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Effect of Carbobenzoxy,  Phenylacetyl and Phenylpropionyl  Derivatives of Amino Acids on 
Mammal ian and Bacterial Asparaginase 

L-Asparaginase f rom various, a l though  no t  all, sources 
was found to be effective against  a va r i e ty  of mur ine  
tumors ,  cer ta in  neoplasms  of the  cat  and canine lym- 
phosarcoma.  In  a grea ter  n u m b e r  of h u m a n  pa t i en t s  wi th  
acute  l ympha t i c  leukemia,  t r e a t m e n t  w i th  asparaginase  
leads to  a complete ,  a l though  t empora ry ,  remiss ion of 
s y m p t o m s  ~, .2. 

I t  was found recent ly  a-5 t h a t  a n u m b e r  of carbobenz-  
oxy der ivat ives  of amino acids, especially der iva t ives  
wi th  more  t h a n  one a romat ic  group, marked ly  inhibi t ,  in 
vivo, at non- tox ic  levels, several  t r ansp l an t ab l e  mouse  tu-  
mors.  Considerable  inh ib i to ry  effects were also exer ted  
by  pheny lace ty l  and 3-phenylpropionyl  amino acidsS. I t  
appeared  therefore  of in teres t  to  inves t iga te  whe t h e r  a 
combined  appl ica t ion  of such der iva t ives  and asparagi-  
nase would augm en t  the  a n t i l y m p h o m a  ac t iv i ty  of th is  
enzyme.  Obviously,  any  a t t e m p t  a t  such a combined  
t r e a t m e n t  would be jus t i f ied  only if the  animo acid 
der iva t ives  do no t  inh ib i t  the  asparaginase  used. Pre-  
vious expe r imen t s  revealed t h a t  var ious  ca rbobenzoxy  
der iva t ives  of amino  acids inh ib i t  a number  of isolated 
enzyme sys tems  including ra t  l iver asparaginaseL How- 
ever, the  la t t e r  f inding does not  imp ly  t h a t  such deriva-  
t ives also inh ib i t  asparaginases  f rom other  sources. 

The p resen t  paper  deals w i th  the  effect  of carbobenz-  
oxy, phenylace~yl  and  pheny lp rop iony l  der iva t ives  of 
amino  acids on ra t  l iver asparaginase  as well as on 
asparaginase  f rom E.  coli which is employed  in mos t  

clinical studies.  The effect  of such compounds  on a 
similar  bacter ia l  enzyme,  asparaginase  f rom E r w i n i a  
carotovora, is also deal t  with.  

Mater ia l s  and melhods. The p repa ra t i on  of pheny l -  
acetyl  and 3-phenylpropionyl  der iva t ives  of amino acids 
is descr ibed elsewhere s. Carbobenzoxy  L-glutamic acid 
y-benzyl  esLer was p repared  according to HANBY et a12. 
N-Carbobenzoxy-O-benzyl -L- tyros ine  was f rom Merck. 
All the  o ther  ca rbobenzoxy  der iva t ives  were f rom Fluka.  

R a t  l iver enzyme was p repared  and  assayed as describ-  
ed prev ious lyL E .  coil asparaginase  (Kyowa  Hakko  
Kogyo Co. Ltd. ,  Tokyo) and  lyophyl ized  p repara t ions  of 
asparaginase  f rom E r w i n i a  cartovora ~~ were k indly  
dona ted  by  Prof. N. GRossowlcz ,  H eb rew  Univers i ty -  
Hadassah  Medical School, Jerusalem.  In  the  exper iments  
wi th  the  bacteria1 enzymes,  the  react ion mix tu res  
contained,  in 1 ml 0.1 A~ r tris buffer, p H  8: L-asparagine 
2 ~xmoles; enzyme,  an a m o u n t  t h a t  hydro lyzed  approxi -  
ma te ly  1.5 vmoles of the  subs t ra te  in 5 rain; amino  acid 
der ivat ives ,  none or 20 g.moles. The incuba t ion  t ime  was 
5 rain a t  37~ At  the  end of the  incuba t ion  1 ml  of 5% 
CClaCOOH, 3 ml bora te  buffer, p H  10.1 n and  0.5 ml 
t r i bn ty l  phospha t e  were added.  A m m o n i a  was t rans fe r red  
by  aera t ion  for 20 min  at  50 ~ into 0.2 M ci t ra te  buffer, 
p H  5, and  e s t ima ted  color imetr ical ly  by  the  me t h o d  of 
MOORE and STEINS2. In  several  cases, the  hydro lys is  of 
asparagine  was e s t ima ted  as follows. To the  reac t ion  
mix tu re  1 ml of 0.6 M CClaCOOH and 2 ml  of 0.3 M 

