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I:~ tho c ry s t a l l i ne  p r e p a r a t i o n  of  l % e u d o m o n a s  c y t o c h r o m e  ,x idase . ,  the  n - b a n d  d u e  
to  h a e m  ao v a n e d  in b o t h  a b ~ J r b a n c v  a n d  posi t i , ,n  wi th  p l l  w h e n  tht" t -nzyme wa_s 
r e d u c e d  wi th  Na.,SzO~. Thu~ it wus a t  655 nv~, 629 m/~ a n d  t~5~ mlt ,  a n d  ,5a5 m/~ a t  
p l l  7J), 7.o a n d  5.0, r e spec t i ve l  3 . T ;  . . . . . . . . . .  p..,i:-~,iiig y - b a n d  x,.'a:~ in; 'ar/~tl; ly a t  4'0¢, m/~. 
Bu t ,  w h e n  the  e n z y m e  was  r e d u c e d  wi th  a s c o r b a t e ,  the  a - b a n d  did  not  s h o w  d e p e n d -  
ence  on p l  1. T h e  y - b a n d  clue to  h a e m  a z w a s  v e r y  low in a b s o r b a n c y  c o m p a r e d  w i t h  
c o r r e s p o n d i n g  a - b a n d .  

I n the  p re sence  o f  c y a n i d e ,  th,~ a - b a n d  due  to  h a e m  a ,  a p p e a r e d  a t  627 m/z a n d  
the  co r re~ txmding  ; / - band  w a s  spl i t  i n t o  t w o  [)arts,  w i th  m a x i m a  a t  443 m/~ a n d  
472 nvx  I n  t h e  p r e s ence  . f  (2(1, the  a - b a n d  d u e  to  h a e m  az w a s  v e r y  d e p r e s s e d  in 
a b s o r b a n c v  a n d  the  c twres lmnd ing  y - b a n d  b e c a m e  invis ib le .  N i t r i t e  a n d  N O  h a d  
the  .~itme cffi-~:t on  Na~S.,O,-reduct,ct e n z y m e .  In  the  p r e sence  of  tht~-~e r e a g e n t s ,  a 
p e a k  apl~t~are~ at  665 m/~, the  ~,-band a t  4o0  m,u d i s a p p e a r e d ,  a n d  the  e n z y m e  
so lu t ion  bccarr,  e r edd i sh  b r o w n .  W i t h  a s c o r b a t e - r e d u c e d  e n z y m e ,  a b u m p  a t  57(, m/~ 
a p p e a r e d  ox; a d d i t i o n  of  n i t r i t v  or NO. P . y d r o x y l a m i n e  h a d  a c o m p l i , : a t e d  ef fec t  on 
t he e n z y m e .  T h e  r e a g r n l s  m e n t i o n e d  a b o v e  s ca rce ly  a f f ec t ed  the  a b s o r p t i o n  s p e c t r u m  
clue t o  haent c o f  the e n z y m e .  

1Nr ROL~ULT"IION 

In z92~. YAO~ AND TA.xllVA ~ found  t h a t  cell~ of  l-seherichia coil a n d  5"big, ella dysen-  
teriae, which  h a d  been  g row, t  a e rob i ca l l y ,  s h o w e d  an a b ~ ) r p t k m  b a n d  wh ich  d i f fe red  
f r o m  those  o f  previou.~ly de.~cribed c y t o , : h r o m e s  in t h a t  it wa.~ in the  red  r e g k m  
of  the  s p e c t r u m .  Kv.u. ln  = a t t r i b u t e d  th i s  b a n d  to  a c y t o c h r 0 m e  c o m p o n e n t ,  wh ich  
he  d e s i g n a t e d  a,,. V~'ARIIUI(I;, e.~ al.a, "~, N E G E L E I N  AND GERISC|II£|(  ~, "]'AMIYA AND 
Y A M A G t : ' I ' ( ; H t  =, a n d  i 'UJt ' rA ANI3 KoD.'~.xta ~ i n d e p e n d e n t l y  f o u n d  ~pectro.~cnpic 
e v i d e n c e  t h a t  c y t o c h r o m e  a., wa.q a u t o x i d i z a b t e  a n d  c o u l d  c o m b i n e  w i t h  c a r b o n  
m o n o x i d e  a n d  ,:yan;.d.e. Fujt t- ,x a.',D I¢,ODaMA "alSo ~hewed  t h a t  thi~, ¢yt~g:hrome 
was  wide ly  d i s t r i b u t e d  in o t h e r  b a c t e r i a  e.g. AzotobacteT chroococcum, Proteus vsdgaeis, 
A celobacter pas te , t r ianum,  Eberthella typhosa,  a n d  Salmonel la  parathyphi_ T h e  ox id i zed  
f,~rn: in whole  ceils sh,~wed the: a t y p i c a l  b a n d  a t  645 m/a in t h e  vis ible  reg ion  o f  t h e  
spectn lvn,  

Dl.chi.~. Biophys . .4c la ,  67 (I963) 394.-40'. 
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"~[ainly f r o m  S l ) e c t r : ) s ( o p i c  s t u d i t . ,  o f  ~ v to , : h r ,  mx. ax ill w h u l e  t e l l s ,  i t  is  g e n e r a l l y  
; SSllt i lell  t b : ) t  ir) organi~m.~ , .vbi, 'h (1,) n,~t p,,-at.~..~ , ~ t . t : h r o i n e  a> , ' y t < ~ h r o m e  a2 
f a n c t i o n s  a s  a cv t t Jchrow, t ,  ) , : i d a ~  ~. 

B A R R E T I  ~) e x t r a c t e d  a n d  p a r t i ; d l y  l)urifi<'d ;t ~rt..i.'n l , a v m i n  f r o m  : t embac ter  
aerogenes  a n d  s e v e r M  o t h e r  b a c t e r i a ,  a l l  ~,f w l , i c h  ~.<>nt.till c y t o c h r u n i e  az. l i e  < lc~ igna t , .d  
i t  h a e m i n  a 2. t [ , )xvever ,  r.-vtudlr(:,ret(+ a)  ha-. I-lC,t t)t-'t+ll l - e l a t e d  f r o m  t h e  b a c t t . i i a  de.~- 
c r i b e d  a h n v e .  

I n  ou r  l abo r= t t , r y ,  a cyt(rc 'hromc, wh i ch  lia,~ tl:it.rll el: and  a naem c i l l  i ts m(l l (~u le ,  
w a s  e x t r a c t i ' d  and pltrifi,..~l t ' r , ~ m  c,,ll~ (~i" i ) ,~< ' lv l fJ i i : l , J t~ l  ,, ,<rle;,in,Jsa wr, i ch  w c r c  g ' t r V l l  
a n a e r o b i c a l l y  in t h e  t ; r e , e r i ,  c tit" n i t r i l t t  ,1°. "l'ht- ,. x t, It. 'l~llt.,i!lt • %1.';1.-:. dt, a i gna r i , d  a,. l'.~eud,~ 
m o n a s  c y t o c h r n m c  o~ida.~c I)e('~lll-~t, i t  p~, ,~c--t"-  t i l t '  2 , :nor ; t l  p r o p e r t i e ~  , ,f  a , :vt()  
c h r o m o  o x i d a ~ e ,  lz t i r th t ' r~xiore ,  it  wa~  f~)und t h i i t  Lhl- t:3"t()chrom(" a t : t .  a.. a I t  ~.iitt- 
reducta.~eil,i-~+ i t  b. v e r y  l ik(- ly theft t h e  cvt, ,c-l i loil l , . -  i-  t h e  c h e m i c a l  e n t i t y  o ,  tla~ 
I l i t r i t e  r educ t a .~e  u f  1". ~ii'rltgi)losll, bl. 'CdtU:-,t. ' ,  P . - , i ~ u d ( ) r n t ) n a , , ;  c % ' t , , t . i t r l d l l e  ,,xida.-t~ w t~ 
o b t a i n e d  f r o m  ce l l s  alf t h e  ~lrg0.1li-,nt w h i c h  h a d  bi ,ei i  g r o w n  in tht-  p r t ~ e n c e  o f  f i l t r a t e  
b u t  n o t  f r o m  t't'll,~ gr(),,Vl) in t h e  abe, t-!ICe ,)1" n i t r ; I t¢  "iz, "Fhcrefor t . .  itn t ' c l l s  g r o w n  aer(>- 
b i c l t l l y  it) t h e  absen ( - e  o f  nitrat,_.,  t h e r e  m a y  b , '  ,~ , v t , w h r , ) m t .  , , x i d u ~ :  ( ) tht ' r  t l i : )n 
P. .~.ul l t lmov)as <:yt~x 'hromr-  o x i , l a y v ,  a n d  It,)" fo r rn t ' r  m a v  b e  t h e  cv toch ro l t l t 2  ~:~ w h i c | l  
poss ( , s~es  only hae r l l  a.) ill  it-', l l l t ) [t .¢: l l l ( ' .  

