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SUMMA|<Y 

H y d r o s e n  dchydr~gena,~e  h a s  been  pur i f ied  3oo-fold us ing  MnCI t to ~tabi t ize 
t h e  e n z y m e .  T h e  pre.~ence o f  MnCL~ p r o d u c e d  an  e n z y m e  wi th  the  fol lowing p ro -  
p e t t i e r :  (a) h e a t  s t a b i l i t y .  (b) d i m i n i s h e d  sens i t i v i t y  to  p - c h l o r o m e r c u r i b e n z o a t e .  
(c) s m a l l e r  K m va lues .  T h e  r eac t i on  o f  MnC] t w i th  the  p ro t e in  was  r ap id  a n d  re- 
ve~rsible. High concentrations of NaCI and Tris buffer cause an kreversible denatu- 
ration. The hydrogen dehydrogenase reaction can be revers~xl to produce I[~ from 

D P N H .  

INTRODUCTION 

S o m e  a u t o t r o p h i c a l l y  g r o w n  hycLrogen b a c t e r i a  c o n t a i n  e n z y m e  s y s t e m ~  which  
r e d u c e  D P N  wi th  h y d r o g e n  I-3. In  t w o  ca_~es, Pseudorao~:as sacchwrophila" and  
Hydrogemonas  ruhlandi i*  an  e n z y m e  ||iL,~ been  pur i f i ed  a n d  shown no t  t o  requ i re  
a d d i t i o n a l  c o f a c t o r s  for  t he  r e d u c t i o n  c f  D P N .  

T h i s  c o m m u n i c a t i o n  is c o n c e r n e d  wi th  the  pur i f i ca t ion  a n d  s o m e  p r o p e r t i e s  o f  
th i s  e n z y m e  in H .  ruJdandii .  A l t h o u g h  ex t en~ ive  pur i f i ca t ion  was  o b t a i n e d  no 
e v i d e n c ~  wa,~ f o u n d  t h a t  i n d i c a t e d  a m u l t i p r o t e i n  s y s t e m .  Th i s  p ro t e in  wifl a cco rd -  
i ng ly  b e  ca l led  h y d r o g e n  dehyclrogena_~e as prolyosed b y  BERNSTEIN AND VIfiHNIAC 5- 
F u r t h e r .  t h e  p r e s e n c e  o f  two  t y p e s  o f  h y d r o g e n - a c t i v a t i n g  e n z y m e s  in P .  saccharo- 
#h//as.% one  a p a r t i c u l a t e  h y d r o g e n a s e  a n d  t h e  o t h e r  a DPN-.~pecific e n z y m e  w a r r a n t s  
t h e  use  o f  the  n a m e  h y d r o g e n  d~hydrc,  g e n a s e  tu de ,~r ibe  the  e n z y m e  t h a t  e a t a l y z ~  
t h e  fo l lowing  r e a c t i o n :  

Ht 'F I ) P N "  ~ - D I > N H  -F l'{ ~ 

Abbreviations: PCMB, p-chloromercu~ibenzoate; I~EM. o.o5 M pom_~ium phosphate (pH 
7.8)--o.oot M EDTA-o.ooo 7 M ,'q,'[nCl' s. 
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MATF.RIAL.G AND METHODS 

H. ruhlandii  s was  g rown  on  a m e d i u m  c o n t a i n i n g  K H t P O  4, x.o g;  MgSO4- 7 H~O, 
o.5 g;  CaCla.2 H~O, o . o x g ,  NH~CI, I . o g ;  NaHCOa,  o . 5 g ;  Fe(NH,)2(SO4)2"6 H~O, 
xo mg in I l o f  dis t i l led water .  T h e  p H  was  a d j u s t e d  to  7.4 wi th  x N N a O H  and  
t r a ce  e l emen t s  were supp l i ed  as r e c o m m e n d e d  b y  COHEN A.~D BURRIS 7. 221 
I - l t -COi-Os-N~ (68 ? x 5 : 8 : 9) were  c i r cu la t ed  t h r o u g h  I l o f  m e d i u m  a t  t h e  r a t e  
of  xo l o f  gas / ra in  wi th  a D y n a - P u m p  (model  4 K,  N e p t u n e  P ro d u c t s ,  Inc . ,  Dove r ,  
.N.J. (U.S.A.)}. T h e  gas  was d i s t r i b u t e d  t h r o u g h  an 8 -am glass sparger .  W i t h  zoo m] 
o f  a fas t  g rowing  cu l tu re  as an  inocu lum,  2 1 of  m e d i u m  yie lded ,  a f t e r  r6  h o f  g r o w t h  
a t  room t e m p e r a t u r e ,  6 -8  g we t  weight  o f  cells. These  cells were  s to red  a t  - - 2 o  ° 
1,ntil r e a d y  for  e n z y m e  pur i f ica t ion .  

