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It has been demonstrated that the oxidation or fermentation of pentoses by 
E. coli 2°,4,8,1, A erobacter cloacae n and Laatobacil lus ~hentosus~l,2~, 24 are adaptive 
processes. The presence of pentose-isomerase in E. coliS, 9.* and other bacteria~, TM, 
tends to show that part of the adaptation to the sugar involves the conversion of 
the aldopentoses into the isomeric keto-sugars. 

The present study deals with the effects of the media, more especially the 
presence of certain sugars in them, on the oxidation, phosphorylation and isomeri- 
zation of pentoses by E. coll. 

EXPERIMENTAL 

Materials. The carbohydrates  used were high grade commercial preparat ions.  Xylulose was  
prepared according to the procedure of LEVENE AND TIPSON ~s from its monoacetone compound ,  
kindly supplied by  the labora tory  of Prof. A. R. TODD, Cambridge. I t s  pur i ty  was assayed 
chromatographically,  using phenol sa tura ted  wi th  water  as the solvent and spraying with aniline 
phtha la te  reagent 3°. Only one spot  was observed, with a R F value 0.5934. Adenosine t r iphosphate  
(ATP), ba r ium salt, a product  of Delta Chemical Works, was converted into the sodium salt  
before use. Tr iphosphopyridine  nucleotide (TPN) (80%) was obtained from the Sigma Chemical 
Company.  Phenazine methosulpha te  was prepared from phenazine, according to HILLEMANN 17. 

Preparation o/ resting cells and extracts. Cultures of E. coli K-I2 were maintained on 0. 5 % 
Difco yeast  extract  agar slants, with the addition of 0.2 % of the corresponding sugar. Cells 
from an 8 hour  slant  culture were inoculated into a 4-liter Er lenmeyer  flask containing 1. 5 liters 
of either a mineral medium 4 wi th  0.2 % of the various sugars  or 0. 5 % Difco yeast  extract  with 
0.05 % of the various sugars. The cultures were aerated vigorously and incubated for 16 to 24 hours  
at 37°; the cells were harvested in a Sharples supercentrifuge and washed twice wi th  chilled 
o .9% KC1 solution. 

Cell-free extracts  were prepared by  grinding the cells with a lumina powder  (A-3oi, Aluminum 
Company  of America), as described by  MCILwAIN ~. The ground cell paste  was t r i tura ted  with 
5 ml cold o .9% I~CI solution per gram of original wet  cells and then centrifuged in a Servall 
type SS-I centrifuge at 23,ooo × g for 3 ° minutes at 2 °. The resulting clear viscous yellow solution 
was stored at - - 2 0  ° . 

Manometric measurements. Oxygen uptake  was measured by  the conventional  W a r bu r g  
manometr ic  techniques s3. The phosphoryla t ion of the various sugars was determined by  the 
manomet r ic  method  of COLOWlCK AND KALCKAR 10. 

* Par t  of a thesis submi t ted  by  U. Z. LITTAUER to the Hebrew University, Jerusalem, in 
part ial  fulfilment of the requirements  for the degree of Doctor  of Philosophy. 

* *  The work on xylose-isomerase appeared after the present  investigation had been completed.  
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])c~l[osc-l.~olllcv~.~t!. ILiiz~l/lic' a ~ t i \ ' i t v  w a s  i/le~lstlre(l ~tc~'~)rding to  C()I IL ,~  N ll~;it/g kilt' CVNtCIlI(! 
e a r b a z o l e  co l (mr  r e a c t i o n  la, \v i th  t h e  K l e t t  %Umlners rm c~ , lo r ime le r  a t  54 ° m,¢ (f i l ter  N~,. 51). 

Pe~dose delermimdioJ~. T h e  twcino] n ' Je thod  (~f I)RUJ~Y H w~ls t lsed a n d  r e a d i n g s  w o r e  t a k e n  
at 1>7o nut w i t h  t h e  l~ ,eckman 1)1' .Model sl)ectr()t)h()t()Tneter.  

