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COLOUR REACTIONS OF NATIVE AND DENATURED PROTEINS 

by  
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Native and denatured proteins differ from each other by their physical-chemical 
properties, chiefly by their solubility. One of the few chemical reactions, by which native 
and denatured proteins can be differentiated from each other, is the nitro-plusside test. 
While denatured ovalbumin gives an intensive pink colour with nitroprusside, no colour 
is observed in solutions of native ovalbumin 1, 2, 3. Two different explanations are possible 
for the positive nitroprusside test of denatured proteins: 

I. The SH-group found in the denatured protein are presented also in the native 
proteins molecule, but inaccesible to the reagent because of the tightly folded structule 
of the peptide chains; they become accessible to the reagent by unfolding of the peptide 
chains during the denaturation. 

II. The SH-groups found in the denatured protein are formed during the denaturation 
by chemical changes, as for instance cleavage of dithio-, of thioester- or of other S- 
containing groups. 

If the first assumption is right the constitution of the protein molecule in the native 
and the denatured state is the same and they differ from each other only by the more or 
less tight folding of their peptide chains; one should expect in this case that the intensity 
of other colour reactions also would increase during the denaturation. This was examined 
in the present paper. 

EXPERIMENTS 

The  following p ro t e ins  were e x a m i n e d  : a) O v a l b u m i n  f rom h e n s  eggs ~, b) beef s e r u m  a lbumin ,  
c) beef  s e r u m  globulin,  b o t h  of t h e m  p repa red  by  f rac t iona l  p rec ip i t a t ion  w i t h  a m m o n i u m  sulfate ,  
d) lac toglobul in  f rom cows mi lk  5. D e n a t u r a t i o n  was  ach ieved  b y  m i x i n g  2 ml  (2 4 rag) of  t h e  a q u e o u s  
p ro te in  so lu t ion  w i t h  3 ml  of  a buffer  so lu t ion  PH 9 -o6, a n d  keep ing  t h e  m i x t u r e  in a boi l ing wa t e r  
b a t h  for Io  or  for 3o m i n u t e s .  

The  b iu re t  r eac t ion  was  carr ied  o u t  accord ing  to  HARRISON ~, t h e  SAKAGUCHI t e s t  for a rg in ine  
accord ing  to  8 a n d  t h e  VOISINgT t e s t  for t r y p t o p h a n e  accord ing  to FORTH 9. No differences were ob- 
se rved  be tween  t h e  colours  g iven  b y  n a t i v e  a n d  b y  d e n a t u r e d  pro te ins .  

T A B L E  I 
INTENSITY OF THE DIAZO REACTION 

Pro te in  

O v a l b u m i n  . . . . . .  
S e r u m  A l b u m i n  . . . .  
S e r u m  Globulin . . . .  
Lac tog lobu l in  . . . . .  

Na t i ve  

o.14 
0.27 
o.33 
o.4I 

E x t i n c t i o n  coefficients e5 m m  

io  m i n u t e s  d e n a t u r e d  

0.40 
0.34 
0.37 
o.47 

30 m i n u t e s  d e n a t u r e d  

0.43 
0-35 
o.41 
0.48 
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Diaxo reaction 

io  ml  (24 rag) of  t h e  p ro t e i n  so lu t ions  were m i x e d  w i t h  3.6 ml  of  t h e  soda  so lu t ion  a n d  1.5 m l  of 
t h e  d iazo-so lu t ion  of KOESSLER AND HANXE x°. T h e  red  eolour  was  m e a s u r e d  w i t h  t h e  PULFRICn 
s t ep  p h o t o m e t e r ,  u s ing  t h e  colour  fi l ter  S u  (s. Table  I). 

1.5 ml  of a 8. 4 % so lu t ion  of o v a l b u m i n  were  m i x e d  w i t h  4.5 ml  of  a 60 % so lu t ion  of u r e a  a n d  kep t  
a t  r o o m  t e m p e r a t u r e  for 24 hour s .  T h e  u r e a  was  r e m o v e d  b y  dia lys is .  5 m l  of  a so lu t ion  con t a in ing  
12 m g  of t h e  d e n a t u r e d  p ro te in  were m i x e d  w i t h  1.8 ml  of  t h e  soda  so lu t ion  a n d  o.75 ml  of t h e  diazo-  
so lu t ion  x° and  m e a s u r e d  as descr ibed  above.  T h e  e x t i n c t i o n  coefficient of  t h e  d e n a t u r e d  o v a l b u m i n  
was  es m m =  o.35 , t h a t  of  a cont ro l  so lu t ion  con t a i n i ng  n a t i v e  o v a l b u m i n  o.22. 

Phenol reaction n 

Solut ions  c o n t a i n i n g  io  m g  of t h e  p ro t e i n  in 25 ml  of o.oo8-N N a O H  were used .  Two ml  of t h e s e  
so lu t ions  were m i x e d  w i t h  6 ml  of  a s a t u r a t e d  so lu t ion  of s o d i u m  c a r b o n a t e  a n d  I m l  of  o.I % CuSO, .  
The  t e s t  t u b e s  (a) were cooled i m m e d i a t e l y  b y  an  ice ba th ,  whi le  t h e  second t e s t  t ube  (b) was  kep t  
for 5 m i n u t e s  in a boi l ing wa t e r  ba th ,  t h a n  cooled down.  To b o t h  of  t h e  so lu t ions  (a) a n d  (b) I ml  
of  t h e  d i lu t ed  pheno l  r e a g e n t  (I : 3) was  a d d e d  *x. T h e  b lue  colour  was  m e a s u r e d  a f t e r  3 ° m i n u t e s  
in t h e  s t ep  p h o t o m e t e r  u s ing  t h e  colour  fi l ter  S n and  io  m m  vessels  (Table II) .  

