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SUMMARY 

The general physiology of catabolite repression of L-arabinose isomerase (L-arabinose 
ketol-isomerase, EC 5.3.1.4) in Pediococcus pentosaceus has been investigated. Particu- 
lar emphasis has been placed on the regulation of enzyme formation as influenced by 
pentose or hexose metabolism. 

The capacity of cells to form the isomerase was found to vary widely with (a) 
the physiological age of the cultures and (b) the nature of the growth substrates. 
The early stages of growth on glucose, fructose and mannose, for example, were 
associated with complete repression of isomerase formation. This repression was 
released as the substrates became limiting for the growth of the organism. Cultures 
in a stationary phase of growth, however, rapidly lost the capacity to synthesize 
the isomerase unless a fresh supply of yeast extract or casein hydrolysate was added 
to the medium. 

Although some repression was noted, growth on ribose or xylose did not appear 
to result in the typical "glucose effect" repression observed when the hexoses were 
employed as growth substrates. As growth on the pentoses became limited by sub- 
strafe depletion, a greatly stimulated capacity for isomerase formation was observed. 
These general observations were also noted during the formation of a galactose- 
induced fl-galactosidase (EC 3.2.1.23). These results have been discussed in light of a 
recently proposed, tentative model for catabolite repression in this organism. 

INTRODUCTION 

A tentative working hypothesis concerning a possible mechanism of action of cata- 
bolite repression (i.e., the "glucose-effect") was previously presented by  the authors 1. 
It  was proposed that catabolites such as 6-phosphogluconate may accumulate during 
growth on repressor substrates and inhibit ribosephosphate isomerase (EC 5.3.1.6) 
activity thereby regulating the availability of ribose 5-phosphate for nucleic acid 
formation. It  was postulated that such a regulation could constitute at least the 
initial phase of the phenomenon of catabolite repression. 

On the basis of present evidence, ribose metabolism in P. pentosaceus occurs 
via a phosphoketolase (EC 4.1.2.9) pathway. Glucose metabolism on the other hand 
consists of the reactions of glycolysis plus the activities of glucose 6-phosphate 
dehydrogenase (EC 1.1.1.49 ) and 6-phosphogluconate dehydrogenase (EC 1.1.1.44) 
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and ribosephosphate isomerase for pentose production1, 2. According to the proposed 
mechanism for glucose repression, it is assumed tha t  catabolites derived from the 
glycolytic and oxidative hexosemonophosphate  pa thways  are the main source of  
the regulators of ribosephosphate isomerase activity. On the basis of this assumption, 
it can be predicted tha t  growth and metabolism on ribose should not result in the 
expression of a typical  "glucose-effect" phenomenon.  The present s tudy  is designed 
to evaluate this prediction using the L-arabinose-induced, L-arabinose isomerase 
(L-arabinose ketol-isomerase, EC 5-3.1.4) of P. pentosaceus as the catabolite-repressible 
system. 

Addit ional  da ta  are presented concerning the general physiology of catabolite 
repression in this organism. In this connection, factors are considered such as (a) the 
effect of substrate concentration,  (b) the influence of growth conditions and physio- 
logical age of the cultures, and (c) the effects of growth on various substrates. 

METHODS 

The origin and maintenance of the cultures used in this s tudy  have been previously 
described1, 8. All cultures were grown aerobically by  vigorous reciprocal shaking at 
37 ° in a basal medium composed of the following (g/l) : Sheffield NZ Case (pancreatic 
digest of  casein), IO; Bacto yeast extract,  IO; KH2P Q ,  16; K2HP Q ,  4; mineral 
solution s, 20 ml; pH  6.0. The medium was prepared as a 1.25-fold concentrate  and 
sterilized separately from the growth substrates. Tile latter were autoclaved separately 
(as lO-2O% solutions) and added to the medium just prior to inoculation. 

Growth of  the cultures was measured at 20 3o-min intervals with the use of an 
Evelyn  Colorimeter and the 66o-m# filter. The growth rate constant  (k) has been 
defined by  the expression kC dC/dt (k growth rate constant,  C : turbidi ty  in 
absorbancy units, t = time in hours ). 