RESULTS 

Oxidation 

Resting cells previously grown in a mineral medium were compared with cells 
grown in yeast extract medium, both media containing glucose or various pentoses 
as the carbohydrate source. 

Mineral  medium. Ghmose-grown cells oxidized glucose rapidly, but oxidized 
x.-arabinose and I)-xylose only after a lag period of 4 ° and 8o minutes, respectively, 
as has also been reported by COHEN4, ~. With D-ribose, the lag period lasted four 
hours, during which some oxidation occurred. Xylulose and D-arat~inose were not 
at tacked (Fig. 1A). 

(;ells grown on the various pentoses rapidly oxidized the corresponding pentoses 
and I)-ribose, but D-xylose and ~=arabinose only after a lag period. On I)-arabinose, 
bacteria failed to grow. 

Xylulose was oxidized only by xylose-grown cells, at a rate much lower than 
that  of xylose (the oxygen consumption after 2o minutes was i i 8  tL1 for xylose, and 
16/xl for xylulose) (Fig. ii3). 

The inability of glucose-grown cells to oxidize xylulose, though they oxidized 
xylose, was rather unexpected. Also, when xylulose was added to resting cells after 
the oxidation of xylose was just completed, no further oxidation occurred ; xyhllose 
(I.5 /x=l/) was not oxidized when incubated together with xylose (1.5 /~M) or glucose 

(~.5 t~.~f). 
Yeast extract medium. As the oxidation of a pentose in a mineral medium ap- 

peared to depend entirely upon the presence of that sugar in the medium, it was 
of interest to determine whether this correlation is altered by growing the cells in 
a richer medium, such as yeast extract, containing preformed metabolites. 

Resting cells obtained from a medium containing o.5°'; yeast extract oxidized 
ribose immediately, but L-arabinose, D-xylose and D-xylulose were oxidized only after 
a prolonged lag period (Fig. IC). Resting cells obtained from a medium containing 
o.5~'0 yeast extract and o.o5°;, glucose oxidized ribose and ~)-xylulose immediately, 
and L-arabinose and I)-xylose only after prolonged lag periods. D-Arabinose was not 
oxidized under any conditions (Fig. ID). 

Oxidation by cell-/ree extracts. In order to determine whether the fact that  xylose- 
grown cells oxidized xylulose more slowly than xylose is due to a permeability 
barrier, experiments were carried out with cell-free extracts. Contrary to the results 
with resting cells, extracts obtained from xylose-grown cells oxidized xylulose at 
a higher rate than xylose (Table i). The extracts, kept for several days at - -2o '~, 
partially lost the ability to oxidize xylose, while xylulose-oxidation remained 
practically unaffected. 

Since glucose-grown cells oxidized xylose rapidly after adaptation, but failed to 
at tack xylulose even after adaptation to xylose, it was interesting to examine the 
ability of extracts of such cells to oxidize xylulose. The cells were washed and divided 
into three portions of I g each. From the first, a cell-free extract was prepared, and 
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Fig. I. Oxidation of pentoses by cells grown on various media. Each flask contained, in the main 
well, I.i ml of o.i M K-Na phosphate buffer pH 6.8, and 0. 5 ml bacterial suspension (25 mg 
wet cells) ; in the side arm 0.2 ml of the substrate solution (3/,M). The center well received 0.2 ml 
2 o % KOH. Final volume 2.o ml ; gas phase air ; temperature 3 ° °. ( + - -  +) L-Arabinose, ( • - - - -  • ) 
D-ribose, ( O - - - O )  D-xylose, (0 - - - -0 )  D-xylulose. A. Mineral medium + glucose. B. Mineral 
medium + xylose. C. Yeast extract. D. Yeast extract + glucose. Endogenous values subtracted 

from each curve. 

the oxidat ion of xylose and of xylulose was determined.  The second was suspended 

in 72 ml 0.I M phosphate  buffer pH  6.8 and I 2 0 / z M  xylose in a final volume of 
80 ml. The third, in a similar suspension but  wi thout  xylose, served as a control. 

