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H e a t  a n d  U r e a  S t a b i l i t y  o f  B l o o d  C a t a l a s e  o f  C a t a l a s e - M u t a n t  M o u s e  S t r a i n s  ~ 

The  d e v e l o p m e n t  of a c a t a l a s e m i c  a n d  h y p o c a t a l a s e m i c  
m o u s e  s t r a i n s  2 h a s  p e r m i t t e d  a n  i n d i r e c t  s t u d y  of t h e  
c o m b i n a t i o n  of ca ta l a se  s u b u n i t s  a n d  ha s  led to  some un -  
e x p e c t e d  conc lus ions  r e g a r d i n g  t h e  n a t u r e  of he t e rozy -  
go te  e n z y m e  molecules .  T h e  m u t a t i o n  is a s t r u c t u r a l  one  3 ; 
t h e  a m o u n t  of b lood  ca t a l a se  p r o t e i n  a p p e a r s  to  b e  u n -  
c h a n g e d  b y  t he  m u t a t i o n  4. I n  such  a s i t ua t ion ,  i t  would  be  
expec t ed  t h a t  t h e  h e t e r o z y g o t e  ca t a l a se  would  d i s p l ay  
m o r e  t h a n  one  mo lecu l a r  species.  Since ca t a l a se  is a t e t r a -  
m e t  s, t h e  m o s t  p r o b a b l e  com pos i t i on  of t h e  h e t e r o z y g o t e  
would  b e  5 molecu la r  fo rms  6, one  oI e ach  p a r e n t a l  species 
a n d  3 d i f f e ren t  species c o m b i n i n g  s u b u n i t s  f r o m  b o t h  pa -  
r e n t s  in  v a r y i n g  ra t ios .  I n  fact ,  SCANDALIOS 7 ha s  d e m o n s -  
t r a t e d  exac t ly  t h i s  r e su l t  in  a s t u d y  of ma ize  s t r a i n s  b e a r i n g  
ca ta l a se  of d i f fe r ing  e l ec t rophore t i c  mobi l i t ies .  

U n f o r t u n a t e l y ,  t h e  ca t a l a se  of ou r  m u t a n t  s t r a i n s  does  
n o t  d i f fer  f r o m  n o r m a l  ca t a l a se  in  i t s  e l ec t rophore t i c  
m o b i l i t y  8. Because  of t h i s  fac t ,  we h a v e  la id  e m p h a s i s  o n  
t h e  c h a r a c t e r i z a t i o n  of b lood  ea t a l a se  b y  s t a b i l i t y  t o  u r e a  
a n d  to  h e a t ;  t he se  h a v e  p r o v e n  to  be  sens i t ive ,  r e p r o d u -  
cible  p a r a m e t e r s  s,~. Us ing  the se  t echn iques ,  we ear l ie r  
d e m o n s t r a t e d  s t h a t  b lood  ca ta l a se  of a h y p o c a t a l a s e m i c  
h e t e r o z y g o t e  di f fers  f r o m  t h a t  of b o t h  p a r e n t s  a n d  con-  
s is ts  of a s ingle  m o l e c u l a r  species.  As  e x p l a n a t i o n  of t h i s  
u n e x p e c t e d  f ind ing ,  we sugges ted  t h a t  t h e  c o m b i n a t i o n  of  
s u b u n i t s  is n o n - r a n d o m ;  b y  some u n k n o w n  m e c h a n i s m ,  a 
c e r t a i n  specif ied n m n b e r  of s u b u n i t s  of each  p a r e n t a l  f o rm  
are  c o m b i n e d  to fo rm a n  i n v a r i a n t  h e t e r o z y g o t e  molecule .  

W e  n o w  wish  to  r e p o r t  t h a t  we h a v e  p e r f o r m e d  s imi l a r  
e x p e r i m e n t s  o n  o t h e r  he te rozygo tes ,  i nc lud ing  t h e  m i x e d  
h e t e r o z y g o t e  b e t w e e n  t h e  a c a t a l a s e m i c  a n d  t h e  h y p o c a t a -  
l a semic  s t ra ins ,  a n d  a l l  r e su l t s  a re  t h e  s a m e :  t h e  he t e ro -  
zygotes  p roduce  s ingle  mo lecu l a r  species of b lood  ca ta lase ,  
a n d  t h i s  species differs  f r o m  b o t h  p a r e n t a l  forms.  I t  is of 
f u r t h e r  i n t e r e s t  t h a t  t h e  s t a b i l i t y  of a bere t©zygote  mole-  
cule  is n o t  d i r ec t ly  r e l a t e d  to  i t s  level  of ca t a l a t i c  a c t i v i t y .  

