Lawrence Berkeley National Laboratory
Recent Work

Title

INTERACTIONS BETWEEN METABOLIC INTERMEDIATES AND B~ GALACTOSIDSE FROM
ESCHERICHIA COLI

Permalink

https://escholarship.org/uc/item/8685g149

Authors

Moses, V.
Sharp, Pamela B.

Publication Date
1970-01-22

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8685q14q
https://escholarship.org
http://www.cdlib.org/

u(‘l

Submitted to Biochemical Journal UCR1L-19498

. &

Preprint

INTERACTIONS BETWEEN METABOLIC INTERMEDIATES AND
B-GALACTOSIDASE FROM ESCHERICHIA COLI

V. Moses and Pamela B. Sharp

* January 22, 1970

AEC Contract No. W-7405-eng-48

LeRARY SEcTion ~ —
TWO-WEEK LOAN COPY

This is a Library Circulating Copy .

which may be borrowed for two weeks

For a personal retention copy, call

Tech. info. Division, Ext. 5545

LAWRENCE RADIATION LABORATORY :
UNIVERSITY of CALIFORNIA BERKELEY™

86%61-T1UDN

-



DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Interactions between Metabolic Intermediates and g-Galactosidase

“from Escherichia coli

" BY V. MOSES AND PAMELA B. SHARP

Laboratory of Chemical Biodynamics and Lawrence Radiation Laboratory, -

University of California, Berkeley, California, U.S.A. 94720

1. S—PhOSbhony]ribose 1-pyrophosphate, in the presencé of g-mercapto-
ethanol, protected g-galactosidase from heat inactiVation. Many other
substances, iht]uding 3! 5;-(cyclic)-AMP were without effect.

2. The effwcvency of in v1tro comp]ementat1on of 8- ga1act051dase seg-
ments was reduced by 5- phosphory1r1bose 1- perphOSphate but not by
3",5'- (cyc11c) AMP, Neither substance affected the activity of the
comp}ete,enzyme, ‘3. Some indications as fo'the possibleiidentity

of the catabolite repression effector are presented.

Gest & Mahdelstaﬁ (1966) Suggested‘that part of the mechanism of
' catabo]1te repressvon might 1nvo}ve interaction between the effector

‘ molecu]e ‘and the nascent enzyme, resu1t1ng in some way in a decrease

" in the rate of the translat1on process in protein synthes1s Seek1ng
evidence for the existence of "repression recognition sites”" on the

completedvprotein molecule, they studied its heat stébility_in the

presence'of a variety of metabolic intermediates. Amohg several
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compound§ tested, only fructose 1,6-diphosphate, and, to a lesser ex-
tent, glucose 6-phosphate, promoted the heat lability of B-galactosidase.
More extehﬁive studies by Brewer & Moses‘(1967) confirmed the efficacy
of fructdse 1,6-diphosphate, but showed that severai other compounds
Were'eVén'more effective. Theyvéoncluded that the interactions between
metaboljte molecules and s-galactosidasé were non-specific, and were
| probably not féleVant to the phenomenon of catabolite repression.

More recently, iﬁterest in possible repression recognition sites
on'B-ga]acﬁosidase has béén reawakened with the suggestion, on genetic
and biochemical grounds, théé translational regq]atiOh is a significant
factor in the mechénism of catabo]ite repression (Moses & Yudkin, 1968;
Yudkin & Moses, 1969). It was of interest to re-examine possible
specifié interactions between B-galactosidase and metabolites, and to
ektend thé:range-of the latter to include 3',5'-(cyclfc)-AMP.and ,
metabdlic‘intermediatés whose intracellular concentrations might be

~affected by the nucleotidé.

EXPERIMENTAL

Bacterial strains. The fo]lbﬂing-bacterial strains were used in this

stugy;'their relevant genotypes-and sources ére indicated: 3300

R : oA - - - v .

(iozy) fromE, Steers; $908 (1’0 z5pgy ade”) and RV/(694)B9 o
(lEES;A/F'(BQ) iée]gﬁe]gée]) from A, Newton; 112-12-A-84 (i™SUSo’z'y*)

from B. MUller-Hill,

Growth conditions. Cells were grown with shaking at 37° in minimal

medium 63 supplemented with 0.2% (w/v) glycerol (Moses & Prevost, 1966).
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Enzyme.inductiOn and aSsqx,v Strain $908 was grown in the presence of

0.5 mM;IPTG.* Samples for measurement of B-galactosidase activity in
cell ekﬁracts or in'purified'preparations_were incubated in 0.1 M-
phosphate buffer, pH 7.4, containing 0.125 M-NaCl and 2.65 mM-ONPG at
“the temp. indicated in the text. when a suitable intensity of yellow
coloufﬂhad deveioped, the reaction was terminated with 0.3 M-Na2C03

~and the extinction measured at 420 nm.

