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' thabolite-Pfomoted_Heat Lability of ‘8-Galactosidase and Its Relation

to Catabolite Repression

~

It has been reported by Gest and Mandelstaml that S-galact051dase

from Escherlchla ‘coli is more heat- 1ab11e in the presence of fructose-

1,6- dlphosphate (FDP) than in its absence. ' They found the effect to
be quite spec1f1c:29f the other sugars and phosphorylated esters
‘tested only glucosé-6-phosphat¢ (G6P)'weak1y, but significantly,
.increased thé heat-1abi1ity of the enzyme; These results sﬁpport

the idea’that'g;galadiosidase possesses a specific binding site for

FDP. Gest and Mandelstaml suggested that FDP, which is a key inter-iﬁf

mediate in carbohydrate métabolism, might be the repressor metabolite .

postulated by ngel2 and Szilard3. Were this true, catabolite répres- '

~sion would be effected by thé production of FDP, which Qould then
‘combine with nascent B-galactosidase to prevent the enzymé from

leaving-$hé ribosomes on which it is being synthesized.

Prevost and Moses? observed that the intracellular concentrations ’ '

. of four conpounds showed transient increases which paralleled kinetically"

the transient severe repre551on of 8- galact051dase produced by adding

_ glucose to cells -growing on glycer015 The four compounds were FDP,

G6P, 6-phosphog1uconic acid. (6PG) and NADPH. We were interested in
the posSibility that the enzyme might possess "recognition" éites for
all four of these compounds 6PG and hADRH were not tested in the
earlxer work?. ‘ | '

“'E. coli K-12 (strain Cavalli, obtained with thanks from Aleen

Slmmons) was used as the source of enzyme. The bacteria were grown

.
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in glycerol-mnunal medium, supplemented with thlanme thymme and

methionine. Enzyme synthesis was induced with S X 10" M isopropyl-g-D-

‘ t}ﬁogalactoside. One day old cultures were passed through the French

press to disrupt the cells, and the resulting clear liquid used as a

source of crude enzyme. Enzyme assay conditions are reported in the

captlon to Fig. 1. ‘

'Iyplcal kinetic curves are plotted in Fig. 1. "The accumulation
of free g_-nltrophenol in the last 8 min of the assay was used to
rxeasure the héat:inactivation of the enzyme m the sample (Table 1).‘

The results are'expre'Ssed as percentages of the équivalent. values for

the control assay run simxiltaneoﬁsly. The activity of the enzyme in " . |

the first 4 min of the assay gives,.in most cases, some idea of the

inhibitory (as distinct from heat-labilizing) or activating effects

- of each compound. The ratio of the activities in the last 8 min and,

 the first 4 min of the assay is an indication of'.the extent of the

heat denaturation which occurred. In some cases the activity in the
first'4.'min was so low that inhibition of the enzynie activity'was sus=-
pect’ed"i Experiments run at 30°C, however, showed that ribose and
NADPH had no effect at that temperature, and the same would probably
hold for the other nicoﬁinamide adenine dinucleotides and for the
pentose phbSphé.tes. It seems therefore that these are very potent
and rapldly-actmg lablhzers.

While our results in genera.l agree with those of Gest and
Vandelstamt , we found that both fructose and 3-phosphog1ycer1c acid -

(3~PGA) were effective labilizers under our conditions. G6P as the

barium salt labllz.zed the enzyme; as the sodium salt.it did not.
i | |
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- 1,5~diphosphate, ribose-SfphOSphate; fructose, fructose—6-ph05phate;i

NADH, NADP and 3-PGA, as well as the expected FDP and NADPH, caused

._3_‘

* We suspect the labilizing effect in the former case was due to impurities

in the preparation of the sugar phosphate.
Of the four compounds kinetically associated with catabolite

repression in the experiments of Prevost and Moses4, FDP and NADPH

were effective labilizers, while GOP and 6PG were not. One might con-_.
~clude from this that only the concentration changes shown by FDP and
‘NADPH were casually related to‘catabplite repressibn, but the speci-

",‘ficity of the heat~labilizing,effect.does not seem great enough to

support such a conclusion. It must be noted that ribose, ribulose-

the enzyme to become more‘heat-labile'than-usuai. Ribquse-l,Sj-'

diphosphate is probably not an intermediary metabolite in g;.coli.

