
VOL. 23 (1957) SHORT COMMUNICATIONS 433 

Tungstate as a competitive inhibitor of molybdate in nitrate 
assimilation and in N~ fixation by Azotobacter* 

The s t i m u l a t o r y  effect of m o l y b d e n u m  on N 2 f ixa t ion  b y  Azotobac/er, first  r epor ted  b y  BORTELS 1, 
has  since been d e m o n s t r a t e d  by  a n u m b e r  of o the r  i nves t iga to r s  2. M o l y b d e n u m  is no t  un ique ly  
specific for N~ f ixa t ion  nor  for Azotobacter, since i t  also p romotes  the  g rowth  of o ther  micro-  
o rgan i sms  and  h igher  p l an t s  when  n i t r a t e  is the  sole n i t rogen  source. I t s  effect, however ,  is smal l  
or negl igible  wi th  a m m o n i a  2. I t  has  a l r e a dy  been shown t h a t  m o l y b d e n u m  is requi red  in  the  
n u t r i e n t  m e d i u m  for the  enzymic  reduc t ion  of n i t r a t e  s and  t h a t  i t  is the  m e t a l  componen t  of 
n i t r a t e  r educ tase  from Neurospora4, 5, f rom soy bean  leaves  s,7, and  p r o b a b l y  from Escherichia coli ~. 
R e c e n t l y  HIGGINS, RICHERT AND ~r~ESTERFELD9,10 repor ted  t h a t  t u n g s t a t e i s  a d i e t a ry  a n t a g o n i s t  
of m o l y b d a t e  in a n i m a l  nu t r i t i on ,  a nd  a c o m p e t i t i v e  inh ib i to r  of m o l y b d a t e  in A spergillus niger 
when n i t r a t e  is the  sole n i t rogen  source. The  e xpe r im e n t s  repor ted  in the  presen t  pape r  demon-  
s t r a t e  t h a t  there  is a s imi la r  t y p e  of c om pe t i t i ve  inh ib i t ion  of t u n g s t a t e  wi th  m o l y b d a t e  in n i t r a t e  
a s s imi l a t ion  and in N~ f ixa t ion  b y  Azotobacter. On the  o ther  hand,  v a n a d i u m ,  which has  been 
repor ted  by  a n u m b e r  of workers  n to  serve in place of m o l y b d e n u m  in N 2 f ixat ion,  failed to  
show a compe t i t i ve  a n t a g o n i s m  w i t h  t u n g s t a t e  or m o l y b d a t e  in n i t r a t e  ass imi la t ion  and in N 2 
f ixat ion.  

Azotobacter vinelandii ,  s t r a in  Original ,  k i n d l y  p rov ided  by  Dr. R. H. BURRIS, was grown 
in modified Burk ' s  n i t rogen-free  m e d i u m  1~ con ta in ing  2 % sucrose in which the  or ig inal  ferrous 
su l fa te  was  replaced wi th  ferric c i t r a t e  (16.9 mg/l) .  The o rgan i sm was incuba ted  for 13 to  24 hours  
in 5 ° ml  of m e d i u m  in 500 ml  E r l e n m e y e r  flasks on a shake r  a t  3 °0 us ing a 2 % inocu lum (i.e., 
i ml  of a 24-hour cu l tu re  of Azotobacter in basa l  medium) .  For  a n i t rogen  source o ther  t h a n  a i r  
(i.e., 20 % N2), 1.44 g of p o t a s s i u m  n i t ra te ,  o.94 g of a m m o n i u m  sulfate,  or 2.36 g of monosod ium 
g l u t a m a t e  per  l i ter  m e d i u m  were added  as ind ica ted .  Calc ium ca rbona te  (0.5 g/l) was  a lways  
inc luded  in the  a m m o n i u m  su l fa t e -con ta in ing  m e d i u m  to p r even t  a lowering of the  pH.  In  some 
e x p e r i m e n t s  the  m e d i u m  was  sub jec ted  to the  copper  sulfide coprec ip i ta t ion  m e t h o d  13 before 
add i t i on  of the  t race  e lements  iron and  m o l y b d e n u m  in order  to  remove  some of the  m e t a l  im- 
pur i t ies .  Growth  was  measu red  in a K l e t t - S u m m e r s o n  color imeter  wi th  a No. 66 fil ter (red.) Since 
read ings  g rea t e r  t h a n  12o K l e t t  un i t s  were not  l inear  wi th  cell concen t ra t ion ,  correc t ions  were 
accord ing ly  made  from a s t a n d a r d  curve.  One K l e t t  un i t  represents  2 .5/zg d ry  we igh t  of N~-grown 
3zotobacter per  5 ml  medium.  Calc ium carbona te ,  when  inc luded in the  medium,  was  first  dissolved 
by  add ing  acet ic  acid (2 % final concent ra t ion)  before measu r ing  growth .  

