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A b-type cytochrome from Streptornyces fradiae 
Ill a r ecen t  s u r v e y  of t he  cytof . 'hrolne  c o m p o s i t i o n  ~f v a r i o u s  s t r e p t o m y c e t e s  t i t  was  n o t e d  t h a t  
ill 5 t){ 13 s t r a i n s  a " / , " - t y p e  c \ ' t . c h r o m e  was  t he  o n l y  o b s e r v a l ) l e  r e s p i r a t o r y  p i g m e n t .  A m o n g  
t he  ~ r g a n i s m s  of t h i s  g r . u p ,  .S')refih,ms'crs /radiac c o n s i s t e n t l y  h a d  t h e  m o s t  i n t e n s e  abs¢~rpt ion 
b a n d s  a n d  i t s  ex ' tochr¢)nle was  q u i t e  a m e n a l ) l e  to  e x t r a c t i o n  in a scJhlble form.  S ince  n l i c rd} ia [  
c \ ' t o c h r o m e s  of t i l e  b - t y p e  ( excep t  y e a s t  c \ ' t c )chr tmle  b=) h a v e  no t  been  s t u d i e d  in a s d t l b l e ,  
p u r i t i e d  t¢,rm, p u r i t i c a t i o n  . f  the  5 . / r~dta~ .  c \ t o c h r ~ m l e  a n d  s t u d i e s  (~f the  e n z w n e  a c t i v i t i e s  
a s s o c i a t e d  w i t h  i t  were  u n d e r t a k e n .  

L a r g e  q u a n t i t i e s  ~f cel ls  of S'. ]radhe ( I n s t i t u t e  ot M i c r d ) i d o g y  ( ' u l t u r e  N <  3535} were  
o b t a i n e d  [rOl-ll c t l l t l l l 'es  g r o w n  ill y e a s t - e x t r a c t  g h l c o s e  b r n t h  I for 7 2 h a t  2g ~, (" on ;.i r o t a r y  s h a k e r .  
~ 'y t . ch r~m~e . . con ta in ing  e x t r a c t s  for e n z y m e  s t u d i e s  w e r e  o b t a i n e d  15 3 - d i s r u p t i n g  a t h i c k  w a s h e d  
cell  s l u r r \  in a ~) t((" R a t h e x ' . n  Sonic  O s c i l l a t o r  for ~4 m m  a t  ~o" ( ' .  l ! n b r . k e n  ce l l s  a m l  l a rge  
d e b r i s  w e r e r e m , ~ v e d  b v c e n t r i f u g a t i . n  f<~r ~5 m i n a t  2()oo v g a t 4  ( ' . ( ' \ ' t < h r o m e t o r p u r i l i c a t i o n  
a n d  s p e c t r a l  s l u d i e s  was  o b t a i n e d  by  an  a l k a l i n e  e x t r a c t i o n  n ~ e t h . d  s i m i l a r  to  t h a t  of .~IELANIIS I. 
l l y f l o  supe rce l  (3-3 .5  %,  w/v)  w a s  a ' i d e d  t -  t he  ce l l s  a n d  m e d i u m ,  t i le  m i x t u r e  w a s  t i l t e red  t h r o u g h  
a l l i i c h n e r  funnel ,  suf f ic ien t  d i s t i l l c d  w a t e r  w a s  a d d e d  t -  t he  p a d s  to  forth a s lu r r  v, t he  p l l  w a s  
a d j u s t e d  t(~ ~o. 5 w i t h  c o n c e n t r a t e d  N a O l t ,  a n d  t he  s l n r r v  w a s  I > m o g e n i z e d  in a \ V a r i n g  l l l e n d o r  
for 0o ra in  in t he  o d d  ( s lu r ry  t e m p e r a t u r e .  2o 2 5 t ' ) .  The  a l k a l i n e  e x t r a c t  was  t h e n  c e n t r i f u g e d  
a t  34,oo~) . e f~r 1.5 rain an t i  the  s u p e r n a t a n t  was  s u b j e c t e d  to  (N H4)2SO I f r a c t i o n a t i ( m . . \  58 % 
r e c o v e r y  of 8 ~2-fold pu r i t i ed  m a t e r i a l  was  o b t a i n e d  in t h e  ~.55 ° . ( 6  s a t u r a t e d  f r a c t i . n .  "l'he 
c \ ' t o c l m m u ?  (~f t h i s  f r ac t i on  was  n, . t  p r e c i p i t a t e d  t)7," ~ o,t.oo¢, ,. g for -t5 ra in  a n d  was  n o t  d i a h ' z a b l e .  
l ' r e l i m i n a r v  a t t e m p t s  to  e t t ec t  f u r t h e r  pur i t i ca t i~m w i t h  A m b e r l i t e  I 1{('-5o. a l u m i l a a  (' y. D o w e x - S o  
a n d  ( ' a a ( P { ) O i  gel h a v e  n<~t t h u s  far  g i v e n  s ld i s f ac to r \ "  resu l t s .  F a i l u r e  to  a b s o r b  ~m : \ m b e r l i t e  

