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doub t fu l  or n e g a t i v e  resul ts .  I t s  se lect ive  d e p i g m e n t i n g  
ac t ion  was f i rs t  obse rved  w i t h i n  a few weeks of s t a r t i n g  
e x p e r i m e n t s  on  i ts  ca rc inogen ic i ty  in  wh ich  app l i ca t ions  
(0.3% w / v  in acetone,  twice  weekly) were m a d e  to  t he  
c l ipped dorsa l  sk in  of C57BL • I F  F 1 h y b r i d  mice  f rom 
a b o u t  8 weeks  of age. 

S u b s e q u e n t  c o m p a r a t i v e  t e s t s  showed  t h a t  d e p i g m e n t a -  
l ion  occur red  more  r ead i ly  in  pu re  l ine  C57BL mice  t h a n  
in t he  hybr ids ,  b u t  less read i ly  in I F  mice. Male mice  were 
a lways  m u c h  less a f fec ted  t h a n  females  of t he  same  s~rain. 

F e m a l e  C57BL mice  h a v e  the re fo re  been  used in m o s t  
expe r imen t s .  I n  these  mice, 0 .1% 8-HQ in ace tone  appl ied  
twice  weekly  caused  j u s t  no t i ceab le  d e p i g m e n t a t i o n .  A t  
0.5%, however ,  new ha i r  g r o w t h  cons is ted  to a m a j o r  
e x t e n t  of n o n - p i g m e n t e d  hair ,  g iv ing  rise to  a v a r i e t y  of 
coa t  p a t t e r n s  as i l l u s t r a t ed  in F igures  1 a n d  2. F u r t h e r  in- 
crease to 1.0%, or  increased  f r equency  of app l ica t ion ,  
m a d e  l i t t l e  a p p a r e n t  d i f ference a n d  comple t e  d e p i g m e n t a -  
l i on  has  n o t  been  observed .  

The  lesser effect  of 0 .5% 8 -HQ on female  I F  mice  is 
s h o w n  in F igure  3. Severa l  s t r a in s  of b r o w n  mice  (C3H, 
CBA, DBA,  MP) g iven  s imi la r  t r e a t m e n t  also deve loped  
p a t t e r n s  of d e p i g m e n t a t i o n  (Figure  4). 

App l i ca t ions  a t  0.5% in acidif ied aqueous  so lu t ion  or in  
l iquid  pa ra f f i n  s imi la r ly  i nduced  select ive d e p i g m e n t a t i o n  
in C57BL females.  A d m i n i s t r a t i o n  in  t h e  d r i n k i n g  w a t e r  
a t  s t r e n g t h s  up  to 0 .5% h a d  no  effect, b u t  t h i s  is p r o b a b l y  
n o t  su rp r i s ing  as 8-HQ is i n a c t i v a t e d  b y  i n t a c t  red b lood  
cells a and  is un l ike ly  to r each  t h e  follicles in  a n  ac t ive  
form. 

I n  c o n t r a s t  to  t h e  s t r i k ing  effect  of 8-HQ on y o u n g  a d u l t  
female  mice, app l i ca t ions  to  C57BL or C57BL • I F  mice  
f rom 4 days  of age h a d  no effect  on  p i g m e n t a t i o n  of t he  
f i rs t  coa t  of ha i r .  M a x i m u m  v a r i e g a t i o n  appea r s  to  occur  
in  g r o w t h  cycles G3 a n d  G4 a t  a p p r o x i m a t e l y  3 to  9 
m o n t h s  of age, a f t e r  w h i c h  t r e a t e d  mice  deve lop  less dis- 
t i n c t  p a t t e r n s  of d e p i g m e n t a t i o n  a p p a r e n t l y  cor re la ted  
w i t h  t he  more  p a t c h y  g r o w t h  of ha i r  w h i c h  occurs  in  
older  an imals .  

No r e p o r t  ha s  b e e n  found  of 8-HQ as a n  i n h i b i t o r  of 
melanogenes i s  in vivo,  t h o u g h  i t  has  been  r epo r t ed  to  in- 
h i b i t  p o t a t o  ty ros inase  in vi t ro4.  M a n y  o the r  s u b s t a n c e s  

h a v e  long been  k n o w n  to  in te r fe re  w i t h  some s tage  of 
melanogenes is ,  wh ich  invo lves  t he  copper  e n z y m e  ty ro -  
sinase,  b u t  app l i ca t ions  of va r ious  o the r  copper  r eagen t s  
(2 -mercap topyr id ine ,  8 -mercap toqu ino l ine  hydroch lo r ide ,  
cupron ,  2 ,2 ' -b iqu ino ly l ,  2 , 9 - d i m e t h y l - 1 , 1 0 - p h e n a n t h r o -  
l ine a n d  zinc d i b e n z y l d i t h i o c a r b a m a t e )  all fai led to i nh ib i t  
p i g m e n t a t i o n  in female  C57BL mice. 

