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The crystalline preparation of P~eudomona.~ cytochrome oxidase ha~ two activities: 
a eytochrorne oxida~ at~d., nitrite reduc~.ase :,cfiv~ty. One n~le c;f the enzy.q~e 
aerobically oxidize~ ~54 mole~ and 6t~ molt,~ of reduced Pscudomona~ cyt~x~hrome 
c-55t per rain, at 16,' and 27", respectively. Anaerobically, 25o m,jl~s ,.ff reduced 
Pseudomona.~ cyt.,',chrome c-55x were ,~xidized per mm per mole of enzyme, in the 
presence of nitrite, at x'4':. The absorption ~l~,ctrum of the enzyme _~howed that 
b o t h  b a e m  a t and  a c - t y p e  h a e m  are p r ~ e n t  on the  molecule.  The  e n z v m e  ha-~ a 
s t r i c t  b i o l o ~ c a l  spech'~r_ity : it oxid2:;es red,t~.ed P~eudom: ,nas  c y t o c h r o m e  c-55 I.  but  
• ,carcely  a c t s  on re, l u t ed  mammaliaxz c v t o c h r o m e  c. Tile>e prol~ertie~ o f  the  ~nzy~t~ 
were  used  to  , ' e t e c t  slight differences be tween  c - t ype  cvtochrorn<~. R e d u c e d  t u n n v -  
f~sh c y t o c h r o m e  c was  ox id ized  by  the e n z y m e  m~we r ap id ly  tha~  reduced  beef  
eyto, . 'hrorne c. The  r e d u c e a  f o r ~  o f P / o , s a r u m  po l ycepha lum c y t o c h r o m e  c was  no t  oxi-  
d ized  b y  the  e n z y m e ,  bu t  wit.~ oxid ized  b~" c vt~ whrome  a. Reduced  whea t  c y t o c h r o m e  c 
was  ox id ized  fa~ter by  c y t o c h r o r n e  a th ;m b y  P s e u d o m o n a s  c y t o c h r o m e  oxida_~e. 
R e d u c e d  t~ovphyra teneea c y t o c h r o m e - 5 5 3  wa~ ox id ized  by  P s e u d o m o n a s  cvtc~:hrome 
ox idase ,  b u t  no t  b y  c y t o c h r o m e  a. I t  ig sugges ted  tha t  th~ ox id izab i l i ty  o f  tl~e c - type  
cytochrom~-s  b y  P s e u d o m o n a s  c y t o c h v o m e  ox ida~ ,  offer~ a molecu la r  basis for the  
t a x o n o m y  anti  evt ; lu t ion of  organisms.  

I N T R O D U C T I O N  

P s e u d o m o n a s  c y t o c h r o m e  ox idase  was  igolated f rom the cells of  P.~eudomonas axrr,- 
g inosa  g r o w n  anae rob ica l ly  in the  prv~ence o f  n i t ra te .  I t  was  purified to an u l t ra-  
c e n t r i f u g a l l y  homogeneotL~ s t a t e  1. It  pns~esses two iJaems, h a e m  a~ and  a c - type  
h a e m  in its molecule ,  bu t  no  copper .  Tilt" e n z y m e  shows  the  genera l  p roper t i e s  o f  a 
c y t o c h r o m e  0xida_~e : ae rob ica l ly  it oxidizes  ~Lsc~H~ate. h y d r o q u i n o n e  a n d  the reduced  
f o r m  of  P s e u d o r n o n a s  cy t~mhrome c-55 z (.qee re(. 2) which is k n o w n  to func t ion  in 
the  o r g a n i s m  jus t  like c y t o c h r o m e  c ¢lt~.~ in a n i m a l  ti.-~sues ~. These  reac t ions  :,~'~ 
s t r o n g l y  inh ib i ted  in the  presence  o f  cyan ide  -,~ld c a r b o n  m o n o x i d O .  I t  is n o t e w o r t h y  
t h a t  the  e n z y m e  is e x t r e m e l y  labile in the  presence  o f  h y d r o g e n  perox ide  s. 

I t  was  found  t h a t  the  cnz~,Tne ac t s  as a n i t r i te  r educ t a se  6d, it reduces  n i t r i t e  
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to ni t r ic  ox ide  ~-ith r e d u c e d  P s e u d o m o n a s  c y t o c h r o n l c  c-551 as  t h e  e l ec t ron  d o n o r ,  
unde r  anaerf~hic cond i t ions .  Th i s  r e a c t i o n  is s t r o n g l y  i n h i b i t e d  in t he  prec-enee o f  
t:vani'de b, tt not  in the  p r e ~ n c e  of  c a r b o n  mei : , -x ide ,  a~s the  e n z y m e  h a s  no t  b e e n  
isol;,te.d f r o m  cells g r o w n  a e r o b i c a l l y  in t h e  a b s e n c e  of  n i t r a t e ,  i t  is v e r y  l ike ly  t h a t  
the  e n z y m e  i~ the  chem i ca l  e~, t i ty o f  t h e  n i t r i t e  r e d u c t a ~ e  o f  t h e  o r g a n i s m .  

I t  was  u n c e r t a i n  w h e t h e r  P .~eudomonas  c y t o c b r o m e  o x i d a s e  i t s e l f  h a s  t w o  
:xctivitics, a c v t o c h r o m e  oxida.~e a n d  a n i t r i t e  r e d u c t a s e  a c t i v i t y ,  or  w h e t h e r  t w o  
d i s t i nc t  enl:ynle~ a re  pre~ent  in t h e  e n z y m e  p r e p a r a t i o n .  T h e  e n z y m e  ha_~ r e c e n t l y  
been  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  s, a n d  as d e s c r i b e d  b r i e f ly  in t h e  p r e v i o u s  p a p e r  s. 
wa_~ s l lown c l ea r ly  t h a t  the  c r y s t a l l i n e  e n z y m e  h a s  the  twu  f u n c t i o n s  a n d  c o n t a i n s  t he  
twn  h;tenx~ desc r ibed  a b o v e .  T h i s  fac t  s t r o n g l y  s u p p o r t s  t h e  idea  t h a t  t h e  | ' s e u d o m o -  
na~ c y t o c h r o m e  o x i d a s e  ac t s  :is b o t h  a n i t r i t e  r e d u c t a . ~  a n d  a c y t o c h r o m e  ox idase .  

I t  h ~  been  r e p o r t e d  br ie f ly  t h a t  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  ox id i ze s  
r c t h l c e d  l>seudot]xon;l . '~ cyt<~chrome c-551 b u t  n o t  r e d u c e d  m a m m a l i a n  c y t o c h r o m e  c 

(see ref. 9)- T h a t  i~, t i le  . x i d a t i o n  r e a c t i o n  o f  t h e  r e d u c e d  f o r m  o f  c - t y p e  c y t o c h r o m e s  
b y  P s c u d o m o n a s  c v t o c h m m e  oxida.se,  s h o w s  a de f in i t e  b io log ica l  spec i f i c i ty .  

"$his p a p e r  r e p o r t s  on t h e  e n z y m i c  prope.rti~..~ o f  t he  c r y s t a l l i n e  p r e p a r a t i o n  o f  
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  w i t h  spec ia l  r e f e rence  to  i t s  b io log ica l  spec i f i c i ty .  
I1~ spec t r a l  p r o p e r t i e s  a re  d e s c r i b e d  in t h e  n e x t  l>aper x°, a n d  the  p r o p e r t i e s  o f  i t s  
p r o s t h e t i c  g r o u p s  in t he  t h i r d  p a p e r  o f  th i s  seri~,~ It. 

PREPARATIONS AND MATERIALS 

P,~t'~¢do~lo ~zax c y t o c h Y o m e  o x i d ~ q e  

T h e  e x t r a c t i o n  a n d  the  p a r t i a ;  pu r i f i ca t i on  o f  P s e u d o m u n ~ s  c y t o c h r o m e  o x i d a s e  
we.re p e r f o r m e d  a p p r o × i m a t e l y  accord'h~g t,~ t h e  m e t h o d  o f  H o R m  et al. z, a n d  t h e  
p r e p a r a t i o n  ot t h e  c r y s t a l s  o t  the  e n z y m e  a c c o r d i n g  to  t h e  p r e v i o u s  rneth.'~d s wi+h 
a ~light rn~dif icat ion.  

