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Breakdown of heptuloses in Escherichia coli 

In view of the increasing interest  in the role of sedoheptulose phosphate  in the metabol ism o f  
glucose and pentose in animals 6, plants  l, and micro-organisms a, it appears  worthwhile  to report  some 
exper iments  on tile degradation of various heptuloses  by t:~. coli,  which have been carried out  in 
the frame of a broader s tudy  to be reported elsewhere. 

The organism was cult ivated on a mineral m ed i um  3 containing 0.2 °i) glucose, D-xylose, D ribose 
or L-aral)inose, as well as on 0. 5 % },east ext rac t  with and wi thout  0.05 % glucose. Cells were harvested 
from 16 24 hour-old cultures, vigorously aerated at 37 ~ C. Oxidation was measured at 3 ° ,  by the  
conventional XVarburg techniques.  The cells (25 mg of wet  cells), suspended in o.05 fll phost)hate 
butter, p H  6.8, did not  oxidize sedoheptulose,  glucoheptulose, mannoheptulose  or sedoheptulosan 
monohydrate ,  nor did oxidation of sedoheptulose occur in the presence of glucose or ribo:se. 

In  a fur ther  series of experiments,  the t ransfer  of the terminal  phosphate  group from adenosine 
t r iphosphate  (ATP) to heptuloses in cell-free extracts  prepared by grinding the bacteria with a lumina 
powder  s was studied manometr ical ly  4. 

Only the extract  prepared from cells grown on yeast  extract-glucose-medium, phosphoryht ted  
sedoheptulose to a considerable extent  (Fig. i}. Ex t rac t s  of cells grown on yeast  extract  alone 
phosphoryla ted  sedoheptulose slowly and only when the concentrat ion of the enzyme was increased 
five-fold (equivalent to tSO nag of wet cells). No other heptuloses were affected by the extracts .  
(Mannoheptulose was tested only with extracts  (7t" yeast-glucose grown cells.) 

Sedoheptulose is not only phosphoryla ted  by tile ab!)ve extract ,  bu t  is also oxidized {Fig. [). 
The inability of the corresponding intact  cells to oxidize tile heptose coukt, therefore, be a t t r ibu ted  
to a permeabil i ty barrier. Tha t  the phosphoryla t ion  product  is probably  fur ther  metabolized by 
extracts  of P2. coli  is indicated by the degradat ion of sedoheptulose-7-phosphate , which takes place 
in these extracts,  as has previously been demons t ra ted  2. 

Fig. 1. Oxidation and phosphoryla t ion of 
sedoheptulose by  extracts  of E.  coli  grown on 
yeast-extract  glucose mcdimn. Oxidation 
(O - Q ) :  tile flasks contained in the main I00 
compar tmen t  0.9 ml extract  (equivalent to 
18o mg wet  cells); o.i ml (o.i mg) of tr iphos- 
phopyridine nueleotide and o. i ml of MgC12. 
6H20 (0.09 M). One side arm carried 0. 3 mg sO 
of phenazine methosulphate  in o.2 ml of tris 
buffer p H  7.o; in the second arm:  o.i m l o f  
A'I'P (sodium salt) (91~3I) and o.6 ml (9/ti l l)  
substrate .  The center well contained o.2 ml _z 6 0  

2o % KOH. Final volume, 2.o ml; gas phase, 
air; temperature ,  3 °o C. Endogenous  values 
subtracted.  Phosphoryla t ion:  (A -l ,)  sedo- 
heptulose, ( I  . . . .  m) endogenous;  ( +  - + )  40 
eluted chromatographed  filter paper  t reated 
as tha t  used in the prepara t ion of sedohep- 
tulose. Each flask contained in the main well, 
o.l 5 ml of bacterial extract  (equivalent t o  20 
3 ° mg wet cells); o. 4 ml of o.o8 M NaHCO a; 
o.~ ml of o. 4 J l  KF;  o.1 ml of MgCI2.6H20 
and o.2 ml of subs t ra te  (3/,:11). The side arm 

0 received 9 ! ~.~I ATP in o. 4 ml of o.o2 31 
NaHCO 3. Final volume, 2.o ml; gas phase, 

75% N2 5°o COe; temperature ,  3 ° :  C. 
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In this connection it may  be interesting to record tha t  a red yeast, R h o d o l o r u l a  m u c i l a g i n o s a ,  
has been isolated in this labora tory  from an exposed solution of mannoheptu lose  and has been found 
to utilize this sugar  as well as glucose. After this invest igation had been completed, SATO el al. l° 
reported the isolation of a B a c i l l u s  strain which can utilize sedoheptulose adaptively,  and MOORE 
el al. ~ demonst ra ted  the utilization of sedoheptulose and the oxidat ion of heptoses by  various bacteria. 

