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Fig. I, Revers ib i l i ty  of t h e  5 -ke tog luconoreduc ta se  
reac t ion  in Klebsiella 5K3 B ex t r ac t  as m e a s u r e d  i n  
t h e  B e c k m a n  s p e c t r o p h o t o m e t e r  mode l  DU.  Lef t  
p a r t :  react io~ of 5 -ke tog lucona te  w i th  D P N H .  T h e  
s y s t e m  con ta ined  in 3 m l  o . o z M  t r i s  ( hyd roxy l -  
me thy l )  a m i n o m e t h a n e - H C l  buffer,  p H  7.2 : 0.3/~mole 
D P N H ;  o.o25 ml  e n z y m e ;  2 / , m o l e s  5 -ke tog lucona t e  
(curve A) or water ,  D-fructose,  L-sorbose or 2-keto-  
g lucona te  (curve B) is added  a t  t h e  arrow. R i g h t  
pa r t :  reac t ion  of g lucona te  wi th  D P N .  The  s y s t e m  
con ta ins  in 3 ml  o .o2M glycocoll buffer,  p H  io ;  50 
/ ,moles  s o d i u m  g lucona te ;  0. 3 /~mole D P N  and  o.I 
ml  e n z y m e  (curve C). Curve  D:  w i t h o u t  g luconate .  

However ,  t he re  is still a n o t h e r  p a t h w a y  for 5 -ke tog lucona te  me tabo l i sm.  By  t he  m a n o m e t r i c  
m e t h o d  of COLOWICK AND KALCKAR TM, a 5-ke tog luconokinase  was  de tec ted .  5 -Ke tog lucona te  did 
no t  d i sappea r  in t h e  absence  of ATP.  The  k inase  was  p r e sen t  in g rea te s t  ac t iv i ty  in t he  Klebsiella's. 
I t  could h a r d l y  be  de tec ted  in t he  o the r  s t ra ins .  C o n c o m i t t a n t  ana lys i s  of 5 -ke tog lucona te  d isap-  
pea rance  and  CO¢ fo rma t i on  du r ing  t h e  p h o s p h o r y l a t i o n  showed t h a t  a b o u t  2 moles  of CO S a r e  
l ibera ted  per  mole  s u b s t r a t e  metabol ized .  T he  reac t ion  t h u s  proceeds  beyond  t he  p r i m a r y  phospho-  
ry la t ion ,  wh ich  we a s s u m e  to be t he  fo rma t ion  of 5 -ke to -6-phosphoglucona te .  A ca lcu la t ion  of t h e  
re la t ive  i m p o r t a n c e  of e i ther  p a t h w a y ,  based  on t he  e n z y m e  ac t iv i t ies  in  t he  ex t rac t s ,  showed  t h a t  
5 -ke tog lucona te  is me tabo l i zed  a b o u t  3o0 t i mes  as fas t  by  t he  r educ t ive  p a t h w a y  as b y  t h e  phos-  
phory la t ive .  T h a t  t h e  fo rmer  p a t h w a y  is physiological ly  t he  more  i m p o r t a n t  in our  bac te r ia  
follows also f rom t h e  above  m e n t i o n e d  e x p e r i m e n t s  on t he  sequen t i a l  i nduc t ion  p a t t e r n  of r e s t i n g  
cells. W o r k  on t h e  m e c h a n i s m  of t he  phosphoro ly t i c  p a t h w a y  is in progress .  
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The path of electrons in the respiratory chain of enzymes 

Kine t i c  s tud ies  of t he  r e sp i r a to ry  e n z y m e s  of whole  whea t  roots  a n d  bake r ' s  yea s t  1, 2, 3 h a v e  shown  
t h a t  t h e  m a i n  enzymes ,  viz. c y t o c h r o m e s  a v c and  b, f lavoprote in  (FP) and  d iphosphopyr id ine  
nucleot ide  (DPN),  are  reduced  in a charac te r i s t i c  t i me  order,  if t h e  cells or  t i s sues  are  exposed  
to anaerobiosis .  One  e x p e r i m e n t  w i t h  yea s t  y ie lded t he  following figures of t he  s t a r t  t imes  following" 
a shi f t  f rom air  to N~: 

