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The pentose nucleic acid of Azotobacter vinelandli* 

In  connect ion  wi th  s tudies  on t h e  ex is tence  of regular i t ies  in t he  compos i t ion  of pen tose  nucleic  
acids  (PNA)t ,  s i t  appea red  of in te res t  to  e x a m i n e  t he  nucleot ide  d i s t r ibu t ion  in t he  P N A  of a 
n i t rogen-f ix ing organism.  Our  prev ious  work  2 had  sugges ted  one wide-spread  regular i ty ,  namely ,  
t he  occurrence in P N A  of nea r ly  equal  a m o u n t s  of bases  ca r ry ing  6 -amino  groups  (adenine + 
cytosine)  and  of bases  h a v i n g  6-keto  g roups  (guanine  + uracil).  Some in te res t  was  added  to t he  
s t u d y  of t h e  P N A  of Azotobac ter  v i n e l a n d i i  by  t he  recen t  d e m o n s t r a t i o n  t h a t  th is  o rgan i sm  pos- 
sesses an  e n z y m e  capable,  i n  vitro, of producing,  or  a t tack ing ,  po lynucleo t ides  wi th  t he  con-  
sumpt ion ,  or t he  release, of 5"-nucleoside d iphospha t e s  or inorganic  phospha t e ,  respectively*. 
If th is  e n z y m e  were t h e  principal ,  or  sole, agen t  in the  syn thes i s  of P N A  by  t he  l iving cell, con- 
s iderable  f luc tua t ions  in t h e  compos i t ion  of P N A  and  t he  absence  of regular i ty  would be expected,  
s ince t he  fo r tu i tous  avai lab i l i ty  of ind iv idua l  precursors  or  t he  e x t e n t  of t he  reverse  react ion,  
viz . ,  phosphorolys is ,  would m a k e  thei r  influence felt. T h a t  th is  is no t  the  case  is shown  in t he  
a6company ing  table.  

The  s t ra in  se rv ing  for cu l tures  I to V (Table I) was ,4zotobacter v i n e l a n d i i  ATCC No. 91o 4, 
g rown for 48 hour s  a t  3 ° °  in B u r k ' s  n i t rogen-f ree  m e d i u m  wi th  aera t ion  (I to  I I I )  or shak ing  
(IV, V). W e  are ve ry  gra teful  to Dr. R.  H. BURRIS of t he  Un ive r s i t y  of Wiscons in  for cu l tu re  VI  
and  to Drs.  B. SIEGEL and  M. TuNIs  for a few pre l iminary  observat ions .  The  washed  cells were 
su spended  in disti l led wate r  and  broken  e i ther  by  being shaken  wi th  ballot ini  (9o minu tes )  or, 
in t he  ma jo r i t y  of cases, by  t r e a t m e n t  in a sonic oscillator (Ray theon ,  IO kc, 1o minu tes ) .  For  
the  rest,  p rev ious ly  publ i shed  procedures  and  p recau t ions  2,4 were followed**. 

T A B L E  I 

COMPOSITION OF P N A  OF Azotobac ter  v i n e l a n d i i *  

Baaerial Number Moks per zoo moles nuvleoBde Molar ratio 
culture o/ 6-Am/6-R 

No. hydrolyses A G C U 

I i 24.8 3o.3 24.8 2o.1 0.99 
I I  6 23. 7 30.6 25.6 2o.1 0.97 

I I I  3,, 24.o 31.2 25.2 19.7 o.97 
IV i 23.5 32.6 25-1 18.8 o.95 
V 2 25.0 3o.4 26.0 18.6 1.o 4 

VI 4 24. 7 29.8 26.5 19.1 1.o4 

An 
p repara t ions  17 24.2 30.6 25. 7 19. 5 i .oo 

Coofficient 
of var ia t ion  3. I 4.3 3-4 4 .6 4.4 

* Abbrev ia t ions  - -  A, G, C, U:  adenylic ,  guanyl ic ,  cytidylic,  uridylic acids, respect ively;  6 -Am : 
6 -amino  c o m p o u n d s  (adenyl[ic, cyt idyl ic  acids) ; 6 -K : 6-keto c o m p o u n d s  (guanylic,  uridylic acids). 

As  will be ga the red  f rom Table  I, t h e  nucleot ide  propor t ions  did no t  show m u c h  var ia t ion  in 
t he  severa l  cul tures .  W h e t h e r  th i s  m i n o r  f luc tua t ion  is mere ly  due  to technica l  reasons  or 
whe the r  it  reflects an  actual ,  t h o u g h  insignificant,  p lay  in compos i t ion  canno t  ye t  be decided 
owing to the  lack of s imi lar  in fo rmat ion  on o ther  microbial  species. W h a t  should,  however ,  be 
emphas i zed  is t h a t  in t he  P N A  of all cu l tures  the  s u m  of adenyl ic  and  cyt idyl ic  acids (6-Am) 
and  t h a t  of guanyl ic  and  uridyl ic  acids (6-K) were near  equa l i ty :  a resul t  unl ikely  to be achieved 

* Aided by  research  g r an t s  f rom t he  Na t iona l  I n s t i t u t e s  of Hea l th ,  U.S.  Publ ic  Hea l t h  Service 
t he  Amer i can  Cancer  Society (on r e c o m m e n d a t i o n  of the  C o m m i t t e e  on Growth,  Nat iona l  Research  
Council), and  t he  Rockefeller  Founda t ion .  One  of us  (A.L.) holds  a Qu incy  W a r d  Boese Pos t -  
doctora l  Fel lowship of Columbia  Univers i ty .  

** The  suga r  c o m p o n e n t  of the  P N A  was  identified, b u t  only  t en ta t ive ly ,  as ribose by  paper  
c h r o m a t o g r a p h y  af te r  the" acid hydro lys i s  of t he  c rude  pen tose  mononuc leo t ides  t h a t  had  been 
isolated by  t he  alkaline degrada t ion  of P N A  and  precipi ta t ion  as t he  l a n t h a n u m  salts.  Two minor  
suga r  zones were also seen on t he  c h r o m a t o g r a m s ,  b u t  m a y  have  been c o n t a m i n a n t s .  
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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. 


