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

DES ULFOVIBRIO DES ULF URICANS 

by 

J. C. SADANA AND V. J A G A N N A T H A N  

Nat ional  Chemical Laboratory o / I n d i a ,  Poona (India)  

Hydrogenase,  which catalyses the reduction of various organic and inorganic substances by  
hydrogen, has been shown to be present  in several bacteria I and algae 2. The prepara t ion of cell-free 
extracts  of hydrogenase and its part ial  purification has been reported by  HYNDMAN et al. 3 f rom 
Azotobacter vinelandii  and by GEST 4 from Escherichia coli and Rhodospir i l lum rubrum.  But  the prepa-  
rat ion obtained by  the former  workers  was most ly  insoluble and the final act ivi ty of the purified 

t r~methylene blue of 30,ooo #1 per hour  per mg nitrogen). enzyme obtained hi therto has been low ~-~H, 
The present  report  deals with the isolation of hydrogenase of ¢~methylene blue Of 2,5oo,ooo #1 -,~gHs 

from Desulphovibrio desulphuricans,  an anaerobe in which the presence of hydrogenase was shown 
by  STEPHENSON A N D  S T I C K L A N D  5 and POSTGATE s. 

Hydrogenase  was extracted from the acetone-dried bacteria wi th  0.2 3 I  phosphate  buffer of 
p H  6. 4 and centrifuged at  i8,ooo g for two hours.  The superna tan t  was heated at  6o ° for io minutes  
and centrifuged to remove denatured  proteins.  The superna tant ,  which contains hydrogenase,  was  
then  adjusted to p H  4.5 and the small precipitate which formed was removed by centrifugation. 
Hydrogenase  was then  precipitated from the supe rna tan t  by  ad jus tmen t  of the p H  to 4.o and re- 
dissolved in t r i s (hydroxymethy l )aminomethane  buffer, p H  5.o. The solution was heated at  5 °0 
for two minutes  and centrifuged to give a water-clear, pale pink solution containing hydrogenase.  
The results are given in Table I and show tha t  a recovery of about  9o ~/o of the initial act ivi ty was 
obtained. 

The act ivi ty of the enzyme was determined by  measur ing hydrogen uptake in Warburg  mano- 
meters  with methylene blue as the hydrogen acceptor under  the conditions described in Table I. 
I t  was necessary to remove traces of oxygen from the Warburg  flasks since the enzyme showed 
very little or no act ivi ty  in the absence of alkaline pyrogallol, especially at  low enzyme concen- 
trations.  The presence of bo th  cysteine and serum albumin was essential for obtaining propor t ional i ty  
between enzyme concentrat ion and act ivi ty and for prevent ing rapid inactivation of the enzyme 
during the test.  Cysteine could be replaced by  glutathione or sodium sulfide. 

T A B L E  I 

PURIFICATION OF HYDROGENASE 

The test  sys tem for the determinat ion of enzyme act ivi ty contained 20/~moles cysteine; o.2 mg 
crystalline bovine a lbumin and enzyme in o.I  M tris (hydroxymethyl)  aminomethane  buffer, p H  7.2; 
15/~moles methylene  blue (side a rm of Warbu rg  flask); final volume 1. 5 ml; tempera ture ,  34°; 
gas phase, hydrogen;  alkaline pyrogallol in center-well. The results given below were obtained with 

i g (dry wt) of acetone-dried bacterial  cells. 

Specific activity 
Total activity ~qraethylene blue 

Enzyme preparation (l~l H, absorbed ~e H 
per hour) (l*l He agsorbed per hour 

per mg nitrogen) 