I.-Arabinose isomerase was determined with the use of toluene-treated whole 
cells as previously described 4. A unit  of act ivi ty is defined as the #moles L-ribulose 
formed per hour at 37 ° with L-arabinose as the substrate. Specific act ivi ty is defined 
as the units of  enzyme per mg dry  wt. of cells. The dry weight was calculated from 
a previously prepared s tandard  curve relating dry  weight to absorbancy, fl-Galacto- 
sidase (EC 3.2.1.23) act ivi ty  wa~ determined as previoulsy described by  COHN AND 
HORIBATA 5. Galactose was used as the inducer for this enzyme and a unit of act ivi ty 
was defined as tha t  which produced one re#mole of o-nitrophenol per hour at 37 ° 
with o-nitrophenyl-fi-D-galaetoside as the substrate. 

L-[I-14C]Arabinose incorporation into the cold, 5 % trichloroacetic acid-insoluble 
cell fraction was measured as follows: i .o-ml portions of labeled cultures were re- 
moved  at various time periods and mixed with i ml of  i o %  trichloroacetic acid. 
After 30 min of  extract ion in the cold, the insoluble material  was collected by  vacuum 
filtration on membrane  filters (Schleicher and Schull Co., Grade A, course) and 
washed with 4-5-ml portions of cold 5% trichloroacetic acid. The filters were placed 
in vials with scintillator fluid added after air drying. The samples were counted in 
a Packard  Tri Carb counter  as previously described 2. 

EXPERIMENTAL 

As already cited in the INTRODUCTION it would be inconsistent with the proposed 
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Fig. I. L-Arabinose isomerase-forming capacities as affected by growth on ribose under various 
conditions. All original inocula were grown in medium containing 5.6 mM ribose, harvested, 
washed and resuspended in fresh media containing: Graph A, I3. 3 mM arabinose; Graph B, 
basal medium alone; Graph C, 5.6mM ribose; Graph D, 11.2 mM ribose; Graph E, 22 mM 
ribose. During the indicated growth phases on 0-22 mM ribose (Graphs B-E), culture aliquots 
were removed at o, 3 o, 60, 90 and I2O min and allowed to incubate for the subsequent 6o min 
with 13.3 mM arabinose added. Each plot of arabinose isomerase specific activity (units enzyme per 
mg dry wt.) represents, therefore, the amount of enzyme formed under the influence of inducer 
during the preceding 60 min of growth. For enzyme determinations, culture aliquots were re- 
moved at the indicated intervals and placed in centrifuge tubes containing chloramphenicol 
(2o/*g/ml final conc.) to stop further enzyme formation. The cells were harvested, washed and 

assayed as described in METHODS. 

mechanism of act ion of  glucose repression 1 to find tha t  g rowth  and metabol i sm on 

ribose were associated with  a typical  "glucose effect".  To cite a specific exper iment  
(Fig. I), this problem was approached in the following manner :  cells were pre- 

grown on ribose, harvested,  washed and resuspended in fresh medium containing 

e i ther  the inducer  (13. 3 mM L-arabinose) or ribose (o, 5.6, 11.2 or 22 mM). The 
growth  of  the five cultures was followed turbidimetr ical ly .  Aliquots  of  each cul ture  

were taken  at o, 3 o, 6o, 9 ° and 12o min  and tes ted for their  capaci ty  to form L- 
arabinose isomerase during a 6o-min incubat ion period. The induct ion period in 

each case was in i t ia ted  by  the addi t ion of  13.3 mM arabinose. An ident ical  experi-  

men t  using glucose instead of  ribose was also conducted  (Fig. 2). Under  these con- 
ditions, the enzyme-formipg  capacit ies for L-arabinose isomefase were measured  under  

the influence of  growth  on various concentra t ions  of  glucose or ribose. For  compara t ive  
purposes the g rowth  pa t te rns  on ribose or glucose are included in each figure. The 

amount  of  enzyme formed in each case (i.e., each exper imenta l  point  represent ing 
specific ac t iv i ty)  indicates the amount  of  enzyme formed under  the condit ions of  the 
preceeding 60 min of  growth.  The results presented in these figures are representa t ive  
of  numerous  exper iments  conducted  in this manner.  