R e c e n t l y ,  P m ' . u t l - m ( m a s  c v t o c h r o m c  t )xi l lar , t '  h i t s  l)eetl  o b t a i n e d  in a c r y s t a l l i n e  
s t a t e  t~.is. "l 'ho c r v . . t a l l i n e  T)r, , : , : , rati t)n o f  t h e  e n z y m e  ha.', t h e  t w o  l laevns  a n d  t l l0  t w o  
a c t i v i t i e s  m e n  t ic)ned a h o v e .  Af t  h o u g h  a~ m e n  ! i, ,n-<! ~t),,,,',,. a c y t o c h r o m e  w h i c h  ha~ on)] v 
h a e m  a t o n  i t s  m o l e c u l e  ha.~ n o t  l)eetl  i~t) late(l ,  t lit '  1 ' - e u d o m o n a s  cvt tn . - l l r t )n le  ox i ( l a s t ,  luts  
h a e m  a2 as w e l l  a s  a h a t . m  c. T h u - ,  it  m a y  t~, p i : s s i b l e  to d t , t vv l : l i ne  variolz,~ p r o p e r t i e ~  

()f c y t ( x : h r ( ) n i e  a,_,, w i t h  t h e  t ) s e u d o m t ) l m . -  cvt(~ 'hr()rr l t"  <~xidase p r e p a r a t i o n .  
A s  fi)r  t h e  p r o s t h t , t i c  g r o u p  ,.)f c v t o c h r o n ~ v  a2, I.EMBERG AND %.It'YNI.)ttAMI~I 

c n n ~ i d e r e d  t h a t  i t  r e s e m i ) h , d  t ) i l i v io l i n  i r o n  c¢)mplcxe~+ F r o m  a s tu<lv  o f  th( :  d i f f e r .  
e n c e  .~pec t l u in  <)f th,-  ( ] ( l - c o m p o u n d  <,f <'~ t, , (hi ' , ,n i t :  ,i 2, (SilAN(-E 1"1 ( , m c l u d , . d  t h a t  t h e  
s p e c t r u m  o f  i t s  p r o s t h e t i c  g r o u p  l a c k e d  a (li .~tlnct 7;-b~,nd. B u t  the.~e i d e a s  w e r e  re-  
f u t e d  b y  BAIIRE'r ' I  "it a n d  b y  o u r  t)r(>viotlS r~.w)rr I°. T h i s  p a p e r  d e a l ~  w i t h  tlltf spt-x: tral  
p r o p e r t i t ~  o f  t h e  c r y s t a ' l i n e  p r e p a r a t i o n  o f  l ) .~eudo ln tma~  c y t ( ) c i i r o m e  o x i d a s e .  T h e  

p r o p e r t i e s  o f  th t .  p r o s t h , - t i c  grolii).~ wi l l  be  d e s c r i b e d  in t h e  n e x t  l ) : t t ~ r  (tf t h i s  seri(~r, I~. 

MA'rERI.'tL.'-:. AND Ml. r t l i ) i )q  

l ) s e u ( l o m o n a s  c ' ¢ t o c h r o m e  oxida .~e  wa.~ ¢)l>tairierl in it c r y s t a l l i n e  s t a t e  b y  t h e  ir ictk<)d 
p r e v i o u s l y  d e s c r i b e d  I"~. 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  ,.va>; d i .~ ,o lved  in o . ,  M p h o s p h a t e  
b u f f e r  I p H  7.0) a t  a r b i t r a r y  o m c ( , n t r a t i q m s  a n d  t h e  i i r cen  s o l u t i o n  o b t a i n e d  wa~ 
u s e d  a..~ t h e  e n z y m e  soh i t i~m.  "X'ea.~t l a c t a t e  dchyd i t Jg t . na .~e  w a s  puri t i~ ,d  b y  t h e  
r n e t h u d  o f  YAM.4'.~AKA et a!. l~ w i t h  t h e  M i g h t  n i¢×l i t i ca t i~m b y  ~'AMASflI'I'A~'~J+ 

S l x - c t r o p h o t t ) m e t r i c  d e t r r m i n a t i o n . s  w e r e  p e r f o r m e d  in a C a r v  r e c o r d i n g  ~pt,¢'tro 
p h o t o m e t e r ,  m o d e l  z.i. T o  de t t - . i i l i i i , e  t h e  abso: l )an( : , i "  a n a e r o b i c a l l y ,  a " l ' h u n b e r g  tvf~-  

c u v c t t c  w a s  u s e d .  

R E .-4 t. t.']'< 

N o r m a l  absorptieT~ spectra 

A s  p r e v i o u s l y  r e l ~ ) r t e d  as, P , u o u d n m o n a s  c V t 0 c h r o m e  o x i d a s e  s h o w e d  a c o r n -  
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p l i v a t e d  abso . -p t ion  s p e c t r u m  e s p e c i a l l y  in  t h e  v i s ib l e  r eg ion  o f  th-~ .~l~ectrum. T h e r e  

were  a b s o r p t i o n  Ix~a.k~ at  28o r ap .  4x2 m.u, 525 m/~, a n d  b35 m~u in t h e  o x i d i z e d  fo rm,  
a n d  a t  4x,~ m/~, 523 m# ,  54q m/t .  a n d  554 llhu in t h e  r e d u c e d  form.  I n  t h e  l a t t e r  
form.  t h e r e  w a s  a b u m p  a t  4bc~ m/ t  .and tiae b a n d  a t  635 mbt irt t h e  o x i d i z e d  fo rm 
c h a n g e d  in to  a p l : tzeau  f rom 62o m/~ to  {;5o mt~ w i t h  a bump around 650 mt~. As 
p r e v i o u s l y  r e p o r t e d  ~ ,  t h e  b u m p  a t  46o m/~ r c p r e m n t s  t h e  7 - b a n d  o f  h a e m  az. T h u s .  
t he  b u m p  m a y  be  d e s i g n a t e d  as t h e  y - b a n d  o f  " c y t o c h r o m e  a t " ,  "[lie - / - b a n d  a t  
40o rn~t is c l e a r l y  s h o w n  in t h e  d i f f e rence  s p e c t r u m  (Fig .  Z). I t  is v e r y  n o t i c e a b l e  

i '  - t '  0.a'-- - -  - - ~  l . 
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Fig. i .  l)ith.rcnce spectrum of P~eudomonas cy- 
tochrome oxiOabe, Th~ cor, c~i~tra~inn of P,~cuda- 
monascy t .chrome oxidase wa~. 8 o,  to * M. %pcc- 
• rophotometric measurements were made in 
o.2 -M phosphate buffer (pH 7.o1 ill air. The ab- 
.<orptit~n c u r v e  shows the ¢iifferenct'. Na=Sa() t- 

reduced minus oxidiztrd~ 
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Fig, 2. Effect of pH on the absorption spec- 
t rum of l).qcudomonas cytc~hrome oxidaL~e 
in the red region. Th~ conce . t ra t ion  of 
Pseudomonas cytochrome oxidase wa.~ 
~.(~. io-* M (A), 2.7" ]o -s M (B.C) and 
t+8-to-* M (D). The pH was 7.6 {A), 7.o 
{1~). 5.6 (C}. and 7.o (D). Th~ enzyme was 
dLssolved in t).~ M phosphal e Ut~fIer at  each 
p i t .  except For D ~hen o.] 7 M phosphate 