Sedoheptulose was prepared by  hydrolysis  of sedoheptulosan monohydra te  in o.2 N HC1 for 
half an hour  at IOO ~' C. I t  was separated by descending ch roma tog raphy  (Wha tman  No. I), using 
water -sa tura ted  phenol as a solvent. The band corresponding to R F value 0.44 was cut out, washed 
with ether, and eluted with water  by  the capillary descent procedure. Mannoheptulose was prepared,  
in collaboration with Dr. E. SIMON (\Veizmann Ins t i tu te  of Science) from avocado pears (Cnllinson 
variety) by the method of LAFORGEL 
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On the prosthetic group of succinic dehydrogenase* 

' [ 'he p r o b l e m  of t h e  p r o s t h e t i c  g r o u p  of s u c c i n i c  d e h y d r o g e n a s e  ha s  been  t h e  s u b j e c t  ()1 mLa'h 
c (mjec tu r e ,  b u t  a d e f i n i t i v e  e x p e r i m e n t a l  a p p r o a c h  to  i t s  s t u d y  h a d  to  a w a i t  t h e  i s o l a t i o n  of t h e  
t /u re  e n z y m e .  S ince  t he  s u g g e s t i o n  of .~kXELROD el al. l, b a s e d  on u u t r i t i o n a I  e x p e r i m e n t s  t h a t  I luvi~ 
m a y  be  t he  p r o s t h e t i c  g r o u p  of t h e  e n z y m e ,  t h e  p r e s e n c e  of a f lavin  m o i e t y  in t he  d e h y d r o g e n a s e  
ha s  been  w i d e l y  s p e c u l a t e d  upon .  O t h e r  i n v e s t i g a t o r s  f a v o r e d  t i le  v i e w  t h a t  t i le  p r i m a r y  dehydr( ) -  
g e n a s e  is a h e m o p r o t e i n ,  p o s s i b l y  i d e n t i c a l  w i t h  c y t o c h r o m e  B. The  a v a i l a l / i l i t y  of e s s e n t i a l l y  
l l ( m l o g e n e o u s  p r e p a r a t i o n s  of t h e  e n z y n l e  e h a s  o p e n e d  t i le  w a y  to  a c r i t i c a l  re e x a n l i n a t i o n  of t he  
p ro l J lem.  