A h n u t  5 t~ )g  o f  a c e t o n e - d r i e d  cells o f  Pseudomo~ms aeruginosa, w h i c h  wcrc  
g r o w n  a n a e r o b i c a l l y  in t he  p r e ~ n c e  of  K N O s ,  w e r e  wel l  m i x e d  wi th  xo l o f  o.x M 
s o d i u m  citrate.  ( p H  7.0) in a W a r m g  b lendor .  T h e  m i x t u r e  w~s h e a t e d  a t  4 °°  for  
xo rnin, a n d  t h e n  a l l owed  to  s t a n d  o v e r n i g h l  a t  5 ~ in a r e f r i g e r a t o r .  T h e  m i x t u r e  w a s  
f i l tered t h r o u g h  a B i i c h n e r  funne l  w-lib t h e  a id  o f  Collie. To  t h e  f i l t ra te ,  4°/,, a q u e o u s  
r i v a n o l  w a s  a d d e d  to  a f inal  c o . , c e n t r a t i o n  o f  o.z0A,, a n d  the  v i scous  p r e c i p i t a t e s  
f o r m e d  w e r e  r e m o v e d  b y  f i l t ra t ion .  T h e  f i l t r a te  w a s  s a t u r a t e d  w i t h  ( N H , ) a S O , ,  a n d  
the  r e s u l t i n g  p r e c i p i t a t e  w a s  co l lec ted .  T h e  b r o w n  p r e c i p i t a t e  w a s  s l t s p e n d e d  in 
m i n i m u m  v o l u m e  o f  w a t e r ,  a n d  the  s u s p e n s i o n  was  d i a l y s e d  aga in s t  t a p  w a t e r  fo r  o n e  
d a y  a t  5 ~ in a r e f r i ge r a t o r .  D u r i n g  the  d ia lys is ,  t h e  o u t s i d e  w a t e r  w a s  - ' h a n g e d  
f r e q u e n t l y .  T h e  d ia lys i s  was  c o n t i n u e d  for  o n e  m o r e  d a y ,  a g a i n s t  o .ox M ° a m m o n i u m  
p h n s p h a t e  bu f fe r  ( p H  6.o). " the  dialy~,~:l ~ d u t i o n  w a s  t h e n  p a ~ . d  t h r o u g h  an  A m -  
ber l l t e  C G - s o  , t y p e  I f .  c o l u m n  (2 c m x  30 cm) .  wh ich  h a d  beeri  e q u i l i b r a t e d  w i t h  t h e  
s a m e  ~uf fe r  as used  in t , e  f inal d ia lys is ,  a n d  t h e  P s e l | d o m o n a s  c y t o c h r o m e  ox idaae  
"r'.'aS a d s o r b e d  a t  t h e  t o p  p a r t  o f  the  c o l u m n ,  f o r m i n g  a g reen  zone.  T h e  a d s o r b e d  

• In t h i s  p a p e r ,  t h e  c ~ n c e n t r a t i o n  of  anamot~i,:n~ p h t m p h a t e  buf fe r  is cxprt~'qsed w i t h  r e g a r d  
to  t he  N i l  4- cohceu t t a ' . i on .  F o r  e x a m p l e ,  o .o t  M a m m o n i u m  phosphate buf fe r  c o n t a i n s  ta.ot g 
ion  o f  NHi ' / I÷  
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P. , eudomon~q  c y t o c h r o m e  <)xidasc was  e lu t ed  wi th  t M a m m o n i u m  p h o s p h a t e  buf fe r  
(p |{  7.o).  T h e  c y t o c h r o m e  oxida~e i.,~. t.l.~e e!,_t~.t.e wa.~ precipi ta te<!  b y  the  add i t i un  o f  
(NHd)aS()  , t o  90°/'o s a t u r a t i o n ,  a n d  co l lec ted  b }  ce ta t r i fuga t ion  a t  15 ooo :< g for  
zo min .  T h e  p r e c i p i t a t e ,  a f t e r  be ing  :ii.;:~'olved in a m i h i m u m  v o l u m e  of  w a t e r ,  was  
d i a ly sed  again.~t o . !  M a m m o n i u m  p h o s p h a t e  buf fe r  ( p H  6.5) a n d  the  c v t o c l i r o m e  
wa_~ a g a i n  a d s o r b e d  on  an  A m b e r l i t e  C(~-5o cc~ltxmn w i d t h  h a d  been  e q u i l i b r a t e d  
w i t h  the  saxn~ bu f fe r  as  used  for  tile f inal dia[ys~.s. Tht'  [ ' s e u d o m o n a s  cy to t 'h r~ ,me 
oxidawe a d s o r b e d  (m the  c o l u n m  fl>rrning a b r o a d  g reen  zone,  was  d e v e l o p e d  wit i l  
t he  s a m e  bt2tter. 

W h e n  t h e  cohm xn  v o l u m e  o f  the  buffer  ||~ld been  passed t l l rough  the  ton-ex-  
c h a n g e r  c o l u m n .  P s e u d o m o n a s  c y t o e h r o m e - 5 5 4  which  c o n t a m i n a t e d  the  Pseudo -  
mona_s cyt tx :hrorqe oxida:~e p r e p a r a t i o n  begar~ to be  e lu ted .  This  p a r t  o f  the  e lua t e  
wa~ a b o u t  37 ml  in v o l u m e .  N e x t ,  the  cytochr<m~e o x i d a s e  w a s  g radu l t l ly  eh t ted .  
T h e  f irst  ,32 ml  o f  th i s  e l u a t e  wh ich  c o n t a i n e d  l'seud(~mona_¢ e v t o c h r o m e  (~xitla.~ "~, as  
well  w a s  dis~zarded. T o  tht~ n e x t  t~o  m l  of  e l ua t e  was  a d d e d  (NHa) iS ( ) ,  t~ 9 o ~ )  
s a t u r a t i o n ,  a n d  the  p r e c i p i t a t e  f o r m e d  ~va_~ t=t)llecte(| b'," cen t r i fuga t i<m a t  z 5 oo0 × .~ 
for  xo ra in .  T h e  prec ip i ta te ,  w a s  d i s so lved  in a minirr t t tm ~-olume (~f 0.02 M p h o s p h a t e  
bu f fe r  ( p H  6.o) a n d  the  inso lub le  m a t t e r  wan r e m o v e d  b y  cen t r i fuga t i t )o  a t  5ooo × g 
fo r  xo rain.  T o  the  browni . ;h  g reen  supe rna ta t~ t  w;t~, a d d e d  fillely ~ w d e r e d  (N Hd)zSO ~ 
un t i l  t he  so lu t ion  b e c a m e  s l igh t ly  t u rb i d .  T h e n ,  the  p r e c i p i t a t e  w,x,~ 0i'.~carde't b y  
c e n t r i f u g a t i o n  a t  5oo0 × g for  i o  rain a n d  the  s u p e r n a t a n t  was  a l l owed  to  s t a n d  a t  
r o o m  t e m p e r a t u r e  ( a p p r o x .  2o °) for  3 o - 6 o  rain. D i a m o n d  s h a p e d  c r y s t a l s  a p p t a r e d .  
T l te  c r y s t a l s  were  co l l ec ted  b y  c e n t r i f i t g a t i o n  a t  5~)oo × g for  IO min ,  a n d  d i s so lved  
in o .o2 M p h o s p h a t e  buf fe r  ( p H  6.o). Recry.~t~fllizatitm was  c a r r i e d  o u t  in a s imi la r  
w a y  to  the  f irst  c r y s t a l l i v 2 t i o n .  T w i c e  r ec rys t a l l : z ed  c rys t a l s ,  whic~l are shown  in 
Fig .  I ,  were  used  ,as 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  the  P.~e.udomonas c y t o c h r o m e  
oxida~e.  

Vayio,~s c-t.~ p e  ¢~ytochromez 

C r y s t a l l i n e  p r e p a r a t i o n s  o f  b e e f  c y t i J r h r o m e  c a n d  t u m i y  cvtot:hr¢}me c were  
p r e p a r e d  f r o m  c o r r e s p o n d i n g  h e a r t  musch,s ,  a n d  p igeon  c y t l x : h r o m e  c f r o m  p igeon-  
ske le t a l  m u s c l e  a c c o r d i n g  tt} tile m e t h o d  o f  HAGIHARA Ct aJ. lz-14. C rvs t a j l i ne  ve:L~t 
c y t o c h r o m e  c wa~s p r e p a r e d  f r o m  b a k e r ' s  ) ' eas t  a c c o r d i n g  to  the  mt~th~d o f  Noz_.~r,l 
et ,a l~ W h e a t  , ,  ..t . . . . . . . . . . . .  ;a.,,~ fr::,~,, '."h~',a." g e r m  to  ~ °  o . . . . . . . . .  I~ .... 
t o  the  m e t h o d  o f  HA(;IHARA el al. 18. P_-~eudonaona_~ ~:y t~chrome c-55x w a s  o b t a i n e d  
~n a c r y s t a l l i n e  s t a t e  f r o m  Pseudo~.~oJta.~ aevug inosa  c u l t i v a t e d  anaerol~i<:ally b~" the  
m e t h o d  or" H o R i o  et alfl. Por I Jhy ra  c y t o c h r o m e - 5 5 3  wa.~ o b t a i n e d  in a c rys t a l l i ne  
s t a t e  f r o m  P o r p h y r a  tea, era bb" the  meth~,d ~f  YAI-'U~,tlI.II a al. t~. Ph}'saiunl  t.~,t.,~- 
c h r o m e  c w a s  pur i f i ed  f r o m  the  p l a s m o d i u m  of  Pk).sarl~;v po lycephah~m a c c o r d i n g  to 
the  m e t h o d  o f  YA.MANaKA et al. m. 

T h e  r e d u c e d  f~,a1~. ~f ,hese  c - t y p e  c y t o c h r o m e ~  were  p r e p a r e d  b y  t h e  add i t i on  
o f  a sma l l  anaoun t  of  Na~%~t).t t o  the  soluti ,  ms  a n d  , u b s e q u e n t  d ia lys i s  o v e r n i g h t  
a g a i n s t  o .o4  ~k .,~xtium p h o s p h a t e  buf fer  (p[l  0.5} c o n t a i n i n g  a p p r o x ,  x o  - t  M E D T A .  

C y t o c l ~ o m e  a 

C y t o c h r o m e  a was  p n : p a r e d  f r o m  bee f -heaz t  musc le  by  m e a n s  of  chol ic  ac id  a n d  

Bioehicn.  E . ~ p h y s . . - / ¢ ~ .  t~ 7 (x,/O3} 3 7 9 - $ 9 3  
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Fig. I.  Crysta ls  of Pseudomonas  c~,tochrome oxidase af ter  two recrys ta l l iza t ions .  
B: × !f~o (phase contras t ) .  

