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The E f f e c t  o f  Phenaz ine  Methosul fate  on  t h e  
A c t i v i t y  o f  D e h y d r o g e n a s e s  as  Studied b y  S t a r c h  

Gel Elec trophores i s  

The demons t ra t ion  of ox ida t ive  enzymes  in t issue sec- 
tions presents no d i f f icu l ty  when there  is a fa i r ly  high 
level of ac t iv i ty  present .  I n  th is  instance,  t he  insoluble 
colored formazans  formed b y  the  reduc t ion  of t e t r azo l ium 
salts are easi ly visual ized and  the  resul ts  ob ta ined  are 
easily reproduced.  F o r  t h e  demons t r a t i on  of weak  ac- 
tivity, the u t i l iza t ion of a n u m b e r  of reagents  which 
COuld act  as eff icient  i n t e rmed ia ry  electron acceptors  llas 
been tried~-~. Phenaz ine  methosu l fa te  (PMS) is one of 
~he m a n y  which  h a v e  been ut i l ized to improve  the  
.Ocalization of succinic dehydrogenase  (SDH) and lac t ic  

~ r o g e n a s e  (LDH) a c t i v i t y  in t issue sections - .  I n  
ae  present  s tudy,  we have  ut i l ized d i f ferent  concent ra -  

tions of th is  compound  to  improve  the  demons t r a t i on  of 
faint bands of enzyme  a c t i v i t y  as separa ted  by  s tarch  gel 
electrophoresis. 

The gray  m a t t e r  of the  cerebral  cor tex  f rom the  chim- 
Panzee (Pan troglodytes) was homogenized,  and the  con- 
centrated supe rna t an t  was e lec t rophoresed  for 18 h a t  
4°C wi th  a cons tan t  vo l t age  (3 V/cm) th rough  the  gels. 
The buffer  sys tems  and  gel sys tems  were p rev ious ly  re- 
ported f rom th is  l abora to ry  and elsewhere ~0, n. The  s tand-  
ard methods  of NAC~L~S et  al. ~s and H ~ s s  et  al. ~ were 
utilized for the  local iza t ion of S D H  and L D H  respec- 
tively. The a m o u n t  of P M S  var ied  f rom 1.0-9.0 mg/100 
cm~ of incuba t ion  mixture .  Subs t ra tes  w i thou t  the  addi-  
tion of PMS were used as controls.  

5 dis t inct  bands  wi th  s t rong  L D H  ac t i v i t y  and 5-6 
faintly, colored bands  were  observed  in the  gels a f te r  4 h 
~ u b a t i o n  (Figure la) .  W i t h  t h e  add i t ion  of 1.5 mg  

MS/100 ml,  these  bands  were seen in a m a t t e r  of 
minutes. Af te r  8 rain incuba t ion  wi th  PMS present,  the  
staining corresponded a p p r o x i m a t e l y  to t h a t  seen wi th  
2~/s h of incuba t ion  in the  absence of PMS.  W i t h  20-25 
rain incubation,  in the  presence of PMS, al l  enzyme  bands 

which  could be  seen were  demons t r a t ed  (Figure  lb) .  
Longer  incuba t ion  t imes,  o r  increas ing a m o u n t s  of PMS,  
resul ted  no t  on ly  in deeper  s ta in ing of t he  bands  in 
general  b u t  also in t he  non-specif ic deposi t ion  of the  dye  
on and a round the  bands  and  in a diffuse s ta in ing  of  
the  gels. 

In  addi t ion,  the  observa t ion  was m a d e  tha t ,  w i th  an  
excess a m o u n t  of P M S  in t he  incuba t ion  m i x t u r e  for t h e  
local izat ion of S D H  ac t iv i ty ,  one sees cons i s ten t ly  t h e  
p roduc t ion  of  nega t ive  bands  (Figure  2). I t  is e x t r e m e l y  
diff icul t  for  us a t  th is  s tage  of our  p rog ram to  in t e rp re t  
t he  p roduc t ion  of colorless bands by  an excess a m o u n t  of 
PMS,  a subs tance  which  ii~ op t ima l  amoun t s  acts as an  
excel len t  med ia to r  of electrons for  the  demons t r a t i on  of 
dehydrogenases .  W e  would  have ,  in fact ,  expec ted  more  
h ighly-colored  formazans .  The  present  s tudies agree w i t h  
those  of CONKLIN et  al. x~ i n  t h a t  P M S  in appropr i a t e  

Fig. 2. Succinic dehydrogenase reaction, 6.5 mg PMS]100 cm s sub- 
strate, showing the 'negative bands', the composition and signifi- 

cance of which are not known at this time. 

