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A l t e r n a t i v e  M o l e c u l a r  F o r m s  o f  E r y t h r o c y t e  C a t a l a s e  

CatMase  in  m a m m a l i a n  t i s sues  is be l i eved  t o  b e  he t e ro -  
geneous  in  n a t u r e .  B y  c h r o m a t o g r a p h i c  s e p a r a t i o n  proce-  
d u r e s  m u l t i p l e  mo lecu l a r  fo rms  of l iver  c a t a l a se  z-a as  well  
as  e r y t h r o c y t e  ca t a l a se* -"  h a v e  b e e n  obse rved .  B y  c o l u m n  
c h r o m a t o g r a p h y  o n  D E A E  cellulose ca t a l a se  a c t i v i t y  in  
h e m o l y s a t e  of n o r m a l  h u m a n  red  cells c a n  be  s e p a r a t e d  
i n to  3 f r ac t ions  4. T h e y  differ  f rom each  o t h e r  in r e spec t  
to  e l ec t rophore t i c  m o b i l i t y  a n d  m o l a r i t y  of t he  buf fe r  
r equ i r ed  for  e lu t ion  (A < B < C). THORUP e t  al. 4 h a v e  
s h o w n  t h a t  f r ac t ions  A a n d  B are  uns t ab le ,  i n a s m u c h  as 
t h e y  t e n d  to  c o n v e r t  to  f r ac t i on  C. Th i s  is in  a g r e e m e n t  
w i t h  a n  ear l ier  f ind ing  t h a t  ca ta l a se  a c t i v i t y  in h e m o l y s a t e  
shows a n  increase  in e l ec t rophore t i c  m o b i l i t y  u p o n  s tor -  
age 7. 

S u c h  m o l e c u l a r  conve r s ions  are  n o t  c o n s i s t e n t  w i t h  t h e  
c o n c e p t  of i soenzymes .  The re fo re  i t  s eemed  of i n t e r e s t  
to  i n v e s t i g a t e  f u r t h e r  t h i s  h e t e r o g e n e i t y  of e r y t h r o c y t e  
ca t a l a se  b y  s t u d y i n g  i ts  e l ec t rophore t i c  a n d  c h r o m a t o -  
g raph ic  p r o p e r t i e s  u n d e r  v a r i o u s  e x p e r i m e n t a l  condi t ions .  
E v i d e n c e  h a s  b e e n  o b t a i n e d  b y  c h r o m a t o g r a p h y  t h a t  
e r y t h r o c y t e  ca t a l a se  is p r e s e n t  in  a s ingle  fo rm exc lus ive ly  
( co r r e spond ing  to  THORUF'S f r ac t ion  A), p rov ided  t h a t  all  
o p e r a t i o n s  f rom h e m o l y s i n g  t h e  cells to  e lu t ing  t h e  
c o l u m n  are  car r ied  o u t  in  a n  oxygen- f ree  e n v i r o n m e n t .  
On  t h e  o t h e r  h a n d ,  a n y  o t h e r  p r o p o r t i o n  of A : B : C  can  
be  o b t a i n e d  acco rd ing  to  t h e  m o d e  of h a n d l i n g  t h e  hemo-  
lysa te  p r io r  to  c h r o m a t o g r a p h i c  analys is .  Thus ,  a f t e r  pro-  
longed  s to rage  in p resence  of oxygen  all  c a t a l a se  a c t i v i t y  
is e lu ted  in fo rm of f r ac t ion  C only.  So fa r  t h i s  v a r i a b i l i t y  
of t h e  e lu t ion  p a t t e r n  ha s  been  o b s e r v e d  in e r y t h r o c y t e  
ca t a l a se  of m a n  a n d  horse.  A l t h o u g h  t h e r e  m i g h t  be  some 
species differences,  s imi la r  r e su l t s  h a v e  b e e n  o b t a i n e d  
w i t h  b o t h  p r e p a r a t i o n s .  