The mix tures  were shaken in a 25 ° m l  Er lenmeyer  flask, at 30 ° for 4 hours, the t ime 
r e q u i r e d - - a c c o r d i n g  to independent  exper iments  in Warburg  v e s s e l s - - f o r  the 

complete  oxidat ion of xylose. After  collection, the cells were washed twice with 4 ° ml 

cold 0.9% KC1 solution and extracts were made. Samples of the various preparations 
were taken for manometric determination of the rate of xylose oxidation. 

Table I shows that after adaptation to xylose the extract oxidized xylulose to 
a considerable extent, while xylose was almost unaffected; it was oxidized, although 
slowly, when the enzyme concentra t ion was doubled. This ve ry  low rate  of xylose 
oxidat ion  was not unexpected  since in rest ing cells the Qo~ for xylose in the course 
of the adapta t ion  to the sugars had been small. 

Pentose- i somerase .  The presence of pentose-isomerase was established in ex t rac t s  
obta ined from cells grown in mineral  media containing various sugars. Table I I  

demons t ra tes  the specificity of the isomerase to the pentose in which the cells were 
grown. No isomerase, however,  was found in ribose- and glucose-grown cells. 
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"1":\ 1 3 I A  t 1 

O X I D A T I O N  O K  X \ ' L O N E  A N D  X Y L I .  I . O S E  FIY R E S T I N ( ~  ( E I . L S  . \ N D  t i ; X T R A C T S ,  

k N l )  F O R M . X T I O N  O F  I N O M E R A N E  

Ot~d,*li, m ~;~, cUr,tct~ 

Cells  grown r~n ,~uhstrah' ()lL, ~ id 0.~** 

Xylose Xylost, 354 4~) ~o2 
X_vlulose 48 7¢~ ion 

Glucose Xylose o i o s 
Xylulose it? 4 0 

Glucose, incubated with xylose Xylose I I 2 5 5 
Xylulose 14 -'3 48 

Glucose, incubated wi thout  xylose Xylose o i1 i2 
Xylulose o 0 ~ 4 

.¥ I'[o~e i s .mcras , ' "  "* 
G . R ,  

3 e 

* Oxygen consumpt ion  of resting ceils calculated per 25 mg wet cells. 
** Each \Varburg  flask contained in the main compar tmen t  0. 5 ml extract  (equivalent t .  

l oo mg wet cells), o. i ml (o.1 mg) TPN and o. l ml MgCI~-6H20 (o.06 M). One side a rm contained 
o. 3 mg phenazine methosulpha te  in o.2 ml of tris troffer p H  7.o;i  n the second side a rm:  o.i ml 
Na-ATP (9/~21J) and o.6 ml (9 II M)  substrate .  The center well contained 0.2 ml lo°~ KOH. Final  
volume 2.o ml; gas phase air; t empera tu re  3 ° . 

alues given as corrected galvanometer  readings {el, Table lI).  
F rom all figures, the endogenous values have been subtracted.  

"1".\ BI.E I1 

P E N T O S E - I S O M E R A S F S  I N  E X T R A C T S  F R O M  C h ' L L S  G R O ~ V N  O N  V A R I O U S  S U G A R S  

S u g a r  in  ~nedla* 
,Suhslr~t te ~ - 

D - X y l o s e  i) I~ihose L-A rabi~ose  Glucose 

D-Xylose 82 2 o 7 
D-Ribose 5 o o 4 
L-Arabinose 4 o 52 6 
D-Arabinose 5 3 4 ~ 

* Mineral media was used. 
Each  test  tube  contained:  0.25 ml extract  (equivalent to 5 ° mg wet cells) ; 0 / t M  substratc~ 

o.6 ml o.o 5 .~I tris buffer pH 7.5; final w)lume 2.o m l  Incuba t ion  tempera ture  3 o°. Aliquots 
of o.i ml were taken at o and 6o rain and added to o.9 ml o. t N HC/. Values given as ga lvanometer  
readings were determined hy subtract ing the reading of the endogenous product  from the complete 
system, and correcting for similar differences at zero time. 

