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A f lavoprote|n oxidizing N A D P H  lsolst~d f rom liver microsomes 

In  previous work1, s evidence was presented  tha t  hepa t ic  m i c r o ~ m e s  possess a 
peculiar N A D P H  oxidase requiring vi tamin Ks (2-methyl-x,4-NQ), t~4-NQ or  
z,2-NQ a.~ cofactor.  This paper  describes briefly the  purification of this oxidase and  
reports  its possible iden t i ty  with a microsom~i flavoprotein,  N A D P H - c y t o c h r o m e  c 
reductase  (EC L6.z.3),  which has been isolated b y  previous workcrsS-L A mechanism 
is also p r ~ e n t e d  for the  NQ-dependen t  oxidat ion  of N A D P H  b y  this f lavoprotein.  

Rabbi t - l iver  micro.~omes prepared b y  a modif icat ion s o f  the  m e t h o d  of  M[TOMA 
a/. 7 were digested at o ° for x5 h with o . o 7 %  crude pancreat ic  lipa~e ("s teaps in")  

in o.x M phospha te  buffer (pH 7-4)- The digest ,vas centr i fuged at  xo5 ooo × g for 
60 rain and the superna tan t  was f rac t ionated  with a m m o n i u m  sulphate.  A low 
ac t iv i ty  of  a NQ-independent  N A D P H  oxidaset,s, s was  the reby  prec ip i ta ted  be tween  
o and o.5o satn., whereas the p ~ c i p i t a t e  ob ta ined  netween o.5o and o.75 sa t e .  
contained most  of  the  NQ-requiring oxida_~e. The  la t te r  fraction wa~ dia lysed and  
t rea ted  with calcium phospha te  gel in o.oz M phospha te  buffer (pH 6.o). Af te r  
w ~ h i n g  the gel with water ,  the  NQ-requiring oxidase was  e luted f ror l  Uae gel w i th  
o.2 M potass ium phospha te  buffer (pH 7.o). The  eluate was  d ia lysed against  5 mM 
phospha te  buffer (pH 6.~}, and tpp l ied  to a hyd roxy l apa t i t e  co lumn equi l ibr ia ted  
wi th  the  same buffer. On washing the column wi th  phospha te  buffer  (pH 6.7) o f  
increasing c<mcentrations, the  oxidase s t a r t ed  to  migrate  as a pa[e-yeUow b a n d  and  
wa~ eht ted  out  at  the phospha te  concentra t ion of  o.o7 M. 

The prepazaLio.~ thus  ~b~a.;~_ed r~.pre_~ented a b o u t  a 2oo-fold purif ication over  
microsome~ and catalyzed,  in the  presence of  20/~M vi tamin  K a, the  oxidat lot i  o f  
N A D P H  at  z ra te  of xo-x 5/~moles~min/mg protein  wi th  concomi tan t  consumpt ion  
of  oxygen  (2o *, o.33 M phosphate  buffer, p H  6.5). The  ac t iv i ty  was dependen t  on 
tlie iu,i~ .~'i. lrt"~.|].~Ol.it uf reaction medium. N A D H  was less tha.,'a x %  as effective a s  
N A D P H  as subs t ra te .  Ultracentr ifugaily,  the  prepara t ion  was n ~ r i y  homogeneous .  
b u t  wa~ ~till coL~taminated by  -++ -~,xaatl an:o~r,t of  imp~rit:.e~. The m~p_ compo~xent, 
with wltich the yellow colour w'ts associated,  has  a sed imenta t ion  coefficient (sm.w) 
of  a..55 xo -t~ sec -x. As shown in Fig+ x, the  absorption spec t rum of  purified e n z y m e  
wa_~ ch=ract~Astic of  a f lavoprotein with m a x i m a  at  275, 375-38o and 455 m/~. The  
band  ~t 455 mt~ was grea t ly  diminished on a~dlt ion of NADPH+ The  flavin wa~ 
identified as F A D  b y  the D-amino acid oxidase (~C L4+3.3) assay  after  l iberat ing 
from the protein  b y  heat ing at Ioo ° for 5 rain. 

In addi t ion to the NQ-dependent  oxidat ion of  N A D P H  b y  oxygen,  the  purif ied 
e n z m e  ca.*alysed the N A D P H - l i n k e d  reduct ion of  ~ va r i e ty  of  acceptors  including,  
IM-NQ, 2-methyl-x,4-NO x.2-NQ, p .benzoqumone ,  2 ,6-dichlorophenolindophenol  
neote t razol ium chloride and  cy tochrome  c. Cytochrome b t and ano ther  microsomal  
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cytochrome,  P-42oU, 9, which has recently been ~cparated from cytochrome b~ (ref. Io}, 
were, however, n(Jt reduced. The reducti.on of the , :~phthoq~nones  to quir,0ls was 
observable only  under  anaerobic conditions; aerobically they acted as cofactors for 
the aerobic oxidat ion of N A D P H  rather  than  being reduced. ~0-13er, zoq.u_inone, on 
the  other  hand,  was reduced to hydr(xluinone e v e n  in the presence of oxygen. 

This enzyme differs from DT diaphorase studied and so named by ERNSTER 
et  a l . : t ,  ix in t ha t  it is insensittve to (licoumarol aild d .es  not oxidize NADH.  On the 
o ther  hand,  it ts very similar in a number  , f  rt~spects to a hepatic NADPH-cyto-  
chrome c reductase prc'~iously purified by several workers a-s. It is highly probnble 
t ha t  the two enzymes axe identical ~'ith each other. 

