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obta ined.  In  c o m m o n  with o ther  workers  we find t h a t  m e t h y l  violet  is the  least  inhibi tory  of 
the  three  dyestuffs .  
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The action of carboxypeptidase on different human haemoglobins 

Most  of the  inves t iga t ions  of the  eleven different h u m a n  haemoglob ins  (A, B, C, D, E, F, G, H, I, J 
and  K) described a t  the  p resen t  have  been carried ou t  on no rma l  adu l t  (Hb-A), sickle-cell (Hb-B), 
Hb-C Hb-E  and  foetal haemoglobin  (Hb-F).  The  resul ts  of these  s tudies  and  especially of those  
concerning the  N- te rmina l  group ana lyses  1-4 have  revealed t h a t  the  molecules of these  h a e m o -  
globins are bui l t  up  by  more  t h a n  one polypept ide  chain.  According to t he  end-group  ana lyses  
us ing  Sanger ' s  D N P  method ,  Hb-A,  Hb-B,  Hb-C and  H b - E  have  5 N- te rmina l  va l ine  res idues  
and  H b - F  two N- te rmina l  val ine residues. In  the  p resen t  paper  some  inves t iga t ions  are repor ted 
concerning  the  influence of ca rboxypep t idase  on four  different  h u m a n  haemoglob ins  (A, B, C 
and  F) and wha t  it reveals  of the  number ,  na t u r e  and  d is t r ibu t ions  of C- terminal  groups  in these  
proteins.  

The  Hb-A was obta ined  f rom norma l  adu l t s  ( laboratory workers);  the  H b - B  from pa t i en t s  
wi th  sickle-cell a n e m i a  and  the  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, 6. Haemoglob in  solut ions were prepared  and  purified in the  
way  described earlier 7. The different haemoglob ins  were homogeneous  in electrophoret ic  and  
chromatograph ic  expe r imen t s  s. The  foetal haemoglobin  was derived f rom samples  of cord blood. 
A haemoglob in  sample  con ta in ing  96 % H b - F  e s t i ma t ed  by  the  alkali dena tu r a t i on  m e t h o d  9 
was used. Two samples  of purified foetal haemoglobin ,  prepared  by  the  alkali dena tu r a t i on  
m e t h o d  of CrtERNOFF TM, were also inves t iga ted .  The  t ime  of dena tu r a t i on  was one minu t e  (sample I) 
and  two minu t e s  (sample 2). In bo th  cases only  foetal haemoglob in  was presen t  af ter  th is  puri-  
fication procedure.  

The  enzyme  used dur ing  the  course of th is  work  was a p repara t ion  six t i m e s  recrystal l ized 
obta ined  f rom A r m o u r  and  Company .  For qua l i t a t ive  s tudies  2-5 m g  haemoglob in  was incuba ted  
a t  37 '~ C for different periods (o; 6; 18; 27; 36; 72 hours)  wi th  o.z m g  ca rboxypep t idase  (enzyme- 
subs t r a t e  mole ratio, z :25)  in o . o 5 M  phospha t e  buffer  a t  p H  8.o and  o. 5 % l i th ium chloride 
(final concentra t ions) .  An excess of diisopropyl f luorphospha te  ( i .z .  io -5 m M  of pure  D F P  per  ml 
of solution) was added to des t roy  the  las t  t races of endopep t idase  ac t iv i ty  in the  ea rboxypep t idase  
prepara t ion  n .  The  final vo l ume  was o.8 ml. The  addi t ion  of 5o m g  of Dowex-5 o (H form, 2o-50 
mesh,  8 % cross-linked) served to t e rmi na t e  the  e n z y m e  react ion by  lowering the  p H  of the  
react ion solut ion to 2 to 3. The  react ion p roduc t s  which  were absorbed on the  Dowex-5o resin 
were e luted wi th  5 M a m m o n i a  (0.2 ml) according to the  molecular  sieve m e t h o d  of PARTRIDGE 
AND TrlOMPSON 12,13 and  subjec ted  to paper  c h r o m a t o g r a p h y .  One-d imens iona l  ascending  paper  
c h r o m a t o g r a p h y  ( W h a t m a n  No, i) was used wi th  butanol -ace t ic  acid-water  (40:6:  I5) as solvent .  