A; × qo, 

f r a c t i o n a t e d  w i t h  a m m o n i u m  s u l p h a t e  a c c o r d i n g  t o  t h e  m e t h ~ i  o f  OKUNUKI et al. t ' .  
W h e n  r e d u c e d  c y t o c h r o m e  c w a s  o x i d i z e d  in  t h e  p r e s e n c e  o f  c y t o c h r o m e  a,  t h e  

a d d i t i o n  (ff a n o n - i o n i c  d e t e r g e n t  "I~-ma.so[ ' '  a c t i ~ ' a t e d  t h e  r e a c t i o n .  H o w e c e r ,  a s  i t  
w a s  ob . - ,e rved  t h a t  r educ~x l  l ' . ~ .u ) . , )mor - -~  c y t o c h r o m e  c - 5 5 I  w a ~  r a p i d l y  o x i d i z e d  
n o n - e n z y m i c a l l y ,  on  a d d i t i o n  o f  E m a s o l ,  t h e  d e t e r g e n t  w a s  n o t  a d d e d  in  e x p e r i m e n t s  
w i t h  c y t o c h r o m e  a t o  a v o i d  a n y  : n f l u e n c e s  w h i c h  m i g h t  - - ,~pear  tm o t h e r  c - t y p e  
c y t o c l a r o m e s  be.~ides m a m n ~ a l i a n  c y t o c h r , ' ~ m c  ~. 

METHODS, 
.~ pectro photometric m~4surenwnls 

$ p e c t r o p h o t o m e t r i c  m e a s u r e m e n t s  w e r e  p e r f o r m e d  in  a C a r y  r e c o r d i n g  s p e c t r o -  

Biochim. lllophys. :leta, 67 (x~j0b3) 379--393 
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p h o t t ) m e t e r ,  mode l  14, us ing  :t c u v e t t e  ~f  [ .cm t)ptical p a t h .  For  a n a e r o b i c  work .  a 

T t : u n b e r g - t y p e  c u v e t t e  wa~ u~_xl. A n a e r o b i o , i s  was  a t ta inext  b y  e v a c u a t i o n  of  the  
c u v e t t e  a n d  i n t t o d u c t i u n  of  an atm(~.~|)h~,re [ff .N.,. "l'hi.~ process  was  r e p e a t e d  at  l eas t  
5 t imes .  

RF.~(" I . r ~  

A b.~m'pt~on spectra 

A~ shc~wn in Fig. _,. the  absr~rpticm ~ c t r u m  ,,f the  crv-; tal l ine p r e p a r a t i o n  nf 
P ~ 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  ~va.s v e r y  ~imiiar to t h a t  o f  the  c r u d e  p r e p a r a t i o n  
o f  t he  e n z y m e  pr ,~viously rel)orted~. Tho re  were  p,.'aks a t  28o m/a, 4 l z  m/a. 525 rot, 
a n d  635 m/ ,  in the  r , d d i z e d  fo rm.  a n d  a t  .IzS m/~. 523 m/a, 54¢) m F and  554 m/ ,  in the  

0 l l  . . . . . .  - r -  : 
-grt,, i . . . . . .  . ,~-.. , ,B ~ • t = - -  

o.It .... i ,  ..... !t ..... : 1 -  i 

o.6.. , ~ ? , - %  1 .__~Jil . ! : _ _ _ l  . . . .  
; ~  . , ; ~  

,1 . . ,  . . . . .  , . .  
I ; I I , 

"J II - ;  - : ' f ~ l  " i i . . . . . . .  

15 I I - I . 

o . : ~  - - -  ~.i ~' 3 ! ~k-- -  t.roo . . . . . . . . .  

25O 3 0 0  3 5 0  4 0 0  4 5 0  ~ 0  $50 600 6 5 0  7 0 0  

W~elenq, th |mla) 

Fig. 2. The absorption sa,-mctt~rn of the c-y=tattane !Xaeudt, mona:~ ~:).ttx:hr, me oxidant:. The crystals 
wt:r~ di~,u01w'd in o.z M ph(~sphate butler (pit  7.o~. - - - - .  oxidi=~d; - - - ~ .  r':0uced ~itb 

NaaSz( ) t" 

r e d u c e d  fo rm,  T h e  r e m a r k a b K ,  d i f fe rence  b e t w e e n  the  .~pt.~trum o f  the  c r u d e  p r e p a -  
r a t i o n  a n d  t h a t  o f  the  c ry s t a l l i ne  p r e p a r a t i o n  is, t h a t  in the  crLt(|e prep:~ra t ion  t l ,?re  
w a s  a p e a k  a t  625 m/~ a f t e r  r e d u c t i o n  w i t h  NaaS.,O,, whi le  in th~  c r v s t a | l i n e  p r e p a r a -  
t ion  t h e  p e a k  a t  635 m/a in the  ox id ized  f o r m  was  depre.~.'-md b )  Na~.%~Oa-reduct[on 
a n d  t h e r e  a p p e a r e d  ~. p l a t e a u  f , 'om 620 m/~ to  raSo m ~  a c c o m p a n i e d  b y  a b u m p  
a r o u n d  650 m/~ in t he  reduce~l fo rm.  (~ ,  r e o x i d a t i " n  w i t h  t_ ,Fe(CN)n,  t h e  a b s o r p t i o n  
p e a k  a t  635 rnt~ r e a p p e a r e d  T h u s ,  the  depre,Lsion o f  t he  635 m/a -peak  on  NaaS,O4- 
r e d u c t i o n  wa,~ no t  d u e  to  d e c o m p o s i t i o n  o f  t h e  c o r r e s p o n d i n g  h a e m ,  h a e m  a=. 

On t r e a t m e n t  ~-ith a c e t o n e  c o n t a i n i n g  o . I2  N HC1, t h e  p ro t e in  m o i e t y  w a s  

Biochim. B i o p h y . , ; . . - I c t a ,  67 ( 1 9 6 3 )  3 7 9 - 3 9 3  
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prt.~cipitated a n d  the  ace tone  l aye r  b e c a m e  green  in colour .  The  p ro te in  m o i e t y  
pre~:ipitated showed  the  a b s o r p t i o n  s p e c t r u m  of  a c - type  c y t o c h r o m e .  T h e  h a e m  
e x t r a c t e d  in the  ace tone  l ayer  was  s h o w n  to  he h a e m  a a b y  f o r m a t i o n  o f  its p y r i d i n e  
h a c m o c h r o m o g e n X t . T h e  facL~ m e n t i o n e d  a b o v e  ind ica te  t h a t  c rys ta l l ine  P s e u d o m , m a s  
c y t o c h r o n - e  oxida.~e has  two  h a e m s ,  h a e m  a ,  and  a c - type  h a e m  in the  molecule ,  or  
t h a t  the  e n z y m e  consis ts  o f  a s t r o n g  c o m b i n a t i o n  o f  a c y t o c h r o m e  a z and  a c - ' y p e  
cy tochr t ,me .  The  fac t  t h a t  t he  enzym~e was  o b t a i n e d  in a c r y s t a d i n e  s t a t e  s t r o n g l y  
supp~r t s  the  fo rmer  idea. 

On reduc t ion ,  the re  a p p e a r e d  a b u m p  a t  460 n%u which  m a y  rep resen t  the  7-  
b a n d  of  h a e m  a v I t  has  been  m e n t i o n e d  t h a t  the  r a t io  o f  A v / A o  of  t he  c y t o c h r o m e  at  
is v e r y  low ~°. This  was con f i rmed  wi th  c rys t a l l ine  P s e u d o m o n a s  c y t o c h r o m e  oxidase ,  
as s h o w n  in Fig. 2. "adthough c y t o c h r o m e  a~ which  has  o n l y  h a e m  ax in its molecu le  
has  not  been i.,~flated. I n  the  c rys t a l l ine  p r e p a r a t i o n ,  A,~m~/.4~ao,n,, ""a-~ x.2 which  
wa~ v e r y  high  and  no t  c o m p a r a b l e  w i t h  A~oam,,[A~ram~, =~ 0.87 in t he  c r u d e  p r e p a r a -  
t ion.  M6,c  de ta i led  o b s e r v a t t o n s  w i t h  respec t  t o  the  spec t ra l  p rope r t i e s  of  the  Pseu-  
domon:~.~ c v t o c h r o m e  oxt,.la.-;e wilt be  p r e sen t ed  in t he  n e x t  paper  o f  th is  seric~ ~°. 

Cytoch~.ome oaidatse actitq~y 

A~, shown  in Fig. 3, r e d u c e d  P ~ e u d o m o n a s  c y t o c h v o m e  c-55r  was  r a p i d l y  oxi-  
(tiz/cd by  P~c-udomonas c y t , ; c h r o m e  ox idase  u n d e r  ae rob ic  cond i t ions .  Tiffs r eac t ion  
wa~ 96~...~, inh ib i ted  in the  presence  o f  3" xo a M KCN.  a n d  was  a l m o s t  c o m p l e t e l y  

: - l - - - l - ,  " : !  - 

, i l l l l t  
: l - - t  - - ~ -  I 1 ~  ! 
_ ' _  I_c. / I B  I 

_ . , ~ ' - 7 - _ T i ~ l  I 

l 1 ~ _ ~ -  -!, 

Fig 3. 1he a¢rohi¢ oxidation of reduced P~eudomona~ cytochromc ¢-551 by Psoudomonas 
cytochrome oxida.~e. The; st~.nd~rd ruitction mixture consisted of 1.5 ml of o+.n ~ ~.! phosphate 
buttt:r, o. 3 ml of t. 4 - to -G M reducod I*seudomona~ cytochrome c-35t and o.o3 ml of B.7' to -¢ M 
P~eud,~monas cytochrome oxida.~c. A, control; B, 0.03 ml of "~Io -t M |<CN added ffina) concon- 
tration. 1.2.10 "~ .~,I); (', uo<ler the ga.¢ mixture, CO-N|-O t {5o : . t o :  to). For C, a Thunberg- 

type cuvett¢ xva~ u~ed. 