l :or  assay,  the  enzyme ,  d i sso lved  in 3 ml  o f  o . i  M Tr i s -HCI  buf fe r  (pH 7.8) xva~ 
ga.,~ed for 4 rain wi th  h y d r o g e n ,  and  the  reac t ion  s t a r t e d  b y  a d d i n g  2/Amoles D P N .  
T h e  F r o g r e ~  of  the r eac t ion  was  fol lowed b y  record ing  the  a b s o r b a n c y  a t  34 ° m #  in a 
Cary  s p v c t r o p h o t o m e t e r  mode l  Nf~. x r at  25 °. Th e  ini t ia l  r a t e  was  p r o p o r t i o n a l  to  t h e  
e n z y m e  c o n c e n t r a t i o n  up  to  an  a b s o r b a n c y  change  o f  o .2 /min.  A uni t  o f  e n z y m e  
a c t i v i t y  i% def ined as z . o / z m o l e  I ) P N H  fo rmed / ra in ,  a n d  specific a c t i v i t y  a s / J m o l e  
D P N H / m i n ]  mg pro te in .  P ro te in  :va~ e s t i m a t e d  b y  t h e  LOWRY m e t h o d  s. 

Amm.~nium sul fa te  used  in e n z y m e  pur i f i ca t ion  was  r ec rys t a l i zed  f rom o.oox bl 
E D T A .  Dialysis  t u b i n g  used in pur i f i ca t ion  p r o c e d u r e  B was  soaked  in o.o5 M po tas -  
s ium p h o s p h a t e  buffer  (pH 7 .8) -o .oox  M EDT A --o  ooo  7 M MnCl~ (PEM) for  3 ° ra in  
before  zi~e. DFAE-ce l lu lo se ,  type. 2o was a p r o d u c t  of  B r o w n  Co., Berl in ,  N .H . .  
U.S.A. a nd  TF.AE-celluose was o b t a i n e d  f rom Cal i fornia  F o u n d a t i o n  for B iochemica l  
Re_,~a rch. 

RESUI/I '~ 

E n ~ m c  pt~rification 

Proceaur, A ," This  prt~cedure ha~ been d esc r i b ed  br ief ly  5 and  is n o w  W e n  in 
out l ine .  Cells (8 g wet  ~ . )  were  d isn~pted  in the  H u g h e s  pres~ an d  t h e n  e x t r a c t e d  
wi th  2 o o m l  o f  o .o2 M I ~ t a s s i u m  p h o s p h a t e  buffer  { p H 7 . 8  ) x o / t g  D N A a s e  a n d  
o.5 ml o f  o. i 1~1 MgCI t for  3e  rain a t  25 °. T h e  e x t r a c t  w~s c e n t r i f u g e d  a n d  t h e n  
t r e a t e d  wi th  o.2 v o l u m e  o f  i9o~,, s t r e p t o m y c i n  su l fa te  to  r e m o v e  nucle ic  acids.  A f t e r  
een t r i fuga t ion ,  the  s u p e r n a t a n t  was  f r ac t i o :mted  w i th  s a t u r a t e d  (NH4JsSO 4 so lu t ion  
and  the  f rac t ion  be tween  4 o - 6 5 ~  s a t u r a t e d  (NH4JtSO4, was  co l lec ted  a n d  d i s so lved  
in 0.02 M p h o s p h a t e  buf fer  (pH -1.8). Th i s  t r ac t i on  was d i a lyzed  aga ins t  3o  v o l u m e s  
of  o.o2 M p h o s p h a t e  buf fe r  ( pH  7.8~ o v e r n i g h t  a n d  t h e n  app l i ed  to  a 2 X zo -cm  
co lumn  o f  I )EAE-ce] tu lose .  P ro t e in  was e lu t ed  b y  a l inear  so d iu m  ch lor ide  g r ad i en t  
be t we e n  o.ox M and x.o M NaCI. T h e  e n z y m e  is p r e s e n t  in f r ac t ious  c o n t a i n i n g  
o.44 0.68 M NaCl and  t he  mos t  ac t i ve  f r ac t ions  were  c o m b i n e d  and  d i a ly sed  aga ins t  
p h o s p h a t e  buffer  ove rn igh t .  Th is  fra<:tion was  t h en  c h r o m a t o g r a p h e d  on  a second  
DEAE-ceUulose  c o l u m n  as desc r ibed  for  the  first co lumn ,  l~ractions conta inLng en- 
z y m e  were  i m m e d i a t e l y  d i a lysed  a n d  t h e n  s t o r ed  a t  - - 2 o  °. De ta i l s  o f  putSficat ion 
are  # y e n  iu T a b l e  I a n d  this  d e h y d r o g e n ~ s e  p r e p a r a t i o n  wilt be r e fe r r ed  to  as en-  
z y m e  A. 

