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by the haphazard  al ignment of precursors. I t  may  be assumed tha t  the agent concerned with 
the selection and the ar rangement  of the nucleotides in the living cell has so far escaped identi- 
fication. Whether  it operates in a manner  similar to t ha t  suggested before 2, remains to be seen. 
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Sodium sulfide inhibition of liver lactic dehydrogenase* 

Inhibi t ion of carbonic anhydrase  1, t rypsin and chymot ryps in  2, carboxypeptidase a,4, desoxy- 
ribonuclease s, and glutamic dehydrogenase e by  Na2S has been reported in recent years. The first 
interpretat ion of sulfide inhibition might  be t ha t  metal  ions were removed as insoluble sulfides 
or tha t  reductive cleavage of impor t an t  disulfide bonds might  be involved. The latter process 
usually leads to irreversible inactivation. However, in the case of the experiments  to be reported 
here, another  view of the inhibition is necessary. 

I t  seems likely tha t  the principal ionic species of sulfide at p H  8. 5 will be SH-.  Under these 
conditions NatS  showed a reversible, sensitive inhibition of highly purified ra t  liver lactic de- 
hydrogenase (LDH) ~. At concentrat ions of Na3S as low as lO -3 to io -SM marked inhibition, 
depending on exact conditions, was observed. L D H  (2 ml) and o.oi M sulfide (i ml) were usually 
mixed with 2 ml M glycine buffer, p H  8. 5, 0% and allowed to s tand for a few minutes, following 
which aliquots were diluted about  5 ° t imes with o .4M glycine. For analysis o.6 ml were added 
to a Beckman cuvette  along with Veronal buffer, sodium D,L-lactate and D P N  +. The final cuvette 
volume was 3.6 ml. The reaction was initiated by  adding DPN +. In  a typical experiment  the 
final cuvet te  concentrat ions were: 

[LDH],  2. lO-I°M;  [Na,S], I.O. io -SM;  [Glycine], o .o6M; [Veronal], o .o3M; [Sodium D,L- 

lactate], o.I I M;  [DPN+], 1.5. I o-4M; P H 8.6. 

As can be seen in Table I, reversal of sulfide inhibition of L D H  could be accomplished by a variety 
of procedures, the  common denominator  of which turned out  to be the removal or displacement 
of SH- .  Thus  such apparent ly  diverse operations as (I) dilution; (2) dialysis; (3) L D H  precipitation 
and re-solution; (4) increase in ionic s t rength ; (5) addition of such chelating reagents as Versene, 
o-phenanthroline, a,a '-dipyridyl,  and pyrophosphate ;  (6) addition of Zn ++, Fe ++, or Mn++; 
(7) oxidation of S H -  by ferricyanide or o-iodosobenzoate all served to reverse sulfide inhibition. 

TABLE I 

SULFIDE INHIBITION OF L D H  AND ITS REVERSAL 

[NatS] [Reagem] Inhlbi~ion 
System in curate in cuvette 

M x zo -6 M % 

Na2S i . i8  - -  92 
Na3S 0.58 - -  78 
Na3S o.i 4 - -  io  
Na3S + NaCI 1.66 6.6.1o -2 68 
Na2S + versene 1.66 6.6. io -5 IO 
Na3S + Zn++ I . i8  2.0" lO -4 o 
Na',S + o-phenanthroline 1.18 1. 3. io -a 25 
Na~S + K3Fe(CN)e 3.80 8.8. I0 -4 0 

* This investigation was suppor ted  by  a research grant  (C-I856-2 C) from the National  Cancer 
Ins t i tu te  of the National  Ins t i tu tes  of Health, Public Heal th  Service. 
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Purif ied l iver L D H  does no t  con ta in  a h e a v y  me ta l  cat ion,  as shown  b y  spect rographic ,  X- r ay  
fluorescence* or chemica l  analysis ,  a l t hough  i t  is possible  t h a t  the  pure  e n z y m e  m a y  con ta in  Mg ++. 