;nh ib i t ed  u n d e r  C O - N ~ - O  z (50 : 40 : zo) in a T h u n b e r g - t y p e  cuve t t e .  The  t u r n o v e r  
n u m b e r  ( c o n s u m p t i o n  o f  redur¢,,~ ¢ - type  e y t o c h r o m e  in haoles/mole o f  P s e u d o m o n a s  
cytochrom_e oxida.~e) per rain, a t  x6 ¢" was  . 5 4 w i t h  r educed  P s e u d o m o n a s c y t o c h r o m e  
c 55x as the. electr<,n donor .  The  c o n c e n t r a t i o n  o f  Pscudomona_,~ c y t o c h r o m e  ox ida .~  
wa~ d e t e r m i n e d  f rom A~gmu --- 30.2 ' xo ~ M-* lcm in the  c r u d e  p r e p a r a t i o n  ~ a s s u m i n g  
t h a t  the  a b s o r b a n c y  a r o u n d  55o m/~ was  no t  a f fec ted  b y  the  impur i t i e s  w h i c h  m i g h t  
be. p resen t  in the  c r u d e  p r epa ra t i on .  The  t u r n o v e r  n u m b e r  was  c o n s i d e r a b l y  inc reased  

Biochi,n. O/o~hys. Acta. 67 (]963) 379-393 
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, . .  AJ 
/ - ~  ' . - ) IF  ~,mi"-~ II 
P : - "  : - t  I - . 0 z - ~  

• ~' T , m e  I : 

["Jig. 4. "rcmpcr-~tturc d e p e n t l e n c e  of  the  at'robin: oxi(I,-tticm (tl r , .duccd I '~cu( iomona~ cy~.,}rhr~mtc 
c-55t  b y  l.'.'.'seudomona.q c y t c ~ h r o m e  oxi<lase. T h e  rt:,tt:ti:~n m i x t u r e  was t h e  sam~: ,t~, for Vii;. 3. 
e x c e p t  t h a t  tl-.c eonee'mttratiot~ o f  t h e  l-'.~eudomcma.~ ~'ytnclttrom,. OXl<|,.L'ix.- wils ";'7" to  t .%| A. a t  

t G ' ;  1"~, ~tt z 7 , 

a t  2 7 ~ ;  it wa.,~ 6cx~ pe r  rain . T h e  a c t i v a t i o n  e n e r g y  f~w t h e  reac t ion  wa.-, c a h - u l a t c d  a .  ~ 

1 8 - 3  k c a l .  H o w e v e r ,  t h e  t e m p e r a t u r e  i n  t h e  r e a , - t i : , n  m i x t u r e  w a s  n o t  v e r y  p r e c i s e l y  

c o n t r o l l o t t  a n d  t h e  f i g u r e  f o r  t h e  a c t i v a t i o n  e n e r g y  o b t a i n e d  r e p r e ~ e n t ~  o n l y  a r o u g h  

valLl(~. 

N itrit~ reduc tase  ac t iv i¢ /  

I t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  c r u d e  p r e p a r a t i ~ m  o f  t h e  P s e u d o m o n a _ - ,  c v t t ) -  

c h r o t n e  o x i d a s e  r e d u c e s  N O . ~  t o  N O  w i t h  r e d u c e d  P . - t , u d o m o n a ~  c y t o c h r , ~ m e  c - 5 5 x  

a s  t h e  e l e c t r o n  t h m o r .  [ l o w e v e r ,  t h e r e  wa.~ .s-m~. d ~ m h t  a s  t o  w h e t h e r  i . l |e P .~e ,vh~-  

m o n a ~  cy t~whrome  ox idase  i tself  f u n c t i o n s  a s  a ni t r i t e  r e d u c t a s e  or w h e t h e r  t b ~  

n i t r i t e - r e d u c l n g  a c t i v i t y  ~-=~  d ,xe  t,.~ a n ~ t  h e r  ~..n:4~,iP.*. ., : , i ! . , i t~  r ~ a u c t a _ ~ e ,  c , m t z - f n i n a t i n g  

t h e  P m u d o m o n a s  c y t o c h r - m e  o ' < i d a s e  p r e p a r a t i o n .  A s  s h o w n  i n  l : i g .  5 ,  c r v s t a l i i n e  

P s e u d o m o n a s  c v t o c b r o m e  o x i d a s e  a l s o  f u i , c t i o n e d  a~  a n i t r i t e  r e d u c t a s e .  Thi-~ s u p -  

f f - - : - t  , . . . .  ~ - - r - T ' ~ - . -  I [ ' : L d -  ! ~ ' '  
~ - ~  ~ • I t I r ' l ~ 2  i r. i 

• :- = ~ , ~ .  ~ % E  . . . . .  1 - " ~  - l -  t • " ~ ' . - - I - - L - - [ '  

• . i t , . .  ~ I _ _ 1 _ 1 _ , ~ , ~  . L . . . . . .  I ~ 1 - - . ~  

: i i IIi 1 
i , . /  ' . ~ 2 ~ . -  ! / i  ' 

i ! ;  i/:c-t-:°r '-- .-.----;-" ~yl,, - - :  

IL__I : 1 , ±  _ , .  l , 1 1 . I  : t i , L , 1 IJ 

Fig,  5. T h e  a n a e r o b i c  oxddataon  o f  r educe  t ' s e u d o m o n ~  u - y ~ c h r o m e  c-551 by  P s e u a o m o n a ~  
cytc~chrum~ ox ida s~  in t h e  pr._~nc:e ,K N¢~': i%c .~tand:trd r e a c t i o n  mi .~ turc  con¢ i s t ed  of  2.o nil  
o f  0 .04 M p h o s p h a t u  Luffer.  (pH 6.5).  o¢ ml  of  t ,4 -  l o  -~ M r e d u c e d  P.~udon,-,:.m'-.~ , : , / t~chr~.mc 
¢ - 5 5 z .  o . o 3  m l  o f  o . 2  M K N O  z. a n d  o .2  m l  o f  S . 7 - t o  -~ .M P ~ u d o m o n a ~  c y t o e h r o m ' c ;  o x i d a s c .  
R t ~ c t i o n s  v , - e . - -  C a * l i C U l  o u t  i n  T h u n t - ~ - r g - t V l ~ U  c u v ¢ - t t c s  w h i c h  h c ~ d  t w o  s i d e  c h a m b e r s .  A t  t h e  
p o i n t  E ,  P s e u d o m u n a m - c y t o c h r o m e  o x i d a s e  was  a d d e d  and thu fat:t t h a t  t h e  a h . ~ r b a n c y  a t  55 ( m!4 
d i d  n o t  d ¢ c r u ~  w i t h  ~.ime e h o w e d  t h a t  t h 2  ~ .nac rcb ioc i  ~- w~_~ c o m p l e t e .  O n  ~ | . l i t ~ o n  ,>f N O : - ,  
r e d u c e d  H s e u d o m o n ~ q  c -y toch rome  c-55s wa~ r a p i d l y  o x i d u e d  in A a n d  C. T h e  t i m e  r e q u i r e d  for  
m i x i n g  o f  N O = -  wi th ,  t h~  r e a c t i o n  m i x t u r e  in  t h e  m a i n  chamt~cr  xs~s ~ p p r o x .  ~5 se~ .  ]~cact_iorLs 
we re  c a r r i e d  o u t  a t  t9  =, a n d  p i e  6. 5. A ,  , ' o n ~ o l ;  B, o . t  m I  - f  2 . x o - e M  K C N  was  a d d e d  (final 

c~mcent ra . t ion .  8 - t o - *  M ) :  C. u n d e r  i ~ 0 / ~  C O .  

.r~i<~chin:. Biaphys. Acta, 67 (1963] 379--:t93 
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!x~rts t h e  idea  t h a t  P . ~ c u d o m o n a s  ex, t 3 c h r o m e  ox id~m-  is t h e  c h e m i c a l  e n t i t y  o f  t h e  
n i t t - i te  r e d ~ c t a g e  ~f l'set, domonas aert~ginosa. T h e  n i t r i t e - r e d u c i n g  a c t i v i t y  w a s  9 4 %  
i tdn ib i t ed  b y  8 • ~o  a M K C N .  A~ s h g w n  in  F ig .  5, t h e  a n a e r o b i c  o x i d a t i o n  o f  r e d u c e d  
P s e u d o m o p a s  o , ' t o c h r : ) r n c  c -55 r  b y  t h e  P s e u d o m o n a s - e y t ( x : h r o m e  ~)xida~,~e w i t h  NO,. 

