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The sulfhydryl groups of four different human haemoglobins 

In  some  prev ious  papersZ# we repor ted  the  resul ts  of the  ana lyses  of t he  a m i n o  acid compos i t ion  
of four  different  h u m a n  haemoglob ins  (A, B, C, and  F), us ing  t he  c o l u m n  ch roma tograph ic  m e t h o d  
of STEIN AND MOORE. W i t h  regard to t he  su l fhydry l  con ten t  it  was found  t h a t  all these  prote ins  
con ta in  6 ha l f -cys t ine  residues. As the  e s t ima t ion  of cys t ine  by  th is  m e t h o d  is no t  very  accurate ,  
and  moreove r  some  o the r  investigators3,  4 found  8 su l fhydry l  groups  in no rma l  adu l t  haemoglobin ,  
it  s eemed  desirable to repea t  these  e s t ima t ions  wi th  o ther  me thods .  Besides a specific ch roma to -  
graphic  m e t h o d  for t he  e s t ima t ion  of the  to ta l  a m o u n t  of su l fhydry l  c o m p o u n d s  an  amperomet r i c  
t echn ique  was  also used  in order  to e s t i m a t e  the  n u m b e r  of free - S H  groups  p resen t  in the  four  
h u m a n  haemoglob ins  s tudied.  

The  no rma l  adu l t  haemoglob in  was  obta ined  f rom blood samples  of no rma l  adu l t s  ( laboratory 
workers) ;  the  sickle cell haemoglob in  (Hb-B) f rom pa t ien t s  wi th  sickle cell a n a e m i a  and  t he  
Hb-C f rom pa t i en t s  wi th  the  h o m o z y g o u s  Hb-C disease. These  pa t i en t s  are described elsewhereS, e. 
Haemog lob in  solut ions  were prepared  in the  way  described in a previous  paperk  Foeta l  haemo-  
globin was  purified according to the  m e t h o d  of CHERNOFF ~. The  haemoglob ins  were pure  in 
electrophoret ic  and  ch roma tog raph ic  e x p e r i m e n t # .  

The  de t e rmina t i on  of the  to ta l  cys te ine /cys t ine  con ten t  of these  prote ins  was ma in ly  carried 
ou t  following t he  m e t h o d  of SCHRAM, MOORE AnD BmWOOD 9. The  globins derived f rom the  
different  haemoglob ins  were oxidized by  performic acid and  hydro lyzed  in 6 N  HC1 by  boiling 
unde r  reflux for 20 hours .  The  cysteic  acid fo rmed  dur ing  the  oxida t ion  was isolated by  chro-  
m a t o g r a p h y  on a o.9 × 25 cm c o l u m n  of Dowex-5o (×  8), us ing  a o . 2 M  ci t ra te  buffer  a t  p H  3.42 
as e lu t ing  so lven t  TM. U p o n  oxida t ion  of cys t ine  the  yield of cysteic acid was 94.5, 9o.3 and  9o .1% 
(mean  91 .5%)  of t he  theoret ical  a m o u n t .  Hydro lys i s  of oxidized crysta l l ine  insul in gave  a 
recovery  of 9o.o; 84.7; 88.7; 86.7 and  91.8 % (mean  88. 4 %) of the  theoret ical  a m o u n t .  In  apply ing  
t he  m e t h o d  to the  globins the  quan t i t i e s  of cysteic  acid measu red  are therefore divided by  o.88 
to give t he  final n u m b e r  of cyst ine/2 res idues p resen t  in these  proteins.  