Procedure B: The  cells a f t e r  being c rushed  in the Hugh~'~ press,  were  su$pended  

B i l l ,  t in .  B t o p h y s .  Aaa. 07 (x963) 5Sz-588 
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i n  32  m l  o f  P E M  buf fe r .  T h i s  g e l a t i n o u s  su.~pen.~ion w a s  ~ 0 n i c a t e d  fi~r 4 r a i n  i n  a 
IO kC R a y t h e o n  s o n i c a t o r ,  f o l l o w e d  h y  c e n t r i f u g i n g  a t  35 ooo  × ,~ for  2o r n m  to  
g i v e  a c e q - f r e c  e x t r a c t .  S u f f i c i e n t  KCI  w a s  a d d e d  to  t he  e x t r a c t  t o  m a k e  a o .4  M 
s o l u t i o n  o f  w h i c h  a s m a l l  .~ample w a s  t i t r : , t e d  w i t h  a ~ o l u t i o n  c o n t a i n i n g  t o~ p r o -  
t a m i n e  s u l f a t e  i n  0 .4  M KCI  u n t i l  t h e  enzx~rne j u s t  s t a r t e d  to  p r e c i p i t a t e .  U s i n g  t h i s  
t i t r a t i o n  v - , l ue  (o.z o+ 3 v o l a m e ) ,  tht :  p r , * t ~ m i n e  s u l f a t e  s o l u t i o n  w a s  a d d e d  s l o w l y  
t o  t h e  e x t r a c t  a n d  t h e n  s t i r r ( :d  for  15 ra in .  T h e  p r e c i p i t a t e  was  s p u n  d o w n  at  ~o o o o  "< g 

"fA 13LF; I 

T..:¢d ~p¢c*)'~ 
r*~ti*':ly ~hvtty 

IJrocedure A 
C~ude e.xt ra~ct 9o3 I+47 
~t r ep tomyc in  s u p e r n a t a n t  ,~*~3 -~+54 
eXmr~..otxium sulfatt: (41~65~.~,) diatysed 7~4 4.30 
i~lq.AE-cellulosc cluate,  fraction z z 37¢~ i .~.84 

t ract ion 23 2$3 t 2.7~ 
Frac t ion  2z -~- 2 3 rt~;hrorn~ttngraphed 
on DEAE-cclIulo.~,  f~'A~:ticm 2j t¢,! 27-4.% 

fraction z.! 03 I@-44 

P r o ~ . t : d  LI r*~ B 

Crude ex t rac t  5 ~ ¢9 0.84 
I ~ o t a m i n e  supt~rna.tant 4 2 0  r 3 2  

A m m o n i u m  su|fatc  i 4o - . bo * ,g )  35 ° 3-.5 ! 
|Ic&t tre&tmcnt s u p e r n a t a n t  dial).~.,l j !~ t 2.t 
TE,XE-ct~IIuh~o t~luvttt., fraction 37 47 4O-a 

fract ion 38 t t t 264 
fractiott 39 '-~7 I53 
fract ion 4.0 43 t 23 
fract ion 4 t t ~ ~o 

for  IO m i l l  a n d  t i l e  s u p e r n a t a n t  w a s  m a d e  4o~..b ~ a t u r a t e d  w i t h  (NH4}2SO4 s o l u t i o n ,  

f o l l owed  b y  s t i r r i n g  for  T5 ra in .  T h e  s u p e r n a t a n t  s o l u t i o n  c o l l e c t e d  a f t e r  c e n t r i f u g a -  
t i o n ,  w a s  m a d e  6 0 %  s a t u r a t e d  w i t h  (NH4)2SO ,. T h e  p r e c i p i t a t e  co l l ec ted  b y  cen t r i -  
f u g a t i o n  w a s  t a k e n  u p  in xo m l  of  P E M  buf fe r ,  a n d  d i v i d e d  i n t o  t w o  p o r t i o n s .  E a c h  
p o r t i o n  w a s  p i p e t t e d  i n t o  a 5o m l  cel lulos~ m t r a t e  c e n t r i f u g e  t u b e  w h i c h  w a s  i m -  
m e m e d  in w a t e r  a t  5o% T h e  t u b e  w a s  s h a k e n  b y  h a n d  for  4 ra in  a n d  t h e n  p l a c e d  
in  a n  ice b a t h .  A f t e r  the  h e a t  t r e a t m e n t  t h e  so lu t i on  w~L~ c e n t r i f u g e d  a n d  t h e  s u p e r -  
n a t a n t  w a s  d i a l y s e d  for  I~ h iLgSd/lst I I o f  P E M  buf fe r .  T h e  d i aavsed  so lu t i on  w a s  
a p p l i e d  t o  a 2 × 2 2 - c m  colurr ,  a o f  T E A E - c e l l u l o s e  w h i c h  h a d  been  e q u i l i b r a t e d  w i t h  
P E M  b u f f e r .  P r o t e i n  w a s  e l u t e d  f r o m  t h e  c o l u m n  w i t h  a l i n e a r  g r a d i e n t  Ive tween  
2 o o  m l  o f  P E M  b a r f e r  a n d  zoo  m l  o f  o .5  M p o t a s s i u m  p h o s p h a t e  b u f f e r  ( p H  7 - 4 ) -  
o .oox  M E D T A - o . o o o  7 M M n C I  z. T h e  f low r a t ~  w a s  a p p r o x .  15 m l l h  a n d  5--O-ml 
f r a c t i o n s  w e r e  c o l l e c t e d .  F r a c t i o n s  w e r e  c o n c e n t r a t e d  5 - t o - f o l d  b y  p l a c i n g  a d i a l y s i s  

