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SUMMARY 

A number of normal cellular catabolites have been found to interfere with the con- 
version of ribose 5-phosphate to acctyl phosphate (via phosphoketolase (EC 4.1.2.9) 
pathway reactions) in crude, cell-free extracts of Pediococcus pentosaceus. Fructose 
diphosphate, glucose 6-phosphate and 6-phosphogluconate inhibited this conver- 
sion; whereas, fructose 6-phosphate, glucose I-phosphate and frcc glucose wcrc 
without effect. 

In the case of 6-phosphogluconate, the intcrference was shown to occur, at 
least in part, at the level of ribosephosphate isomerasc activity. Ribosephosphate iso- 
m erase (D-ribose-5-phosphate ketol-isomerase, EC 5-3-1-6) in thc organism was partial- 
ly purified and analyzed in respect to its substrate affinity and reaction cquilibrinm. 

The ability of 6-phosphogluconate to control the rate of isomerization of ribose 
5-phosphate to ribulose 5-phosphate in vitro has lead to suggestions concerning 
possible implications in vivo. In this connection, a tentative working model has been 
proposed suggesting that 6-phosphoghiconate control over ribosephosphate isomerase 
may, under certain conditions, regulate the intracellular availability of ribose 5- 
phosphate for nucleic acid synthesis. It has been further speculated that such a 
regulatory function could provide some basis for delineating the mechanism of 
catabolitc repression of formation of certain inducible enzymes. 

I N T R O D U C T I O N  

In  a previous  r epor t  a n u m b e r  of  enzymes  of  an inducib le  phosphoke to lase  p a t h w a y  
for  pentose  u t i l i za t ion  were d e m o n s t r a t e d  in cell-free ex t r ac t s  of  P. pentosaceus 1. 
Phosphoke to lase  (EC 4.1.2.9) was qua l i t a t i ve ly  e s t ima ted  in these  ex t r ac t s  according  
to  a p rocedure  which measures  ace ty l  phospha te  fo rma t ion  wi th  r ibose 5 -phospha te  
as the  subs t r a t e  z. The reac t ion  series requires  a t  least  three  known enzymes :  r ibose- 

Abbreviations: Rib-5-P, D-ribose 5-phosphate; Ribul-5-P, D-ribulo~e 5-phosphate; Xylul- 
5-P, D-xylulose 5-phosphate; Glc-6-P, glucose 6-phosphate; Fru-6-P, fructose 6-phosphate; 
Fru-I,6-P2, fructose 1,6-diphosphate; GIc-I-P, glucosei-phosphate. 

* Present address: Department of Botany and Bacteriology, North Carolina State College, 
Raleigh; N.C. (U.S.A.). 
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phosphate isomerase (D-ribose-5-phosphate ketol-isomerase, EC 5.3.1.6), ribulose 
phosphate epimerase (EC 5.1.3.1) and phosphoketolase. The addition of a variety of 
normal intracellular phosphorylated intermediates to this reaction system resulted 
in varying degrees of inhibition of acetyl phosphate formation. The extent of inhi- 
bition of acetyl phosphate formation. The extent of inhibition in certain cases was 
sufficient to evoke interest concerning possible implications in vivo. The objective of 
the present work, therefore, was to investigate and evaluate these inhibitions in light 
of the possibility that  they may  reflect the function of celhllar regulatory mechanisms 
whereby not only pentose metabolism but perhaps even more general cell functions 
are controlled. In particular, the possible role of 6-phosphogluconate in regulating 
ribosephosphate isomerase activity (Ribul-5-P ,~ Rib-5-P) is considered in this report. 

MATERIALS AND METHODS 

Unless otherwise indicated, the cultures used in this study were grown at 37 ° in a 
complex medium (Medium A) containing 0.033 M D-xylose plus 2.8" lO -3 M D-ribose 1. 
The origin and maintenance of stock cultures have been previously described a. 
Cell-free extracts were prepared by three passages of cell suspensions (lO-3O mg dry 
wt. per ml in 0.05 M NaHCOz) through a French Pressure Cell (American Instrument  
Co.). Unbroken cells and cell debris were removed by centrifugation at 18 ooo × g 
for 20 min. 

