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(a gift f rom Prof. L. F. FIESER TM) was not  a subs t ra te  for the bacterial isomerase. The isomerization 
reactions were found to be complete and reversibility could not  be demonstrated.  

The mechanism of the enzymic isomerization has been studied with the aid of D20. The en- 
zymic reaction proceeds at identical rates in H20 and 89 % D20. Alkali catalyzed isomerization 
in D20 results in the  incorporation of deuter ium from the medium, as first shown by ANCHEL AND 
SCHOENHEIMER 11 for the conversion of 5-cholesten-3-one to 4-cholesten-3-one. Three samples 
(2.5 rag) of 5-androstene-3,I7-dione were isomerized at 25 ° respectively with 0.23 N HC1, 0.096 

• " o/ N NaOH and purified bacterial isomerase in a medium contammng 89/o D20. The reactions were 
complete in ten minutes  or less; the products  were isolated, chromatographed on silica gel by 
gradient  elution, diluted with unlabeled 4-androstene-3,I7-dione, repurified, and analyzed for 
deuter ium in the mass  spectrometer.  Whereas  the acid isomerized product  contained 0.95 a toms  
D per  molecule and the alkali isomerized material  contained 3.86 a toms D per molecule, the en- 
zyme isomerized product  contained only o.12 a toms D per molecule. A similar experiment  with 
TaD likewise revealed practically no incorporation of the t r i t ium from the medium during the en- 
zymic isomerization. 

In  the presence of alkali the two ketonic groups are enolized and this readily accounts for the 
incorporat ion of 4 deuter ium a toms TM. The enzymic mechanism suggests tha t  there is a direct 
t ransfer  of a pro ton  from position 4 to 6 on the enzyme surface wi thout  exchange with the medium. 
If a direct intramolecular  t ransfer  of a pro ton  does indeed occur, the steroid isomerase reaction 
provides the first recognized enzymic example. The direct and stereospecific nature  of the t ransfer  
of hydrogen between subs t ra te  and coenzyme has been demonstra ted  in a number  of enzymic 
reactions TM. 

This invest igation was suppor ted  in par t  by a grant  from the American Cancer Society on 
recommendat ion of the Committee on Growth,  National  Research Council. The authors  wish to 
thank  Dr. B. VENNESLAND for valuable discussion, Dr. F. LOEWUS and Mr. L. GRAVES for the 
deuter ium analyses and Drs. GEORGE T. OKITA and HAROLD WERBIN for the t r i t ium analyses. 
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Effect of insulin on the metabolism of phosphorus 
in human erythrocytes* 

I{VAMME reported I tha t  insulin, when injected in vivo, increased the tu rnover  rate  of 32p in 
whole h u m a n  blood; especially so in the IO minute  hydrolyzable fraction. GOURLEY 2, on  the other  
hand, did not  find any effect of insulin on either the distr ibution or on the tu rnover  rate  of any  
of the chemically separated phosphorus  compounds  of the erythrocytes  of normal  humans.  In  the 

* Suppor ted  by  the Universi ty  of Illinois Foundat ion.  
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l a t t e r  e x p e r i m e n t s ,  b lood  w a s  i n c u b a t e d  it~ *'ih'o for 3 hou r s  w i t h  insu l in .  E a r l i e r  rep<,rts fr(>m t h i s  
l a b o r a t o r y a ,  4 h a v e  d e s c r i h e d  an  effect  of p r e - i n c u b a t i o n  w i t h  i n su l i n  on t he  e n z y m i c  p r o p e r t i e s  of 
h e l n o l y s e d  h u m a n  e r y t h r , c y t e s .  T h e  l a t t e r  s t u d i e s  i n d i e a t e d  the  e x i s t e n c e  ,)f an in su l in  i n d u c e d  
i n c r e a s e  ill  t h e  r a t e  of t h e  consumt)t i~)n ()f h igh  e n e r g y  l~h()sphate. The  , h . i n (ms t r a l ) i l i t v  ()f t in .  
l a t t e r  effect  w a s  found  t(> be  d e p e n d e n t  on t he  p r e s e n c e  of p y r u v a t e  or c i t n l t e  in t he  reaeti<,n 
m i x t u r e .  Tim p r e s e n t  s t u d i e s  were  i n i t i a t e d  to  poss i l ) ly  d e m ( m s t r a t e  t he  s a m e  e l ]ec t  ¢))1 t he  phos-  
p h o r u s  c o m p o u n d s  ()f t he  i n t a c t  e r y t l m / % v t e  w i t h  t he  he lp  of :ml,. 

