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of bound  ions f rom the  an t i body  molecules m i gh t  accoun t  for the  slow increase in neut ra l iz ing  
ac t iv i ty  of un f r ac t i ona t ed  s e rum prev ious ly  observed du r ing  ear ly  s tages  of incuba t ion  a t  low 
salt  concent ra t ion .  

Finally,  the  differences in the  behavior  of t he  v i rus -neut ra l iz ing  ac t iv i ty  of t he  var ious  
se rum fract ions  wi th  respect  to changes  in sal t  concen t ra t ion  of the  an t i gen -an t i body  reac t ion  
m i x t u r e  a t  p H  7, shows t h a t  the  a n t i b o d y  molecules in the  different  f rac t ions  are different  phys ica l  
enti t ies.  This  resul t  is no t  surpris ing,  since e lec t rophores is -convect ion  separa tes  pro te ins  on the  
basis  of differences in thei r  e lectrophoret ic  proper t ies .  

This  inves t iga t ion  was suppor t ed  in pa r t  by  a research g r a n t  f rom the  Nat iona l  I n s t i t u t e  
of Ar thr i t i s  and  Metabolic Diseases  of the  Nat iona l  I n s t i t u t e s  of Hea l th ,  Public  Hea l t h  Service ; 
in pa r t  by  an  ins t i tu t iona l  g r a n t  f rom the  D a m o n  R u n y o n  F u n d  and  the  Amer ican  Cancer  
Society;  and  in pa r t  by  a d e p a r t m e n t a l  g r an t  f rom the  Division of Biology and  Medicine, Atomic  
E n e r g y  Commiss ion ,  Cont rac t  No. AT(I I - t ) -269 .  
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The assay of soluble hydrogenase 
CURTIS AND ORDAL 1 have  shown  t h a t  the  soluble h y d r o g e n a s e  f rom Micrococcus aerogenes 

is i nac t iva t ed  by  m e t h y l e n e  blue, which  is the  dye  m o s t  c o m m o n l y  used  as h y d r o g e n  acceptor  
in the  e n z y m e  assay.  Benzyl  viologen is less inhibi tory,  while m e t h y l  violet  p roved  leas t  in jur ious  
of the  dyes  tes ted .  

We  h a v e  ob ta ined  ana logous  resul ts  for two o ther  h y d r o g e n a t i o n  sys t ems .  W o r k i n g  wi th  
the  soluble h y d r o g e n a s e  f rom Desulphovibrio desulphurieans (SADANA AND JAGANNATHAN2), we 
find t h a t  di lute  so lu t ions  of t he  e n z y m e  do no t  t ake  up  hyd rogen  in t he  presence of m e t h y l e n e  
blue. Concen t ra t ed  solut ions  of t he  e n z y m e  will t r ans fe r  hyd rogen  to m e t h y l e n e  blue for several  
minu tes ,  followed usua l ly  by  a sha rp  decline in ac t iv i ty .  W i t h  benzyl  viologen or m e t h y l  violet  
3 B we have  observed  little or  no inac t iva t ion  of the  enzyme.  

For  compar i son  we h a v e  been s t u d y i n g  t he  t rans fe r  of h y d r o g e n  to acceptors  in t he  presence 
of one of the  re la t ive ly  s imple  organo-meta l l ic  complexes  which,  in aqueous  solut ion,  react  wi th  
molecular  hydrogen .  The  ca ta ly t ica l ly  act ive complex  is fo rmed  by  add i t ion  of a large excess  of 
p o t a s s i u m  cyanide  to cobal tous  chloride solut ion in t he  absence  of air (IGUCHID). We  find t h a t  
H 2 u p t a k e  is inh ib i ted  by  dyes  in the  increas ing  order  m e t h y l  violet,  benzyl  viologen, m e t h y l e n e  
blue (Fig. i). 

There  can  be lit t le d o u b t  t h a t  t he  exp lana t ion  of t he  inhib i t ion  is t he  s ame  for bo th  t he  
hyd rogenase  and  the  cyan ide  sys t ems .  I n  each the re  are two oppos ing  reac t ions :  

(i) reac t ion  of t he  ca t a l y s t  wi th  H~; 
(ii) reac t ion  of t he  ca t a lys t  w i th  oxidised dye. 
The  first is followed by  dona t ion  of hydrogen  to the  dye, t h u s  freeing t he  ca t a lys t  to unde rgo  

e i ther  (i) or  (ii). The  second leads to inac t iva t ion .  A l t hough  it  is a re la t ively  slow reaction,  it 
b r ings  abou t  a decline in t he  n u m b e r  of effective ca t a lys t  molecules.  The  degree of inhibi t ion  
b y  each dye  is a mea su re  of t he  ra te  a t  which  it  can  oxidise t he  ca t a lys t  and  is de t e rmined  no t  
on ly  by  redox  potent ia l ,  b u t  also by  t he  mode  of reaction.  