F o r  t h e  s t u d y  of t h e  c h r o m a t o g r a p h i c  p a t t e r n  of 
e r y t h r o c y t e  ca t a l a se  o n  D E A E  cellulose, 3 t y p e s  of exper i -  
m e n t s  were  pe r fo rmed .  I n  t h e  s t a n d a r d  p r o c e d u r e  accord-  
ing to  THORUP e t  al. 4 t h e  h e m o l y s a t e  was  p r e p a r e d  w i t h  
d is t i l led  wate r ,  f reed f rom s t r o m a  b y  f i l t ra t ion ,  d ia lysed  
aga in s t  0 . 0 0 3 M  p h o s p h a t e  buf fe r  p H  6.8 a n d  app l ied  to  
t he  co lumn.  I n  t h e  case of t h e  h u m a n  e n z y m e  (Figure  la )  
ca t a l a se  a c t i v i t y  is e lu ted  in  2 peaks ,  t h e  f i rs t  a t  0 . 0 1 2 M  
cons i s t ing  of f r ac t ions  A a n d  B, a n d  t h e  second ( f rac t ion 
C) a t  0 . 0 5 M  p h o s p h a t e  p H  6.8, respec t ive ly .  I n  F igure  2b 
t he  p a t t e r n  of ca t a l a se  a c t i v i t y  f rom horse  e r y t h r o c y t e s  
shows 3 peaks ,  2 a t  0 . 0 1 2 M  (A a n d  B) a n d  1 a t  0 . 0 5 M  
p h o s p h a t e  ( f rac t ion  C). A c o m p a r i s o n  of t he  e lu t ion  
p a t t e r n s  in  F i g u r e  l a  a n d  2b revea l s  t h a t  in  t h e  l a t t e r  
case a b e t t e r  s e p a r a t i o n  of f r ac t ions  A a n d  13 can  be  
ach ieved .  

I n  a n o t h e r  series of e x p e r i m e n t s  t h e  h e m o l y s a t e s  were  
p r e p a r e d  in  a n  oxygen- f ree  e n v i r o n m e n t  a n d  in  p resence  
of E D T A  in o rde r  to  p r e v e n t  ox ida t ion .  All  buf fe r s  were  
s a t u r a t e d  w i t h  n i t rogen ,  t he  D E A E  cellulose was  w a s h e d  
w i t h  E D T A .  F igu re  l b  a n d  2a d e m o n s t r a t e  t h a t  b o t h  
ca t a l a se  of h u m a n  a n d  horse  e r y t h r o c y t e s  a re  e lu ted  in 1 
h o m o g e n o u s  p e a k  b y  0 . 0 1 2 M  p h o s p h a t e .  

F o r  t h e  t h i r d  t y p e  of e x p e r i m e n t  t he  h e m o l y s a t e  pre-  
p a r e d  as  usua l  was  d ia lysed  for  60 h a t  4°C aga in s t  
o x y g e n  s a t u r a t e d  s t a r t i n g  buffer .  The  c h r o m a t o g r a p h i c  
p a t t e r n  s h o w n  in F igu re  2c also revea ls  one  single peak ,  
b u t  he re  ca t a l a se  is e lu ted  on ly  a f t e r  t h e  c o n c e n t r a t i o n  of 
t h e  buf fe r  h a s  b e e n  ra i sed  to  0 . 0 5 M  p h o s p h a t e .  The  over-  
al l  y ie ld  in  a l l  c h r o m a t o g r a p h i c  s e p a r a t i o n  e x p e r i m e n t s  
was  m o r e  t h a n  80%,  i n d i c a t i n g  t h a t  t h e r e  were  no  gross 
changes  in  t h e  specif ic  a c t i v i t y .  

