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Effect of salicylate on perfused rat hearts. The percent of phosphory- 
lase a was calculated after 10 min of perfusion. Glycogen content 
measured as [xlnoles of glucose (after hydrolysis) per g and lactate 
production was expressed as [xmoles of lactate per h per g. The re- 
sults are expressed on a fresh weight basis. 

Determinations* Control Salicylate 

P h .  a (per cent) 7.2 4- 3** 23 4- 7 
Glycogen content 83.3 4- 8 10.1 :k 4 
Lactate production 25 4- 3.2 112.5 4- 14 

*6 hearts were used as control and 6 for treatment with sodium 
salicylate. ** S. E. M. 

t h a t  t h e  enzymes  p a r t i c i p a t e  in a c t i v a t i o n  of glycogeno- 
lysis caused  b y  sal icylate .  
E x p e r i m e n t s  to  d e t e r m i n e  t he  phospho ry l a se  level  in t he  
h e a r t s  t r e a t e d  b y  aspir in,  wh ich  is also a g lycogenolyt ic  
a g e n t  7, revea led  t h a t  in  f ac t  t he  phosphory la se  a level  
was  increased  a b o u t  3fold, i.e. f rom 7.2 4- 3 in  the  con- 
t ro ls  to  27 4- 4 in  t he  h e a r t s  sub jec ted  to t he  drug.  This  
effect  of e i the r  sod ium sa l icyla te  or asp i r in  on h e a r t  
p h o s p h o r y l a s e  m i g h t  be  expected ,  since t h e  h igh  r a t e  of 
glycogenolysis  found  in muscle  sub jec t ed  to  t he  ac t ion  of 
these  drugs  requi res  t he  m a i n t e n a n c e  of t he  e n z y m e  in 
t he  a c t i v a t e d  form.  

Our  f ind ing  t h a t  sa l icyla te  increases  phosphory la se  a 
a c t i v i t y  m i g h t  be  exp la ined  t h r o u g h  a m e c h a n i s m  in- 
vo lv ing  t he  uncoup l ing  of ox ida t i ve  phospho ry l a t i on .  Fo r  
example ,  p rev ious  work  f rom our  l a b o r a t o r y  8 has  shown  
t h a t  D N P  resu l t s  in  e leva ted  levels of phospho ry l a se  a of 
h e a r t  and  ske le ta l  muscle.  This  could be  exp la ined  b y  a 
decrease  in t he  A T P / A D P  ra t io  wh ich  would  increase  
p h o s p h o f r u c t o k i n a s e  a c t i v i t y  a n d  t h e r e b y  m a i n t a i n  glu- 
cose-6 p h o s p h a t e  a t  a low level  in t he  cell. Since glucose- 
6 -phospha t e  is k n o w n  to i nh ib i t  p h o s p h o r y l a s e  b to  a 
convers ion;  th i s  i nh ib i t i on  would  be  r educed  in the  pre-  
sence of t he  uncoup l ing  a g e n t  r e su l t ing  in h igher  phos-  
phory la se  a levels. I n  s u p p o r t  of th i s  idea, o the r  experi-  
m e n t s  w i t h  salicylic acid 3 h a v e  s h o w n  t h a t  in  t he  isola ted 
r a t  d i a p h r a g m  the  c o n t e n t  of inorgan ic  p h o s p h a t e  is in- 
creased, whereas  c rea t ine  p h o s p h a t e  a n d  A T P  are severely  

. reduced in t he  presence  of t he  drug.  
The  resul t s  of Segal  a n d  Bla i r  ~ of p h o s p h o r y l a s e  a inh ib i -  
t i on  in i sola ted h e m i d i a p h r a g m s  is found  on ly  30 rain  
a f te r  sa l icyla te  admin i s t r a t i on ,  a t i m e  which,  accord ing  
to the  au thors ,  g lycogenolysis  proceeds  a t  a m u c h  slower 
r a t e  even  t h o u g h  glycogen is st i l l  p r e sen t  in  re la t ive ly  
h igh  amoun t s .  

7 J .C .G.  Doery and J. Hirsh, Experientia 27, 533 (1971). 
8 A.E.  Vercesi and A. Focesi Jr, Experientia 31, 771 (1975). 