For  q u a n t i t a t i v e  ana lyses  a hundred- fo ld  e n z y m e  snbs t r a t e  incubat ion  m i x t u r e  was prepared.  
The  only difference was a lowered a m o u n t  of the  ca rboxypep t idase  p repara t ion  (5 m g  carboxy-  
pept idase  in 25 ° m g  haemoglobin ;  e n z y m e - s u b s t r a t e  mole rat io i :25) and  a corresponding 
lowered a m o u n t  of D F P  (0.6. io -s  m M  per  ml  of solution).  In  general  the  same  procedure  was 
followed as described for the  qua l i t a t ive  analyses .  The  mi x tu r e  of a m i n o  acids finally obta ined  
was freed from a m m o n i a  in vacuo and subjec ted  to the  quan t i t a t i ve  co lumn  chromatograph ic  
me thod  of ST~IN AND MOORE 14 in the  way  described previously  7. 

Using one-dimensional  paper  ch roma t og raphy ,  two in tens ive  spots  and  some  fa int  bu t  
definite ones were ob ta ined  when  haemoglob in  A was i ncuba t ed  for six hours  wi th  ca rboxy-  
pept idase .  The  two intensive  spots  corresponded to tyros ine  and  histidine, while the  o ther  ones 
were ident ical  wi th  leucine, alanine,  glycine or g lu tamic  acid. After  longer periods of i ncuba t ion  
(x8, 36, and  7 z hours) these  and  some o ther  ami no  acids  (phenylalanine,  val ine  and  lysine) were 
released in increased amoun t s .  Approx ima te ly  the  same  pic tures  were ob ta ined  when  t he  h a e m o -  
globin from cord blood, Hb-B  and Hb-C, was s tudied,  while in s imilar  expe r imen t s  carr ied ou t  
wi th  foetal haemoglobin,  purified by the  alkali dena tu ra t i on  method ,  the  s a m e  amino  acids were  
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released by  t h e  ac t ion  of ca rboxypep t idase ,  t he  a m o u n t  of m o s t  of t h e m  however  be ing  m u c h  
increased.  

The  resu l t s  of  t he  q u a n t i t a t i v e  e s t ima t ions  are  recorded in Table  I. The  C- te rmina l  a m i n o  
acids, ty ros ine  and  hist idine,  are comple te ly  released unde r  t he  condi t ions  of t he  e x p e r i m e n t  
a n d  a t t a in  an  identical  p la t eau  value  corresponding to one mole  f rom one mole of h a e m o g l o b i n .  
Af ter  prolonged digest ion (36-72 hours),  however ,  addi t ional  a m o u n t s  of ty ros ine  and  of h i s t id ine  
are  released, especial ly f rom t he  purified foetal  haemoglob in  t h a t  was t r ea ted  for two m i n u t e s  
wi th  alkali.  M a n y  o the r  a m i n o  acids are released successively a t  m u c h  slower ra tes  t h a n  t h e  two 
amino  acids, ty ros ine  and  hist idine.  These  ami no  acids are also g iven  in the  table.  As could be 
expec ted  f rom the  resul ts  ob ta ined  wi th  t he  one-d imens iona l  paper  c h r o m a t o g r a m ,  t he  a m o u n t s  
are m u c h  h igher  for t he  foetal  haemoglob in  t h a t  was  t rea ted  by  alkali. Increased  values  for m a n y  
a m i n o  acids  are also ob ta ined  f rom t he  samples  of H b - B  and  Hb-C. 