The  b lood  of fas t ing ,  n t ! rmal ,  3,(milk w( /men  w~ts used  for t i le  p r e s e n t  s t u d y . . k f t c r  addit i~)n 
()f h e p a r i n  as  al l  a n t i c t ) a g u l a n t ,  t i le  b lood  s a m p l e s  were  s t o r ed  for n o t  longer  t]/~ln ()o 0o n/ int l{es  
(m ice. Be fo re  t h e  b e g i n n i n g  ()f t i le  i n c u b a t i o n ,  ael) w a s  a d d e d  to  each  blood s a m p l e  g i \  ing a f inal  
e ( ) n c e n t r a t i o n  of 2 n l ic r (*cur ies /ml .  The  s a m p l e s  c ( , u t a i n i n g  p y r u v a t e  a n d  c i t r a t e  had  a co l l ce l l t r a -  
t i on  of o. 5 m g / m l  ()f t i le  sod in ln  s a l t s  ()f each  c , )n lpound .  The  i n s u l i n - c ( m t a i n i l l g  sa inp]es  w e r e  
g i v e n  l l e t i n  ( insul in ,  1.lily) t() o. r [ 7ni t /ml  as  a f ina l  c o n c e n t r a t i o n .  "l'he s a m p l e s  ~ e r e  ineul>ated  a t  
3 7  C u n d e r  c o n s t a n t  s h a k i n g  for an  h(/ur. At  t he  end  of t h e  i ncu l ) a t i on  t i le  1)h)()d s a m p l e s  w e r e  
c h i l l e d  a n d  c e n t r i f u g e d .  :kf ter  s y p h ( m i n g  o i l  t h e  p l a s m a  and  tilt,  l a v e r  of w h i t e  cells, t i le  e ry th r ( , -  
c v t e  c r e a m  w a s  e x t r a c t e d  w i t h  cohl  t r i c h h ~ r a c e t a t e  s ( , lu t ion  (filnll coneen t ra l i~ )n ;  7 o;, x~/\-). Irr()m 
t im  e x t r a c t  t h e  b a r i u m - i n s o l u b l e  a n d  t im b a r i u m -  
a l c o h o l - i n s o l u b l e  f r a c t i o n s  were  p r e c i p i t a t e d  t()- 
g e t h e r  s a n d  s e p a r a t e d  b y  e e n t r i f n g i n g .  The  p rec ip i -  
t a t e  was  d i s s o l v e d  in  d i l u t e  HCI a n d  b a r i u m  was  
r e m o x e d  as  su l fa te .  [ :n l lowing  t h i s  t h e  s u p e r n a t a n t  
f luid was  e v a p o r a t e d  in a v a c u u m .  Af t e r  r ed i s s ( , Iv ing  
t he  d r y  r e s i d u e s  w i t h  a p p r o x i m a t e l y  o.o 5 ml  w a t e r  
each,  t h e  s a m p l e s  w e r e  a p p l i e d  on a M u n k t e l l  No. 
2o S p a p e r  for use  in  an  I . K B  p a p e r - e l e c t r o p h ~ r e s i s  
a p p a r a t u s .  The  lmffer  u s e d  was  c i t r a t e  (pH 3.9;  
o. 5 '~, w / v  c o n c e n t r a t i o n ) .  An e l e c t r o p h o r e s i s  l a s t i n g  
f()r 6 7 h o u r s  r e s u l t e d  in t he  s e p a r a t i o n  ()f c e r t a i n  
n u c l e o t i d e - l i k e  spo t s  of wh ich  . \ T I '  a n d  A1)I '  were  
i d e n t i / i e d  b y  s i m u l t a n e o u s  r u n s  w i t h  kn(,x~n sub-  
s t a n c e s  as  wel l  as  b y  t h e  s p e c t r u m  of t h e  e l u t e d  spo ts .  
The  r a t i o  of t i le  c o u n t s / m i n u t e  v a l u e  of t he  s p o t s  
to  t i l e  c o r r e s p o n d i n g  As 20o 29o m/~* r e a d i n g s  in 
a B e c k m a n  s p e c t r o p h o t o n l e t e r  w a s  t a k e n  its {Ill 
i n d e x  ()f t he  r e l a t i v e  speci l ic  a c t i v i t y  <)f t h e s e  
n u c l e o t i d e s  u n d e r  t i l e  e x p e r i m e n t a l  c o n d i t i o n s  to  be  
de sc r ibed .  

