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TABLE I 

THE EFFECT OF DISINTEGRATION PERIOD ON THE DISTRIBUTION OF 
FUMARASE AND ACONITASE IN CELL-FREE YEAST EXTRACTS 

Activities measured at  240 m/~ in a Unicanl SP. 50o spect rophotometer :  Enzyme,  phospha te  
buffer p H  7.0 (IO -2 34 final) and L-malate or citrate (io -2 M final) in quar tz  cells, final vol. 3.0 ml. 
Measurements  at  about  2o °. Blanks do not  contain substrate .  Specific act ivi ty = change of optical 
dens i ty /mg dry wt . /min  × iooo. 

D isintegrat ion 
period (sec) Enzyme 

Specific activities of fractionatcd extracts 

Whole Heavy Light Washings of Washings of 
extract gramdes granules heavy granules light granules 

io  Fumarase  i io 13o 16o 7 ° 85 
30 Fumarase  120 36 54 88 12 i 
90 Fumarase  129 5 4 86 12o 

IO Aconitase 4o 17 25 16 15 
3o Aconitase 42 9 14 34 4 ° 
90 Aconitase 54 2 I 22 21 

granules, which some authors  have called mitochondria  5,s3's. This would be in accordance wi th  the 
well-known distr ibut ion in animal  cells of enzymes concerned with respiration. 

The au thor  would like to record his grat i tude to Mr. D. MORTON for technical assistance, to 
the Effront  Yeast  Co., South Yarra,  Vic. for a weekly supply of yeast, and to Dr. J. A. R. MILES 
for the use of an MSE high-speed angle centrifuge, 
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I t  is well known tha t  in spite of the low redox potent ial  of coenzyme I 1, the reduced coenzyme 
shows  very little tendency to autoxidise in the absence of intermediaries. Although the glF of the 
reaction is very  favourable there appears  to be an equally impor tan t  factor prevent ing the interaction 

* Present  address:  Universi ty  of Manchester, Depar tmen t  of Physical  Chemistry. 
** Present  address:  Wool Textile Research Laboratories,  Biochemistry Unit, 343 Royal  Parade,  

Parkville, Vic. Australia;  to whom enquiries regarding this communicat ion should be sent. 



598 SHORT COMMUNICATIONS, PRELIMINARY NOTES VOL. 11  (I953) 

of t he  two s y s t e m s  and  th i s  m u s t  be sough t  in the  m e c h a n i s m  of ox ida t ion  of d i h y d r o - c o e n z y m e  I. 
Th i s  m e c h a n i s m  a p p a r e n t l y  pe rmi t s  t he  r educ t ion  of a f lavin coenzyme,  b u t  no t  of o x y g e n  itself. 

I n  order  to t h row  some l ight  upon  the  m e c h a n i s m  of hyd rogen  t ransfer ,  t he  redox proper t ies  
of two mode l  subs t ances  have  been s tudied.  Nico t inamide  methoch lo r ide  ha s  been e lec t ro ly t ica l ly  
reduced  and  t he  proper t ies  of the  p roduc t  shown  to resemble  those  of d ihyd ro -coenzyme  I in i ts  
s low reac t iv i ty  to oxygen.  The  reduced mode l  was  found  capable  of r educ ing  mos t  o ther  s y s t e m s  
(dyes, 12, Fe s+, and  KaFe  (CN)~ wi th  a h igher  Eo'. The  E o' of the  n i co t inamide  methoch lo r ide  was 
found  by  po ten t iomet r i c  t i t r a t ion  to be - - o . 3 6  ~ o.o2 V aga ins t  N . H . E  a t  p H  9.1 and  3 °°  C. I n  
spi te  of the  ve ry  different  group a t t a c h e d  to the  beterocycl ic  N a tom,  th i s  va lue  is close to t h a t  for 
coenzyme  I ( o.32 V a t  p H  7)- 

