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Properties of Leukocyte Catalase from Normal  and Acatalasemic Humans  

A p p a r e n t  lack of ca ta lase  in blood of indiv iduals  homo-  
zygous for Swiss Type  Aca ta lasemia  was shown to be due 
to  the  syn thes i s  of an enzyme va r i an t  of app rox ima t e l y  
normal  specific ac t iv i ty ,  bu t  of low s tab i l i ty  ~, ~. In  catalase 
deficiency of t h a t  type ,  the  level of residual  enzyme ac t iv i ty  
in re la t ion to  normal  ma in ly  depends  on the  tu rnove r  
ra te  of the  enzyme.  Consequent ly ,  the  level of residual  
cata lase  ac t iv i ty  is r a the r  low in cells, such as e ry thro-  
cytes,  whose c o m p o n e n t s  have  a re la t ively  long half-life. 
On the  o ther  hand ,  t he  level of residual  catalase is the  
higher  the  fas ter  its t u rnove r  in t h a t  t issue. A sui table 
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Fig. 1. Stability of leukocyte catalase (heatstability) in noimal and 
aeatalasemic humans. Technique of the heat stability test see text. 
/ / / / / / = normal (5 -k s; N = 5); - -  A.B.,homozygous 
for Swiss Type Aeatalasemia. Ordinate: Catalase activity after 
incubation at given temperature related to initial activity. Abscissa : 
Temperature at which the sample has been preincubated for 10 rain. 

example for this latter type, which is easily accessible in 
humans ,  is leukocyte  catalase.  The in teres t  in leukocyte  
catalase also s t ems  f rom the  observa t ion  t h a t  it  m a y  
eventua l ly  serve as a d iagnost ic  tool in various respects ,  
such as leukaemia  a, inborn  errors 4 and nut r i t iona l  s ta te  4a. 

Methods. For  the  isolat ion of leukocytes  essent ia l ly  
the  procedure  of WYss et  aI. 5 was followed : D ex t r an  sedi- 
m e n t a t i o n  was appl ied  to fresh blood samples  (20-30 ml) 
f rom normM subjects .  Con tamina t ing  red cells were re- 
moved  by  repea ted  washing of t he  leukocyte  pellets  w i th  
cold hypo ton ic  saline. The pellets were t hen  suspended  
in 0.2 M saccharose and the  cells d i s rup ted  by  repea ted  
freezing and thawing  fol lowed by  ul t rasonicat ion.  Af ter  
centr i fugat ion,  the  s u p e r n a t a n t  was used in all experi-  
ments .  Leukocytes  f rom an indiv idual  homozygous  for 
Swiss Type  Aca ta lasemia  were isolated f rom a 200 m] 
blood sample  of the  propos i tus  A. t3. 

Catalase ac t iv i ty  was measured  according to  13ONNICH- 
SE~ et  al. 6 and expressed as ~zg ca ta lase /mg protein.  
For  th is  calculat ion the  formula  ko/k( ,  presuming  a k, '  
of 3.4 x 10 ~ M -1 sec -1 and a molecular  weight  of 240,000, 
was used. The pro te in  co n t en t  was measured  by  the  m e t h o d  
of LOWRY et  al.L H ea t - s t ab i l i t y  expe r imen t s  were 
carried out  by  incuba t ing  samples  of normal  as well as 
aca ta lasemic  leukocytes  for t0  rain a t  var ious  t emp e ra -  
tures,  ranging  f rom 4~176 Catalase ac t iv i ty  was  
measured  at  37~ i m m e d i a t e l y  af ter  the  p re - incuba t ion  
period.  The ant i -ca ta lase  IgG-fract ion p repared  by  
SHAPIRA 8 was the  same as t h a t  used in expe r imen t s  pub-  
l ished recent ly  in th is  journal  2. Double immunodi f fu -  
sion tes ts  were done according to OUCHTERLONY 9, using 
1.5% purif ied Agar (13ehringwerke) in 0.05 M sodium 
veronal  buffer, p H  8.6. The wells were 6 m m  in d iamete r  
wi th  a 6 m m  dis tance  between.  P ro te ins  were s ta ined 
wi th  Amidob lack  10 13 and peroxidase  act ive precipi f in  
lines were de tec ted  by  app ly ing  a subs t ra te  mix tu re  to the  
plates,  consis t ing of 5 ml  0.5% o-dianisidine in me thano l  
and  95 ml  0.003% hydrogen  peroxide.  

