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I t  is n o t  ox id ized  b y  m a m m a l  c y t o c h r o m e  oxidase  pre-  
p a r a t i o n  a as  d e m o n s t r a t e d  b y  m a n o m e t r i c  a n d  spec t ro -  
p h o t o m e t r i c  e x p e r i m e n t s .  
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Riassunto 

U n a  e m o p r o t e i n a  3 s t a t a  e s t r a t t a  e p a r z i a l m e n t e  pur i f i -  
c a t a  d a l l ' e p a t o p a n c r e a s  di  sepia o[]icinalis. E s s a  ~ ossi- 
d a t a  da l  f e r r i c i anuro  e r i d o t t a  da l l ' ac ido  ascorb ico ;  gli 
s p e t t r i  di  a s s o r b i m e n t o  delle due  forme,  o s s ida t a  e r i d o t t a ,  
sono  quel l i  t ip ic i  del  c i t oc romo  c di  m a m m i f e r o .  

I n  c o m u n e  con  q u e s t ' u l t i m o  il c i t oc romo  e s t r a t t o  da l -  
l ' e p a t o p a n c r e a s  di sepia  h a  d iverse  a l t r e  p rop r i e t~  come  
pe r  esempio  quel la  di n o n  da re  u n  e m o c r o m o g e n o  con  la 
p i r i d i n a  e di n o n  pe rde re  il g r u p p o  p ros t e t i co  dopo  t r a t t a -  
m e n t o  con  ace tone  acido.  A d i f fe renza  del  c i toc romo c di 
m a m m i f e r o ,  il p i g m e n t o  di sepia  n o n  res is te  al  calore  e 
agli  acidi ;  ~ p r e c i p i t a t o  dal  so l fa to  di  a m m o n i o  al  75% di 
s a t u r a z i o n e  e s e d i m e n t a  dopo  p r o l u n g a t a  cen t r i fugaz ione  
a 105000 x g. N o n  ~ oss ida to  da l la  c i toc romoss idas i  di  
m a m m i f e r o .  

5 I~. 12. HARTREI~, in K. PEACH and M. V. TRaCEY, Modern Meth- 
ods of Plant Analysis 4, 197 (1955). 

T h e  Effect  of  s o m e  C o m m o n  F i x a t i v e s  
o n  the  E n z y m a t i c  Ac t iv i ty  of  R i b o n u c l e a s e  

W h i l e  s t u d y i n g  t h e  a c t i o n  of r ibonuc lease  o n  l iv ing  
oocy tes  of s tarf ish ,  i t  was  found  t h a t  a f t e r  freeze subs t i -  
t u t i o n  b a s o p h i t y  d i s a p p e a r e d  f r o m  t h e  c y t o p l a s m  e v e n  
t h o u g h  t h e  oocy tes  were t r e a t e d  w i t h  r ibonuc lease  o n l y  
for  5 min .  On  t he  o t h e r  h a n d ,  t he re  was  no  loss in  baso-  
p h i l y  w h e n  t h e y  were  f ixed in Zenker .  These  resu l t s  are  
s imi la r  to  w h a t  BRACHET 1 obse rved  in  t h e  case of on ion  
roo t  t ips.  I n  l a t e r  e x p e r i m e n t s ,  i t  was  obse rved  t h a t  t h e  
e n z y m a t i c  a c t i v i t y  of r ibonuc lease  was  no t  d e s t r o y e d  b y  
freeze s u b s t i t u t i o n .  (A de ta i l ed  a c c o u n t  of th i s  work  will 
be  p u b l i s h e d  later .)  

GHOSH ~ h a s  r e p o r t e d  t h a t  a f t e r  f reez ing  a n d  t h a w i n g  
t h e r e  is no  loss in  a c t i v i t y  of DNase ,  as d e t e r m i n e d  b y  i t s  
c a p a c i t y  to  r educe  Feu lgen  s t a inab i l i t y .  LAGERSTEDT s h a s  
sugges ted  t h a t  R N a s e  a c t i v i t y  m i g h t  be  p r e s e n t  in  sec t ions  
of p a n c r e a s e  f ixed in C a r n o y ' s  fluid, and ,  a f t e r  t h e  add i -  
t i o n  of M c I l v a i n e ' s  Buffer  i t  m a y  in i t i a t e  R N A  diges t ion .  