Malerials and methods. T h e  fol lowing s t r a i n  des igna t ions  
are  e m p l o y e d :  Cs a Cs a is t h e  no rma l ,  wi ld  t y p e  h o m o -  
zygote ;  CsbCs b is t he  a ca t a l a semic  h o m o z y g o t e  ( th is  
s t r a i n  was  n o t  used  in  t h e  e x p e r i m e n t s  he re  r epor t ed ,  
because  i t s  b lood  ca t a l a se  a c t i v i t y  is a t r e ady  so low as t o  
l i m i t  t h e  a c c u r a c y  of a s say  of f u r t h e r  deg raded  samples )  ; 
CsaCs a is one  of t h e  h y p o c a t a l a s e m i c  h o m o z y g o t e s ;  
CsaCs b a n d  CsaCs a a re  t h e  he t e rozygo te s  of t h e  aca t a l a se -  
mic  a n d  h y p o c a t a l a s e m i c  s t ra ins ,  r e spec t ive ly ;  a n d  
CsUCsa is t h e  m i x e d  a c a t a l a s e m i c - h y p o c a t a l a s e m i c  he t e ro -  
zygote.  B l o o d  was  d r a w n  f rom t h e  o rb i t a l  s inus  10 i n t o  
h e p a r i n i z e d  t u b e s  a n d  lysed  b y  50-fold d i l u t i o n  (for t h e  
u r e a  e x p e r i m e n t s )  or  100-fold d i l u t i on  (for t h e r m a l  s tu -  
dies) w i t h  cold d is t i l led  water .  Lysed  b loods  were s to red  in 
a n  ice b a t h  u n t i l  use. F o r  t he  u r ea  e x p e r i m e n t s ,  a series of 
sma l l  t e s t  tubes ,  each  c o n t a i n i n g  1.0 m l  of w a t e r  or of a 
g i v e n  u r e a  so lu t ion ,  was  w a r m e d  to  37 °C. Sma l l  a l i q u o t s  
of bIood ly sa t e  were  also b r o u g h t  to  37 °C. A t  zero t ime ,  
1.0 ml  of b lood  was  a d d e d  to  1.0 m l  of u r e a  (or wa te r ,  as  
control ) ,  t h e  t u b e  was  b r ie f ly  mixed ,  a n d  t h e  m i x t u r e  was  
i n c u b a t e d  a t  37 °C for  exac t ly  10 mill,  a t  w h i c h  t i m e  1.0 m l  
of t he  m i x t u r e  was  p i p e t t e d  d i r ec t l y  in to  a f l ask  of per-  
b o r a t e  for  ca t a l a se  a s say  ~. F o r  t h e  h e a t i n g  e x p e r i m e n t s ,  
s m a l l  e m p t y  t e s t  t u b e s  were  p r e - w a r m e d  to  t h e  des i red  
t e m p e r a t u r e .  A t  zero t ime ,  a b o u t  1.5 m I  of b l o o d  ly sa t e  
was  a d d e d  to  t h e  t e s t  t u b e  a n d  was t h e n  i n c u b a t e d  a t  t h a t  
t e m p e r a t u r e  for  exac t l y  10 m i n  before  b e i n g  p l u n g e d  b a c k  
i n to  t h e  ice b a t h ,  where  i t  was  s to red  u n t i l  assay.  Changes  ' 
in  ca ta l a se  a c t i v i t y  d u r i n g  t h i s  pe r iod  in t h e  ice b a t h  h a v e  
b e e n  s h o w n  to  b e  negl igible .  