In Graphs A of Figs. I and 2 it can be seen tha t  r ibose-grown cells formed the 
arabinose isomerase at  a considerably higher rate  than  the corresponding glucose- 

grown ceils. These results are more clearly demons t ra ted  in Fig. 3. The  init ial  ra te  
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Fig. 2. L-Arabinose isomerase forming capacities as affected by  growth on glucose under  various 
conditions. All original inocula were grown in medium containing 5.6 mM glucose. The cultures 
were harvested,  washed and resuspended in fresh medium containing: Graph  A, 13.3 mM ara- 
binose; Graph  B, basal medium alone; Graph  C, 5.6 mM glucose; Graph D, 11.2 mM glucose; 
Graph  E, 22 mM glucose. Dur ing the indicated growth  phases on 0-22 mM glucose (Graphs B-E)  
culture aliquots were removed at  o, 3 o, 6o, 9o and 12o minutes  and allowed to induce for the 
following 60 rain with 13.3 mM arabinose added. The enzyme assays were then carried out  as 

described in Fig. i. 

of incorporation of L-II-14C!arabinose into the 5% trichloroacetic acid-insoluble 
fraction of these cells was also greater with the ribose-grown cells as compared to 
those which had been pre-grown on glucose (Fig. 4). As indicated in Fig. 5, a galac- 
tose-induced fl-galactosidase in these cells was also formed at a greater rate if the 
inoculum culture had been pre-grown on ribose rather than glucose. 

I f  these ribose- and glucose-grown inocula were added to medium containing 
n o  substrate--with aliquots removed and induced as described above--the results 
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Fig. 3- L-Arabinose isomerase format ion as affected by  pre-growth on ribose or glucose. Cells, 
p re -grown on either ribose or glucose as indicated, were suspended in fresh medium containing 
13. 3 mM arabinose. Samples were removed at  the indicated t ime periods and assayed for ara- 
binose isomerase levels as described in Fig. i. O~--O, r ibose-grown inoculum; O- -C) ,  glucose- 

grown inoculum. 
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presented in Graphs B (Figs. i and 2) were obtained. The cells induced at o min 
yielded the expected specific activities of approx. 60 for the ribose-grown and approx. 
30 for the glucose-grown cells. Subsequent incubation in the absence of substrate, 
however, resulted in greatly reduced arabinose isomerase enzyme-forming capacity 
in both sets of cells. This decreased capacity to form arabinose isomerase was also 
evident in every situation (Graphs C, D, E of Figs. I and 2) in which a stat ionary phase 
of growth was encountered. 
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Fig. 4. Incorpora t ion  of [ I -1 IC]  arabinose into the 5 % trichloroacetic acid-insoluble cell fraction 
as affected by  pre-growth  of cells on either ribose or glucose. Cells were harvested during log 
growth  on either 5.6 mM glucose or 5.6 mM ribose, washed and inoculated into flesh medium 
containing 13. 3 mM [I-x4C]arabinose (3' lO-3 #C#zmole). The incorporated label was measured  
as described in METHODS. The L-arabinose isomerase level was measured in each culture a t  60 min 
as indicated (units enzyme/mg dry wt.). O---Q, r ibose-grown cells; O - - O ,  glucose-grown cells. 

This decreased arabinose isomerase enzyme-forming capacity appeared to be 
directly related to the length of incubation time under non-growing conditions. To 
determine the general nature of this decreased enzyme-fornfing capacity, cells grown 
to a stat ionary phase on 5.6 mM glucose (12o rain, exactly as shown in Graph C, 
fig. 2) were induced for the isomerase under the conditions described in Table I. 
Induction in the usual manner resulted in a low specific activity of 9. Extension of 
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Fig. 5. Fo rma t ion  of galactose-induced fl-galactosidase as affected by  pre-growth on ribose or  
glucose. O - - O ,  inoculum culture grown to a s ta t ionary  phase in medium containing 5.6 mM 
ribose; O - - O ,  inoculum grown to a s ta t ionary  phase in medium containing 5.6 mM glucose. 
Both  cul tures were then  inoculated into fresh medium containing 4.4 mM galactose. Aliquots 
were removed at  the  indicated times, t reated with chloramphenicol  (see Fig. i), washed and 