ag t h e  c lec l r~m a c c e p t o r  p r o c e e d e d  r a p i d l y  in  t h e  e a r l y  p h a s e  o f  t h e  reac t i~m b u t  t h e  
r~::wtion v e l o c i t y  s(~t)n l~ecante  g r e a t l y  d e p r e s s e d .  I n  t h e  i n i t i a l  .~tage o f  t h e  r e a c t i o n ,  
t he  t u r n o v e r  n u m b e r  wa.g 2 5 o [ ) e r  m i n  a t  ~9 °. \ V h e n  a T h u n b e , ' g - t y p e  c u v e t t e  wa.~ usecl, 
t h e  t e m l ) e r a t u r e  v a s  n o t  c o n t r o l l e d  appre~: iabl3 ' .  T h e r e f o r e ,  t h e  r e a c t i o n  w a s  c a r r i e d  
ou t  o n l y  a t  rt)t)lul t e m p e r a t , ~ r e ,  a n d  t h e  effect  o f  t e m p e r a t u r e  o n  t h e  r e a c t i o n  v e l c w i t v  
wa.~ n o t  c x a m i m x t .  N i t r i t e  r e d a c t i o n  b v  t he  c r y s t a l l i n e  p r e p a r a t i o n  o f  P s e u d o m o n a s  

cx,t,whr()me, t , x i d a s e  w a s  n o t  i n h i b i t e d  u n d e r  a n  a t m o s p h e r e  o f  ~oo°,.'~, CO. Thi.q w a s  
in  gc~od acc¢'rdarvct: w i t h  resul t - :  .-~btained w i t h  the. c r u d e  p r e p a r a t i o n L  

Biological spcc~tTcitv of the reaction <:atal)'aed b), Psclldomo,ias c)'tochromc oxidase 

I t  h a s  b e e n  b r i e f l y  re i×~r ted  t h a t  P s e u d o m o n a s  cvtr~chr(~me ,)xi ' . lase o x i d i z e d  re -  
d u c e d  P . ~ e u d o m , m a s  c v t o c b r o r n e  c -55 i  b u t  d i d  n o t  r e d u c e  m a m m a l i a n  c y t t l i : h r ( i m e  c 
(.~e~, r , f .  91- A.,. sh(>wn in  Fig.  6. P s e u d ~ m o n a . ~  c v t ( x : h r o m e  o x i d a s c  o x i d i z e d  r e d u c e d  

t ~ - - T T : r - _ L ' , - L  1 : : ' i . l  ! Y-! 
. . ~ , ~ /  i ~ , I ~ '~ '~  0- I 

. / i . _ 0 z  . L A - ! -  1 1 
': ' ~ ' '  ! l  i l  

Fig. ~,. lrtfl~lt.ll,'e. ~}f, small an ,den t  of IJscudornonas cytochrome c-55i and _v~.t.st t-yt(Jc|lronle c 
on the aerobi," Jxidat ion of redut-*-d v~ast cytochrome. ~ by 1 .~eudomonas cytochrume oxklase (A), 
a~d that  of reduced t~ocud~monas cytocl,romt: c-55 x by cytochrome a (/3), respectively. In A. 
the reaction mixture  consisted of 3.~ ml of o.~,4 .%I ph(mphatu bu~cr  (pH 6.5), o.~ ml of g.7" Io-4 M 
rt:dinct-d vtra.~t ~:ytochromc ~. 0.03 ~nl of 8. 7 - io -~ .M Pseudon~onas cyt,~chrt~m~ (~xi~l~ anti o.o~ ml 
of ~÷.1 u() ~ M ()xidizt, t| ]).~-udomona~ cytt~:hrome c-551. At the points indicated by aa and c-5:~t 
in the faeurc, wt're added Pneud<~tnoums cy to thromc oxidaa" and  P.getndomonas cytochrome c-55x, 
r~.~pcctivtrl.v. -l'h,~ reacti,~n wa.~ carried out  a t  I5% anti p | t  (~.% In ig, th~ r~-at:Lix~li tl~i:~tur~ ct),- 
sisted of x.3 ml of 0.04 3I phosphate buffer. ~.~-3 ml of t.4 ' ~o- ~ .%1 rctluccd l'sea~domona, cy'to- 
~hrorne ¢-55~. 003  ml of 5.~" ~o -* M cvtochrome a and o.u 3 m) of 9-7 ' ]o-~ M oxidized yeast  
c}tochrome c. At tht- p,,i~,~s itadicated hy a and c in the figure, ~'ere added cytochrome a ~tnd 

yeast cytc.chrome c. respe~-tivt.ly "i'h,. rt, acti,m ~va~ c~rrit~d ,~ut a t  ~5 ~'. and p l i  6.5. 

y e a s t  c y ' . o c h ~ o m c  c v e r y  s l o w l y ,  w h i l e  it  o x i d i z e d  r e d u c e d  P s e u d o m o n a s  c y t o c h r o m e  

c-55x v e r y  r a p i d l y .  T h e  o x i d a t i o n  o f  r e d u c e d  y e a s t  c y t o c h r o m e  c b y  P s e u d o m o n a s  
c.~,'t(~:lnrome oxic lase  w a s  h i g h l y  a c c e l e r a t e d  b y  t h e  a d d i t i o n  o f  a s m a l l  a m ~ u n t  of  
P ~ . u d u r n u j ~ a .  ~ : y t o c h r o m c  c -55 I  (Fig .  6A) .  A.g F ig .  6 B  s h o w s ,  c y t o c h r o r n e  a d i d  n o t  
o x i d i z e  r e d u c e d  P s e l ~ d o r n n n a s  c y t o c h r o m e  c-55x a t  al l .  B u t  t)n t h e  a d d i t i o n  o f  a s m a l l  
a rq~ ,un t  o f  y e a s t  c .  , o c h r o m e  c, r educex l  P s t . u d o m o u a s  c y t o c h r o m e  C-55I ~¥as r a p i d l y  
o x i d i z e d  b y  c y t o c h r o m e  a. R e d u c e d  yea.st  c y t o c h r o m e  c w a s  , o r  o x i d i z e d  b y  P s e u d o -  

mo t ,  as  c v t o c h r o m e  o x i d a s e  in  t h e  p r e f a c e  o f  N O ~ -  u n d e r  a n a e r : ~ b i c  con ta l t ion ' : .  
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~;R'~'.KI.~.I.[.IS]: I'.~i-UIn>ML)NAS CYIt}CHF(t~M}.. OXID.LqE. I ~ g 7  

IZnzvmic oxidation of  re:':v.'ed cvtochr¢ me c'x ohtaD,ed .tr,~m -,,arim~+~ .,;ource.¢ ~y l ' seudo-  
monas  cytochro;',e oxidase 

A s  a l r e a d y  mct~t i (~r i t .d ,  | ) ~ e l l d O l l l o l l ~ . ~  t'X't{,Ct',,~h-II(1 (L~ida.'*e r a p i d l y  o x i d i z e d  ,-e- 

d u c e d  P s e u d o m o n a s  c y t o c h r o m t ,  c - 5 5 ]  h u t  o x i d i / . c d  r t . d u c e d  } ' c a s t  c y t o c h r ( , r | e  c v e r y  

s l o w l y .  O t h e r  c - t y p e  c v t < ~ , : h r o m t : ~  wer t -  te . - . ted t t )  s e e  i f  t h~ .v  '.*.'err: o x i d i z e d  b y  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 ~ e .  " l h c  r e s u l t s  a r e  s h t > w n  i n  Fig.~. 7 xz .  R e d u c e d  b e e f  a n d  

p i g e o n  c v t t ) c h r t ) m e  v ' s  w i , r e  ¢ ) x i d i z e d  l e s s  r a m t | l - ¢  t h , m  l t ,( tu~:ed y e a s t  c , ¢ t u c b r o m e  c. 

L 1 . . . . .  o 2 - -  

E , ~ 5 O m u _  o 02 

-" " J ~  " O .  ! : " - -  

• ,; , : 
r T ~ ' - - I  o :  

I T i m e  ' 
, _ _ .  _ ~  __ . [ . i " _ _  

Fig.  7- t )x i t l~ t ,~ . t  o f  t h e  rcduct~d fortll of  Phvsa)'tlm p.,ly~ ~:p;:t,!,,, c y t o c h n ) m e  c b~, ; )scud~,mtm;ts  
('Vtl~'}ll'{)lI14. ~ ox ida~e  .~.n<l C~'tt-tt-']t~.t)llll ' O - I h e  rL ' ,aZ) . lor l  l l ) ' - ' . ' . t , ] r t -  ( ' o n s i s t e ¢ l  o f  1 , 5  t i l l  (~f rt:[ |n*:e'~. |  
lJhysart~m polvctpha/ttm Cvtl~t'rir(SttlO C <li.~.'~olvoI i~ ~'.z X! ]~h¢,~phate buffer  {pV 7+t~). ttA~, 3 ml  of  
8. 7 • ]o e M l"seudomona.~ cytO~LIxrome oxidast-  ar id  ~: o A mi of  ~ " + t o  - r  M t~ytot ' |~r(.>llle a .  A t  t h e  
p o i n t s  i n d i c a t e d  b y  a ,  a n d  a in t h e  l igur , :  wcrc  a d d e d  i 'S¢ r t ~ ~ [' ' tl~( >ni~ S cytt . , t ;hr0me oxidas~: a n d  

cytochronl~"  u ,  r t " ~ r n ' r t i v t . ' ] ) ' .  "1"i}~.' IFt.'ACtll)tl ~,;Ir.  ~';trl-it~l] ( o u t  a t  20"" ~]LTI(| l l ] ' l  7 , ' )  