• ! g '  Lactic dehydrogenase reaction (a) without the addition 1. of 
MS to the substrate and incubated for 41l~ h, (b) after adding 

1.5 mg PMS/100 bands With very cma substrate and incubating for only 30 rain, The 
weak activity in (a) have darkened in spite of 118 

time of incubation. 
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q u a n t i t i e s  e n h a n c e s  t h e  s t a i n i n g  of e n z y m e  b a n d s .  I n  
add i t ion ,  excess a m o u n t s  of P M S  resu l t s  in  ( 1 ) t h e  ad-  
he rence  of f ine f o r m a z a n  depos i t s  p roduced  close to  t he  
surface  of t h e  gel a n d  r e su l t i ng  in a diffuse s t a i n i n g  of t h e  
gels, a n d  (2) t h e  p r o d u c t i o n  of n e g a t i v e  b a n d s  ~5. 

Rdsumd. L 'e f f e t  de la  p h e n a z i n e  m e t h o s u l f a t e  (PMS) 
sur  l ' ac t iv i t6  de p lus ieurs  enzym es  o x y d a t i f s  a 6t~ 6tudi6. 
E n  r a n t  que transporteur d'61ectron,  la P M S  a u n  r61e 
i m p o r t a n t  su r  la  co lo ra t ion  des  i soenzyrnes  s@ar6s  p a r  
61ec t rophor6se  en  gel d ' a m i d o n .  E n  ce qu i  conce rne  la  
d6shydrog6nase  lac t ique ,  u n  exc~s de P M S  p r o v o q u e  une  
co lo ra t ion  diffuse,  a lors  que  darts  le cas de la d6shydrog6-  

nase  succ in ique  on  obse rve  l ' a p p a r i t i o n  de , b a n d e s  n6ga- 
t i r e s ,  qu i  n ' o n t  pas  encore  6t6 d6cri tes .  
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On the Interaction of Hypoxanthine with 
AdeninO 

A n o n - e n z y m a t i c  c o n v e r s i o n  of h y p o x a n t h i n e  to  ade-  
n ine  was  p roposed  on  t he  bas is  of s p e c t r o p h o t o m e t r i c  ob-  
s e r v a t i o n s  o b t a i n e d  f rom so lu t ion  m i x t u r e s  c o n t a i n i n g  
a d e n i n e  a n d  h3~poxanthine  in 1 - 5 M  a m m o n i u m  phos -  
p h a t e  ~. T h e  s y n t h e s e s  of t he  Schif f  bases  of 2-amino-4-  
m e t h y l p y r i m i d i n e  were sa id  3 to  s u p p o r t  t h e  r eac t i on  in-  
vo lv ing  a c o n d e n s a t i o n  of t he  ke to  fo rm of h y p o x a n t h i n e  
a n d  aden ine  t h r o u g h  a Schiff  base  i n t e r m e d i a t e  a n d  i ts  
s u b s e q u e n t  c leavage  b y  t he  a d d i t i o n  of a m m o n i a  to give 
2 molecules  of aden ine .  T h e  resu l t s  of these  e x p e r i m e n t s  
h a v e  been  p r e s e n t e d  to exp la in  a m e c h a n i s m  t h a t  could 
a c c o u n t  for  t h e  a b e r r a t i o n  of t e t r a d s  obse rved  in nucle ic  
acids.  