Effect of phenylacetyl (PA) derivatives of amino acids on rat liver 
asparaginase 

Derivative Molar ratio Inhibition 
derivative : L-asparagine (%) 

pA-L-phenylalanine 10:1 8944 
PA-D-phenylalanine 6 : 1 67-73 
N-PA-S-bellzyl-~-eysteine 10:1 97-100 
Di- PA-L-lysine 10 : 1 39-41 * 
Di-PA-L-cystine 10:1 59-63 
PA-DL-phenylglyeine 10:1 83-89 
N-PA-O-benzyl-L-tyrosine 1:1 100 
PA-L-asparagine 10:1 0 
PA-L-glutamine 10 : 1 0 

At the same molar ratio, di-3-phenylpropionyl-L-lysine gave about 
60% inhibition. 
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CC1,COOH were added.  Af ter  cen t r i fuga t ion ,  to  0.5 ml 
of t he  s u p e r n a t a l l t  0.5 ml  of 0.3 M t r i s o d i u m  c i t r a t e  was 
added.  This  m i x t u r e  was h e a t e d  w i t h  2 ml  of n i n h y d r i n  
r eagen t  accord ing  to the  modi f ied  m e t h o d  of MOORE a n d  
STEIX 18 in which,  on mola r  basis,  a m m o n i a ,  a spa r t i c  
acid and  a spa rag ine  give p rac t i ca l ly  t he  same color 
in tens i ty .  

Results. A s t rong  i n h i b i t i o n  of r a t  l iver  a sparag inase  b y  
c a r b o b e n z o x y  de r iva t i ve s  of amino  acid w i t h  more  t h a n  
one a r o m a t i c  group was descr ibed p r e v i o u s l y h  As can  be  
seen f rom the  Table,  t h i s  e n z y m e  is also m a r k e d l y  inh ib i t -  
ed b y  phe l ly l ace ty l  de r iva t ives  of amino  acids w i t h  more  
t h a n  one a r o m a t i c  group.  W e  found,  however ,  t h a t  t he  
fol lowing c a r b o b e n z o x y  (CBZ), 3 -pheny lp rop iony l  (PP) 
and  p h e n y l a c e t y l  (PA) de r iva t ives  of amino  acids did  no t  
inh ib i t ,  a t  a mola r  ra t io  of 10:1 of d e r i v a t i v e  to  subs t ra te ,  
t he  E. coli aspa rag inase  (as t e s t ed  b y  t he  above  me thods )  : 
CBZ-L-phenyla lan i l le ;  N-CBZ-S-benzyl -L-eys te ine ;  di- 
CBZ-L-lysine;  N-CBZ-O-benzyl -L- tyros ine ;  CBZ-L-gluta-  
mic  ac id -y-benzy l  es ter ;  PP - L - pheny l a l an i ne  ; N - P P - S -  
benzyl-L-cyste ine  ; d i -PP-L- lys ine  ; PA-L-pheny la l an ine  ; 
PA-I~-phenyla lan ine ;  N-PA-S-benzy l -L-cys te ine ;  d i -PA-  
L-lysine; N-PA-O-bel lzyl -L- tyros ine ;  d i -PA-L-cys t ine ;  
PA-L-phenylg lyc ine ;  PA-L-asparag ine ;  PA-L-glu tamine .  

la S. MOORE a n d  W. H.  STEIN, J. biol. Chem.  192, 663 (1951). 