P h o s p h o r y l a t i o n  

T h e  p h o s p h o r y l a t i o n  of  x y l o s e  b y  L .  p e n t o s u s  h a s  b e e n  i n v e s t i g a t e d  b v  

LAMPEN~3, 24 a n d  MITSUHASI AND LAMPEN 29. I n  E .  col i ,  p h o s p h o r y l a t i o n  s t u d i e s  h a v e  

so  f a r  b e e n  c o n f i n e d  t o  I ) - a r a b i n o s e  a n d  D-r iboseS,  7.. I t  w a s  t h e r e f o r e  of  i n t e r e s t  t o  

f o l l o w  u p  in  t h i s  o r g a n i s m  t h e  p h o s p h o r y l a t i o n  of  x y l o s e  a n d  x y l u l o s e  a n d  t o  see  

w h e t h e r  i t  is  a l s o  g o v e r n e d  b y  a d a p t a t i o n  to  t h e  s u g a r  a n d  c o r r e l a t e d  w i t h  t h e  

o x i d a t i o n  of  t h e  p e n t o s e s .  

* Phosphoryla t ion of ribose was reported very recently, also, by HICALI) AN l) 1.ON¢; 16 and I.OXG 2a. 
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Mineral media. D-Ribose and D-xylulose were phosphorylated at a very slow 
rate, by extracts of glucose-grown cells, while D-xylose, L-arabinose and D-arabinose 
were not attacked at all. The extracts of xylose-grown cells phosphorylated xylose, 
xylulose, ribose and glucose; those of D-ribose-grown cells phosphorylated glucose 
and ribose, but none of the other sugars (Fig. 2). 

Yeast extract media. Active extracts for phosphorylation experiments were 
obtained from cells of 22-hour old cultures. Extracts of cells grown on yeast extract 
medium without sugar, phosphorylated D-ribose rapidly, while xylulose was only very 
slowly attacked; D-xylose, L-arabinose and D-arabinose were inert. When 0.05% 
glucose was added to the medium, the cell-free extracts phosphorylated glucose and 
ribose and, to a considerable extent, xylulose. D-Xylose and L-arabinose were again 
not affected (Fig. 2). 
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Fig. 2. P h o s p h o r y l a t i o n  of pentoses  by  ex t r ac t s  of cells grown on minera l  and  yeas t  e x t r a c t  media .  
Each  f lask conta ined,  in the  main  well, o.15 rnl bac te r i a l  e x t r a c t  (equiva len t  to 3 ° mg  we t  cells);  
o. 4 ml  of o.o8 M NaHCO3;  o. i ml  of 0. 4 M K F ;  o. i ml of o.o6 M MgCI~. 6H~O and  o.2 ml  s u b s t r a t e  
(3 ~M).  The  side a rm  received 9 /~M ATP in o. 4 ml  of o.o2 M NaHCO v F ina l  vo lume  2.0 ml ; 
gas  phase  9 5 %  N~ + 5 %  CO2; t e m p e r a t u r e  3o°; i ncuba t ion  t ime  12o min. E = endogenous ;  

K = D-xylulose;  A = L-arabinose;  R = D-ribose; X = D-xylose. 

DISCUSSION 

It  has been shown by COHEN 4,6 that the oxidation and fermentation of pentoses 
by  E. coli are strictly specific' they are dependent on the presence of the particular 
sugar in the medium. Glucose-grown cells attack the pentoses only after a lag period, 
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in the course of which adaptation {)ccurs. Similar findings haw' 1)~'~'n rep{)rt{'d for 
~4 erobacter cloacae 1 ~. 

The present study of tile oxidation of pentoses by E. colt, shows that cells a~{' 
also induced to oxidize ribose when grown on D-xylose and L-aral)in{}se. In the east} 
of ribose, therefore, the specilicity is not as strict as for the other p{,ntoscs. 

