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m e a s u r e m e n t s  on p a r a m a g n e t i c  haemopro te ins .  I f  /z is t he  effective B o h r  m a g n e t o n  n u m b e r  
de r ived  w i t h  neglec t  of th i s  m a t t e r  t h e n  i t  should  be rep laced  b y  

~1 = ( ~  + ~0 2) ~. 
Thus /~  a lso  wil l  h a v e  been an  unde re s t im a t e .  For/~0 = 0.83, as above,  Table  I g ives  some t y p i c a l  
correct ions.  In  o the r  words,  a /z  of 5.92 is no t to  be r ega rded  as being in  very  good a g r e e m e n t  w i t h  the  
sp in-on ly  va lue  for five u n p a i r e d  e lec t rons  and  s imi l a r ly  for o the r  n u m b e r s  of u n p a i r e d  electrons.  

T A B L E  I 

EFFECT OF C O R R E C T I O N  ON B O H R  MAGNETON NUMBERS AT ROOM T E M P E R A T U R E  

/2 1.52 2.70 4.83 5.86 5.92 
/z 1 1.73 2-83 4.90 5.92 5.98 
Correct ion o.21 o.I 3 o.o 7 o.o6 o.o6 

I m i g h t  pe rhaps  m e n t ion  t h a t  i t  is not  en t i r e ly  hopeless  to  t r y  to  d e t e r m i n e / z  0 expe r imen ta l l y ,  
for i ts  dependence  on t e m p e r a t u r e  is different  f rom t h a t  of/z 1./~0 d e t e r m i n e d  in th i s  way,  however ,  
would  also inc lude  a ny  con t r i bu t i on  f rom a change  of d i a g m a g n e t i c  suscep t ib i l i t y  of the  prote in .  

Because  the  ferric ion is in a spher ica l ly  s y m m e t r i c  sS s ta te ,  the  ILl for the  five unpa i r ed  
e lec t rons  is ve ry  l ike ly  to  be close to  the  free-spin va lue  over  a wide range  of t e m p e r a t u r e  ~ and  
so th i s  ion m i g h t  poss ib ly  serve  as an  a l t e r n a t i v e  compar i son  compound .  However ,  in m e t h a e m o -  
globin,  e lec t ron-resonance  m e a s u r e m e n t s  have  shown t h a t  the re  is a sp l i t t i ng  of th i s  eS ground  
termS, 9. The effect of th i s  on the  s u s c e p t i b i l i t y  would  be to  m a k e  i t  obey  a Curie-\Veiss law 

35Nfl2 o 
3k(T + AI) ' 

w i t h  Z] of the  order  of 20% down to t e m p e r a t u r e s  a p p r o a c h i n g  T = A. 
I a m  indeb ted  to  the  referee for his useful  comment s .  
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Reduction of cytochrome c by a resin containing a 
copper-amine complex 

]kIILLS AND DICKINSON 1 h a v e  descr ibed the  use of a res in  c o n t a i n i n g  a c o p p e r - a m i n e  complex  
( l )uol i te  S-1 o*) for t he  r e m ova l  of d issolved oxygen  from wate r .  I n  t he  ox id ized  form t he  res in  is 
b lue-green  in colour and  con ta in s  Cn ++ complexed  wi th  the  amine  groups  in t he  resin.  On reduct ion ,  
the  resin con ta ins  meta l l i c  copper  d ispersed  and]or  absorbed  in the  resin m a t r i x  and  is purp le  
coku~red wi th  a me ta l l i c  sheen. I t  has  been found t h a t  a res in  t r e a t e d  in th i s  w a y  can  be used to  
p repare  reduced  c y t o c h r o m e  c. 