An extract prepared in this manner (containing 9.8 mg of protein per ml) was 
used in obtaining a partial purification of ribosephosphate isomerase. The following 
procedure was employed : 45 ml of extract were placed in a 25o-ml Erlenmeyer flask 
(preheated to 55 °) and held at 55 ° for IO min and rapidly cooled in an ice bath. 
Protamine sulfate, 1.5%, was slowly added (o.oi ml per mg protein). The precipitate 
was removed by  centrifugation and the soluble fraction was subject to the following 
series of ammonium sulfate fractionations using 0.05 M Tris buffer (pH 7.6) : (a) a 
0 -70% saturation precipitate suspended in buffer, (b) a 0-35% saturation super- 
na tant  and finally, (c) a 55-65% saturation precipitate which was suspended in 
buffer to yield a protein concentration of 5 mg/ml. This preparation contained the 
ribosephosphate isomerase and was found to be stable in the frozen state for at least 
9 months. One unit of enzyme was defined as that  amount which catalized the for- 
mation of I #mole Ribul-5-P per 5 rain with Rib-5-P as substrate in the standard 
assay (see below). Specific activity was defined as units of enzyme per mg protein. 
The final preparation of ribosephosphate isomerase was found to be devoid of 6-phos- 
phogluconate dehydrogenase (EC 1.1.1.44) activity although some Glc-6-P dehy- 
drogenase (EC 1.1.1.49) activity was still present. 

The enzyme was assayed according to its ability to isomerize Rib-5-P to Ribul- 
5-P as essentially described by AXELROD AND JANG 4. This procedure employs the 
cysteine-carbazole reaction of DISCHE AND BORENFREUND 5 for ketopentoses. 

The basic reaction system for the determination of ribosephosphate isomerase 
consisted of the following: Tris buffer (pH 7.6), 2o#moles;  Rib-5-P, 2o/zmoles; 
enzyme preparation; volume to I ml with water. Incubation at 37 °. In order to 
stop the reaction and determine the Ribul-5-P formed, the following procedure was 
used: an aliquot (usually O.l-O.2 ml) of the reaction mixture was brought to I.O ml 
with o.I  N HC1 in a colorimeter tube. 0.2 ml of 1.5% cysteine-HC1, 6 ml of H2SO a- 
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H,O (2.5:1) and o.2o ml of o.12% carbazole in ethanol (absolute) were added to 
these samples as rapidly as possible (within 30 sec) and with vigorous shaking. Color 
was allowed to develop at room temperature  for exactly 20 min at which time the 
absorbancy was determined in an Evelyn colorimeter at 540 m/~. All determinations 
were corrected for substrate controls and were blanked with an endogenous system. 
Endogenous activity was completely absent in all determinations. 

The conversion of Rib-5-P to acetyl phosphate was followed in crude extracts 
using the assay system of HEATH et al. ~. Acetyl phosphate was determined with the 
Lipmann-Tut t le  procedure 7 as previously described 1. 

Protein was measured with the Folin-Ciocalteu reagent according to LOWRY 
et al. 8 using crystalline serum albumin as the standard. 

Glc-6-P and 6-phosphogluconate dehydrogenases were determined by the rate 
of reduction of TPN measured at 340 m# as described by DEMoss 9. 

For the identification of the products of ribosephosphate isomerase activity, a 
reaction mixture consisting of 0.5 mg of partially purified enzyme, 20/,moles Rib-5-P 
and IO/zmoles Tris buffer (pH 7.6) in a o.5-ml volume was incubated for 2 h at 37 °. 
The reaction was stopped by  boiling for 3 min. After cooling, I ml of 0.06 M acetate 
buffer (pH 5-7) containing i mg of acid phosphatase (EC 3.1.3.2) was added and the 
mixture was incubated overnight at 37 °. The dephosphorylated mixture was then 
deproteinized with 5 % trichloroacetic acid and the latter removed by  ether extraction. 
This material  was then examined by  paper chromatography according to the pro- 
cedure of SIMPSON et al. 1° with the aldo- and ketopentoses as standards. 