T A B L E  I 

I N H I B I T O R Y  E F F E C T  O F  T U N G S T A T E  ON N 2 F I X A T I O N  A N n  N I T R A T E  A S S I M I L A T I O N  B Y  A~otobacler  

plus Na, WO, (M) 

I o  3 . 5 . i o - ~  i o  ~ 5 . i o  5 I o - S  Con t ro l  ~ 
Nitrogen 
source growth** growth % growth % growth % growth % growth % inhibition inhibition inhibition inhibition inhibition 

E x p t .  I 
N 2 271 82 7 ° - -  
KNO3 4 °o 183 54 - -  

E x p t .  2 
N2 345 9o 74 lO9 
KNO3 525 - -  - -  221 

- -  250 8 
- -  343 14 

69 221 36 315 9 - -  
58 34 ° 35 415 21 - -  

m 

* Control  med ia  con ta ined  m o l y b d a t e  a t  i o  5M final concent ra t ion ,  the  a m o u n t  usua l ly  in-  
c luded  wi th  Burk ' s  med ium.  

** Growth  is expressed  in K l e t t  units .  

Table  I shows t h a t  the  add i t i on  of t u n g s t a t e  to  the  cu l tu re  m e d i u m  inh ib i t ed  the  g rowth  
of Mzotobacter as m u c h  as 75 % when  N 2 or K N O  3 served as the  n i t rogen  source. I nh ib i t i on  by  
t u n g s t a t e  is a lmos t  comple t e ly  overcome,  however  by  increas ing  t he  m o l y b d a t e  concen t ra t ion  
in the  medium.  The com pe t i t i ve  n a t u r e  of t u n g s t a t e  inh ib i t ion  w i t h  m o l y b d a t e  in  n i t r a t e  ass imi-  
la t ion  and  in N 2 f ixa t ion  was  d e m o n s t r a t e d  b y  the  t yp i ca l  LINEWEAVER-BURK plo ts  14 as shown  

* Con t r ibu t ion  No. 159 of the  M e C o l l u m - P r a t t  I n s t i t u t e .  This  i n v e s t i g a t i o n  was  s u p p o r t e d  in 
p a r t  by  research  g r an t s  f rom the  N a t i o n a l  Science F o u n d a t i o n  and  f rom the  U.S .  Pub l i c  H e a l t h  
Service  (RG-2332). 
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in Fig. i. The inhibition (68 %) of Nz fixation resulting from the addition to the growth medium 
of tungs ta te  at  a final concentrat ion of 5 " I o - 4 M  was almost  completely offset by  increasing 
the molybdate  content  to i .  i o - 4 M  final concentrat ion (approximately a 5 : I  ratio of tungs ten  
to molybdenum).  
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i=ig. I. Lineweaver-Burk plot showing competi t ive inhibition of molybdate  by tungs ta te  on 
growth  of A z o t o b a c t e r  in a medium with  ni trate  or N 2 as the sole nitrogen source. V is the growth 
after  16 to 17 hours  as expressed in Klet t  units.  S is the molar  concentrat ion of molybdate.  
© - - O ,  control;  Q - - Q ,  5" I o - 4 M  tungs ta te ;  z ~ - - A ,  I o - 4 M  tungsta te .  Control media con- 
tained molybdate  at  i o -SM final concentrat ion,  the am o un t  usually added wi th  Burk ' s  medium. 

TABLE I I  

INEFFECTIVENESS OF MOLYBDATE IN OVERCOMING TUNGSTATE INHIBITION OF 
AMMONIA AND GLUTAMATE ASSIMILATION BY A z o t o b a c t e r  

Nitroge~ 
so~rcg 

Control* 

growth * * 

Na2WO~ concentratio~ Io -~ M NazW04 5 • zo-* M Na2W04 

io -a 31 5" ro-~ M Na2MoO ~ concentration(M) Na2Mo04 concentration(M) 

growth % growth % ~.5.xo -~ 3 . zo  -~ io 5 z .5 .xo-5 3 . io -5  zo-4 
inhibition inhibition growth growth growth growth growth growth 

(NH4)~SO 4 145 69 53 98 32 64 75 62 87 9z  90 

Monosodium 
glu tamate  225 I5O 33 143 36 15o 1I 7 i 2 i  i65 16o i65 

* Control media contained molybdate  at lO -5 M final concentration. 
** Growth is expressed in Klet t  units.  