Since t he  e x p e r i m e n t s  w i t h  m a m m a l i a n  and  E. coli 
asparagi l lase  were car r ied  ou t  in  d i f fe ren t  buffers ,  some of 
the  e x p e r i m e n t s  w i t h  t he  l a t t e r  e n z y m e  were r epea t ed  
us ing  p h o s p h a t e  buf fe r  i n s t ead  of tris, w i t h  t he  same 
results .  W e  also tes ted ,  a t  t he  same m o l a r  ra t io ,  t he  
effect of mos t  of t he  above  de r iva t i ve s  on a spa rag inase  
f rom Erwinia carotovora, W i t h  th i s  enzyme,  too, no  
i n h i b i t i o n  w a s  observed .  

I t  follows f rom these  f ind ings  t h a t  w h e n e v e r  one of t he  
above ,  or s imilar ,  amino  acid de r iva t i ve s  i nh ib i t s  a n  
a spa rag inase - sens i t ive  t u m o r ,  a t e s t  for t h e  c o m b i n e d  
ac t ion  of th i s  c o m p o u n d s  a n d  E. coli (or Erwinia) aspara -  
ginase appea r s  des i rable .  

Zusammen/ass~ng. WXhrend  Acy lde r i va t e  yon  Amino-  
s/~uren m i t  m e h r  als e iner  a r o m a t i s c h e n  G r u p p e  (wie z.B. 
N-Pheny lace ty l -S -benzy l -L-cys te in )  auf  R a t t e n l e b e r a s p a -  
rag inase  e ine s t a r k  h e m m e n d e  W i r k u n g  aust iben,  werden  
Aspa rag inase  aus  Escherichia coli u n d  Erwi~r cartovora 
d u r c h  solche Ve rb indu l lgen  n i ch t  gehemmt .  

H. SPIEGELSTI~IN-I~LARFELD, N. LUSTIG 
and  N. L I C H T E N S T E I N  
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The Hebrew University, Jerusalem (Israel), 
29 April 7974. 

In vitro Binding of aH-Acrolein to Regenerating 

Our  p rev ious  s tudies  on D N A  syn thes i s  in v i t ro  1 sug- 
ges ted  t h a t  t he  i n h i b i t o r y  ac t ion  of acrolein  on regene-  
r a t i n g  r a t  l iver  D N A  po lymerase  was located  in t he  sulf- 
h y d r y I  groups  essent ia l  for t h e  e n z y m e  ac t iv i ty .  The  
p r e sen t  i nves t i ga t i on  was des igned in order  to  t e s t  t h i s  
hypothes i s .  For  th i s  purpose  (3H) acro le in  ha s  been  
used. The  b ind ing  of the  label led a ldehyde  to r egene ra t ing  
r a t  l ive r  D N A  po lymerase  a n d  to  Eseherichia coli D N A  
po lymerase  I was  s tudied .  As p rev ious ly  po i n t ed  out 1, the 
e n z y m a t i c  a c t i v i t y  of the  f i rs t  is associa ted w i t h  func-  
t i ona l  th io l  group(s),  whereas  t h e  single cys te ine  res idue 
of t he  second is no t  inc luded  in t he  ac t ive  cen t re  of t he  
molecule.  The  c o m p e t i t i o n  be t w een  (~11) acrolein  a n d  
2 - m e r c a p t o e t h a n o l  for the  enzymes  as well  as t he  ac t ion  
of i odoace t amide  were inves t iga ted .  The  f ixa t ion  of (all) 
acrole in  to  t he  t empla tes ,  D N A  or s y n t h e t i c  polymers ,  
was also measured .  