As mentioned above, this '~'nz,.'me eataly~e~ uvder anaerobic con(litions the 
NADPH-l inked  reduction of naphthoquin~nc:~ to the quinols at  pH G.5. The purified 
enzyme,  however, did n(~t acce[erc.te the negligibly ~low autoxidat ion of the qulnol.~ 
at  pH 6.5. Thiz lack of naphthoquinol  oxidZLse act ivi ty  in the purified enzyme ex- 
cludes the possibility t ha t  quinol.~ are involved in the NQ-mediated oxidation of 
N A D P H .  This was further  supported by an t:xpe.riment in which NADPH,  z-methyl-  
1,4-N Q and the  enzyme were :maerobk:allv incubated until  alI the vi tamin ad(ted 
was reduced to the quinol  form and then air was bubbl~l  into the reaction system. 
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Fig. , .  Abaocp t lon  npec t ra  o f  a NQ- requ i r i ng  N A D P H  oxida.~e purif ied from l iver  micro.comes. 
IA) The  ox.idlzc~l form o f  a p r e p a r a t i o n  hav ing  a sptmific oxtdane a c t i v i t y  of  5.7 !~mol~,~ N A D P H  
o x i d i z c d l m i n / r n g  pro te in .  I)rotein cont.~;rttratlon, o_55 mg/ml ,  o.o2 M P hospha t e  buf fe r  {pl I 6.7). 
(B) T h e  oxid ized  ( . . . .  ) &nd N A D P H - t r e a t e d  ( . . . . .  ) forms of a pre.p~r~tlon h a v i n g  a specific 
a c t i v i t y  or  I3.  3 p m o l e s  N A D P H  oxidized/minim ~ protein~ [ ' r~tein t~0ncentrat ion,  o . lg5  rng/ml.  
o.21 M Pho.~phatt: buffvr  (pl-! 0.51. NAI)PP1 (o. Is/~ntole~ wa~ added  /m! o f  the  oxidized e n z y m e  

solut ion.  

No oxidat ioa  of N A D P H  v,'a.s thereby obscI-ved iramediately,  and si,,onificant oxida- 
t ion commenced only after  a relPtively long lag period. I t  is conceivable tha t  the 
lag pe-~.-.,d is the "_ime required for the regeneration of  a sufficient amoun t  of quinone, 
by  the  slow autoxidati~m of  the quinol [at pH 6-5), to induce the active N A D P H  
oxidation.  

As has a l ready been su.gge-sttxl x, it is Ix~ssible to explain thi~ p_~culiar N A D P H  
oxid~se ac t iv i ty  by  assuming a mechanism inx,ol,Ang a semiquinone rather  than  a 
quinol as the key reactant .  7n~ pr imary  event in the overall process seems to be 
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the r~,xtuction ot enzyme-b0und flavin by N A D P H ,  as sugg~.~ted by the decrease in 
absorbancy at  455 rr~ on addit ion of  NADPH.  Under anaerobic conditions, a NQ, 
also bound by  the enzyme, wiLl accept electrons from the reduced flavin to form 
N Q H .  and  then NQHz. I f  it is a~sumed tha t  the NQH-  is very labile to  oxygen and  
rapidly reoxidizable to NQ by oxygen, pr, ,bably because of  its special l inkage to 
the enzyme protein,  it ~ill  be unders tandable  t ha t  NQ mediates,  in the presence of  
oxygen,  the aerc~bic oxidat ion of  N A D P H  wi thout  in termediate  format ion  of  NQFI t. 
The semiquinone form of #-benzoquinone m a y  not  be oxidizable by  oxygen for 
teas,ms still to be investigated. The part icipat ion of  a radical, mtmodehydroascorbate ,  
has alst~ been ,uggested ~n the ascorbate-s t imulated oxidat ion of  NADH by adrenal  
micro.~me.~ ta 
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pN xoo3o 
The oxidat ion-reduct ion poter,tial of ¢ytochrome b 5 in soluble and part iculate  

f o r m  with reference to the  role of lipid 

The oxida t ion-reduct ion  potential  is one of  the impor t an t  properties of respiratory 
enzymes. I t  generally determines the position of  the  enzymes in respiratory chains 
and contrlh, t tes to unders tanding thei-  funct ion in the living cells. Conc~.rning the 
potent ial  of  cytochrome ha, a microsomal hemoprotein,  several conflicting values 
have been reported. The potent ia l  de termined first by  YostltKAW^Z, m wi th  dog. and  
rabbit-l iver preparations was shown to 1)e - -o .x3V.  Later~ STRITTMATTER A.~D 
BALt "~ obtained the  same value ~-ith a rat-liver par t iculate  stmp~nsiop. The cyto-  
chrome from rabbit-liver microsomes was solubilized and  purified by  VELICII[ AND 
Sm~r~A3-rET< a who est imated its ox ida t ion- reduct ion  potent ia l  to  be -i-0.07, V. 
In the Sympo~ium on Hemat in  Enzymes  held at  Cazlberra e, the  cause of  the dis- 
crepancy xvau subjected to debate,  bu t  no clear answer was obtained.  ~he  object  
rff the present s tudy  is to clarify this question. 
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