[miler wa,~ u,~i .  - . . . . .  , Oxidiz~l;  ~ ,  retluccd with NaiSaO ~ in A. B and C, and with 
y*'a.~t lactate dehydrogena_~,e and lactate in I'L Spg-ctrophotometric measuremeTtts were performed 

in air in A. U. and C. but ~ n  v a e , o  in 1). 

t h a t  t he  a b s o r b a n c y  a t  635 m p  in t he  o x i d i z e d  f o r m  was  d e p r e s s e d  b y  r e d u c t i o n  
o f  t h e  e n z y m e  w i t h  NasS=O 4. T h e  d e p r e s s e d  a b ~ l r b a n c y  r e v e r t e d  to  t h e  o r i g i n a l  
h e i g h t  on  r c o x i d a t i o n  w i t h  KsFe(CN)6.  T h e r e f o r e ,  t h e  d e p r e s s i o n  o f  t h e  b a n d  a t  
635 m/J b y  r e d u c t i o n  w i t h  Xat_%204 w a s  n o t  c a u s e d  b y  d e c o m p o s i t i o n  o f  t h e  ,haem a= 
T h e  b a n d  a t  635 r r ~  w a s  n o t  i n f l uenced  b y  v a r i a t i o n  in  p H ,  w h e r e a s  t i l e  s p e c t r u m  
of  Na~.q204-reduced e n z y a m  in t he  r e d  r eg ion  v a r i e d  c o n s i d e r a b l y  w i t h  p H .  As  s h o w n  

in Fig .  2, a t  p H  7.6, an  a b s o r p t i m t  b a n d  a p p e a r e d  a t  655 m u. a n d  a t  p H  5.6, an  

Biochim. Biophys. Acta, ( 7  (1963)  5 9 4 - 4  ° 6  
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atJ~orpt ion  b a n d  appearea l  a t  625 m/~ on rc : luc t ion  wi th  NazS~O a. A t  p H  7.0, t h e r e  
v .ere  t w o  p e a k s  ;,t b20 m/~ a n d  G52 mlz wixicit aVp~.,~cd to  be  a p l a t e a u  a t  low,--r ¢,:,n- 
c e n t r a t i o n ~  iff th~ e n z y m e .  Whe;~ a s c , r b a h ,  wa.~ used  i;~ olat:e iff Na~¢,~()~ tt~ : e d u c e  tile 
e n z y m e ,  an  a s y m m e t r i c a l  peak  a~ ~145 m/~ a p p e a r e d ,  wherea_s the  c o r r e s p o n d i n g  y - b a n d  
a p p e a r e l t  a t  460 m a .  W i t h  a.-a:orbate, t h e r e  wa., no  sut:)-. , . 'ar iat ion in the  pos i t i on  o f  the  
(x-band o f  h a e m  a., wi th  p H  as wag ,~:en wi th  Na,N.,()t a l t h o u g h  t h e  absorban l : i es  of  the  
a - b a n d  a n d  tiz~ y -ba t , d  a t  460 m/2 iu,c;tme highc~ a5 the  p H  ;~ecaoh; acidic.  T h e  r a t io  
(if a ~  ~ j , ~ a  i nc r ea sed  as the  pl I clecre:~ed l'l,,n, b.2 to  .5.o (Tab le  I)+ %.~'hen the  en-  4 ~ m l | .  , ' °  I'll.. 5 m.¢l * 

"t'.X IILE 1 

I ' : I - ' I " E L ' T  O l  ~" P J I  O N  T i l l ' .  , '~ ~ .1  ~ ~ T t r l  f i g "  ~ . g ¢ : O ~ j ~ , ~  [ I ' . - R I ' : I ) I : I _ ' I ~ D  
i ~ ' l l m ,  i .  -.41~111~t 

I ' ' - . t : I .  + I l l  131l( ) ~ , ~ t ~  C ' f T O C I I I O M  E. ~'X I l i  ~."., K 

] , t l  I " ¢ d  ~ 4 :' 'r'd ' 
• 4 6 . , e / l i t  , l ~ 4 i ~ . t  

Vl • 2 .1  

7.0 z.3 

z y m e  w a s  r e d u c e d  wi th  yva,~t l a c t a t e  dchydrog~-,la-:e a n d  l ac t a t e ,  a p e a k  appear ( :d  a t  
649 rtya s i m i l a r  to  t ha t  obserx'c~! w i t h  a ~ ' o r b a t c  (.~c'l: Fig. 2 I)l .  E v e n  u n d e r  qu i t e  a n a e r o -  
bic c o n d i t i l m s  t h e  p e a k s  a t  645 m u  a n d  b49 nap all 'scribed above were  no t  a l t e red .  H o w -  
eve r ,  ~,ddit;_on o f  N a ~ . , O  a u n d e r  th,:~c condizio'~.~ rc. ,ul ted ili tile ~ame a b ~ o r p t i o n  
s p e c t r u m  as  t h a t  p roduce t l  b y  ud t l i t i -n  o f  Na2S.,O, only .  I n  tile ca.~e of  N%52()  ,- 
r e d u c t i o n ,  e v a c u a t i o n  o f  the  e n z y m e  so lu t ion  did  not  c h a n g e  the  p l a t e a u  a p p e a r i n g  
a t  p H  7.0, iv t h e  red regi tm o f  the  sp~, : t rum.  At  p H  5t*. as descrihecl  a b o v e ,  the  l~-ak 
appc~wing :tt 625 m/z c;n x.ac.~O~ rc?.t:ctk::;,  wa:; hig~,er " h a n  .t._,,,~ peal :  ,at '-,,JJ . . . . . .  "-'e" 
o f  t h e  o x i d i z e d  form.  H o w e v e r ,  e spec ia l ly  a t  p H  7.o, the  p e a k  a t  635 m~u was  d e p r e s s e d  
b y  r e d u c t i o n  w i t h  Naz-%zO~ a n d  this  remalted in the  a p p e a r a n c e  o f  t w o  peak.-; in the  
.4ifference s p e c t r u m  in t h e  red reg ion ,  a.~ ~h¢~wn in Fig. ~. In all ca-;,:s mentic~ned 
a b o v e ,  t h e  y - b a n d  clue to h a e m  a.,_ a p p e a r e d  c o n s t a n t l y  a t  460 m/t,  a n d  tilt, .'t.t~m,,;r"d i 

• ~,x~ (at  . l ~ m , ,  r a t i o  was  i n v a r i a b l y  a p p r o x .  2.2 {Table  I l l .  T h e  r a t i o  o f  ~"~ "1 '~a ~i'lL4(pOg]~ll ° ( ) 2 : , f r l l 4  

TABLE I l 

% ' P t R | A " K I U N  I. '4 T H F " .  i,g" A.~I)  ~.~- i4.~.Nl . i ,~  ,¢)F HAI-~51 al Oi" 

p | l  ) , . h J ~  t~ ~ ' a a C g  "q 7 : a " a r " a 

. . . . . . . . . . . . . . . . . . . . . . . . .  