t u b i n g  c o n t a i n i n g  3 ° p a r t s  C a r b o w a x  4 0 o o  a n d  x p a r t  S e p h a d e x  G - 2 5  i n t o  t h e  f r a c -  
t i o n s .  T h e s e  c o n c e n t r a t e d  f r a c t i o n s  w e r e  d i ~ y ~ e d  a g a i n s t  xoo  v o l u m e ~  o f  P E M  
b u f f e r .  T a b l e  I s u m m a r i z e s  a t y p i c a l  p u r i f i c a t i o n  p r u z o d u r c ,  w i t h  a y i e l d  o f  z x %  

Bi~-',,m. ,~,~.-p+ys+ Ace.a, 67 (x963) 5~z-388 
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a n d  3 o o - f o l d  p u r i f i c a t i o n .  T h e  e n z y m c  is  s t a b ] e  f o r  6 m o n t h s  i f  k e p t  f r o z e n  a t  ~ z o  ° 

b u t  loses  a c t i v i t y  s l o w l y  w h e n  f r o z e n  a n d  t h a w e d  m a n y  t i m e s .  S o m e  p r e p a r a t i o n s  

were made without  added  MnCI i and in this case the heat  t r ea tment  step was omit ted.  

Dia]bhorase atgt re, ductlon o f  dyes 

Enzyme preparations A and B contain a diaphorase ac t iv i ty  assayed with 
methylene  blue, which is a small con taminan t  in the case of enzyme B. Tha t  hydrogen 
dehydrogenase and  diaphorase are two different enzymes is suggested by an enzyme 
prepared using purification procedure B wi thou t  added MnCL a. This preparat ion on 
heat ing to 6o ° loses all the dehydrogenase ac t iv i ty  in the first minute  of  heat ing 
whereas diaohorase retains 5o% of the ac t iv i ty  af ter  3 rain of  heating. A'I~ enzyme 
fraction~ eluted off the TEAE-cellulose column do not  have a constant  diaphorase to 
dehydrogenase act ivi ty  ratio. Hydrogen does not reduce methylene blue using enzyme 
A or B. The on]y dye reduced was benzyl viologen and the ratio of  ac t iv i ty  for benzyl 
vioIogen to DPN is o.z7 for enzyme A. 

Effect of  sulfl~ydeyl compounds and inhibilo~s on hydrogen dekydrogen~Lse 

The effect of cy~teine on enzymes A and B is different in t ha t  enzyme A is 
act ivated by c v~steine and DPN, whereas, in contrast ,  t_-nzyme B is not  affected b y  
cysteine and DPN (Table II). BAL also enhances the ac t iv i ty  of  enzyme A. 

T . ~ B L E  II 

EI-'I-'~2CT O F  CV~YZl.~E AND D P N  ON HYDROGEN DERYDROGKlqA.'gE 

P z e i n c u b a t i o n  m i x t u r e  c o n t a i n e d  in 3 ml ;  3ool~moles  T r i s - H C I  (pH 7.8) a n d  h y d r o g e n  dehyc l roge -  
nas¢ a n d  was i n c u b a t e d  wi th  ev.lditions for  zo rain, t h e n  ]1 a gas  b u b b l e d  rg p l d l y  for  z rain. R e -  

action starxed by adding z pmolcs  DPN. 

E n = ~  A Eazyl~,s B 

.4 d d  it i o Pt~ 1all eal~ ld | r a ~  

¢'mCnl f A l ~ a )  (mmj (Almia3 

None 1 0.04 o 0.05 
Cysteine izo • M) 0,5 0.06 o 0,05 
C~steinu Oo -# M) -- DPN (b. zo -I M) o o . ]o  o 0.05 

When comparing the effect of PCMB on enzymes A and B, enzyme A is sho-arn 
to be very ~ns i t i ve  to lower concentrat ions of I 'CMB (Table I I I ) .  PCMB inhibit ion 
can be part ial ly reversed by sulfhydryl  compounds  and  the  preincubat ion of  enzyme 
A with DPN prevents  complete inhibit ion by  PCMB. Other  sulflzydryl reagents,  
iodoacetate (zo -s M) and iodoacetamide (zo ~a M) do not  inhibit  these enzymes. 

