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E f f e c t  o f  C a r b o b e n z o x y  D e r i v a t i v e s  o f  A m i n o  A c i d s  o n  G l u t a m i n e  S y n t h e s i s  a n d  7 - G l u t a m y l  T r a n s f e r  

I n  a p rev ious  pub l i ca t i on  1 t he  i nh ib i t o ry  effect  of e-N- 
e t h y l  a n d  e - N - p r o p y l - L - g l u t a m i n e  on ovine  b r a in  glut -  
a m i n e  s y n t h e t a s e  a n d  y - g l u t a m y l  t r a n s f e r a s e  was  re- 
por ted .  S imi lar  r e su l t s  were ob t a ined  w i th  r a t  l iver  
g l u t a m i n e  s y n t h e t a s e  2. I n  t he  course  of f u r t h e r  i nves t iga -  
t ions  on t h e  effect  of ~ -N-de r iva t ives  of g l u t a m i n e  on en-  
z y m e  s y s t e m s  co n nec t ed  w i th  g l u t a m i n e  m e t a b o l i s m ,  we 
f o u n d  t h a t  c a r b o b e n z o x y - L - g l u t a m i n e  w e a k l y  inh ib i t s  
ov ine  b r a in  g l u t a m i n e  s y n t h e t a s e  and,  to  a g rea t e r  ex t en t ,  
y - g l u t a m y l  t r ans fe rase .  A c o m p a r i s o n  w i th  c a r b o b e n z o x y  
(Cbz) de r iva t i ve s  of o the r  a m i n o  acids  revea led  t h a t  
a p p r o x i m a t e l y  t h e  s a m e  i nh ib i t o ry  effects  are exe r t ed  by  
Cbz-L-asparagine ,  Cbz-L-alanine  and  Cbz-glycine.  H ow -  
ever,  v e ry  m u c h  s t ronge r  inh ib i t ions  were ob t a ined  w i th  
Cbz-de r iva t ives  of a m i n o  acids  bea r ing  an  a r o m a t i c  r ing  
in  add i t i on  to t h a t  of t he  Cbz-group:  Cbz-L-phenyl -  
a lanine ,  Cbz-L-tyrosine,  Cbz-f l -N-benzyl-L-asparagine ,  N- 
Cbz-S-benzy l -L-cys te ine  a n d  e, s-di-Cbz-L-lysine.  T h e  
p r e s e n t  p ap e r  deals  w i th  th i s  p h e n o m e n o n .  

Materials  and methods. Cbz-glycine  was  p r epa red  accord-  
ing  to BERGMANN and  ZERVAS a, Cbz-L-pheny la lan ine  
accord ing  to GRASSMANN and  WONSCH 4. T h e  p r e p a r a t i o n  
of Cbz- f l -N-benzyl -L-asparag ine  will be descr ibed  else- 
where .  All t h e  o the r  Cbz-de r iva t ives  were p u r c h a s e d  f rom 
F l u k a  AG, Buchs ,  Swi tzer land.  

ATPase - f r ee  ovine  b r a in  and  r a t  l iver g l u t a m i n e  syn-  
t h e t a s e  p r e p a r a t i o n s  were ob t a ined  as descr ibed  pre-  
viously1,  2. Th e  b ra in  p r e p a r a t i o n s  were also used  for the  
t r an s f e r  reac t ion .  

Assay  proce&tre. S y n t h e t a s e  reac t ion :  each  reac t ion  
m i x t u r e  co n t a in ed  in 5.3 ml  0.1M- Tris  buffe r  (pH 7.2): 
L-g lu tamic  acid, 25 ~zmoles; NH,aOH, 50 [xmoles; MgSO4, 
40 btmoles; ATP ,  10 btmoles; e n z y m e  solut ion,  0.3 0.5 ml  
of ovine  b ra in  enzyme ,  2 ml  of r a t  l iver e n z y m e ;  Cbz- 
der iva t ives ,  as ind ica ted  in the  Tables .  T r a n s f e r a s e  re- 
ac t ion :  each  reac t ion  m i x t u r e  con ta ined  in 5.3 ml 0 . 1 3 i  
Tris  buffer  (pH 7.2): L-g lu tamine ,  75 i• NH2OH,  
50 [*moles; MgSO4, 40 txlnoles; ADP,  0.25 btmoles; phos-  
pha te ,  25 btmoles; e n z y m e  solut ion,  0 .3-0.5 ml ;  Cbz- 
der iva t ives ,  as ind ica ted  in t he  Table.  The  i n c u b a t i o n  was 
carr ied o u t  for 15 rain a t  30~ At  the  end of t he  incuba-  
t ion  0.5 m l  50~ CCIaCOOH was  added  and  af te r  some  
cooling t h e  m i x t u r e s  were cen t r i fuged  and  - w h e n  neces-  
s a r y  - f i l tered,  The  h v d r o x a m i c  acid fo rmed  was  esti-  
m a t e d  in a l iquo ts  by  t he  m e t h o d  of I,IPMANN a n d  