MATERIALS 

L-Ribulose (as the O-nitro-phenylhydrazone) was kindly furnished by Dr. W.A.  
WOOD. Rib-5-P, Glc-6-P, 6-phosphogluconate and TPN were products of the Sigma 
Co. ATP, ADP and AMP were purchased from the Pabst  Lab. Acid phosphatase 
was a product of Nutritional Biochem. Corp. All other chemicals are readily available 
and of reagent grade. 

EXPERIMENTAL RESULTS 

The formation of acetyl phosphate from Rib-5-P has served as a qualitative estima- 
tion of phosphoketolase activity in extracts of P .  pen tosaceus  1. The results presented 
in Fig. I demonstrate the effect of adding various physiological intermediates 
(catabolites) to this system. I t '  can be seen that,  whereas glucose, Glc-I-P and 
Fru-6-P were without appreciable effect, Glc-6-P, Fru- i ,6 -P ,  and 6-phosphogluconate 
exhibited marked inhibitions of acetyl phosphate formation. Similar data  demon- 
strating this inhibition as a function of Fru-I ,6-P 2 concentration are presented in 
Fig. 2. I t  was observed in this case that  a 2:1 molar ratio of Fru-I ,6-P2:Rib-5-P 
resulted in over 40% inhibition of acetyl phosphate formation when measured at 
the 4o-min period. A number  of possibilities can account for these observations. 
For example, (a) the added catabolite inhibits the activity of one or more enzymes 
responsible for the conversion of Rib-5-P to acetyl phosphate, (b) acetyl phosphate 
formation is not inhibited but  rather  it is being utilized at an equal or greater rate 
by  a reaction(s) involving the added compound, or (c) that  a combination of such 
events is occuring. 
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Fig. I. Effect  of  ce l lu lar  ca tabo l i t e s  on ace ty l  p h o s p h a t e  fo rma t ion  f rom R i b -5 -P  in  cell-free 
e x t r a c t s  of P. pentosaceus. The cell-free e x t r a c t  was  p repa red  f rom cells which  had  been grown 
for 15 h in m e d i u m  con ta in ing  o.o33 M xylose  p lus  2 . 8 - i o  -s M ribose. Reac t ion  m i x t u r e :  phos- 
p h a t e  buffer (pH 6.o), zo/*moles;  GSH, 6 pm o le s ;  t h i a m i n e  py rophospha te ,  6 pmoles ;  Rib-5-P,  
16/*moles;  ex t rac t ,  0.39 mg  pro te in ;  vo lume  to  I. 5 ml ;  temp. ,  37°; add i t i ons :  I, glucose;  2, none;  

3, F r u - 6 - P ;  4, G lc - I -P ;  5, 6 -phosphog lucona te ;  6, Glc-6-P;  7, Fru- i ,6-Po.  

AXELROD AND JANG 4 reported that ribosephosphate isomerase was subject to 
inhibition by the corresponding phosphopentonic acid, i.e., 5-phosphoribonic acid 
and Glc-6-P. PAAR 11,12 had demonstrated that phosphohexose isomerases were 
also subject to inhibition by their corresponding phosphohexonic acids. Similar 
inhibition of phosphoglucose isomerase (EC 5.3.1.9) by 6-phosphogluconate was 
reported by KAHANA et al.13. In the light of these reports, it appeared that the inhi- 
bition of acetyl phosphate formation from Rib-5-P described above could possibly be 
founded (at least in part) on an inhibition of ribosephosphate isomerase. 
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Fig. 2. Effect  of  F r u - I , 6 - P  z concen t ra t ion  on ace ty l  p h o s p h a t e  f o r m a t i o n  f rom R i b - 5 - P  in  cell- 
free e x t r a c t s  of  P. pentosaceus. For a desc r ip t ion  of  the  e x t r a c t  and  reac t ion  m i x t u r e  employed ,  see 
Fig. i .  F r u - I , 6 - P  2 added  (/~moles/ml): i ,  none ;  2, lO.6; 3, 2 L 2 ;  4, 3I-8;  5, 42-4; 6, 53.6. Ra t io  

Fru-i,6-P2lRib-5-P: o, i ,  z, 3, 4 and  5, respec t ive ly .  
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The inhibition studies were preceded by experiments designed to standardize 
the assay procedure and to establish the properties of the enzyme in this organism. 
Although this enzyme from a variety of sources has been described, it has not been 
studied in the pediococci. 