The  amperome t r i c  t i t r a t ion  procedure  was used for the  de te rmina t ion  of the  free su l fhydry l  
g roups  in the  four  haemoglob ins  s tudied.  The  a p p a r a t u s  and  t echn ique  were near ly  s imilar  to 
those  described by  INGRAM 4. The  diffusion cur ren t  to a ro ta t ing  p l a t i n u m  electrode (9oo ro ta t ions  
per  minute)  was m e a s u r e d  wi th  a Kipp  g a l v a n o m e t e r  (A 7o). I n  all expe r imen t s  o . o5M NH4NO 8 
+ o. I M N H 4 O H  was used as suppor t i ng  electrolyte.  The  vo lume  of the  solut ion in the  t i t ra t ion  
vessel was 5o ml  and  con ta ined  0. 4 to o. 7. IO -5 g r a m  mole monoca rboxyhaemoglob in ,  e s t ima ted  
spec t ropho tomet r i ca l ly  a t  418o ° A. The  t i t r a t ions  were carried o u t  wi th  a AgNO s solut ion (2o m M )  
and  wi th  a HgC12 solut ion (IO mM ) .  Before the  t i t r a t ion  wi th  AgNO 8 t he  p l a t i n u m  electrode 
was t r ea ted  wi th  an  a m m o n i a c a l  HgCl~ solut ion (3o-45 m i n u t e s  a t  - - 0 . 2  vol t  S.C.E.), as  it  was 
found  t h a t  the  equ iva len t  po in t  of the  AgNO~ t i t r a t ion  curve  is ha rd ly  decreased wi thou t  this  
p r e t r ea tmen t .  In  some  d e n a t u r a t i o n  expe r i men t s  I.o ml  of different haemoglob ins  solut ions 
(o. 4 to o. 7. lO -5 g r a m  mole) was combined  wi th  I.O ml  I ] I 2 N  N a O H  for different t imes  (2 to 6o 
minutes) .  The  react ion was s topped  by  add ing  slowly equ imola r  a m o u n t s  of hydrochlor ic  acid. 
After  th is  procedure  the  n u m b e r  of free su l fhydry l  g roups  was e s t ima ted  by  t i t ra t ion  wi th  HgC1 v 
Fina l ly  it  will be men t ioned  t h a t  the  amperome t r i c  t i t r a t ion  of g lu ta th ione  and  of cys te ine  (both 
obta ined  f rom H o f f m a n  La  Roche  Ltd. ,  Suisse) resul ted in a n u m b e r  of o.92 and  I.O9 su l fhydry l  
g roups  respect ively.  

The  resul ts  are g iven  in Table  I. The  d a t a  ob ta ined  wi th  the  amperome t r i c  t i t ra t ion  m e t h o d  
are m e a n  values  of 4 to 8 indiv idual  t i t ra t ions  (mean  errors f rom o.o6 to o.26 for the  t i t ra t ions  
wi th  AgNO 3 and  f rom o.16 to o.47 for the  t i t ra t ions  wi th  HgCl~). 

F r o m  the  da t a  in Table  I t h e  following m a y  be concluded:  
i. The  to ta l  ha l f -cys t ine  con t en t  of the  haemoglob ins  A, B and  C is 8 res idues  per mole. 

The  foetal  p i g m e n t  differs in th is  respect  f rom the  o ther  haemoglob ins :  it  conta ins  only  6 half- 
cys t ine  res idues per  mole.  

2. In  a s t u d y  of t he  haemoglob ins  A, B and  C, t he  t i t r a t i o n s  wi th  AgNO s show the  presence 
of 8 moles  of - S H  per  mole. All 8 su l fhydry l  g roups  p resen t  in these  haemoglob ins  seem to be 
fully reactive.  So it m a y  be concluded t h a t  the  haemoglob ins  A, B and  C do not  con ta in  a n y  
disulfide bonds.  Foetal  haemoglobin ,  however  con ta ins  4 moles  of - S H  groups  per  mole sugges t ing  
t h a t  two hal f -cys t ine  res idues are p resen t  in a disulfide l inkage in th i s  proteins.  Since, moreover,  
the  H b - F  con ta ins  two valyl  groups  in N- t e rmina l  posi t ion n and  one his t idine and  one tyros ine  
molecule as C- te rmina l  res idues  TM it m a y  be possible t h a t  th is  prote in  is bui l t  up  of two polypept ide  
cha ins  l inked a t  least  to each o ther  by  one disulfide bridge. 