7.b 46o 635 655 - , . $  0 . 8 3  
7 . o  4 b o  l>.~ 5 b.29 .  6 5 _ '  : .2~5 O . 8 I  
0. 4 qfx:, t~3. 5 (~25 2.2 4 1 .o 
5.6 4/-~0 b . l j  G2:5 z '5 I.! 

" 9,'hen tht, re were t~o  peaks, the highur one wa.g sohx:tt-_d. 
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pH 5.6) was  z. 9. These  ra t ios  were  ve ry  smal l  a n d  no t  c o m p a t a h l , :  wi th  those  o f  
c3:t~chrome a (see ref. za), T h e  peak~ a t  4x8 m/~, 549 rat~ a~ad 554 rnk~ of  the  r educed  
f o r m  of  the  e n z y m e  did  no t  v a r y  w i t h  pH.  

Efft'./ cf cyanide 

The  cy t ( . ch rome  ox idase  and  n i t r i te  r educ ta se  ac t iv i t ies  o f  P s e u d o m o n a s  
e v t o c h r o m e  t~xidase wi th  r educed  P s e u d o m o n a s  c v t o c h r o m e  c-55x as the  electro: ,  
t l tmor were s t r o n g l y  inh ib i t ed  in the  presence  o f  xo -~ M KCN (see refs. t2 ,  r5, 2~). 
Hut the  la t te r  a c t i v i t y  wa.~ inh ib i t ed  le.~s t h a n  the  former .  In  c rude  p r e p a r a t i o n  o f  
the  enz..vme, no spec t ra l  change  was  seen on a d d i t i o n  o f  CN - Iref. "az). The  ab.~wption 
spt~ctrum of  the er~.'stadine p r e p a r a t i o n  was  affected s t r ik ing ly  b y  C N - ,  as shown  
in Fig. 3. In  the  pre.~ence o f  x o  z M KCN at p H  7.o, a peak  a p p e a r e d  a t  6z 7 ml~ 

0 ,  I ,  [ -  i 
l i  : 

OL . . . . . . .  

m 

i I ...... 

I 

I 

W ~ u ~ u m ~  ¢mU)  

l m  

7~v0 

Fig. 3- Effect of C.NI- on the absorption ~'pectrurn of Pseudornonas ¢ytochrome oxidase. The 
COItut:t]tttL~iun.'i  t~i" i~:~eUtiultltvltlx:~ L)'t.w~h|ulTs~ ~,xida.~e. aseorbatc mad KCN were 7 .o . to-4M,  
3. I • ]¢~ .~ M and 1.9 • I O  "~ M ,  respectively. Spectrophntometrie measarementn we]~ performed in 
o.t9 .M phosphate buffer ~pll 7.o) in air. - - - - ,  reduced with a.~¢orbate; . . . . .  , reduced ~'ith 

N a ~ . q a O  G • 

on Na~B~O4-reduction, in~tead of  a p l a t e a u  as in t h e  absence  of  CN , and  tile enzym~ 
so lu t ion  b e c a m e  greener.  T h i s  peak  a t  627 m/~ was  s imi lar  to  t h a t  a p p e a r i n g  a t  
p H  5.r~ in the  absence  o f  C N - .  H o w e v e r ,  there  was  a big difference be tween  the  two  
~lx:ctra. Thus ,  the  7 - b a n d  due  to h a e m  a 2 a p p e a r e d  a t  46o mbt on r e d u c t i o n  wi th  
NarS~O 4 m the  absence  of  C N - ,  whereas  no 7 - b a n d  a p p e a r e d  in the  pre .~nce  of  
C N - ,  bu t  there  was  a b u m p  at 443 m/~ a n d  a shou lde r  a t  47 z m/a. As  Fig.  3 shows,  
the  7 - b a n d  due  to  h a e m  a2 w a s  split in to  two peak~. Th i s  was  c lea i iy  .~-Lown in the  
dif terenee gpe,:t.,-,zm {Fig. 4)- Thus ,  *,he ab3oxpt ion s p e c t r u m  of  the  crysta l lhae pre-  
pa ra t i on  of  the  enz)-me in the  presence  o f  C N -  was  v e r y  s imilar  to t h a t  o f  the c r u d e  
e n z y m e  in the  a b ~ n c e  o f  C N -  (see refs. xo, 23). The  b u m p  at 443 m/~ a p p e a r i n g  in 
th~ presence  o f  CN ~ t s  more  d i s t inc t ive  w h e n  the  enzvm, e was  r e d u c e d  w i t h  a..c, cor  - 
ba t e  t h a n  w h e n  it was  r educed  wi th  NatSiO4 (Fig. 3), N o  spec t ra l  c h a n g e  in ti~e 

Bioehinq, Biopkys..~cta, 67 (tc.~$) .$g4-4o6 
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Fig .  4. T h e  d i f f e r e n c e  s p e c t r u m  o f  l ' s e u c l o m o n a ~  c y t o : ' h r o m e  o x i 0 a ~ e  in  t h e  p r t~sence  o f  C N - .  T h e  
c o n c e n t r a t i o n s  o f  P.-tt~utltlftlcln~lt~ c y t 0 ~ h r o n a t :  o x i d a ~ e  a n d  IKtSN w e r e  7.5" l~t * i a n d  i .~  - i o  - s  .XI, 
r e s l~ec t i ' e e ly .  S p e e t r t ~ p h o t o m e t r i c  d e t e r m i n a t i t m s  w e r e  c a r r i e d  t~ut ill Cl.l~ ~I p h o ~ p h a t t :  bu fh~r  
a t  p } !  7.0. in  a i r  ~ . V ~ . ' f i e r e n c e .  ( w i t h  ( ' N -  ::n,! .~2~.'¢aO,1 (.':~iv.u,t oxldiz t '¢ l )  : . . . . .  , , l i tTerence .  

( w i t h  ( ' S -  a n d  Na : .q i ( ) l )  i r l i t lus  Iwitt~ Nita%~Ol}. 

o x i d i z e d  f , ) r m  o f  t h e  e n z 3 ' m , ,  w a s  ~ l b s e r v e d  l i t  t h , '  ; ) r , : n e n c e  o f  C N - ,  a n d  t h e  p e a k  a t  

4 t 8  r n l l  i n  t h e  r e d u c e d  f o r m  w a ~  n o t  a f f e c t e d  b y  t h e  r , ~ a g e n t .  

Eff~t  o.[ CO 

The cytochrome ,x ida .~  act ivi ty  of i ' ~ u d , r n o n ~ s  cytochrome -xida~e was 
s t rongly inhibi ted by CO (~e  ref. 22). In the crude prevarat ion of the enz.vme, it :~'v.~ 
found tha t  the absorhancy in the red region of the ~pectrurn was d e p r e ~ . d  in tl,e 
presence of  CO. This finding was confirmed in the crystalLine preparation.  Although 
the depression of the absorbanc3, in the red region of the spectrum c-xu~d by CO was 

° " s t - :  - '- - ' T  - -  

0 . 4  . -  

' i - 

[ I I /  , "~, 

o l J A  / I ,_1_ 
Ww,~eoOth  (mla) 