The  mos t  p o t e n t  inhibi t ion  of sulfide was  encoun te red  when  L D H  was p re incuba t ed  wi th  
D P N  + and  sulfide, t he  reac t ion  in t he  c u v e t t e  being in i t ia ted  by  t h e  addi t ion  of lactate .  This  
observa t ion  sugges ted  t h a t  in te rac t ion  be tween  D P N  + and  S H -  lay  a t  t he  hea r t  of t he  inhibi t ion.  
Spec t ropho tomet r i c  m e a s u r e m e n t s  m a d e  wi th  t he  Cary  Recording  Spec t rophotomete r ,  Model I i ,  
showed an  absorp t ion  m a x i m u m  a t  318-32o m/ t  when  both D P N  + and  L D H  were added  to Na$S- 
con ta in ing  s y s t e m s  (Fig. i). I n  t he  absence  of L DH,  a m i x t u r e  of D P N  + and  Na tS  showed  no 
spect ra l  change.  T h u s  it  s eems  t h a t  t he  role of L D H  m a y  involve  favor ing  t he  resonance  hyb r id  
form of D P N +  wh ich  has  an  electron pair  deficiency a t  posi t ion 4 in t he  pyr id ine  r ing.  Na2S 
add i t ions  do no t  affect t he  absorp t ion  s p e c t r u m  of D P N H ,  e i ther  free or in t he  presence  of L D H .  

Fig. 1. Difference s p e c t r u m :  Curve  I minus Curve  II, Cary  
Record ing  Spec t ropho tomete r .  Curve  I :  L D H ,  D P N  +, NaIS.  14 
Reference  solution,  L D H ,  NazS. Curve  I I :  D P N  +, Na2S. Re-  
ference solut ion,  Na~S. ~O 12 

[LDH] = 3.66" Io -6M.  [DPN+] = 8. 3. i o - S M .  
[NagS] = 1 .54 - io -SM.  P h o s p h a t e  buffer,  / ' /2  = 0.04, 
p H  7.8. e ca lcula ted  for ra t io :  2 DP N+/ I  L D H .  

Addi t ion  of Versene  to a s y s t e m  con ta in ing  L D H ,  D P N  + and  
Na2S led to a considerable  decrease of t he  320 m/t  absorpt ion .  
Such an  addi t ion  comdle te ly  reversed  sulfide inhibi t ion.  

The  D P N  +. L D H .  S H -  complex  m a y  poss ibly  be wr i t t en  
as shown  below, and  is qu i te  s imi lar  to the  CN-,  HSOs- ,  
N H O H -  and  o ther  an ion  complexes  t h o r o u g h l y  descr ibed by  
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MEYERHOF, OHLMEYER AND MOHLE 8 and  by  KAPLAN and  co-workers  °. I t  is in te res t ing  to no te  t h a t  
liver L D H  is s t rong ly  inhib i ted  by  HSOs- ,  b u t  no t  b y  C N -  or N H O H - .  

H S - - H ~  
, ~  C ~  O I t  is a p p a r e n t  t h a t  t he  appea rance  of an  absorp t ion  b a n d  a t  320 m/~ will 
]~N~F-- pe rmi t  the  de t e rmina t ion  of t he  n u m b e r  of moles  of D P N  + which  can  be b o u n d  

NH~ per  mole of L D H  (i26,ooo g). E x p e r i m e n t s  indicate  t h a t  two moles  of D P N +  
] are bound ,  t h u s  indica t ing  t he  presence of two ca ta ly t ica l ly  act ive  reac t ion  sites. 

R Our  e x p e r i m e n t s  and  those  of o thers  1°,11,12,18 are cons i s ten t  wi th  a reac t ion  
m e c h a n i s m  for L D H  which  would  involve a spa t ia l  o r ien ta t ion  of t he  lac ta te  

and  D P N  + molecules,  hyd r ide  ion t rans fe r  14 f rom lac ta te  to t he  appropr ia te  resonance  hybr id  of 
D P N  +, p ro ton  r emova l  f rom t he  h y d r o x y  group of lactate ,  and  s tabi l iza t ion  b y  fo rma t ion  of a 
ca rbony l  group to yield p y r u v a t e .  
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* T h e  a u t h o r s  are  indeb ted  to  Dr.  J .  M. VANDENBELT, Resea rch  D e p a r t m e n t ,  Parke,  Davis  
a n d  Company ,  Detroi t ,  for t h e  X- r ay  f luorescence de t e rmina t ions .  


