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In  tile course of an investigation of the reduced diphosphopyridine nucleotide (DPNH) oxidase 
of crude cell-free extracts  of Clostridium kluyveri  it was found tha t  ferric iron, in the presence of 
o-phenanthrol ine and D P N H ,  could be reduced. In  addition it was also shown tha t  cytochrome c 
could be reduced by  the crude extract  and D P N H .  Fur the r  studies showed tha t  cytochrome c could 
be reduced non-enzymically by  ferrous iron in the presence of either sodium citrate or pyrophospha te  1. 
In  view of these results, and of the recent work by  MAnLIeR AND ELOWE 2 in which the par t ic ipat ion 
of iron in the D P N H  animal  cytochrome c reductase has been indicated, a s tudy  of the various 
flavoprotein sys tems was under taken  to determine the significance of ferrous iron in the reduction 
of cytochrome c. 

Purified D P N H  diaphorase from pig heart  3, purified reduced t r iphosphopyridine  nucleotide 
(TPNH) cytochrome c reductase from liver 4, and crude extracts  oI Pseudomonas fluorescens ~ reduced 
iron aerobically in the presence of o-phenanthroline. In  addition; anaerobic exper iments  indicated 
tha t  ferrous iron accumulated in these sys tems in the absence of o-phenanthroline.  

In  view of the fact tha t  the E 0' of the ferric/ferrous sys tem is + o.771 volts, and tha t  of cyto- 
chrome c at  p H  7.0 is + 0.262 volts s, it would appear  improbable  tha t  ferrous iron is capable of 
reducing cytochrome c. However,  MICHAELIS AND FRIEDHEIM ? have demonst ra ted  tha t  iron com- 
plexes of anions such as oxalate and pyrophospha te ,  a t  wide p H  ranges, have potentials  close to 
o.oo volts. Because of this shift in O - R  potent ial  the reduction of cytochrome c by  ferrous iron in 
pyrophospha te  became thermodynamica l ly  feasible. Al though the E o' of the ferric]ferrous ci trate 
complex has not  been elucidated, it appears  tha t  the potential  is more negative than  tha t  of cyto- 
chrome c. The results of the non-enzymic reduction of cytochrome c by varying concentrat ions of 
ferrous iron in sodium citrate are summarized in Table I. 

T A B L E  I 

NON-ENZYMIC REDUCTION OF CYTOCHROME C BY VARYING CONCENTRATION OF FERROUS IRON 

Reaction mixture  consisted of cytochrome c (o.o6/~Moles), Na 3 c i t r a t e .2H20  (0.o 3 mMoles), 

FeSO4.7H20 (as indicated) in a total  volume of 3.0 ml. Reduction of cytochrome c was measured 
spectrophotometr ical ly  at  ~ 55 ° rot.*. 

/ ,Moles FeSO~. 7H20 o.o15 o.o3o o.o45 o.o6o o.15o 

/,Moles cytochrome c reduced o.o15 o.03 ° o.035 0.042 0.056 

The D P N H  diaphorase was found to have no appreciable cytochrome c reductase activity under  
both aerobic and anaerobic conditions. Addition of ferric iron did not  increase the rate  of cytochrome c 
reduction. However,  anaerobic preincubat ion of the enzyme with D P N H  and 1. 5 • io -z M ferric iron 
in sodium citrate for increasing periods of time gave respective increases in the total  reduction of 
cytochrome c added subsequent  to the incubation period. Preincubat ion for one hour  gave 9o% 
reduction of cytochrome c. Heat ing  the preincubated anaerobic reaction mixture  to ioo ° C before 
the addition of cytochrome c gave a comparable  reduction. These results, as summarized  in Table II ,  
indicate tha t  the reduction of cytochrome c does not  require the presence of the diaphorase if ferrous 
iron is present.  

* Contr ibut ion No. 83 of the Mc Collum-Prat t  Ins t i tu te .  Aided in par t  by  grants  from the American 
Cancer Society, as recommended by the Committee on Growth  of the National  Research Council, 
and the Rockefeller Foundat ion.  
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* ** Lalor Predoctoral  Fellow. 
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TABLE 1[ 

E F F E C T  OF A N A E R O B I C  P R E I N C U B A T I O N  OF D I A P H O R A S E ,  F E R R I C  I R O N ,  A N D  D P . ' N ' H  

ON T H E  R E D U C T I O N  OF C Y T O C H R O M E  F. 

Reaction mixture,  in a total  volume of 4.0 hal, consisted of Na s c i t ra te .2HeO (o.133 mMoles), 
D P N H  (0.763/zMoles), FeCla .6H20 (6.0/~Moles), and diaphorase (o.29 mg protein). Cytochrome c 
(o.08/~Moles) was added after the indicated t ime interval of incubation. Reduction of cytochrome 

c was measured spectrophotometr ical ly  at ), 55 ° m#.  

Time of preincubat ion (miD) 5 15 3 ° 45 60 

#Moles cytcehronle e reduced 0.023 0.032 o.o41 0.065 0.072, 
0.074 

* After preincubation,  the anaerobic reaction mixture  was heated to ioo ° C, cooled, and cyto- 
chrome c added. 

In  contras t  to the D P N H  diaphorase, the T P N H  cytochrome c reductase does not  require free 
inorganic iron for the reduction of cytochrome c. If, however, ferric iron is incubated anaerobically 
with the reductase in the presence of T P N H  and citrate prior to the addition of cytochrome c, an 
increased rate  in the reduction of the cytochrome c occurs. This increase is due to the non-enzymic 
reduction of cytochrome c by  ferrous iron formed during the preincubat ion period. 

The data  presented above suggest tha t  the reduction of inorganic iron may  be a general p roper ty  
of flavoprotein systems. Al though the D P N H  diaphorase would reduce cytochrome c by  preincubat ion 
wi th  ferric iron, this does not  imply t ha t  the diaphorase is a t rue cytochrome c reductase. The 
reduction of the cytochrome e is achieved by  the enzymically reduced inorganic iron. This reduct ion 
of the cytochrome c itself occurs non-enzymically.  

The significance of inorganic iron reduction by flavoproteins and non-enzymic reduction of 
cytochrome e by  ferrous iron will be described in detail elsewhere. 

The au thors  are indebted to Dr. B. L. HORECKER for the purified T P N H  cytochrome c reductase 
used in this investigation.  
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Phosphorus m~tabolism. A symposium on the role o] phosphorus in the metabolism o~ plants 
and animals. Volume II.  Edited by WILLIAM D. McEI_ROY ANn BENTLEY GLASS. 
The Johns Hopkins Press, Baltimore, 1952, 930 pages. $ Ii.OO. 

Le premier  tome de cet ouvrage, paru  en i95i  et examin6 darts cette rubr ique  m ~ m e -  Bio- 
chimiea et Biophysica Acta, io  (I953) 2Ol - - a v a i t  6t6 consacr6 essentiellement ~, la synth~se des 
liaisons phosphor6es riches en 6nergie et g leur util isation au cours du m6tabolisme glucidique, A la 
s t ruc ture  et au mdtabolisme des coenzymes, et 5, quelques probl~mes voisins d' int6rSt biologique 
tels que la contract ion musculaire et la bioluminescence. Le second tome est avan t  tou t  consacr6 
/~ l ' in tervent ion des composds phosphor6s  darts la synth~se des prot6ines, dans le m6tabolisme des 
phospholipides et des acides nucldiques et darts la photosynth~se;  l 'assimilation du phosphore,  la 