Fig.  I s h o w s  t he  t i m e  f u n c t i o n  of t i l e  i n c r e a s e  
of t h e  r e l a t i v e  specif ic  a c t i v i t i e s  of ADI  > a n d  ATI >. 
T h e  r a t i o  of t h e  t w o  w d u e s  s t a y s  c lose  to  ~ : 2, i nd i -  
c a t i n g  t he  p r e s e n c e  of e n z y m i c  m e c l m n i s m s  w h i c h  
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Fig. I .  T ime func t i on  of the re la t i ve  spe- 
cific a c t i v i t i e s  (R .S .A. :  C o u n t / i n i n u t e / A s  
eOO 290 ml~) of t he  A T P  a n d  ,-\DI ) 

f r ac t ions .  

m a i n t a i n  an  i d e n t i c a l  t u r n o v e r  r a t e  of a l l  p y r o p h o s p h a t e  g r o u p s  in t i le  a b o v e  m e n t i o n e d  
n u c l e o t i d e s .  T h i s  o b s e r v a t i o n  is c o n s i s t e n t  w i t h  t h e  f i n d i n g s  of o t h e r s  6. 

T a b l e  I s h o w s  t h e  effects  (>f t h e  p r e s e n c e  of i n s u l i n  (B), of p y r u v a t e  a n d  c i t r a t e  (C), a n d  (>f 
i n s u l i n  a n d  p y r u v a t e  a n d  c i t r a t e  (D). T h e  r e l a t i v e  speci f ic  a c t i v i t y  of A T P  is d e c r e a s e d  u n d e r  
c o n d i t i o n s  B an t i  C, a n d  p r o b a b l y  s l i g h t l y  i n c r e a s e d  in  t h e  D s a m p l e s .  Thus ,  a d d i t i o n  of i n s u l i n  t o  
t h e  b l o o d  s a m p l e  c o n t a i n i n g  p y r u v a t e  a n d  c i t r a t e  s i g n i f i c a n t l y  r a i se s  t h e  i n c o r p o r a t i o n  r a t e  of a2p 
in  A T I '  whe reas ,  as i t  h a s  b e c o m e  a p p a r e n t  f rom a ser ies  of 15 e x p e r i m e n t s  of t y p e  C a n d  D, i t  

dec rea se s  t h e  r a t i o  of A'I ' ] '  t(, . \I)1 > (As 26o 290 mu2.C.l.p) 1)y 15 ol). 
(As 2()o 290 nl/.*Ai)P ) 

T h e s e  f i n d i n g s  a re  c o n s i s t e n t  w i t h  our  o b s e r v a t i o n s  on  d i f f e r en t  e x p e r i m e n t a l  s y s t e m s  p u b -  
l i shed  ear l iera ,  4. T h e n  we  f o u n d  an  i n s u l i n  effect  wh ich ,  too,  w a s  d e m o n s t r a b l e  in t h e  p r e s e n c e  of 
p y r u v a t e  a n d  c i t r a t e  on ly .  I n  b o t h  cases ,  t h e n  a n d  now,  t h e  a c c u m u l a t i o n  of A T P  r e l a t i v e  to  A D I  > 
a p p e a r e d  to  be  d i m i n i s h e d  b y  i n su l i n  w i t h o u t  a d e c r e a s e  in  t he  s u p p o s e d  or, in  t h e  p r e s e n t  case,  
t h e  m e a s u r e d  t u r n o v e r  r a t e  of t h e  A T P .  

