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Improved Synthesis of Bradykinin 

One of t h e  m a j o r  p r o b l e m s  of pep t i de  s y n t h e s i s  is pro-  
t e c t i on  of t he  guan ido  func t i on  of a rg in ine .  Th i s  ha s  been  
accompl i shed  b y  a v a r i e t y  of m e t h o d s  inc lud ing  even  
p r o t o n a t i o n  (cf. SCHR6DER a n d  LOB~E ~). T h e r e  ha s  been  
no rea l ly  a d e q u a t e  so lu t ion  to  t h e  s i m u l t a n e o u s  requi re -  
m e n t s  of i n t r o d u c t i o n  of t he  p r o t e c t i n g  g roup  in h igh  
yield,  i ne r tnes s  to  t he  usual  r eagen t s  a n d  cond i t i ons  of 
pep t i de  syn thes i s ,  a n d  r e m o v a l  in h igh  yield u n d e r  mi ld  
cond i t ions .  

P r o b a b l y  t h e  m o s t  a t t r a c t i v e  g u a n i d o  p r o t e c t i n g  g roup  
would  be  p - to luene - su l fony l  were i t  n o t  t h a t  sod ium-  
l iquid  a m m o n i a  r e d u c t i o n  is r equ i r ed  for  i t s  r emova l .  W e  
h a v e  n o w  f o u n d  t h a t  l iqu id  h y d r o g e n  f luor ide  a t  0°C  re- 
m o v e s  t h e  NG-tosyt  g roup  r a p i d l y  a n d  c lean ly  z. T h e  
syn thes i s  of b r a d y k i n i n  p rov ides  a n  example .  

Z- Arg(Tos)-  P ro -  P ro -  Gly-  Phe-  Ser- P r o - P h  e-Arg(Tos)  ~,4 
was h y d r o g e n a t e d  ~ in 90% acet ic  acid ove r  p a l l a d i u m  
b lack  a t  4 a t m o s p h e r e s  a n d  room t e m p e r a t u r e .  T he  c rude  
p r o d u c t  was  pur i f i ed  b y  c o u n t e r c u r r e n t  d i s t r i b u t i o n  7 
in m e t h a n o l -  w a t e r -  ch l o r o f o r m -  c a r b o n  t e t r a c h l o r i d e  
3 7 : 1 0 : 2 6 : 2 7  for  200 t rans fe rs .  Arg(Tos)  l -Arg(Tos)9-  
b r a d y k i n i n  was o b t a i n e d  as an  a m o r p h o u s  powder ,  g iv ing  
a t heo re t i ca l  c u r v e  in t h e  a b o v e  c o u n t e r c u r r e n t  d i s t r ibu -  
t ion ,  K = 2.33, a n d  h o m o g e n e o u s  on  silica t . l .c,  in  n -bu -  
t ano l - ace t i c  ac id -wa te r  7 :1  : 2, Rf.  0.41. [ ~  -- 56 °, c = 1, 
ace t ic  acid.  A n a l 2  Calcd.  for  C~aH8sN15015S 2 . 3HzO:  
C, 54.03; H,  6.45;  5I, 14.77; S, 4.51. F o u n d :  C, 54.26; 
FI, 6.58; N, 14.59; S, 4.53. A m i n o  acid  analysis~0: 
Arg(Tos)  2.0; P r o  3.0; Gly  1.0; P h e  2.1; Se t  0.9. D u p l i c a t e  
b ioassays  ix gave  po tenc ies  of 2.3 × 10 -6 a n d  4.1 × 10 -5 
b r a d y k i n i n .  Surpr i s ingly ,  t h e  dose- response  cu rves  for  
s t a n d a r d  a n d  t e s t  c o m p o u n d  were  paral le l .  No i n h i b i t i o n  
was  obse rved .  

A s a m p l e  of Arg (Tos )~ -Arg(Tos )~ -b radyk in in  (0.500 g) 
was  d issolved in  25 m l  of l iqu id  h y d r o g e n  f luor ide  a n d  t h e  
so lu t ion  s t i r red  1/~ h a t  0 ° C. T h e  so lu t ion  was p laced  in  a 
20°C b a t h  a n d  t h e  h y d r o g e n  f luor ide  p u m p e d  off u n d e r  
v a c u u m  ove r  a pe r iod  of a b o u t  1/~ h 1.~. T h e  res idue  was  
dr ied  in a v a c u u m  des icca to r  ove r  p o t a s s i u m  h y d r o x i d e  
pel le ts  a n d  pur i f ied  b y  g r a d i e n t  e lu t ion  c h r o m a t o g r a p h y  7 
on  a weak ly  acidic ion exchange  res in  (IRC-50) us ing  a 
l inear  g r a d i e n t  f rom 0.1 N ace t ic  acid to  glacial  acet ic  acid. 