K.,  an:i ptt o/~i,n.m 

The blichaelis constants  fur enzyme A are Km~ 4.8- xo - i  M, KD_ vN 5-7" zo -4 M and 
for enzyme B K ~  7.6'  xo 4 ---,N[ --mNDP'~ 6.6" ZO "4 M. To determine the Michaelis con- 

Biockim. /~jo~/bys..~,,;:a, 67 (,963) 38z-..~88 
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s t a n t  for  H~ o f  e n z y m e  A, v a r i o u s  conc~ntration:~, o f  Hz  a n d  H e  were  u s e d  as  
t h e  a t m o s p h e r e  in a W a r b u r g  vesse l  w i t h  excess  D P N  as  t h e  h y d r o g e n  a c c e p t o r .  
K =  ~h fo r  e n z y m e  B w a s  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  b y  v a r y i n g  t h e  a m o u n t  
o f  H a a d d e d  a s  a H o - s a t u r a t e d  s o l u t i o n  in the  p r e s e n c e  o f  exce s s  D P N .  Michae l i s  con -  

"FABI.E II I 

~-Fr~'cx o~ PCMTI oN HYDROGP:N D|'~HYDKO~F.NADI~ 

Pr¢incubation mixture  contained in 3 ml: 3oolamoles Tri.~-HCI (pH 7.81 and hydrogen dehy- 
drogena~.  Incubatior~ time 5 rain with additions followed by t min of rapid H a gn.~ing. The 
second addition was nJade after  5 min preincubation. R,~ction ~tarted by adding z/art~olCs DPN. 

A d d ~ t o ,  t~ i n & / ~ l . ( ~  inhlbrt~o~ 
," * * , '  t % )  

Pt:MB {to--4 M) 34 u 
IK'~MB (5" l o - *  MI 7 7  o 
P C M F t  ( [ o . - I  M) O¢. I t 
I " C M B  ( z o ' t M )  t h e n  I i A L  ( z o  - ~ M }  *x) 5 
P C M D  ( t o  - s  M)  t h e n  c y s t e l n e  (t()-t M) 83  ti " 
P C M B  (Lo-*  M) |- D P N  ( 6 - 1 o  * M) 7-" 9 

s t a n t s  fo r  D P N  w e r e  d e t e r m i n e d  w i t h  t h e  bu f f e r  sat t :  t i e d  w i t h  H 2. T h e  p H  o p t i m u m  
for  b o t h  e n z y m e s  in  T r i s  bu f f e r  Ls 7.8. 

Reversibility 

U s i n g  t h e  D P N - s p e c i f i c  g l u c o s e - 6 - p h ~ s p h a t e  d e h y d r o g e n a s ~  o f  I cucono~toc 
m~entcro ide~  as  t h e  g e n e r a t o r  o f  D P N H ,  t h e  e v o l u t i o n  o f  z . 5 / ~ m o l e s / h  o f  a lka l i  
i n s o l u b l e  g a s  c a n  b e  d e m o n s t r a t e d  w i t h  t o  5 # g  o f  e n z y m e  A (specif ic  a c t i v i t y  t9 .4)  
a t  p H  7,o.  T h e  p H  o p t i m u m  for  t h i s  r e a c t i o n  is 6.8--7.0. T h e  d i s a p p e a r a n c e  o f  D P N H  
c a n  a l s o  b e  f o l l o w e d  s p e c t r o p h o t o m e t r i c a i l y .  Michae l i s  c o n s t a n t  fo r  e n z y m e  B is 
8 . x -  xo - s  D P N H  a n d  t h e  f o r w a r d  r e a c t i o n  is 45o  t i m e s  as  fa~t  as  t h e  r e v e r s e  r e a c t i o n .  
H ,  c a n  a l so  b e  g e n e r a t e d  b y  t h e  d e h y d r o g e n a s e  f r o m  r e d u c e d  m e t h y l  v io logen  a n d  
t h e  r a t i o  o f  a c t i v i t i e s  o f  H j  p r o d u c e d  f r o m  r e d u c e d  m e t h y l  v i o l o g e n  to  t h e  r e d u c t i o n  
o f  D P N  b y  H s r e m a i u s  c o n s t a n t  a t  o.7 t h r o u g h o u t  p u r i f i c a t i o n  s c h e m e  A. 

E'ffca of . ~  
T a b l ~  I V  s h o w s  t h a t  e n z y m e  B is ~ n s , t i v e  to  h ' ~ h  c o n c e n t r a t i o n s  o f  NaCl.  "rhi,~ 

w a s  a l s o  n o t i c e d  d u r i n g  p u r i ~ c a t i o n  p r o c e d u r e  A w~';en i t  w a s  n e c e - ~ r y  t o  r e m o v e  
NaC1 as rapidly a_, pn~*ible after chro.~..atc~.---~aph_,: c= D~AE-ceilu!o~c. The effect of 
other salts are not so marked except for the ca~ ,f KNOs. Recently REPASRE z° 
report~cl DPN reduction by hydrcg2n in extracts . f H. eutropha was sensitive to 
high concentrations o f  sal ts.  

