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S t a b i l i z i n g  Effect  of A n t i - N o r m a l  E r y t h r o c y t e  C a t a l a s e  A n t i b o d y  on  th e  L a b i l e  C a t a l a s e  
V a r i a n t  P r e s e n t  in  S w i s s - T y p e  A c a t a l a s e m i a  

I t  has  been  shown  t h a t  res idua l  ca ta lase  a c t i v i t y  
p r e sen t  in  blood of i nd iv idua l s  h o m o z y g o u s  for Swiss- type  
aca t a l a semia  is a m u t a n t  f o rm  of t he  enzyme.  This  
ca ta lase  v a r i a n t  differs f rom t he  n o r m a l  e n z y m e  b y  i ts  
r educed  t h e r m o s t a b i l i t y ,  i ts  acce le ra ted  i n a c t i v a t i o n  in 
c o n c e n t r a t e d  urea,  as wel l  as b y  i ts  lower  e lec t rophore t i c  
m o b i l i t y < %  I m m u n o l o g i c a l l y  t he re  is on ly  p a r t i a l  cross 
r e a c t i v i t y  b e t w e e n  t he  n o r m a l  a n d  t he  m u t a n t  enzyme~.  
The  reason  for t he  i n s t a b i l i t y  of t h i s  m u t a n t  ca ta lase  is 
no t  known.  I t  m a y  be  exp la ined  in va r ious  ways.  One of 
t he  possibi l i t ies  is, t h a t  t h e  r ap id  loss of a c t i v i t y  in  v ivo  
a n d  in v i t ro  is due  to  a n  acce le ra ted  decompos i t i on  of t h e  
ac t ive  ol igomeric  fo rm in to  i nac t i ve  subun i t s .  

As d e m o n s t r a t e d  in a n u m b e r  of ins t ances  i t  is possible  
to  e n h a n c e  t he  s tab i l i ty ,  of an  e n z y m e  cons ide rab ly  b y  
complex  f o r m a t i o n  w i t h  i t s  specific an t i body ,  e.g. 
penic i l l inase  4, ace ty lcho l ines te rase  5, fl_D_galactosidase 6, 7. 
This  p rocedure  for s tab i l iz ing  a g iven  c o n f o r m a t i o n  of the  
molecule  is pa r t i cu l a r l y  effect ive  in  u n s t a b l e  e n z y m e  
va r i an t s .  U n d e r  su i t ab le  cond i t ions  t he  a c t i v i t y  of such  
a defect ive  e n z y m e  can  be  b r o u g h t  to  t he  level  of i t s  
n o r m a l  c o u n t e r p a r t .  R e c e n t l y  FEINSTEIN s, 9 has  shown,  
t h a t  th i s  is t r u e  for m u r i n e  aca ta l a semia .  I n  th i s  com- 
m u n i c a t i o n  ev idence  is p r e sen t ed  t h a t  t he  h e a t  s t ab i l i t y  
of t h e  h u m a n  ca ta lase  v a r i a n t ,  as p r e s en t  in  b lood  of 
A.  ]3., a n  ind iv idua l  h o m o z y g o u s  for Swiss- type  aca ta la -  
semia,  is cons ide rab ly  increased  in v i t ro  b y  t he  a d d i t i o n  
of a n t i - n o r m a l  e r y t h r o c y t e  ca ta lase  a n t i b o d y .  This  effect  
is seen, w h e t h e r  t h e  a n t i b o d y  is added  as t o t a l  IgG 
yie ld ing  a n  unso lub le  complex,  or is added  as a m o n o v a -  
l en t  F a b  f r a g m e n t  p r epa ra t i on ,  t h u s  g iv ing  rise to  t h e  
f o r m a t i o n  of a soluble a n t i g e n - a n t i b o d y - c o m p l e x .  