Th i s  suggests  t h a t  t he  d e p i g m e n t i n g  ac t ion  of 8-HQ, 
l ike i ts  a n t i b a c t e r i a l  and  fung i s t a t i c  ac t ion  3, m a y  d e p e n d  
on  t h e  toxic  ac t ion  of a m e t a l  complex  r a t h e r  t h a n  to 
d i r ec t  c o m b i n a t i o n  w i t h  ty ros inase  copper .  A l t h o u g h  i t  is 
sugges ted  t h a t  t he  select ive ac t ion  aga ins t  follicles in  t h e  
t r e a t e d  a rea  is p r o b a b l y  r e l a t ed  to  t he  ha i r  g r o w t h  cycles, 
t he  mode  of ac t ion  of th i s  se lec t iv i ty  is n o t  known.  

Zusammenfassung.  Die Melanogenese  wi rd  bei  M~tusen 
d u r c h  8 - H y d r o x y c h i n o l i n  se lek t iv  g e h e m m t .  Besonders  
bei  b e h a n d e l t e n  we ib l i chen  T ie ren  des S t a m m e s  C57BL 
en twicke l t  s ich ein ausse rgew6hnl iches  H a a r m u s t e r  m i t  
a b w e c h s e t n d e n  schwarzen  u n d  weissen St re i fen  oder  
Kreisen.  Diese revers ib le  W i r k u n g  wurde  bei  neuge-  
b o r e n e n  MS~usen oder  n a c h  B e h a n d l u n g  m i t  Cu - r eak t i ven  
S u b s t a n z e n  n i c h t  b e o b a c h t e t .  
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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  Cata lase  : Var iabi l i ty  

H u m a n  as well  as horse  e r y t h r o c y t e  ca t a l a se  can  be  
s e p a r a t e d  in to  t h r e e  e n z y m a t i c a l l y  ac t ive  f rac t ions  desig- 
n a t e d  as A, B and  C, accord ing  to t h e  m o l a r i t y  of t h e  
buffer  r equ i red  for e lu t ion  f rom DEAE-ce l lu lose  a t  p H  6.8 
( A < B < C ) ~ - s .  I n  t h e  absence  of oxygen  a n d  h e a v y  
m e t a l  ca ta lys ts ,  f r ac t ion  A is found  exclus ive ly  2-4. I n  
order  to  e luc ida te  w h e t h e r  pur i f ied  f r ac t ion  A cor responds  
to t he  n a t i v e  fo rm of cata lase ,  t h e  isoelectr ic  p o i n t  ( IEP)  
of th i s  f r ac t ion  was  c o m p a r e d  w i t h  t he  one of ca ta l a se  in 
a f resh  hemolysa t e .  

F r a c t i o n  B a n d  C of e r y t h r o c y t e  ca ta l a se  are  fo rmed  
ou t  of f r ac t ion  A b y  i r revers ib le  o x i d a t i o n  of su l fhydry l  
g roups  in t he  presence  of oxygen  a n d  h e a v y  m e t a l  
ca t a lys t s  ~. E v i d e n c e  for t he  f o r m a t i o n  of acidic groups  
d u r i n g  t h i s  t r a n s i t i o n  was o b t a i n e d  b y  c o m p a r i n g  t he  
I E P  of these  f ract ions .  

Materials and methods. Pur i f i ed  f r ac t ions  A a n d  C of 
h u m a n  a n d  horse  e r y t h r o c y t e  ca ta lase ,  as well  as hemo-  
lysates,  were p r e p a r e d  as descr ibed  previous ly4.  Ca ta lase  
a c t i v i t y  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  (Beck- 
m a n  DB) a t  240 n m  and  25~ 5. T he  n u m b e r  of sulf- 

of the  I soe l ec tr i c  Po int  

h y d r y l  groups,  d i su lph ide  br idges  and  i r revers ib ly  oxid ized  
su l fhydry l  groups  p r e s e n t  in t he  f r ac t ions  used  for  iso- 
electr ic  focusing was d e t e r m i n e d  b y  t i t r a t i o n  w i t h  p-Chlo- 
r o m e r c u r i b e n z o a t e  (pCMB) 4, 6. The  resul t s  are s u m m a r i z e d  
in t he  Table .  