T A B L E  II  

COLOUR REACTION ACCORDING TO FOLIN-Wu-CIOCALTEU n 

Pro t e i n  

Ovalbumin . . . .  

Serumalbumin . . 

Serumglobulin . . 

Lactoglobulin . . 

E x t i n c t i o n  coefficients 

N a t i v e  p ro t e in  

0.50 

0.45 

0.53 
o.46 

D e n a t u r e d  p ro te ins  

o.8I 
0.62 
o.8x 

0.64 

DISCUSSION 

Proteins denatured by keeping at IOO ° at atM of 9.0 give a more intensive colour 
with diazo-benzene-sulfonic acid than native proteins. This cannot be attributed to a 
partial hydrolysis of the protein. For, the same increase of the colour intensity is obseived 
if the denaturation is brought about by urea at room temperature. 

Denatured proteins give also a more intensive colour reaction with FOLIN'S phenol 
reagent; similar observations on trypsinogen and ovalbumin have been made previously 
by HERRIOT ~. 

If  t h e  b iu re t  reac t ion ,  t h e  a rg in ine  r eac t ion  (SAKAGUCHI), a n d  t h e  t r y p t o p h a n e  r eac t ion  (VoISINET) 
of n a t i v e  a n d  of d e n a t u r e d  p ro t e i n s  a re  compared ,  no m a r k e d  difference is found .  T h i s  is due  to  t h e  
fac t  t h a t  t h e  n a t i v e  p ro t e ins  are  d e n a t u r e d  b y  t h e  alcaline con ta ined  in  t h e  first two of t h e  m e n t i o n e d  
r e a g e n t s  or  b y  t h e  s t r o n g  HC1 of t h e  ¥ o i s i n e t  r eagen t .  

Our experiments demonstrated that the increased intensity of the nitroprusside 
test observed after the denaturation of ovalbumin is accompanied by an increased 
intensity of the diazo and the phenol reaction. This is best explained by the assumption 
that not only SH groups but also phenolic OH groups and, probably, other atomic 
groups of the native protein molecule are inaccessible to the chemical reagents because 
of sterical hindrance exerted by the tightly folded peptide chains and that these groups 
become accessible after denaturation by unfolding of the peptide chains 13, 1, 
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S U M M A R Y  

The  colour reac t ion  given by  d e n a t u r e d  ova l bumi n ,  s e r u m  a lbumin ,  s e r u m  globul in  and  lac to-  
globul in  w i t h  d iazobenzene  snlfonic acid or w i t h  FOLIN'S phenol  r e agen t  is more  in t ens ive  t h a n  t h e  
colour reac t ion  g iven  by  t h e  same  pro te ins  in t h e  n a t i v e  s t a t e .  The  weak  reac t ion  g iven  by  n a t i v e  
pro te ins  is a t t r i b u t e d  to s ter ic  h ind rance  due to t he  t i g h t  folding of t he  pep t ide  cha ins  in t he  n a t i v e  
p ro te in  molecules .  

Rt~SUMI~ 

La  r6ac t ion  color6e donn6e pa r  l ' ova lbumine ,  la s 6 r u m a l b u m i n e ,  la s6 rumglobul ine  avec  l 'ac ide 
d iazobenz~ne-su l fon ique  ou avec  le r6ac t i f  des  ph6nols  de  FOLIN, es t  p lus  i n t ense  lorsqu ' i l  s ' ag i t  des  
pro t6 ines  d6na tu r6es  que  lorsqu ' i l  s ' ag i t  des  prot6 ines  na t ives .  La  faiblesse de la r~act ion donn6e 
pa r  les pro t6 ines  ~. l ' 6 t a t  n a t i f  es t  a t t r i bu6e  ~ l ' e m p 6 c h e m e n t  s t6r ique  dfl au  r ep l i emen t  consid6rable  
des  cha ines  pep t i d iques  dans  les mol6cules  des  prot6 ines  na t ives .  

Z U S A M M E N F A S S U N G  

D e n a t u r i e r t e s  Ova lbumin ,  S e r u m a l b u m i n ,  Serumglobul in  und  Lak tog lobu l in  geben  m i t  Diazo-  
benzolsulfos~ure  und  m i t  EOLIN'S Pheno l r eagens  s t~rkere  F a r b r e a k t i o n e n  als die g le ichen P ro t e ine  
im n a t i v e n  Zus t and .  Die  schwgchere  F a r b r e a k t i o n  der  n a t i v e n  P ro te ine  wird au f  s te r i sche  H i n d e r u n g  
du rch  ihre  eng  ge fa l t e t en  P e p t i d k e t t e n  zurfickgeffihrt .  
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