The composition of the medium, also, has an effect on the f{wmation of the 
enzymic pattern of the bacterial cell (see, for similar obserwttions in the case ()f 
acetate metabolism in E. celia2). For example, the oxidation of ribose hv cells har- 
vested from yeast extract media is peculiar to E. coll. Other microorganisms, such 
as L. pentosus el, Aerotmcter cloacae 11, and Streptomyces coeIicolor a are ridable to oxidize 
ribose when grown in the presence of yeast extract, although they can do so when 
grown in the presence of ribose. Furthermore, the length of the lag period for the 
adaptation to oxidize D-xylose and Darabinose varied with the composition of the 
medium: it was shorter in a mineral than in a yeast extract medium. 

The behavionr of xylulose is even more peculiar. In a mineral medium, only 
xylose-grown cells oxidized xylulose, while cells grown on glucose or other pentoses 
failed completely to do so, even though they oxidized xylose after a lag period. ()n 
the other hand, cells harvested from a medium containing only yeast extract oxidized 
xylulose after a lag period, but oxidized it immediately when a very small amount 
(o.o5 %) of glucose was added to this medium. Perhaps, under these conditions, the 
bacteria form xylulose from glucose via a sugar acid (5-keto-D-mmmonic acid) and 
thus become adapted to D-xylulose. Several such pathways have been reported. 
though not in bacterial systems ar',al. 

According to LAMPFN 22, the frst  steps in the fermentation of D-xytose by 
L. pentosus, are represented by the following scheme: 

xylose  ~+ xylul(~sc > pen tose  p h o s p h a t e  ) -  C., Ca-plmsphat{: 

Xylose-5-phosphate is not attacked by the bacterial extracts2~; it cannot, therefore, 
be an intermediate of this sequence. A similar pathway has also been observed in 
Pseudomo~zas hydrophila is, l~., 

The present experiments with E. colt show that intact cells, previously grown 
in a mineral medium with xylose, are only partly permeable to xylulose; when the 
barrier of the cell membrane is removed, xyhllose is oxidized by the extracts much 
faster than xylose. The high rate of xyluh)sc-oxidation indicates that in E. c~di, too, 
this compound may he an intermediate in the degradation of xylose. That the first 
step in xylose degradation might be isomerization to xvlnlose is in accordance with 
the observed adaptive formation of xylose-isomerase both by xylose-grown cells and 
by resting cells, which had been adapted to xylose. In contradistinction to L. pentoscts, 
extracts of E. colt degrade xylose-5-phosphate2; in the latter case, therefore, phos- 
phorylation may occur before isomerization. On the whole, however, the pathway 
of xylose (and xylnlose) degradation appears to be i)arallel in hoth organisms. 

Our knowledge of the course of L-arahinose degradation is less complete. The 
observation that extracts of Darahinose-grown cells contain a specific isomerase for 
L-arabinose, tends to show that in this case, too, the formation of the corresponding 
keto-isomer mav precede degradation*. The complexity of this degradation is indi- 
cated by the formation of D-phosphoglyceric acid from DarabinosO. This can mean 

- - D r _ J .  O. I.AMP~:N k ind ly  in fo rmed  us {}f anal{~gous obstq-vati(ms in th{* case ~}1' /_. /~entosHs. 

f?e/erences /~. 5 7o. 



VOL. 1B (I955) METABOLISM OF PENI'0SES IN E.  coli 52 9 

t h a t  a t  t h e  s t a g e  of g l y c e r a l d e h y d e - 3 - p h o s p h a t e  or  of 3 - p h o s p h o g l y c e r i c  ac id  i t se l f ,  

a n  e q u i l i b r i u m  ex i s t s  w i t h  a s u b s t a n c e ,  l a ck i ng  a n  a s y m m e t r i c  c a r b o n  a t o m ,  w h i c h  

is r e - c o n v e r t e d  (or f u r t h e r  c o n v e r t e d ,  as t h e  case  m a y  be) in  a s te reospec i f ic  m a n n e r .  