The  isoelectr ic  focusing e x p e r i m e n t s  were pe r fo rmed  in 
a U n i p h o r  a p p a r a t u s  ( L K B - P r o d u k t e r  AB,  S tockho lm-  
B r o m m a ,  Sweden) accord ing  to t he  m e t h o d  of VESTER- 
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Sulfhydryl group content and isoelectric point of different molecular 
forms of erythrocyte eatalase 

Species Molecular form IEP No. of groups per molecule 
(pHI) (tool wt 225,000) 

Sulf- Disui- Irreversibly 
hydryl phide oxidized 

sulfhydryI 

Human Native enzyme 6.5 - - - 
Human Fraction A 5.95 13.8 1 0 
Human Intermediate 5.8 11.8 1 ~-, 2 

fraction 
Human Fraction C 5.2 3.5 1 ~-~10 

Horse Native enzyme 7.3 - - - 
Horse Fraction A 5.9-6.3 15.8 0 0 
Horse Fraction C 5.7 5.6 0 ~10  

For explanation see text. 
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Isoelectric focusing patterns of different inolecular forms of human 
erythrocyte catalase, a) Fresh hemolysate (polarity of the electrodes 
inversed) ; b) fraction A (14 sulfhydryl groups) ; c) fraction C (2 sulf- 
hydryl groups oxidized irreversibly); d)fraction C (10 sulfhydryl 
groups oxidized irreversibly). For experimental details see text. 
O--O, catalase activity (k/nil); O'"O, pH (measured at 0~ 
~-, pH 6.45~5.55; - ~ ,  pH 5.10-5.20. 

BERG and  SVENSSON 7. The  p r e p a r a t i o n  of t he  saccharose-  
g r a d i e n t  was a d a p t e d  to t h e  v o l u m e  of t h e  U n i p h o r -  
co lumn  (2.5 • 34 cm, 165 ml). Carr ier  a m p h o l y t e s  'Am-  
pho l ine '  ( L K B - P r o d u k t e r  AB) cover ing  a p H - r a n g e  f rom 
5 to  7 were used t h r o u g h o u t .  I n  all e lec t rofocus ing 
expe r imen t s ,  a t ens ion  of 600 vo l t s  was appl ied  for 
44-63 h. The  t e m p e r a t u r e  was k e p t  c o n s t a n t  a t  9 ~ b y  
cooling w i t h  t a p  water .  Unless  o the rwise  s ta ted ,  t he  
anode  was pos i t ioned  a t  t he  b o t t o m  of t he  co lumn.  Af ter  
each  focus ing  expe r imen t ,  1.6 ml  f rac t ions  were col lected 
f rom the  b o t t o m  of t he  co lumn.  

Resulls .  The  isoelectr ic  p o i n t  ( IEP)  of h u m a n  and  
horse  e r y t h r o c y t e  ca ta lase  was d e t e r m i n e d  b y  isoelectr ic  
focus ing  of f resh ly  p r e p a r e d  hemolysa t e s  (Figure a a n d  
Table) .  The  re su l t ing  va lues  were pt-I 6.5 for t h e  h u m a n  
and  p H  7.3 for t h e  horse  enzyme.  The  e n z y m e  p re sen t  
in  these  hemo lysa t e s  was cons idered  to r ep re sen t  t he  
n a t i v e  fo rm of ca ta lase .  I n  b o t h  types  of e x p e r i m e n t s  
ca ta lase  was comple t e ly  s epa ra t ed  f rom hemoglob in .  The  
s l ight  a s y m m e t r y  of t he  a c t i v i t y  cu rve  poss ib ly  ind ica tes  
t he  f o r m a t i o n  of some o the r  forms of ca ta lase  d u r i n g  t he  
isoelectr ic  focusing. 

F r a c t i o n  A of h u m a n  e r y t h r o c y t e  ca ta lase  is c h r o m a t o -  
g raph ica l ly  homogenous4 .  However ,  t he  isoelectr ic focus- 
ing e x p e r i m e n t  shown  in F igu re  b suggests  t he  presence  
of severa l  molecu la r  forms of ca ta lase  w i t h i n  th i s  f rac t ion.  
The  m a i n  p a r t  of t he  a c t i v i t y  is focused a t  p H  5.95. On ly  
a smal l  a m o u n t  of n a t i v e  ca ta lase  as found  in h e m o l y s a t e s  
( I E P =  6.5) seems to  be  presen t .  S imi la r  resul t s  were 
o b t a i n e d  w i t h  f r ac t ion  A of t h e  horse  enzyme.  

