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f rom a n y  b iochemica l  sys tem.  I t  is l ikely t h a t  this  t)-pe of r educ t ion  is more  c o m m o n  
t h a n  t h e  p re sen t  n u m b e r  of example s  ind ica tes  and  t h a t  add i t i ona l  ins tances  will 
a p p e a r  when  the  e x t r e m e  labi l i ty  of a z la -3-hydroxys tero id  ¢o ac id  is apprec ia ted .  
R a t e  s tudies  of the  d e h y d r a t i o n s  of I I  a n d  p r e g n - 4 - # l - 2 o - o n e .  ~ n d e r  t h e  mi ld  
condi t ions  above ,  showed  t h a t  t h e  reac t ions  were a lmos t  75 ?/o oamp]e~e ~i~hin  5 rain. 

The  r educ t ion  of t he  ca rbony l  g roup  of a zJa-3-ketosteroid w i t h o u t  p r ior  r educ t ion  
of the  double  b o n d  reflects an  add i t iona l  degree  of c o m p l e x i t y  in t h e  metaboLism 
of s teroids.  I t  will be w o r t h  while to  tes t  a Aa-3-hydroxwsteroid  as a s u b s t r a t e  in  
var ious  b iochemica l  sys t ems  or in vivo to  learn  w h e t h e r  t h e  doub le  b o n d  r ea r r anges  
t o  form a z la-3-hydroxysteroid .  If  th is  occurs,  t h e n  t h e  t w o  s t e p s ~ r e d u c t i o n  of t h e  
3 -ca rbony l  g r o u p  a n d  r ea r r angemen¢  of the  double  b o n d ~ w o t d d  cons t i t u t e  a reversa l  
of t h e  ox ida t ion  of a Aa-3-hydroxys te ro id  to  a Aa-3-ketosteroid.  Th i s  reversa l  has  
n o t  been  h i t h e r t o  observed .  

Th i s  research  was  s u p p o r t e d  by  g r a n t s  f rom G. D. Sear le  a n d  Co., Chicago,  Ill. 
a n d  the  U.S. Pub l i c  H e a l t h  Service  (Gran t  CY-3653).  
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H e m e  d issoc ia t ion  and a u t o x i d a t i o n  o f  m y o g | o b i n  ° 

P.~ I i 8 8  

T h e  a u t o x i d a t i o n  of H b O  z and  MbO~ has  been s tud ied  b y  B R o o g s  ~-~, GEorGE AND 
STRATMAN z-z a n d  TSUSHIMA e a m o n g  others .  T h e  e~4dence a c c u m u l a t e d  s u p p o r t s  t h e  
c o n c e p t  t h a t  reduced ,  d e o x y g e n a t e d  he-he p i g m e n t  reac t s  w i t h  o.x).~gen t o  wield 
ox id ized  he ine  p i g m e n t .  BROOKS 2 a n d  GEORGE AND STr~arM.¢X a showed  t h a t  t he  r a t e  
c o n s t a n t s  for a u t o x i d a t i o n  of HbO2 and  MbO~, respect ively ,  increase  w i th  decreas ing  
pa r t i a l  p ressure  of oxygen  a n d  go t h r o u g h  a m a x i m u m  a t  a pa r t i a l  p ressure  of oxygen  
co r re spond ing  to  hal f  s a t u r a t i o n  of t h e  pa r t i cu l a r  heine  p i g m e n t .  As  V~'A~-rs ~ has  
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t o  reac t  wi th  oxyge n in one ins tance  to  become  o x y g e n a t e d  a n d  in a n o t h e r  in s t ance  
to  become oxidized are  c o m p l e t e l y  u n k n o w n .  KEILIN s has  r ecen t ly  shown  t h a t  the re  
is no ev idence  for t h e  presence  of peroxides  in solut ions  of H b O  2 unde rgo ing  au tox i -  
da t ion .  