Table I. Labelling of DNA polymerase templates by (all) acrolein 

(all) acrolein concentration (M) 6 • 10 -6 6 • 10 -5 6 X 10 -~ 

Native DNA 0 0 65 
Denatured DNA 0 0 35 
Poly [d(A-T). (T-A)] 0 0 23 
Poly (dC) 0 0 12 

The various templates were incubated with increasing concentrations 
of (all) aerolein (10 mCi/mM) for 60 mln at 38 ~ The reaction mix- 
tures (0.5 ml) contained native or denatured DNA (100 bM), poly 
[d(A T) �9 d(T-A)] or poly dC (23 g.M). The results are expressed in 
pmoles of (all) acrolein incorporated per mI of reaction mixture in 
l h .  

Rat Liver DNA Polymerase  

Material ~nd methods. We used f resh ly  p r e p a r e d  (3H) 
acroleil l  (CEA, S a d a y ,  France)  and  un labe l l ed  acrolein  
(Prolabo) dis t i l led j u s t  before  use, 2 -mercap toe tha l lo l  
( E a s t m a n  K o d a k  Co., Roches ter ,  N.Y.,  USA) ,  iodo- 
a c e t a m i d e  (Sigma Chemical  Co.). The  t e m p l a t e s  were 
n a t i v e  or h e a t  d e n a t u r e d  c a l f - t h y m u s  D N A  (Choay, 
France) ,  double  s t r a n d e d  a l t e r n a t i n g  copo lymer  po ly  
[d(A-T)-d(T-A)] a n d  single s t r a n d e d  h o m o p o l y m e r  po ly  
(dC) (Biopolymers Inc.) .  DNA dependent DNA poly- 
merase  of r egene ra t i ng  r a t  l iver  was  p r epa red  accord ing  to 
the  m e t h o d  p u b l i s h e d  elsewhere% F r a c t i o n  I V  o b t a i n e d  
a f te r  h y d r o x y l a p a t i t e  c h r o m a t o g r a p h y  was used. The  
specific a c t i v i t y  of th i s  f r ac t ion  ill t h e  presence of po ly  
[d(A-T) - d(T-A)] was equa l  to  100 U / m h  E. eoli D N A  
po lymerase  I (F rac t ion  VII )  (Biopolymers  Inc.)  was  
d i lu ted  to  o b t a i n  a specific a c t i v i t y  of 300 U / m l  in  t he  
presence  of po ly  [d(A-T) �9 d(T-A)].  

Two types  of assays  were p e r f o r m e d :  1. (all) acrole in  
was i n c u b a t e d  1 h a t  38~ w i t h  t emp la t e s ,  enzymes ,  
r eagen t s  or alolle as a control .  2. R e g e n e r a t i n g  r a t  l iver  
D N A  po lymerase  or E. coli e n z y m e  was p r e i n c u b a t e d  30 
min  a t  38 ~ w i t h  t e m p l a t e s  or o the r  p r o d u c t s  before  (all) 
acrole in  was added  and  i n c u b a t e d  30 w i n  a t  38~ The  
i ncuba t i ons  were pe r fo rmed  as p rev ious ly  descr ibed  1. The  
results ,  o b t a i n e d  b y  d e t e r m i n i n g  t he  dif ference b e t w e e n  
assays  and  controls ,  were expressed  in pmoles  of (all) 
acrole in  i nco rpo ra t ed  per  ml  or r eac t ion  mix ture .  

Results. Binding ~o DNA or synthetic templates. The  d a t a  
ill Tab le  I show t h a t  on ly  w i t h  6 • 10-~ M (3tt) acrolein  
call an  i nco rpo ra t i on  be  m e a s u r e d  in n a t i v e  or d e n a t u r e d  
DNA,  po ly  [d(A-T) �9 d(T-A)] or po ly  (dC). Calcula t ions  
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