W h e n  t h i s  p a p e r  was  u n d e r  p r e p a r a t i o n ,  JONSSON a n d  
LAGERSTEDT 4 r e p o r t e d  t h a t  R N a s e  a c t i v i t y  was r e t a i n e d  
in t h e  sec t ions  of p a n c r e a s  fixed in Carnoy,  whi le  m eas u r -  
able  R N a s e  a c t i v i t y  could  n o t  be d e m o n s t r a t e d  in t h e  
f o r m a l d e h y d e  fixed ma te r i a l .  

T h e  p r e s e n t  w o r k  was  u n d e r t a k e n  w i t h  a v iew to 
a s c e r t a i n i n g  t h e  effects  of  some c o m m o n  f ixa t ives  l ike 
a l coho l - - ace t i c  ac id  (3:1) ,  Se r ra  a n d  Zenker .  

Methods.--Four t u b e s  were  taken-  a n d  in to  each  2 m l  
of R N a s e  ( A r m o u r  Crys ta l l ine ,  2 mg/ml )  were p i p e t t e d .  

1 j .  BRACHI~T, Biochem. biophys. Aeta 19, 583 (1956). 
C. GHOSH, Stain Techn. 31, 1 (1956). 

3 S. LAGERSTEDT, Expcr. lZ, 425 (1956). 
4 N. JoNssoN and S. LAG:ERSTEDT, Exper. 13, 321 (1957). 

To the  f i rs t  t u b e  was  a d d e d  1 ml  of a lcohol -ace t ic  acid, 
to  t h e  second 1 mt  of Serra ,  t o  t h e  t h i r d  1 m l  of Zenker  
a n d  to  t h e  f o u r t h  i m l  of d is t i l led  wate r .  Af te r  t ho rough  
mix ing ,  t h e  r e spec t ive  m i x t u r e s  were  a l lowed to  s t a n d  for 
1 h a t  r oom t e m p e r a t u r e  (22°C). T h e  m i x t u r e s  were then  
d ia lysed  in  s epa ra t e  ce l l ophane  bags  aga in s t  dis t i l led wa- 
t e r  for  24 h. W h e n  Z e n k e r  was a d d e d  to t h e  R N a s e  solu- 
t ion ,  t h e  l a t t e r  b e c a m e  c loudy,  p r o b a b l y  due  to  the 
p r e c i p i t a t i o n  of R N a s e  b y  t h e  mercu r i c  sa l ts  p r e s e n t  in 
t h e  f ixat ive.  

Af te r  t h e  dialysis,  t h e  c o n t e n t s  of t he  bags  were 
cen t r i fuged ,  a n d  t h e  s u p e r n a t a n t  in  each  was  a d j u s t e d  to 
equa l  vo lumes  w i t h  dis t i l led  wate r .  T h e  e n z y m a t i c  acti- 
v i t y  of t he se  so lu t ions  was d e t e r m i n e d  acco rd ing  to  the 
m e t h o d  of KUNITZ 5. 
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I t  is e v i d e n t  f rom t h e  resu l t s  o b t a i n e d  (Figure)  t h a t  
o n l y  t h e  so lu t ion  w h i c h  was  m i x e d  w i t h  Z e n k e r  los t  all  its 
e n z y m a t i c  ac t iv i ty ,  whi le  t h e  r e s t  r e t a i n e d  a l m o s t  all  of 
it. T h e  R N a s e  a c t i v i t y  pe r  m i n u t e  ca l cu la t ed  for e ach  of 
these  so lu t ions  is of t he  va lue  of 0.006 for t he  control ,  
0.005 for t he  so lu t ion  m i x e d  w i t h  a lcohol -ace t ic  acid and 
0.004 for  the  one  m i x e d  w i t h  Serra.  

Accord ing  to JONSSON a n d  LAGERSTEDT, fo rmaldehyde-  
f ixa t ion  des t roys  t he  e n z y m a t i c  a c t i v i t y  of RNase .  The 
re su l t s  o b t a i n e d  b y  me show t h a t  t h e  f ixat ive ,  Serra, 
t h o u g h  i t  c o n t a i n s  formal in ,  does  n o t  i n a c t i v a t e  RNase.  
T h i s  m a y  be  due  to  t h e  f ac t  t h a t  t h e  i n a c t i v a t i o n  of 
:RNase b y  fo rma l in  is r eve r s ib le  o n  dialysis .  