Interaction of N-(DL-seryl)N'-(2,3,4-trihydroxybenzyl)-hydrazine with L-Dopa decarboxylase from 
pi~ kidney 

C. B o r r i - V o l t a t t o r n i ,  A. Minell i  and  P. Bor r i  

Institute o/ Biological Chemistry, Faculty o/ Pharmacy, Institute o/Nervous and Mental Diseases, University o/Perugia, 
1-06700 Perugia (Italy), 19 July 7976 

Summary. I n t e r a c t i o n  of seryl  t r i h y d r o x y - b e n z y l - h y d r a z i n e  w i t h  a h i g h l y  pur i f ied  p r e p a r a t i o n  of Dopa  deca rboxy lase  
f rom pig  k i d n e y  has  been  s tudied.  This  c o m p o u n d  was found  n o t  to  be  a powerfu l  i n h i b i t o r  in vi t ro .  Kine t ic  a n d  
spec t ra l  d a t a  sugges t  some possibi l i t ies  on  t he  b i n d i n g  n a t u r e  of t h e  i n h i b i t o r  a n d  subs t ra t e s .  

The  N-(DL-sery l )N ' - (2 ,  3 , 4 - t r i h y d r o x y b e n z y l ) - h y d r a z i n e  
(Ro 4-4602) is a p r o d u c t  used,  in  add i t i on  to  L-Dopa ,  in 
t he  t r e a t m e n t  of P a r k i n s o n ' s  disease. This  c o m p o u n d  is 
an  i n h i b i t o r  of pe r iphe ra l  D o p a  deca rboxy lase  and  does 
n o t  a p p e a r  to  pass  t h e  b lood -b ra in  ba r r i e r  a t  t h e r a p e u t i c  
doses in  P a r k i n s o n i s m .  I t s  effect  on cel lular  m e t a b o l i s m  
lies in  p o t e n t i a t i n g  t h e  b iochemica l  b e h a v i o u r  of per i -  
phe ra l l y  a d m i n i s t r e d  L-Dopa .  This  pha rmaco log ica l  ac- 
t ion,  la rgely  i n v e s t i g a t e d  f rom a cl inical  p o i n t  of view, 
ref lects  t h e  i n t e r a c t i o n  of t h i s  c o m p o u n d  a t  t he  molecu la r  
level  w i t h  pe r iphe ra l  L - D o p a  deearboxylase .  Such  in te r -  
ac t ion  ha s  been  s tud ied  in v i t ro  measu r ing  t he  i n h i b i t i o n  
on  c rude  h o m o g e n a t e  of hog  or r a t  k i d n e y l ,  L no t  ye t  
i n v e s t i g a t e d  on  a h igh ly  pur i f ied  enzymic  p r e p a r a t i o n .  
The  p r e sen t  c o m m u n i c a t i o n  deals w i t h  t he  b i nd ing  of 
Ro 4-4602 to  a n  h o m o g e n o u s  Dopa  deca rboxy lase  f rom 
pig  k idney .  The  i n h i b i t i o n  c o n s t a n t s  a n d  t he  effect  on  
t h e  a b s o r p t i o n  peaks  of t h e  e n z y m e - b o u n d  p y r i d o x a l - P  
give some i n f o r m a t i o n  on  t he  i n t e r ac t i on  of th i s  com- 
p o u n d  w i t h  D o p a  deca rboxy la se  and  m a y  also p rov ide  
more  de ta i l ed  ins igh t s  of i t s  ac t ive  site. 
Materials and methods. T he  enzyme,  pur i f ied  accord ing  to 
Bor r i  V o l t a t t o r n i  e t  a l ) ,  appea red  to  be  h o m o g e n o u s  in 
po lyac ry l amide  gel e lec t rophores i s  and  in t he  u l t r a -  

