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H a e m  a~ o f  Pseudomona_s  c y t o c h r o m e  o x l d a ~  was  eas i ly  c l e a v e d  f r o m  t h e  p r o t e i n  
m o i e t y  b y  t r e a t m e n t  w i t h  H C l - a c e t o n e .  H a e m a t i n  as w a s  inso lub le  in a c e t o n e  a n d  
so eas i ly  s e p a r a b l e  f r o m  it. H a e m a t i n  a 2 a n d  haern  a~ h a d  the i r  a - b a n d s  a t  684 m/~ 
a n d  62() rap ,  r e s p e c t i v e l y .  T h e  p y r i d i n e - .  C N - ,  NO-  anti  C()-dc, r i v a t i v e s  o f  h a e m  a z 
h a d  t h e i r  a - b a n d s  a t  620 m/J. ++32 m # ,  625 m/~ a n d  ()44 m/~, r e spec t i ve ly .  T h e  7-band.~ 
o f  h a e m a t i n  a t  a n d  i ts  d e r i v a t i v e s  were  compo.~ed <~f *.w,~ or  th ree  peaks .  T h e  r a t i o  
o f  A+,/A,, for  h a e m a t i n  am a n d  i ts  f l e r iva t ive~  wa+~ v e r y  +~mall ant i  no t  c o m p a r a b l e  
w i t h  t h a t  o f  o t h e r  h a e m s ,  

T h e  h a e m  b o u n d  to  the  p ro t e i n  m o i e t y  a n d  r~.~i,,tant to  H C l - a c e t o n e  t r e a t m e n t  
w a s  cleavcxi  f r o m  t h e  p ro t e in  b y  A g t b O 4 - t r e a t m e n t ,  ant i  s h o w n  t o  be  h a e m a t o h a e m .  
T h e  a b s o r p t i o n  s p e c t r a  o f  h a e m  a= a n d  P s e u d o m o n a g  c y t o c h r o m e  o x i d a s e  a re  t:om- 
p a r e d ,  

l NTROD L;C T IC)N 

A l t h o u g h  c y t o c h r o m e  oh, w h i c h  has  h a e m  a ,  as a p r o t h e t i c  g r o u p ,  has  n o t  been  
i+,mlated, h a e m  o h i t se l f  ha s  b e e n  i so l a t ed  f r o m  whole  cells o f  s o m e  b a c t e r i a  a n d  h igh ly  
pur i f i ed  t+ H a e m  a+ ~v~s fo'.::;~l to  be  al~ i ron  c o m p l e x  of  a ch lor in .  

As p r e v i o u s l y  m e n t i o n e d  1-4, P s e ' u d o m o n a s  c y t o c h r o m e  o x i d a s e  h a d  a c o m p l i -  
c a t e d  s p e c t r u m  d u e  to  a h a e m  a t  a n d  a h a e m  c p r e s e n t  in the  s a m e  molecule .  
VChen the  e n z y n m  w a s  t r e a t e d  w i th  a c e t o n e  c o n t a i n i n g  h y d r o c h l o r i c  acid .  h a e m  
a t wa~, e x t r a c t e d  in to  t h e  a c e t o n e  a n d  t i le p r o t e i n  m o i e t y  wh ich  c o n t a i n e d  t h e  h a e m  
¢ w a s  p r e c i p i t a t e d .  As  i n d i c a t e d  a l r e a d y ,  the  h a e m  aa o b t a i n e d  f r o m  I ' seudomona-+ 
c y - t c c h r o m e  o x i d a s e  d i f fe red  in sorrte r e s p e c t s  f r o m  t h a t  e x t r a c t e d  f r o m  whole  bac-  
t e r i a l  cells t. 