I t  i~ n o t e w o r t h y ,  h u w c v c r ,  t h a t  r e d u c e d  t u m , v  c v t ~ w l l r ( ) m ( :  c w a s  o . x j d i z e d  m ~ r t -  

r a p i ( i l y  t i : a n  r e d u c e d  b e t ' f  a n d  p i g e o n  c v t o ~ _ h r o t n t '  c '~.  R e d u c e d  w h e a t  c v t o t : l W O l I I t '  (" 

w a s  very  s l o w l y  o x i d i z e d  b E  l % e u d o m o n a s  r v t , ~ ' h r o m c  o x i d a s e .  T h e  r e d u c e d  f o r m  

o f  Phy.~arum po lycepha lum c v t ~ w h r o m e  c wa.~ o x i d i z e d  I '~drlv n t p i d t y  b y  c y t o c h n ) m . - "  a ,  

b u t  s c a r c e l y  o x i d i z e d  b y  P ~ u d t ; m ( ) n a s  v v t - c h r o m c  o x i d a s e  P r e v i o u ~ i v  Y A K L ' S H : J I  

et  a l .  ~ g] | t>wL~ q u a l i t a t i v e l y  t h a t  r e d u o ' d  Porphyra  tenera r y t 0 c h r o m e - 3 . 5 3  w a ~  

. x i d i z c d  b y  P ~ e u d ( m ~ m a ~  v v t { ~ c h n ~ m e  ( ,x ida . ,~ ' ,  I - n  n - t  b v  c ; ' t o c h r o m e  , .  I n  F i g .  8,  

" .' -I] ' T .... T i ,, 
~. : I n 

o .  , 

", t t r ; fo.3  
I I : ] J 

F{~ .  ~(~. ( ' ) x id~ ' l t [ on  LJl" t~l(.: :lt'¢~(}l_]c(?l| le(~!el'ri O{" I)t~r~cl*lY(I /.#)~c'r,.Z C)'[[R. tII()I~t)L'-.r~,4J~ I ) y  C%'t( l l :hr( ) lnt  ¢. ~1 ;LII(| 
i ) ~ u ( | o n l o n a ~  C.Vto~hrom(_" O.xtd~L¢,*: T i i { "  r~ ,aCt l { in  m i x t u r e  corl~, lst t ,  t |  o f  2 . o  i111 o f  () .o 4 .~l' [ )hc |~) | l ; t t l~  
b u f f e r  {pH (~.5]. °..1 m! of  t-educetl l~o~phyru t ~ r a  vytt~('hr{)rllt'-5.S3. 0.03 m |  0 t ~ . 7 -  ]o-*  M ~ u d o -  
m o n a . -  t : y t o c h r ( ) l l l e  oxi¢lase a n d  o.o3 n*l t)f 5 : " t t) i %1 r y ~ . ~ ' h r o m e  a..-~*. She p o i n m  ind,~¢~ted b y  
a a n d  a~. were  a d d e d  c y t c ~ h r o m e  a a n d  I " s e u d o m o n a s  < y t o c h r o m c  o x l d a m t  r e spec t i ve ly .  T h e  

r e a c t i o n  xva~ carrie(!  o u t  a t  t~i ~" and  r, FI 6. 5. 
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t h e i r  f ind ing~  v rc  s h o w n  q t ~ a n t i t a t i v e l y .  Ira F igs .  7 - z z ,  t h e  ox ida t io~ t  o f  the.~; re-  
d u c e d  c t y p e  c ~ t o c h r o r n e s  b y  c y t o c h r o m e  a a r e  a l so  s h m v n .  I t  is a p p a r e n t  t h a t  

r e d u c e d  b e e f  ~y t~ )ch rome  c w a s  ~}xidized less  r a p i d l y  t h a n  r e d u c e d  p i g e o n ,  t u n n y  a n d  

) ' cas t  c v t o c h r o m e  c's. 
I :  w:~.~ ~hmvn ,  in  t h e  ca.~e of  t u n n y '  c y t o c h r o m e  c, t h a t  t h e  oxi~. |af iun v e l o c i t y  ()f 

i - ~  l ; t ~- -~-- i  ] I 
[ ' j ~ ~ - a m l n - h  ' J 
. - t -  

F-iN-9+ Oxiclat~on ~,f rcchn :d ~ilLat eytoehrorm.- c by Pseudornonas cytochrome oxida~e and 
c vtc~U~zornc a. "l'be rcacti~m mixt, , .¢ ,-or, s;.stc,J of 2 o m l  of o-o4 M ph~mphatc buffer (pI-| 6.5), 
o.6 ml of reduced wheat ¢vtochx'onnc ¢. o.~ 3 ml of 8. 7 • to -~ M P~eudornunas cytoehrome oxida.~e0 
o~3 ml of 3--" " tr> ' M c) , t~:hrome a. At tht" t~)itat~ indicated itz the figure by a a and  a. were 
added l~seudomona~ cytochromt~ oxidase and cytot:hrom~: a, respectively. TF.~ reaction was carried 

GUt  ~ t  I 8  c, 

r e d u c r d  ¢ ) -mchr ,~me c in  t h e  pre~en{ 'e  of  b o t h  P s e u d o m , m a s  c y m c h r o m e  oxida-~,  a n d  
c_v tochrome a wa~ n m  the. s u m  of  ~he act ivi t i~.~ o f  t he  t w o  ~.nzymet~0 b u t  w a s  a p p r o x -  
i m a t e l y  t h e  s a m e  as  tha~  ot c v t o c h r o m e  a o n l y  T h e r e f o r e ,  it  m a y  b e  t h a t  t h e  r a t e  
of  ~)xidat i tm of  t h e  r e , l u r e d  f o r m  of  bee f ,  p i g e o n  a n d  l 'tLv~arl~n po l ycepha lum c y t o -  

c h r o m e  o's b y  c v t ~ w h r o m e  ~z wxs  s c a r c e l y  a f f ec t ed  b y  t h e  c o - e x l s t e n c e  o f  P s e u d o m o n a s  

c v t o c h r o m e  ~ x i d a s e .  T h e  t u r n o v e r  n u m b e r s  o f  s o m e  c - t y p e  e y t o c h r 0 m e s  in  t h e  ox i -  

d a t i o n  r e a c t i o n  a re  pre .~ented  in  T a b l e  I. T h e  m o l a r  e x t i n c t i o n  c oe f f i c i e n t  o f  b e e f  a ~ d  
y~:~tst c y t o c h r o m e  o's at 55o m u is k n o w n  t o  b e  2 7 . 8 .  zo n M-~/cm (~,.~ ref. ~r.), a n d  

TABI ,E  l 

I~Y i~5.I-~L'Df-Mf'~NAS CYTf)CHROMF,, OXII]ASF, AND CYTOC|| | (OMI".  (; 

TL,. ,,iiitli~ t~ hl the ~:,rc~.-'.~£-C2 r~_~r~.,:'.-zt: the :t~mperature ~nd,.r xshich the cxperir0c'nLg werd 
carried out. 

Of • r~.-) m t ~ m  LW.) 

.~'set,tgoxnonas t*erl~g~mJ.St~ 154 (((¢) o (i 5") 
Porph;,,ra te~exu 4,  ~ ( z 8 ~1 Tra~:¢  ( 18  ~) 
Physarum pol.vcephal,m 0.66 (~O r ) 3 8 (Z [~ ' )  
Yexst (baRer's] 6÷~ (15 ~) 3o.3 ( I f  ~) 
' ¢ ¢ h e a t  z . 2  ( i S  ~) ] 3 ~ z  ( t 8  ~) 
T u n n y  ,~.8 (t8 ~) z l .7  (z8 ~) 
Pigeon 0.68 {~8 °) 35-3 ~TS'! 
Beef o.81 | i 8  ~) zo÷o (zS") 
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C R ~ ' S T A L L I . ~ E  PSEL*I)OM,)N.XN C ' , 'TOCHRO.x tE  O X I D A ~ E .  i ,3~¢) 

t h a t  o f  ] ' s e u d o m n n a ~  c x . i o c h r o m e  c - 5 5 r  a t  5.-3z r n #  i~ 28 3 " IOa M t , ' c m .  H o w e v e r ,  m~ 
t h e  m o l a r  e x t i n c . t i o n  c o e f f i c i e n t s  f o r  Physarum poly:'ephalztm, w h e a t ,  a n d  t n n n y  

c y t n c h r n m e  c'-" w e r e  n o t  d e t e r m i n e d ,  t h e  t u r n o v e r  n u l n | , e r . ~  in T a l , l e  I a r e  c a l c u l a ? e d  

a s s u m i n g  t h a t  t h e  m o l a r  e x t i n c t i o n  c o e f h t : i e n t ~  o f  t h e  ¢ t - b a n d s  o f  a l l  ,._t:..;~:. : . . . : . ; .  

c h r o m e s  a r e  a l l  2,~- r e  a M - t / c t n .  T h i s  a s s u m p t i o n  i~ ix - , -haps  r e a s o n a b l e .  I n  t h e  c a s t  

o f  Physarum /)olycephalt,m cy t ( ) ( :h r ( .mt"  c, the- o , > n c c n t t a t i o n  o f  c y t o c h r o m e  a w a s  

x o - t i m c ~  t h a t  u s e d  in t h e  c a s e  o f  o t h - r  c~,t~,clll ' t~llle c'.  ~. t l o w e v c r ,  i t  w a s  f ¢ n m d  t h a t  

in  t h e  o x i d a t i o n  o f  r e d u c e d  P ~ u ¢ | o m o ] : a s  cv t tmhr¢) rx ie  c 5 5 t  b?," th ,"  P s e u d o m o n a s  

I 

i 

L__ 

r [ ,on o ~  1- r 
.~om~ I , "  I _ .__~ ! '  " ' [  ~, - * 0 . 5  

3. 