This  exp lana t ion  sugges t s  t h a t  the  site in soluble hyd rogenase  which  is capable  of reac t ing  
direct ly  wi th  H 2 is readi ly  accessible for collision not  only  wi th  H2, b u t  also wi th  a n y  o ther  solute.  
The  ac t ive  site is believed to consis t  of e i ther  one or two me ta l  a toms .  (The reasons  are discussed 
in a f o r t hcoming  review.) On  collision wi th  an  ox idan t ,  such  as m e t h y l e n e  blue, an  electron is 
t r ans fe r red  to the  dye,  while t h e  me t a l  a t o m  passes  to a h igher  ox ida t ion  s t a t e  (e.g. Co II - -+  ColII). 
In  the  cobal t  cyan ide  s y s t e m  t he  ox ida t ion  canno t  be .reversed, and  th is  m a y  well be t rue  for 
hydrogenase .  

W i t h  pa r t i cu la te  hydrogenase ,  dyes  have  no inac t iva t i ng  effect. I t  is conceivable  t h a t  t he  
ac t ive  site in pa r t i cu la te  h y d r o g e n a s e  is screened by  pro te in  or lipid which,  a l t hough  i t  is readi ly  
pe rmeab le  to d ia tomic  gases, h inde r s  t he  diffusion of larger molecules.  
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Fig. I. Hydrogenase  assay in the presence of methyl  violet (curve 1) and henzvl viologen (curve 2) 
respectixely. Under these conditions addition of methylene blue largely inactivates the enzyme. 
Curves 3, 4, 5 aml 6 correspon{I respectively to the presence of methylene blue, benzyl viologen. 
methyl  violet, anti no dye, in the measurement  of H 2 uptake  I/y io micromoles (;o ~ in 2o0 

micr/)inoles KCN anll t r i s (hydroxymethyl )amin/mle thane  hutfer at pH 7.8. 
Fig. 2. ,%pectrophl/t/nnetric assay (555 in/Q of hydrogenase \~ith benzyl viologen as hydrogen 
acceptor, showing effect of dilution /m the lag period. Curve i :  o.o 5 ml enzyme: curve 2: o.i mI. 
P'ig. 3. C u r v e  t :  example of a 2o min lag perioll in hydrogeimse assay with benzyl \iolo~en. 

Curve -' : H ,  evolution by hydrogenase in the presence ()f re/luce/I methyl vioh)gen. 

l:rt)m tile ahove remarks  it will be evident tha t  an assay in which an oxidising dye, such 
as methylene blue, is added t1/ the enzyme can be misleading. After addition of the dye, and 
before hydrogen consumpt ion  begins, there is generally a lag period, which might  persist for a 
few seconds (Fig. 2) or can extend to 2o minutes  or more (Fig. 3, curve i). hi  the latter case, 
no hydrogen uptake  w/mid have been observed if methylene blue had been used, as the enzyme 
would have been completely inactivated before the lag period was over, Presumably  most  other  
hydrogen acceptors cause some inactivation during the lag period. 

For  prepara t ions  of the enzyme which have a lag period of the order of seconds (Fig. e) 
instead of minutes, advantage  may  be taken of the relative slowness of reaction (ii) by using 
a rapid spectrophotometr ic  assay in the presence of benzyl viologen (see, for example, PeCK 
AND GEST4). 

Highly active prepara t ions  can be assayed by the procedure of SADAN.a AND J AGANNATHAN 2, 
wi th  benzyl viologen subst i tu ted  for methylene blue. Alternatively, methyl  violet may  be used 
hu t  its reduction is relatively slow (Fig. ~, curve 11. We have found it necessary to pass the H 2 
over hot  copper (65 o'~ C) to remove O 2 and through K O H  (5 ° °/o aqueous solution) to remove 
CO 2, and to keep the solutions at  or near o C until  the vessels have been flushed with Hz and 
are ready to be brought  to 3 o ' C  in the Warburg  bath.  

When the lag period is hmg, an assay which requires addition of all oxidising ageut is besl 
replaced by  one based on the exchange reaction with deuter ium (see, for example, KRASNA AND 
RITTENBERG 51 or the evolution of H2 in the presence of reduced methyl  viologen. Compared 
with determinat ion of H~ consumption,  the last method has the disadvantages tha t  the reactit/n 
observed is slower, an/1 is lnore critically dependent  upon pH.  We have found tha t  it can he 
carried out  under  the following conditions: main compar tmen t  of Wartlurg vessel 2, 5 ml 
phospha te  buffer (o.2 M) pH 6.4; o.i ml bovine serum albumin (o.2°~)); o.l to o. 5 ml enzynle 
solution; o.I ml sodium dithilmite (o.o625 M) in buffer. Centre well o.1 nil pyrogalll)l (;o')~)); 
o.I ml potassiunl  carbonate  (50%). Side-arm - o. 4 ml methyl  viologen (o.o 4 5I). The initial rate 
is taken as a measure  of the enzyme activity (Fig. 3, curve 2). As the reducing potential  of the 
system declines, the rate of gas ew)lution falls off and finally becomes negative. 
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