A n  i n d i c a t i o n  of s u c h  a p o s s i b i l i t y  h a s  b e e n  r e p o r t e d  r e c e n t l y  in  t h e  case  of Azo to -  

bacter v ine land i i  ~s, in  w h i c h  t h e  t r a n s f o r m a t i o n  of g l y c e r a l d e h y d e - 3 - p h o s p h a t e  t o  

p y r u v i c  ac id  t h r o u g h  t h e  a c t i o n  of t r iose  p h o s p h a t e - d e h y d r o g e n a s e  a n d  eno l a se  

t a k e s  p lace .  

I n  t h e  case  of r i bose  n o  i s o m e r a s e  cou ld  be  f o u n d ,  t h u s  i n d i c a t i n g  t h a t  r i b o s e  

m a y  be  d i r e c t l y  p h o s p h o r y l a t e d  to  a r i bose  p h o s p h a t e .  R i b o s e  is e x c e p t i o n a l  in  

a n o t h e r  r e s p e c t  as  wel l ;  i t  is  p h o s p h o r y l a t e d  b y  cells  g r o w n  on  o t h e r  p e n t o s e s .  T h i s  

is a lso t h e  case  w i t h  L.  pen tosus  23. 

I t  s h o u l d  be  p o i n t e d  o u t  t h a t  t h e  a b i l i t y  of t h e  b a c t e r i a l  e x t r a c t s  to  t r a n s f e r  

t h e  t e r m i n a l  p h o s p h a t e  g r o u p  f r o m  A T P  to  t h e  v a r i o u s  s u g a r s  is p a r a l l e l e d  b y  t h e i r  

a b i l i t y  to  ox id ize  t h e s e  sugar s ,  t h u s  i n d i c a t i n g  a close r e l a t i o n s h i p  b e t w e e n  b o t h  

p rocesses  TM. 

SUMMARY 

The oxidation, phosphorylation, and isomerization of pentoses by Escherichia coli are 
reported. 

i. Resting cells grown on mineral media containing pentoses, rapidly oxidize the corre- 
sponding pentoses and n-ribose, but  oxidize D-xylose and L-arabinose only after a lag period. 
Xylulose is slowly oxidized only by xylose-grown cells. 

2. Cells grown on yeast extract  oxidize ribose rapidly and L-arabinose, D-xylose and D- 
xylulose only after a lag period. Cells from a yeast-extract glucose medium immediately oxidize 
xylulose as well. 

3. Extracts  from xylose-grown cells oxidize xylulose at  a higher rate than xylose itself. The 
behavior of xylulose appears, therefore, to depend on permeability conditions. 

4- Xylose is converted to xylulose; L-arabinose is isomerized before it is degraded. E. coli 
does not contain a specific ribose-isomerase. 

5. Extracts  of cells grown on a mineral medium containing glucose phosphorylate, although 
slowly, only D-ribose and D-xylulose; extracts of xylose-grown cells phosphorylate xylose, 
xylulose, ribose and glucose while those of ribose-grown cells phosphorylate ribose and glucose. 
Extracts  of yeast-extract-grown cells phosphorylate ribose rapidly, and xylulose very slowly, 
whilst those growing in a yeast-extract-glucose medium rapidly phosphorylate xylulose also. 

Rt~SUMI ~, 

Les auteurs ont 6tudi6 l 'oxydation, la phosphorylation et l 'isom6risation des pentoses par  
Escherichia coll. 

i. Des cellules non prolif6rantes, obtenues sur des milieux min6raux renfermant  des pentoses, 
oxydent rapidement les pentoses correspondants et le n-ribose, mais n 'oxydent  le n-xylose et le 
L-arabinose qu'apr~s une p6riode de latence. Le xylulose n 'est  oxyd6 que par des cellules cultiv6es 
en pr6sence de xylose, mais lentement. 

2. Des cellules cultiv6es sur un extrait  de levure oxydent rapidement le ribose et le L- 
arabinose, le D-xylose et le D-xylulose seulement apr~s un temps de latence. Des cellules obtenues 
sur un Inilieu renfermant  du glucose et de l 'extrait  de levure oxydent imm6diatement le xylulose 
6galement bien. 