Results. U r e a  a n d  h e a t  s t a b i l i t y  c u r v e s  of  t h e  5 sor t s  of  
b lood  t e s t ed  a re  s h o w n  in F igu res  1 a n d  2, r espec t ive ly .  I t  
is c lear  t h a t  t he  n o r m a l  horn©zygote,  Cs~CsL is m o s t  s t ab l e  
in  b o t h  respects .  Blood  of t he  2 h e t e r o z y g o t e s  c a r r y i n g  t h e  
Cs~ gamete ,  n a m e l y  Cs'Cs b a n d  Cs,Cs a, are  less s t a b l e  t h a n  
Cs~Cs~ b u t  v e r y  s imi la r  to  each  o ther .  Of l eas t  s t a b i l i t y  are  
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Fig. 1. Urea stability of blood lysates. For definition of mouse 
strains, see text. x - - × ,  Cs~Cs~; D--m, Cs~Csa; I t---I l l ,  Cs~Csb; 
8 - - - O ,  CsaCsa; and ©--©, Cs~Cs a. 

Table I. Distinguishing between similar urea stabilities 

Strain Urea Activity Student's P 
concen- remaining t-test 
tration (%) 
(~vr) 

Cs~Cs a 2.0 3.7 4- 0.3 
Cs~Cs b 2.0 6.2 i 0.4 4.87 < 0.001 
CsbCs a 1.25 12.9 4- 1.8 
CsaCs a 1.25 4.4 4- 0.2 4.70 <~ 0,001 

For definition of strains, see text. Urea concentration is that in the 
final mixture of urea solution and blood lysate. Figures for % 
activity remaining are mean 4- standard error. They are based on 
6 completely separate blood samples of each strain. 

Table II. Distinguishing between similar heat stabilities 

Strain Tern- Activity Student's P 
perature remaining ~-test 
(oc) (%) 

Cs'Cs a 48.0 18.0 q- 1.2 
Cs'Cs ~ 48.0 16.3 -4- 1.5 0.86 N.S. 
CsbCs a 42.0 65.7 :t= 2.4 
CsaCs a 42.0 75.5 -t- 1.8 3.23 < 0.01 

For definitions of strains, see text. Figures for % activity remaining 
are mean 4- standard error. They are based on 6 completely separate 
blood samples of each strain. 
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the  2 s t ra ins  lacking the  Cs • gamete ,  n a m e l y  the  hypo-  
ca ta lasemic  homozygo te ,  CsaCs a, and  the  m i x e d  hetero-  
zygote, CsbCsa; t h e  m e m b e r s  of th is  pa i r  are also ve ry  si- 
mi la r  to  each other .  The 2 sets  of curves,  urea  and  h e a t  s ta-  
bi l i ty,  are in all respec ts  ex t rao rd ina r i ly  similar.  As in our 
earl ier  work  s , all curves  are s m o o t h l y  S-shaped,  w i t h  no 
sugges t ion  of sepa ra te  d e n a t u r a t i o n  of v a r i a n t  species 
w i t h i n  a given blood.  Again  we conclude t h a t  each  sample ,  
he te rozygo te  as well as homozygote ,  con ta ins  b u t  a single 
molecular  species. 

The CsaCs b and  Cs~Cs a curves,  t h o u g h  very  similar,  are 
no t  ident ica l ;  the  same is t rue  of CsaCs a vs CsbCs a. This  
was  d e m o n s t r a t e d  by  select ing single urea  concen t ra t ions ,  
and  single t empe ra tu r e s ,  where  g rea tes t  di f ferences  
appea red  to  ex is t  in the  curve  pairs,  and  rep l ica t ing  these  
po in t s  w i t h  6 sepa ra te  b lood samples .  Table  I and  II  show 
t h a t  these  curve pai rs  differ  s ignif icant ly ,  t h o u g h  no t  
great ly ,  f rom each  o the r ;  urea s t ab i l i t y  d a t a  are much  
more  conclusive t h a n  h e a t  s tabi l i ty .  

I t  was  shown  earlier  9 t h a t  a conven ien t  f igure for 
charac te r iz ing  h e a t  s t ab i l i ty  of a given blood sample  is t he  
Ts0, t h a t  t e m p e r a t u r e  a t  which  50% of the  ca ta lase  act i-  
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Fig. 2. Heat  s tab i l i t y  of b lood ]ysates. Legend as for Figure 1. 