Methods .  The  specific a n t i - n o r m a l  h u m a n  e r y t h r o c y t e  
ca ta lase  a n t i b o d y  as well  as i ts  IgG f r ac t ion  were t he  same 
as those  descr ibed  previouslyS,  1~ T he  m o n o v a l e n t  F a b  
f r a g m e n t s  of IgG were p r e p a r e d  accord ing  to  CEBRA et  
al. n b y  us ing  an  insoluble  s e p h a r o s e - p a p a i n  con juga te~< 
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Effect of anti-catalase on normal (O [] A) and variant erythroeyte 
catalase (O II A) incubated at 47 ~ 1. In absence of antibodies (O O) ; 
2. in presence of antieatalase IgG-preparation (K] II) ; 3. in presence of 
antibody-Fab-fragments (& A). Detailed experimental conditions 
see text. 

The  a c t i v a t e d  p a p a i n  p r e p a r a t i o n  was a d d e d  to  t h e  IgG 
in  a 1:100 m o l a r  ra t io ,  i n c u b a t e d  for 6 h a t  37~ t h e n  
r e m o v e d  b y  f i l t ra t ion .  The  Fc f r a g m e n t s  were p r e c i p i t a t e d  
a f t e r  o v e r n i g h t  dia lysis  aga ins t  dis t i l led w a t e r  a t  4 ~ a n d  
r e m o v e d  b y  cen t r i fuga t ion .  The  r e m a i n i n g  F a b  frag- 
m e n t s  were  d ia lyzed  aga ins t  p h o s p h a t e  buf fe red  saline.  
Tile IgG was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  a s suming  
a n  E2s0 n m  (1~ of 14.01~; t h e  specific a n t i b o d y  concen-  
t r a t i o n  t h e r e i n  was ca lcu la ted  based  on  t he  q u a n t i t a t i v e  
p rec ip i t i n  t e s t  1~. 

Ca ta lase  p r e p a r a t i o n s  f rom n o r m a l  a n d  aca t a l a semic  
e r y t h r o c y t e s  were o b t a i n e d  a n d  t h e i r  a c t i v i t y  d e t e r m i n e d  
b y  rap id  t i t r a t i o n  t e c h n i q u e  as descr ibed  p rev ious ly  S, 15. 
The  re l a t ive  res idua l  a c t i v i t y  of bo th ,  n o r m a l  and  m u t a n t  
ca ta lase  p r e p a r a t i o n s  i n c u b a t e d  in p resence  or absence  of 
an t ibod ie s  was  expressed  as t he  p e r c e n t a g e  of t he  K~- 
va lue  (60 sec) m e a s u r e d  before  and  a t  t h e  end  of t he  
i n c u b a t i o n  a t  47 ~ 

Resu l t s .  N o r m a l  (a) a n d  m u t a n t  (b) e r y t h r o c y t e  ca ta l a se  
p r e p a r a t i o n s  were d i lu ted  to  s imi la r  c o n c e n t r a t i o n  (a) 
6.21 ~g/ml ;  b) 6.28 ~g/ml) a n d  p r e i n c u b a t e d  a t  0~ in 
p h o s p h a t e  buf fe red  sal ine for  90 rain.  Th i s  was  done  b y  
d iv id ing  t he  b a t c h e s  (a) a n d  (b) in to  3 a l iquo t s  each.  To 
a l iquo t  1, se rv ing  as a control ,  no  a d d i t i o n  was made.  To 
a l iquo t  2 an t i c a t a l a se  IgG p r e p a r a t i o n  (1.6 mg/ml)  a n d  
to a l i quo t  3 a n  ana logous  a m o u n t  of F a b - f r a g m e n t  (1.07 
mg/ml)  was  added.  The  re su l t ing  mo la r  a n t i g e n - a n t i b o d y  
ra t io  was a b o u t  1:2.5. I n  all  6 samples  t he re  was no  change  
in ca ta lase  a c t i v i t y  t h r o u g h o u t  t he  p r e i n c u b a t i o n  period.  
Af te r  this ,  t h e  samples  were i n c u b a t e d  a t  47~ 25 [xl 
a l iquo ts  were r e m o v e d  a t  d i f fe ren t  t imes  a n d  i m m e d i a t e l y  
used  for t he  d e t e r m i n a t i o n  of (residual) ca ta l a se  ac t iv i ty .  
The  resu l t  of a t yp i ca l  e x p e r i m e n t  is p r e sen t ed  in t he  
Figure.  The  d a t a  i nd i ca t e  t h a t ,  u n d e r  t h e  e x p e r i m e n t a l  
cond i t ions  t aken ,  n o r m a l  ca ta lase  r e t a in s  nea r ly  all  of 
i t s  in i t ia l  a c t i v i t y  for as long as 90 m i n  w h e n  k e p t  a t  
47 ~ This  is so w h e t h e r  an t ibod ie s  are p r e sen t  or not .  