Table I. Effect of Cbz-derivatives of various amino acids on ovine 
brain ghltamine synthetase 

Derivative added (btmolcs) Hydroxamie acid formed 
(wnoles) 

None 
Cbz-Dglutatnine 
Cbz-Dasparagine 
Cbz-glycine 
Cbz-Dalanine 
Cbz-I.-phenylalanine 
None 
Cbz-Dphenylalanine 
Cbz-L-tyrosine 
N-Cbz-S-benzyl-L-cysteine 

250 
250 
250 
250 
250 

125 
125 
125 
100 
50 

None 
Cbz-i,-asparagine 188 
Cbz-fl-N-benzyl-L-asparagine 188 
0~-Cbz-L-lysine 100 
c~, e-di-Cbz-L-lysine 100 

4.03 
3.42 
3.6t 
3.42 
3.42 
0.52 
4.32 
2.03 
2.48 
0.00 
0.64 
2.26 
4.90 
4.53 
2.48 
4.71 
1.94 

TUTTLE 5. The  va lue s  g iven  in t he  Tab le s  are ca lcu la ted  
for tile whole  v o l u m e  of t h e  r eac t ion  m i x t u r e s  p lus  t h a t  of 
CClaCOOH added,  i n  a p a r t  of t h e  e x p e r i m e n t s  w i t h  
ovine  b ra in  s y n t h e t a s e  a m m o n i a  (25 ~xmoles) was  used  
i n s t e a d  of h y d r o x y l a l n i n e  a n d  t he  s y n t h e s i s  w a s  m e a s u r e d  
b y  e s t i m a t i n g  the  ino rgan ic  p h o s p h a t e  l ibe ra ted  f r o m  
A T P  us ing  t he  m e t h o d  of GOMORI s. I n  these  cases  t h e  
reac t ion  m i x t u r e  (5.5 ml) c on t a ine d  less A T P  (5 ~xmoles) 
a nd  less e n z y m e  (0.2 ml).  

Reszdts. As can  be  seen f rom Tab le  I, Cbz -de r iva t ives  
of a m i n o  acids  be a r i ng  an  a r o m a t i c  r ing  in a dd i t i on  to  
t h a t  c on t a ine d  in t he  Cbz-group  inh ib i t  t he  s y n t h e s i z i n g  
reac t ion  to a m u c h  g rea t e r  e x t e n t  t h a n  t he  c o r r e spond ing  
Cbz-de r iva t ives  w i t h o u t  suc h  an  add i t i ona l  a r o m a t i c  
r ing.  T h u s  Cbz-L-alanine in a mo la r  ra t io  of 10:1 of inhi-  
b i tor  to s u b s t r a t e  i nh ib i t ed  t he  s y n t h e s i s  on ly  by  15%, 
whereas  a t  the  s a m e  mo la r  ra t io  Cbz-L-pheny la lan ine  
gave  over  800,/0 inh ib i t ion .  T h e  inh ib i t ion  b y  Cbz-fl-N- 
benzy l -L-aspa rag ine  is m a n y  t i m e s  g rea te r  t h a n  t h a t  by  
Cbz-L-asparag ine  a n d  t he  inh ib i t i on  by  e, e-di-Cbz-L- 
lys ine  is m u c h  g rea te r  t h a n  t h a t  exe r t ed  by  e-Cbz-L-lysine.  
A v e r y  h igh  inh ib i t ion  is also ob t a ine d  w i th  N-Cbz-S-  
benzyl-L-cyste ine .  

"['able II. Effect of various Cbz-derivatives of amino acids on rat 
liver glutamine synthetase 

Derivative added (btmoles) Hydroxyinic acid formed 
(~moles) 

None 3.48 
Cbz-L-phenylalanine 200 1.32 
Cbz-L-tvrosine 200 1.68 
N-Cbz- S-benzyI-L-cysteine 75 1.61 
None 4.03 
r 188 3.48 
cG ~'-di-Cbz-L-lysine 100 1.93 

188 0.64 

Table 11 I. Effect of w~rious Cbz-derivatives of aminr~ acids on ovine 
brain glutamyl transferase 

Derivative added ([xln{~le>) Hydroxamic acid formed 
(~zmoles) 

None 4.38 
Cbz-L-ghttamine 300 2.26 
Cbz-i,-asparaginc 300 2.13 
Cbz-L-alanine 300 2.28 
Cbz-L-phenylalanine 300 0.0 
Cbz-L-phenylalanine 75 1.64 
Cbz-L-tyrosine 75 2.74 
N-Cbz-S-benzyl-L-cysteine 75 0.52 
None 3.74 
c~-Cbz-L-lysine 150 2.3 t 
~, e-di-Cbz-L-lysine 150 0.0 
Cbz-L-alanine 150 2.51 
Cbz-I,-phenylalanine 150 0.90 
Cbz-fl-N-benzyl-L-asparagine 150 0.62 
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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 .  
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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 