then  assayed for fl-galactosidase as described in METHODS. 
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t h e  i n c u b a t i o n  t i m e  for  u p  to  12o a d d i t i o n a l  m i n u t e s  y i e l d e d  v e r y  l i t t l e  i n c r e a s e  in  

e n z y m e  f o r m a t i o n  s u g g e s t i n g  t h a t  n o t  o n l y  t h e  r a t e  of  e n z y m e  f o r m a t i o n  b u t  a lso 

t h e  c a p a c i t y  for  e n z y m e  f o r m a t i o n  h a d  b e c o m e  af fec ted .  A d j u s t m e n t  o f  t h e  p H  f r o m  

5-3, t h e  l eve l  p r o d u c e d  d u r i n g  t h e  I 2 o - m i n  g r o w t h  pe r iod ,  to  6.o, t h e  o r ig ina l  o p t i m u m ,  

h a d  n o  effect  on  e n z y m e  f o r m a t i o n .  T h i s  i n d i c a t e d  t h a t  t h e  d e c r e a s e d  e n z y m e - f o r m i n g  

a b i l i t y  was  n o t  so le ly  a p H  effect.  A b i l i t y  to  f o r m  a r a b i n o s e  i s o m e r a s e  r e m a i n e d  low 

TABLE I 

E F F E C T  O F  Y E A S T  E X T R A C T  O N  F O R M A T I O N  O F  L - A R A B I N O S E  I S O M E R A S E  

D U R I N G  S T A T I O N A R Y  G R O \ V T H  

Conditions 

(I) Cells grown for 12o rain in medium containing 
5.6 mM glucose then induced for 6o min with 
13. 3 mM arabinose 9 

(2) Same as (i) except pH readjusted from 5.3 to 
6.0 i 

(3) Same as (I) except original culture replaced by 
a freshly grown culture 3 

(4) Same as (3) except pH readjusted from 5.3 to 6.0 2 
(5) Same as (3) except i % yeast extract  added 44 
(6) Same as (i) except 1% yeast extract  added 35 

Units enzyme/mg 
dry weight of cells 

a n d  was  u n a f f e c t e d  b y  p H  a d j u s t m e n t  e v e n  i f  t h e  cells were  r e m o v e d  b y  c e n t f i f u g a t i o n  

a n d  r e p l a c e d  b y  a f r e s h l y  g r o w n  cu l t u r e .  T h e s e  o b s e r v a t i o n s  s u g g e s t e d  t h a t  t h e  m e d i u m  

h a d  b e c o m e  l i m i t i n g  for  a s u b s t a n c e ( s )  n e c e s s a r y  for  t h e  i n i t i a t i o n  of  i n d u c t i o n .  T h e  

f i n d i n g  t h a t  t h e  a d d i t i o n  of  1 %  y e a s t  e x t r a c t  or  N Z  Case (no t  s h o w n )  r e s u l t e d  in  a 

r e n e w a l  o f  e n z y m e - f o r m i n g  c a p a c i t y ,  w h e t h e r  o r ig ina l  or  f l e s h  cells  were  e m p l o y e d ,  
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Fig. 6. Effect of yeast extract  on the maintenance of L-arabinose isomerase-forming capacity. 
The original inoculum cells were pre-grown in medium containing 5.6 mM glucose. The cells 
were harvested, washed and resuspended in fresh basal medium. At 3o-min intervals culture 
aliquots were taken and supplemented with 13. 3 mM arabinose (Curve A, © - - © )  or 13. 3 mM 
arabinose plus 1% yeast extract  (Curve B, 9~--O)- Each sample was allowed to induce for 60 min. 
At  t ha t  t ime the cells were assayed for their  content  of L-arabinose isomerase (units enzyme/mg 
dry wt. of cells). The plotted values in each case represent the amount  of enzyme formed during 

the preceding 6o rain of growth (see Tables I and II). 
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appeared to confilm this possibility. A relatively high level (i.e., approx. 1%) of either 
yeast extract or NZ Case was required to give maximal stimulation. At tempts  to 
simulate the effect of yeast extract with the following additions wele unsuccessful: 
(a) 1.5 m g %  uridine, adenosine, thymidine, guanosine and cytidine, (b) 1.5 m g %  
uracil, guanine, cytosine, adenine and thymine, and (c), (a) and (b) combined. 