F r o m  these  resul ts  it  m a y  be concluded,  t h a t  one mole tyros ine  and  one mole  h is t id ine  
are in C- te rmina l  posi t ion in t he  four  different h u m a n  haemoglobins .  F u r t h e r  i n t e rp re t a t i on  of 
t he  repor ted  d a t a  is r a t he r  difficult as the  ca rboxypep t idase  m e t h o d  is l imi ted  by  different  factors  
especial ly for the  ident i f icat ion of C- te rmina l  g roups  in pro te ins  con ta in ing  more  t h a n  one poly-  
pep t ide  cha in  15. As t he  n u m b e r  of po lypept ide  cha ins  in the  haemoglob ins  is no t  k n o w n  i t  m a y  
be possible t h a t  one or more  C- te rmina l  ami no  acids in these  pro te ins  m a y  no t  conform to t he  
specif ici ty r equ i r emen t s  necessary  for reac t ing  wi th  the  ca rboxypep t idase .  This  possibi l i ty  is 
s t r eng thened  by  t he  fact  t h a t  t he  va lues  of 2 C- terminal  res idues in no rma l  adu l t  haemoglob in  
and  in some  abno rma l  haemoglob ins  (B and  C) do no t  agree wi th  the  n u m b e r  of 5 N- t e rmina l  
va l ine  res idues found  in these  pro te ins  1-4. In  the  case of foetal  haemoglobin ,  however,  t he  two 
C- te rmina l  res idues  are connec ted  wi th  t he  two N valyl  res idues p resen t  in th is  prote in  4, sugges t ing  
t h a t  two d is t inc t  po lypept ide  cha ins  m u s t  ex is t  in th is  haemoglobin .  The  d a t a  of the  amino  acids  
o ther  t h a n  tyros ine  and  h is t id ine  released dur ing  the  incuba t ion  of the  haemoglob ins  wi th  ca rboxy-  
pep t idase  are  ve ry  compl ica ted  and  do no t  allow a n y  conclusion to be d rawn abou t  the  C- te rmina l  
sequence  in t he  pept ide  cha ins  of these  proteins .  

I t  m a y  be obvious  t h a t  t he  h igher  ra tes  of release of t he  amino  acids f rom purified foetal  
haemoglob in  as compa re d  wi th  the  haemoglob in  f rom cord blood (with 96 ~o of Hb-F)  is caused  

T A B L E  I 

THE RELI~ASE OF DIFFERENT AMINO ACIDS FROM THE HUMAN HAEMOGLOBINS STUDIED 
AFTER INCUBATION WITH CARBOXYPEPTIDAsE 

(The va lues  are g iven  in mole a m i n o  ac id /mole  haemoglobin ,  tool. weight  68,ooo) 

H b - A  

H b - B  

Hb-C 

H b  f rom cord 
blood 

(96% Hb-F)  

H b - F  
• (one m i n u t e  
d e n a t u r a t i o n )  

6 0.66 0.57 0.04 0.04 o 0.04 o o o - -  - -  
I8  I .o6 0.9o 0.09 0.08 0.03 0.05 0.06 0.03 0.03 - -  - -  
36 1.o 4 o.86 o . i  3 o. I  5 o.17 o.o 7 o.o 7 o.o 5 o.o 5 - -  - -  
72 1.2o I . I 9  0.36 0.34 0.33 o.17 o.18 0.09 o.14 - -  - -  

6 0.53 0-57 o . H  o.21 0.09 o. I2 0.08 0.06 0.06 o o 
18 o.9o o.8x o.39 o.29 o.29 o.21 o.xo o.25 o.19 o.x2 o.o 4 
36 x.oI o.99 o.79 '  o.5I o.58 o.51 o.24 o.25 o.58 o.o8 o.o 4 
72 1.o2 x.o9 1.63 x.5I I . I 9  o.77 o.56 o.55 1.26 o.18 o.o8 

6 o.68 o.64 0.23 o.o8 o.22 o.1I o . I6  o.o9 o.o 9 o o 
I8 I.OI 0.89 0.36 0.23 0.33 0.23 0.23 o.12 - -  0.07 0.02 
36 l.O 5 I .o I  o.94 o.72 o.57 o-93 o.39 o.23 o.35 o.xo o.o 5 
72 x.55 o.97 2.24 2-34 1.75 1.15 o.75 o.75 o.93 o.36 o.o9 

18 o.93 o.85 o.21 o.o6 o.o9 o. I  7 o.o8 o.o 3 o.o 3 o o 
36 x.o1 I . I  3 0.24 0.07 o.x 4 0.28 o.12 0.05 0.o9 0.03 0.06 
72 1.o6 1.oo 0.36 o.18 o.21 0.34 o.I 5 o.11 o.16 0.06 0.08 

