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Colorimetr ic measurement of cuprous ion formation 
to detect certain reducing agents as illustrated with cysteine, 

glutathione, and serum albumin 

RecentlyZ, 2 we repor ted  on the  reac t ion  of cer ta in  reduc ing  agen t s  wi th  cupr ic  ion in t h e  presence 
of specific cup rous  ion complex ing  reagen t s  (e.g., Cuproin,  Neocuproine) .  Th i s  reac t ion  ha s  now 
been a d a p t e d  for t he  q u a n t i t a t i v e  d e t e r m i n a t i o n  of specific reduc ing  agen t s  of biological origin 
a n d  is i l lus t ra ted  here  wi th  cys te ine  and  g lu ta th ione .  These  su l fhydry l  c o m p o u n d s  are one of 
t he  pr inc ipal  g roups  of s u b s t a n c e s  which  unde rgo  ox ida t ion  as follows: 

Cu II + R S H  - - ~  Cu  I -v R S .  ~- H + 

] Neocuproine  [2 ,9 -d ime thy l - i , i o -phenan th ro l ine ]  

CuI-Neocuproine  complex  
(Yellow) 

Considerable  d i scuss ion  on the  d e t e r m i n a t i o n  of su l fhydry l  groups,  par t icu lar i ly  in amino  acids 
a n d  prote ins ,  ha s  appea red  in reviews 8,4 and  n u m e r o u s  pape r s  of which  those  of HATA 5, GRUNERT 
AND PHILLIPS6~ BOYER 7, BENESCH AND BENESCH 8, and  FRIDOVICH AND HANDLER 9 m a y  be cited 
as  examples .  Whi le  t he  above  reac t ion  is no t  necessar i ly  specific for su l fhyd ry l  groups ,  cys te ine  
is t he  on ly  a m i n o  acid found  in s imple  p ro te ins  wh ich  appea r s  to  reduce  cupr ic  ion unde r  t he  ve ry  
mi ld  reac t ion  condi t ions .  I t  was  there fore  t h o u g h t  to be of in t e res t  to explore th i s  reac t ion  as  
a possible  conven ien t  m e t h o d  for t he  d e t e r m i n a t i o n  of the  su l fhydry l  a m i n o  acids  a n d  t he  p ro te ins  
con t a in ing  t h e m .  

The  app l ica t ion  of th i s  t e chn ique  to t he  q u a n t i t a t i v e  de t e rmina t i on  of cys te ine  and  g lu ta th i -  
one  is s h o w n  in Fig. I. The  c u p r o u s - N e o c u p r o i n e  complex  ha s  a m a x i m u m  absorp t ion  a round  
455 m #  and  follows t he  B e e r - L a m b e r t  L aw at  concen t r a t i ons  in t h e  I o - 4 M  range  t°. The  color 
appea r s  to  be i n d e p e n d e n t  of p H  over  t he  5-9  range  a n d  of t he  n a t u r e  of t he  buffer  ion. I t  is 
s t ab le  for a t  leas t  15 min .  However ,  as shown  in Fig. 2, a Neocupro ine  to cuprous  rat io  of 5:1 
was  requi red  for m a x i m u m  color fo rma t ion  unde r  these  expe r imen t a l  condi t ions .  This  ra t io  is 
h igh  in view of t h e  repor ted  2 : I ra t io  in the  N e o c u p r o i n e - c u p r o u s  complex  1°. 

W h e n  cys te ine  and  g l u t a t h i one  are m a d e  the  l imi t ing  reduc ing  agents ,  t he  d a t a  of Fig. I 
a r e  obta ined .  Th i s  g r aph  represen t s  s t a n d a r d  cu rves  for t he  d e t e r m i n a t i o n  of cys te ine  and  g lu ta th i -  
one  in t he  absence  of o the r  reduc ing  agents .  The  s to i ch iome t ry  of the  reac t ion  appears  to be 
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Fig .  I. D e t e r m i n a t i o n  of cys te ine  a n d  g l u t a t h i one  
by  t h e  cupr ic  ion r educ t ion  m e t h o d .  E a c h  4.0 ml  of 
reac t ion  m i x t u r e  con ta ined  5.o" 10 -5 M cupr ic  chlo- 
ride, 2.5" IO - s M  Neocupro ine  (G. Freder ick  S mi t h  
Chem.  Co., Co lumbus ,  Ohio), O . o l M  p h o s p h a t e  
buffer,  p H  7.o, and  t h e  ind ica ted  a m o u n t  of cys te ine  
or g lu ta th ione .  The  opt ical  dens i t y  a t  455 m/~ was  
m e a s u r e d  in a B e c k m a n  mode l  B s p e c t r o p h o t o m -  

eter  a t  25 ° C. 
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Neocupvoine / Cu ! 

Fig. 2. Ra t io  of Neocupro ine  to  cuprous  
ion for m a x i m u m  color p roduc t ion  by  t h e  
cuprous -Neocupro ine  complex .  Condi t ions  
were t he  s ame  as in Fig. i ,  except  t h e  
Neocupro ine  concen t r a t ion  was  var ied  f rom 
5.o. i o - S M  to  4.o. I o 4 M .  The  cuprous  ion 
was  gene ra ted  by  t he  add i t ion  of a s l ight  

excess  of solid ascorbic acid. 
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one cupr ic  ion for eve ry  su l fhyd ry l  group.  A recovery  of 97-98 % of cys te ine  (HC1) was  ob ta ined .  
This  p rocedure  p e r m i t s  t he  e s t i ma t i on  of 2-8  # g / m l  cys te ine  (HC1) to be t t e r  t h a n  t he  nea re s t  
0 .2 /~g/ml .  The  sens i t i v i ty  of t he  m e t h o d  wi th  respec t  to g lu t a th ione  is a b o u t  one-hal f  as great .  