An estimation of the equilibrium constant for ribosephosphate isomerase was 
made with a crude extract. Ribul-5-P formation was followed until a stationary 
level was reached (about 15 min) and then an additional I5-min incubation was 
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Fig. 3- Ribosephosphate  isomerase act ivi ty measured  as a funct ion of enzyme concentrat ion.  Reac- 
t ion mix ture :  Tris buffer (pH 7-5), 33/*moles; Rib-5-P,  2o/ tmoles;  crude ext rac t  as indicated;  

volume, I.O ml; temp.  37 °. 

allowed. An equilibrium ratio at 37 ° for Ribul-5-P/Rib-5-P of o.3o was observed. 
The value is in excellent agreement with that  of 0.33 given for the leuceme enzyme 4 
and o.31 for this enzyme in Echinococcus granulosus 14. 

A linear relationship describing the isomerase activity as a function of enzyme 
concentration is presented in Fig. 3- 

The procedure used for partial purification of the enzyme is outlined in Table I. 

T A B L E  I 

P A R T I A L  P U R I F I C A T I O N  O F  R I B O S E P H O S P H A T E  I S O M E R A S E  

FROM Pediococcus pentosaceus 

Total Specific Purifi- Yield 
Step activity* acfivily cation 

(units) (units/rag) (fold) (%) 

Crude ex t rac t  2872 6. 4 - -  ioo  
Heated  fraction 4111 9.3 1.5 143 
Pro tamine  fraction 3302 18.4 2.9 I 15 
A m m o n i u m  sulfate fract ions 

I, 0-7o % sa tu ra t ion  precipi tate  dissolved in buffer 3086 47.1 7-4 lO7 
I I ,  0-35 % sa tu ra t ion  s u p e r n a t a n t  derived f rom I 2735 84.2 13-2 95 

I I I ,  35-55% sa tu ra t ion  s u p e r n a t a n t  derived f rom I I  1789 - -  - -  62 
IV, 55-65% sa tu ra t ion  precipi tate  derived f rom I I I  1599 63. 4 9-9 56 

* I un i t  ~ I /*mole  Ribul-5-P formed per  5 min. 
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A heat treatment followed by protamine sulfate for removal of nucleic acids and 
subsequent ammonium sulfate fractionations were employed. Although the o-3O~o 
ammonium sulfate saturation supernatant preparation exhibited the highest specific 
activity of the various steps employed, the 55-65% saturation precipitate was used 
in subsequent studies because of the absence of detectible 6-phosphogluconate 
dehydrogenase activity in this fraction. A low level of Glc-6-P dehydrogenase 
activity, however, was still present. I t  is interesting to note that the heat treatment 
(55 ° for I min) resulted in a 1.4-fold increase in total units of activity. This activation 
was observed in several repeated experiments and found to be consistent. 

Chromatographic analysis of a dephosphorylated reaction mixture, using the 
Io-fold purified enzyme preparation, indicated the presence of only ribose and 
ribulose as determined by RF values and color reactions with known standards 1°. 
The preparation was thus shown to be devoid of any significant ribulose phosphate 
epimerase activity. 

The affinity of ribosephosphate isomerase for its substrate is not high. As shown 
in Fig. 4, the Kin,  calculated by the LINEWEAVER AND BURKE 15 plot is 2.8" IO a M. 
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Fig. 4- Effect  of  R ib -5 - P  concen t r a t ion  on reac t ion  ve loc i ty  of r ibosephospha te  isomerase.  The 
reac t ion  m i x t u r e  was  the  same as in Fig. 3, excep t  t h a t  15.4 ~g  of p a r t i a l l y  purif ied enzyme was  

used and the  subs t r a t e  concen t ra t ion  was  va r i ed  as ind ica ted .  Kin, 2.8- lO .3 M. 