As  p r o s t h e t i c  g r o u p s  o f  c y t o c h r o m e s ,  p r o t o h a e m ,  h a e m  c, h a e m  a a n d  h a e m  a t  
a r e  k n o w n  a t  p r e s e n t  s. O f  these ,  l i t t le  is know.~ a b o u t  h a e m  a t. H a e m  a~ o b t a J p e d  
fr'-."+ e .r.r.rystalline P s e u d o m o n a s  e y t n c h r o m e  oxida.~e ~ e m s  to  be  pure .  T h e r e f o r e ,  
v a r i o u s  p r o p e r t i e s  o f  t h e  h a e m  a t f r o m  the  c r y s t a l l i n e  e n z y m e  were  e x a m i n e d ,  a n d  
t hose  o f  t h e  ha+'m. ¢ b o u n d  to  the  p r o t e i n  m o i e t y  a n d  n o t  sp l i t  off b y  a c i d - a c e t o n e  
t r e a t m e n t  were  a lso  s tud ied .  
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P.seatdomoJms c_yfo,:hrome oxidase 

Crys t a l l i ne  P s e u d o m n n a s  c y t o c h r o m e  o x i d a s e  w a s  p r e p a r e d  b y  the  m e t h o d  
pre~ ' ious ly  m e n t i o n e d  ~. T w i c e  r e c r y s t a l l i z e d  e n z y m e  was  d i s so lved  in d e i o n i z e d  w a t e r  
a t  a c o n c e n t r a t i o n  of  a p p r o x ,  z o  ~ M a n d  u.~=d for  p r e p a r a t i o n  of  h a e m  a ,  a n d  h a e -  
m a t o h a e m .  

Ctca;,age of ha,'ms from the enzyme protein 

| ] a , . m  a.~ w~s i so l a t ed  f r o m  t h e  p r o t e i n  m o i e t y  b y  t r e a t m e n t  o f  t h e  e n z y m e  w i t h  
a c e t o n e  c o n t a i n i n g  o.12 N HC],  a n d  b a e m a t o h a e m  b y  t h e  m e t h o d  o f  PAUl. t w / t h  a 
s l ight  mod i f i ca t i on .  T h e  de ta i l s  o f  the  Vrocedures  used  are  d e s c r i b e d  below.  

5pectrophotometric deter,:i~tations 

S p e c i r o p h o t o n L e t r i c  m e a s u r e m e n t s  were  p e r f o r m e d  in a Ca~y r e c o r d i n g  s p e c t r o -  
ph¢) tometer ,  m<,dei 14. "L'o d e t e r m i n e  t h e  a b s o r p t i o n  s p e c t r a  o f  t h e  N O -  a n d  CO- 
d e r i v a t i v e s  o f  h a e m  a_~, T h u n b e r g - t y p e  . ' u v e t t e s  were  used.  

RESUI.TS 
lfaem az 

"l-t, f'.5 It)l of  l ' .~t-ud,,lnonas c y t o c h r o m e  oxida~e  so lu t ion ,  w e r e  a d d e d  4.0 m l  o f  
a c e t o n e  t r : n t a in ing  o.z2 N HCi .  which  h a d  been  t:hilled in an  i c e - N a C I  m i x t u r e .  T h e  
m i x t u r e  x a s  v i g o r o u s l y  agi tatext .  A f t e r  z ra in ,  i t  wa~s cent r iCuged a t  2ncg) × g for  
z m i n ,  a n d  the  retldi~h g reen  .~Ul-~rnatant w a s  s e p a r a t e d  f r o m  t h e  red  p r e c i p i t a t e .  
Fi.q. x ~ h , w s  the  a b s o r p t i o n  s p e c t r u m  o f  h a e m i n  o= in aceto,~e. T h e r e  w a s  a n  a b s o r p -  
t ion  p e a k  a t  432 m~a (7 -band )  a n d  a b r t , ad  p l a t e a u  f r o m  520 mt~ to  62o m/~ w i t h  
thret ,  .~iight b u m p s  a t  529 mtJ, 5()c) rot,  a n d  6.36 m/~. 
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F i g .  r .  T h , ,  a L ~ * r p t i o n  s p c c t r u n ,  o f  h a c m i n  a t .  H & e m i n  a t w a s  d i s s o l ~ c d  i n  acc¢ (mc  c o n t a i n i n g  
,,.= = N HCI and approx. ] i %,, w a t e r .  
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H a e m a t i n  a~ a n d  harem a . ,  

