted  on  t h e  bas is  of 
phospho rus ,  l i be r a t ed  w h e n  A T P  ac ts  as t h e  subs t r a t e .  
,¢ -Glycerophosphate  is also h y d r o l y z e d  b y  t he  e n z y m e  
p r e s e n t  in t h i s  h o m o g e n a t e ,  b u t  on ly  to  a v e r y  l imi t ed  ex- 
t e n t .  O p t i m u m  c o n c e n t r a t i o n s  for  Mg ++ a n d  Ca ++ as 
found  are  1.25 × 1 0 - a M  a n d  2.5 × 10-~2d respec t ive ly .  A t  
c o n c e n t r a t i o n s  a b o v e  these,  t h e y  b o t h  t end  to  i n h i b i t  t h e  
A T P a s e  ac t iv i ty .  Mn++ a n d  Zn ++, can  also to  some e x t e n t  
a c t i v a t e  t h e  A T P  h y d r o l y s i n g  enzyme,  Ni  ++ on  t he  o t h e r  
h a n d ,  b locks  t h e  A T P  hydro lys i s  to  t h e  e x t e n t  of 8 5 - 9 0 % .  

T h e  p H - a c t i v i t y  cu rve  as  s h o w n  in  F i g u r e  1 revea l s  t h a t  
t h e r e  a re  two  p H  o p t i m a  for  M g - a c t i v a t e d  A T Pas e ,  one  a t  
p H  7.5 a n d  t h e  second  one  a t  p H  8.5. F o r  C a - a c t i v a t e d  
A T P a s e  t h e r e  also a p p e a r s  to  ex i s t  two  p H  o p t i m a ;  one  
a t  7.5 a n d  t h e  o t h e r  a t  8.5. A l t h o u g h  t h e r e  are more  t h a n  
one p H  o p t i m u m ,  t he  m e a s u r e m e n t s  of A T P a s e  a c t i v i t y  
were ca r r ied  o u t  a t  p H  8,5 in al l  cases unless  o the rwise  

m e n t i o n e d ,  s ince  A T P a s e  a c t i v i t y  is g r e a t e r  a t  p H  8.5 
t h a n  a t  p H  7.5. 

F i g u r e  2 shows t h a t  t h e  r a t e  of hydro lys i s  of A T P  in-  
creases  l inea r ly  w i t h  t h e  increase  in  t he  s u b s t r a t e  concen-  
t r a t i on ,  a n d  us ing  LINlZWEAVER a n d  BURK'S e q u a t i o n  s 

ATPase activity in Tribolium conlusum, Duval 

nag of phosphorus liberated mg of phosphorus liberated 
x 10 ~ x 1O ~ 

Complete system 54-56 Complete system 43-46 
--Mg++ 8-10 --Ca 6- 7 
--ATP 5- 6 --ATP 4-  6 
+EDTA (0.5 ~moles} 40-4~ +EDTA (0.5 p.moles) 84-36 

(~.0 lzmoles) 9-10 (2.0 btmoles) 6-  8 
--ATP + ADP (5 Dmoles) ~2-25 --ATP + ADP (5 ~zmoles) 18-~0 
--ATP + AMP (5 Dmoles) 5- 6 --ATP + AMP (5tzmoles) 3- 5 
+Mn ++ (2 Dmoles} 36 
+Zn++ (2 izmoles ) 40 
+Ni ++ (~2 Drnoles) 2.6 

The complete system contains ATP 5 ptmolcs, Mg ++ (as chloride) 1.25 
izmoles, or Ca ++ (as chloride) 2.5 ~moles, EDTA 0.025 p.moles 
(routinely added), tris buffer pH 8.5, 20 btmoles and 0.5 ml of 0.5% 
homogenate of 12 to 14 days old larva, previously subjected to freez- 
ing and thawing three times before use, incubated at 28 ~ 0.5 °C for 
30 min. The reaction was terminated by adding 10% cold TCA. 
Abbreviations: ATP--adenosine triphosphate, ATPasc--adenosine 
triphosphatase, ADP--adenosine diphosphate, AMP--adenosine 
monophosphate, DNP--2,4-dinitrophenoI, EDTA--ethylenedimnine- 
tetraaeetate, trishydroxymethyl aminoethane. 
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o v Ng-act valed ArPase 
: = Ca-activated ATPase 

" i'2p, 

Fig. 1. The conditions of the experiment were the same as described 
at the bottom of the Table, except that buffers of same ionic strength 

but of different pH were used. 

a The life cycle of Tribolium con/*~sum, Duval is divided into five 
well defined phases such as: (a) egg (--6 to 0 days}, (b) larval stage 
(0 to 18 days/, (c) prepupal stage (14 to 17 days}, (d) pupal stage 
(18 to 21 days}, and (e) adult stage. 

4 ANIMA DEVI, A. LEbIONDE, UMA NR]~VASTAVA~ and N. K. SARKAR~ 
Exp. Celt. Res. 29, 443 (1963). 

6 N. K. SARKAR, A. E. SZERT-GY6RG¥I, and L. VAR~X, Enzymo- 
logia 14, 288 (1950). 

6 E . J .  KIso, Biochemical .]'. ca, 292 (1932). 
C. A. Lmm, Anal. Chem. 30, 1692 (1958). 

8 H, L]NI~WI~AVI~R and D, BURK, J, Amcr, chem. See, 56, 658 (1936). 
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the value  for Km,  the  Michael ias .Menten constant ,  was 
found to be a t  0.07 × 10-SM of the  subst ra te .  