3. Des extraits de cellules cultiv6es en pr6sence de xylose oxydent le xylulose plus r i t e  que 
ie xylose lui-mg~me. Le comportement du xylulose semble donc d6pendre de conditions de per- 
m6abilitd. 

4. Le xylose est transform6 ei1 xylulose; le L-arabinose est isom6ris6 avant  d 'etre (l~grad¢. 
E. coli ne renferme pas de ribose-isom6rase sp6cifique. 

5. Des extraits de cellules cultiv6es sur un milieu min6ral renfermant  du glucose ne phos- 
phorylent, lentement d'ailleurs, que le n-ribose et le D-xylulose; des extraits de cellules cultivdes 
en pr6sence de xylose phosphorylent le xylose, le xylulose, le ribose et le glucose, tandis que 
des extraits de cellules cultiv6es en prdsence de ribose phosphorylent le ribose etc le glucose. Des 
extraits de cellules cultiv6es en pr6sence d 'extrai t  de levure phosphorylent rapidement le ribose 
et tr~s lentement le xylulose, tandis que des extraits de cellules cultiv6es en pr6sence de glucose 
et d 'extra i t  de levure pbOsphorylent rapidement 6galement le xylulose. 

Re/erences p. 530. 
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Z / J S A M M E N F A S S U N ( ;  

Es wird fiber die ( )xvda t ion ,  l 'h~sph(wylat i(m und Isomerisiernn~z \on  ]'ent<)sen durch 
J:scherichia cell ber ichte t .  

i. \ u f  anorganischem,  pen loseha l t igen l  Medium gezi ich te te  Zellen im \Vachs tu tns t i l l s t and  
oxydieren  schnell  dic en t sp rechenden  Pentosen und D I{ibose, wi ihrend D-Xvlose und I.-:\rabin(~se 
nnr nach einer l . a t enzper iode  oxvd ie r t  werden.  Xylulose  wird nur durcil  :luf Xyh)se-Medium 
gezi ich te te  Zellen und dann aueh nur  langsam oxydier t .  

2. Ribose wird sehnell,  l . - : \ r a b i n o s e ,  D-Xy[~)se, sowie l ) -Xy] t l lo se  werden nur  I lach einer 
1 .a tenzperiode wm auf l t e f e e x t r a k t  gez i ich te ten  Zellen oxydie r t .  Auf gluk()sehal t igem Hefe- 
e x t r a k t m e d i u m  gezi ich te te  Zellen oxydieren  auch Xylulose,  und zwar sofort. 

3- E x t r a k t e  aus aut  Xyh)se-Medium gez i ich te ten  Zellen oxydie ren  Xylulose  mi t  gr6sserer  
Geschwind igkc i t  als Xyh)se selbst.  Das Verha l ten  gegenii lmr Xylulose  sehein t  also yon l )ureh-  
lf i .ssigkeitsbedingu ngen al)zuhfingen. 

4. Xvh)se wird in Xylulose  u m g e w a n d e l t :  L-Arabinose wird vor : \ l)bau isomerisier t ,  l-. ~oli 
enth i i l t  ke ine  spezit ische Ribose-[somerase .  

5- E x t r a k t e  aus  auf anorganischem,  g lukoseha l t igem Medium gezflchteten Zellen t)hosphor_v- 
lieren, wenn auch langsam,  nut  1)-todbose und u-Xylulose .  E x t r a k t e  aus auf Xylose gezf ichteten 
Zellen phosphory l ie ren  Xylose, Xylulose,  Ribose und Glukose, w/~hrend E x t r a k t e  aus auf Ribose 
gez i ich te ten  Zellen Ribose und ( ; lukose  phosphoryl ie ren .  Ribose wird schnell,  Xylulose  jedoch 
sehr l angsam yon E x t r a k t e n  aus auf H e f e e x t r a k t e n  gez i ieh te ten  Zellen phosphory l ie r t ,  wShrend  
auf  g lukoseha l t igen  Hefeex t r ak ten  gez i ich te te  Zellen E x t r a k t e  ergel/en, welehe auch Nvluh~se 
schnell  phosphoryl ie ren .  
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