I n  o x y g e n a t e d  heine p igments ,  t h e  b o n d i n g  be tween  heine i ron a n d  h is t id ine  of 
the  p ro te in  is covalent .  On the  o the r  hand ,  w i th  reduced  or oxidized heme  p igmen t s ,  
i ron  is b o u n d  p r imar i ly  b y  ionic bonds .  This  suggests  t h e  poss ib i l i ty  t h a t  h e m e  or 
h e m a t i n  m a y  be dissocia ted f rom p ro te in  w h e n  the  p i g m e n t  is r educed  or oxidized.  
T h e  concep t  of f irm bonding ,  which  is genera l ly  accep t ed  as ex i s t ing  b e t w e e n  he ine  
p ros the t i c  g roups  and  apopro te in ,  a p p a r e n t l y  resul ts  f rom the  inab i l i ty  to  d e m o n s t r a t e  
free h e m e  af te r  dialysis,  e lect rophoresis ,  or  c o l u m n  c h r o m a t o g r a p h y  of myog lob in  
or  hemoglob in  in aqueous  solut ion.  However ,  the  e n v i r o n m e n t  of t h e  he ine  g r o u p  in 
myog lob in  has  been  shown  to  be essent ia l ly  non-po la r  due  to  side chains  of the  p ro t e in  
in the  i m m e d i a t e  v ic in i ty  of he ine  (KENDREW et al.9). This  non -po l a r  e n v i r o n m e n t  
could  be a fac tor  i n  keep ing  h e m e  f rom dissocia t ing  f rom apopro te in .  Myoglobin  
m a y  be t h o u g h t  of as an  inclusion c o m p o u n d  wi th  the  h e m e  po r t i on  f i t t ing  in to  t h e  
a p o p r o t e i n  such t h a t  h e m e  remains  assoc ia ted  even  t h o u g h  chemica l  l inkages  do no t  
exist .  Consequen t ly ,  if one used  an  e x t r a c t i n g  so lven t  which  is less po la r  t h a n  wa te r ,  
it m a y  be possible to  e x t r a c t  h e m e  which  is no t  chemica l ly  b o n d e d  to  apopro te in .  
LEWIS 1° e x t r a c t e d  va r ious  h e m e  pro te ins  w i th  ace tone  a n d  found  t h a t  free h e m a t i n  
is e x t r a c t e d  f rom m e t m y o g l o b i n  p r i m a r i l y  in the  p H  range  4 .5-4 .  This  wou ld  in- 
d ica te  t h a t  the re  is v e r y  l i t t le  free h e m e  p re sen t  in m e t m y o g ! o b i n  a t  h ighe r  pH.  How-  
ever ,  s imi lar  e x p e r i m e n t s  h a v e  no t  been  done  us ing r educed  d e o x y g e n a t e d  myoglob in .  

The  resul ts  r epo r t ed  here  ind ica te  t h a t  cons iderab le  h e m e  san  be  e x t r a c t e d  f rom 
Mb at  p H  6.6, and  the  poss ib i l i t7  t h a t  free h e m e  is t h e  r e a c t a n t  in a u t o x i d a t i o n  of 
MbO~ is discussed.  

Myoglobin  was  crys ta l l ized f rom beef  ske le ta l  muscle  as p rev ious ly  described'-'-. 
Me tmyog lob in  c rys ta l s  were  dissolved in dist i l led wa te r  a n d  d ia lyzed  aga ins t  dis t i l led 
w a t e r  to  ob ta in  a salt-free m e t m y o g l o b i n  solut ion.  T h e  concen t r a t i on  of t h e  m e t m y o -  
globin  solut ion was  d e t e r m i n e d  b y  us ing  a emM of I I .  3 for l ight  a b s o r p t i o n  of 
the  cyan ide  de r iva t ive  of m e t m y o g l o b i n  a t  54o m/z. A so lu t ion  of m e t m y o g l o b i n  
(o.o7o mM) was  p r e p a r e d  a t  p H  6.6 us ing  NaCI as d i luen t  to  g ive  a n  ionic s t r e n g t h  
of 0.05. T h e  m e t m y o g l o b i n  so lu t ion  was  d iv ided  in to  two  5-ml  por t ions .  To  one  por t ion ,  
app rox .  3 m g  of NaaS~O4was a d d e d  to  r educe  the  m e t m y o g l o b i n .  T h e  Mb was  immed i -  
a t e ly  mixed  wi th  Io  ml  of ace tone  at  r o o m  t e m p e r a t u r e ,  a n d  t h e  m i x t u r e  was  cen- 
t r i fuged  to  r e m o v e  p rec ip i t a t ed  prote in .  T h e  a c e t o n e - w a t e r  m i x t u r e  con ta in ing  
e x t r a c t e d  h e m e  (which was  i m m e d i a t e l y  au tox id ized  to  h e m a t i n )  was  acidified wi th  
o.1 N HC1 (o.i  ml  acid a d d e d  to  4-9 ml ex t rac t ) ,  and  the  a b s o r b a n c y  of the  acid 
h e m a t i n  was  de ter r rdned  a t  385 m/~. A second p o r t i o n  of m e t m y o g l o b i n  was  e x t r a c t e d  
us ing  the  same  procedure  b u t  wi th  no a d d e d  Na~S20  *. T h e  a m o u n t  of acid h e m a t i n  
in t h e  e x t r a c t  was  d e t e r m i n e d  us ing  the  ex t inc t ion  coefficient g iven  b y  LEWXS 1° for 
ac id  h e m a t i n  in ace ton  ( abso rbancy  of I m g / m l  h a e m a t i n  ~- I36).  