W h e n  i n v e s t i g a t i n g  p o s s i b l e  m e t a l  ac t i t ' t t t i on  f thL~ e n z y m e ,  a non- spec i f i c  
a c t i v a t i o n  w a s  f o u n d  for  e n z y m e  B pur i f i ed  in the. a,.~e.nce o f  MnCL v T h i s  col~f i rmed 

B/ocLJm. B ~ A y s .  Act4, 67 0963)  .~8z-_ ~i~ 
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T A  BLIg IV  

E F F K C ~ "  O F  S.%LT~ ON ~ - N Z Y M E  B 

ttydx-c, Ken d e h y d r 0 g c n , ~  p r~ incu tmt~ .d  w i t h  2o ~m<)%~, T r i s .  HCI b u f f e r  ( p l [  7.R) a n d  1 2 5 i tmt>les 
of  sa l t  e×C~l~t in t h e  <use  o f  K ,SO~ 75 ¢,moles.  in  a v o l u m e  of  o .z  ml  for ~o mira a t  30  °. R e a c t i o n  
s t a r t e d  b y  a d d i n g  2.8 m l  o f  s o l u t i o n  c o n t a i n i n g  z 8 o / ~ m o l e s  T r i ~ - H C I  bu f f e r  [pI-I 7.8), 2 t*m¢,l~m 

D t ' N  a n d  s a t u r a t ~ , d  w i t h  11 s. 

Mel.'~,l~¢¢ 
.~alt  ,~ l im:$y  

(:.2 

.'%1 o n ( ;  I 0 0  

NaCI 46 
1.tCI 7 < ) 
KCI 8z  
l ' o t a~ i~ ,n*  p h t , ~ l , h a t e  ( p i t  7.8) 9~ 
l~ F <jo 
1,~ Br  8 b 
I¢.~Oa 6 4 
1(,St).  i 78 
I i l  IC( }a 7 B 

T A B i . E  V 

E ~ F E C T  O F  D I % ' h I . I - ; N  r M E T ~ g L  9 A L T %  0.~ H Y I > R O ( i E N  D E I | Y D R O G R I ~ A g R  

H y d r o g e n  d e h y d . ~ g c n a s e  u ~ d  in  thc~e  e x p e r i n l c n t s  w a s  p u r i f i e d  by  p r o c c d u r e  B w i t h o u t  M n C l  m 
a n d  h a d  a .~pccitic a c t i v i t y  o f  5 ! - E × p e r i m e n t  A : R e a c t i o n  s t a r t e d  b y  a d d i n g  t he  e n z y m e  t o  2 .8  m:  o f  
s o l u t i o n  c ,~ntaiz , ing 2 8 0 1 . m o l e s  T r i ~ - H ( l  b u f f e r  ( p H  ? .$} . - l l~nao l~q  1 )PN ,  o ,2o  p m o l e  f e r r o u s  
a m m o n i u m  s u l f a t ¢  ,~r M a C |  z or  CoCI a a n d  s a t u r a t e d  w i t h  l la .  E x p e r i m e n t  Id: l l y d r o g e n  t h : h y -  
d rogena . sc  p r e i n c u b a ~ e d  w i t h  i 5 o f ~ m o k ~  "l'ris i IC!  buff~:r ( p H  7.~), ~ . z o /~ !no l¢  f c r r o , s  a m m o -  
n i u m  ~ulf~tt: o r  MnCI a o r  NiCl~ iv o. 4 rnl for  ]o r a in  a t  3oL  R e a c t i o n  ~ a r t e d  b y  a d d i n g  2 .6  m l  
o f  s o l u t i o n  cu l l i ah l i ] lg  2OoHrno|~-.g "l'lqls i ] C |  |;ufft~r ( p H  7 8). z l~lnules  D I ' N  a n d  s a t u r a t e d  w i t h  
H t. E x p e r i m e n t  C- Hydr ( ,ge ' *  d e h y d r o g e n a s e  n e a r e d  a t  5o ~ for  4 r a in  ~ i - h  0 .6  m l  o f  PEM buffer 
a n d  in t h e  ca se  of the : : ,e tal  sa/t% of  }'e~% Mg z*. Ni  s" . C~,*" r e p l a c e d  M a t *  i n  l ' l ' :M buf fe r .  R e a c t i o n  

s t a , - t ed  .-.~ in  E x p e r i m v t ,  t B u s i n g  o . z  ml  o f  s u p e r , m t a n t  a f t e r  h e a t  t r e a t m e n t .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

T r e a t m c . f  (Air.4. . . .  

Experiment A 
No m e t a l  ~al.t o oR 4 
l"e 'l ~ o .  1 0  4 
l'.In z" o . ,  z 4 
C o  l "  - .  o .  I i 4 

H x p ~ n m e n t  B 
No m e t a l  s a l t  o . o z z  
Fe ~÷ o. * 34 
M t* z "" o + ,  3o 
l q i l  - 0 . 0 7 4  

E x p e r i m e n t  C 
N o  h ~ a t i n g  -b ,Mn ~" o , z z  
H e h t e d ,  n o  m e t a l  s a l t  o 
F e * "  0 , 2 2  
M g * -  o .  m9 
M n  =" O.ZZ 
N i  z -  O . 1 4 5  
C4~,s i 0 , 2 2  

Bio~him.  Biophy~..4eta, f '7  (*~J~J3) 5 8 z - 5 8 8  
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ear l ier  ¢}b+~ervation.~ wi th  a ¢:ru(tc e n z y m e  p repara t i ,  m ]t E n z y m e  a c t i v i t y  wa~ -3t im,  
l a ted  4 7 ° 0  by  the  a d d i t i o n  ~f MnCI= (Table V, Expt..~,1. 