11/( ' -5o app~ 'ars  to  be a p r o p e r t y  c . m n > n  t~ m i c r d ) i a l  
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cv t~ch r ,~mes  in gene ra l  a.4,5. 
"l'he c v t . c h r o n l e  ha s  t he  f d l m v i n g  p r o p e r t i e s  a t  

t h i s  s t a t e  d p u r i t y :  ( l )  . \ b s o r p t i o n  m a x i m a :  u fre- 
d t , ced ) :  55t~ vnt~; {] ( r educed ) :  53 ° ml~: ?, ( reducecl) :  
428 rap ,  3p ( o x i d i z e d ) :  . los m/*. (1) i l le rence  s p e c t r u m  
s h o w n  in Fig.  l.) R e d u c e d  c y a n i d e  a n d  p y r i d i n e  hemc~- 
c h r o m o g e n s  h a v e  t he  s a m e  p e a k s  as  t he  r e d u c e d  cytc~- 
c h r o m e .  (2) I t  is readih"  a u t o o x i d i z a b h ,  a u d  a u t o o x i d i -  
z a b i l i t y  is no t  i n h i b i t e d  t53" I<('N. NaN a, ( 'O, a n t i m y c i u  
.\ or  e - h e p t y l - 4 - h y d r ~ * x y - q u i n o l i n e  N-ox ide .  {,3) I t  is 
v e r y  s t a b l e  to  a l k a l i  as  m a v  be in fe r red  f rom the  
e x t r a c t i o n  m e t h o d ,  b u t  is r e a d i l y  d e n a t u r e d  w h e n  t he  
p H  is m a i n t a i n e d  I~elow q~ for s eve ra l  Imurs .  

Fig.  n. l ) i f t e r ence  s p e c t r u m  d N . / r a d i a e  c v t o c h r o m e  h. 
An S-fold pur i f i ed  s a m p l e  was  r e d u c e d  w i t h  N a f i ~ ( ) ~  
a n d  s c a n n e d  o v e r  t h e  v i s ib l e  r a n g e  a g a i n s t  an  o x y -  
g e n a t e d  b l a n k  w i t h  a C a r e v  Model  t, I ~I recorc l ing  
s p e c t r o p h o t o m e t e r .  T h i s  is a c o p y  elf the  s p e c t r o p h o t o -  

m e t e r  t r a c i n g .  

A g e n e r a l  s u r v e y  of possible reductants  of 5". [radiae c y t o c h r o m e  b m e d i a t e d  by  sonic  e x t r a c t  
e n z y m e s  r e v e a l e d  t h a t  t he  559 a n d  53 ° m p  b a n d s  of r e d u c e d  c y t o c h r o m e  b were  v i s ib l e  in t i l e  
h a n d  s p e c t r o s c o p e  w i t h i n  I rain w h e n  I ) P N H ,  T P N H  or F.~INH 2 were  t h e  r ec luc t an t s ,  a n d  a f t e r  
a 5 rain lag wi th  succ inate .  L a c t a t e  and ascorbate  were  inact ive .  