I n  t he  presence  of oxygen,  b u t  in  t he  absence  of h e a v y  
m e t a l  ca ta lys ts ,  f r ac t ion  A of t he  h u m a n  e n z y m e  is 
c o n v e r t e d  to  a r e l a t ive ly  s t ab le  i n t e rmed ia t e ,  c o n t a i n i n g  
2 i r revers ib ly  oxid ized  su l fhydry l -g roups  (Table).  Th i s  
i n t e r m e d i a t e  f r ac t ion  is Muted  f rom DEAE-ce l lu lose  as 
f r ac t ion  C. I t  has  a n  I E P  of 5.8 and  a p p a r e n t l y  consis ts  
of on ly  one molecu la r  species (Figure  c). I n  a second 
o x i d a t i o n  step,  t a k i n g  place in presence  of oxygen  and  
h e a v y  m e t a l  ca ta lys ts ,  more  t h a n  2 s u l f h y d r y l  g roups  
m a y  be  i r revers ib ly  oxidized.  Th i s  r e su l t s  in a f u r t h e r  
lowering of t he  I E P  of ca ta lase  f r ac t ion  C w i t h o u t  affec- 
t ing  i ts  a c t i v i t y  or i ts  c h r o m a t o g r a p h i c  p roper t i es .  F igure  d 
shows t h e  isoelectr ic focusing of a f r ac t ion  C w h i c h  
c o n t a i n e d  a p p r o x i m a t e l y  10 i r revers ib ly  oxid ized  cys te in  
res idues  (Table).  The  m a i n  p a r t  of t he  ac t ive  m a t e r i a l  is 
focused a t  p H  5.20. 

I n  horse  e r y t h r o c y t e  catalase ,  t h e  t r a n s i t i o n  f rom 
f r ac t ion  A to f r ac t ion  C t akes  place  on ly  in presence  of 
oxygen  and  h e a v y  m e t a l  c a t a ly s t s  4. A s t ab le  i n t e rme-  
diate ,  as de tec ted  in h u m a n  e r y t h r o c y t e  cata lase ,  was  
no t  found.  F r a c t i o n  C, c o n t a i n i n g  a p p r o x i m a t e l y  10 
i r r eve r s ib ly  ox id ized  cys te in  residues,  ha s  a n  I E P  of 5.70 
(Table).  

Discussior The  t r a n s i t i o n  of f r ac t ion  A of h u m a n  as 
well  as horse  e r y t h r o c y t e  ca ta lase  to  f r ac t ion  C is charac-  
t e r i zed  b y  a n  i r revers ib le  ox ida t ion  of su l fhydry l  groups  ~ 
a n d  is para l le led  b y  a cons iderab le  sh i f t  of t he  I E P .  The  
resu l t s  i nd i ca t e  t h a t  t h e  I E P  is r e l a t ed  to  t he  n u m b e r  of 
i r r evers ib ly  oxidized su l fhydry l  groups  (Figure b, c a n d  d). 
Th i s  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 ,  
du r ing  t h e  t r a n s i t i o n  of f r ac t ion  A to  C, acid de r iva t i ve s  
of cys te in  are  fo rmed  b y  o x i d a t i o n  of su l fhydry l  groups  
p r e sen t  in  f r ac t ion  A. 

The  dif ference in  I E P  b e t w e e n  t he  e n z y m e  p re sen t  in 
a f resh h e m o l y s a t e  a n d  t he  oxidized f r ac t ion  C is la rger  

7 0 .  VESTERBERG and H. SVENSSON, Acta chem�9 scand. 20, 820 
(1966). 



15.9. 1970 Specialia 947 

than the one between fractions A and C, and amounts 
to 1.3 pH-units in the human enzyme (pH 6.5-5.2) and 
1.6 in horse erythrocyte catalase (pH 7.3-5.7). Thus, 
additional factors other than SH-oxidation affect the 
I E P  of erythrocyte catalase. Fraction A, although isolated 
under mild, non-oxidizing conditions, has a lower I E P  
than catalase in a fresh hemolysate and therefore does 
not correspond to the native enzyme. Since fraction A 
contains no irreversibly oxidized sulfhydryl groups 4, the 
difference cannot be attr ibuted to the formation of acid 
derivatives of cystein. During the isoelectric focusing of 
hemolysates, hemoglobin is present in a large excess and 
might affect the result by protein-protein interaction. 
This possibility can however be ruled out, since catalase 
is always completely separated from hemoglobin. Further- 
more, the addition of hemoglobin does not significantly 
influence the I E P  of purified, hemoglobin-free fraction A. 
The observed difference is possibly due to conformational 
changes occurring during the purification of the enzyme. 