6 0.52 0.46 0.o9 0.03 0.05 o.13 0.04 0.05 o.I2  0.02 0.02 
18 1.o 4 1.04 0-94 0.44 0.59 0.47 0.08 0.07 0.49 0.26 o.o 7 
36 o.86 o.7o I.X6 o.57 o.7I o.7o o. I  7 o.x 4 o.65 o.22 o.xx 
72 1.68 1.54 3.07 2.47 2.I 3 - -  0.50 0.59 2.55 - -  0.33 
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by the short  influence of alkali, which was used for the purification of this protein. Also the 
higher rates  of release of amino acids f rom' the Hb-B and Hb-C may  be explained by a denaturat ion 
more or less of these proteins caused by their being kept longer before the experiment  was carried 
out, since they were sent  to us from the Nether lands  Antilles (Curacao). 

T. H, J.  HmSMAX 
Department o/Paediatrics, University o/Groningen (Netherlands) ANDR~E DOZY 
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The chemical structure of the reactive group of esterases 

I t  is well known tha t  a number  of esterases are able to combine with DFS~P * to yield D32p- 
proteins. At  a recent sympos ium of the Faraday  Society 1 it was reported tha t  on mild enzymic 
hydrolysis by means of a polyvalent  proteolytic pancreas preparat ion (cotazym) essentially one 
single radioactive D32P-peptide can be obtained from each of these D3~P-proteins. I t  was assumed 
tha t  these peptides would contain all or par t  of the original enzyme active site bound to the 
DP-radical  and tha t  therefore their analysis would provide valuable information on the chemical 
s t ructure  of this biologically very impor tan t  site. Prel iminary results were reported on DP- 
peptides prepared from the following esteratic proteins:  t rue red cell cholinesterase, red cell 
ali-esterase, serum pseudo-cholinesterase, liver ali-esterase, a -chymotryps in  and trypsin.  All 
peptides behaved in a very similar way during various electrophoretic and chromatographic 
procedures. The peptides obtained from DP-a-chymotrypsin ,  DP-t ryps in  and DP-liver-ali-esterase 
were examined in more detail; on acid hydrolysis they produced the amino acids reported in 
Table I (nos. i, 2 and 3) in addition to DP. The sequence of the amino acids in the DP-peptide 
from chymotrypsin ,  reported earlier 1,2, was as follows: Gly. Asp. Set. Gly. [Pro, Leu, (Gly)]. I t  
will be noted tha t  the composit ion of the t rypsin peptide is in good agreement  with the larger 
peptide recently isolated by DIXON et al. a by a-chymotryps in  hydrolysis of DP-trypsin.  

In  the present  paper  experiments  are described which confirm and extend the preliminary 
results reported above. This was made possible by the development of new isolation techniques 
which will be described. 

First  opt imal  conditions for the cotazym hydrolysis at 37°C were established by running 
samples, taken at intervals from the incubation mixture,  on a paper  chromatogram using b.a.w. 
(butanol-acetic acid-water  4: i :5) as a solvent. Thus  the t ime and p H  necessary to split off the 
D32P-peptides in optimal  yield from the corresponding D3*P-proteins was found. The bulk of the 
incubation mixture  was then hydrolysed accordingly. In  the case of the DsZP-chymotrypsin the 
peptide was then isolated in the pure state as follows. The incubation mixture  was first de- 
proteinised by  precipitation with alcohol o :  7 ° /o (v/v). The superna tan t  was concentrated in vacuo 
and chromatographed on a Dowex-5o column (8 % cross-linkages 200-400 mesh) at pH 5.0 (Na- 
acetate buffer o.i M). The radioactive substance passed rapidly together with the acid amino 

The following abbreviat ions  will be used: D F P  = diisopropylphosphorofluoridate; DP-, D P  
= diisc~propylphosphoryl- and diisopropylphosphate respectively; D N F B  = dinitrofluoro- 
benzene; DNP-  = dinitrophenyl-.  


