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A s t rong  i n h i b i t i o n  of t h e  s y n t h e t a s e  r eac t ion  b y  Cbz- 
de r iva t ives  w i t h  an  a d d i t i o n a l  a roma t i c  r ing  was also ob- 
served  in t he  case of r a t  l iver  g l u t a m i n e  s y n t h e t a s e  
(Table  II) .  

Tab le  I I I  shows t he  effect  of Cbz-der iva t ives  of amino  
acids on  ov ine  b r a i n  v - g l u t a m y l  t r ans fe r a se  ac t iv i ty .  
A l t h o u g h  in  t h i s  case t h e  i nh ib i t i on  b y  Cbz-de r iva t ives  
w i t h o u t  a n  a d d i t i o n a l  a r o m a t i c  r ing  is more  p r o n o u n c e d  
t h a n  in t he  s y n t h e t a s e  reac t ion ,  here,  too, t h e  de r iva t ives  
w i t h  a n  a d d i t i o n a l  a r o m a t i c  r ing  are cons ide rab ly  
s t ronger  inh ib i to rs .  

r epo r t ed  s t h a t  Cbz-L-phenylManine  inh ib i t s  t he  proteo-  
lyric and  t he  es tero ly t ic  a c t i v i t y  of c h y m o t r y p s i n .  On t he  
o the r  h a n d ,  Cbz-L-phenyla lan ine  does no t  i nh ib i t  t he  
g lu t amine - r equ i r i ng  c a r b a m y l  p h o s p h a t e  s y n t h e t a s e  of 
E. coli s. 

I t  is of i n t e r e s t  to  no te  t h a t  i.p. in jec t ions  of t he  
sod ium sa l t s  of Cbz-L-phenyla lan ine  a n d  N-Cbz-S-benzy l -  
L-cysteine m a r k e d l y  i nh ib i t  t he  g r o w t h  of Ehr l i ch  asci tes  
c a r c i n o m a  in mice  ~0. Since b o t h  c o m p o u n d s  affect  a 
m u l t i t u d e  of enzymes,  t he  exac t  n a t u r e  of these  t u m o u r  
inh ib i t ions  requi re  f u r t h e r  e luc idat ion .  
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Fig. 1. Inhibition of ovine brain glutamine synthetase by Cbz-L- 
phenylalanine. (I) L-glutamic acid; (Ii) L-glutamic acid and Cbz-L- 
phenylalanine (75 ~moles). IS] is the concentration of L-glutamic acid 
([xmotes) in 5.5. ml reaction mixture. Velocity (V) is expressed in 
[xmoles inorganic phosphate liberated in 15 rain at 30 ~ 

Fig. 2. Inhibition of ovine brain T-glutamyl transferase by Cbz-L- 
phenylalanine. (I) L-glutamine; (ii) L-glutamine and Cbz-L-phenyl- 
alanine (50 [xmoles). IS] is the concentration of L-glutamine ([xmoles) 
in 5.3 mi reaction nfixture. Velocity (V) is expressed in [xmoles 
hydroxamic acid formed in 15 rain at 30 ~ 

F igures  1 and  2 show t h a t  t he  inh ib i t i ons  of ov ine  b r a i n  
g l u t a m i n e  s y n t h e t a s e  a n d  y -g lu t amyl - t r ans fe ra se  b y  Cbz- 
L-pheny la l an ine  are  of a mixed  type.  S imi la r  results ,  for 
b o t h  react ions ,  were o b t a i n e d  w i t h  Cbz-L-tyrosine and  
N-Cbz- S-benzyl-L-cysteine.  

I n  t he  case of ov ine  b r a i n  g l u t a m i n e  syn the ta se ,  t he  
e x t e n t  of i n h i b i t i o n  exe r t ed  b y  Cbz-L-phenyla lan ine  (125 
~moles) or N-Cbz-S-benzyl -L-cys te ine  (75 [xmoles) was  t he  
same  w h e n  t h e  respec t ive  concen t r a t i ons  of ATP,  hy-  
d r o x y l a m i n e  or Mg ++ were increased  three-fold .  

Discussion. The  s t rong  i n h i b i t o r y  a c t i v i t y  of t he  der iva-  
t ives  c o n t a i n i n g  2 a r o m a t i c  groups  m a y  be  exp la ined  as 
follows. The  2 a r o m a t i c  r ings  i n t e r a c t  t h r o u g h  hydro -  
phob ic  b o n d s  w i t h  2 su i t ab l e  sites on  t he  e n z y m e  mole-  
cule. Th i s  causes  i nh ib i t i on  e i the r  b y  b lock ing  the  ac t ive  
si te  per se or b y  exe r t i ng  a n  al loster ic  effect. I t  r e m a i n s  
to  be  shown,  b y  use of a p p r o p r i a t e  compounds ,  w h e t h e r  
t he  ca rboxy l  groups  oI t he  inh ib i to r s  p l ay  a role in  t he  
inh ib i t ion .  Cbz-de r iva t ives  of amino  acids bea r ing  a n  
a d d i t i o n a l  a r o m a t i c  g roup  also s t rbng ly  i n h i b i t  r a t  l iver  
a spa rag inase  7 a n d  r a t  l iver  g l u t a m i n a s e  s. I t  was also 

Zusammen/assung. C a r b o b e n z o x y d e r i v a t e  v o n  a roma t i -  
schen  AminosSmren m i t  e iner  zus/ i tz l ichen a r o m a t i s c h e n  
G r u p p e  h e m m e n  die G l u t a m i n s y n t h e t a s e  u n d  ~,-Glutamyl- 
Trans fe rase  aus  Schafsh i rn  sowie die G l u t a m i n s y n t h e t a s e  
aus  R a t t e n l e b e r  s tark .  