T h e  f r a c t i o n s  o b t a i n e d  f rom h u m a n  h e m o l y s a t e  b y  
c h r o m a t o g r a p h y  di f fer  in  e l ec t rophore t i c  m o b i l i t y  on  

s t a r c h  gel a t  p H  8.0, as  could  be  expec t ed  f rom t h e  
c h r o m a t o g r a p h i c  b e h a v i o u r :  ca t a l a se  f rom t h e  0.0123~r 
e lu t ion  s t ep  (A) h a d  a s lower  anod ic  e l ec t rophore t i c  
m o b i l i t y  t h a n  ca t a l a se  f rom t h e  0 . 0 5 M  s tep  (C). A n  
ana logous  d i f ference  in e l ec t rophore t i c  mob i l i t y  was  ob-  
se rved  w h e n  f resh ly  p r e p a r e d  h e m o l y s a t e  was c o m p a r e d  
w i th  h e m o l y s a t e  s to red  for severa l  days  a t  4 °C, c a t a l a s e  
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Fig. 1. Chromatography of hemolysates from human erythrocytes on 
DEAE cellulose columns. Elution with Na-K-phosphate buffer, pH 
6.8, 0.003, 0.012 and 0.05M respectively, 4°C; • = catalase activity 
(k/ml)lS; o = hemoglobin (optical density 540 nm); - - -  OD 280 nm; 
. . . . .  conductivity (k ~2-acm-Z). (la) Standard procedure (TrtoRuv 
et al.4), without special precautions. Dimensions of column 22 × 1.6 
era; flow rate 40ml/h; 10ml fractions. (lb) Preparation of hemolysate 
and chromatography in the absence of oxygen and free heavy metals. 
Addition of EDTA at a finalconcentration of 0.1 M to the hemolysate; 
dialysis of hemolysate against starting buffer. The DEAE cellulose 
was washed with 0.I M EDTA and equilibrated with starting buffer. 
All solutions and buffers were N 2 saturated. Column 45 × 4.9 cm; 
flow rate 200 ml[h; 10.5 ml fractions. Note: The etution patterns 
were independent of the load within the range used above. 
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in old hemolysa t e s  mov ing  fas te r  t h a n  the  one in a f resh 
sample .  If  mix tu re s  con ta in ing  ' f as t '  and  ' s low'  mov ing  
ca ta lase  are analysed,  a comple te  e lec t rophore t ic  separa-  
t ion  can be ob t a ined  (Figure 3). A more  de ta i led  s t u d y  of 
th is  ' age ing '  p h e n o m e n o n  has  disclosed t h a t  u n d e r  aerobic 
condi t ions  (i.e. in equi l ibr ium wi th  air) e lec t rophore t ic  
mobi l i ty  of ca ta lase  in h e m o l y s a t e  s teadi ly  increases  
wi th in  a per iod  of a b o u t  8 days.  However ,  if iodoaceta-  
mide  is a d d e d  i m m e d i a t e l y  a f te r  hemolys i s  (20 raM,  
which  is e s t i m a t e d  to  be a 4-fold molar  excess  over  t he  
thiol  groups  in hemolysa t e ;  p H  8.7) no a l t e ra t ion  of 
e lec t rophore t ic  mobi l i ty  is obse rved  wi th in  10 days.  A 
similar  effect  is ob t a ined  b y  add ing  c y s t a m i n e  to  t he  
hemolysa t e  (10-fold mola r  excess,  50 m M ,  p H  8.7). Con- 
sequent ly ,  a lky la t ion  of SH-groups  or f o rma t ion  of a 
mixed  d isu lphide  seem to  inh ib i t  t he  a l t e ra t ions  in t he  
molecular  s t r uc tu r e  of ca ta lase  responsib le  for th is  in- 
crease in e lec t rophore t ic  mobi l i ty .  
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Fig. 2. Chromatography of hemolysates from horse erythrocytes on 
DEAE cellulose. The same buffers and symbols are used as listed in 
legend to Figure 1. (2a) Chromatography in the absence of oxygen 
and free heavy metals. Same conditions as described for Figure lb. 
Dimensions of column 21.5 × 2.0 cm; flow rate 60 ml/h; 10 ml 
fractions. (2b) Standard procedure. Dimensions of column 23 x 1.6 
cm; flow rate 60 ml/h; fraction volume 10 ml. (2c) Standard procedure 
with the exception that the hemolysate was dialysed for 60 h against 
O s saturated starting buffer prior to analysis. Column 16 × 1.6 cm; 
flow rate 120 ml/h; fraction volume 10 ml. 