Table III. Comparison of catalatic activities with heat and urea 
stabilities 

Strain Catalase Ts0 Us0 
activity {°C) {M) 
(PUIml of blood) 

Cs~Cs ~ 168 47.1 1.675 
Cs~Cs a 94 45.8 1.325 
Cs"Cs b 69 46.0 1.350 
CsdC$ a 16 43.0 0.800 
CsbCs a 8 42.6 0.750 

For definition of strains, see text. Catalase activity is expressed as 
perborate units n per ml whole blood. Tso is that temperature, in 
degrees C, at which 50% of the catalase activity is lost under the 
conditions of the experiment; Us0 is that urea concentration, in 
molarity, at which 50% of the catalase activity is lost under the 
conditions of the experiment. 

v i t y  is lost. Of comparab le  convenience  is the  Us0, t he  
urea  c o n c e n t r a t i o n  a t  which  50% of t he  ca ta lase  a c t i v i t y  
is lost.  Table  I I I  l ists the  Ts0 and  the  Us0 for t he  5 s t ra ins  
tes ted ,  as well as the  catalase  ac t iv i ty  of t h e  u n t r e a t e d  
blood. The t ab le  makes  2 po in t s  ev iden t :  a) sensi t iv i t ies  to 
h e a t  and  to  urea  are ve ry  closely re la ted,  and  b) these 
sensi t iv i t ies  are no t  re la ted  to  the  ca ta la t ic  ac t iv i ty  of the  
u n t r e a t e d  lysate .  

Discussion. KREMER 1~ has  recent ly  p re sen ted  ev idence  
t h a t  ca ta lase  h e m a t i n s  are equ iva len t  and  non- in t e rac t ing  
dur ing  cata lysis .  JoNEs and  SUG6ETT xs have  sugges ted  
t h a t  m o n o h e m a t i n  subun i t s  of ca ta lase  are ca ta la t ica l ly  
inact ive  because  in t he  ca ta lase  t e t r a m e r  an amino  acid 
f rom a d i f fe ren t  subun i t  is co -ord ina ted  a round  each hema-  
t in  iron a tom.  W e  have  p o s t u l a t e d  x4 t h a t  t he  amino  acid 
modi f ica t ions  caused by  m u t a t i o n  lead to an uns tab le  
molecular  conf igura t ion  of the  catalase.  On these  bases it 
is u n d e r s t a n d a b l e  t h a t  the  presence  of t he  normal ,  Cs a, 
gamete  s tabi l izes  the  molecule,  while  i ts  absence  causes a 
decreased s t ab i l i t y  to  the  n e x t  level, s tabi l ized by  the  Cs a 
gamete ,  a l t h o u g h  at  the  same t ime  the re  are cons iderable  
differences in t he  blood ca ta lase  level of the  several  s t rains.  
For  the  exp l ana t i on  of t he  ex is tence  of single molecular  
forms of ca ta lase  in he te rozygo te  blood, we again sugges t  
a n o n - r a n d o m  c o m b i n a t i o n  of subuni ts .  W e  have  no evi- 
dence  as to  t h e  n a t u r e  of the  mechan i sm br inging a b o u t  a 
n o n - r a n d o m  combina t ion .  

The p o s s i b i l i t y m u s t  be cons idered  t h a t  one or more  of the  
s t r a i n s  e x a m i n e d  does con ta in  ca ta lase  of more  t h a n  one 
more  molecular  species, so near ly  ident ica l  in the i r  de-  
na tu r ing  p rope r t i e s  t h a t  t h e y  will no t  be de t ec t ed  by  the  
m e t h o d s  employed .  However ,  t he  3 p a r e n t a l  homozygo te s  
(CsaCsL CsaCs a, and  CsbCs b) are  so diss imi lar  in these  pro- 
per t ies  t h a t  s epa ra t e  d e n a t u r a t i o n  would a l mo s t  cer- 
ta in ly  be ev ident ,  as d e m o n s t r a t e d  earl ier  s w i th  mix tu re s  
of homozygo te  blood.  

Zusammen/assung. Normale  und  anomale  Kata lase-  
Var i an t en  mi t  iden t i scher  e l ek t rophore t i scher  ~Vande- 
rungsgeschwind igke i t  k o n n t e n  du rch  unterschiedl iche  
Harns to f f -  und  Tempera tur -~Virkung  vone inande r  unter-  
schieden werden .  
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