These  r e su l t s  i nd i ca t e  t h a t  R N a s e  does n o t  lose its 
e n z y m a t i c  p r o p e r t y  a f t e r  f ixa t ion  in  c e r t a i n  fixatives,  
a n d  w h e n  these  f ixa t ives  are  c o m p l e t e l y  r e m o v e d  during 
t he  process  of w a s h i n g  a n d  d e h y d r a t i o n ,  t h e  e n z y m e  can 
diges t  t h e  R N A  of t h e  sec t ions  a f t e r  h y d r a t i o n  of t hem.  
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Rdsumg  
On a 6tudi6 I ' e f fe t  de  d ivers  f ixa t eu r s  h is to logiques  

sur l ' a c t iv i t~  de  la r ibonucl~ase  e t  discut6 la signifi- 
cat ion des r~su l ta t s  p o u r  le t r a v a i l  cy to log ique .  

The Effect of P h o s p h a t e  on C r e a m  Xanthine  
Ox idase  

Metal lof lavo-prote in  enzymes  can  be ac t iva t ed  under  
certain condi t ions  by  o r thophospha te  ions. This  fact ,  and 
the suggested in te rac t ion  of phospha te  and these enzymes  ~ 
prompted  an inves t iga t ion  of the  effect of phospha te  on 
cream xan th ine  oxidase.  
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Fig. 1.--The effect of heating and of phosphate on cream xanthine 
oxidase. 0.1 p M xanthine,  0.3 ml xanthine oxidase (1:100 in Tris), 
(at right} 0-1 ml of 2,6-dichlorophezlol indophenol (~¢0 rag/100 ml). 
Completed to 3-0 ml with 0-1 M phosphate, pH 7-8; or 0-05 M Tris, 
pH 7.8 (as indicated). Temperature 24°C. Curves :~: 1 and 2: freshly 

diluted enzyme; curves ~ S and 4: heated 6-5 h at  37°C. 

Cream xan th ine  oxidase  (Nutr i t ional  Biochemical  Co., 
lot @ 9493) was k e p t  frozen, and  was di lu ted for use 
1 : 100 wi th  Tris (Sigma) buffer,  p H  7.8, 0.05 21dr. All o ther  
reagents were dissolved in the  same buffer or  in water .  
Xanth ine  oxidase ac t iv i ty  was assayed spectrophoto-  
metrically in the  B e c k m a n n  D U  spect rophotometer .  Oxy-  
gen reduct ion,  as measured  by  uric acid format ion,  was 
determined by  recording the  changes of opt ical  densi ty  a t  
298 m/l, the  reduc t ion  of dye (2,6-dichlorophenol-indo- 
phenol; Fisher) was de te rmined  a t  600 m F, xanth ine  
being used as subs t ra te  in bo th  cases. All assays were 
carried ou t  in (a) 0.1 M or thophosphate ,  p H  7.8, or (b) 
0.05 M Tris, p H  7.8. 

When freshly d i lu ted  enzyme was used, no difference 
was observed in oxygen  reduct ion,  be tween  reactions car-  
ried ou t  in phospha te  or Tris buffers.  However ,  when the  
reaction was run  in phosphate ,  the  reduc t ion  of dye  was 
inhibited abou t  one th i rd  in re la t ion to  the  react ion ra te  
observed wi th  Tris  buffer  (Fig. 1). W h e n  the  di luted 
enzyme (working solution) was aged by  s tanding  in the  
freezer, enzymic  a c t i v i t y  decreased, bo th  for the  reduc-  
tion of oxygen  as well  as of dye. Unde r  these conditions,  
phosphate caused a par t ia l  res t i tu t ion  of ac t iv i ty ,  when 
oxygen was used as e lec t ron acceptor ;  on the  o ther  hand 
the inhibi t ion of dye reduct ion  disappeared,  phosphate  
causing even some s t imula t ion  of the  ac t iv i ty  of the  aged 
enzyme in some exper iments .  