a s c b F P  I D P N  

0.5 I.O 8.2 7.4 1 24. 7 sec 

The  reox ida t ion  (shif t  f rom N~ to air) r u n s  cons iderab ly  faster .  I t  could be shown,  however ,  t h a t  
t h e  t i m e  order  is now reversed ,  i.e. c y t o c h r o m e  b is more  rap id ly  oxidized t h a n  cy toch rome  c, etc. 
As s h o w n  f rom con t i nuous  records  of t he  spec t ra l  b a n d s  a t  increas ing  r educ t ion  af te r  anae rob ios i s ,  
t h e  g roup  c y t o c h r o m e s  as-c is nea r ly  reduced  before t he  g roup  cy toch rome  b - F P  s t a r t s  r e d u c t i o n ,  
and  D P N  s t a r t s  r educ t ion  abou t  s i m u l t a n e o u s l y  wi th  t he  comple ted  reduc t ion  of cy toch rome  b - F P ,  
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Th i s  r h y t h m i c  process ion of t he  reduc t ion  canno t  easi ly be expla ined on the  basis  of free 
c o m b i n a t i o n  of t he  reac t ing  enzymes .  A possible  exp lana t ion  is, however ,  an  in te rac t ion  of mul t i -  
molecu la r  groups .  The  wel l -known fact  t h a t  some  of t he  enzymes ,  in par t icu la r  cy tochromes  a 3 
a n d  b, are  i n t i m a t e l y  a t t a c h e d  to t he  s t r u c t u r e  of the  p ro top lasm,  suppo r t s  th is  idea. Organiza t ion  
m e a n s  a more  or less crysta l - l ike  a r r a n g e m e n t  of molecules  and  it  is reasonable  to a s s u m e  t h a t  
such  a t e n d e n c y  prevai ls  du r ing  t he  fo rma t ion  of the  s t ruc tu res ,  Each  one of the  g roups  cyto-  
ch rome  a3-c a n d  c y t o c h r o m e  b - F P  m a y  t h u s  form mul t imo lecu la r  g roups  joined by  a react ion 
cen t re  which  is composed  of a m u c h  smal le r  group of a t r ans fe r r ing  enzyme,  viz. a " fac to r" .  
Because  c y t o c h r o m e s  a s and  b are decidedly par t ic le -bound,  whereas  cy toch rome  c and  F P  pa r t l y  
go  in to  t h e  s u p e r n a t a n t ,  if t h e  cells are  homogen ized  4, it  can  be p ic tu red  t h a t  cy toch romes  a 3 
a n d  c, and  cy toch rome  b and  FP ,  respect ively,  fo rm " m i x e d  c rys t a l s " ,  viz. molecular  g roups  in 
w h i c h  t he  s t r u c t u r a l  o r ien ta t ion  of the  molecules  is de t e rmined  by  t he  par t i c le -bound  enzymes .  

I I 
f~ RI 

(~ DPN I IR2 

~ R i ~ - - ; - - ~ ~  -=  - . . . .  s 

Fig. I 

The  opera t ion  of a n  e lect ron ladder  composed  by  mu l t imo lecu la r  g roups  jo ined by  reac t ion  
cen t r e s  is v isual ized b y  t h e  s cheme  in Fig. I. T he  e n z y m e  groups  are  r ep resen ted  by  a series of 
c o m m u n i c a t i n g  vessels ,  t he  he i gh t  of  which  cor responds  to t he  o x i d a t i o n - r e d u c t i o n  potent ia ls .  
T h e  connec t ing  t u b e s  r ep resen t  t he  r eac t ing  cen t res  (R), or  " f ac to r s " ,  t h e  flowing wa t e r  t he  s t r e a m  
of electrons.  If  t h e  out f low f rom cy t och romes  aa-c is closed ( =  shi f t  f rom air  to Ns) th i s  vessel  
will be filled ( =  reduced) before t h e  level of c y t o c h r o m e  b - F P  can  s t a r t  r ising, etc. A t  reoxida t ion  
( =  sh i f t  f rom Nz to air) t h e  outf low f rom cy t och romes  a3-c is first  not iced as a s ink ing  level 
of D P N .  In  t he  s t e a d y  s t a t e  of con t i nuous  flow ( =  no rma l  respira t ion)  t he  level in each vessel  
will depend  upon  t he  re la t ive  v o l u m e  of t he  vessels  ( =  n u m b e r  of e n z y m e  molecules),  t h e  i n t ens i t y  
of  t he  flow ( =  t he  ac tua l  electronic a c t i v i t y  of t he  to ta l  sys tem) ,  and  t he  t u r n o v e r  capac i ty  of 
t he  reac t ion  cen t res  ( =  t h e  effect ivi ty  of t he  factors).  

The  ex i s t ence  or non-ex i s tence  of mu l t i mo l ecu l a r  g roups  of resp i ra to ry  enzymes  can  pre-  
s u m a b l y  be t e s t ed  by  m e a n s  of e lec t ron microscopy.  Of special  i n t e res t  is to  know if t he  molecules  
are  a r r anged  in layers  or  in more  crysta l - l ike  s t ruc tu res .  As to t he  p roposed  " reac t ion  cen t r e s "  
a t t e n t i o n  is called to resu l t s  ob ta ined  f rom s tud ies  of p h o t o s y n t h e s i s  s,8. These  h a v e  s h o w n  t h a t  
large  g roups  of chlorophyl l  molecules  are p robab l y  t r a n s m i t t i n g  l igh t  ene rgy  via reac t ion  cent res  
to o the r  b iochemica l  s y s t e m s  which  are  us ing  th i s  energy  for r educ t ion  of ca rbon  dioxide.  
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