The results presented in Fig. 6 demonstrate more clearly the effect of a 1% 
yeast extract  supplement on the enzyme-forming capacity of glucose-grown cells. 
In this experiment, glucose-grown cells were suspended in medium containing no 
substrate, i.e., identical to conditions in Graph B, Fig. 2. Although the effect of 
yeast extract on the maintenance of arabinose isomerase enzyme-forming capacity in 
these cells is clearly evident from these data, the Cunction (s) or factor (s) involved is as 
yet undefined. Since the basal medium, which itself contains I %  yeast extract  and 
NZ Case, is capable of supporting rapid and complete growth of this organism (Graphs 
C, D, E, Figs. I and 2), the stimulation of enzyme-forming capacity under the de- 
scribed conditions probably involves a depletion or alteration of a factor (s) other than 
those which constitute the bulk of the cells amino acid and base requirements 8. The 
addition of glucose to cells made stat ionary by  limited substrate availability results 
in resumption of growth. I t  is suggested, therefore, that  the unidentified factor(s) 
may  play a specific role in induction to L-arabinose or perhaps pentoses in general, 
and recalls the unidentified "pentose factor" first described by LAMPEN ~. 

The results of growth on various concentrations of ribose or glucose (Graphs C, 
D, and E, Figs. I and 2) yielded several additional deductions. First, it was observed 
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Fig. 7. Arab inose  i somerase - fo rming  capac i t i e s  as affected by  the  in i t i a l  s t ages  of  g rowth  on 
r ibose and  glucose. The or ig ina l  i nocu lum cells were pre-grown on e i the r  r ibose or glucose as  
ind ica ted .  B o t h  sets  of  cells were inocu la t ed  in to  fresh m e d i u m  con ta in ing  the  i n d i c a t e d  concen- 
t r a t i o n s  of r ibose or glucose p lus  13. 3 mM L-arabinose in each case. Af ter  60 min  of  g rowth  unde r  
these  cond i t ions  the  cells were a n a l y z e d  for the i r  c o n t e n t  of  L-arabinose i somerase  expressed  
as un i t s  of  e n z y m e / r a g  d r y  wt.  of  cells. The level of enzyme  was  p l o t t e d  as a func t ion  of  the  or ig inal  

s u b s t r a t e  concen t ra t ion .  9~---O, g lucose-grown cells;  Q) - -O ,  r ibose-grown cells. 

that  the enzyme-forming capacity during the early phase of growth was severely 
repressed as the glucose concentration was increased from 5.6 to 22 raM. Under these 
conditions, an identical variation in ribose concentration did not produce a corre- 
sponding repression of arabinose isomerase formation. These effects are more clearly 
shown in Fig. 7- Cells pre-grown on ribose or glucose were inoculated into fresh media 
containing various concentrations of ribose or glucose as indicated. In each case 
13.3 mM arabinose was included. After 60 min of induction, the cells were assayed for 
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arabinose isomerase and the calculated specific activities were plotted against the in- 
itial substrate concentrations. It  can be seen that, in the absence of glucose, the glu- 
cose-grown cells exhibited a specific activity of approx. 3o. In the presence of increasing 
concentrations of glucose an increasing degree of repression was noted. At 1 5 . 6 - 2 2  mM 
glucose very little if any arabinose isomerase was produced. In the absence of ribose, 
the ribose-grown cells synthesized the isomerase at a high rate resulting in a specific 
activity of approx. 6o. The addition of even low levels of ribose to these cells resulted 
in some repression of enzyme formation but only to a level which was equivalent to 
maximal induction with the glucose-grown cells. Furthermore, ribose did not manifest 
the concentration-dependent repression ob~eived with glucose. Thus, although ribose 
appeared to have an influence on the enzyme-forming capacity, its effect did not appear 
to be typical of "glucose-effect" repression. Similar observations were made con- 
cerning the formation of the galactose-induced fl-galacto~idase in these cells. Similar 
patterns were obtained if ribose-grown cells were added to the glucose system or 
if glucose-grown cells were inoculated into a ribose-containing medium (Fig. 7)- The 
only difference in this connection was that the ribose cells, in the absence of an 3, 
substrate other than arabinose, formed the isomerase at a higher rate than the cor- 
responding glucose-grown cells. 