The inac t iva t ion  of xan th ine  oxidase could also be pro- 
duced by  hea t ing  the  working  solut ion in water  b a t h  a t  
37°C. Incuba t ion  a t  37°C for 6.5 h in the  Dubnoff  shaker  
caused no tu rb id i ty ,  nor  changes in optical  densi ty  a t  
260 or 280 in f .  Hea t i ng  the  enzyme in Tris buffer caused 
greater loss of a c t i v i t y  t h a n  hea t ing  the  enzyme dis- 

solved in phosphate .  The  ac t i v i t y  of xan th ine  oxidase 
was reduced to the  same degree wi th  b o t h  oxygen  as well 
as dye as electron acceptor.  The  longer  the  enzyme  was 
heated,  t he  greater  was the  s t imula t ion  of x a n t h i n e  oxyd-  
ase ac t iv i ty  caused by  phosphate ,  when  oxygen  was  used 
as electron aeceptor ;  on the  o the r  hand,  wi th  dye  as 
electron acceptor,  the  inhibi t ion caused by  phospha t e  
decreased wi th  progressive heat ing.  The  effect  of  phos-  
pha te  on enzymic  reduct ion  of oxygen  va r i ed  wi th  t he  
exper imenta l  condi t ions :  Phospha te  caused a pa r t i a l  
reac t iva t ion  when  the  enzyme  was hea ted  for 6-5 h a t  
37°C, bu t  no reac t iva t ion  could be observed  when  the  
enzyme was hea ted  for 10 min a t  55°C. 

I t  then was of interes t  to verify,  whe the r  phospha t e  
could not  only restore the ac t i v i t y  of xan th ine  oxidase,  
bu t  could also pro tec t  the  enzyme agains t  inac t iva t ion  
due to aging. For  this purpose,  xan th ine  oxidase was 
diluted 1:100 with  (a) Tris buffer, p H  7.8, 0.05 M ,  or 
(b) 0.1 M phosphate ,  p H  7.8. Both  solutions were kep t  
a t  + 4°C for 14 days, and then  tes ted for reduc t ion  of dye  
and of oxygen,  in both  buffers (Fig. 2). The  results  paral -  
lel those reported above.  The enzyme  was inac t iva ted  to 
a lesser degree when dissolved in phospha te  than  when  
dissolved in Tris, if oxygen  was used as electron acceptor .  
The aged enzyme was s t imula ted  when the  assay was 
carried out  in phosphate.  W i t h  dye as electron acceptor ,  
the  inhibi t ion caused by phospha te  d isappeared on aging,  
and the  presence or absence of phospha te  dur ing assay 
had l i t t le  effect. 

I t  is known t h a t  folic acid and o ther  pter idines  are  pa-  
t en t  inhibitors of xanth ine  oxidase I. The  inhibi t ion  caused 
by  folic acid (Folvite,  Lederle) is much  less when  dyes  are 
used as electron acceptor,  t han  when  oxygen  is used as 
electron acceptorL I t  was found (Table), t h a t  the  degree 
of inhibit ion caused by folic acid was inversely  re la ted to 
the enzymic  ac t iv i ty  observed in absence of inhibi tor .  
Phosphate  afforded a par t ia l  p ro tec t ion  agains t  the  in- 
h ibi tory  effect of folic acid. 
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Fig. 2.--The effect of phosphate and of aging on cream xanthine 
oxidase. Assay conditions as in Figure 1. The diluted enzyme had 
been kept in 0"05 M Tris, pH 7-8 (T), or in 0-1 M phosphate, pH 7-8 

(1'), for 14 (lays a t  I- 4°C. 

Other  buffers tes ted  (in absence of  folic acid) had  the  
same effect on c ream xan th ine  oxidase  as Tris buffer .  
When  c ream xan th ine  oxidase was s tored for several  
months ,  even  when kep t  frozen, t i le descr ibed effects of 
phosphate  could no longer be observed with  freshly di lut -  
ed working solution. This  probably  indicates t h a t  af ter  pro-  
longed storage, the enzyme is i r revers ibly  al tered,  so t h a t  
phospha te  causes ahvays s t imula t ion  wi th  oxygen  as 
electron acceptor,  and has no effect when dye  is used 
as electron acceptor.  

1 H. R. 5IAIlLER, Adv. Enzymol. I7, ~33 (1956). 
R. FRIED, ill manuscript.  