F i g .  3- E, f f cc t  o f  C O  o n  t h e  ttb~cx~rption ~pL~ctzum o f  i ' s e u c i o n l o n a ~  c y t o c h ~ o m e  o x i d a ~ e .  T h e  c o n -  
c e n t r a t i o n  o f  P~ett(tom,ll la_q t ÷ y t t m h r o m e  o x i t ; ~  w a s  t .  i • t o  s .~t. , q p e c t r a  w e r e  m e a s u r e d  in  0 .2  M 
p h o s p h a t e  b u f f e r  ( p H  7.0)  in  1ooO£ C O .  u s i n g  ~, T h u n b t r r g - t y p ~  c u v e t t e .  - . . . .  , O x i d i z e d ;  

r e d u c e d  w i t h  N a s S t O f  

similar to t ha t  ob~_rved when the enzyme was reduced with Na-_.qtO~ at p i t  7.o in 
the absence of  CO, as a l ready  mentioned,  the absorbancy was much more str ikingly 
depressed in the  presence of  CO than in its a b ~ n c e  (Fig. 5)- The most  striking 
difference between the  two cases was that ,  in the  aix~ence of  CO, a },-band was seen 
at 460 mt~ whereas in the  pr~encc  of  CO. no y-b~-:d appeared. The  difference s-pec- 
trum between the  normal reduced form and the reduc,.~l form in the presence o f  CO 

BiocLim. BioFhys. da~,  67  { t 9 6 3 )  3 9 4 - 4 o G  
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Fig. 6. The ~iiflerencc spectrum of I 'seudornonaa cyttx-hrot~e oxicIaae in the pre~ence of CO. The 
con~:t-ntr~tion of | ~ u d o r r t o n a s  cytochrome o x i d a ~  wa~ t÷o. to s M. 5l~-~ctra were measured in 
o.z 1M l>l,osphatc bullet  (p| i 7.o) using a Thunberg-tyi~e cuvcite .  - . . . .  . Difference, (oxidL~ed itt CO) 
rain us (oxidizctll : -. difference. (reduced with .%la, r~t(-) , in CO) n~inus (reduced with NalSiOl} 

s h o w s  t h e s e  tk~t:ts v e r y  c l e a r l y  (F ig .  6). F i g .  6 a l so  s h o w s  t h a t  ( ' O  a f f e c t e d  t h e  s p e c t r u m  
of  t he  n x i d i z e d  f, wm.  B u t  t h e  ef fec t  o f  CO o n  t h e  s p e c t r u m  of  t h e  o x i d i z e d  f o r m  w a s  
m u c h  t e ~  s t r i k i n g  t h a n  o n  t h a t  o f  t h e  r e d u c e d  f o r m .  

As  p r e v i o u s l y  r e p o r t e d ,  t h e  n i t r i t e  r e d u c t i o n  c a t a l y . ~ d  b y  P~seut lotr ionas 
¢ v t o c h r o m e  ox i t l a se  w a s  n o t  i n h i b i t e d  b y  CO e v e n  in  t h e  d a r k  a~,lt. T h i s  f i n d i n g  
s u g g e s t s  t h a t  the  c ~ ' t o c h r o m e  o x i d a s e  a n d  n i t r i t e  r e d u c t a s e  a c t i v i t i e s  a r e  d u e  t o  t h e  

d i f f e r en t  a<' t ive s i t e s  o n  t h e  e n z y m e .  As  s h o w n  i n  F ig .  7, e n z y m e  r e d u c e d  w i t h  ~ c o f  

o~ . . . .  i 

02 

0 . !  a .  - 

W~l~gth ( m j a )  

Fig. 7. ERect of NO m on the absorpt ion spectrum of Pseudoraon~m cytoehrome oxldase in CO. 
The concentra t ions  of Pseudomonas  cy-tochrome oxidas~, aacorbate anti KNO t were 7-7' to-~ M, 
t .ca. t o a M anti 7-7 ' I°"m ~1. restx~ctively- Spectra were mea~qured in o. t 8 .~I phosphate buffer (pt-I 7.o) 
in tooa,.~ CO. u~ng  a Thuntmrg- type cuvette.  . Retluc~d with a~corbate; . . . . .  ,NO I-  wa~ 
ttd6gt| to thu aacori~atc-red~L~d ellz~ttill:, ~.nti . . . . .  , N~,t.'~mt-) 4 wits ~t%,icd aftt~t additiota of NOt- .  

b a t e  w a s  p a r t i a l l y  o x i d i z e d  o n  a d d i t i o n  o f  N O  t - i n  t h e  p r e s e n c e  o f  CO, a n d  t h e  p e a k  
a t  635  m / ,  w a s  a l m o s t  c o m p l e t e l y  r e s t o r e d  to  t h a t  o f  t h e  o x i d i z e d  s t a t e .  T h i s  r e s u l t  m a y  
he  e x p l a i n e d  b y  a ~ u m i n g  t h a t  N O ~ -  r e a c t e d  w i t h  a n o t h e r  s i t e  t h a n  t h a t  c o m b i n i n g  
w i t h  CO. a n d  t h a t  t h e  enz.vvne w a s  o x i d i z e d .  H o w e v e r ,  w h e n  N a t S t O  ¢ w a s  a d d e d  
to  t h e  a b o v e  r e a c t i o n  m i x t u r e ,  t h e  A b s o r p t i o n  s p e c t r u m  w a s  t h e  s a m e  as  t h a t  o f  
N a t S t O 4 - r e d u c e d  e n z y m e  in  t h e  p r e s e n c e  o f  N O  t -  a n d  a b s e n c e  o f  CO {Fig. 7 ; see  F ig .  
x2). T h e  p e a k  a t  66~ m~, w a s  c a u s e d  b y  t h e  r e a c t i o n  o f  r e d u c e d  - ~ z y r n e  w i t h  N O  
as  d e s c r i b e d  b e l o w .  T.~.us, i t  w a s  s h o w n  t h a t  CO h a s  m u c h  les~ a f f i n i t y  for  t h e  r e d u c e d  
e n z y m e  t h a n  N O ,  a n d  p e r h a p s  t h a n  N O t - .  

B~oclmim. B~ophTs. Aaa ,  6 7 (J~&3) 394-4o45 
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T h e  r e d u c e d  e n z y m e  w~s b r o w n  in tht" p r e sence  of  CO, W h e n  the  CO was  e v a c u -  
a t e d  a n d  the  en ; :vmc  so lu t i on  was  a l l owed  tc> ~tancl t , ve rn igh t ,  i t  b e c a m e  g reen ,  t h e  
c o l o u r  o f  t he  n o r m a l  e n z y m e  so lu t ion .  The re f o r e ,  C() ~eemed t o  ix: rem~wed f rom t h e  
e n z y m e  sohat ion  b y  evacua t ion+  This  i dea  wa_-~ s u p i ~ r t e d  b y  the  ab.~orpt ion s p e c t r u m ,  
s ince  the  ~,-b;md a t  460 m/a a p p e a r e d  (Fig .  ~). l- lowevt.r ,  on i n t r o d u c t i o n  o f  a i r  i n t o  
t h e  e n z y m : ,  .~o!ution, t he  ¢:nzx-me so lu t i tm  b e c a m e  b r o w n  a n d  the  y - b a n d  ;zt 4f~:~ m/a 

0~.% . . . . . .  t 

i 

i ~  , ': 
° ' *  ! , ! ' t  . . . . . . .  f 

;,, . . . . .  t = \4 
0 u  . . . .  I . . . . . .  , 

500 600 ?00 
Wavtlenglh (nail) 

Fig÷ 8. Change in the ah.~)rpti-n spectrum on cv;lcu.+ttz~m t~f a solution t~f l>~cudomonas c)'tt~- 
chrome oxidase containing CO. The concentrati,m t~f l'seud.qmonas cytr~qzromc oxidase wa.q 
~.o- ~ o -= M. Spectra were mca~'~ured in o.2 -%1 pht~sl~hate buffer (pl! 7 .oi . . - - -  - - .  Allowe0 to stand 
overnight after a ct~tt.~idcrabl¢. ~vacuiiticnln tJf the enz)'lTte solutitm ~xmtaining CO (sc¢ I-'i~. 5~; 

. . . . .  , after tntr~luct ion of air into tLo ilitove ~ample. 

was  los t ,  a l t h o u g h  the  al~o~ b a n e y  in t he  reel reg ion  ~f t he  s p e c t r u m  was  les.~ d e p r e s s e d  
t h a n  in t h e  pr~_.-se.nce o f a  lcO°.o C O - a t m o s p h e r e ,  a n d  the  p e a k s  a t  549 m/a a n d  554 mtz 
r e m a i n e d  s t r o n g l y  r e d u c e d .  The  p e a k  a t  4"8  m/~ w;L~ not  a f f ec t ed  b y  CO. 