Results.  Total  catalase ac t iv i ty  in leukocyte  prepara-- 
t ions  of normal  subjec ts  was found to be equiva len t  to 
3.09 • 0.73 b~g ca ta lase /mg prote in .  The average res idual  
ac t iv i ty  measured  in 2 leukocyte  p repa ra t ions  f rom A.B., 
homozygous  for Swiss Type  Acata lasemia,  was 0.41 
~zg/mg protein,  which  amo u n t s  to  ap p ro x i ma t e l y  13% of 
the  normal .  In  comparison,  the  residual  ac t iv i ty  found 
in e ry th rocy tes  of A.13. was only abou t  1% of the  red-cell  
catalase found  in normal  subjects  (Table). H e a t  s tab i l i ty  
expe r imen t s  were carr ied out  wi th  normal  and aca ta lasemic  
leukocyte  prepara t ions .  The remain ing  re la t ive  ac t iv i t ies  
af ter  incuba t ion  at  var ious t empe ra tu r e s  are shown in 
Figure 1. A d is t inc t  difference in the rmolab i l i ty  of leuko- 

Fig. 2. Demonstration of antigenic identityof erythrocyte and leuko- 
cyte eatalase ill the double immunodiffusion test. Left side: Peroxi- 
datic activity stain (o-dianisidine). Right side: Protein stain (amido- 
black). L, leukocytes (extract); E, erythroeytes (hemolysate); *, 
anti-catalase IgG preparation. 
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cy te  ca ta lase  f rom e i the r  source can  be  not iced.  N o r m a l  
ca taIase  r e t a ined  as m u c h  as 50% of i ts  origins1 a c t i v i t y  
a f te r  p r e i n c u b a t i o n  a t  64~ whereas  - u n d e r  iden t i ca l  
condi t ions  - comple te  i n a c t i v a t i o n  h a d  occurred  in t he  
aca ta l a semic  l eukocy te  p repa ra t i on .  I n  th i s  ins tance ,  t he  
50% ac t iv i ty  level was r eached  a f te r  i n c u b a t i o n  a t  51~ 
al ready.  I m m u n o l o g i c a l  an t igen ic  p roper t i e s  of n o r m a l  
l eukocy te  ca ta lase  h a v e  been  c o m p a r e d  w i t h  those  of 
e r y t h r o c y t e  ca ta lase  in  t h e  doub le  i m m u n o d i f f u s i o n  t e s t  
(Figure 2). A s t rong  p rec ip i t in  l ine  showing  comple te  
i d e n t i t y  is fo rmed  be tween  t he  wells c o n t a i n i n g  t he  
p r e p a r a t i o n s  of n o r m a l  leukocytes ,  n o r m a l  e r y t h rocy t e s  
and an t i - ca ta l a se  IgG (Figure 2, r i g h t  side). This  l ine 
exh ib i t s  s t rong  pe rox ida t i c  a c t i v i t y  (Figure 2, lef t  side). 
A second, as ye t  un iden t i f i ed  weaker  l ine  exe r t ing  no  
pe rox ida t i c  a c t i v i t y  is p r ec i p i t a t ed  in the  r ange  of the  
l eukocy te  p r e p a r a t i o n  only. E x p e r i m e n t s  of t he  same 
t y p e  pe r fo rmed  w i t h  ana logous  p r e p a r a t i o n s  f rom A.B. 
suggest  t h a t  t he re  is also an t igen ic  i d e n t i t y  b e t w e e n  
n o r m a l  and  aca t a l a semic  l eukocy te  cata lase .  

Discussion. E v i d e n c e  is p r e sen t ed  t h a t  l eukocy tes  of an 
aca ta l a semic  sub jec t  (homozygous  for Swiss T y p e  
Aca ta la semia )  con t a i n  apprec iab le  a m o u n t s  of catalase.  
In  A.B. t he  level  cor responds  to a b o u t  1/v of t h a t  of 
normal ,  which  is d i s t i nc t l y  h igher  t h a n  t h a t  found  in the  

Catalase activity in leukocytes and erythroeytes of normal and 
aeatalasemic humans (Family B.) 

e r y t h r o c y t e s  of t he  same i n d i v i d u a l  ( 1 - 2 %  of normal) .  
Like t h e  m u t a n t  e n z y m e  in t h e  e r y t h r o c y t e s  z, i ts  an t i -  
genical ly  iden t ica l  c o u n t e r p a r t  in  l eukocytes  also exer ts  
t he  same unusua l l y  low degree of t he rmos t ab f i i t y .  This  
obse rva t i on  is c o m p a t i b l e  w i t h  t he  a s s u m p t i o n  t h a t ,  in 
a n  e n z y m e  deficiency,  two d i f fe ren t  types  of s t ruc tu ra l  
gene m u t a t i o n s  m a y  lead to an a p p a r e n t  loss of e n z y m a t i c  
a c t i v i t y :  1. E n z y m e  v a r i a n t s  of low specific ac t iv i ty ,  2. 
v a r i a n t s  w i t h  a p p r o x i m a t e l y  n o r m a l  specific ac t iv i ty ,  b u t  
o5 low s tab i l i ty .  Even tua l l y ,  b o t h  possibi l i t ies  m a y  lead 
to  the  same t y p e  of disorder .  E x a m p l e s  are t he  d i f ferent  
forms of g lucose -6 -phospha te -dehydrogenase -de f ic iency  
or of a c a t a l a s e m i a  1,10. I n  t he  u n s t a b l e  m u t a n t - t y p e ,  the  
low level of res idua l  a c t i v i t y  in  red b lood celIs m u s t  be 
cons idered  as a poor  i nd i ca to r  for t he  general  s i tua t ion ,  
since in mos t  o the r  ceils and  t issues  d i s t inc t ly  h igher  
levels are found.  In  conclusion,  t he re  is a close ana logy  as 
to  ca ta lase  s t a b i l i t y  and  a c t i v i t y  d i s t r i b u t i o n  p a t t e r n  
be tween  aca ta l a semic  mice and  ind iv idua l s  homozygous  
for th i s  pa r t i cu l a r  t y p e  of a c a t a l a s e m i a  ~1, ~2. 