centr i fuge.  I t s  coenzyme  c o n t e n t  was  in good a g r e e m e n t  
w i t h  t h a t  r e p o r t e d  b y  Chr i s t enson  e t  al. 4. 
L - m - t y r o s i n e  and  L-o- ty ros ine  were s y n t h e t i z e d  f rom 
co r re spond ing  racemic  forms  b y  t h e  ac t ion  of D-amino  
acid oxidase  a n d  ca ta lase  in  a 0.05 M p y r o p h o s p h a t e  
buffer ,  p H  8.3 u n d e r  02 s t ream.  T h e  e n z y m a t i c  degrada-  
t ion  of t he  D - a m i n o  acid fo rm was  fol lowed m e a s u r i n g  a t  
t i m e  in t e rva l s  t he  f o r m a t i o n  of t h e  ke to  ac id  fo rm w i t h  
2 , 4 - d i n i t r o p h e n y l  hydraz ine .  The  e n d - p o i n t  of t he  reac-  
t ion  was ach ieved  when,  even  a f t e r  f u r t h e r  add i t ions  of 
enzymes,  no  more  ke to  acid was  de tec ted .  Then  t h e  
r eac t ion  mix tu re ,  b r o u g h t  to  pI-I 3, was  poured  on  a 
50 • 8 Dowex  co lumn.  Af te r  e lu t ion  of t h e  keto  acid 
w i t h  0,2 M pyr id ine  buffer ,  p H  3.1, t h e  L - a m i n o  acid was 
Muted  w i t h  2 M py r id ine  buffer ,  p H  5. E t h e r  was  added  

1 W. P. Burkard, K. F. Gey and A. Pletscher, Experientia 15, 411 
(1962). 

2 W. P. Burkard, K. F. Gey and A. Pletscher, Arch. Biochem. Bio- 
phys. 707, 187 (1964). 

3 C. Borri Voltattorni, A. Minelli and C. Turano, Riun. Naz. Soc. 
ital. Biochim. Riass. Comm. No. 48 (1970). 

4 J. G. Christenson, W. Dairman and S. Udenfriend, Arch. Bio- 
chem. Biophys. ldl, 356 (1970). 
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Michaelis-Menten constants and inhibition constants of Ro 4-4602 
for different substrates for Dopa-decarboxylase 

Substrate Km • 104 K* • 10 a 

L-Dopa 0.68 3.40 
L-5HTP 1.64 18.00 
L-m-tyrosine 2.10 3.65 
l.-o-tyrosine 5.70 3.65 

to t h e  e v a p o r a t e d  s o l u t i o n ,  a n d  t h e  p r e c i p i t a t e  was  
f i l t e r e d  a n d  d r i e d  o v e r  P20~ u n d e r  v a c u u m .  T h e  f i na l  
p r o d u c t s  do n o t  r e a c t  a t  al l  w i t h  D - a m i n o  ac id  o x i d a s e  
a n d  a r e  f u l l y  c o n v e r t e d  i n t o  t h e  k e t o  ac i d  f o r m  b y  L -  
a m i n o  ac id  o x i d a s e .  
T h e  e n z y m e  a c t i v i t y  w a s  m e a s u r e d  a c c o r d i n g  to  S h e r a l d  
e t  al.~, a s  m o d i f i e d  b y  C h a r t e r i s  e t  al. ~. T h e  s p e c t r a  w e r e  
d e t e r m i n e d  on  a B e c k m a n  D B - G T  s p e c t r o p h o t o m e t e r ,  
c o n n e c t e d  to  a B e c k m a n  1 0 - i n c h  r e c o r d e r .  T h e  a b s o r p -  
t i o n  of  t h e  p u r i f i e d  e n z y m e  s o l u t i o n  a t  p H  6.8 in  t h e  
3 0 0 - 5 0 0  n m  r e g i o n  w a s  s i m i l a r  to  t h a t  p r e v i o u s l y  de -  
s c r i b e d  7, w i t h  a v e r y  c o n s t a n t  a b s o r b a n c e  r a t i o  a t  335 
a n d  420 n m .  
Resul t s  and disc~ssion.  T h e  R o  4-4602  (a k i n d  g i f t  of  
R o c h e  S . p . A . ,  Mi lan)  b e h a v e d  a s  a c o m p e t i t i v e  i n h i b i t o r  
w i t h  r e s p e c t  to  L - D o p a  a n d  as  a ' p u r e '  n o n  c o m p e t i t i v e  
i n h i b i t o r  t o w a r d s  5 - H y d r o x y - L - t r y p t o p h a n  ( L - 5 H T P ) ,  
L - m - t y r o s i n e  a n d  L - o - t y r o s i n e  ( f igure  1). K m  a n d  K i  of  
R o  4 -4602  v a l u e s  m e a s u r e d  a t  p H  6.8 for  t h e s e  s u b s t r a t e s  
a re  r e p o r t e d  in  t h e  t ab l e .  A l t h o u g h  t h e  e x p e r i m e n t a l  
c o n d i t i o n s  were  d i f f e r e n t ,  t h e  a f f i n i t y  of  R o  4-4602  w a s  
n o t  a s  h i g h  as  s u g g e s t e d  b y  B u r k a r d  e t  al.2. W e  u s e d ,  
i n f a c t ,  i n s t e a d  of  a c r u d e  e x t r a c t ,  a n  h o m o g e n o u s  e n z y m e  
p r e p a r a t i o n ,  a m o r e  s e n s i t i v e  a s s a y ,  a l ower  t e m p e r a t u r e  
a n d  s u b s t r a t e s  in  L - f o r m  in o r d e r  to  a v o i d  t h e  i n h i b i t i o n  
b y  D - f o r m  s. 