Effect ,,f NO=- ami NO 

R e d u c e d  P.~eucl,)monns c y t o c h r o m e  o::i<lase was  r a p i d l y  o x i d i z e d  in t he  p r e s e n c e  
o f  a i r .  I t  i~ a n a e r o b i c a l l y  o x i d i z e d  in t h e  prc.~cnce of  t f i t r i te .  ;xs t h e  e n z y m e  a c t s  u.~ 
a n i t r i t e  r e d u c t a s e .  As s h o w n  in Fig .  q. e n z y m e  w h i c h  h;td been  r e d u c e d  w i th  y 'eas t  
l a c t a t e  d e h y t l r o g e n a s e  a n d  l a c t a t e  w a s  r a p i d l y  p a r t i a l l y  oxidi~.ed on a d d i t i o n  of  NO.,-  
u n d e r  a n a e r o b i c  c o n d i t i o n s .  Fig.  9 s h o w s  t h a t  t he  h a e m  a a m o i e t y  - . a s  c o m p l e t e l y  
o x i d i z e d  b u t  t h a t  t h e  h a e m  e m o i e t y  r e m a i n e d  p~artially r educed .  On f u r t h e r  a d d i t i o n  
o f  n i t r i t e  t h e  e n z y m e  w a s  c o m p l e t e l y  o x i d i z e d .  On the  t , ther  h a n d .  when  n ' t r i t e  w a s  
a d d e d  t o  e n z y m e  w h i c h  h a d  been  r e d u c e d  w i t h  a ~ - o r b a t e ,  a p e a k  a p p e a r e d  a t  G3o m e .  
w h i c h  xw, s e v i d e n t l y  d i f f e r en t  f rom the  p e a k  o f  t he  o x i d i z e d  f o r m  a t  635 mt t  (Figs .  q 
a n d  an). I t  was  ve ry  l ao t i ceab le  t h a t  a.~c~>rbat~:-rcduced e n z y m e  s h o w ~ l  a p e a k  a t  
570 m/a on  a d d i t i o n  o f  i f i t r i te .  W h e n  NarS=O 4 wa~ addeci  to  e n z y m e  sol t t t ion  wif ich  
h a d  r e a c t e d  w i t h  a_scorbate a n d  t h e n  w i t h  n i t r i t e ,  t h e r e  was  no  reduet,~on ~f  the  h a e m  c 
m o i e t y  (Fig .  zx). T h e  .same a b s o r p t i o n  s i~ec t rum w a s  o b s e r v e d  w h e n  N O  in N s w a s  
b u b b l e d  t h r o u g h  e n z y m e  w h i c h  h a d  been  r e d u c e d  ,~,ith a s c n r b a t e .  Th i s  is t o  be  ~'x- 
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Fig.  9~ Efft-ct t)f N O  t -  o n  t h e  M~Lo*'ption ~ p e c t r u r n  o.f I-Xseudomonaa c y t o c h r o r a e  oxida~se r e d u c e d  
w i t h  usct>rbltte {A) a n d  w i t h  yea.Ht l a c t a t e  dehyd : .~gen t t se  {B). (A) T h e  c o n c e n t r a t i o n s  o f  P s e u d o -  
m e n u s  c y ' t o c h r o m o  oxi, tax¢, a.,tcorba~.ts art~i K N O  t w©rc 1.8 • IO "8 M, z.~: • IO - t  M a n d  t . 7 "  ~o -s  M. 
r e s p e c t i v e l y .  S p e c t r a  were  m e a s u r e d  in o. 13 M p h o s p h a t e  bu f f e r  ( p H  7.ol.  i n  N=. - . . . .  . O x i d i z e d ;  

. r~,ducetl w i t h  im~orbat¢  ; . . . . . . .  . N O  t -  add¢~l t o  t h e  a~ 'bcorha te- reduted  enz~' rae ,  iU) T h e  
¢oncen t t - , l t ions  o f  Pt;e:ld*)tllon~ts t:~-tocllromc t~xl0gse, lamtate  ar id  K N O  t were  z .o -  t o  -~ M, 4.z ' t o  -t  
M a n d  t. 7 • ]o  - t  M, r t ,  p e c t l v e l y .  Y e a s t  lactate .  ( l ehydrogeRas~  was  d i | t t t e d  to  ~ c o n c e n t m t i t ) n  
w h i c h  d id  ao~ i n t e r f e r e  w i t h  s p e c t r a l  m e a s u r , s m o n t s  o f  P s e u d o r a o n a s  ¢ y t o c h r o m e  ox idaa¢ .  Spec t r t t  
we re  m e a s u r e d  in  t h e  s a m e  w a y  as  fox A. , r e d u c e d  w i t h  a yc,xat l a c t a t e  d e h y d r o g e n a s e  

s y s t e m  t o t  z5 r a i n ;  . . . . .  , N O t -  a d d e d  t o  t h e  a b o v e  samp}c.  

p e t t e d  b e c a u s e  N O  i s  t i l e  r e d t x c t t o n  p r o d u c t  o f  N O  t -  ( s e e  r e f .  i 2 ) .  V~rhen  N O t -  w a s  

a d d e d  t o  N a = S t O 4 - r e d u c e d  e n z y m e ,  a p e a k  a p p e a r e d  a t  6 6 5  m / J ,  a n d  t h e  e n z y m e  

. ~ | u t i o n  c h a n g e d  f r o m  g r e e n  t o  r e d d i s h  b r o w n  ( F i g .  z2 ) .  I n  t h i s  c a s e  t h e  p e a k  a t  

570 mF d i d  n o t  a p p e a r .  T h e  . s a m e  s p e c t r u m  a n d  t h e  r e d d i s h  b r o w n  c o l o u r  w e r e  

o b s e r v e d  a l s o  w h e n  N O  i n  N s  g'a~g b u b b l e d  t h r o u g h  a s o l u t i o n  o f  N a ~ S t O , - r e d u e e d  

e n z y m e .  I t  w a s  n o t e w o r t h y  t h a t  i n  t h e  p r e s e n c e  o f  C O  t h i s  p e a k  a t  5 7 o  n a p  d i d  n o t  

a p p e a r  w h e n  N O t "  W;LS a d d e d  t u  a s c o r b a t e - r e d u c e d  e n z y m e ,  w h e r e a s  t h e  p e a k  a t  

";.iS rn iz  a p w : a r e d  - n  a c l d i t i ~ n  ~'~f N O = -  (~ee  F i g .  7, T h e  s p ~ : t r u m  o f  t h e  o x i d i z e d  

o,] 
0.3 L i 0 t  
0 . 1 [ -  - 

0 [.-...- .. 
i 

S O 0  600 

W=~k~nlFh (mlJ) 

q 
! 

70O 

Fig .  !o,  E f f ec t  o f  ~ O : -  o n  t h e  a b s o r p t i o n  s p e e h ' u r a  o f  P s e u d o r a o n a s  c y t o c h r o m ~  o.xidr~-o i-o~-~tt¢cd 
w i t h  a s¢o r tmte .  T h e  c o n c e n t r a t i o n u  o f  P a o u d o m o n a *  cy toehr t~mo o x h l a t ~ ,  ¢mc.~rl~t¢ ~ d  K N O  t 
~ c r e  7 - : ' , o  = M, ~ .o .  =o" t  M att~d 8 . o - x o  - / M .  reapec tave ly .  Spo~ t ro~ . ao to ,uo t r i c  m o = u r e m e n t a  
w~r~ p e r f o r m e d  in  o . t 8  M p h o s p h a t e  bu f f e r  ( p H  7.0), i n  N t  uainE a " r h u n b o r g - t y p 0  c u v e t t e .  

