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Vitamin K-dependent nitrate reductase in Escherichia coli 

A nitrate-reducing sys tem has  been studied by  TANIGUCHI et al. z in E .  coli grown in a peptone-  
broth ,  agar medium containing o.5 % KNOa. This  enzyme sys tem catalyzes the  reduction of n i t ra te  
to nitrite under  anaerobic conditions in the presence of either methylene  blue, formate  or reduced 
diphosphopyridine nucleotide (DPNH) wi th  par t ic ipat ion of cytochrome b and f lor in-adenine 
dinucleotide (FAD) functioning as electron carrier in the  system. The DPNFI-ni t ra te  t r a n s p o r t  
chain has at  least some of the carriers in common with  the D P N H - o x y g e n  chain. The affinity for 
oxygen of the common par t  of the chain appears  to be much  greater  t h a n  tha t  for nitrate.  On the  
other  hand,  NICHOLAS ANn NASON 2 reported the finding of a reduced pyridine nucleot ide-ni t ra te  
reductase, apparen t ly  of a molybdoflavoprotein nature,  in E .  coli s t ra in  B, grown in a synthet ic  
medium. 

We repor t  here the finding, in cell-free extracts  of E .  coli, of a D P N H - d e p e n d e n t  sys tem which 
reduces ni t ra te  to nitri te aerobically using vi tamin K as electron carrier and apparen t ly  w i thou t  
par t ic ipat ion of f lorin in the process. The sys tem is present  in cells of E .  coli grown either in a 
synthet ic  medium or in a complex bro th  medium containing o. 5 % K N O  a, the specific ac t iv i ty  
being higher  in the  latter.  

The ceils were harves ted  by  centrifugation and washed wi th  9 % NaC1 to remove nitrite.  
The cell-free extracts  were prepared by  grinding in a cold mor ta r  for IO min the frozen cells wi th  
twice their  weight  of a lumina powder  (Alcoa A-3ol ) and for another  io min wi th  four t imes their  
weight of cold o.i M phospha te  buffer, p H  7.5. After centrifugation in the cold for 15 rain at  
8o00 × g, the supe rna tan t  and the sediment  (the lat ter  carefully separated f rom the a lumina  and 
suspended in phospha te  buffer) were assayed for ni t rate  reductase activity.  

In  the exper iments  summarized  in Table I, ni t rate  reductase act ivi ty was  not  detectable 
in the supe rna t an t  of tile ext rac t  f rom E .  coli grown in a synthet ic  medium, unless v i tamin  K a 
(as 2-methyl - I ,4 -naphthoquinone  sodium bisulfite) was added. The sys tem present  in the super-  
na t an t  and in the suspended sediment  was not  act ivated by addit ion of flavin-adenine dinucleotide, 
flavin mononucleot ide or riboflavin. Atebrine can inhibit  the system, bu t  the fact t h a t  the inhibit ion 
could not  be reversed by  FAD but  was  completely react ivated by  the addit ion of a similar a m o u n t  
of v i tamin  K 3 suggests  t h a t  the  inhibit ion cannot  be a t t r ibu ted  to florin in the system. 

T A B L E  I 

EFFECT OF VITAMIN K 

o.I ml enzyme;  15 /*moles phospha te  buffer, p H  7.5; io  #moles  KNO3; o, 4 /~mole D P N H  (en- 
zymically reduced) and addit ions as indicated, in a final volume of i ml, were incubated for io rain 
at  25 °. Nitr i tes were determined by  format ion of the  red azo compound  5. Activi ty expressed as 
mttmoles nitr i te  produced in IO m i n / m g  protein  3. A control  assay was  always included in which 

D P N H  was omi t ted  

Compound added 
Synthetic medium Complex broth medium 

Supernatant Sedimemt Supernatant Sediment 

- -  - -  I I  181 7 I I  
l{oilcd pig hear t  - -  I i 192 707 
o.i /tznole FAI)  - -  i i 191 698 
o.r /mlole Vi tamin K a 38 I7 322 784 
2 /tmoles Atebrine 4 96 320 
2 /tmoles Atebrine + 0. 4 / tmole  FAD 26 4 77 327 
2 /tmoles Atebrine + o.l pmo leVi t amin  K~ 27 15 360 775 

/~moles Atebrine + 0. 4 / ,mole  Vi tamin IK a 57 

Since E .  coli has  a menadione reductase, it appeared possible t ha t  the observed ni t ra te  
reduction could be produced chemically by  the reduced vi tamin K. This possibility can be excluded 
since purified menadione rednctasO did not  reduce ni trate  in the presence of v i tamin K 3. Besides, 
the menadione reductase is not  inhibited by  complexing agents and our sys tem is marked ly  in- 
hibited, as it is shown in Table lI .  

In view of these results, we suggest the presence of a sys tem which is coupled to the menadione 
reductase and t ranspor t s  the electrons fronl reduced vi tamin K to nitrate.  This could perhaps  
explain the presence in E.  coli of menadione reductase, whose physiological meaning is unknown.  