To  the  reddish  g reen  s, f lution of  haemin  ~, ,A:~tained a~ descr ibed  abr~ve (4.5 ml), 
0.6 ml o f  2 N N a O H  was  a d d e d  wi th  vig~rou.~ agitati~m. The  ~/otution b e c a m e  turb id .  
W h e n  it wa~ centrifi~,~,d ar zoo0 × g 6,r -, rain. the ha t 'ma t in  a_. se t t led  at the t~>ttom 
o f  the  t u b e  as a green laver.  The  colourlcss a ce lonc  sup t : rna tan t  laver  wa~ pipette<] 
ou t .  W h e n  the. g'-eeia l ayer  was  d i lu ted  wi th  o.2 3I phr~.~phate buffer  {pH 7 o ) .  the 
p H  of  the  result  ng  st~]ut,on was  z z. "l'hc a b ~ w p t i o n  ~pectruna o f  ha<ma t in  a± is 
shown  in Fig. ",. The  gpectrurn of  h a r m  a~. which was  lll:|d¢, b v  add i t ion  , f  Na._.S:O~ to 
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WovOten~l ~, Imp] 

b'~g..,. The abso tp t i .n  a[~'ctra of h a e r n a t i n  a~  at~<! h a e t l l  a z. H a e r r t i ~ t i n  a~ w a s  tli.~,m>Ivtrd i n  o . ~  5I  
p h o s l a h a t c  b a i l e r ,  a n t i  t h e  p l  i o f  t h t r  ~r~l ta t io~ wixs  a d j  u ,~ tcd  t o  t t .  T h e  c o n c t r n t r a t i o n  o f  h a c m a t i n  
a s wa~s [ - 3 "  t o  ~ M .  J l a e m  a~  wa,~ m a d e  b y  a d d ] l i o n  o f  N a ~ S = O ~  t o  i a a t ; m a t i n  :~:. - . . . .  , H a c m . - ~ t i n  

h a e m a t i n  a~, is als,J shown.  H a e m a t i n  a 2 had  absurpti~m p~ak~ at 4o5 rntL (7-band)  
a n d  684 m #  (tz-blxntt). and  a brt>ad Mtoulder a r o u n d  4~o rapt. ~3,"hen h a e m a t i n  a z was 
r educed  to h a e m  a~ by  NazSzO ,. a 7 - b a n d  appeatwd at  453 m/z w/ th  a ~ht,ulder 
a r o u n d  416 rap.  and  the  a - b a n d  shi f ted  to  626 nvt.  

D e r i v a t i v e s  o f  h a e m a t i n  a~ a n d  h a e m  a z 

Pyr id ine -  a n d  C N - - d e r i v a t i v e ~  o f  h a e m a t i n  a~ were o b t a i n e d  by" add i t ion  o f  
p y r i d i n e  a n d  KCN to an  a q u e o u s  ~o[utitm of  h a e m a t i n  a~. Figs. 3 and  4 show the  
a b s o r p t i o n  spec t ra  o f  the  pyr id ine -  a n d  < :N- -de r iva t ives  o f  h a e m a t i n  a2- The  absorp-  
t ion  s p e c t r u m  of  the  p y r i d i n e - d e r i v a t i w :  was m}t af fec ted  l~y add i t i on  o f  ~:l~-~.~Q4. 
Thus, the iron atom in the haematin a .  s~_m~ to be reduced by addition of  p~Tidine. 
in  the  py r id ine  h a e m o c h r o m o g e n  of  h a e m  a t, the  ) , -band .seem.~ to  cons is t  o f  t ln '~  
p e a k s :  a m a i n  p e a k  a t  432 m/~ a n d  two  shoulders  a r o u n d  4o9 m/~ and  454 rap. The  
a - b a n d  was  a t  6zo m/a. The  c y a n i d e  haemoch rom, rgen  l a d  an  a - b a n d  at  63~ ml,, 7" 

D i o c A ~ t n .  ZIJophFx. ,'J ~ ta ,  6 7  (g 9 0 3 )  . t o 7  -.~ t 6  
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Fig. 3- The absorpt ion spectrum of the pyr idinc hacmochromogen of haem a t. The concent ra t ion  
of thc hacmochromogcn was v. ; 7 • 14> • M and the pH of the solut ion was ! z in aqueous solution. 
Tht: concentrat ion hn acetone wa~ 5 6  • to -= M. Addit ion of/gatS=O 4 to the solutiox, did no t  change 
tt-,e absorption spectrum. - . . . .  , Aqueous solut ion;  . . . . .  , in acetone con ta in ing  30% water.  

b a n d s  a t  443  n ~ p t  a n d  480  nap,  a n d  a s h o u l d e r  a r o u n d  414  m p .  T h e  y - b a n d  o f  t h e  
c y a n i d e  h a e m o c h r o m o g e n  e v i d e n t l y  c o n s i s t e d  o f  t w o  peak.~. 