T h e  a d d i t i o n  of  t h e  i n h i b i t o r  to  a n  e n z y m e  s o l u t i o n  a t  
p H  6.8 c h a n g e d  t h e  s p e c t r a l  p r o p e r t i e s  b y  d e c r e a s i n g  t h e  
i n t e n s i t y  of  t h e  420 n m  a n d  t h e  335 n m  p e a k s  ( f igure  2). 
T h e  a b s o r b a n c e  a t  420 n m  of  t h e  e n z y m e  p l u s  i n c r e a s i n g  
a m o u n t s  of  R o  4 -4602  a n d  t h e  c o n c e n t r a t i o n  of  t h i s  c o m -  
p o u n d  in  a r e c i p r o c a l  p l o t  a r e  r e p o r t e d  in t h e  i n s e t  of  
f i g u r e  2. T h e  d i s s o c i a t i o n  c o n s t a n t  m e a s u r e d  i n  t h i s  w a y  
w a s  3.2 �9 10 -4 M. T h i s  v a l u e  w a s  in  l ine  w i t h  K~ for  3 
s u b s t r a t e s  b u t  n o t  for  L - 5 H T P .  T h e  l ower  a f f i n i t y  of  
R o  4 -4602  o b s e r v e d  o n l y  in  p r e s e n c e  of  L - 5 H T P  is n o t  
e a s y  to  e x p l a i n  a n d  m i g h t  be  r e l a t e d  to  t h e  i ndo l i c  r i n g  
of  t h i s  s u b s t r a t e .  
T h e  d i f f e r e n t  t y p e s  of  i n h i b i t i o n  o b s e r v e d  w i t h  t h e  
v a r i o u s  a r o m a t i c  a m i n o  a c i d s  d i s c lo se s  s o m e  p o s s i b i l i t i e s  
a b o u t  t h e  b i n d i n g  n a t u r e  of  t h e  i n h i b i t o r  a n d  s u b s t r a t e s .  
T h e  m o d i f i e d  a b s o r p t i o n  p e a k s  i n d u c e d  b y  t h e  c o m p o u n d  
o n  t h e  e n z y m e - b o u n d  p y r i d o x a l - P  s u g g e s t s  i t s  b i n d i n g  
to  t h e  a c t i v e  s i te .  
O n  t h e  o t h e r  h a n d ,  t h e  o b s e r v e d  ' p u r e '  n o n - c o m p e t i t i v e  
i n h i b i t i o n  t o w a r d s  3 s u b s t r a t e s  m a y  i n d i c a t e  t h a t  t h e  
i n h i b i t o r  a n d  t h e s e  s u b s t r a t e s  do  n o t  c o m p e t e  fo r  t h e  
s a m e  s i t e  o n  t h e  e n z y m e  s u r f a c e ,  b u t  t h a t  t h e y  a r e  a b l e  
to  b e c o m e  s i m u l t a n e o u s l y  a t t a c h e d  to  t h e  e n z y m e .  T h e  
d i s a g r e e m e n t  b e t w e e n  t h e s e  d a t a  c a n  be  i n t e r p r e t e d  in  
a t  l e a s t  t w o  w a y s .  2 s u b s t r a t e  b i n d i n g  s i t e s  c o u l d  e x i s t  
on  t h e  e n z y m e  m o l e c u l e ,  o n e  for  L - D o p a  a n d  t h e  o t h e r  
o n e  c o m m o n  for  t h e  o t h e r  t h r e e  s u b s t r a t e s .  T h e  R o  
4 -4602  c o u l d  b i n d  to  t h e  e n z y m e  a t  t h e  s a m e  s i t e  as  L -  
D o p a .  A t  p r e s e n t ,  t h i s  is i u s t  a h y p o t h e s i s  w h i c h  m u s t  b e  
c o n f i r m e d  b y  f u r t h e r  i n v e s t i g a t i o n s ;  m o r e o v e r ,  i t  w o u l d  