H. SPIEGELSTEIN-I(LARFELD, N. LUSTIG 
a n d  N. LICHTENSTEIN 

Department o/ Biological Chemistry, 
The Hebrew University o/Jerusalem, 
Jerusalem (Israel), 4 July  7969. 

7 G. MOR and N. LICHTENSTEIN, Fedn. Europ. Biochem. Letters 3, 
313 (1969). 

s G. MOR and N. LICHTENSTEIN, to be published. 
9 M. ~IURUMATU, Y. HAYAKUMO and S. FUJII, J .  Bioehem., Japan, 

62, 408 (1967). 
I0 ~[. SCHLI~SINGER~ N. GROSSOWlCZ and  N. LICHTENSTEIN~ tO be 

published. 

P u r i n e s  and  C o r t i s o n e  in Lip id  M o b i l i z a t i o n  

Lipolysis  in  ad ipose  t i ssue  is u n d e r  a complex  cont ro l  
s y s t e m  ~. A n u m b e r  of h o r m o n e s  inc lud ing  ep inephr ine ,  
g lucagon,  A C T H  a n d  a d r e n a l  cor t ical  s teroids  h a v e  been  
s h o ~ n  to  af fec t  t he  release of f a t t y  acids f rom adipose  
t i ssue  in  severa l  species 2-6, a n d  a v a r i e t y  of pur ines  a n d  
pu r ine  de r iva t i ve s  h a v e  a s imi la r  affect  7-3. Some of these  
subs tances ,  ep ineph r i ne  a n d  A C T H  for ins tance ,  appa-  
r e n t l y  ac t  on  t he  cell m e m b r a n e  in such a way  as to  act i -  
v a t e  a d e n y l  cyclase,  t h u s  lead ing  to  increase  in cyclic 

3 '5 ' -AMp10,  n.  O t h e r  c o m p o u n d s  such  as pur ine ,  theo-  
phy l l ine  a n d  caffeine a p p e a r  to  h a v e  t he i r  effect  b y  inhi-  
b i t i n g  t h e  phosphod ie s t e r a se  7,13, t h u s  increas ing t he  level 
of cyclic A M P  b y  a d i f fe ren t  m e c h a n i s m .  Cort isone ha s  
been  shown to  ac t  b y  a th i rd ,  en t i r e ly  d i f fe rent  m e c h a n i s m  
wh ich  ha s  been  called t he  ' pe rmiss ive  effect ' ,  since i t  per-  
mi t s  the  l ipolyt ic  ac t ion  of ep inephr ine  to  be expressed 8,13 
T h i s  is t h o u g h t  to  occur  t h r o u g h  a decrease  in u p t a k e  of 
glucose b y  t he  f a t  cell, which  in t u r n  causes  a decrease in 
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No cortisone Cortisone 

Purine derivative No. of FFA p ~ No. of FFA p 
animals [xEq/1 ~- 1 S.D. animals ~xEq/1 -- 1 S.D. 

Purine 7 282 4- 50 0.02 7 282 4- 55 0.02 
Caffeine 7 345 • 70 0.002 7 304 :t- 27 0.005 
Adenine  7 175 4-,35 N.S.  7 199 4- 40 N.S.  
Control (saline) 17 200 ~- 38 - 15 399 ~- 40 0.001 

ConIparison with saline, nc) cortisone, controls. Purine (50 Ing/0.5 ml saline), caffeine (5 Ing/0.5 ml saline) or adenine sulfate (40 ing/4 inl 
saline) was given 2 h prior to sacrifice. Control animals received saline. Cortisone was given as 6.25 mg of cortisone acetate in saline s.c. the 
day before and on the day ()f treatment with the other drug. 

the  amount  of g lycerophosphate  avai lable  for esterifica- 
t ion wi th  fa t ty  acids~4, la. Larger doses of cortisone m a y  
cause lipolysis by  still another, poorly understood, 
m e c h a n i s m  ~. 

W e  h a v e  p e r f o r m e d  e x p e r i m e n t s  u s i n g  pur ine ,  caffe ine  
a n d  adenine ,  a lone  a n d  c o m b i n e d  w i t h  cor t i sone ,  w h i c h  
s h o w  t h a t  t he  l ip id -mobi l i z ing  p r o p e r t y  of co r t i sone  is 
a n t a g o n i z e d  b y  adenine .  