D u r i n g  n e u t r a l i z a t i o n  of  t h e  a c i d  a c e t o n e  s o l u t i o n  o f  h a e m i n  a a, w h e n  t h e  c o n -  

c e n t r a t i o n  o f  a c e t n n e  w ~ s  b e l o w  a p p r o x .  7 0 % ,  t h e  h a e m a t i n  a z f o r m e d  w a s  n o t  
p r e c i p i t a t e d ,  b u t  a n  a c e t o n e  s o l u t i o n  o f  h a e m a t l n  a s w a s  o b t a i n e d .  T h e  a b s o r p t i o n  

s p e c t r a  o f  p y r i d i n e  a n d  c y a n i d e  h a e m o c h r o m o g e n s  in  a c e t o n e  w e r e  s i m i l a r  t o  t h o s e  

ob . se :ved  in  a q u e o u s  s o l u t i o n ,  b u t  t h e  a b s o r p t i o n  p e a k s  of  t h e  p y t ' i d i n e  h a e m o -  
c h r o m o g e n  w e r e  a t  s h o r t e r  w a v e l e n g t h s  t h a n  i n  a q u e o u s  s o l u t i o n  (F igs .  3 a n d  4). T h e  
a - b a n d  of  t h e  p y r i d i n e  h a e m o c h r o m o g e n  w a s  a t  615  m p  in  t h e  a c e t o n e  s o l u t i o n .  

T h e  ef fec ts  o f  CO a n d  N O  o n  h a e m a t i n  a t  a n d  h a e m  a~ w e r e  e x a m i n e d .  A s  

o.4! ;, - -  I 

'!i i ^  

Fig,  4- T h e  a b s o r p t i o n  s p e c t r u m  o f  t h e  c y a n i d ~  h a e m o c h r o m o g e n  of  h a e m  a~. T h e  c o n c e n t r a t i o n  
of  t he  h w e m o c h r , ,  oge~  w a s  ] , o T . t o - t  M in a q u e o u s  s o l u t i o n  a n d  5 . 6 . x o - S  M in  a c e t o n e .  T h e  
c o n c e n t r a t i o n  o f  K C N  w ~  l o  - t  M . . . . . .  . K C N  a d d e d  to  a n  ax lueous  s o l u t i o n  of  h a e r n a t i o  a . ;  
- , N a ~ O  4 a d d e d  to  t h e  a b o v e  s o l u t i o n ;  , in  a c e t o n e  eontaJnl ; ,g  3 0 %  w a t e r ,  a f t er  

a d d i t i o n  o f  N a | S ~ O , .  

Biochim. Biophys. Act~. 67 (1963} 4o"/-416 
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F i g .  5- T h e  a t ~ , o r p t i o n  s p e c t r a  ot" h a e m a t i n  a= a r i d  hacn~ -+ t l r t t l e r  CO. "j~ht. ~ ' t m c c n t r a t i o n  o f  l ine-  
m a t i n  a t w+~ R. 5 - ]o -+  M a n t i  t h e  p i t  wa_~ I t  l.  - - -. H a , . m ; ~ t i n  a_+; - - - - - .  Na=S_,() t ad+h.cl 

to  h;tPm,~.tin a.=. 