5 A. F. Sherald, J. C. Sparrow and iF. R. l ~'. Wright, Anal. Biochem. 
58, 300 (1973). 

6 A. Charteris and R. John, Ann. Biochem. 58, 365 (]975). 
7 C. Borri-Voltattorni, A. Minelli and C. Turano, I~'EBS Letters 17, 

231 (1971). 
8 1~;. Barboni, C. l~orri-Voltattorni, A. Rosei, A. l~'iori, A. Minelli 

and C. Turano, Comin. submitted to 2nd ltalian Biochein. Con- 
gress, Venezia (1976). 
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Fig. 1. Inhibition by Ro 4-4602 of decarboxylase activity on various aromatic amino acids presented as double reciprocal plot. The reaction, 
in a final volume of 250 ~tl, was carried out in 40 mM phosphate buffer pH 6.8 at 25 ~ Time course of reaction was 5 rain for L-Dopa, L-o- 
tyrosine and L-m-tyrosine; 10 rain for L-5HTP. ] unit of activity is defined as the amount  of enzyme which produces 1 nmole amine per 
min under the specified conditions. 
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Fig. 2. Spectra in phosphate buffer pH 6.8: , enzyme; . . . .  , 
enzyme plus 7.10 5 M seryl-trihydroxy-benzyl hydrazine; �9  en- 
zyme plus 21-10 -~ M seryl-trihydroxy-benzyl-hydrazine. The spectra 
are corrected for the absorption of the compound added. In the inset : 
absorbance at 420 nin of the enzyme plus seryI-trihydroxy-benzyl- 
hydrazine as a function of its varying concentrations presented as 
double reciprocal plot. 

9 R. M. Krupka and K. J. Laidler, J. Am. chem. Soc. 83, 1445 
(1961). 

10 A. Fiori, C. Tm'ano, C. Borri-Voltattorni, A. Minelli and M. Co- 
dini, FEBS Letters 5d, 122 (1975). 

be in te res t ing  to  check the  b ind ing  si tes specif ici ty and 
the i r  funct ionai  proper t ies .  
The o the r  possibi l i ty  m i g h t  involve only  one subs t r a t e  
b ind ing  site and  a second in te rmedia te ,  in addi t ion  to the  
Michaelis complex.  The re la t ive magn i tudes  of ra te  con- 
s t an t s  of 2 i n t e rmed ia t e s  could be qu i te  d i f ferent ,  de- 
pend ing  on the  subs t r a t e s  used. As sugges ted  by  K r u p k a  
and  Laidler  9, an a p p a r e n t  non-compe t i t i ve  inhibi t ion 
m a y  be a t  p lay  in the  sense t h a t  the  inhib i tor  becomes 
a t t a ch ed  to t he  second in t e rmed ia t e  and no t  to the  
Michaelis complex.  I t  m u s t  be po in t ed  out  in th is  con- 
nect ion  tha t ,  for Dopa  decarboxylase ,  some in t e rmed ia te  
subs t r a t e - enzyme  complexes  have  a l ready  been charac-  
te r ized  and the i r  p roper t ies  have  been  connec ted  wi th  
the  s t ruc tura l  var ia t ions  of subs t r a t e  10. 
Besides these  hypo theses ,  the  resul ts  show t h a t  t he  tr i-  
h y d r o x y b e n z y l h y d r a z i d e  seryl der iva t ive  is no t  a power-  
ful inhib i tor  of the  a romat ic  amino acid decarboxylase  
in vi tro.  Owing to  a large subs t i t uen t  in 1 posi t ion of the  
a romat ic  r ing and  the  lack of a free hydraz in ic  group,  the  
r equ i remen t s  for a good in te rac t ion  a t  the  act ive site are 
p ro b ab l y  no t  met .  The powerful  inhib i t ion  observed  in 
vivo therefore  p ro b ab l y  reflects  the  in terac t ion  be tween  
the  per iphera l  decarboxylase  and  the  compound  formed 
b y  hydro lys is  of the  seryl  hydraz ine  linkage. 

