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The  m i c r o e s t i m ~ t i o n  of  succinate and the  ex t inc t ion  

coeff ic ient  of  c y t o c h r o m e  c 

Phenazine  methosu lpha te  has been ,;hewn to  be a very" good electron accep te r  in the 
oxidat ion of succinate  b y  succinic dehydrogena_se 1, whereas cy tochr~me c is ap.. 
ex t remely  poor accep te r  in this sys tem.  However ,  cy tochrome  c is reduced rapidly 
in a non-enzymic react ion wi th  reduced phenazine me thosu lpha te  'z. Hence  the 
oxida t ion  of succinate  b y  succinie dehydrogenase  can be coupled  to the  reduct ion of 
ey toeh rome  c in the  presence of t race a m o u n t s  of phenazine  methosu lpha te  to give an 
ex t r eme ly  sensi t ive me thod  for the  es t imat ion of succinate .  

sUt'C ill~l'ttw 4-, |/|IelI~IZiII(L ITI~[ ]l|).~lll, })|l~'Lto '/dehv(~uccirtictrogen''-a-.~,e / ~ I) 

f u m ; t r a t e  -~- r e c luced  p h e n a z i n e  m e t h o s u t p h a t e  

r e d u c e d  p h e n a z i n e  m c t h o s u l p h a t e  + - c v t o c h r o m e c  ~ > (z) 
p h e n a z i n c  n t e t h o s u l p h a t c  + -' r e d u c e d  c y t o c h r o m e  c 

The opt imal  condi t ions  for this es t imat ion  have not  been explored fully, but  the 
following condit ions have  been found satisfactory' .  Spec t ropho tomete r  cells are filled 
wi th  the following reagents  to a to ta l  vo lume of 2.95 ml; phosphate ,  pH 7.6, I5o 
/ ,moles;  cy toch rome  c, o .z25/~mole ; succinate,  o-0.o5 t~mole; succinic dehydrogenase  
prepared  according to the  m e t h o d  of SIN~ER et ul. 1, O.2 rag. "l~e cells are incuba ted  at  
25 ° and  the  react ion begun b y  the addi t ion  of o.o5 ml of o.oz 20 phenazine metho-  
su lpha te  (freshly d i lu ted  from a x % s tock solution).  

A b lank  wi thou t  a n y  suecinate  b u t  containing all the  o the r  reagents  m u s t  be 
run,  since a red eolour develops  on the incabat ion  of phenazine methosu lpha te  --'"*~ "rV l L I I  

most  proteins,  due  to a complex  wi th  sn lphydry l  groups". The absorbance  at  55 ° m/z 
is recorded  until  the  difference be tween  sample and blank becomes  constant .  Fig. i 
shows the  resul ts  of a n u m b e r  of es t imat ions  carr ied oa t  in this way.  I t  will be no ted  
t ha t  the  a m o u n t  of cy tochrome  6 reduced is the same in the presence or  absence of 
oxygen.  As reduced phenazine methosu lpha te  is very  auto-o:ddizable  (in fact  i ts  
react ion wi th  O 2 is the  basis of the usual assay  for succinic dehydrogenasO)  it  is 
ev iden t  tha t  the ra te  of react ion of reduced pbenazino methosnlphate  wi th  t y r o -  
chrome c must  be ve ry  much greater  than that  of its re-oxidat ion wi th  O. z. As cy to -  
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Fig.  I. T h e  i n c r e a s e  in  a l ) s o r b a n c e  ~tt 55 ° mt~ d u e  to  r e d u c t i o n  of  c v t o e h r o m e ,  c b y  .~uceimtte.  T h e  
a b s ( . - b a n c i e s  p l o t t e d  a re  a f t e r  b l a n k  c o r r e c t i o n .  C o n d i t i o n s ,  a s  in  t e x t .  E n z y m e  used .  o. 3 m g  
4 o %  p u r e  succi lf ic  d e h y d r o g e n a s e .  S u c c i n a t e ,  n e u t r a l i z e d  H o p k i n s  & \ V i l l i a m s  s u c c i n i c  ac id ,  

~ n a l y t i e a l  g r a d e .  X a e r o b i c .  0 a n a e r o b i c .  

chrome c ig a one-electron' accepter ,  and as phenazine compounds  are reduced in t w o  
dis t inct  one-electron stages z, 4, it is no t  unreasonable  to  assume tha t  the  rapid  react ion 
wi th  cytoci~rome c is wi th  the semiquinoid form of phenazine methosu lpha te ,  which 
in tu rn  is p robab ly  formed from the semiquinoid flavin form of succinie dehydrogenase .  

This coupled react ion of  succinate Oxidation and cy tochrome  a reduct ion  m a y  
also be used to calculate the  ext inct ion coefficients of cy tochrome  c. There is consider-  
able var ia t ion in the  publ ished values for the oxidized and  reduced  forms of cy to -  
chrome e. which ha.:e been based  on calculat ions f rom d r y  weight  or iron conten t .  
The react ion with suceirtate offers s tandard iza t ion  against  a s table  compound  of 
known pur i ty  and concentra t ion,  and therefore should be cons iderably  more  accurate .  
F rom the slope of Fig. x it c~n be calculated tha t  es.~ u (reduced-oxidized) for cy to -  
chrome c is 2.xo-xo a cm2]mmole. The highest value prev ious ly  repor ted  ~ is 1.89- IO 4. 
The cy toch tome  ~ used in this work was prepared  according to  the  m e t h o d  of KEI~aN 
A,X'D HAlZTI~E]Z G and fur ther  purified b y  fract ionat ion on a co lumn of ca l r lum phospha te  
gel suspended  on cellulose. Brown impuri t ies  were e lu ted  wi th  o.z M phosphate ,  
p H  7.6 and  the cy tochrome  c e luted wi th  the  same buffer + 5 % (w/v) (NH4)2SO 4, 
leaving behind considerable amoun t s  of greenish impurit ies,  The ratio of ab~orbance 
a t  55o m/z (reduced with Na.~S20~) to tha t  at  28o mtx (oxidized wi th  K~Fe(CN)0) 
was 1.3o. The molar ext inct ion coefficient of the  oxidized form at  55o m/~ was found  
to be o.89.  lO 4 cmZ/mmole and of the reduced form, 2.99" IO a cm2/mmole. 
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