This value is in excellent agreement with the value of 2.72. IO -a M reported foi this 
enzyme in extracts of E. grauulosum 14. Although the affinity for substrate is low, 
the specificity of the enzymes is very high 4& 

It would have been highly desirable to determine the effects on ribosephosphate 
isomerase activity produced by all the intermediates which were shown to inhibit 
acetyl phosphate formation (Fig. I), i.e., Glc-6-P, Fru-I ,6-P 2 and 6-phosphogluconate. 
However, the assay procedure prohibited such determinations with Clc-6-P and 
Fru-I ,6-P 2 since non-specific cysteine carbozole-positive reactions were observed 
with these compounds in the absence of enzyme or Rib-5-P. 6-Phosphogluconate 
however, gave no color reaction with this reagent when tested either alone or after 
prolonged incubation with the enzyme. The effect of 6-phosphogluconate on iibose- 
phophate isomerase activity could therefore be measured. 
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Fig. 5. Effect of 6-phosphogluconate on ribosephosphate isomerase activity. The reaction mixture 
was the same as in Fig. 3 except that io Hg of protein of the partially purified enzyme preparation 
was used and the indicated levels of 6-phosphogluconate were added. The Rib-5-P concentration 
was 20/zmoles/ml resulting in 6-phosphogluconate/Rib-5-P ratios of 0.5, i, 2, and 3 in Curves 2, 3, 

4 and 5, respectively. 6-Phosphogluconate added (/~moles) : i, o; 2, io; 3, 20; 4, 40; 5, 60. 

Fig .  5 shows t y p i c a l  resu l t s  o b t a i n e d  in such  expe r imen t s .  B y  e s t i m a t i n g  t h e  

effect  of  i nc rea s ing  c o n c e n t r a t i o n s  o f  6 - p h o s p h o g l u c o n a t e  on t h e  r a t e  of  R i b u l - 5 - P  

f o r m a t i o n ,  i t  was  o b s e r v e d  t h a t  a r a t io  of  2.5 ( 6 - p h o s p h o g l u c o n a t e : R i b - 5 - P )  re-  

su i t ed  in o v e r  5 0 %  inh ib i t ion ,  whi le  h ighe r  ra t ios  a p p e a r e d  to  a p p r o a c h  a m a x i m u m  
i n h i b i t i o n  of  app rox .  60 7 0 % .  T h e  a d d i t i o n  of  zoo /~moles  per  ml  levels  of  A T P ,  

A D P ,  A M P  a n d  Pi  to  th is  r eac t ion  m i x t u r e  h a d  l i t t le  or  no effect  on ac t i v i t y .  W i t h  

t he  musc le  phosphog lucose  i somerase ,  A T P  a n d  Pi  as wel l  as 6 - p h o s p h o g l u c o n a t e  were  
o b s e r v e d  to  be  i n h i b i t o r y  13. 

A f u r t h e r  ana lys i s  o f  6 - p h o s p h o g l u c o n a t e  i nh ib i t i on  was  m a d e  b y  t e s t i ng  t h e  

effect  o f  v a r y i n g  6 - p h o s p h o g l u c o n a t e  c o n c e n t r a t i o n s  on t h e  in i t i a l  v e l o c i t y  of  t h e  
i s o m e r i z a t i o n  a t  v a r i o u s  s u b s t r a t e  concen t r a t i ons .  A l t h o u g h  suff icient  d a t a  were  n o t  

o b t a i n e d  to  y ie ld  a c o m p l e t e  ana lys i s  of  t h e  k ine t i cs  of  t h e  inh ib i t ion ,  i t  was  sug-  
g e s t e d  (Table  I I )  t h a t ,  a t  l eas t  a t  low 6 - p h o s p h o g l u c o n a t e  concen t r a t i ons ,  t he  in-  

TABLE II 

E F F E C T  OF 6 - P H O S P H O G L U C O N A T E  ON R I B O S E P H O S P H A T E  I S O M E R A S E  A C T I V I T Y *  

6-Phospho- 
gluconate 

( t*moles / ml ) 

Per cent inhibition o/ ribosephosphate 
isomerase activity** 
Rib-5-P (l*moles/ml) 

2 6 IO 20 

0 0 0 0 0 

IO 62 33 23 I9 
20 7 ° 57 4 ° 3 ° 
4 ° 74 61 58 49 
6o 74 61 62 59 

* The Io-fold purified enzyme preparati6n was employed and the reaction mixture as 
previously described (see MATERIALS A N D  M E T H O D S ) .  