The  a p p r o p r i a t e  f r ac t ions  were c o m b i n e d  a n d  lyophi l -  
ized g iv ing  b r a d y k i n i n  as a wh i t e  powder ,  0.298 g (68% 

yield ca l cu l a t ed  as  t h e  t r i ace ta t e ) .  A m i n o  acid  ana ly s i s :  
Arg  2.1; P ro  2.8; Gly  1.0; P h e  2.1; Ser  0.9. D u p l i c a t e  bio-  
assays  gave  po tenc ies  of 1.35 a n d  1.25 b r a d y k i n i n .  W e  
m a y  h a v e  t h e  p u r e s t  b r a d y k i n i n  ye t  r epor t ed .  T h e  
h y d r o g e n  f luor ide m e t h o d  is now be ing  used in  t he  
syn thes i s  of p o t e n t i a l  c o m p e t i t i v e  i nh ib i t o r s  of b r a d y k i n i n .  

Zusammen/assung. Eine  neue  M e t h o d e  zu r  E n t f e r n u n g  
der  S c h u t z g r u p p e  yon  lqG-Tos-Arg mi t t e l s  wasser f re ie r  
Flul3s/iure u n d  ihre  A n w e n d u n g  fiir die S y n t h e s e  yon  
B r a d y k i n i n  wi rd  beschr i eben .  
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D-5-Chloro-2-(et -hydroxybenzyl)benzimidazole and 
imidazoles as Inhibitors of Poliovirus Multiplication 

As 5-chloro- 2- ( c t -hydroxybenzy l )benz imidazo le  (5- 
c h l o r o - H B B )  (I ;  R = H,  R '  = C1) m a r k e d l y  i nh ib i t s  the  
m u l t i p l i c a t i o n  of t y p e  2 po l iov i rus  x, i t  is i m p o r t a n t  to  
dec ide  if t h e  a c t i v i t y  is s h a r e d  b y  b o t h  op t ica l  i somers  
a n d  h o w  i t  is in f luenced  b y  N-a lky la t ion .  

I ![ C- CHOH - Ph  

R (I) 

W e  h a v e  d e t e r m i n e d  (a) t he  m a x i m u m  c o n c e n t r a t i o n s  
(of sucl l  c o m p o u n d s )  t o l e r a t e d  b y  E R K  cells (MTC's) ~, 
(b) t he  e f fec t iveness  of t he  c o m p o u n d s  (a t  ha l f  MTC's)  in  