T h e  a u t h o r s  h a v e  r e p o r t e d  t h a t  t he  p r o s t h e t i c  g r o u p  of t h e  d e h y d r o g e n a s e  c o n t a i n s  i ron  l in t  
m~t in t he  form of heroin'2, :j. The  t o t a l  i ron c o n t e n t  e q u a l s  t h e  i n o r g a n i c  i ron  wh ich  is l i b e r a t e d  as  
Ire t 4 by  b o i l i n g  or ac id i f i ca t i on .  U l t r a c e n t r i f u g a l I y  h o m o g e n e o u s  p r e p a r a t i o n s  of t h e  d e h y d r o g e n a s e ,  
p r e p a r e d  from /~,esh m i t o c h o n d r i a l  a c e t o n e  p o w d e r s  c o n t a i n  l g a t o m  of Fe-  - p e r  0o,ooo to  05,ono g 
p r o t e i n ;  s i m i l a r  p r e p a r a t i o n s  i s o l a t e d  f rom s t o r e d  a c e t o n e  p o w d e r s  ( seve ra l  m o u t h s  a t  l o ) c o n t a i n  
l g a t o m  F e - -  p e r  ~ to ,ooo  to  I3o ,ooo  g. F r o m  t h e  p r e l i m i n a r y  v a l u e  of t h e  m o l e c u l a r  w e i g h t  ( a b o u t  
~4o,ooo, b a s e d  on s e d i m e n t a t i o n  r a t e  a n d  diffusion3),  i t  m a y  be c o n c l u d e d  t h a t  t h e  t w o  t y p e s  of 
p r e p a r a t i o n s  c o n t a i n  2 a n d  i g a t o m  of Fe  ~; p e r  mole ,  r e s p e c t i v e l y .  S ince  by  p h y s i c o - c h e m i c a l  
c r i t e r i a  t he  two  p r e p a r a t i o n s  a p p e a r  i d e n t i c a l  a n d  s ince  t h e  speci f ic  a c t i v i t y  v a r i e s  wi th  t he  iron 
c o n t e n t  2, i t  s e e m s  t h a t  b o t h  i ron  a t o m s  are  n e e d e d  for full  a c t i v i t y  a n d  t h a t  one  of t h e  t w o  b e c o m e s  
r e a d i l y  hd / i l i zed  a n d  los t  on s t o r a g e  or p u r i f i c a t i o n .  In  c o n t r a s t ,  t h e  i ron  in t i le  one - i ron  t y p e  of 
p r e p a r a t i o n  is so s t r o n g l y  he ld  t h a t  n e i t h e r  d i a l y s i s  a g a i n s t  buf fer  or F e + ~ - c h e l a t o r s  nor  p a s s a g e  
t h r o u g h  c a t i o n  e x c h a n g e r s  l i b e r a t e s  it ,  a l t h o u g h  i t  is se t  free on d e n a t u r a t i o n .  I ron  c o m p l e x o r s  
( o - p h e n a n t h r o l i n e ,  8 - o x y q u i n o l i n e ,  t h i o c y a n a t e ,  a,~F-bipyridyl, versene ,  i ron-spec i f ic  ve r sene)  do  no t  
i n h i b i t  t he  e n z y m e  b u t  t h e  a p o - p r o t e i n  of c r y s t a l l i n e  i l l - g l o b u l i n  f rom p l a s m a  s t r o n g l y  inh i l ) i t s  t he  
d e h y d r o g e n a s e ;  t h i s  c a n  be p r e v e n t e d  a n d  p a r t l y  r e v e r s e d  lay fe r rous  iron.  W h i l e  o p h e n a n t h r o l i n e  
does  n o t  i n h i b i t  t h e  e n z y m e ,  i t  fo rms  a red  c o m p l e x  w i t h  i t  a n d  t i le  r e s u l t i n g  s p e c t r u m  is s i m i l a r  
to  b u t  n o t  i d e n t i c a l  w i t h  t h a t  of f e r rous  o - p h e n a n t h r o l i n a t e .  The  o - p h e n a n t h r o l i n e  c o m p o u n d  of 
succ in i c  d e h y d r o g e n a s e  h a s  full  a c t i v i t y :  i t  is l ) l eached  by  s u c c i n a t e  in t he  s a m e  w a y  as t he  free 
e n z y m e ,  a n d  i t  does  n o t  d i s s o c i a t e  on d i a ly s i s .  

The  a b s o r p t i o n  s p e c t r u m  of succ in i c  d e h y d r o g e n a s e  (Fig.  l) is a t y p i c a l  for a t l awTpro te in :  t h e r e  
is no d e t i n i t e  m a x i n m m  in t h e  r eg ion  of 46o or 375 In/*; t h e r e  is a g r a d u a l l y  i n c r e a s i n g  a b s o r p t i o n  
be low 4oo m/* as wel l  as  a m e a s u r a b l e  a b s o r p t i o n  in t he  e n t i r e  v i s ib l e  r ange .  The  e n z y m e  is p a r t l y  
b l e a c h e d  b y  h y d r o s u l f i t e  a u d  t h e  r e s u l t i n g  d i f fe rence  s p e c t r u m  ( F i g . ) ,  inser t )  e x h i b i t s  a m a x i n m m  
a t  46o m/, .  S u c c i n a t e  b l e a c h e s  t he  e n z y m e  less c o m p l e t e l y  t h a n  h y d r o s u l f i t e  a n d  t h i s  r e d u c t i o n  is in-  
h i lJ i ted  b y  m a l o n a t e .  T h e  p r e p a r a t i o n  s h o w n  in Fig.  i is t he  one - i ron  t y p e  ; t i le  t w o - i r o n  e n z y m e  s h o w s  
a l m o s t  5 ° ° '  o m o r e  co lor  a t  a n d  t /e low 45o m/, ,  w h e r e a s  a b o v e  52o In/i, w h e r e  t he  i ron m o i e t i e s  ()l 
o t h e r  f e r r o f l a v o p r o t e i n s  a a re  t h o u g h t  to  a b s o r b  l i gh t ,  t h e  t w o - i r o n  e n z y m e s  s h o w s  t w i c e  as m u c h  color .  
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