On t he  o the r  h a n d  t he  a c t i v i t y  of t he  labi le  ca ta lase  
v a r i a n t  ha s  fa l len as m u c h  as 50% af te r  45 m i n  and  to  
20% of t he  in i t ia l  a c t i v i t y  a f te r  90 min,  if no  add i t i ons  
are made.  However ,  t h i s  r ap id  t h e r m a l  i n a c t i v a t i o n  can  
be  ove rcome  a Imos t  comple t e ly  b y  c a t a l a s e - a n t i c a t a l a s e  
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complex  fo rmat ion .  This  can  be ach ieved  no t  on ly  b y  
p r e c i p i t a t i n g  ca ta lase  b y  an t i c a t a l a s e  I gG - p r epa r a t i on ,  
b u t  to  t h e  same  e x t e n t  also b y  F a b - f r a g m e n t s  fo rming  a 
soluble  complex  w i t h  t he  ca ta lase  m u t a n t .  Ana logous  
e x p e r i m e n t s  w i t h  essent ia l ly  t he  same resu l t  were 
pe r fo rmed  a t  37 ~ a n d  52 ~ i n d i c a t i n g  t h a t  th i s  s tabi l iz-  
ing effect  can  be obse rved  in a r a t h e r  b r o a d  t e m p e r a t u r e  
r ange  ~6. F u r t h e r m o r e ,  in  order  to  ver i fy  t he  specif ic i ty  
of t he  s t ab i l i z ing  effect  of an t i ca ta lase ,  t he  same  t y p e  of 
e x p e r i m e n t  was  pe r fo rmed  us ing  a n  a n t i - c a r b o n i c  
a n h y d r a s e  B- IgG- f r ac t i on  a n d  i ts  co r r e spond ing  F a b -  
p r e p a r a t i o n  ins tead .  These  an t ibodies ,  p r epa red  b y  t he  
same procedure ,  were used  in t he  same c o n c e n t r a t i o n  
range.  I n  t h i s  con t ro l  e x p e r i m e n t  no  s t ab i l i za t ion  effect  
could be obse rved  ~6 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  
effect  of t he  a n t i g e n - a n t i b o d y  ra t io  was inves t iga t ed .  
Us ing  t h e  a n t i c a t a l a s e  I gG - p r epa r a t i on ,  a lower ca ta lase  
a c t i v i t y  i s  obse rved  in t he  zone of a n t i g e n - a n t i b o d y  
equivalence .  Th i s  in t e r fe rence  is no  longer  obse rved  if a 
m o d e r a t e  excess of a n t i b o d y  (2.5 mo la r  ra t io)  is used. 
No such  effect  could  be  de t ec t ed  w h e n  t he  F a b - p r e p a r a -  
t i on  was used as a s tab i l i z ing  agent .  