The  m e c h a n i s m  of t h i s  effect  is n o t  c lear .  I t  h a s  b e e n  d e s c r i b e d  t h a t  i n s u l i n  does  n o t  i nc rease  
t h e  r a t e  of d i s a p p e a r a n c e  of i n o r g a n i c  p h o s p h a t e  f r o m  t h e  p l a s m a  in i n c u b a t e d  b loodL  T h e r e  are  
n u m e r o u s  o b s e r v a t i o n s  t o  t he  e v i d e n c e  t h a t  i n s u l i n  does  n o t  i n c r e a s e  t h e  r a t e  of d i s a p p e a r a n c e  
of g lucose  f r o m  s t o r e d  t r u m a n  bloo(1 ",9. 

l " u r t h e r  d e t a i l s  of the  m e c h a n i s m  of t h e  a h o v e  effect  a n d  f i nd ings  on t h e  e r y t h r o c y t e s  of 
p a t i e n t s  su f fe r ing  f r o m  s c h i z o p h r e n i a  a re  g o i n g  to  be  r e p o r t e d  la te r .  

* The  a b b r e v i a t i o n  " A s "  s t a n d s  for  A h s o r b a n c y  = - - l o g l 0  T r a n s m i s s i o n .  
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TABLE I 

RELATIVE SPECIFIC ACTIVITY VALUES OF THE .A~TP SPOTS UNDER THE VARIOUS CONDITIONS OF 
INCUBATION 

A B B-A C D D-C 
Date o] Pyruvate 

experiment "Blank" Insulin Difference Pyruvate Citrate  Difference 
Citrate Insulin 

3 - 2 9  12.7o 12.24 - -0 .46  11.26 12.94 + 1.68 
4 -1  11.7o 9.34 - -2 ,36  8.18 11.o5 + 2.87 
4 - 5  12.14 11.6o - -0 ,54  lO.32 12.46 ~- 2.14 
4 -12  11.6o 11.14 - -0 .46  lO.5O 12.4o -- 1.9o 
4 - 2 0  12.62 I 1.5 ° - -  I. 12 i I.OO 13.5o + 2.50 
6 -  7 13.4o 9.20 - -4 .20  9.15 12.3o + 3.15 
6 - 9  11.9o 12.25 + 0.35 12.oo 13.6o + 1.6o 

Mean value 12.16 11.o6 - - i . i o  lO.34 12.6o + 2.26 
°~o - - 9 . 0  + 21.8 

" P "  value < o.I < o.ooi 
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On the in vitro anticatalase activity of tumor  extracts 

An interesting point  of biology of neoplastic growth is the ability of t umors  and of their  
extracts  to reduce the liver catalase activity in vivo 1. An in vitro inhibitor also was demonst ra ted  
by  HARGREAVES AND D E U T S C H  2. 

The purpose of our work was to ascertain, as a basic question, the specificity of the lat ter  
phenomenon.  

Two experimental  tumors,  Sarcoma 18o and a spontaneous  m a m m a r y  carcinoma of mouse, 
a number  of organs of normal  rats  and mice, several different h u m a n  tumors,  especially gastric 
carcinomas and their  corresponding mucosa, and gastric mucosa of pat ients  with gastric or 
duodenal ulcer, were studied. Crystalline beef liver catalase was used and the inhibiting activity 
was tested by  the method of VON EULER AND JOSEPHSON 3, for catalase determination.  

Ex t rac t s  were preparated according to HARGREAVES AND DEUTSCH,  but  the simple "Koch-  
saf t"  was used only for the purpose of comparison and the procedure usually employed was t ha t  
including the alcoholic purification of the extracts.  

Not  only tumors  bu t  also normal  organs showed a marked inhibition ; this was often s t ronger  
than  tha t  of tumors  (Table I). Individual  variat ions were very large; the activation observed by  
alcoholic t r ea tment  was  often very important ,  especially with normal  organs. This could possibly 
explain the low activity found in normal tissues by  HARGREAVES AND DEUTSCH,  who apparent ly  
used only the simple "Kochsaf t " .  

The inhibition curves given by  increasing amounts  of extracts  showed a ra ther  characterist ic 
and cons tant  behaviour  for t umor  extracts (Fig. 1). 