A c h r o m a t o g r a p h i c  co lumn con ta in ing  a res in  bed 24 cm long and  i cm d i a m e t e r  was p repa red  1 
and  reduced  by  use of 0.5 ,~I Na2S204 in 1.25 M NaOH.  The  reduced resin was  washed  wi th  glass-  
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distilled wa te r  unt i l  the  p H  of the  effluent was  7.6-7.8. We have  found it convenient  to use a 
th ree -way  stopcock, connected to separa to ry  funnels containing the  reducing solution and glass- 
distilled wa te r  and to the  column by shor t  pieces of rubbe r  tubing.  The solution of cytochrome c 
was  injected directly on top  of the  resin bed by  use of a syringe wi th  a long small-gauge needle. 
Dur ing  injection of cy tochrome c solutions the  distilled wate r  was  left connected to the column, 
b u t  flow th rough  the  column was  hal ted by  the pinchcock used to regulate effluent flow. Fract ions  
of 0.6 ml were collected wi th  a flow ra te  of abou t  2 ml]min.  

Reduc t ion  of cy tochrome c by  the  column gave 96 % or more reduct ion in fractions 3-8. 
Abou t  5 o %  of the  cy tochrome c was  present  in fract ions 3-5 and 2o% more was present  in 
f ract ions 6-14.1 ml o.5 M phospha t e  buffer, p H  7.4, added following fraction 9, served to elute 
cy tochrome c remaining on the  column. The p H  of the effluent rose sharply  at  fraction 15, as 
p h o s p h a t e  of the  buffer was  retained by  the  Cu + + Cu+÷ ions of the  resin complex. The use of a 
I.O ml sample  of cy tochrome c so lu t ion  on a column of this size gave a five-fold dilution of the 
cy tochrome c solut ion during the reduct ion:  

A smaller  column (6 cm long, 0. 5 cm diameter) was  prepared,  reduced and washed wi th  
oxygen-free,  glass-distilled wate r  (from the  larger sized column). I .o ml of cy tochrome c was injected 
directly above the  resin bed and 0.2 ml fract ions were collected at  a flow rate  of o.5 ml/min.  In  a 
typical  exper iment  (Fig. I), fract ions 6 - i o  contained 6o% of the cytochrome c added, 94% 
reduced and at  55 % of the original concentrat ion.  Frac t ions  5 and l r - i  8 contained another  25 % 
of the  added cytochrome,  leaving abou t  15 % not  eluted f rom the  column. A column of this size 
can reduce approx imate ly  io  ml of lO -4 M cytochrome e before requir ing regeneration.  Cytochrome 
c reduced by  the column was  tes ted in the manomet r ic  cytochrome c-oxidase assay S with o.ooI /ti  
e thylenediaminete t raace ta te  added and gave the  same oxygen up take  as an equivalent  a m o u n t  
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of cy tochrome c no t  passed th rough  the  column. 

Fig. I .  The reduct ion of cy tochrome c by  a resin containing ~ 
a copper -amine  complex. The clear por t ion  of the bars  -~ 1.0 
indicates the  change in absorbance  caused by  reduct ion of 
cy tochrome c b y  the  column and the  shaded por t ion in- ,~ 0.5 
dicates fu r ther  change in absorbance  on addit ion of 
NazSzO 4. Measurements  were made  in I cm cells in the 
Uvispek spec t ropho tomete r  and  absorbance  was  calculated 

for the  undi luted fractions. !0 15 2o 
FRACTION 

W h e n  the  co lumn was  used for the  prepara t ion  of reduced cy tochrome c, the  first colourless 
effluent was  discarded toge ther  wi th  the  first o.2 ml of reduced cy tochrome c. The effluent was 
then  collected unti l  a slight decrease in colour in tensi ty  was  noted in the  outlet  tube  of the  column 
(a  volume of effluent equal  to the  volume of cy tochrome solution injected was  usual ly  collected). 

The resul ts  show t h a t  the  reduced resin reduces cy tochrome c and tha t  reduced cy tochrome c 
m a y  be obta ined in reasonable  yield in useful concentra t ions  by  this  method.  

I wish to  t h a n k  Prof. E. C. SLATER for his advice and interest  and Miss ANNE SEAIRLE for 
skilled technical assistance. 
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