With reference to the data presented in Figs. I and 2, it was observed that as 
the growth substrate became limiting, as indicated by the growth curves, the rate 
of arabinose isomerase was temporarily accelerated in both the ribose and the glucose 
systems (Graphs C, D and E, Figs. I and 2). This accelerated phase of enzyme for- 
mation was most dramatically evident in the ribose systems although it was also 
observed during growth on the lower concentrations of glucose. 

The maximal growth rate observed for P. pentosaceus was 0.46 with ribose 
and o.54 with glucose. Although the difference involved was not appreciable, it seemed 
desirable to compare the repression effects of a number of additional substrates 
with their abilities to support growth of this organism. The data in Table II  sum- 
marize these findings. The procedures used in these experiments were similar to 

T A B L E  I I  

L - A R A B I N O S E  I S O M E R A S E  F O R M A T I O N  D U R I N G  G R O W T H  ON V A R I O U S  S U B S T R A T E S  

Units of enzyme per mg dry weight q( cells 
(6o-min induction period) 

Growth substrate* Growth Growth periods during which enzyme 
z5.6 mM rate formation was measured (rain) 

constant 
k 0-60 30 9 ° 6o-12o 

M a n n o s e  o.41 o 9 5 
F r u c t o s e  o . 3 6  o 7 19 
G l u c o s e  0 .54  o 23 39 
T r e h a l o s e  0-48  7 16 8 
G a l a c t o s e  0 .43  16 16 6 
M a l t o s e  0 .42  28 20 13 
X Y  l o s e - r i b o s e * *  0 .27  24 45 55 
R i b o s e  0 . 4 6  45 35 67  

* All cu l tu res  were p re -grown in m e d i u m  con ta in ing  the  respec t ive  subs t r a t e s  as ind ica ted .  
** 2.8 mM ribose was inc luded  w i t h  the  15.6 mM D-xylose. 
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those employed in obtaining the results presented in Figs. I and 2. Cells were pre- 
grown on each specific substrate, and reinoculated as previously described into 
the media containing a 15.6 mM levels of each substrate. Enzyme levels, measured 
for the 0-60, 30-90 and 6o-i2o-min intervals of growth, were recorded and listed 
in this table along with the growth rate constants. I t  can be seen that  glucose was 
not alone in its ability to repress arabinose isomerase formation. In fact, mannose 
and fructose appeared even more effective in this regard. Growth on trehalose, 
galactose and maltose did not yield a complete repression during the early phase 
of growth (0-60 min) as had been obtained with glucose, fructose or mannose. The 
repression by the former three substrates, however, was augmented as growth 
progressed presumably due to the induction of the appropriate enzyme systems in- 
volved in transforming the substrate into a catabolite repressor. Xylose, which 
supports growth only if another readily utilizable substrate is included in the growth 
medium ~ was comparable to ribose in its effect on arabinose isomerase formation. 
Since fructose (k =: 0.36) and mannose (k = o.41 ) yielded an effective repression of 
isomerase production while supporting growth at a slightly lower rate than ribose 
(k = o.46), it could be concluded that  repression was not specifically a direct function 
of the rapidity with which a substrate is utilized. 

DISCUSSION 

The previously suggested hypothesis for the mechanism of catabolite repression 
implies the occurrence of coordinated interrelationships between otherwise seemingly 
unrelated metabolic reactions at both the catabolic and anabolic levels of function 1. 
Inasmuch as the properties in vivo of many  of these reactions are unknown, and 
inasmuch as the proposed mechanism may  be subject to constant variations depen- 
dent upon (a) the net rates of RNA formation and (b) the transient occurrence of 
catabolite regulators (e.g., 6-phosphogluconate), this s tudy has demanded a broad 
physiological approach. 