5laterials  and methods. \ u  female ,  170-300 g 
S p r a g u e - D a w l e y  r a t s  were  m a i n t a i n e d  on  a l iqu id  d ie t  
a d m i n i s t e r e d  b v  t u b e  feed ing  3 t i m e s  a d a y  t h r o u g h o u t  
t h e  e x p e r i m e n t  a n d  for  a d a y  p r i o r  ~7. D u r i n g  t h e  course  
of  t he  e x p e r i m e n t  a t  i n t e r v a l s  de ta i led  in t h e  Table ,  cor t i -  
sone,  free pu r ine ,  caffe ine  or  aden i ne  su l fa te  were  g iven  
i.p. or  s.c. At  t h e  t i m e  of sacr i f ice  ( a lways  a t  t he  s a m e  t i m e  
of  day) ,  r a t s  we re  d e c a p i t a t e d  a n d  t h e  b lood  collected.  
F ree  f a t t y  acid (FFA)  d e t e r m i n a t i o n s  were  p e r f o r m e d  in 
d u p l i c a t e  on  0.25 ml  s e r u m  b y  t h e  m e t h o d  of TROUT et  
al. Is, or  b y  a m o d i f i c a t i o n  of t he  co lo r ime t r i c  m e t h o d  of 
),{ASSION and  SEI.IGSON 1;). T h e  dosages  of cor t i sone ,  p u r i n e  
a n d  caffeine were  selccted a f t e r  d o s e - r e s p o n s e  cu rves  were  
o b t a i n e d  (Figure) ,  and  p r o v i d e  n lax i lna l  r e sponses .  [ ) r u g  
so lu t ions  were a d j u s t e d  to b e t w e e n  p H  5 ~ bef()re use. 

t~esttlts a~d disc~t,~,~.io~z. Cort isone ,  p u r i n e  bast, and  caf- 
f: ' ine all p r o d u c e d  e q u i v a l e n t  m a x i m a l  e leva t i (ms  of s e r u m  
F F A  w h e t h e r  used  a lone  or  in c o m b i n a t i o n  (Table).  
Aden iue  pn~duced no  e l eva t ion  of s e r u m  K F A  a n d  w a s  in 
fac t  able  to r eve r se  t h e  cor t i sone- induced  e leva t ion .  

Caffeine, t heophy l l i ne ,  x a n t h i n c .  O-mercap topu r ine ,  
p u r i n e  base,  a n d  o t h e r  p u r i n e s  h a v e  been  s h o w n  pre-  
v ious ly  to h a v e  a l ipolyt ic  ac t ion  in r a t  ad ipose  t i s sue  in 
v i t ro ,  a p p a r e n t l y  t h r o u g h  i n h i b i t i o n  t~f t he  p h o s p h o d i e s t c -  
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Dose-response curves of sorlllli I:FA 2 h after various do_~es of 
caffeine, purine and adenine, and 28 h after various doses of e,)rtisrme. 
Each point represents the average of 3 rats, each determined in 
duplicate. 

rase  w h i c h  i n a c t i v a t e s  cyclic 3', 5 ' - A M P  (cAMP) 7,10, 1~,, a co- 
f a c to r  for  ad ipose  t i s sue  l ipase.  Caffe ine  h a s  also b e e n  
s h o w n  to  cause  l ip id  m o b i l i z a t i o n  in v ivo  in t h e  m o u s e  s. 
T h e  l ipid m o b i l i z i n g  effect  of caffe ine  a n d  p u r i n e  b a s e  h a s  
b e e n  s h o w n  in t he se  e x p e r i m e n t s  in v i v o  in t h e  ra t .  
Adenine ,  b y  c o n t r a s t ,  did n o t  cause  e l e v a t i o n  of F F A  
w h e n  g iven  p a r e n t e r a l l y  in t h e  ra t ,  w h i c h  is c o n s i s t e n t  
w i t h  p r e v i o u s  expe r i ence  s u g g e s t i n g  t h a t  i t  does  n o t  inhi -  
b i t  p h o s p h o d i e s t e r a s e  i0. 

Adenine ,  m o r e o v e r ,  r eve r sed  t h e  c o r t i s o n e - i n d u c e d  f a t t y  
ac idemia .  W h i l e  n o t  g iv ing  specific i n f o r m a t i o n  r e g a r d i n g  
t h e  m e c h a n i s m  of t h e  co r t i sone  effect,  t h i s  p o i n t s  d e a r l y  
to  an  ac t ive  role of a de n ine  in a d ipose  t i s sue  m e t a b o l i s m ,  
well  b e y o n d  i ts  k n o w n  lack of effect  on  p h o s p h o d i -  
e s t e rase  lO,.oo. 

Zztsa~tmze~z/ass~t~g. P u r i n - B a s e n ,  K a f f e i n  u n d  Cor t i son  
f i ihren  zu e iner  r e r n i e h r u n g  der  F e t t s ~ u r e n  i m  I~a t t en -  
s e r u m .  A d e n i n  v e r m i n d e r t  im  G e g e n s a t z  zu den  a n d e r e n  
P u r i n e n  die Lipolyse .  
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