'If, as Gest and Mandelstam! concluded, the heat-labilizing property

of a small molecule indicates that the enzyme forms a specific com-

plex with-that moleaule, then B-galactosidase must have recoghition

-sites for several classes of compounds other than its substrate:

pentose, pentose phosphates, nicotinamide adenine dinucleotides, fruc-

tose and fructose phosphates.

The suggestion of Vb'gél2 and Szilardd that catabolite repression |

may be effected by an interaction betyeen the catabolite corepressor

{

and the nascent enzyme pfesupposgs that catabolic regulation of enzynm
synthesis is bossible at the translational.levél, and is independent
of the regulator (i) and operétor (o) genes'posfulated by Jacobtand
Monod6 as the_:egulatbry site for enzyme derepressiop.’ Prevoéf and

bbses44fbund that changes in the intracellular concentrations of their
! *
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b
four compounds correlated kinetically only with severe transient
repression of 3¥galacto$idase synthesis, and not with the moderate
pefmanent repression which follows. Recent observations by Palmer

and Moses’»8 have shown that transient represéion is effected via the ’
i and o genes, while moderate permanent repression may be a non-specific
conséquence of changes»in the biosynthetic balance of other proteins.
Their results and the preseht findings thus lead to the conclusion.

that the interactions of s-galactosidése protein with various meta-

_ bolic intermediates leading to changes in heat stability are probably

not relevant to the phenomenon of catabolite repression.
The work‘reported in.this paper w%s sponsored by the United
States Atomic Energy Commission. ' S '
© MARY L. EAGLESON,
V. MOSES
Lawrence Radiation Laboratory, |

University of California,

Berkeley, California: °
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Table 1. HEAT LABILITY OF 8-GALACTOSIDASE IN THE PRESENCE OF
' . ... ...SEVERAL METABOLITES AT 48°

................................................................

~ Rates of enzyﬁe activity ' (as $ of control)

| Compowmd .0 =4 min.12.~ 20 min.. 22220 gy
........... sl w2 Wm0 s (B
FDP | 119 32 27
Fructose=6-phosphate ' 27 1 - 3.7
~ Fructose " . 76 ) 0.3 - 0.39 -
@ 104 92 88 i
: Glucose-l-phésphate i - 120 . 111 | - 93
Glucose . 116 - 98 84
626 T m e .18
Gluconic acid 107 0s 98
NDPH 7! 5.3 7.2
NADP | " 102 54 .. s3
N G 12l . 63 s
ND I A
A s a3
P . e s 83
AP w0 0 7 -7
Ribose~5-phosphate : f 14 0.6 o 4.3
Ribuloseél55-dipho§phatet 36 . 0.8 i‘ - o 2.2
Ribose . - 4 ‘ 49 . 8 4 ‘ .' 16
'3-Phosphoglycez;ic acid % 4 o 35
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Fig. 1. Effect of nicotine adenine dinucleotides on the thermo-

stability of '3-galactosidasé at 48°, Enzyme was prepared as
described in the text. Enzyme (0.0l ml) was added to 3 ml of

0.1 M sodium phosphate buffer (pH 7.0) containipg o-nitrophenyl-

~ B-D-galactoside (mM) and the test compound (2.5 mM). NADPH ( @),

NAIH ( @ ), NADP (@ ), NAD (A ), or control { x ). Aliquots

(1 ml) were withdrawn at the times specified. The reaction was

" stopped with 0.2 ml of NazC0z (1.5 M) and the extinction read at

420 my. X
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