I - A l k y l  - 5 -  c h l o r o  - 2 -  (~t-hydroxybenzyl)benz- 

de l ay ing  onse t  of c y t o p a t h i c  c h a n g e  in po l iov i rus - in fec ted  
E R K  cells 3, a n d  (c) t h e  c o n c e n t r a t i o n s  of c o m p o u n d  
needed  to  p roduce  va r i ous  p e r c e n t a g e  r e d u c t i o n s  in  polio- 
v i rus  m u l t i p l i c a t i o n  a f t e r  16 h i n c u b a t i o n  of E R K  cells in  
the  p resence  of b o t h  v i ru s  a n d  c o m p o u n d  4, 
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T h e  e f f e c t i v e n e s s  in  p r o t e c t i n g  cells ,  s i m u l t a n e o u s l y  
i n f e c t e d  a n d  t r e a t e d  w i t h  c o m p o u n d ,  is s h o w n  in  t h e  
F i g u r e .  Al l  c o m p o u n d s  a re  m o r e  e f f e c t i v e  a g a i n s t  t y p e  2 
t h a n  t y p e s  1 a n d  3 v i r u s e s  ( n o t e  t h e  d i f f e r e n t  sca les  of  t h e  
o r d i n a t e s  in t h e  F igu re ) .  S i m i l a r  t r e n d s  in  a c t i v i t y  a r e  
f o l l o w e d  w i t h  all  3 v i ruses .  I n  o u r  c e l l - p r o t e c t i o n  e x p e r i -  
m e n t s ,  D L - 5 - c h l o r o - H B B  (I ;  R = H ,  R ' =  CI) is  tess  
e f f ec t ive ,  a n d  i t s  o - i s o m e r  is m o r e  e f fec t ive ,  t h a n  H B B  
(I ;  R = R '  = H)  in  d e l a y i n g  o n s e t  o f  c y t o p a t h i c  c h a n g e  
(F igure ) .  T h e  p o l i o v i r u s - i n h i b i t o r y  c o n c e n t r a t i o n s  in  
T a b l e  I s h o w  t h a t  t h e  a c t i v i t i e s  of  t h e  r a c e m a t e  r e s id e  
e n t i r e l y  o r  a l m o s t  e n t i r e l y  i n  t h e  D- i somer .  S e l e c t i v e  
a c t i v i t i e s  o f  t h e  n - i s o m e r  a r e  a p p r o x i m a t e l y  t w i c e  t h o s e  
o f  t h e  r a c e m a t e  (Tab le  I) .  B o t h  I)- a n d  DL- i somers  a r e  
a l so  h i g h l y  e f f e c t i v e  a t  i n h i b i t i n g  C o x s a c k i e  B 5 a n d  A 9 
a n d  E C H O  6 v i r u s e s  in  m o n k e y  k i d n e y  cel ls  a n d  h a v e  s o m e  
a c t i v i t y  a g a i n s t  h e r p e s  s i m p l e x  a n d  n e u r o v a c c i n i a  v i r u s e s  
in  E R K  cells.  T h e y  s h o w  n o  i n h i b i t i n g  i n f l u e n c e  o n  a 
s e l e c t i o n  of  v i r u s e s  f r o m  t h e  o t h e r  m a i n  v i r u s  g roups~ .  

T h e  i n h i b i t i n g  a c t i o n s  o n  p o l i o v i r u s  m u l t i p l i c a t i o n  of  
1-alkyI d e r i v a t i v e s  of  H B B  (I ;  R - =  a lkyl ,  R ' =  H)  in-  
c r e a s e  t o  a m a x i m u m  w i t h  t h e  p r o p y l  (or b u t y l )  d e r i v a t i v e  

Table I. Maximum tolerated pmolarities {MTC), t~molarities giving 
75% inhibition of poliovirus multiplication (VIC), activities relative 
to HBB (A) ~ and selectivities relative to t tBB (S) ~ of 5-chloro-HBB 
and its 1 substituted derivatives (I; R'  = C1) 

Virus Substituent R o f the  ~rus inh ib i to rpresen t  
type H(DL) H(D) Me Et  Pr Bu 

- 100 100 100 140 100 60 

1 160 85 160 140 20 25 
2 45 22.5 42.5 35 15 20 
3 170 85 165 160 27.5 30 

1 1.0 1.9 1.0 1.1 8.0 6.4 
2 0.78 1.6 0.81 1.0 2.3 1.8 
3 0.94 1.9 0.97 1.0 5.8 5.3 

1 0.5 0.9 0.5 0.8 3.8 1.8 
2 0.4 0.7 0.4 0.7 1.1 0.5 
3 0.5 0.9 0.5 0.7 2.8 1.5 

MTC 

v i e  

A= 

~A values quoted to 2 significant figures. 

a n d  t h e n  d ec l i n e  w i t h  f u r t h e r  i n c r e a s e  in  l e n g t h  of  t h e  
a l k y l  c h a i n  3. W e  h a v e  f o u n d  a s i m i l a r  g e n e r a l  t r e n d  w i t h  
t h e  1 -a lky l  d e r i v a t i v e s  of  5 - c h l o r o - H B B .  V e r y  l i t t l e  in-  
c r e a s e  in  a c t i v i t y  o ccu r s  w i t h  t h e  i n t r o d u c t i o n  of  t h e  
m e t h y l  g r o u p  ( u su a l l y  t o o  s m a l l  t o  be  a p p a r e n t  in t h e  
c e l l - p r o t e c t i o n  e x p e r i m e n t s  in  t h e  F i g u r e ) .  T h e r e  is a n  

.¢~ -~ 

"2 .-= i i  

"T- ~ 0 e N  

-~ 0.1 

~= ~o s0 ~0 ~z 5z 4z 5.5 s'.5 (5 
lype 1 virus Type 2 virus Type 8 virus 

L0g~o (lCDs0 units of virus per ml) 