The second par t  of the sys tem seems to involve a metal  and the par t ic ipat ion of cytochrome b 
in the process is suggested by the high inhibition produced by  2-heptyl-4-hydroxyquinoline.  
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T A B L E  I I  

EFFECT OF INHIBITORS 

I n h i b i t o r s  were m i x e d  w i t h  t he  e n z y m e  before the  add i t i on  of the  o the r  c o m p o n e n t s  of the  assay  
as  desc r ibed  in Table  I a nd  inc lud ing  o.I / tmole  v i t a m i n  K 

Final 
Compound added concentration % lnl, i~ilion 

KCN IO -3 M IOO 
a-a' D i p y r i d y l  6- IO -3 M 67 
o -Phenan th ro l i ne  5" IO-3 M 90 
Na  d i e t h y l d i t h i o c a r b a m a t e  IO - a  M 29 
Sal icyl ic  acid IO - a  M 32 
8 - H y d r o x y q u i n o l i n e  IO -3 M 29 
Th iourea  I o -3 M 4 I 

2 - H e p t y l - 4 - h y d r o x y q u i n o l i n e  4" IO-4 M 95 

W o r k  is now in process  to  c lar i fy  th i s  s y s t e m  and  i ts  phys io logica l  significance.  
We are  g ra te fu l  to  Dr. SOLS for va luab le  sugges t ions  in the  p r e p a r a t i o n  of the  manusc r ip t .  
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Biosynthesis of hyaluronic acid by cell-free extracts of 
group-A streptococci* 

P r e v i o u s  s tud ies  laave d e m o n s t r a t e d  t h a t  bo th  the  g lucosamine  and  g lucuronic  acid moiet ies  of 
HA** syn thes i zed  by  Group-A s t rep tococc i  are der ived  from glucose 1. The d i scovery  of ur idiue 
nuc leo t ides  con t a in ing  N - a c e t y l a t e d  amino  sugars  2 and  g lucuronic  acid 3 and  the  e s t ab l i shed  role 
of u r id ine  nuc leo t ides  as g lycosyl  donors  ~ sugges ted  t h a t  these  compounds  are  i n t e r m e d i a t e s  in t i le  
b io syn thes i s  of mucopo lysaccha r ides .  (]IFONELLI AND DORFMAN 5 have  d e m o n s t r a t e d  the  presence  
of U1)I~AG, U1)I 'GA and  o the r  non- ident i f ied  f rac t ions  con t a in ing  nronic  ac id  and N-acct \q-  
g lncosamine  in a s t ra in  of Group-A s t rep tococcus  grown unde r  cond i t ions  oi~timal for the  pro- 
duc t ion  of HA.  The only  d i rec t  ev idence  in s uppo r t  of the  role of u r id ine  nuc leo t ides  in acid muco-  
po ly saccha r ide  syn thes i s  is g iven  by the  r epo r t s  of GLASER ANt) ~C~ROWN6,7 t h a t  e x t r a c t s  of Rous  
sa rcon la  incorpora te  in to  HA, xaC from labeled u I ) p A G ,  A G - 6 - P + U T P ,  or UDPG.  However ,  a 
la rge  po r t ion  of the  r a d i o a c t i v i t y  was  It)st on r ep rec ip i t a t i on  or e lec t rodia lys is .  No incorpora t ion  
was  o b t a i n e d  when  labe led  f ! I )PGA was  used. 

I t  is the  tmrpose  of t h i s  c o m m u n i c a t i o n  to p re sen t  ev idence  t h a t  a cell-free e x t r a c t  of a s t r a in  
of Grout)-A s t r ep tococcus  (.\ i 1 [, Type  1 8) incorpora tes  glucoronic  ac id  f rom UI)PGA.  This  s y s t e m  
has  an abso lu t e  r equ i r en len t  for U I ) P A G  and Mg + + and  a r e l a t ive  r e q u i r e m e n t  for A G - t - P  and  
AT I'. 

( 'ells were g rown as p rev ious ly  descr ibed 5, h a r v e s t e d  b y  cen t r i fuga t ion  a t  3o,ooo x g for 
lo  rain, and  washed  twice  wi th  o.o 5 .1/ p h o s p h a t e  hul ler ,  p H  7.0. Fol lowing t r e a t m e n t  in a 

* This  i n v e s t i g a t i o n  was  suppor t ed  by  g r a n t s  f rom the Na t iona l  H e a r t  In s t i t u t e ,  l ' n i t e d  S ta los  
l ' ub l i c  Hea l th  Service (tt-311) and  the  Chicago I t ea r t  . \ ssocia t ion.  

** The fol lowing a l ) lwevia t ions  arc usod it) th is  pape r :  h \ ' a lu rouic  acid, 1 I . \ :  tu-iditw tliphost~ho- 
N-ace ty lgh lcosaminc ,  l r l ) l ' . \ ( ; ;  l t r idine d iphosphoghzcorunic  acid, t ' l } l ' ( ; . \ ;  ur id ine  d iphospho-  
glucose ; u r id ine  t r i phospha t e ,  l YI'P: adenos ine  t r iphost )hate ,  . \TI ' ;  d iphost)hot)yr idine  nucleot ide ,  
D P N ;  N-ace ty tgh~cosamine- l -phos t )ha te ,  A G - I - P ;  N-ace ty lg lucosamine -o -phospha te ,  AG-6-P. 


