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Substrate inhibition of hydrogenase enhanced by sodium chloride 

Inh ib i t ion  of soluble hydrogenase  b y  me t hy l ene  blue was  first repor ted  by  GEST 1 who a t t r i b u t e d  
i t  to  h e a v y  me ta l  impur i t i es  in t he  dyestuff .  CURTIS AND ORDAL s d e m o n s t r a t e d  inhibi t ion  by  
m e t h y l e n e  blue in p repara t ions  f rom Mic~ococcus aerogenes, and  KING AND WINFIELD s repor ted  
s imi lar  resu l t s  wi th  Desulphovibrio desulphuricans hydrogenase  and  an  inorganic  ca ta lys t .  Du r ing  
a s t u d y  of t he  sal t  to lerance of D. desulphuricans 4 we encounte red  a s imi lar  p h e n o m e n o n  and  
observed  t h a t  t he  inh ib i tory  effect of dyes  was  enhanced  b y  sod ium chloride. These  resu l t s  will 
no t  be  publ i shed  elsewhere, but ,  s ince t h e y  po in t  to an  addi t iona l  technica l  haza rd  in the  a s s ay  
of hydrogenase ,  we feel t h a t  a brief repor t  of t he  p h e n o m e n o n  is desirable.  

Cells of D. desulphuricans, s t ra in  W a n d l e  (Nat ional  Collection of Indus t r i a l  Bac te r ia  No. 8305) 
were g rown a t  30 ° in a l ac t a t e -pep tone -yeas t  ex t r ac t - su lpha te  m e d i u m .  I n t a c t  cells, pa r t i cu la te  
and  soluble p repa ra t ions  were t e s ted  for hyd rogenase  ac t iv i ty  manomet r i ca l l y  us ing  m e t h y l e n e  
blue, benzyl  viologen or m e t h y l  violet  as h y d r o g e n  acceptor.  Manome te r  cups  conta ined  1.3-1.5 ml  
K H t P O  4 (o .5% w/v ;  p H  6.3o 4- o.o2), CdC12 (IO% w/v) in the  cent re  well to absorb  a n y  HaS 
produced  by  side react ions,  o.2-o.  5 m l  cells or e n z y m e  prepara t ion  and  a t m o s p h e r e  of H t which  
h a d  no t  been special ly purif ied;  s ince hyd rogenase  is revers ibly  inac t iva ted  by  aerat ion,  t he  
vessels  were left  to i ncuba te  for i - 2  hour s  before add ing  subs t ra te .  All expe r imen t s  were r u n  
a t  37 o. The  following p repara t ions  were e x a m i n e d  : (a) washed  fresh cells o.3--o. 4 m g  d ry  wt /vesse l ;  
(b) cells t r ea ted  wi th  c e t y l t r i m e t h y l a m m o n i u m c h l o r i d e  (CTAC: ioo p g / m g  d ry  wt  cells) o.3-o.  4 m g  
d ry  wtlvessel ,  which  correspond to a par t icu la te  hydrogenase  p repara t ion  6 ; (c) v a c u u m  dried cells, 
o.24--o. 3 rag/vessel ;  (d) soluble ex t r ac t  of v a c u u m  dried cells: 2 ml /vesse l  of s u p e r n a t a n t  fluid 
f rom 5 o m g  v a c u u m  dried cells/ml p h o s p h a t e  buffer  (e) acetone-dr ied cells o .24-o.  3 rag/vessel ;  
(f) soluble  ex t r ac t  of acetone-dr ied  cells: 0.2--o. 4 ml /vesse l  of s u p e r n a t a n t  fluid f rom 5o m g  ace tone-  
dr ied cells/ml p h o s p h a t e  buffer.  

Table  I gives a qua l i t a t ive  record of t he  resu l t s  obta ined.  Minor  q u a n t i t a t i v e  differences, 
such  as par t ia l  inhibi t ion  by  dyes  a t  h igher  sal t  concent ra t ions ,  are no t  recorded. All p repa ra t ions  
tes ted  showed hydrogenase  ac t iv i ty  towards  m e t h y l e n e  blue or benzyl  viologen it sa l t  were absent .  
If  i t  were present ,  however ,  t he  soluble p repara t ions  (d) and  (f) did no t  reduce  m e t h y l e n e  b lue  
excep t  in t he  one ins t ance  quoted.  H y d r o g e n a s e  m u s t  never the less  h a v e  been  p resen t  since t he  
p repara t ions  bo th  reduced  m e t h y l  violet  in hydrogen  a t  all sa l t  concen t ra t ions  examined .  Hydro -  
genase  was  de tec table  in p repara t ion  (d) wi th  benzyl  viologen b u t  m e t h y l  violet  was  t he  on ly  
s u b s t r a t e  t h a t  de tec ted  i t  in p repa ra t ion  (f). 

Hence  inhibi t ion  of hyd rogenase  by  dyes tuf fs  such  as m e t h y l e n e  blue, w h a t e v e r  i ts  mecha -  
n ism,  is increased by  NaC1. Resu l t s  no t  recorded in t he  table  indicate  t h a t  t h i s  is t r ue  even  wi th  
pa r t i cu la te  p repara t ions ,  t h o u g h  comple te  abol i t ion of hyd rogenase  ac t iv i ty  was  t h e n  rare ly  

T A B L E  I 

M A N O M E T R I C  T E S T S  F O R  H Y D R O G E N A S E  I N  P R E P A R A T I O N S  O F  D. desulphuricans 

Type of prs,pg~'ation Hydrogtn at~tt~ot 
A pparettt prtsttw, e or absence of kydrogemase 

NaCI(%)  o z • 3 4 5 6 

(a) m e t h y l e n e  b lue  + + + + + + + 
{ in tac t  cells) benzy l  viologen + + + + + + + 

(b) m e t h y l e n e  b lue  + + + + + + + 
(CTAC-treated cells) benzyl  v io logen + + + + + + + 

(c) m e t h y l e n e  b lue  + + + + + + + 
(vacuum-d r i ed  cells) benzyl  viologen + + + + + + + 

(d) m e t h y l e n e  b lue  + . . . . . .  
(ext ract  of (c)) benzyl  viologen + • • • + • • • + • • • + 

m e t h y l  violet  + • • • + . .  • + . .  • + 

(e) m e t h y l e n e  b lue  + - .  • + • • • + . . . .  
(acetone-dr ied cells) benzy l  viologen + • . .  + - .  • + • • • + 

(f) m e t h y l e n e  b lue  + + . . . . .  
(ex t rac t  of (e)) benzy l  viologen + . . . . . .  

m e t h y l  violet  + • • • + • • • + • • • + 
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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 .  

This  no te  is publ ished by  permiss ion of the  Director, Chemical  Research  Labora to ry .  
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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  