Protection given by t]~ MTC's of compounds to E R K  cells infected 
with 3 dilutions of each poliovirus type. In the graphs, numbered 
lines join the 3 points for each compound as follows: line (0), controls 
with no test compound; (1), 5-chloro-HBB; (2), 5-ehloro-I-methyl- 
HBB; (3), HBB; (4), 5-chloro-l-ethyl-HBB; (5), n-5-ehloro-HBB; 
(6) 5-chtoro-l-butyl-ItBB; (7), 5-chloro-l-propyl-HBB; (8), 5- 
chloro-l-propyl-HBB (25/~M). Hydrochlorides were used in all cell 
culture experiments. Half the non-infected control cells survived 
8.5 days in the type 1 virus experiment, 6.0 days in the type 2 virus 
experiment and 7.5 days in the type 3 virus experiment. The presence 
of z/2 MTC of any of the test compounds made no difference to these 
survival times for non-infected control ceils. 

Table II. 5-Chloro-2-(~-hydroxybenzyl)benzimidazole, its D-isomer and its 1-alkyl derivatives ( I  ; R '  = C1) 

R = H(DL) H(D) ~ Me Et  Pr Bu 

m.p. (°) 192 189 168 172 117 
ForIn b Prisms Needles Plates Plates Prisms 
Yield (%) 43,7 39,6 10.0 10.5 12.6 12.0 
m.p, {°) = 211 220 176 183 174 204 
Form ~,~ Prisms Needles Prisms Prisms Prisms Prisms 
Formula e ~g ~ + HCI ~ + CH~ ~ + C2H4 2~ + CsH~ ~ + C4H s 
C Reqd. (%) 57.0 66.1 67.0 67.9 68.7 

Fd. (%) 57.0 66.2 66.7 68.2 68.4 
H Reqd. (%) 4.11 4,82 5.28 5.71 6.10 

Fd. (%) 4.07 4.84 5.43 5.90 5,88 
N iReqd. (%) 9,5 10.3 9.8 9.3 8.9 

Fd. (%) 9.4 10.4 10.0 9.3 8.9 
C1 Reqd. (%) 24.1 13.0 12.4 11.8 11.3 

Fd. (%) 23.6 a 12.7 12.3 11.5 11.4 

Information refers to the hydrochloride. Hydrochlorides were crystallized from ethanol-ether, b Substances are all white crystals, " ~ 
C,4HnC1N20. 
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increase  w i t h  the  e thy l  group,  b u t  t he  m a r k e d  increase  
occurs  on  pass ing  to  t h e  p r o p y l  de r iva t ive ,  fol lowed b y  a 
decl ine to  t h e  b u t y l  de r iva t ive .  5 - C h l o r o - l - p r o p y l - H B B  
(I ;  R = Pr ,  R ' =  C1) h a s  h igh  a c t i v i t y  a n d  se lec t iv i ty  
(Table  I), b u t  is less ac t ive  a n d  usua l ly  less se lect ive  t h a n  
P H B B  (I;  R = Pr,  R '  = H)4. E a c h  1-alkyl  c o m p o u n d  is 
more  ac t ive  t h a n  i ts  co r r e spond ing  5-chloro de r iva t ive .  
The  l a t t e r  c o m p o u n d s  also h a v e  a d i s a d v a n t a g e  in be ing  
less soluble  in  t i ssue  cu l tu re  med ium.  However ,  p ro longed  
w a r m i n g  will p roduce  s a t i s f ac to ry  d ispers ion  even  w i th  
the  b u t y l  d e r i v a t i v e  up  to a p p r o x i m a t e l y  100 /~moles/1. 
Hydroch lo r i de s  of t h e  5-chloro c o m p o u n d s  were  used in 
our  expe r imen t s ,  b u t  the  p r o p o r t i o n  of d issolved free base  
depends ,  of course,  on  the  p H  of t h e  m ed i um .  