There is also a significant inhibition of growth by tungs ta te  when ammonia  or g lu tamate  
is the nitrogen source as shown in Table n .  This inhibition, a l though less marked than  t h a t  for 
Nz fixation, is not  of a competi t ive nature,  however, since it is unaffected by  increasing levels 
of molybdenum as high as i o - 4 M  final concentrat ion (Table II) .  

Vanadium has been reported by a num ber  of workers to serve in place of molybdenum in 
N~ fixation n.  In  view of the competi t ive inhibition of tungs ta te  with molybdenum in ni trate  
assimilation and in N 2 fixation, the effect of vanad ium was also examined. The addition of sodium 
metavanada te  (NaVOs) at  io 4M final concentrat ion resulted in an 85 to lOO% inhibition of 
N 2 fixation, and a 4 ° to 6o % inhibit ion when nitrate,  ammonia  or g lu tamate  served as the ni trogen 
source. In  all cases the sensitivity to vanad ium is unaffected by  increasing the levels of molybdate  
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(up to 1o-4M final concentration) in the medium. Vanada te  concentrat ions (I.5" IO--5 to 3' Io-hM),  
which cause little or no decrease in growth,  failed to overcome inhibition by tungs ta te  in N~ 
fixation and in ni trate  assimilation. 

The data  presented here point  to a mo lybdenum sys tem for Nz fixation in Azotobacter in 
suppor t  of the reported s t imula tory  action of molybdenum observed by other  invest igators as 
indicated above. The results also suggest tha t  a molybdenum enzyme, probably  similar to tha t  
characterized in Neurospora and soy bean leaves, is involved in ni trate  reduction in Azotobacter. 
I t  is of interest  tha t  tungs ta te  has  no effect (in final concentrat ions ranging f rom IO - e  t o  i o - F M )  
on the part ial ly purified ni trate  reductase from Neurospora. I t  is not  unlikely tha t  the in vivo 
inhibition by  tungs ta te  can be ascribed to its action in replacing molybdenum.  In  addition to 
its direct role in electron t r anspor t  mo lybdenum apparen t ly  is necessary for the adaptive formation 
of ni t ra te  reductase 4 during growth, and by  extension, for the formation of the N2-fixing enzyme 
system, p resumably  in the synthesis  of the protein moiety(ies) of this system. 
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The effect of thyroxine on the oxidative phosphorylation of 
turnout mitochondria* 

Thyroxine  has been shown to uncouple oxidation from the accompanying phosphoryla t ions  in 
the respira tory chain of liver mitochondria  in vitro. In  order to achieve this effect ra ther  special 
conditions proved to be necessary. IV[ARTIUS AND HESS 1, KLEMPERER 2 and HOCK AND LIPMANN 3 
found tha t  uncoupling took place only after  preincubat ion of thyroxine with ra t  liver mito- 
chondria. I t  was concluded tha t  the hormone first had to pass the mitochondrial  membrane  before 
acting on the phosphoryla t ing enzymes and tha t  the rate of penetra t ion was very slow with 
" in t ac t "  mitochondria.  H o c k  AND LIPMANN also studied mitochondria  isolated f rom hamste r  
liver. For  thyroxine to act as an uncoupling agent, preincubat ion was not  necessary with these 
mitochondria ,  which were considered relatively " leaky"  in compar ison with rat  liver mitochondria.  
Recently TAPLEY, COOPER AND LEHNINGER 4 have shown tha t  a 1o minute  hypotonic  t r ea tment  
of ra t  liver mitochondria  at  o ° C is sufficient to result  in a nearly complete uncoupling on subse- 
quen t  incubat ion with thyroxine.  

In  the present  experiments  the ability of thyroxine to act as an uncoupler  of turnout  mito- 
chondrial  oxidative phosphoryla t ion  has been studied. The t u m o u r  mitochondria  were not sub- 
jected to a special p re t rea tment  intended to eliminate a possible s t ructural  barrier. This was 
considered unnecessary in view of (i) our  earlier observationsh,6, ~, which showed tha t  the mito- 
chondria from all the t ransplanted  tumours  studied exhibited a biochemical integri ty tha t  was 
less t han  tha t  of liver mitochondria,  and (ii) the possibility t ha t  this was due to, or a t  least ac- 
companied by, a change in the mitochondrial  s t ructure  and more especially in tha t  of the mem- 
brane. 