Discussion. Cata lase  is one of t he  few enzymes  r e t a i n i n g  
full  e n z y m a t i c  a c t i v i t y  w h e n  b o u n d  in a n  an t igen-  
a n t i b o d y  complex.  Th i s  complex  f o r m a t i o n  s tabi l izes  t he  
ac t ive  c o n f o r m a t i o n  of t he  enzyme,  w i t h o u t  in t e r fe r ing  
w i t h  i t s  ac t ive  site. The  effect  is p a r t i c u l a r l y  s t r ik ing  in a 
labi le  e n z y m e  v a r i a n t  c ross reac t ing  w i t h  t h e  a n t i b o d y  
specific for i ts  n o r m a l  c o u n t e r p a r t .  T he  s t ab i l i za t ion  of a 
h u m a n  ca ta lase  m u t a n t  is essent ia l ly  t he  same pheno-  
m e n o n  as t h a t  obse rved  b y  FEINSTEIN et  al.S,~ in aca- 
t a l a semic  mice. Th i s  e n z y m e  defect  r esembles  t h a t  
obse rved  in Swiss t y p e  a c a t a l a s e m i a  in as m u c h  b o t h  are 
due  to t he  syn thes i s  of a n  u n s t a b l e  e n z y m e  va r i an t .  In  
b o t h  ins t ances  inso lub i l i za t ion  is no t  a requis i te  of 
s tab i l iza t ion .  As s h o w n  here  F a b - f r a g m e n t s  are  as 
eff ic ient  as t he  I g G - p r e p a r a t i o n  in s tab i l i z ing  t he  labi le  
ca ta lase  m u t a n t .  

This  s t ab i l i za t ion  effect  b y  complex  f o r m a t i o n  lends  
f u r t h e r  s u p p o r t  to  t he  a s s u m p t i o n  t h a t  t he  f i xa t i on  of a 
p a r t i c u l a r  c o n f o r m a t i o n  of t he  s u b u n i t s  c o u n t e r a c t s  t he  
d i s i n t eg ra t i on  of a n  o l igomer-enzyme.  I t  m a y  be  ant ic i -  
p a t e d  t h a t  th i s  ac t ion  is especial ly  p r o n o u n c e d  if t he  
i n t e r a c t i n g  forces are a l t e red  as a resu l t  of a m u t a t i o n .  

Therefore ,  i t  is p r o b a b l e  t h a t  t he  m e c h a n i s m  of s tab i l i -  
za t ion  of v a r i a n t  ca ta lase  resembles  t h a t  of fl-~-galac- 
tos idase  in E. coli, where,  even  w i t h  a n  i nac t i ve  e n z y m e  
f rom a m u t a n t  s t r a i n  full  a c t i v i t y  could be  res to red  b y  
m e a n s  of an t ibod ie s  specific for the  wild t y p e  e n z y m e  6. 

These  obse rva t i ons  are of t heo re t i ca l  as well  as of 
p rac t i ca l  in te res t .  On one hand ,  t he  p r e p a r a t i o n  of ac t ive  
a n t i g e n - a n t i b o d y  complexes  of labi le  e n z y m e  v a r i a n t s  
m a y  p rov ide  a va luab l e  tool  for t h e i r  d e t e r m i n a t i o n  and  
isolat ion.  On t he  o t h e r  hand ,  e x p e r i m e n t a l  ev idence  has  
been  p r e s e n t e d  r ecen t l y  b y  FEINSTEIN 17 t h a t  u p o n  
in j ec t ion  of ca ta l a se  an t ibod ie s  to  aca t a l a semic  mice  i t  
seems poss ible  to  c o u n t e r a c t  t he  i n a c t i v a t i o n  of labi le  
e n z y m e  v a r i a n t s  in v ivo  also. A l t h o u g h  th i s  p r e l i m i n a r y  
resu l t  does no t  p e r m i t  a n  ex t r apo la t ion ,  t he  idea  of a n  in 
v ivo  s t ab i l i za t ion  of labi le  m u t a n t s  deserves  f u r t h e r  
cons ide ra t ion  is. 