| :urth~.r  invcst igat i ,~n o f  thi.~ effect  s h , w t . d  th:~t thc-.e m e t a l s  cou ld  p r o t e c t  t h e  
, : n z y m e  aga in s t  hi~zh "l'ri.~ concen t ra t io r t~  for ~h,,rt per|uric. ,ff t ime  ( ' [ 'able V, E-¢i;t. I$). 
S t o r a g e  o f  the  e n z y m e  15 in ,).t M "I'ris--HC1 r, uff~..r (pH 7.81 ~t 2 o  ~ for 3 d a y s  
resu l t s  i~ c o m p l e t e  I o ~  (ff a c t i v i t y .  Also.  MnCI= wa~ on ly  uffct:tivt, ugai t)s t  <h~n:ttur:t- 
l ion b y  low ~xmcen t ra t ions  <~f NaCI  (o.x MI f~r up tt~ y.~ rain at  r (mm temi]t~rature.  

F.x|)t. ( ' ,  Tat)le V, ind; .catcs t h a t  tht. t:tf~.ct , f  the  m e t a l  i-~ t,) s tabi l ize  the  en-  
z y m e  aga in s t  h e a t  trt.;ttme~,t, l : r o m  thc~c r,..~ult~ tht. d i v a l e n t  t-ltti,)t] ~.'enL~ tt~ st;t- 
bilize the  e n z y m e  r a t h e r  th;'.n activat,~ th,, , , n z v m , . .  Thi~ is a rcver~ible  p rocess  a~ 
e n z y m e  B c a n  be tli:tlyst,~[ t~+~:t + <~f mangane-~.  :tntl +.l,t rt.~tllting t.nzvnx~: pr~rl);~ration 
t h e n  l:~:ct)mes .~t,nsitive to  i n a c t i v a t i o n  b y  hea t .  T,, --|mix ~b,r r a t e  ~>f MnCI~_ -~tahiliza- 
l ion ,  ~,nzym~, 15 ~sa.~ I)r~q~ar~'d wi th , l e t  ad ,b :d  Mnt'l_, (A}. The  two  t ' . n t r . l s  wt.re th i s  
e n z y m e  B prup;tr , t t i tm .vitht,tat the, ;~(l(liti,~n ,,f ,Mn('l, t |gl and  ~'iazyme I5 p r e p a r e d  
in tilt. nt,rln:t[ w a y  (('). "i'o (A) .Mn('l~ a (h lcd  ju.~t l~cfi~a~, t l , ,  Ilt.lttillg o f  (AI, (151, (C) as  ill 
E x p t .  {'. "l':d)h- V. T h e r e  wa.~ no  diff~.rcnce in a t - t ivi ly  ,~f p re l ) a ra t ions  (A) a n d  (C). 
wh~,rea.~ (B) wa.~ c o m p l e t e l y  inac t ivv .  A~)t~tlaer int.tli~,d t,) es tab l i sh  the  r a t e  ~f  
s t a b i l i z a t i o n  is t~ u.~u the, .~.-t~ue c~)ntlition~ a~ E x p t .  Ig. T a b l e  V a n d  m e a s u r e  the  
ac t iv i ty ,  tlf e n z y m e  B tt~ which  Mn( ' l :  wa.~ ju.~t adthrtl p]il)r t o  in t .uha t ion  wi th  Tris  
buffer .  In  th i s  e x p e r i m e n t  the re  x,.-a~ n:~ di.qt,rc:).c: z:~. :.t:iivit'-,- l,t:[wt:cl, {.~ll.~)*tlltT 
w h e t h e r  p r e p a r e d  in the  prt.~t.m-t: t~f MnCi., (~r wi th  MnCi a a d d e d  before  iocubat i~m,  
I t  was  ct~ncludud t h a t  t lw s t a b i I i z a t i o n  pr, wcss t~ct'ttr, w i th in  5 min.  

D u r i n g  pt t r i f ica*i-n ,  tltt, m o s t  e fh ' t ' t ivc  r a t i .  - f  M~K'I, t .  E D T A  wa~ , ' \mud t,~ bc 
0.7.  va lue s  hi~4her tli;ul thi~ rt..qlltt,d in an ~.ilzvlnt. rt.,ittit'inR cy~te ine  for m a x h n u m  
a c t i v i t y .  