The  changes in the  A T P a s e  ac t iv i ty  measured  a t  the  
various morphologica l  s tages of the  insect,  f rom egg to 

50 
+ xlO -~ 

~0 

30 

20 
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5 
/ 

Fig. 2. The conditions of the experiment were the same as described 
in Figure 1, the only difference was that different concentrations of 

ATP were used. 
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Fig. 3. The conditions of the experiment were the same except that 
iu these experiments homogenates of insects, at various stages of the 
life cycle from egg to adult stage, were used as enzyme source. The 
variation of ATP concentration actually represents the 7 min's hydro- 
lyzable phosphorus obtained by subtracting the total inorganic 
phosphorus (including arginine 'phosphorus') from the phosphorus 
measured after heating the TCA extract in boiling water for 7 min. 
It represents all the energy-rich phosphates, di- and tri-phosphates 
of pridine nucleotides, inosine acid phosphorus, etc. Since ATP is 
the major component, we have loosely used ATP instead of 7 rain's 

hydrolyzabte phosphorus in the text. 

adul t  stage, appear  to be inverse ly  re la ted  to the  va r i a t ion  
of A T P  concent ra t ions  a t  any  one stage of its life cycle, 
as shown in F igure  3. The  low A T P  concen t ra t ion  in the  
l a rva  is as should be expected,  because dur ing this  per iod 
synthesis  of RNA,  proteins  and lipids are known to occur  
mos t  rapid ly  9 and these energy- requi r ing  processes of life 
der ive  the  necessary energy  f rom A T P  hydrolys is  and  
hence A T P  concen t r a t i on  c a n n o t  be high.  This  is also 
the  per iod of mos t  ac t ive  g rowth  of  the  insect  4. D u r i n g  
the  l a t t e r  per iod of the  l a rva l  stage, t he  insect  is m o s t  
act ive,  and  therefore  requires  energy  for such  purposes.  
This  energy  comes f rom A T P  hydrofysis .  The  A T P a s e  
a c t i v i t y  is therefore  expec ted  to  be  h igh  dur ing  this  
period,  which has  been  found to  be  indeed t h e  case. 
Dur ing  the  pupal  per iod the  insect  does no t  ea t  or  excre te  
any  waste  p roduc t  of me tabo l i sm to  a n y  measurab le  ex-  
tent ,  and dur ing  this per iod there  is no apprec iab le  change 
in the  weight  of the  insect. Na tura l ly ,  therefore ,  t he  
ATPase  ac t i v i t y  should be compara t ive Iy  low, and t h a t  
is wha t  has been found.  I n  conclusion, i t  can be said 
tha t  the  hydrolysis  of A T P  by  ATPase  occures mos t  ex- 
tens ive ly  dur ing the  per iod when  the  insect  grows mos t  
act ively .  A T P  concent ra t ion  is low dur ing the  mos t  ac t ive  
growth  period, as dur ing this per iod A T P  is ex tens ive ly  
used up for such syn the t ic  react ions  as R N A ,  proteins ,  
lipids etc. essent ial ly requi red  for the  growth  of the  
insect. 

Rdsum& Un homog6na t  b r u t  de Tribolium con]usum 
D u r a l  p e u t  hydrolyser  les mol6cules d ' A T P ,  d ' A D P ,  
d ' A M P  et  d'c~-glyc6rophosphate. L ' ac t i v i t 8  de t 'ATPase  
d6pend des ions Mg ++ e t  Ca ++. L a  courbe  i l lus t ran t  les 
var ia t ions  de l ' ac t iv i t6  de ce t te  ATPase  en fonct ion  du 
pH,  mon t r e  deux  p H  opt ima,  Fun ~ 7.5 e t  l ' au t re  b. 8.5. 
L ' ac t iv i t6  de l 'ATPase  est  ~levSe d u r a n t  la p6riode lar-  
vaire,  alors que  la croissance est  ac t ive  e t  elle est  faible 
d u r a n t  la  p6riode pupale .  L a  concen t r a t ion  de I ' A T P  est 
tou jours  inve r semen t  propor t ionnel le  ~ I ' ac t iv i t6  de  
l 'ATPase  et  cela h tous  les s tades  du cycle v i t a l  de 
l ' insecte.  
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~ b e r  P e p t i d s y n t h e s e n .  C - t e r m i n a l e  T e i l s e q u e n -  
z e n  d e s  E l e d o i s i n s  u n d  e l e d o i s i n a n a l o ~ e r  V e r b i n -  

d u n g e n  1,2 

Bet den bisher  b e k a n n t  gewordenen b lu tdruckwirk-  
Samen Pep t iden  wie Angiotensin ,  B radyk in in  oder  Kalli-  
din bewi rk t  der  For t fa l l  yon  mehr  als zwei A m i n o s i u r e n  
Stets e inen Ver lus t  der  Akt iv i t~ t .  Anders  verh~Llt sich das 
~ledois in  (zur Isol ierung und Strukturaufkl~irung dicses 
Wirkstoffes  vgl.  5, 4, fiber eine Synthese  vgl.  5, fiber bio- 

logische E igenschaf ten  vgl.  "-s). N- te rmina le  Tei lsequen-  
zen des Eledoisins  s ind unwi rksam 2. Dagegen  zeigen C- 
t e rminMe Hexa -  und H e p t a p e p t i d e  der  or iginalen Sequenz  
sowie e ledois inanaloger  Verb indungen  zum Tel l  eine er- 
s taunt ich hohe  biologische Akt iv i t / i t .  

Bet den vor l iegenden Tei lsequenzen wurde  der  Aspara-  
ginsAurerest  in Posi t ion 5 gegen Asparagin,  Glu tamin ,  
Pyrog lu tamins~ure  und  Glycin,  der  Isoleucinres t  in Posi- 
t ion 8 gegen Val in  und Leucin  sowie der  Meth ioninres t  
in Posi t ion 11 gegen Alanin ausgetauscht ,  