s h o w n  i n  F i g .  S ,  i i a e m a t i n  a_~ w a ~  n o t  a f f e c t e d  b b' C(), b u t  t h e  a | ) . s t ) r p t i G n  s p e c t r u m  o f  

h a e m  a t  u n d e r  CO w a s  e v i d e n t l y  d i f f e ren t  fr~,m t h a t  (~f h a e m  a 2 i tself .  T h e  a - b a n d  
w a s  a t  644 m,u a n o  t h e  z - b a n d  a t  413 m/+ a n d  44~)m+~, a n d  t h e r e  was  a s h o u h h ' r  
a r o u n d  600 m/z. In  t he  p re sence  o f  NO, the  a b s ~ r p t i o n  s p e c t r u m  o f  haemat i .n  a~ w a s  
a f f ec t ed  (Fig.  61 ; h a e m a t i n  a 2 h a d  i ts  a - b a n d  a t  645 m/ ,  a n d  i ts  7 - b a n d  a t  4o7 m u  
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F i g .  6, T h e  ~ , b a o r p t i o n  ~ p e u t r a  L,f h a e m a t i n  -~ azad hae l 'q  az  u n d e r  NO.  The- COl lcen t r -~ t ion  ¢1f 
h a e m a t i n  a= w a s  l .o4 - t o  - I  M a n d  t h e  p H  wa+s z i . e .  - . . . .  . H ~ e m a t i n  t%: --. . Na=S=O= addt+d 

t o  h a e m a t i n  a= 

w i t h  a s h o u l d e r  a r o L t n d  4 z o  m / ~ .  f l a e m  a z i n  N O  h a d  i t ~  a - b a n d  a t  6 2 5  m / ~ .  a n d  i t s  

7 - b a n d s  a t  408 m,.+ a n d  43h m/z wi th  a shf)uhler  a r o u n d  459 rap.  

The prot+in nmi~y 

T h e  p r o t e i n  m o i e t y ,  w h i c h  was  . separa ted  f r o m  the  h a e m  a= b y  t r e a t m e n t  w i t h  
H C l - a c e t o n e ,  w a s  no t  so lub le  a t  n e u t r a l  p H .  V+qaen t h e  p H  o f  t he  s u s p e n s i o n  o f  the  
p r o t e i ,  m o i e t y  w a s  a p p r o x .  9. a c lea r  red  +,x>|ution was  o b t a i n e d .  I t  was  h a r d  to  

Siochim- Biopl~s.  ,4c1,+. 67  ( t g 6 3 )  4 o 7 - 4 x 6  
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F ig .  7- T h e  a b s o r p t i o n  s p L ~ c t r u ~  o f  t h e  p r o t e i n  m o i e t y  m a d e  b y  clc."*vage o f  h a c m  a s f r o m  P s c u d o -  
m o n a s  c y t o c h r o m e  o x J d a s e ,  T h e  p r o t e i n  mo ie ty"  w a s  d i s s o l v e d  i n  0 . 2  M p h ¢ ~ p h a t c  a t  p H  9 .o .  

. . . . .  , O x i d i z e d ;  ~ ,  r e d u c e d  ~ i t h  N a : S s O  ~. 

di.~.~olve the protein mo ie ty  even at  p[ [  9 in the  presence o f  salts. The  absorp t ion  
spec t rum t)f the prutein moie ty  is shown in Fig. 7- There  were peaks at  4xz nap and 
528 m p  in the  o×idized t'~rm, and at  4x8 nap, 5z3 mk~, 549 m/~ and  554 m p  in the  re- 
duce~d form. The  spectruna was very  similar to tha t  o f  typical  e ~ o c h r o m c  c excep t  
for the spli t t ing of  the a -band  in the  reduced  form. I t  is no tewor thy ,  however ,  t ha t  
the .-1"~/4 ~'~ rat io  v,-a~s quite, large, and the r~a ~a A/Atj  ra t io  small, and there  was a 
broad absorp t ion  band  around 62o mp  (Fig. 6}. gJn a~td~.~on of alkal ine pyr idine,  
the twin peaks of the  a -band  became a single peak  at 549 na/~. 

i : I 

o . ,  . . . . . .  t i . . ,  
o.3L 

W a v J ~ l t h  ( m l a ]  

F i g .  8.  T h e  a b s o r p t i o n  s p e c t r u m  o f  t h e  p r o t e i n  m o i e t y  a t  4 5 o - 7 o 0  r a p .  E x p e r i m e n t a l  c o n d i t t o n ~  
a~q fo r  F i g .  7- - . . . .  , O x i d i z e d ;  ~ ,  r e d u c e d  w i t h  N a l S 2 0 , .  
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The  kaem bound lo th~ prote in  ~m~iety 