I t  m u s t  be emphas i z ed  t h a t  t he  me t hod ,  as descr ibed above,  is l imi ted  to ana lyses  in t h e  
absence  of such  o the r  reduc ing  g roups  as  enediols,  polyphenols ,  h y d r o x y l a m i n e s ,  and  cer ta in  
s u b s t i t u t e d  po lypheno l s  such  as t h y r o x i n  2. A d a p t a t i o n s  of t he  procedure  are  possible wh ich  would  
pe rmi t  t he  d e t e r m i n a t i o n  of su l fhyd ry l  g roups  in t he  presence of o ther  reduc ing  s u b s t a n c e s  by  
m e a s u r i n g  t he  reac t ion  before and  af ter  t he  add i t ion  of an  organic  mercur ia l  r eagen t  such  as 
p -ch lo romercur ibenzoa te  (PCMB) 7-~. P C M B  will e l imina te  t he  reduc ing  abi l i ty  of t he  su l fhydry l  
g roups  and  t h u s  allow the  e s t i m a t i o n  of o the r  reduc ing  groups .  At  i o - 4 M  PCMB did no t  a l te r  
t he  color i n t ens i t y  of t he  c u p r o u s - N e o c u p r o i n e  complex  b u t  did reduce  t he  s t ab i l i ty  of t he  color 
so  t h a t  r ead ings  wi th in  I m i n  were necessary .  I t  has  also been observed  t h a t  s l ight  modif ica t ions  
of t he  above  p rocedure  can  be used  for the  d e t e r m i n a t i o n  of micro  a m o u n t s  of ascorbic acid, 
t hy rox in ,  and  cer ta in  o the r  s imilar  c o m p o u n d s  11. 

A sp r ay  of a m i x t u r e  of cupr ic  ion and  Neocupro ine  m a y  also be used  to de tec t  cys te ine  
and  o the r  reduc ing  agen t s  on filter paper .  The  r eagen t s  should  be a b o u t  t en  t imes  more  concen-  
t r a t e d  t h a n  used  above  and  i t  is preferable  to m i x  t h e m  i m m e d i a t e l y  before used  to p r e v e n t  
e x t r a p e o u s  color fo rmat ion .  T he  spo t s  should  be m a r k e d  as considerable  backg round  develops  
wi th  t ime.  

Ev idence  ha s  also been ob ta ined  for t he  reduc t ion  of cupr ic  ion by  pro te ins  such  as s e r u m  
a l b u m i n  and  fl- lactoglobulin.  These  reac t ions  were slower and  a t e m p e r a t u r e  of 4 °0 was  used  to 
o b t a i n  90 ~ comple t ion  in a b o u t  3 h. I t  was  also necessa ry  to  increase  t h e  cupr ic  ion concen t r a t ion  
5-fold to ove rcome  the  compe t i t i on  for cupric  ion by  the  protein.  However ,  t he  reac t ion  was  
cons iderable  - - 0 . 6 8  m g / m l  s e r u m  a l b u m i n  (Armour  bovine) p roduced  an  opt ical  dens i t y  a t  
455 m ~  of o.25 in 20o min.  B u t  on ly  an  a p p r o x i m a t e  p ropor t iona l i ty  be tween  t he  a m o u n t  of 
s e r u m  a l b u m i n  added  and  t he  a m o u n t  of cupr ic  ion reduc t ion  was  ob ta ined  u n d e r  these  condi t ions .  
Whi le  th i s  reac t ion  shows  p romise  for t he  q u a n t i t a t i v e  de t e rmina t i on  of su l fhydry l  g roups  in 
prote ins ,  it  r ema ins  to be r igorous ly  p roved  t h a t  t h i s  is t he  only  g roup  in pro te ins  capable  of  
reduc ing  cupr ic  ions. 

Final ly ,  it  should  also be no ted  t h a t  t he  reduc t ion  of cupr ic  ion by  p ro te ins  m a y  have  
cons iderable  bear ing  on e s t i m a t e s  of t he  va lence  s t a t e  of copper  ion in biologically ac t ive  copper  
p ro te ins  such  as  h e m o c y a n i n  12 and  po lypheno lox idase  13. The  release of copper  ion f rom these  
p ro t e ins  in t he  presence  of a cup rous  ion r eagen t  m a y  be accompan ied  by  t he  par t ia l  or  comple te  
r educ t ion  of cupr ic  ion to  cuprous  ion b y  t he  p ro te in  moie ty* .  Th i s  will resu l t  in an  e r roneous  
e s t i m a t e  of t h e  valence  s t a t e  of copper  ion in t he  original  protein.  W e  h a v e  repor ted  earlier 14 
t h a t  Neocupro ine  inh ib i t s  po lyphenolox idase  revers ib ly  and  uncompet i t ive ly .  

I t h a n k  Professor  K. LINDERSTRO~-LANG and  his  col leagues a t  the  Car lsberg L a b o r a t o r i u m  for 
t he i r  advice  and  generous  hospi ta l i ty .  
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* Similar  p r ecau t ions  m i g h t  be r e l evan t  to t h e  eva lua t ion  of t he  va lence  s t a t e  of ce r ta in  o the r  
m e t a l  ions  in prote ins ,  such  as iron, cobalt ,  etc.  
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