DL- a n d  D-5-ch lo ro -2 - (e -hydroxybenzy l )benz imidazo le s  
(I;  R = H,  R" = CI) a n d  t h e  DL-l-a lkyl-5-chloro  de r iva -  
t ives  ([ ;  R = alkyl ,  R ' =  C1) were  o b t a i n e d  b y  h e a t i n g  
u n d e r  reflux,  t he  a p p r o p r i a t e  4 -ch loro-o-phenylenedi -  
a m i n e  (1 mole) w i t h  DL- or  D-mandel ic  acid (1 mole) in 
221// hyd roch lo r i c  acid (2.5 moles) for 6 h (for t h e  b u t y l  
de r iva t ive ,  4 M  hydroch lo r i c  acid a n d  12 h were  neces- 
sary) .  Those  hyd roch lo r ide s  t h a t  s e p a r a t e d  were r emoved ,  
a n d  t he  bases  were  o b t a i n e d  on  neu t r a l i z i ng  e i t he r  t h e  
r eac t i on  m i x t u r e s  or aqueous  so lu t ions  of t he  h y d r o -  
chlor ides  w i t h  3 M  p o t a s s i u m  c a r b o n a t e .  R e p e a t e d  crys-  
t a l l i za t ion  f rom aqueous  m e t h a n o l  w i t h  charcoa l  t r e a t -  
m e n t  gave  t he  benz imidazo le s  (Table  I I ) .  D-5-chloro-2- 
(m-hydroxybenzy l )benz imidazo le  h y d r o c h l o r i d e  c rys ta l -  
l ized f rom e t h a n o l - e t h e r  m i x t u r e  a n d  h a d  [ e l~  ~ of -- 78.6 ° 
(c 0.81 in e thano l ) ,  b u t  i t s  base  (m.p. 85-100 °) was  n o t  
o b t a i n e d  in a p u r e  s ta te .  O ur  yie ld  of t h e  p a r e n t  DL- 
i somer  was b e t t e r  t h a n  t h a t  p rev ious ly  o b t a i n e d  b y  fus ing 
t h e  d i a m i n e  w i t h  m a n d e l i c  acid 6. N-Alkyl -4-ch loro-2-  
n i t r oan i l i ne s  were  p r e p a r e d  f rom t h e  a l k y l a m i n e  a n d  
2 , 5 - d i c h l o r o - l - n i t r o b e n z e n e  ~. 4 -Chloro-2-n i t ro -N-propy l -  
a m i n e  was ob t a ined ,  in  84% yield,  as o range  p r i sms  f rom 
e thano l ,  m.p .  49 -50  ° ( A n a L - F o u n d :  C, 50.4; H. 5.12; 
N, 13.1; C1, 16.5. CgHnC1N~O 2 requi res  C, 50.4; H,  5.13; 
N, 13.1; C1, 16.6%).  These  n i t roan i l i nes  were  h y d r o -  
g e n a t e d  to give t h e  d i amines  3. H y d r o g e n  u p t a k e  c o n t i n u e d  

un t i l  a n  excess of up  to 21% h a d  reac ted .  P a r t i a l  de-  
c h l o r i n a t i o n  m a y  exp la in  t h e  low yields  of pu re  benzi -  
midazoles  (Table  II) .  

As b o t h  re la t ive  se lec t iv i t ies  (for po l iov i rus  in  E R K  
cells) a n d  solubi l i t ies  in w a t e r  of t he  5-chloro d e r i v a t i v e s  
are  genera l ly  infer ior  to  those  of t he  c o r r e s p o n d i n g  non-  
h a l o g e n a t e d  c o m p o u n d s  t h e  5-chloro d e r i v a t i v e s  are, a t  
p reseu t ,  p o t e n t i a l l y  of less va lue  in r e l a t ion  to po l iov i ruses  
t h a n  t he  n o n - h a l o g e n a t e d  c o m p o u n d s ,  in sp i te  of t h e i r  
qu i t e  h igh  ac t iv i t ies .  W e  are  t e s t i n g  o t h e r  ha logen  
d e r i v a t i v e s  of H B B ,  of i ts  1-alkyl  de r iva t ives ,  a n d  of i t s  
op t i ca l  i somers  in o rder  to  e luc ida te  t he  overa l l  s t r u c t u r e -  
a c t i v i t y  p a t t e r n .  Resu l t s  will be  r e p o r t e d  e l sewhere  s. 

Zusammen/assung. Die D-isomere V e r b i n d u n g  is t  ver -  
a n t w o r t l i c h  fiir die P o l i o v i r u s - h e m m e n d e  A k t i v i t / i t  von  
DE- 5-Chlor-  2- (m-oxy-benzyl ) -benzimidazol .  DL- 1 -Propy l -  
5-chlor-  u n d  DL-1-Buty l -5 -ch lo r -Der iva te  s ind ausseror -  
den t l i ch  w i r k s a m  zur  V e r h i n d e r u n g  der  V e r m e h r u n g  de r  
T y p e n  1, 2 u n d  3 des Po l iov i rus ;  a n d e r e  1-Alkyl-5-chlor-  
D e r i v a t e  s ind ebenfa l l s  ak t iv .  Die  1 - A l k y l - G r u n d v e r b i n -  
d u n g e n  s ind j e d o c h  w i r k s a m e r  als deren  g le ichar t ige  
1 -Alky l -5 -ch lo r -Der iva te .  
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G l u t a m a t e  D e h y d r o g e n a s e  A c t i v i t y  in  N o r m a l  a n d  