- 1 ,j : | - .  
F i g .  to .  O x i d a t i o n  o f  rt:~l|,t:('¢] [~ ' c f  c y t o < : h r o m t :  c b)" l~st:tid~)n~,~n~t.~-(:vtt~cllror.'.(~ (~x!da..4~- ~ind t:~.t(~- 
c h r o m e  a. " h e  rea~ t ion m i x t u r e  c0nsis t~d of  a o m l  ,)f o(~. t 7~l ph~,sifllatt, buffer  {pH t).5), o z  mI 
o f  reclucexl b~ef  c y t o c h r o ; n e  c. o.(~] tnl o f  8.7 • to ~ .~l l ' s e u d o m o n a s  c y t o c h r o m e  oxidase ,  and  
0.03 ml o f  :%z • to  " ~l cyt (~chrome a . . \ t  the  point.~ indi~:at~.d h i  t i l t ,  figure by  a= an , |  a, ])~uutlo- 
m o n : L , ~  t.-yt~¢-hrolne ox ida se  and cx-tt~hrt~tli{: a ,.*.~-rt. Add,.d. r, '-. '~.cti~'ely. T h e  reac t ion  was carr ied  

O l l t  a t  , 8  "~ 

c y t o c h r o m e  o x i d a . ~ e .  I ( ~ - t i m e ~  t h e  c o n c e n t r a t i o n  o f  e n z y m e  o n l y  a c c e l e r a t e d  t h e  

o x i d a t i o n  o f  t h e  r e d u c e d  P s e u d o n t o n a s  c , , ' t o c h r ( t r n e  c - 5 5 I ,  5 - t i m e s  a t  m r , s t ,  w h e n  

t h e  c o n c e n t r a t i o n s  o f  t h e  P ~ c u d n m o n a s  c v t o c h r o m e  o x i d a s e  a n d  P s e u d o m o n a s  

c y t ~ x z h r o m e  c - 5 5 r  w e r e  a p p r o x ,  i o  -a  M. " i 'huq,  t h e  t u r n c ~ v e r  n u m b e r  i n  t h e  o x i d a t i , , n  

o f  t h e  r e d u c e d  f o r m  t~f rt.l'-A'::2~::m pol3:ephalum c y t o c h r o m e  c is  p r o b a b l y  t w i c e  t h a t  

c a l c u l a t e d  f r o m  the.  r e s u l t s  s h o w n  in  F i g .  7- I n  T a b l e  I,  t h e  v a l u e  , (  t h e  t u r n o v e r  

n u m b e r  c o r r e c t e d  is s h o w n  a~ f~r  Ph~..~,v~t,: p, t~,,'.~pl, ah,,,z c . x ' t o c h r o m c  ~ 

. - -  ! i " T - -  

[ I l t t l 2 V  , 
Fig.  t t. O x i d a t i o n  of  r educed  p igeon  c.vt~x'hr~m~,- c by" l~seu,lomona-q c y t o e h r o m e  ox idase  and 
c y ' t o c h r o m e  a. T h e  r eac t i on  ln ix tu re  consistet!  o f  z.o ml  of" o.,, 4 M p h o s p h a t e  btttit:r, o.~) m[ o f  
r e d u c e d  p igeon  cyt¢:=hr~m= c. 0.03 zn! o f  S. 7 - to-*  M Pseudo~non =q ~;ytochrot ,~ o.gid&,~, a n d  
5.2 • to  -¢ M c y t o c h r o m e  a. At  the  po in t s  i nd ica t ed  in the figure by a~ arid a, were  addeO Pseudo-  
mona.~ c y t o c h r o m e  ox idase  ~t~d c y t o c h r o m e  a, rL~[~.ctively. Th~ r(mt:tion wa.~ car r ied  o u t  a t  , 8 °. 
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, l l 
Fig z-'. Oxida*.,on of r-~ductwl tunny cytochrome c by IJzeudomona~ cytf~hr¢~mt-" oxides .  In A, 
the reaction mixture consisted of 2.o ml of o.o 4 M phospb.ate buffer ~plI ~-5). o.6 rnl :,f reduced 
pigeon cytochrome c. 0.03 ml of 8.7" ]o-" M Pseudomonas-cytochrome oxidast: aml u.o 3 ml of 
5÷z ÷ Lo -~ Z~I cytochrome a. In 1.?,, the reaction mixture was the same ~s for A, except that P.-;eudo- 
mora~s eytoehrome oxiclas~ was omitted. At the point~ il~dicate<l in the figurt~, by a~ and a. weft: 
added I~seudomonas <ytoehrome oxida.~c and cytochrome a. respectively. The reactions were 

c~trried out at I8 °, 

I)I.%(71.JSSION 

I t  has be~n es tahl i shed wi th  at c rude  p r e p a r a t i t m  o f  P . ~ u d o m o n a s  c y t a c h r o m e  
oxidase  t h a t  it has  two haems ,  h a e m  a 2 and  a c - type  h a e m ,  in the  molecule ,  a n d  t h a t  
it has t , , 'o  ac t iv i t i e s :  c y t o e h r o m e  ox idase  and  n i t r i te  rexluctase a c t i v i t y .  These  
p roper t i e s  h a v e  been conf i rmed  using a c rys ta l l ine  p r e p a r a t i o n  o f  the  e n z y m e .  
I l o w e v c r ,  ~t was  d o u b t f u l  w h e t h e r  the P s e u d o m o n a s  cx~toehrome oxida.~e molecu le  
had  two laaems in the  one  molet 'ule  or w h e t h e r  it cons i s t ed  o f  a s t r ong  c o m b i n a t i o n  
of  tv,.c~ pro t .qns ;  a tmem az -con ta in ing  pro te in  a n d  a h a e m  c -con ta in ing  one, T h e  
fo rmer  seemed the  m o r e  p robab le  b e c a u ~  Pseud~mon&s  c y t o c h r o m e  oxidase  w&s 
o b t a i n e d  in a c rvs ta l l ine  s t a t e  w i th  b o t h  haems .  T h e r e  are  the  same  tw(~ l×~ssibilities 
witt: r ega rd  to the  "~wo func t ions  o f  the  enzyme .  T w o  e n z y m e s ,  a e y t o c h r o m e  ox idase  
:'.nd a ni t r i te  r cduc tase ,  m i g h t  r e p r e ~ n t  the  s t rong  c o m b i n a t i o n  o f  t w o  p ro te in  
molecules .  This in, .~ihili ty is a p p a r e n t l y  s u p p o r t e d  bz,' t he  fact  t h a t  t he  c y t o e h r 0 m e  
o×idase  a c t i v i t y  o f  the  e n z y m e  was  inh ib i t ed  in the  presence  o f  c y a n i d e  a n d  c a r b o n  
m o n o x i d e ,  whereas  the  n i t r i te  r e d u c t a s e  a c t i v i t y  was  inh ib i t ed  in the  presence  o f  
c y a n i d e  b~at no t  o f  ca r lxm monox ide .  Howew; r ,  spec t ra l  s tud ies  s h o w e d  t h a t  n i t r i t e  
has  a s t ronge r  aff ini ty  for  the  e n z y m e  t h a n  c a r b o n  m o n o x i d e  tU. The  fac t  t h a t  P s e u d o -  
mona, ;  c y t o c h r o m e  ¢~xida.~ was  o b t a i n e d  in c rys ta l l ine  s t a t e  s u p p o r t s  t he  idea t h a t  
the  l ' s e u d n m o n a ~  c y t o c h r o m e  ox idase  ~tself f u n c t i o n s  b o t h  a.~ a n i t r i t e  r educ t a s¢  a n d  
as a c y t o c h r n m e  3xidase.  

"$VAt.KER AND NICHOLAS ~ obtainexl a nitt~te r educ t a se  f r o m  Pscudomo~ms 
aeruginosa. A l t h o u g h  their  e n z y m e  was  still v e r y  c rude ,  i ts a b s o r p t i o n  s p e c t r u m  wa_~ 
v e r y  ~imilar to  t ha t  of  Pseudomona .s  c y t o c h r o m e  oxidase .  T h e  chemica l  e n t i t y  o f  
their  e n z y m e  p r e p a r a t i o n  perhap~  co r r e sponds  to  P s e u d o m o n a . ~ - e y t o c h r o m e  oxidase .  
As a l r e a d y  indic~ttede, P s e u d o m t m a s  c y t o e h r o m e  ox idase  has  n o t  been  o b t a i n e d  
f r o m  cells o f  the  , ) rganism g r o w n  aerobica l ly  in t h e  abs.ence o f  n i t ra te .  R e c e n t l y  we  
h a v e  shown  t h a t  P s e u d o m o n a s  c y t o c h r o m e  ox idase  is an  a d a p t i v e  e n z y m e  a n d  t h a t  
n i t r a t e  is an  essent ia l  f ac to r  for it.~ bios~mthesis  n .  The  fac ts  m e n t i o n e d  a b o v e  s t r o n g l y  
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s u p p o r t  the  idea t h a t  |)s~.uriom,)na~ cvt( ;chr . )mc ~;xida>:e is the ,:!mr)fic;tl <'_n_tJt 5' o f  
the  t : i t r i te  rectucta_~e ,,f [-}setfdomonas aer,.'~it,v~:,, arltl al~) ac t s  as a ;.:yt~whrc)mo 
oxidase .  Thus ,  it will ~x: conc luded  tha t  the nitrite, r<~th,t:tas~.-,ff 1 ) se udom o~as  aeru-  

g i aosa ,  a n d  it two  t y p e s  exist .  (,sl~.t'iallv the e n z y m e  of  the  r e s p i r a t o r y  )vile, is a 
c y t o c h r o m e  and  it is this wh ich  wa~ o b t a i n e d  in a crv.~talline s ta te .  