3. T i t ra t ions  of the  u n t r e a t e d  haemoglob ins  A, B and  C wi th  HgCI 2 resul ted in less t i t r a tab le  
- S H  groups.  After  d e n a t u r a t i o n  of t he  adu l t  haemoglob in  wi th  alkali for va ry ing  periods t he  

* The  au tho r s  are m u c h  indebted  to Drs.  J.  LENS AND J. HOMAN (Organon Ltd ,  Oss, Holland) 
for a gift of a sample  of th is  pure  crysta l l ine  insulin.  
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T A B L E  I 

THE SUIAFHYDRYL CONTENT OF DIFFERENT HUMAN HAEMOGLOBINS 

(The va lues  are g iven as ha l f -cys t ine  res idues  per  mole haemoglobin ,  mol.  wt.  = 68,000) 

Chemical mahod 

n* Found A ssumed 

A mpa, omttric titration method 

with with HgClj alter different denaturation times 

AgNOa o" 2" 6" zo' 6o" 

Hb-A 15 8.28 + o . z 7 * *  8 7 .6 5.4 6.2 6.7 7.6 7.6 
H b - B  8 8.30 4-o.18 8 8.z 7.0 6.8 7.2 
Hb-C 15 8.38 + o.z 7 8 7.7 6.o 6. 5 6.1 6.2 
H b - F  15 5.67 i o.15 6 4.o 4.8 3-6 2.8 
H b  f rom cord 
blood 9 1 %  H b - F  4.8 

* n = n u m b e r  of analyses.  
** S t a n d a r d  devia t ions  of the  means .  

a m o u n t  was  slowly increased and  reached the  s a m e  value  found wi th  the  AgNO z t i t ra t ion.  
S tudy ing  the  haemoglob ins  B and  C different  n u m b e r s  of t i t r a tab le  - S H  groups  were es tabl ished,  
which  were not  influenced by  the  alkali dena t u r a t i on  procedure.  The  resu l t s  wi th  foetal  haemo-  
globin agree qu i te  well wi th  those  obta ined  wi th  the  AgNO a t i t ra t ion.  After  longer  periods of 
alkali dena tu ra t ion ,  however ,  the  a m o u n t  of t i t r a tab le  - S H  groups  decreased.  The  differences 
be tween the  resul ts  ob ta ined  wi th  the  HgC12 and  AgNO z t i t r a t ions  m a y  be expla ined  by  a steric 
hand icap  of the  m u t u a l  - S H  groups.  This  h indrance  m a y  be decreased (Hb-A), no t  al tered (Hb-B 
and  Hb-C), or increased (Hb-F) dur ing  t he  d e n a t u r a t i o n  wi th  alkali. 
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Effects of monovalent cations on the incorporation 
of amino acids into protein* 

I t  h a s  been d e m o n s t r a t e d  ra the r  clearly t h a t  m a g n e s i u m  ions p romote  the  incorpora t ion of amino  
acids into prote in  in a var ie ty  of expe r imen ta l  s y s t e m s  1~, while o ther  d iva len t  ca t ions  are 
general ly  inhibi tory *,6. I n  cont ras t ,  l i t t le in fo rmat ion  is avai lable  on t he  effects of m o n o v a l e n t  
cat ions.  Several  observat ions ,  however ,  suppo r t  the  possibi l i ty t h a t  m o n o v a l e n t  ca t ions  influence 
pro te in  synthes is .  Thus ,  STEWARD AND PRESTON 7 showed t h a t  p o t a s s i u m  ions increase the  ra te  
of pro te in  syn thes i s  by  po ta to  slices. CANNON et al. 8 noted  t h a t  ut i l izat ion of amino  acid mix tu r e s  
for pro te in  syn thes i s  by  s t a rved  ra t s  depends  on t he  s i m u l t a n e o u s  admin i s t r a t i on  of po t a s s ium 

* Suppor ted  in pa r t  by  t he  Charles  F.  Ke t t e r ing  Founda t ion .  