R ~ t u t e d  w i t h  a s c o r l ~ t e ;  . . . . .  , N O  t -  a d d e d  a f t e r  r e d u c t i o n  w i t h  asc_orbatt,  fo r  5 mi~ .  
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F i g .  i ] .  r e d u c t i o n  t~y ~%'a|~$O~ t)f [%cu,tomorla.-~ t :vttv 'hr~>nlP ,txi(la~,~ , ~ h i c h  h-~d re.~.:lt-(! w i t h  
aL~corba te  i n  N O .  T h e  c o n c e n t r ~ t i c m ~  c f  | 'seu(ior.~t~,~a.~ c y t c ~ h ; o n . e  ¢~xid~t~e a n d  a sco~ l :n t . :  wur~  
8 .7  "1o  -u  M a n d  i . g ,  ]o -=  M, r t ~ p e c t i v c l ~ ' .  ~ : t : t r ; t  ~.q'~'l'(. ,~.~(-~-.tll~(2~l i n  ~).l~ .%,1 ID~IO,v'II;~t(2 t,|l~f<-r 

( p H  7 .o) .  i n  N O .  • - - ,  I~cd~tced w t t h  ~ t~ - |~ rh~ t , ,  - • -, r u ; - t he r  r¢ . , luced w i t h  N~l=.%,f#, 

- . . . .  . . . . . .  

o.,. li . ! ........ ! 

' I 

50Q 6OO 700 
Waveden,~h (m~) 

Fig .  ! 2 ,  A b s o r p t i o n  ~p~-~ t rum o f  [ ' ~ c u d o m t m a . ~  c y t o c h r o m e  oxi(Ja-~c w h i c h  ) tad  b e e n  rc~duc~d w i t h  
Nv~-q tO t in  N O .  T h e  c o n c e n t r a t i o n  o f  P , ~ u d o m o n a u  c v t t ~ c h r ~ r n c  ox i¢ l a se  v.'a.~ 9 . 0 -  i o - ~  .~I, :-~pcuLr~ 
w e r e  m e a . ~ u r c d  i n  o . :  M pho .* ,pha tu  I>uff=r ( p l l  7.o) .  "i'h~: a h , ~ o r p t i o n  c u r v e  s h o ~ s  t h e  ~ b ~ r t > t i ( , n  

BI)t ' t : t rutn o f  N a , S f t ) t - r c d u e u d  e n z y m e  in  N O .  

. . . . .  

o 

~ , ' e 4  e rv~h Imp) 

F' i~,  j 3 .  E f f e c t  o f  N I - | ~ O H  o ~  t h e  a b s o r p t i o n  s p e c t r u m  cJf P .*~cudomona~ c y t o c h ~ o m e  o x i d a ~  ~n 
the. p r e s e n c e  of ascotS)Ate .  T h e  c o n c e n t r a t i o n ~  o f  l)~J~u~lonzon~L~ c y - t o c h r o m e  oxtc la~e ,  a ~ c o r L ~ t e  
~t.d NHIOH w e : , :  5,7" to-" .~T. 5.6" ~o-" 5! and ~.7 ' Io-' 34, respectively. Spectre. were measur.~d 
i n  o.  18 M p h ~ p h a t e  b u f f e r  ( p H  7 .0) .  i n  -~ , .  - . . . .  . R e d u c e d  w i t h  a ~ c o r h a t e  in t h e  p.,t;~e,tcc o f  

N H I O H ;  . . . .  . f u r t h e r  r e d u c e d  b y  L ~ h ~ t i o ~  o f  N a ~ S , O ,  t o  t h e  ~ ' c  ~ a c t i o n  m i x t ~ r v .  

B~o~h,,,. Biophys..4cia, 67 (]963) 394-.io5 
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e n z v m o  wa~ n,~t affected wi th  NO~- or  NO, u n d e r  the  cond i t ions  tt..~ted. The  p e a k  
izt 4z~ mt~ was no t  aflecttxt by  the.~ • reagents .  

Efl~,ct ~!r Nit. Oil 
In  tht: ~.xidized form,  the  ; .hsorot i tm spec t run l  o f  P s e u d o m o n a s  cy t~ ( :h rome  

o.vidase was  ~ot  affected b y  N H~( IH. V~'hen N H t O H  was  a d d e d  ¢.o e n z y m e  which had  
l)t.c.iI re(lu<'ed wi th  a scorba te ,  a l - road shou lde r  a r o u n d  45¢>-5~) m/a a p p e a r e d  in the 
ab.~,~'i~ti~n Sl~ectrum. On add i t i on  o f  N a r ~ l O  4 to  the  a b o v e  m i x t u r e  the  s a m e  ab-  
so rp t ion  ~pcctrttrn was  .~om a.,~ when  the  e n z y m e  wa.s r educed  wi th  NazSaO 4 in the  
absence  o f  N | t ~ O H  (Fig. z3). W h e n  the  enzynne was  r educed  wi th  NaaSaO 4 in the  
pre.~ence o f  N l l 2 O H  w i t h o u t  i~,~corhate, the  b u m p  at  4Go m/* }~came obscur , :  a n d  

o.~ 

i 

~ 0,~ 

0 i .... -- 
5OO 

i 

I 
---4 

_ _ [  ...... ! 
70O 

Wov~lqngth ( ~  
Fig 14. F.ffcrt of N]~I,(>H on the a|,.~orption Hpectru,u of P~eudomona~ cytochtome oxidasc in 
the absence of ascorbate. The concentration~ of I-a~ttdolnont~ cytcmhlome oxirla.qe and Nl-ltO|l 
were 9-0- to-" M and t.8. to -~ M. respectively. Spectrophotometric lncasurement~ were etxrrled 
out in o.x8 M phosphate buft+~-r {pH 7.o) in air. - . . . .  . I£¢duced with MatStOs; . . . . .  . aseortmte 

adder[ tO tile above mixture. 

the  i tbsorbl tncy a r o u n d  ( J 3 o - I ) ~  nil, wa~s muci i  deprt~md (Fig. x4). Addi t io , l  t,f a.~- 
c o r b a t e  did no t  change  the a b o v e  a b s o r p t i u n  s p e c t r u m ;  the d i s t i nc t ive  b u m p  at  
4Gt~ mkt did no t  appea r .  

I)I~CUY .~I r'~.~ 

As p rev ious ly  retx~rtedN, is, the  g r e a t  d i f ference in the  a b s o r p t i o n  spec t r a  o f  c r u d e  
anti crystallitae prepuxat i tms  of Pseudomona.~ c y t o c h r o m e  ox idase  was  t h a t  t he  p e a k  
;it 625 mf~ observcxi in the  redt lced f~rnx of  the  c r u d e  p repa ra t i tm  ! ;ecame a p l a t e a t  
in tile. c rys ta l l ine  p repara t ion .  Thus ,  in the  di f ference s p e c t r u m  o f  the  erysta l l in¢ 
p r e p a r a t i o n  t~f the  e n z y m e ,  two  peaks  were o b s e r v e d  in the  red region of  the  s~pec- 
t r u m  at 6 r e  rata a n d  67o m/a. I f  .~uch difference spec t r a  were  f tmnd in whole  ceils, 
this  wou ld  lead to  the  incor rec t  conc lus ion  t h a t  these  t w o  peaks  were dt:e to  the  
~l-npaIc~ of  tw0 c y t ~ : h r o m ~ s .  H o w e v e r ,  as  will be d e ~ r i b e d  la ter ,  i t  is d o u b t f u l  
w h e t h e r  P s e u d o m o n a s  e y t o e h r o m e  oxid~se shows t h e  same  spectrum as the  c r y s t a l -  
line P r e p a r a t i o n  in the  cell. In  the  difference s p e e t r u m ,  the re  is a p e a k  a t  46o mr,. 
This pc, ale wns seen as a b u m p  in the  absolute spectrum, and perhaps is the ~-band 