The data on the I E P  of different catalase preparations 
reported in the literature s correspond to the value 
obtained for fraction C. I t  is concluded that  those catalase 
preparations must have contained a high percentage of 
irreversibly oxidized sulfhydryl groups 9. 

Zusammen/assung. Mittels isoelektrischer Fokussierung 
wurde der I E P  yon nativer Erythrocytenkatalase be- 
s t immt (Mensch p H  6,5; Pferd pH 7,3). Die im Verlauf 
der Reinigung auftretende Konformations~nderung ist 
von einer Verschiebung des I E P  nach der sauren Seite 
begleitet (Mensch ApH --1,3; Pferd ApH --1,6). 
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The Role of Neuraminic  Acid in the Stability and Enzymic ActiVity of Acid Phosphatase of the Human 
Prostate Gland 

Recently it was reported that  acid phosphatase of the 
human prostate (EC 3.2.3.1) occurs in several fractions, 
which can be separated by chromatography on D E A E  
or CM-cellulose 1,2 and by isoelectric focusing s. The 
heterogeneity is a result of the presence of N-acetyl- 
neuraminic acid (NANA) in the phosphatase molecule, 
which can be split off by means of neuraminidase without 
loss of enzymic activity2. I t  was therefore of interest to 
compare some of the properties of native phosphatase, 
such as thermostability, opt imum pH, Km and K, with 
neuraminidase-treated enzyme. 

Acid phosphatase act ivi ty was assayed under standard 
conditions 4 with p-nitrophenylphosphate, disodium salt 
(p-NPP), product of Sigma (Biochem. Corp., St. Louis, 
Mo.) as substrate in 0.1M citrate buffer, pH 5.5. Liber- 
ated p-nitrophenol was assayed spectrophotometrically 
(Uvispec, Hilger a. Watts, London) at 420 nm. Activi ty 
of the enzyme toward adenilic acid (pA, Koch-Light, 
Colnbrook, England) and deoxyguanosinediphosphate 
(d-pGp, kindly provided by Dr. M. LASKOWSKI SR.) was 
also studied, in this case on the basis of Pi liberated, 
assayed by a modification of the Fiske-Subbarow 
method 5. 

Acid phosphatase I was used, which represents about 
70% of total  activity of crude human hypertrophic 
prostate extract, from which it was obtained and purified 
by the method previously described 4. The preparation 
was homogenous in ultracentrifuge and in disc electro- 
phoresis on polyacrylamide gel. To about 1 mg of enzyme 
I in i ml of 0.05M acetate buffer of pH 5.5 containing 
1% NaC1 and 0.1~ cac12, 30 U of neuraminidase from 
Vibrio cholerae (25,000 U/mg protein, Koch-Light) was 
added, and the mixture was incubated 20 h at 25 ~ 
The Solution was dialyzed overnight against distilled 
water and stored in frozen state for further study. 
Phosphatase I treated with neuraminidase under these 

conditions, when examined by isoelectric focusing accord- 
ing to SVENSSON 6, exhibited a single symmetrical peak 
with isoelectric point at about pH 5.8, whereas the native 
enzyme gives 3 well-separated peaks at pH 4.82, 4.92 
and 5.10 (Figure 1). 

Treatment  of phosphatase with neuraminidase causes 
a rise of optimum pH by ca. 0.4 U for pA and p-NPP as 
substrates. Thermostabili ty of both enzymes was studied 
at 55 ~ and different pH. Splitting off NANA had no 
effect on the sensitivity of phosphatase to heating. 
Figure 2 shows that  both enzymes were inactivated at 
the same rate in the pH range 4.6-6.75. 

The reaction velocities and Km constants for various 
substrates of native phosphatase and phosphatase treated 
with neuraminidase indicate that  the enzyme deprived 
of NANA has greater affinity for all substrates studied 
(Table). The values of Vmax and Kin, determined according 
to the LINEWEAVER and BURK ~ and by the method of 
least squares, are always lower for the modified enzyme, 
indicating greater affinity for the substrate, presumably 
as a result of diminished surface charge of the protein 
molecule. Strongly polar substrate molecules possess 
greater ease of con tac t  with molecules of the modified 
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