i. Non-proliferating- 
washed bacterial  cells 

2. Acetone dried cells 
3. Phospha te  extract ,  

centrifuged at  18,ooo g 
for 2 hours  3.9' IOe 

4. Ex t r ac t  (3) heated at  60 ° 
for io minutes  3-8" IO e 

5. p H  4.0 precipitate 3.6" lO s 
6. No. 5 reheated a t  5 °0 

for 2 minutes  at  p H  5.0 3.5" lOS 

4.0 to 6.0' IO e 5 to 7" I°4 
4 .0. IOe 5" lo4 

21 - lO 4 

34" l°4 
97" lO4 

25o. lO 4 

22 
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The  purif ied enzyme,  which  was p ink  in colour, was s table  and  could be s tored in the  frozen 
s t a t e  for a week wi th  no loss of ac t iv i ty .  I t  was  p rec ip i t a ted  by  a m m o n i u m  sul fa te  be tween  7 ° to 
ioo % s a t u r a t i o n  a t  p H  5.5 and  was  n o t  s ed i men t ed  by  cen t r i fuga t ion  for one hou r  a t  80,000 g. 
The re  was  no hyd rogen  u p t a k e  in the  absence  of e n z y m e  or m e t h y l e n e  blue. R ibo f l av in -5 ' -phospha t e  
was  also ac t ive  as a h y d r o g e n  acceptor ,  b u t  the  ra te  of h y d r o g e n  u p t a k e  was  less t h a n  5 % of t h a t  
ob ta ined  w i th  m e t h y l e n e  blue. Ferr icyanide ,  sulfite and  sul fa te  were ac t ive  as h y d r o g e n  acceptors  
w i th  t he  c rude  e n z y m e  prepara t ions ,  b u t  no t  wi th  t he  purified enzyme .  

Elec t rophore t ic  and  u l t r acen t r i fuga l  s tud ies  on t he  e n z y m e  are in progress .  

I t  is a p leasure  to t h a n k  Prof.  M. DAMODARAN for his in te res t  and  advice.  
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T H E  V I S C O S I T Y  A N D  S T R E A M I N G  B I R E F R I N G E N C E  O F  C O N C E N T R A T E D  

S O L U T I O N S  O F  S O D I U M  D E S O X Y R I B O N U C L E A T E  

by  

A. R. M A T H I E S O N  AND M. R. P O R T E R  

Department o/Chemistry, The University, Nottingham (England) 

PETERLIN 1 ha s  recent ly  proposed  a semi-empir ica l  t heo ry  of the  v iscos i ty  and  s t r e a m i n g  
bi ref r ingence  of concen t r a t ed  solut ions  of macromolecules ,  which  led to  the  re la t ionsh ips  

l im (rr/4 - -  Z)c tiM - - -  (1) 
(~ - -  ~to)G 2 R T  

(/~ = I for flexible, 3 for rigid molecules) 

An 4= I n  ~ 4- 2"~ ~ (a l - -a i )  
and  (r;--,7o) G (2) 

(where Z is t he  or ien ta t ion  angle,  G the  gradient ,  M the  molecular  weight ,  ~ and  ~0 solut ion and  
so lven t  viscosities,  ( a l - - a 2 )  t he  opt ical  factor,  An  the  birefringence,  and  c t he  concen t ra t ion  in 
g r a m s  per  ml).  

These  equa t i ons  agree well w i th  ex is t ing  d a t a  for several  u n c h a r g e d  po lymers .  
The  solut ion proper t ies  of sod i um desoxyr ibonuc lea te  (DNA} are ex t r eme ly  d e p e n d e n t  on 

concen t r a t ion  and  gradient ,  and  ex t r apo la t ion  to zero concen t ra t ion  and  gradient ,  p rev ious ly  neces-  
s a ry  to ob ta in  molecular  p a r a m e t e r s  f rom viscos i ty  and  birefr ingence m e a s u r e m e n t s ,  is of ten  difficult. 
This,  t oge the r  w i th  i ts  po lye lec t ro ly te  proper t ies ,  m a k e s  D N A  a ve ry  in te res t ing  s u b s t a n c e  wi th  
which to tes t  PETERLIN'S theory .  

2.' 
Fig. I. E x t i n c t i o n  angle Z vs. 
( ~ -  ~lo)G/c for D N A  in 0.2 M sa l t  
(upper  curve) and  in aqueous  solu- 3C 
t ion ( lower  curve) .  D N A  in o.2 M 
sa l t  : 

O,  o .o19o% D N A ;  3.' 
O ,  o .o384%;  
[] ' 0"0582 °/° ; 4C 
× ,  o .o768% ; 
/~ ,  0 .096o%.  D N A  in a q u e o u s  

so lu t ion:  4.' 
+ ,  o .oo9oo-o .o i77  % DNA.  
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