Reduced  S. [radiae c y t o c h r o m e  readi ly  reduced beef -heart  f err i cy tochrome  c or ferricvanide.  
T h a t  the  b c y t o c h r o m e  d the  ex trac t  was  the  r e d u c t a n t  of c y t o c h r o m e  c was  shown in two  w a y s :  
(1) The  559 mt* peak  of reduced c y t o c h r o m e  b d isappeared upon addi t ion  of ferricyttm.hrome c 
and there  was  a corresponding  increase  in absorpt ion  at  55 ° rot*, the  peak for f e r r o c y t o d m ~ m e  c. 
(2) W h e n  DPNI-I was  added to an  e v a c u a t e d  T h u n b e r g  tube  conta in ing  ox id ized  S. ]radiae cyto-  
c h r o m e  b and  beef  heart  f err i cy tochrome  c, the  559 mlt  band appeared  wi th in  lO sec whereas  
the  55 ° roll band was  not  ye t  visible.  After  2o sec a s trong  55 ° m p  band appeared  and  the 559 mt~ 
band g r a d u a l l y  faded.  I t o w e v e r  it is un l ike ly  that  a b to c e lectron transfer  s y s t e m  is funct ional  
in N. ]radiae, since ne i ther  c y t o c h r o m e  c nor aa has  been d~served in this organism.  Furthermore ,  
the. h c y t o c h r o m e  m a y  not  be on the  m a i n  respiratory  p a t h w a y  of this  organ i sm because  cyan ide  
dot's ,a.t  affect  the  o x i d a t i o n  and reduct ion  of this  p i g m e n t  but does inhibit  growth  (too"'; at 
u)  aM).  It is qu i t e  possible  that  c y a n i d e  inhibi ts  growth  by  rendering scmle o ther  essent ia l  
e n z y m e  s y s t e m  inac t ive ,  or by  reduc ing  the  ava i l ab i l i t y  of s o m e  cons t i tuen t  of the  med ium.  
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From the  l imited d a t a  avai lable  the  Streplomyces cy toch rome  appears  to  be m o s t  s imi lar  
to cy toch rome  b s of  liver microsomes  s and  CecropiaY, s. A more  defini t ive charac te r iza t ion  of i ts  
proper t ies  and  physiological  role in S. ]radiae awai t s  fu r the r  purif icat ion.  Such s tud ies  are  now 
unde rway .  
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Microsomal cytochrome reductase* 

Liver  microsomes  conta in  a reduc tase  specific for D P N H  and  microsomal  cy toch romO.  This  
e n z y m e  has  now been isolated in an  essent ia l ly  homogeneous  form from calf liver by a new me thod .  
Release of the  e n z y m e  from the  part icles  is achieved by the  ac t ion  of snake  venom.  F u r t h e r  
purif icat ion is carried ou t  by a m m o n i u m  sul fa te  f rac t ionat ion  and  co lumn ch roma tog raphy .  

The  reduc tase  p repara t ions  have  a f lavo-protein s p e c t r u m  with absorp t ion  m a x i m a  in the  
oxidized form a t  273, 39 o, 461, and  485 m/~. On comple te  reduct ion  with e i ther  excess D P N H  
or Na2S204, the  absorp t ion  peaks  a t  46l and  485 m/t d isappear .  The  mil l imolar  absorp t ion  co- 
efficients a t  461 mkt are 1o.2 and  2.6 for the  oxidized and  reduced forms,  respect ively.  Flavin  
ana lys i s  2, c h r o m a t o g r a p h y  3, react ivat ion of D-amino acid oxidase  a p o e n z y m e  4, and  reversible 
sp l i t t ing  of the  coenzyme establ ish t ha t  the  pros the t ic  group is flavin adenine  dinucleotide.  The 
m i n i m u m  molecular  weight,  binned on flavin and  protein  analys is ,  is 42,000 :t:_ 2,000. The  molecular  
weight  f rom sed imenta t ion ,  diffusion and  part ial  specific vo lume da t a  is 38,400. Comple te  in- 
ac t iva t ion  of the  rechnctase can be obta ined  by t i t ra t ion  of one essential  - S H  group  with para- 
chloromercu  r ibenzenesul fonate .  

Microsoma] cy tochrome,  ferr icyanide and  ind igo te t rasu l fona te  are reduced in the  reduc tase  
sy s t em bu t  cy tochrome  c is inert.  Reduc t ion  of all th ree  acceptors  is compet i t ive ly  inhibi ted 
by  py rophospha te .  

W h e n  the  reductase  was analyzed  for meta l s  by var ious  micro color react ions  s and  by 
emiss ion spectra ,  Fe, Mo, Co, Ni, Zn, Cu, Mn, Hg, Pb and  Ag were found to be absent .  Approxi -  
ma t e ly  2 moles  Mg/mole flavin are present .  

A detai led repor t  of this  work has  been submit tect  for publ icat ion.  
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