** The per cent inhibition was calculated by the expression 
(reaction velocity with inhibitor 

IOO -- X , ~  velocity without inhibitor X ioo]. 
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hib i t ion  appea red  to  be compet i t ive  in nature .  The decreasing inhibi t ion  wi th  in- 
creasing subs t r a t e  concent ra t ions  ind ica ted  t ha t  this  was the  case. The kinet ics  
involved  when high concent ra t ions  of e i ther  subs t r a t e  or inh ib i tor  are employed  
are as ye t  unde t e rmined  bu t  do not  appea r  to  involve  s t r ic t ly  compet i t ive  effects. 

PAAR AND WHITTAKER 16 have  sugges ted  t ha t  the  inhibi t ion of  phosphoglucose 
isomerase ac t i v i t y  b y  6-phosphogluconate  and  the inhibi t ion  of  r ibosephospha te  
isomerase ac t i v i t y  b y  5-phosphor ibonic  acid  a m a y  be a t t r i b u t e d  to the  poss ibi l i ty  
t ha t  the  subs t r a t e  for these i someriza t ion  react ions  (which exist  largely as r ing 
s t ructures)  m a y  have  to pass t r ans i en t ly  th rough  an acyclic form before a t t a c h m e n t  
as a complex  to the  enzyme surface. The  -onic acids, present  in the  acyclic form, 
compete  wi th  the  re la t ive ly  low concent ra t ions  of acyclic t rans ien t  subst ra tes .  The 
inhib i t ion  of  r ibosephospha te  isomerase b y  6-phosphogluconate  in the  present  s tudy  
m a y  be amenable  wi th  this  explana t ion .  

TABLE I l i  

T H E  OCCURRENCE OF OXIDATIVE HEXOSEMONOPHOSPHATE PATHWAY ENZYMES 

IN CELL-FREE EXTRACTS OF Pediococcus pentosaceus 

Growth substrate 

Units enzyme per mg protein* 

Glc-6-P 6-Phosphoghwonate Ribosephosphate 
dehydrogenase dehydrogenase isomerase 

Glucose, 5.6 mM 6.7 1.7 5.2 
Glucose, i t .2 mM 7.5 1-7 6.7 
Glucose, 15.6 mM 8-3 1.8 7.5 
Glucose, 22 mM 8.7 1-9 4.9 
Ribose, 5.6 mM 7.0 2.1 3.6 
Ribose, 22 mM 7.2 1.8 4.4 

* For both the GIc-6-P and 6-phosphogluconate dehydrogenase a unit of enzyme was de- 
fined as A A (34 o m/~) per min × lO 2 using the respective substrate and TPN. A unit of ribose- 

phosphate isomerase was defined as that which produced I/,mole of Ribul-5-P per 5 min. 

Table  I I I  l ists the  specific ac t iv i t ies  of  Glc-6-P and  6-phosphogluconate  dehy-  
drogenases  a o d  r ibosephospha te  isomerase as measured  in crude ex t rac t s  of  cells 
grown in O.lO-O.4O % glucose and  o . Io  and  0.40 % ribose. The lack of any  apprec iab le  
var ia t ions  in the  levels of  these enzymes as a funct ion of  type  of g rowth  subs t ra te  or 
i ts concent ra t ion  indica tes  thei r  const i tu t ive ,  non-glucose-repressible s ta tus  in this  
organism.  