I n  p r ev ious  s tudies ,  t h e  a u t h o r s  d e m o n s t r a t e d  t h a t  a 
c o e n z y m e - i n d e p e n d e n t  l a c t a t e  d e h y d r o g e n a s e  is ac t ive  in 
E h r l i c h  asc i tes  t u m o u r  cells 1,2. T h e y  also f o u n d  a n  in-  
c reased  a c t i v i t y  of g l u t a m a t e  d e h y d r o g e n a s e  (GLDH)  in 
t h e  l iver  of Gu6r in - ep i t he l i om a  ratsS. 

I n  t h e  p r e s e n t  work ,  some of t h e  resu l t s  conce rn ing  
G L D H  a c t i v i t y  in  n o r m a l  skin  a n d  skin  ep i the l i oma  
will be  discussed.  

Materials and methods. Samples  of sk in  a n d  t u m o u r a l  
t i ssue  (spindlecel l  ep i the l iomas  a n d  basa l iomas)  were 
h o m o g e n i z e d  in  0 .9% NaC1 w i t h  7 × 1 0 - 4 M  E D T A .  T h e  
s u p e r n a t a n t  r e su l t i ng  f rom a 10-min c e n t r i f u g a t i o n  
(1800 g) a t  low t e m p e r a t u r e ,  was  used  for t e s t i n g  G L D H  
a c t i v i t y  in  340 n m  4 w i t h  a V S U  1 K Zeiss J e n a  spect ro-  
p h o t o m e t e r .  

Results and discussion. As seen in t h e  Table ,  G L D H  
a c t i v i t y  is h i g h e r  in  sk in  ep i the l i oma  t h a n  in  n o r m a l  skin 
in  m a n .  T h e  e n z y m e  is i n h i b i t e d  b y  Zn  ++ ions a n d  
O - p h e n a n t r o l i n e  b o t h  in  n o r m a l  sk in  a n d  in skin  ep i the l -  
ioma.  W h i l e  in  n o r m a l  sk in  t h e r e  is a t o t a l  Zn++ i n h i b i t i o n  
w i t h  1.9 × 1 0 - 4 M  Z n S O  4, in  skin  ep i the l i oma  t h e  a c t i v i t y  

T u m o u r a l  S k i n  in  H u m a n s  

is f ound  to  be  m o r e  t h a n  50% of t h e  or ig ina l  e n z y m e  
a c t i v i t y  in  t u m o u r s ,  a n d  also exceeds  t h a t  of n o r m a l  skin.  
To ta l  i n h i b i t i o n  was  on ly  n o t e d  in e p i t h e l i o m a  a t  a con-  
c e n t r a t i o n  of 2.5 × 10-421// Z n S O  4. Whi le  in  n o r m a l  sk in  
1 × 1 0 - ~ M  O - p h e n a n t r o l i n e  t o t a l l y  i n a c t i v a t e s  t he  en- 
zyme,  in e p i t h e l i o m a  w i t h  t he  s ame  c o n c e n t r a t i o n  of 
O-phenan t ro l i ne ,  one  f i f th  of t he  or ig ina l  a c t i v i t y  is st i l l  
found.  I t  shou ld  be  m e n t i o n e d  t h a t  in  one  i n s t a n c e  of 
ep i the l ioma,  i n a c t i v a t i o n  was  n o t  o b t a i n e d  even  w h e n  
Zn  ++ a n d  O - p h e n a n t r o l i n e  c o n c e n t r a t i o n s  were 100 t i m e s  

t L. ABABEI and S. SARKAR, Acta biol. reed. germ. /4, 128 (1965). 
S. RAPOPORT, L. ABABEI, C. WAGENKNECIIT and S. SARKAR, 
Nature 208, 185 (1965). 

3 M. TRANDAFIRESCU and L. ABABEI, Acta biol. reed. germ. 17, 250 
(1966). 

4 ELLEN SCltM~DT, in Methods ot Enzymatic Analysis (Ed. H. U. 
BERGMEYER; Verlag Chemic, Academic Pres% New York and 
London 1965), p. 752, 