B~ocktm. Bio~hys. AcCa, 67 (s963) 394--406 
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c~f h a e m  a~. as  a l r e a d y  mt.7~tioncd. "fheref,  w~,. thn.~ m a y  Or. :h  : ~, . band  of  t :y t ( , , ' h rome a... 
T h u s ,  t h e  y - b a n d  - f  c y t ~ c h r o m e  a ,  h:td v e r y  low ab~ , , rba . t cy  c o m p a r e d  w i t h  t he  a-  
b a n d  o f  o t h e r  c y t o c h r o n w s .  :t~ reporte~! b y  c)tlter worke,',:-% aT. H o w e v e r  it c a n  ~ ,  
c o n c l u d e d  t h a t  c y t o c l w o m e  a ,  ha~,~ a di~tint:tive. 7 - b a n d .  

In  the  p r e s e n c e  o f  ( : N  a p e a k  a p p e a r e d  a t  ~)27 tnl~ when  the  enz3.'me was  
r e d u c e d  wi th  Na.,S~t)t or  a s c o r h a t e  In th is  t.a.~*, a b u m p  appeart~d a t  443 m p  a n d  
a s h , ' u l d e r  a r t rund  47 z nv , .  "t'h,..,t, .~lwctral 9rf,lx, rti, ,s were  qu i t e  ,~imilar t o  th..~e 
, b s e r v e d  in t he  c r u d e  pr: :paratioj , ,  ~f  t l ' e  e txzvme in the  a b s e n c e  of  C N  Al thmagh  
the  a c t i v i t y  of  Ps l :udomon: t s  c y t , c h r . m ~ r  o×idase  wa.~ inh ib i t ed  h y  ( ' N - .  t h e  crude* 
p r e p a r a t i o n  o f  t h e  e~azvmc w a s  h igh ly  actix' , ' .  Thus ,  the  c r u d e  p r e p a r a t i o n  o f  the  
e n z y m e  s e e m e d  to  be  cnmi-,im~d wi th  . ~ m e  m~b..;tancc which  d id  nt~t inhibi t  the  en-  
zyv.ie. T h e  d i f fe rem:e  S l ,ec t rum m the  pre~ence  o f  C N -  ~howt:d two  p e a k s  at  443 rl~p~ 
a n d  47z  m/~. There f iwe .  i t  ~eetned v e r y  [ ikeh '  t h a t  the  7 b a n d  ~f the  n o r m a l  enz) 'nxc 
a t  460 nap w a s  ~plit in t~  t w o  p;trt,~. 

The p re .~nce  ~f  CO con.- , iderably d e p r e s s e d  the  a h . ~ r b a n c v  nf  the  r e d u c e d  en- 
z y m e  in t he  red  region t~f the  s p e c t r u m ,  anti  t | tc  p e a k  o f  t h e  n o r m a l  c n z y m e  a t  
4Go mbt di :~appcarcd.  I t  is v e r y  p r o b a b l e  t h a t  as the  a - b a n d  due  to  h,~om a= ~a..~ 
d e p r e ~ e t l ,  the  corre~pondir ,  g 7~-band was  a|.,,o t lepr t~sed.  H o w e v e r .  as s h o w n  io 
F i l l  8, it is v e r y  cu r ious  t h a t  w h e n  an  cnzx, nne ~olution wh ich  ha.d been  in c o n t a c t  
w i t h  CO, w a s  e v a c u a t e d  a n d  t h e n  air  w a s  i n t r o d u c e d ,  t h e  } , -band d i sap l )ea red ,  
where , :*  t h e  a - b a n d  wa~ s ca r ce l y  d e p r e s . ~ d .  [n tht: p r e s e n c e  o f  NO, a peal¢ a t  6fi5 nvz 
a p p e a r e d  a n d  t h e  c o r r e s p n n d i n g  2e b ;md  d i s a p p e a r e d  a~ in the  p re sence  of  CO.. ,Xs 
ment ioned  ai~t~ve, in t h e  s p e c t r u m  ~f  tilt: n twmal  e n z y m e ,  the  a - b a n d  d u e  to  haen l  a 2 
v a r i e d  b o t h  in a b ~ o r b a n c y  a n d  p o s i t i , n  w i t h  p H  a n d  w i t h  the  r educ ing  i]gt.nt u~'d,  
whi le  the  co r r0~ l~mding  y - b a n d  wa.~ i n v a r i a b h ,  a t  it-a.~t in luz-itiam. T h e  fac t s  des-  
e r i b e d  a b o v e  .~how t h a t  the  rehtt iorl  betwee.~ t h e  n - b a n d  alld t he  F - b a n d  is ,, 'crv 
t e m p i | c a r t e l ,  a l t h o u g h  it is su re  t h a t  t he  two  band:" a re  due  to  h a e m  a~ (me ref. iS}. 

I t  wa.~ s h o w n  p r e y | m i s t y  ta t h a t  I 'mmd,~monas  e e l , c h r o m e  ~,xida.~. wh ich  h a d  
been  r e d u c e d  wi th  a s c o r b a t e  or  h y d r o q u i n o n e  s h o w e d  a b u m p  a r o u n d  57 ° m/~ t~n 
a d d i t i o n  o f  NO~.  u n d e r  a n a e r ~ b i c  c o n d i t i o n s  or  in the  pre.~-nce o f  N(). Th i s  f inding  
w a s  c o n f i r m e d  wi th  t h e  c r y s t a l l i n e  p r e p a r a t i o n .  I t  i~ v e r y  cu r ious  t h a t  when  the  
b u m p  h a d  ~m~-:" ; | p ~ ' a r e d .  ,h~  r ~ t - ,  . . . . . .  "*- .,-r=, = *'~ n:;.' av*t 554 rap ,  w h i c h  were  .~;cen in the  
r e d u c e d  f o r m  o f  the  e n z y m e ,  d id  n.'~t a p p e a r  b y  a d d i t i o n  o f  N % S t O t .  a l t h o u g h  in 
t h e  red  reg ion  o f  t h e  s p e c t r u m  a p e a k  a p p e a r e d  a t  GG 5 rap.  T h e  b u m p  a t  570 mt~ was  
n o t  seen  w h e n  N O , -  or  N O  was  a d d e d  to  e n z y m e  which  h a d  been  r e d u c e d  ,vi th  Nat-%zO4 
o r  w i t h  a yea :  t l a c t a t e  d e h y d r o g e n a s e  s y s t e m .  I t  w a s  also nt~t seen w h e n  N O : -  wa~ 
axtded to  e n z y m e  reduet.~l w i t h  a ~ o r b a t e  in CO. I t  is v e r y  l ike ly  t h a t  tile b u m p  a t  
57 ° m p  is d u e  to  t h e  r e a c t i o n  o f  N O  wi th  the  free. a. ,~'orbate rad ica l ,  m o n o d e h y d r ~ -  
a s c o r b a t e ,  f o r m e d  d u r i n g  the  r e a c t i o n .  T h e  fac t s  m e n t i o n e d  a b o v e ,  a lso  c o n f i r m e d  
with t h e  c r y s t a l l i n e  p r e p a r a t i o n  o f  t he  enzvrne ,  t h a t  t he  p r o d u c t  o f  r educ t ion  of  
NO~- b y  t h e  enz_,'me w~s NO.  

AC KN/)%VI.E D(~E M H YT~. 
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