The consistent observation that  arabinose enzyme-forming capacity (and the 
galactose induced/5-galactosidase enzyme-forming capacity were considerably stimu- 
lated if cells were pre-grown on ribose rather than glucose has interesting implications 
related to the hypothesis unde~ study. I t  is conceivable that  this st imulatory effect of 
rib0se may  involve ribose 5-phosphate, or some comparable precursor of the pentose 
moiety for RNA synthesis, in the following manner. Rapid exponential growth on 
glucose (even with inducer present) may  be characterized by  (a) a high rate of synthesis 
of RNA fractions associated with growth on this substrate s and (b) control over 
ribosephosphate isomerase activity via catabolites such as 6-phosphogluconate. These 
combined capacities could then limit the supply of ribose 5-phosphate necessary for 
the formation of those labile, messenger-RNA fractionsg, TM which are involved in the 
formation of the inducible but glucose-sensitive, i.e., in this case arabinose isomerase. 
Thus, a "glucose effect" is obtained. When the growth substrate becomes limiting, a 
gradual transition from a repressed to a non-repressed state would result. During this 
transition, a decreasing rate of total  RNA and protein biosynthesis coupled with a 
decrease in catabolite regulators could conceivably result in a relative excess of ribose 
5-phosphate ; thereby, permitting the competitive iormation of these RNA fractions 
necessary for formation of the glucose repressible enzymes. Since growth on both 
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r ibose and glucose involves ribose 5-phosphate  format ion,  the  finding tha t  t e rmina -  
t ion of  log growth  on bo th  subs t ra tes  yields higher  levels of arabinose isomerase 
enzyme-forming  capac i ty  than  the  previous  log growth  s tage can be expla ined  by  these 
speculat ions.  Fu r the rmore ,  one might  an t i c ipa te  t ha t  a grea ter  pool of ribose 5-phos- 
pha te  would Iesul t  from growth  on ribose than  from growth  on glucose, thus  account ing  
for the  increased s t imula t ion  of arabinose  enzyme-forming  capac i ty  associa ted  with 
g rowth  on the former subst ra te .  

These considerat ions  could also provide  a basis for the observa t ion  tha t ,  whereas 
growth  on ribose does not  appea r  to manifes t  a typ ica l  glucose effect phenomenon,  
(Fig. 7) some form of  repression is evidenced.  I t  can be argued t ha t  jus t  as dur ing  
growth  on glucose, g rowth  on ribose is associa ted with  a rap id  synthesis  of to ta l  
R N A  resul t ing in a compet i t ion  be tween the format ion  of ma jo r  R N A  fract ions and 
those specific R N A  molecules necessary for the  fo rmat ion  of arabinose  isomerase.  
Therefore,  a l though some iepress ion could be an t i c ipa t ed  dur ing growth  on ribose this  
repression would not  be augmen ted  by  a coupled regula t ion  of r ibosephospha te  
isomerase  ac t i v i t y  since ribose metabo l i sm does not  involve ca tabol i tes  such as 6- 
phosphogluconate .  In  this  case, only  the ra te  of to ta l  R N A  format ion  would cons t i tu te  
a r egu la to ry  control  over  the induct ion  process. 

As growth  on ribose or glucose proceeds into the  s t a t iona ry  phase,  tile abil i t ies 
of  the  respect ive  cells to form ara  isomerase is r ap id ly  diminished.  Tha t  this  de- 
creased arabinose  enzyme-forming  capac i ty  is at  least  in par t  due to some undefined 
nu t r i t iona l  effect was suggested (Table I, Fig. 6). 

Since only p re l iminary  d a t a  are avai lable  concerning the effects of subs t ra tes  
o ther  t han  ribose and glucose on arabinose  isomerase format ion  (Table I I ) ,  ve ry  l i t t le  
can be discussed in this  regard.  I t  was shown, however,  t ha t  fructose and  mannose  
mani fes ted  equal  or perhaps  more severe repression of arabinose isomerase format ion  
than  d id  glucose. Since mannose  (k = 0.41) and fructose (k = o.36) suppor t ed  
g rowth  at  s l ight ly  lower ra tes  than  ribose (k = o.46 ), bu t  were nevertheless  excel lent  
sources of repression, the  poss ibi l i ty  could be ruled out  t ha t  repression was d i rec t ly  
and  solely associa ted with  ab i l i ty  to suppor t  r ap id  growth.  
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