Zusammenfassung. B e i m  Aka ta l a s i e -Fa l l  A.B. is t  die in  
den  L e u k o z y t e n  v o r h a n d e n e  K a t a l a s e - R e s t a k t i v i t ~ t  we- 
sen t l i ch  h 6 h e r  (13%) als diejenige in den  E r y t h r o z y t e n  
(etwa 1% der  Norm),  wie dies b e i m  Vor l iegen  einer 
i n s t ab i l en  E n z y m v a r i a n t e  zu e r w a r t e n  ist. Die E n z y m e  
be ider  Ze l l typen  s ind an t i gen - iden t i s ch  und  zeigen den-  
selben Grad  yon  Thermolabi l i t~i t .  

SONJA R. WYSS and  H. AEI3I 

Material analyzed Catalase activity 

Leukocytes Normal 3.09 -E 0.73 {zg/mg Protein 
(3? = 15) 
Aeatalasemie 0.41 (= 13% of normal) 
(N = 2) 

Erythroeytes Normal 2.38 -~ 0.36 ~g/mg Hb 
( N  = 15) 
Aeatalasemic 0.02 (~1% of normal) 
(N = 2) 
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T h e  D e t e c t i o n  of  5 a - A n d r o s t - 1 6 - e n - 3  a - o l  i n  H u m a n  M a l e  A x i l l a r y  S w e a t  

The  16-dehydro  C10 s tero id  5~ -and ros t en -3e -o l  (an- 
dros tenol)  is excre ted  in the  ur ine  of a d u l t  h u m a n  males  in 
s u b s t a n t i a l  q u a n t i t i e s  (of t he  order  of 1 rag/24 h urine) 
and  in lesser a m o u n t s  in adu l t  female  ur ine  1. The  physio-  
logical func t ion ,  if any,  of t he  16-dehydro  C19 s teroids  in 
m a n  is u n k n o w n ,  b u t  and ros t eno l  secre ted in t he  sa l iva  of 
the  boa r  acts  as a releaser  sex p h e r o m o n e  in e l ic i t ing the  
cha rac te r i s t i c  immo b i l i z a t i on  response  of t he  oes t rous  
sow to the  advances  of i ts  ma te~- l .  

There  are, however ,  c i r c u m s t a n t i a l  g rounds  for be l iev ing  
t h a t  p h e r o m o n e s  m a y  p l ay  a p a r t  in  h u m a n  b e h a v i o u r  5, 6. 
Andros teno l ,  wh ich  has  a musk- l ike  odour  de t ec t ab l e  b y  
h u m a n  sub jec t s  a t  e x t r e m e l y  low levels (1-5 ng  on  wa te r  
a t  20 ~ 10 cm f rom the  nose;  BROOKSBAI~I~, unpub l i shed)  
is a l ikely c a n d i d a t e  as a p h e r o m o n e  in man ,  t h o u g h  
var ious  o the r  s te ro ids  can  be  sme l t  a t  m u c h  h igher  con- 
c e n t r a t i o n  7. E x t e r n a l  secret ion,  on to  t he  skin  surface, 
would be  t he  mos t  p r o b a b l e  way  in which  h u m a n  phero-  
mones  are exh ib i ted .  In  view of t h e  ev i den t  capac i ty  of 
ax i l l a ry  g lands  a n d  ha i r s  for p re fe ren t i a l  u p t a k e  and  
release of s teroids  S, 9 and  t he  s imi la r i ty  of ax i l l a ry  
apocr ine  g lands  in m o r p h o l o g y  and  in and rogen-depen-  

deuce  to  apocr ine  g lands  special ized in lower m a m m a l s  
for p h e r o m o n e  secre t ion 1~ we be l ieved  t h a t  ax i l l a ry  
swea t  m i g h t  con ta in  suff ic ient  q u a n t i t i e s  of 16-dehydro  
C19 s teroids  to  be  de t ec t ab l e  b y  gas c h r o m a t o g r a p h y - m a s s  
s p e c t r o m e t r y  (GC/MS). P rev ious  efforts,  us ing  GC alone 
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