On the  o the r  hand ,  i t  is possible  to  r econve r t  f rac t ion  
C to  f rac t ion  A ca ta lase  in vi tro.  This  has  been  accom- 
pl i shed by  incuba t ing  a sample  of pur i f ied f rac t ion  C w i t h  
m e r c a p t o e t h a n o l  a t  alkal ine p H :  ca ta lase  in a concen t ra -  
t ion of 2.85 × 10-SM was t r e a t ed  wi th  5 × 10 -4M mer-  
c a p t o e t h a n o l  in O.05M bora t e  buffer,  p H  8.2 (conta ining 
0 .05M EDTA)  for 75 rain a t  37°C. Af te r  desa l t ing  b y  
passage  t h r o u g h  a Sep h ad ex  G-25 co lumn  (equi l ibra ted 
w i t h  0 .003M p h o s p h a t e  buffer  p H  6.8, 0 .001M E D T A  
and  10 -4M mercap toe thano l )  t he  ef f luent  was  rechro-  
m a t o g r a p h e d  on D E A E  cellulose a t  p H  6.8, t he  p h o s p h a t e  
buffers  con ta in ing  10-6M mercap t o e t h an o l .  The e lut ion 
p a t t e r n  revea led  t h a t  - unde r  these  condi t ions  - a b o u t  
85% of ca ta lase  a c t i v i t y  have  been  t r a n s f o r m e d  to  a 
species of ca ta lase  which  is e lu ted  b y  0 .012M p h o s p h a t e  
buffer  and  there fore  has  t he  same c h r o m a t o g r a p h i c  
p roper t ies  as f rac t ion  A. 

These  obse rva t ions  sugges t  t h a t  in t he  red  cell ne i the r  
ca ta lase  i soenzymes  can be observed,  nor  is t he re  a 
s ignif icant  equi l ibr ium b e t w e e n  several  labile molecular  
forms.  I f  s econda ry  ox ida t ion  is avoided,  f rac t ion  A is 
found  exclusively.  This  na t ive  fo rm of ca ta lase  is con- 
ve r t ed  to  f rac t ion  C in presence  of oxygen.  Since th is  
convers ion  can be inh ib i ted  by  a lky la t ion  of SH-groups  
or fo rma t ion  of mixed  disulphides ,  i t  seems t h a t  ox ida t ion  
of th io l -groups  to  S-S-br idges  is invo lved  in th is  s t ruc tu ra l  
change.  This  i n t e rp r e t a t i o n  is also s u p p o r t e d  by  the  fac t  
t h a t  th is  t r a n s f o r m a t i o n  can be reversed  b y  mercap to -  
e thanol .  I t  is possible  t h a t  t h e  a l t e rna t ive  fo rms  A, B, C 
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Fig. 3. Starch gel electrophoresis (SMITHIES 8) of catalase fractions 
from DEAE cellulose chromatography and of fresh and stored human 
hemolysates. Visualization of catalase by means of THORUP'S tech- 
nique ~. Vessel buffer: Na-K-phosphate pH 8.0, 0.067M; gel buffer: 
vessel buffer diluted 1 : 10. Eleetrophoresis at 4 °C for 16-18 h at 120 V 
and 12 mA for a gel of 21.5 × 6 × 0.8 cm. Samples of 20/,1 containing a 
total catalase activity of 0.15 k were applied to the gel. 1, fraction A 
from hemolysate; 2, fraction C from hemolysate; 3, total hcmolysate 
immediately after hemolysis with distilled water; 4, hemolysate 
stored for 7 days at 4°C; 5, mixture of equal parts of samples 2 
and 3. 

8 O. SMITHIES, Biochem. J. 61, 629 (1955). 
90.  A. THORUP, W. S. STROLE and B. S. LEAVELL, J. Lab. Clin. 

Med. 58, 122 (1961). 
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of e r y t h r o c y t e  ca t a l a se  r e p r e s e n t  d i f fe ren t  c o n f o r m a t i o n s  
(conformers)  of t h e  s ame  molecule  as. 