T h e  t u r n o v e r  numher~  in the. acre,bit  ( ,xklat ion o f  reduced  P,:oudomona.,, 
c y t o t : h r ome  c-55 x b y  the  P.~-udt~mt,mt~ t:.vl ov h re)me oxida.,~e were 154 and  (g~o t>er thin, 
a t  x6 ¢ and  2-7 ~: r e spec t ive ly  l:r,q~t these da ta ,  the  t~wn,)vt.r n u m b e r  at  37:  is ca lcu la ted  
t{) b e  24cK). Thi.~ corre~pt ,nds to f~t}o mr>log o f  o x y g e n  o , , ~ u m p t i o n ,  a n d  c o n s e q u e n t l y  
tu 13 440 I o x y g e n  c tmsumpt ion . tmole  <,f l'.~(.ml<)m(ma~ c v t o c h r o m e  oxlda.~v,:mi,a, a t  
37 ° . Ii~ n i t r i t e  r educ t ion ,  zSo moles of  r e d u c - d  l)~cudt>mona, cvto~zhr<)me c-55t 
were  ox id ized  a n a e r o b i c a l l y  l)t.r moh, ()f P,~('ll(l( me)flit- cvt(x. 'hrome oxid~,t- ira the 
pre.~.nce o f  ni t r i te ,  at  I9  ~. A.'s rei~)rted prcx-iou-qy 7. one mole <)f ni tr i tn i~ rt:duc(:d 
wi th  con.c,~(ll.lent o x i d a t i o n  of  one mole of  r( 'duct 'd ~,~f'tll.l,:)lllOlla'~. c v t o u h r o m e  c-55r.  
I f  t he  t e m p e r a t u r e  (lelx~ndvnce (,f the  reacti,)n \ c h , c i t v  is the  "~amt: a.', t h a t  in the)_ 
ae rob ic  ox ida t i on  <)f r educed  P s e u d o m o i l a s  cx-t,.n:hr()mt- c -55I ,  a b o u t  4ooo moh.~; of  
n i t r i te  arc  r e d u c e d ; m o l e  f~f the  I~. 'ud~,mt)nas-cvt(whr()rne oxidase , 'min,  at  37", .at 
n o r m a l  g r o w t h  t empera t l t r e .  

I t  ha_'~ tx-~.n r e p o r t e d  briefly bv  HORIO n t im) tht '  l).~t-uth)monas c ' ¢ toch rome  oxitlas(~ 
p r e p a r a t i o n  oxid izes  r educed  Pseudomo;m.~ <:vtochrome c-5.5t bu t  no t  re(|u<:ed 
m a m m a l i a n  cy t (ychromc c, a n d  tha t  cv toch r t )me  a oxidizes  r educed  m a m m a l i a n  
cy t tx :hr t )me c bu t  no t  r educed  IL-eutlt)mon~,s <:x-t~)chr()rne c-55 I_ Simi lar  resul ts  have  
been p r e sen t ed  b y  ~AMEN AND x,'t':RN()N ~ for  ¢ ru ( le  prepara t ion~  of  bac te r ia l  and  
m a m m a l i a n  e y t o c h r o m  oxidases .  The  present  eXlmtiments  e x t e n d  the resul ts  {>f 
HORIO. I t  was  ch ' a r lv  , .hewn in this paper ,  tha t ,  in o rde r  t() p rove  lh(, bit~h)gical 
speci f ic i ty  of  the  ox ida t i on  o f  rt,th)ct.d c . t y | x ,  cv to ( ' h romcx  b y  cv toch r , )me  oxida,~e, 
t he  c v t o c h r o m e  ,)xidase p r e p a r a t i o n  shou ld  be free <)f c - type  c v t o = b r 0 m c  presen t  in 
the  o r g a n i s m  front  which the  ( : y ) o c h r - m e  oxidase  xva~ isolated.  Thus ,  it is ve ry  im- 
l ~ r t a n t  to  p u r i f y  each  c o m p o n e n t ,  in o rder  t() de tn :m.- t ra te  Dioh)git:al specif ic i ty  in 
t h e  o x i d a t i o n  o f  c - t y p e  c v t o c h r o m , s  t)v the cvt()c!~rorne oxidase.  Fig. ¢) also shows 
tha t ,  if  there  ,e o t h e r  k inds  ,ff c - type  c y t o c h r o m e ~  in the c v t o c h r o m e  c prep.arat io~ 
i so la ted  f rom one  o rgan i sm,  the  ox ida t ion  veh,<itv ,,f the  cv t t ) ch rome  c'5 b y  cv t0 -  
c h r o m e  oxida.se is the  same  as tha t  ()f tht- c~ tochr~,mc c which  reacts  mos t  ra | , [d ly  
wi th  the  c y t o c h r o m e  oxidase .  

A t ie r d i f ference wa.~ f o u n d  b<-tween the  rat,: o f  ox ida t i on  o f  r educed  ~unny 
anti  bee f  c ) i o c i i r o m e  c's, t)v the  I)seutlom,)t~as , ' v t o c h r o m e  oxidase.  This shggt~tg 
t h a t  there  is a grea t  d i f ference b e t w e e n  the  e n z y m i c  propertie.~ o f  tunnV and  beef  
eykc .chrome c's, a l t h o u g h  the re  wag no cliffere~ce in their  absorptioo.  ~pectra,  ad- 
s o r b a b i l i t y  o n  a c a t i o n - e x c h a n g e  re~in, and  b o t h  a p p e a r e d  in the same  a m m o n i u m  
s u l p h a t e  f rac t ion.  T h e  difference in the  ra te  - t  oxidat~(m of these c . t y p e  c vtochrome.~ 
b y  P g e u d o m o n a s  c .v tochrome oxi<ta.-~', therefore ,  d~,tected more  del icate  difference~ 
in the i r  m o l e c u l a r  structure.-; t h a n  t h~- lP~'hr=i*]~l~."~ menti.,_>ned :~bt:x.e. 

Redut.:ed p igeon c y t o c h r o m e  c wa~ oxid ized  hy  Pseudr}mona~-cy tochrome  
ox idase  at ahnt)st  the s a m e  ve loc i ty  :'..-. r..--~':.".". ~. beef  .,'-yt'_och,"omr- c_ R e d u c e d  vea.~t 
c y t o c h r o m e  c was  ox id ized  h y  P~cudcm~ona~-cvtochrome oxida.~e cons ide rab ly  
fas te r  t h a n  r educed  bee f  c ) ' t o c h r o m e  c. This  ~eems na tu ra l ,  since yeas t  is c loser  to 
b a c t e r i a  p h y l o g e n e t i c a l l y  t h a n  to  animal~+ I t  i.~ v e r y  cur ious ,  hmvever ,  t ha t  t h e  
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reduced forms of  yeast ,  pigeon and  t u n n y  c)~tochrome o's were oxidb'~d faster  t han  
i-educed beef  cy toch rome  c by  cy toch rome  ¢, a l though the cy toch rome  a was isol.'tted 
from beef  heart .  F rom  the v iewpoint  o f  compara t ive  biocheroistry,  the  fact  t ha t  re- 
duced t u n n y  cv toch rome  c wa~ more rap.;dly oxidized by  che P.~eudomonas ty ro -  
chrome oxidase than  reduced  pigeon and  beef  c y t o c h r o m e  o's is in g~x×l accord; nee 
with the fact tha t  fish is more  pr imi t ive  than  birds and animals. 

It is very  n o t e w o r t h y  t ha t  t he  reduced  form of  P h y s a r u m  [~lycel~halum cy to-  
chrome ¢ was rapidly  oxidized by  cy t och rome  a, wherea.~ it  was oxidized ve ry  slowly 
by  Pseudomona~ c y t o c h r o m e  oxidase.  In p] esent taxonomies ,  slime mould  is classified 
as a plant .  The  oxidat ion  o f  the  reduced fot'm of  P h y s a r u m  pol.ycephalum c.ytachrome 
c by cytoc t , rome a, however ,  s t rongly  suggests t ha t  the  slime mould is more  ckx~ely 
related to animals  than  to  plants  in its biochemical  propert ies ,  at  least in the  pla.~- 
modial  form. Tiffs is suppor t ed  in par t  by  the  fact found by  NARAJ.':~,X ~ t ha t  ac tomyo-  
cin i.~dated from the slime mould  behaved  in a similar manne r  to the  enzyme  isolated 
from the muscle of ver tebra tes .  

I t  .qee.ms na tu ra l  tha t  the  redoeed form of  l°orphyra t~nera (:ytochroii',~-553 was 
oxidizexl by  l ' seudomonas  c y t o c h r o m e  oxidase whereas  it was :scarcely oxidized by  
c3~tot:hrome a, since algae are more  closely re la ted tc  bat ter[ :  • t han  to animals.  

We are purifying various c- type cy tochrornes  o the r  t han  tho.~e c i ted  in the  
present  paper,  and are s tudying  the reac t iv i ty  of these c y t o c h r o m e  c's with Pseudo-  
monas  cyto~:hrome oxidase and c y t o c h r o m e  a, f rom the  v iewpoint  of  c o m p a r a t i v e  
biochemistry .  It m a y  give a molecular  basis to  the  t a x o n o m y  and the  ew)lut ion o f  
thc.~ organisms to  s t udy  the  enzymic  oxid izabi t i ty  of  c - type  ey toeh romes  f rom 
various o]ganisms ca ta lysed  by  the Pseudomonas  cy toch rome  oxidase and ey to -  
c | l r ( ) r l l e  ¢~. 
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