Enzymic basis for the nutritional requirement of ar~inine in insects l  

S. R a g h u p a t h i  R a m i  R e d d y  2 and  J. W. Campbel l  a 

Department o/Biology, Rice University, Houston, Texas 77001 (USA), 4 June 1976 

Summary. The fa t  b o d y  of the  cockroach,  Blaberus  cranifera,  and  the  s i lkmoth,  Hya lophora  gloveri,  has been tes ted  
for some enzymes  of the  urea  cycle. Whi le  orn i th ine  t r ansca rbamoy lase  and  argininosuccinase act ivi t ies  could no t  be 
de tec ted ,  arginase is p resen t  in the  fa t  b o d y  of these  insects.  These  results  expla in  the  essent ia l i ty  of arginine in the  
die t  of insects.  

The arginine b iosyn the t i c  pa thway ,  bel ieved to be pre- 
sent  in whole or in p a r t  in all organisms,  has  been  success- 
fully exploi ted  for ammon ia  de toxi f ica t ion  dur ing  the  
evolut ion of ureote l ism associa ted wi th  the  invasion of 
the  te r res t r ia l  h a b i t a t  by  animals  ~. Terres t r ia l  insects,  
which  are uricotelic, seem to have  lost  the  abi l i ty  to  
synthes ize  arginine, and  thus  t he  po ten t i a l  for forming  
urea as an excre to ry  product .  This is ind ica ted  by  the  
nu t r i t iona l  r equ i r emen t  for arginine by  m a n y  insects  5. 
However ,  in some species of insects,  arginine in the  die t  
can be replaced by  ci trul l ine bu t  no t  by  orn i th ine  6, 7. 
These f indings suggest  t h a t  insects,  like birds  S, 9, can 
form arginine f rom citrulline,  bu t  are unable  to syn- 
thesize citrull ine f rom CO 2, N H  3 and orni th ine .  To find 
ou t  tile b iochemical  basis for these nu t r i t i ona l  results,  
we have  s tudied  the  d i s t r ibu t ion  of some of t he  urea 
cycle enzymes  in the  fa t  b o d y  of the  cockroach,  Blaberus  
cranifera,  and  the  s i lkmoth,  H y a l o p h o r a  gloveri. These 
resul ts  are r epor ted  here. 
Material and methods. The p r o c u r e m e n t  and  ma in t enance  
of t he  insects,  Blaberus  cranifera  and Hya lophora  gloveri, 
and  the  m e thods  of arginase assay (L-arginine amidino-  
hydrolase ,  E.C.  3.5.3.1) and pro te in  de t e rmina t i on  have  
been  descr ibed earlier 1~ Orni th ine  t r ansca rbamoy lase  
(Carbamoylphospha te  : L-orn i th ine  carbamoyl t ransferase ,  
E .C .  2.1.3.3) and  argininosuccinase  (L-argininosuccinate  
arginine-lyase,  E .C.  4.3.2.1) assays were pe r fo rmed  in 
10% (w/v) fa t  b o d y  ex t rac t s  essent ia l ly  by  the  me t h o d s  
descr ibed by  Campbel l  and  Speeg n.  

Results and discussion. The d i s t r ibu t ion  of the  3 urea 
cycle enzymes  in the  fa t  body  of the  cockroach and  silk- 
m o t h  is shown in the  table.  Orni th ine  t r ansca rbamoylase  
(OTCase) and argininosuccinase (ASase) act ivi t ies  could 
no t  be de t ec t ed  in the  fa t  b o d y  of these  insects.  The re- 
covery  of ci t rul l ine added  to  t he  OTCase assay sys t em 
was  104%. There  is no inh ib i to r  of OTCase in fa t  body  
t issue of Blaberus  cranifera,  as de t e rmined  by  experi-  
m e n t s  in which  a pur i f ied bacter ia l  OTCase was mixed 
wi th  fa t  body  ex t rac t s  of th is  insect  and  assayed.  Fur the r ,  
the  me t h o d s  used for the  assay of these  enzymes  are 
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