B y  a p p l y i n g  t h e  s t a n d a r d  s e p a r a t i o n  p rocedure ,  i t  h a s  
been  d e m o n s t r a t e d  t h a t  r e t i cu locy tes  show a h i g h e r  A/C 
r a t i o  t h a n  old r ed  ce l l s* ,n  I n  v iew of t h e  resu l t s  p r e s e n t e d  
here,  i t  seems p r o b a b l e  t h a t  t h e  cons i de r ab l y  h ighe r  
m e t a b o l i c  a c t i v i t y  of t h e  r e t i cu locy te  (e.g. r e g e n e r a t i o n  
of G S H )  m a y  cause  a h i g h e r  degree  of r e d u c t i v e  p r o t e c t i o n  
d u r i n g  t h e  f r a c f i o n a t i o n  procedure .  S e c o n d a r y  a l t e r a t i o n s  
of s imi la r  n a t u r e  h a v e  been  o b s e r v e d  w i t h  o t h e r  r ed  cell 
e n z y m e s  such  as G - 6 - P D  a n d  G O T  x2, s t r ess ing  t h e  im- 
p o r t a n c e  of a r e d u c i n g  e n v i r o n m e n t  for m a i n t e n a n c e  of 
t h e  s t r u c t u r e  of red  cell enzym es  ~*,~s. 

Zusammen fas sung .  K a t a l a s e  aus  E r y t h r o c y t e n  v o m  
M e n s c h e n  (und  Pferd)  liisst s ich s A u l e n c h r o m a t o g r a p h i s c h  
u n d  e l e k t r o p h o r e t i s c h  in dre i  F r a k t i o n e n  A, B n n d  C auf-  
t r e n n e n ,  wobe i  die F r a k t i o n e n  A u n d  B die T e n d e n z  h a b e n ,  
in  die F r a k t i o n  C f iberzugehen.  D u r c h  C h r o m a t o g r a p h i e  
u n t e r  Aussch luss  y o n  L u f t s a u e r s t o f f  k o n n t e  gezeigt  
werden ,  dass  die K a t a l a s e  in  den  E r y t h r o z y t e n  in der  
F o r m  A vof l iegt .  Se t z t  m a n  das  H~imolysat  dagegen  
einige Ze i t  L u f t s a u e r s t o f f  aus,  wi rd  die K a t a l a s e  bei  de r  
C h r o m a t o g r a p h i e  in  F o r m  C eluier t .  SH-b lock ie r ende  
R e a g e n t i e n  v e r h i n d e r n  die U m w a n d l u n g  y o n  A in C, 
w i ih rend  C m i t  M e r c a p t o i t t h a n o l  zu A r e d u z i e r t  werden  
k a n n .  E s  wi rd  a n g e n o m m e n ,  dass  d e m  t3be rgang  yon  

F r a k t i o n  A in B u n d  C eine B i l d u n g  v o n  Di su l f idb r i i cken  
z u g r u n d e  l ieg t  u n d  dass  es s ich bei  den  b e o b a c h t e t e n  
a l t e r n a t i v e n  F o r m e n  m6gl icherweise  u m  K a t a l a s e - K o n -  
fo rmere  h a n d e l t .  
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Prompt  Effect of Insul in in vitro on the Esterolytic Activity of Tissue  Homogenates  not  Modified by 
Act inomycin D 

I n  t h e  course  of our  s t u d y  of t h e  m e c h a n i s m  of insu l in  
ac t ion  in  t h e  l ipolyt ic  sys tem,  we cen t r ed  our  a t t e n t i o n  on  
t h e  role  of group-speci f ic  esterases .  I t  is poss ible  t h a t  these  
e n z y m e s  m i g h t ,  bes ides  l ipases,  t a k e  p a r t  in  l ipolysis.  
Es te rases ,  in  c o n t r a d i s t i n c t i o n  to  l ipases  ~,~, a c t  p r e d o m i -  
n a n t l y  o n  a q u e o u s  so lu t ions  of t h e  s ubs t r a t e s .  I n  sp i t e  of 
t h e  f ac t  t h a t  m o s t  t i s sues  c o n t a i n  c o m p l e x  m i x t u r e s  of 
es te rases  w i t h  h i g h  t o t a l  ac t iv i t i e s  3,4, t h e i r  phys io log ica l  
f u n c t i o n  ha s  so fa r  r e m a i n e d  u n e x p l a i n e d  5. 