DISCUSSION 

The observa t ion  t ha t  var ious  cel lular  ca tabol i t es  can a l te r  the  conversion in vitro 
of R ib -5 -P  to  ace ty l  phospha te  has  m a n y  in teres t ing  impl ica t ions  concerning pos- 
sible m u t u a l  r egu la to ry  funct ions be tween  phosphoketo lase ,  g lycoly t ic  and  hexose- 
monophospha t e  p a t h w a y s  in P. pentosaceus and  perhaps  o ther  microorganisms.  Of  
pa r t i cu la r  in te res t  has been the observa t ion  t ha t  6-phosphogluconate  can regula te  
the  ac t i v i t y  in vitro of r ibosephospha te  isomerase.  This observa t ion  has  suggested a 
possible au to regu la to ry  sys tem in vivo control l ing the  ava i l ab i l i ty  of R ib -5 -P  for 
b iosyn the t i c  react ions.  
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In this connection, a working model has been suggested for future studies. I t  
is possible, for example, that under certain circumstances, e.g., during growth in 
accumulate in sufficient quantity to regulate ribosephosphate isomerase activity. The 
abundant quantities of hexose energy sources, intracellular 6-phophogluconate may 
consequence of such a control could be ultimately expressed as a regulation in the 
formation of certain nucleic acid moieties. The relative activities of GIc-6-P and 
6-phosphogluconate dehydrogenases in the pediococcal extracts (Table III)  indicate 
some feasibility for this accumulation. It is interesting to note that this model is 
basically similar to a mechanism proposed by POTTER AND NIEMEYER 17 for regula- 
tion of glycolysis in brain tissues. In both cases 6-phosphogluconate is attributed 
with the properties of a metabolic regulator. The predicted role(s) of 6-phospho- 
gluconate in such regulatory functions may be amenable with information con- 
cerning the participation of the hexosemonophosphate oxidative enzymes in a 
number of regulatory functions18: 9. 

It  is suggested that the regulation of ribosephosphate isomerase activity by 6- 
phosphogluconate or other intermediary catabolites may also play a role in the 
mechanism of catabolite repression in bacteria, i.e., the well-known glucose effect 
or diauxie phenomenon. Although catabolite repression, which involves control over 
the formation of inducible, catabolic enzymes, has been well described in the liter- 
ature ~°-2~, the underlying mechanism of this repression has eluted precise definition. 
In regard to the above model, it can be suggested that the rapid metabolism of 
glucose (or other sources of catabolite repression) results in the accumulation of 
certain physiological intermediates such as 6-phosphogluconate, which function as 
regulators of ribosephosphate isomerase activity. Under certain circumstances this 
regulation could conceivably result in a control over the availability of Rib-5-P 
for the formation of those nucleic acid fractions whose formation is required for the 
synthesis of the catabolite- repressible enzymes. The relatively unstable, messenger 
RNA moieties2S, 29 involved in inducible enzyme formation are likely targets for 
such a regulatory mechanism. 

Of considerable significance to this problem are the results of MAGASANIK et al. 2~, 
NEIDHARDT 24 and MAGASANIK AND BOJARSKA 3°. Using a wild type (sensitive to 
glucose repression) and a mutant  strain (resistant to glucose repression) of Aero-  
bacter aerogenes, these workers have shown that the mutant  culture has a biochemical 
lesion in its ability to convert glucose to the gluconate level, presumably via 6- 
phosphogluconate. The mutant  is also characterized by a decreased rate of growth 
on glucose. Similar glucose-resistant mutants of Salmonella have been isolated by 
ENGLESBERG 22. These mutants are also characterized by impaired ability to grow 
on glucose and have elevated phosphatase activities. On the basis of these data, 
PARDEE 31 has speculated that 6-phosphogluconate or related compounds are in- 
volved in the repression mechanism and that the phosphatase functions by reducing 
the levels of such compounds. I t  is also pertinent to note that NAKADA AND MAGA- 
SANIK 32 have recently obtained data indicating that catabolite repression may be 
founded at a level involving an interference in the formation of messenger RNA 
associated with the fl-galactosidase system in A .  aerogenes. 

Further studies are currently underway to investigate the basic mechanism of 
catabolite repression using the above model as a working guide. 
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