The  second mode l  e x a m i n e d  was  N - m e t h y l a c r i d a n  [I] which  was p roduced  by  reduc t ion  of 
N - m e t h y l a c i d i n i u m  chloride [II] 

J i[ II [ i i + r i i II + I, ! 

f I 
Me Me C1- Me 

[ I ]  [ I I ]  J i l l ]  

Unlike  t he  n i co t inamide  model ,  where  bo t h  o- and  p -d ihydro  c o m p o u n d s  can  be produced ,  t he re  is 
only  one possible r educ t ion  p roduc t  in th is  case and  its Eo" was found  to lie in rough ly  the  s a m e  
low range.  The  kinet ics  of oxida t ion  of N - m e t h y l a c r i d a n  by  2 : 6 -d ich lorophenol indophenol  have  been  
followed and  found  to proceed by  w a y  of t he  con juga te  acid [III] .  The  first s tep  in t he  ox ida t i on  
of [IIIJ is unl ike ly  to involve  t he  r emova l  of an  electron since the  energy  r equ i r emen t s  to p r o d u c e  
a double  posi t ive charge  on the  molecule  would be prohibi t ive .  A hyd rogen  a t o m  t r ans fe r  s tep  is 
therefore  more  probable  and  th i s  m a y  well accoun t  for the  ve ry  slow reac t ion  of N - m e t h y l a c r i d a n  
(and i ts  s t ruc tu ra l  ana logues  d i h y d r o - m e t h y l n i c o t i n a m i d e  and  d ihydro-coenzym~ I) wi th  mo lecu la r  
oxygen .  Since on the  one h a n d  oxygen  reduced  preferent ia l ly  by  an  electron t r ans fe r  m e c h a n i s m  2 
and  on t he  o ther  t he  rednced  coenzyme  m a y  require  the  r emova l  of a neu t r a l  hyd rogen  a tom,  t h e r e  
is no c o m m o n  m e c h a n i s m  by  which  the  two s y s t e m s  m a y  in terac t .  

On th is  in te rp re ta t ion ,  the  func t ion  of the  f lav in- type  coenzymes  would be to act  as media to r s ,  
accep t ing  the  h y d r o g e n  a t o m  from the  d ihydro -coenzyme  and  pass ing  on an  electron to cy toch rome  c 
in which  the  Fe 3+ - -  Fe 2+ t r a n s f o r m a t i o n  m a y  be effected by  electron t ransfer .  The  c o m p o n e n t s  of 
t he  r e sp i ra to ry  cha in  would  t h e n  be graded  wi th  respec t  to chemica l  m e c h a n i s m  as well as Eo' .  
The  concep t  of a h y d r o g e n  a t o m  t r ans fe r  be tween  coenzyme  I and  s u b s t r a t e  is suppor t ed  b y  t he  
resu l t s  of WESTHEIMER, FISHER, CONN AND VENNESLAND 3 who have  p resen ted  conclusive  evidence 
of a "d i rec t  s te reochemica l ly  specific t r an s f e r "  of d e u t e r i u m  a toms .  MACKINNON AND WATERS I" have  
pos tu l a t ed  a cyclic 3-step m e c h a n i s m  for t he  enzymic  reduc t ion  of subs t r a t e s  such  as e thanol ,  
sugges t i ng  t h a t  t he  r educ t ion  is in i t ia ted  by  a radical  such  as R -S .  A l t h o u g h  t he  second s tage  in 
t he  r educ t ion  of t he  coenzyme  involves  a hyd rogen  a t o m  t ransfer ,  t he  first s tep involves  e lectron 
t r ans fe r  and  t he  scheme  does no t  therefore  appea r  to be compat ib le  wi th  ours  in its p re sen t  form. 

I t  is hoped  to pub l i sh  a more  detai led accoun t  of th is  work  in the  Aus t r a l i an  J o u r n a l  of 
Chemis t ry .  
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