I t  seeme~t v e r y  l ikely t h a t  the  h a e m  b o u n d  to  the pro te in  m o i e t y  and  n~)t ~pl.it 
off by  ac id--acetone t r e a [ m e n t  ~';,,~ h a e m  c. I~ecau.~e. as m e n t i o n e d  ah~),~-e, when  
a lka l ine  p~a'i0ine wa~ a d d e d  to the pro te in  moie ty ,  the two peoks  a t  549 mtz a~,d 
5~4 mlt fused to a peak  at  549 m~. The  I.aern b o u n d  t -  the  pro te in  m o i e t y  coukt  he 
c l eaved  f r o m  the  p ro te in  by AgzSO~. "[',, a b o u t  50 ~r~g of  the  pro te in  m o i e t y  ::.~ 
p e n d e d  in 4.0 ml  ¢ f  dist i l led w a t e r  was added  ~.~ ml  of  glacial acetic acid and  4.o ml 
o f  s a t m ' a t e d  aque ,m s  Ag_.$O v The  m i x t u r e  was  hact~.d at  75 ~ in a w a t e r  b a t h  f()r 
4o rain and  then  , ' x t r a c t e d  3 time~ wi th  3o-ml a l i q u , l s  of  glacial  acet ic  a c i d - e t h e r  
(x : 3, v /v) .  The  c(mabined e t h e r  layers  were washe, l  O tim(~ wi th  3c,-tnl a l iquots  o f  
5~/o a q u e o u s  NaCI and  c o n c e n t r a t e d  to d r y n e ~  in z..ac~to. "['he h a e m  adhorin.g to the 
wall  o f  the  vessel wa~ dissolved in d i lu te  N a O H  at  l ,!I  ~ t. "l-he abs(>rption spec t r a  
o f  the  py r id ine  and  c y a n i d e  haem<,cl|r,~mogon-~ ,)f the haem are ~h~,wn it, Fig~. 9 and  

0 . ~ i  i ~ "  • • - ' ' r  . . . .  , 

~ 0.0, 

0,4?.. 

0.1 

i .. . 

!T, 

"lO/o va' I t l '1~ h ( rap)  

FiR. 9- The al'~orption ~pcctrorn eJf the pyridinu haerrJ(whromo~en of hae:matohaen-J cleaved from 
the protein moiety of I-'scudomona.s cytochrome oxidase by ,kg~S()8-tre~tment. p I I ]  ~.o. - . . . .  , 

¢~xidized. ~ - - ,  reduced with Na~:SzO s. 

xo. The  pyricfine h a e m ( m h r o m o g e n  nf the h a e m  had  peaks  a t  392 m ~  and  593 m ~  
in the  o ~  form,  and  a t  4o5 m/~. 464 m~, 5x6 m/z and 546 m/~ in the  reduced  
form. The  cyanide  haemochromogen  o f  the  haem had peaks at 4~5 m#  and 536 m/~ 
in the  oxidized form, and at 4~6 m/~. 532 m~z ~Ld 558 mt~ in the reduced form. From 
the absorption spectra, the haern i~olated ~ e m s  t:) be haematohaem.  Theref,,Je, it ;s 
ev ident  that  the  haem bound to the protein moe i ty  and not  split off by  ac id-acetoim 
treatment  was  haem c. 
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Fig. to. The ab~orption spectrum of the cyamidc ~t0~cmochrornogen of haematohaem cleaved 
ft-,2.,v.t the pr,~tein moiety of 1-~udorrtona$ cy-tochrogn~ oxida.~ by AgtSO4-treatmeat. pH xx.o. 

. . . . .  . Oxidized; . . . .  , reduced with Nat,~:O4. 