Resu l t s  showed  t h a t  4 ° % of t h e  h e m e  p resen t  in  Mb was  e x t r a c t e d  b y  ace tone ,  
b u t  negligible a m o u n t s  of h e m a t i n  in m e t m y o g l o b i n  were ex t r ac t ed .  The  p H  of b o t h  
m ~ t m t r n o l n h l n  ~ n r t  M b  solut ions  was  6.6. 

The  ease wi th  which  h e m e  is e x t r a c t e d  f rom Mb at  r e l a t ive ly  h igh  p H  t ends  to  
s u p p o r t  the  hypo thes i s  t h a t  h e m e  can  dissociate  chemica l ly  f rom Mb b u t  sti l l  r ema ins  
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physically associated with the apoprotein in aqueous solution. Presumably,  such dis- 
sociated heine would be as labile to autoxidat ion as is free heine. Consequently, the 
autoxidat ion of MbO2 may  occur as follows" 

M b O  2 , ~ 3 Ib  + 0o_ 

M b  ~ ........... --~ h e i n e  + p r o t e i n  

he ine  + O., ~_, _ ~  h e m a t i n  

h e m a t i n  + p r o t e i n  , ~" m e t m y o g l o b i n  

Such a scheme would be compatible with the finding tha t  rates of autoxidat ion increase 
with  decreasing par t ia l  pressures of oxygen. The rate  of autoxidat ion would depend 
upon concentra t ions  of dissociated heine and 0 3, and the  dissociated heme concen- 
t ra t ion  would be dependent  on the concentrat ion of Mb. 

The relat ively large amount  of heine which was ex t rac ted  by acetone (40?/o) 
should not  be construed as indicating the equilibrium concentrat ion existing at  pH 6.6. 
Undoubtedly ,  addit ion of acetone displaces the equilibrium between Mb and dis- 
sociated heme towards more dissociation, since heine in a c e t o n e - w a t e r  solution rapidly 
polymerizes, making  it unavai lable for recombination ~4th apoprotein.  

T£  _..~.~__-'21~'~_~ ,la't. ir'~ ___~_ ~ ~_ • 1 . xt ~utux~u,tt~uu of ~ 0 ~ 2  is due to ztutoxiuation of Iree uenle, it may  be that only 
those heine pigments  in which the heme group can dissociate are autoxidizable.  
Unfor tunate ly ,  relat ively little is known of the heine linkage in most p igmen t s  
However,  in cytochrome c, the heme is known to be firmly bound by  i ron-h i s t id ine  
bonds and  t h i o - e t h e r  linkages to the vinyl side chains of heine. This firm binding 
of heine in cytochrome c may  be the reason t h a t  it is not  autoxidizable. 

The hypothesis  of heme groups chemically dissociating from reduced, deoxygen- 
a ted  heme proteins could have an impor tan t  bearing on unders tanding  of oxygenation 
reactions and the  autoxidat ion of cytochrome oxidase. Consequently,  the hypothesis  
war ran ts  fur ther  investigation. 
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