Zusammen/assung. Die ins t ab i l e  K a t a l a s e - V a r i a n t e ,  
welche  in den  E r y t h r o c y t e n  des Aka ta la s i e -Fa l l e s  A .B .  
v o r k o m m t ,  lgsst  s ich in v i t ro  d u r c h  Zusa t z  yon  Ant i -  
K a t a l a s e  I g G - F r a k t i o n  oder  yon  F a b - F r a g m e n t e n  ohne  
A k t i v i t g t s e i n b u s s e  s tabi l is ieren.  Es  wi rd  a n g e n o m m e n ,  
dass  dies auf  eine F i x i e r u n g  der  a k t i v e n  K o n f o r m a t i o n  
des E n z y m s  zur i ickzuf i ihren  ist. 
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I m m u n o c h e m i c a l  Relat ionships  A m o n g  L y s o s o m a l  Acid Phosphohydro lases :  
DNase  II and Nonspeci f ic  Phosphodies terase  

A m o n g  t h e  lysosomal  enzym es  are a g roup  of acid 
phosphohydro la ses .  These  inc lude  b o t h  p h o s p h o m o n o -  
and  diesterases.  All  c h r o m a t o g r a p h  on CM-cellulose 1, a n d  
i t  has  been  r epo r t ed  t h a t  D N a s e  I I  possesses a c t i v i t y  
aga ins t  bis-p-nitrophenyl p h o s p h a t e  in  add i t i on  to i t s  
nuc leo ly t ic  a c t i v i t y  2, 3. These  f ind ings  of c o m m o n  loca t ion  
a n d  ce r t a in  closely r e l a t ed  chemica l  p rope r t i e s  led us to  
con jec tu re  t h a t  lysosomal  acid p h o s p h o h y d r o l a s e s  m a y  
h a v e  ar isen  b y  t he  processes  of gene d u p l i c a t i o n  a n d  
m u t a t i o n  f rom a c o m m o n  ances t ra l ,  r a t h e r  nonspeci f ic  
phosphohydro l a se .  P ro t e ins  w i t h  c o m m o n  origins  of ten  
h a v e  t he  same  an t igen ic  d e t e r m i n a n t s  4. Fo r  th i s  r eason  
we h a v e  s t a r t e d  an  immuno log i ca l  compar i son  of the  acid 
phosphohydro l a se s .  W e  r e p o r t  here  a c o m p a r i s o n  of t he  
i m m u n o p r e c i p i t a t i o n  reac t ions  of cow a n d  hog  spleen 
DNase  I I  and  hog  spleen nonspeci f ic  p h o s p h o d i e s t e r a s e  
(PDE)  w i t h  r a b b i t  an t i - hog  spleen an t i s e rum.  

Fo r  these  e x p e r i m e n t s  t he  enzymes  were pur i f ied  as 
p rev ious ly  descr ibed  for  beef  spleen D N a s e  I I  5. Af te r  
c h r o m a t o g r a p h y  on CM-cellulose a n d  S e p h a d e x  G-100 

t he  specific ac t iv i t i e s  of t he  enzymes  in u n i t s / m g  were :  
Beef  spleen DNase  II ,  216; hog  spleen DNase  I I ,  68; 
hog  spleen phosphod ies t e rase ,  1.71. An t i s e r a  were p r e p a r e d  
in New Zea land  wh i t e  r a b b i t s  b y  i m m u n i z a t i o n  w i t h  3 m g  
of pur i f i ed  e n z y m e  in F r e u n d ' s  comple t e  a d j u v a n t  
fol lowed twice  a t  week ly  i n t e rva l s  b y  in jec t ion  of 3 m g  
of e n z y m e  in i ncomple t e  a d j u v a n t .  Blood was o b t a i n e d  
a f t e r  the  4 th  week. IgG was p r e p a r e d  b y  a m m o n i u m  su l fa te  
f r a c t i o n a t i o n  and  c h r o m a t o g r a p h y  on D E A E  cellulose 6. 
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