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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  
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Nature 208, 185 (1965). 
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(1966). 
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BERGMEYER; Verlag Chemic, Academic Pres% New York and 
London 1965), p. 752, 
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h ighe r  t h a n  t h a t  i n d i c a t e d  in t h e  T a b l e  as o rd ina r i l y  
t o t a l l y  i n h i b i t i n g  t h e  e n z y m e  in ep i the l ioma .  

T h e  resu l t s  d e m o n s t r a t e  t h a t  in  ep i the l ioma ,  t he  
e n z y m e  u n d e r  c o n s i d e r a t i o n  is a l t e r ed  in t h a t  i t  h a s  a 

h i g h e r  ac t iv i ty ,  w i t h  d i f f e ren t  Zn  ++ a n d  O - p h e n a n t r o l i n e  
i n h i b i t i o n  c o n s t a n t s  as c o m p a r e d  w i t h  n o r m a l  skin  
enzyme.  

I n v e s t i g a t i o n s  car r ied  o u t  a long  these  l ines could  be  of 
use for t he  d i f f e ren t i a l  d iagnos is  in  skin  t u m o u r s .  

Glutamate dehydrogenase activity in normal skin and sldn epi, 
thelioma 

Activity in/~inol]g]m in 

Normal Epi- 
thelioma 

Control 

+ ZnSO4 

+ O-phenan- 
troline 

1.90 ~: 0.I0 4.45 4- 0.16 

1.4 X 10-4M 1.85 ~ 0.06 3.29 ± 0.21 
1,9 x 10-4M 0 2.45 -t: 0.08 
2.5 X 10-4M 0 0 

I x 10--4~ll 1.90 :t: 0.07 4.46 4- 0.14 
5 × 10-aM 0.43 :J2 0.03 3.55 _L 0.18 
1 × 10-2M 0 0.92 ~ 0.12 

41 control tests, 41 Zn ++ tests, 10 O-phenantroline tests. 

Rdsumd. Les a u t e u r s  o n t  6 tudi6  l ' a c t i v i t 6  de  la g lu ta -  
m a t e  d 6 h y d r o g 6 n a s e  duns  la  peau  n o r m a t e  e t  d a n s  les 
6pi th61iomes de  la peau  chez  l ' h o m m e .  I ls  o u t  obse rv6  que  
l ' e n z y m e  es t  duns  les t u m e u r s  b e a u c o u p  p lus  a c t i v e  que  
d a n s  la  peau  no rma le .  De m4me,  duns  l '6pith61iome, Fin-  
h i b i t i o n  p a r  le Z n  ++ e t  la O - p h ~ n a n t r o l i n e  necess i te  de  
p lus  h a u t e s  c o n c e n t r a t i o n s  que  p o u r  la  peau  norrnale .  
Les  mod i f i ca t ions  cons ta t~es  p o n r r a i e n t  s e rv i r  a u  diag-  
nos t ic  d i f f6rent ie l  des  t u m e u r s  de la  peau  chez  l ' h o m m e .  
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Isozymes of the Pyrophosphatase from the Brain 

T h e  ex i s t ence  of  i sozymes  raises  i n t e r e s t i ng  p r o b l e m s  
c o n c e r n i n g  t h e  poss ib i l i t ies  to  con t ro l  t h e  m e t a b o l i c  
a c t i v i t y  as  wel l  as  t h e  s t r u c t u r e  of c h r o m o s o m i c  genes.  
The re fo re  m a n y  resea rche r s  h a v e  succeeded  l a t e l y  in  
m a k i n g  e v i d e n t  t h e  ' i sozymic  s p e c t r a '  of e n z y m e s  i n v o l v e d  
in t h e  f u n d a m e n t a l  processes  of t h e  v e g e t a l  a n d  a n i m a l  
o rgan isms .  

I n  t h e  p r e s e n t  p a p e r  we r e p o r t  t h e  r e su l t s  o b t a i n e d  on  
t he  i sozymic  s t r u c t u r e  of t h e  p y r o p h o s p h a t a s e  (E.C. 
3.6.1.1.) in t h e  b ra in .  Th i s  e n z y m e  p lays  a p r o m i n e n t  p a r t  
in  t he  processes  of p y r o p h o s p h o r y l a t i o n ,  con t ro l l i ng  t h e  
c o n c e n t r a t i o n  of p y r o p h o s p h a t e  wh ich  appea r s  in  n u m e r o u s  
m e t a b o l i c  reac t ions .  

So far ,  d a t a  on  t h e  ex i s tence  of t h e  mu l t i p l e  molecu la r  
fo rms  of t h e  p y r o p h o s p h a t a s e  (PPase)  are  n o t  ye t  known.  

G. A .  MELONI, A. P:ESCE a n d  G. C. S C H I T O .  1 m e n t i o n  
t h a t  t h e y  succeeded  in s e p a r a t i n g  2 fo rms  of P P a s e  f rom 
Pseudomonas aeruginosa. B u t  as these  2 c o m p o n e n t s  could 
be  o b t a i n e d  on ly  b y  c h r o m a t o g r a p h y  on  DEAE-ce l l u lo se  
a n d  n o t  on  Sephadex ,  t h e  a u t h o r s  in fe r  t h a t  t h e y  h a v e  
t he  s ame  mo lecu l a r  weight ,  d i f fe r ing  on ly  b y  t h e i r  e lectr ic  
charge .  

O u r  a t t e m p t s ,  r e g a r d i n g  t he  c h r o m a t o g r a p h y  on  
S e p h a d e x  G-200 of e x t r a c t s  f rom some a n i m a l  organs ,  
succeeded  ill  s e p a r a t i n g  m a n y  f rac t ions  w h i c h  r evea l ed  
P P a s e  ac t i v i t y .  T h e  e n z y m o g r a m m e s  o b t a i n e d  p r o v e d  t h e  
p resence  of P P a s e  i sozymes  in t issues.  

W e  show below t h e  r e su l t s  o b t a i n e d  in t h e  case of b ra in .  
F o r  t h a t  p u r p o s e  we col lected t h e  b r a i n  f rom 8 d i f fe ren t  
species (hen, goose, r a b b i t ,  guinea-pig ,  dog,  horse ,  p ig  a n d  
cow) i m m e d i a t e l y  a f t e r  s l a u g h t e r  a n d  b leed ing  a n d  we 
h o m o g e n i z e d  i t  in  t he  r a t i o  1 :10  w i t h  a cold sal ine Tris 
buf fe r  p H  7.2 (Tris, HC1 0 . 0 5 M  + NaC1 0 .1M).  

W e  c e n t r i f u g a t e d  a t  1500 g for  30 ra in  a n d  a f t e r  r e m o v -  
ing  t he  cel lular  debr i s  we did  i t  aga in  a t  9000 g for  1 h. 
The  s u p e r n a t a n t  was  f i l tered t h r o u g h  a 2 × 25 cm c o l u m n  
filled w i t h  S e p h a d e x  G-200 e q u i l i b r a t e d  w i t h  t h e  p r ev ious  
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Fig. 1. PPase isozymes of the hen brain. (1) Enzymogram of the  
brain extract. (2) Proteinogram of the brain extract. (3) Proteino- 
gram of the bovine serum albumin. 