I i l~C t-'~.'-i ION 

Manganc .~ .  has het 'n .~h,)wn t<~ ~,t;~hlliZc a suri, 's ,,r pr,~tein~ aga ins t  i r r~ 'vers ib le  
d t ' n a t u r i l t i o n  I'>, RO.~l.:,~l[l,:l¢(; m ha-. ~xt~m-.ix.t-]v invt. . t i~:kt<,( |  tht ,  s t a b i l i z a t i o n  o f  car -  
no~: ina:. :  b y  M n  2" a n d  h~t~ c . m c l u d c , l  theft  t l w  ~.n/.'.-n1(' ~'xi.~L~ in  s . v u r a l  f o r m s  w h i c h  
are i n  e q u i l i b r i u m ,  tht,  rat | "  o f  in~Lct ivar i<m l i n i ng  d i f f , , r t , r i :  f i ) r  ('a('h f o r m  and  the  Mn  2~ - 
f o r m  i~L'ing the  m<~st s tab le .  O t ] w r  ~chcmc~ h a v e  l , ccu  pr~,p,).~,d w h i c h  include, a M n  ~'- 
e n z y m e  in  ( n l u i l i l ) r i u m  w i t h  (] i f l~,r(-nt t ' ~m~  ,ff the' cn~.vine I'-'. A ~ i . . f i ]ar  ~rh~'m( • can 
acc(~unt fi,r th*" t ' ffect (ff MW" uI) h y d r o g u t l  d~'l~ydr*,K,'na.~'. I ' ; nzvme  B ,~r M n  z 
e n z y m e  has  tht- fifth)wing pr, q~ertit.-.: (:t) ilt,-rt.~t~,.,I ;~.z=t -¢, l f i ] i tx.  (b) in~en.~itivity t~> 
low c , m c e n t r a t i o n ~  o f  P ( ' M H .  (c) ~nlalh ' r  K , ,  valu~.~, when  comp:¢rcd  t~ t 'nz3 'me A. 
I : r~m these  chang( '~  in pr( ,p, . r t ics  , : f  hv(Ir=,g~'=l d~*hwh',~gcna.-~- . n  tile a d d i t i o ~  ~f  
Mn{'l=, t he  p r o t e i n  ig a~.gt|tTle([ to  rt 'arra,~gu ~r fi>rnl aggrcgatu~.  O f  p a r t i c u l a r  in te res t  
is t he  c h a n g e  in tl,<. Km va lues  fi~r I~ t l l  sid)~tr:~t~'~ and  wt" can  as.m~mt, tha  the  ,relive 
sit~: configurati¢~n tm.~ bt.t:n o_]tcr~t in s()m~" u n k n o w n  m a n m ' r .  Tht" r e d u c t i o n  in 
.-a:nsitivitv to  I ' t : M B  :rod heat  s ta l f i l iza t ion  t',~tald he. pa r t  ~f tile .-~m~' phctu)~rttenon. 
i.e. ,m a d d i t i o n  ,ff MnCI= ||it. 1)rottqn inv()halt'.-, a n d  hide',, the  th io l  gr , )ups  wi th in  thu 
m o l e c u l e  a w a y  f rom oxyg ( ' n  ;rod ~ulthydr~'! r~'ag:'nt~. M a n g a n e s e  - . tab i l iza t ion  o f  
h y d r o g e n  d e h y d r o g e n a s e  i.~ a r a p i d  p r c ~ ' e ~  w h e n  :',,mpared to  t he  fi)rmatit}n of  
M n = ' - s t a b i l i z e d  carm~sin:,.~e 'a. T h e  rt.vur.~a| tff tl,~, ,',In"" efli~c¢ b y  Na( ' l  ;t~.t| T r i s  
buf fe r  is interpret,~(I as  the. disptacem~.nt  (,f  My'" b y  N a '  :~ncl "l'vis to  girt- an u n s t a b l e  
pro te in .  

l¢~,,cht,, l~t,}phys..4f la, lJ 7 {19'~3} .581-58x 
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T h e  e f f e c t  o f  D P N  o n  e n z y m e  A ( T a b l e  I I )  a p p e a r s  t o  b e  t h a t  o f  p r o t e c t i n g  t h e  
e n z y m e  a g a i n s t  T r i s  b u f f e r  in  a s i m i l a r  m a n n e r  t o  t h e  p r g t e c t i o n  o f  D P N - H n k e d  
d e h y d r o g e n a . , ~ s  a g a i n s t  u r e a  a n d  h e a t  d e n a t u r a t i o n  t4. D P N  a l s o  p r e v e n t s  t h e  c o m -  
p l e t e  i n h i b i t i o n  b y  P C M B  ( T a b l e  l I I )  w h i c h  i s  c o n s i s t e n t  w i t h  t h e  h y p o t h ~ i s  t h a t  
D P N  c o m b i n e s  w i t h  t h i o l  grOUlX~ o f  O P N - i i n k e d  d e h y d r o g e n a s e  'a.  

T h e  r e v e r s i b i l i t y  o f  h y d r o g e n  d e h y d r o g e n a - ~ e  h a s  l i t t l e  p h y s i o l o g i c a l  s lg .n i f ican~:e  
fo r  t h e  h y d r o g e n  b a c t e r i a  a n d  t h e  p r e s e n c ,  ~ . o f  t h i s  t y p e  o f  H t - p r o d u c i n g  e n z y m e  i n  
a n a e r o b i c  t m c t e r i a  ha-~ y e t  t o  b e  d e m o n s t r a t e d .  
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