I n  t h e  e x p e r i m e n t s  w h i c h  were  p a r t l y  r e p o r t e d  else- 
where  e,7, we h a v e  found  t h a t  t h e  es te ro ly t ic  s y s t e m  of 
ad ipose  t i ssue  f rom s t a r v e d  r a t s  is sens i t ive  in  v i t r o  to  
insul in .  These  r e su l t s  were  o b t a i n e d  a f t e r  p r e i n c u b a t i o n  
of s amp le s  of t h e  whole  t i s sue  w i t h  insu l in  in t h e  p re sence  
of NaC1. I n  t h i s  p a p e r  we h a v e  s tud ied  t h e  in f luence  of 
insu l in  in  v i t r o  on  t h e  es te ro ly t ic  a c t i v i t y  of  t i s sue  h o m o -  
gena tes  t a k e n  f rom fed as well  as  f rom s t a r v e d  r a t s  in  t h e  
p resence  of KC1 or NaC1 in t h e  m e d i u m .  Moreover ,  we 
h a v e  e x a m i n e d  w h e t h e r  t h e  t i s sue  es te ro ly t i c  a c t i v i t y  
changes  d u r i n g  f a s t i ng  a n d  w h e t h e r  insu l in  also ac t s  in  
v ivo  as  a n  induce r  or  supp re s so r  of t he  s y n t h e s i s  of 
es terases .  

Mater ia l s  and  methods. Alb ino  ~Vistar r a t s  ( inbred  
s t ra in )  we igh ing  150-200 g were  used.  T h e y  were  fed on  
t h e  usua l  L a r s e n  d ie t  s and,  before  t h e  expe r i m en t ,  were  
fed or  f a s t ed  for  48 a n d  96 h respec t ive ly .  

One  g roup  of r a t s  was  m a d e  d i abe t i c  b y  us ing  a l loxan-  
m o n o h y d r a t e  s. D i a b e t e s  p r o d u c e d  b y  a l l oxan  was  s t ab l e  
as  i n d i c a t e d  b y  p e r s i s t a n t  g tycosur ia  a n d  hype rg lycemia .  
Glucose  was  e s t i m a t e d  b y  glucose  ox idase  t e s t  10. I n s u l i n  
( In su l in  Spofa  p ro  in jec t ione)  a n d  a c t i n o m y c i n  D were  
app l ied  to  a l l o x a n - d i a b e t i c  r a t s  d u r i n g  24 h 9. 

E p i d i d y m a l  f a t  p a d  or  m y o c a r d i u m ,  f emora l  muscles ,  
lungs,  l iver,  a n d  k i d n e y  were  weighed  i m m e d i a t e l y  a f t e r  

k i l l ing t he  a n i m a l s  a n d  h o m o g e n a t e d  in dis t i l led  w a t e r  
b y  us ing  a glass h o m o g e n i z e r  of P o t t e r - E l v e h j e m  t y p e  as 
well  as sea  s a n d  (under  s t a n d a r d  condi t ions) .  Fo r  e s t ima-  
t i on  were  used samples  of 0.1 ml  of s u p e r n a t a n t  f luid 
o b t a i n e d  a f t e r  c e n t r i f u g a t i o n  a t  2000 g. E a c h  s a m p l e  
r e p r e s e n t e d  2 m g  of t issue.  

F o r  t h e  d e t e r m i n a t i o n  of es te ro ly t ic  a c t i v i t y  was  used  
2 - n a p h t o l a c e t a t e  d issolved in 0 . 2 M  v e r o n a l  buf fe r  p H  7 
(adipose t i ssue  a n d  ske le ta l  muscle)  or  7.5 ( m y o c a r d i u m  
a n d  lungs) .  T h e  l i b e r a t e d  2 -naph to l  was  d e t e r m i n e d  
co lor imet r ica l ly  n or  f luo r ime t r i ca l ly  1.. I n  t he  s amples  of 
t i s sue  h o m o g e n a t e s  p ro t e in s  were d e t e r m i n e d  s imi la r ly  b y  
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