DISCUSSION 

BARREa-I* e x t r a c t e d  k a e m  a~ f r o m  whole  cells o f  A erobacter aerogenes a n d  h i g h l y  
purif ied it. This  h a e m  a z wa_s l ipophil ic  a n d  i ts  pyr id ine - ,  C N - -  a n d  C O - d e r i v a t i v ~  
h a d  thei r  a - b a n d s  a t  6x3 m/~, 618 m/~ a n d  6x8--62, )m~,  respec t ive ly .  On t h e  o the i  
hand ,  ou r  h a e m  at  i so la ted  f r o m  a c rys ta l l ine  P s e u d o m o n a s  c y t o c h r o m e  ox idase  was  
l tydroplfi l ic,  a n d  its pyr id ine- ,  C N - -  a n d  C O - d e r i v a t i v ~  h a d  the i r  a - b a n d s  a t  62o m u,  
632 m/~ and  644 toO, respec t ive ly .  There fo re ,  the  h a e m  ah~ p r e p a r e d  f rom our  c rys ta l -  
line e n z y m e  was  a p p a r e n t l y  d i f ferent  f rom the  h a e m  a t  o b t a i n e d  b y  BARRETT. HOW- 
ever,  it is txo tewor thy  t h a t  the  l a t t e r  h a e m  a~ p r e p a r a t i o n  wa-s c ~ n t a r n i n a t e d  wi th  
lipi.ds. I t  m a y  be t h a t  some  l iFophil ic  c o n t a m i n a t i o n s  m a d e  the: h a e m  a t o b t a i n e d  
f rom A.  ae rog~es  Lipophilic a n d  caused  t he  sh i f t ing  of  the  a b s o r p t i o n  peaks  o f  the  
h a e m  a t de r iva t ives .  

The  ~,-band of  h a e m  a z was  v e r y  different  f r o m  t h a t  o f  p r o t o h a e m ,  h a e m a t o h a e m  
a nd  ]ta•m a, in t h a t  it cons i s ted  of  s,~veral peaks .  Th i s  is due  to  the  chemic ' ,d  s t r u c t u r e  
o f  h a e m  a~. Thus ,  accord ing  to BARREq~[ "l, h a e m  a t i~ an  iron c o m p l e x  o f  a ehlor in  
ins tead  o f  p o r p h y r i n .  

I h e  a b s o r p t i o n  p e a k s  o f  hae rna t in  a z a n d  h a e m  a z c o m p o u n d s  are  s u m m a r i z e d  
in Table  I. As  shown  in Tab le  ! ,  tke re  was  no  re la t ion  b e t w e e n  the  pos i t ions  o f  t h e  
a-  a n d  ~¢-bands. T h e  r a t io  o f  A v ! A  a in h a e m  a t was  very" smal l  a n d  no t  corr .paxable 
wi th  t h a t  obse rved  in p r o t o h a e m ,  h a e m a t o h a e m  a n d  h a e m  a {see ref. 5). 

As the  oxid ized  fo rm o f  P s e u d o m o n a s  e y t o c h r o m e  ox idas¢  h a d  its a - ~ a n d  a t  
635 m/~ (see ref. 4), it is obv ious  t h a t  the  p e a k  of  h a e m a t i n  a t a t  684 r, vJ  sh i f ted  t o  
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SL'blMAR3," (~F I I I E  POP*ITIO.N'S OF  ."I4E AUSORPTIO,* /  HAND.~ O, :  HAI"-M a t 

C o m l ~ ' o u ~  el ?i e4t  ~'~;t . - tc,~ .4 ..vJ d/,* " *  

Ha~min a,  Acetone 432 . . . .  
Haematir~ a, Veater 4°5 "":~ I z / -  ~,~ J 5 
H a e m  a t ~.Vat , : r  453 ( , z¢ ,  t 4 - t o : '  J . o  
P y r l d l n e  b , a c n ~  a:= XVttt~rr  4 3 "  *~z~ 2 4  • (,~ t 

C1'¢ -- h a e m  a t  ' W a ~ r  4 4 9  4 8(I' t . ~ Z  2 0  • lit) ;~ l_~  
N ( ) - h a e m a t i n  a., V 4 a t u r  4 0 7  (>-I)  I ]  ÷ [ t)a 2 , ~  