Cer ta in  cons ide ra t ions  shou ld  be t a k e n  in to  accoun t ,  
however .  T h e  c o n c e n t r a t i o n  of t h e  r e a c t a n t s  ( abou t  
10 -aM)  m a k e s  th i s  r eac t ion  h i g h l y  improbab le .  I n  t h e  
e v e n t  t h a t  a ce r t a in  a m o u n t  of i n t e r m e d i a t e  is formed,  t h e  
low p H  of the  r eac t ion  m i x t u r e  is c e r t a i n l y  a n  u n f a v o r a b l e  
cond i t ion  for t he  c leavage  of t h e  Schiff  base  b y  nucleo-  
phy l ic  a m m o n i a  molecules  (NH3), w h i c h  are  n o n - e x i s t e n t  
a t  p H  6. 

Th i s  c o m m u n i c a t i o n  is to  ve r i fy  w h e t h e r  t h e  spec t ro-  
p h o t o m e t r i c  m e a s u r e m e n t s  descr ibed  b y  BOWNE a c t u a l l y  
r ep re sen t  a t r a n s f o r m a t i o n  of h y p o x a n t h i n e  to adenine .  
U n d e r  t h e  cond i t ions  used  b y  BOWN~ ~, r a d i o a c t i v e  C 14- 
h y p o x a n t h i n e  was i n c u b a t e d  w i t h  n o n - r a d i o a c t i v e  ade-  
n ine  in a m m o n i u m  p h o s p h a t e ,  p H  6. I f  t he  r eac t ion  of 
h y p o x a n t h i n e  a n d  aden ine  was to  t ake  place,  the  presence  
of r ad ioac t i ve  a d e n i n e  would  be  expec t ed  a t  t he  end  of t he  
r eac t i on  (Figure) .  Howeve r ,  t he  resu l t s  of severa l  exper i -  
m e n t s  showed  t he  absence  of r a d i o a c t i v e  a d e n i n e  in t h e  
i n c u b a t e d  r e a c t i o n  mix tu re .  No t r ace  of r a d i o a c t i v e  
a d e n i n e  could  be  de t ec t ed  b y  a c o m b i n e d  p a p e r  c h r o m a t o -  
g r aph i c  a n d  X - r a y  p rocedure  n o r  could  a n y  s u b s t a n t i a l  
a m o u n t  of r a d i o a c t i v i t y  be  found  in  t h e  a d e n i n e  i so la ted  
f rom t h e  p a p e r  (Table).  

R a d i o a c t i v e  c o n t a m i n a n t s  were  found  on  t h e  p a p e r  
b e t w e e n  t h e  spo ts  of a d e n i n e  a n d  h y p o x a n t h i n e  w h i c h  
were respons ib le  for  t h e  smal l  a m o u n t  of r a d i o a c t i v i t y  
f o u n d  in  aden ine .  T h i s  v iew was  f u r t h e r  s u p p o r t e d  b y  t h e  
f ac t  t h a t  t h e  r a d i o a c t i v i t y  of t h e  ba se  was  c o n s i d e r a b l y  
r educed  w h e n  t h e  a d e n i n e  i so la ted  f r o m  t he  p a p e r  was  
t r e a t e d  w i t h  cha rcoa l  Darco  G-60 (Table) .  T a k i n g  in to  
cons ide ra t i on  t h e  specific a c t i v i t y  of t h e  h y p o x a n t h i n e  
used in  t h e  r eac t i on  m i x t u r e ,  t h e  specific a c t i v i t y  of t h e  
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° \ f \ /  
Mechanism proposed by BOWNE ~ for the conversion of hypoxanthine 
to adenine as it would take place in the presence of Ct4-hypoxanthine. 

Specific activity 

Components /~moles Radioactivity 
counted cpm cpm//~mole s 

Adenine 2.3 133 0.0 b 
Hypoxanthine 0.4 3.5 • 104 1.37 • 105 
Paper control No. i 147 
Paper control No. 2 124 
Adenine (after charcoal) 3.0 50 6 
Hypoxanthine (after charcoal) 0.5 6.9 • 104 1.38 • 10 ~ 
Background 33 

Background corrected. ~ After correction for the amount of radio- 
activity present in the paper controls No. 1 and No. 2. 
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