. N l C ) - h i l e m  a l l  "~Vatur  4 0 8  .1~¢> 132 "~ ZO" i t )  a 2 (-~ 

( : ( ) - h a e m  a t Vestee , l ~  AI40 G. | .  l 2 0 "  It3 ~ Z o  
Pyri.dine-t'.aem a, .X~ cto,u 4" r ,>x .5 3z • t (~a t ( )  
CN-. haem t~t A~-t:tone -l I., .t3o e,33 ,8. toe i: :  

e .  
|)etermined from the cont:entratlon t~f the enzyme fr,~m which ha~-+m a a v,'a.s i-;olated. 
~lbe bighcst peak ,va.~ sek-.:ted w h e n  two or m o r e  13t.;'.ks w~:ru p r ~ , ~ e n t  

s h o r t e r  w a v e l e n g t h s  on c o m b i n a t i o n  o f  the  h a e m  wi th  tile. pi 'otein m o i e t y L  The  b u m p  
ob~er~,ed a t  460 m/t  in the  t ' e d o c ~  fo rm of  the enzym, :  , ;eemed to be the  ?,,-band of  
h a e m  a a a t  453 m/z. Thu~, the  conc lus ion  m a d e  p rev ious ly  tha t  the  b u m p  w'-.L~ ¢.he 
~,-band o f  the  h a e m  aa was  co r rec tL  

I n  goc~l a c c o r d a n c e  wi th  the  twl~ di: ; t inct  peaks  o f  tl!,.~ C N - - C o m l ~ m n d  o f  haern  
a ,  a t  449 r ~  a n d  480 m/z, two  shou lde r s  were obse rved  a t  443 m/~ and  472 role in the  
r e d u c e d  fo rm o f  the  enzyme~+ 

T h e r e  were some  differences  be :ween  the  a b s o r p t i o n  spec t r a  o f  the  enzy, , le  a,ad 
t hose  o f  h a e m  a~. (a) I n  the  presence  of  C(), the  a b ~ o r b a n c v  of  the. e n z y m e  in the  red 
reg ion  of  t he  s p e c t r u m  was  v e r y  depre~c~cd in the  reduced  form,  whereas  the  CO- 
c o m p o u n d  of  h a e m  aa h a d  a s t r o n g  a-bared. (b) The  reduced  enzym~ had  a b s o r p t i o n  
peaks  at 625 m u a n d  660 m p  in the  presence  o f  C N -  a n d  NO,  respec t ive ly ,  whereas  
h a e m  a a h a d  its a - b a n d  at 632 ~ a n d  625 m p  i,~ the p,-csence o f  C N -  a n d  NO, 
respect : .vely.  Thus .  t he  a b s o r p t i o n  s p e c t r u m  o f  h a e m  az was p r o b a b l y  g r ea t l y  modif ied  
b y  c o m b i n a t i o n  wi th  the  p ro t e in  m o ie ty .  

The h a e m  still b o u n d  to  the  pro te in  m o i e t y  a f te r  t r e a t m e n t  o f  the  e n z y m e  wi th  
H C l - a e e t o n e  was  i so la ted  b y  AgaSO4- t r ea tmen t ,  anC ,Jas shown  to be h a e m a t o h a e m .  
The re fo re  the  h a e m  b o u n d  to  the  p ro te in  m o i e t y  was  s h o w n  to  be h,~.em c. I t  is r eD ,  
cu r ious  t h a t  the  a - b a n d  o f  h a e m  c h a d  t w o  peaks  in the  b o u n d  state .  

T h e  r a t i o  o f  A " a / h  "'~ in the. p ro te in  mcliety o b t a i n e d  b y  H C l - a c e t o n e  t r ea . -  
m e n t  o f  the  Pseudor r tonas  cy toc l : r , ,me  oxJdase wvs 6.6, a n d  t h a t  o f  A~ff/.4'~ 't LoS. 
T h e s e  r a t io s  axe v e r y  l a rge  a n d  v e r y  sinai I, r espec t ive ly ,  for a c - t ype  c y t o c h r o m e .  A 
s imi la r  smal l  va lue  for  the  A ~ / A ' ~  r a t io  is found  wi th  an  a lcohol  d e h y d r o g e n a s e  

o f  Acetobacter sp.*. T h e  p ro te in  m o i e t y  o f  P s e u d o m u n a s  c T t c c h r o m e  oxidase  h a d  a b road  
c, bsorpt i rh :  b a n d  a r o u n d  620 m B. ] ' he  r,~operue~ ot th2s b a n d  will be  the  sub jec t  o f  
f 'art he r  inves t iga t ion .  
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