In vitrb complementation of g-galactosidase segments. Ceils‘of the re-

quired strains were grown with or without inducer in glycerol-minimal
medium."After harvesting, they were washed, resuspended in buffer and
disrupted by ultrasonic vibration. The}preparatibn was centrifuged ai .
38000 x. ﬂav for 2 hr, at 0° The supernatant solution was used Withoutr
further pur1f1cat1on in complementat1on exper1ments |

Aliquots (25-50 ul.) of donor and recipient cell extracts, fogethere
with 20 ul. of buffer containing compounds to be tested, were mixed at
0°. The mixtures were then incubated for 90 min. at 30°. Enzyme'écti-’
vity was measured by addlng.O.S mi. of buffer conta1n1ng ONPG (3.2 mM);‘
and : incubation'continued at 30° until a suitable density of ye]low‘
ce1our.had_developed. The reaction was term1nated with 0.8 ml of |
L 0:75 M-Na,C05 and E420 measured‘ The concn. of test compounds was 5 mM .

i dur1ng comp]ementat1on and 0.65 mM during hydrolysws of the substrate

'Experwmental procedures were taken from Ullmann et a] (1965).

*Abbreviations: IPTG, isopropyl-g-D-thio-galactopyrangside; 3',5'-(cyelic)--
AMP, adenosine 3',5'-(cyclic)-monophosphate; ONPG, o-nitrophenyl-galacto--
pyfanoside; PRPP, SaphOSphorylribose-l—pyrethSphate,
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In each complementation experiment‘it was confirmed that excess
of the y.recipient was present; the yield of active enzyme was a linear

function of the amount of donor extract used.

Effect of.heat on B—galactosidase.. Purified g-galactosidase, isolated
from E. coli strain 3300 by the method of Craven, Steers & Anfinsen
(1965);'was kindly_provided by Drs. D. C.‘Phillips and L. N. Johnson.

- Two typeé of eXperimént'werelperformed: the combined effect of heat
onvenzyme stébiIity and activity, and the effect of heat on stability
only.v o | . |

In the former, 1.35 ml. of buffer (0.1 M-KH,P0, plus 0.125 M-NaCT,

“adjusted to pH 7.4 with KOH) containing ONPG (3.2 mH) and additional
substéntes és required, was mixed with 0.15 ml. of enzyme. (30 ug./mi.)
in the saﬁe buffer, If required, the solutions also contained 8-
mercéptdethanol (T%.V/v). Mikiné was pe?formed at 0°. The mixture
was then:p]acéd in a water bath at the desired'temperatUre. At inter-
vals, 0. 2.ml; sampies'Were removed ihto Vo df 0.75 M-Na,C0,, and
E420 measured in a 1 cm, cuvette when time-course studies were not
requjred, the vol. of all the reactants was reduced ten-fold, and

»hydrolySis terminated at a definite time by the addition of 1.0 ml. of

‘NayCo,. o N -

' For the second type of exper1ment 1. 0 mi. of buffer conta1n1ng

- 1.5% (v/v) B- mercaptoethanol and test substances as requ1red was '

~mixed at 0° with 0.25 ml, of enzyme solution. The mixture was placed

in a water bath. At intervals, samples (approx. 50 ul.) were added to

O.l_ml.:of'buffer at 0° in pre-weighed tubes;_the tubes were weighed
again to defermine accurately the amount of sample taken. Al samples

were subsequently assayed for g-galactosidase activity at 37°.
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Chemicals. These were from the following sources: PRPP, fructose 1,6-
diphosphate, 3',5'-(cyclic)-ANP, 2',3'~(cyclic)-AMP, 3-phosphoglyceric
acid, 3-phosphoglyceraldehyde, ONPG, N-acetyT-D—gTucosaminé, g]uéose 6-
phosphate, -NADP, NADPH, NAD and NADH were from Calbiochem., Los Angeles,
Ca]?f.;:dihydroxyacétone phosphate was from Sigma Chemical Cp.; St. Louis,
Mo.; glucoée 1eph05phate was from Schwartz BioResearch, Inc., Orangeburg,
~ N. Y.; bovine serum afbumin was from Armour Pharmaceutical Laboratories,

Chicago, I1l.; adenosine 5'-triphosphate was from Mann Research Labora-

tories, New York, N. Y.
, | RESULTS ,
Effect of intermediary metaboliites on the heat stability of B-galactosidase.

. -PUrified g-galactosidase was heated in the presence of ONPG (3.2 mM) ahd
| a variety of metabolites’(USually‘at 4 mM). None of the cohpounds tested
" influenced the rate of ONPG hydrolysis at 37°. There was considerable
variabi]ﬁty between‘diffefent experiments and the values reportedlin |
Table 1 represent the averages of measurements repeated several times.
The effect of heat on B-galactosidase was greatly influenced by the
presence in the system of 8-mercaptoethanol. léoth Gest & Mandelstam
' (1966); and Brewer & MoseS'(1967), employed enzyme prepared and used in
the absence of the mefcaptan (personal coﬁmunications); for the enzyme
used in the present Study, B-mercaptoethanol was present throughout the 
isolation prdcedure. CraVen et al (1965) reported that thé presence - .
.of reducing agents during isolation affects enZyme activity and heat
‘stability. They observed, furtnermore that enZyme prepared in the
~ presence of reduc1ng agents loses 1ts stabilized prOpertxes on remova] .
of the agent, and that thws Toss cannot be reversed by the subsequent

restorat1on of B-mercaptoethanol
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In~thé absence of g-mercaptoethanol, several substances accele-
rated enine incatiVétioh. The promotion of heat lability in the
absencé of B-mefcaptoethénoi is probably a non-specific effect; in-
clusionvéf bovine serum ajbumfn (6.25%) in the reaction mixtufe com-
pletely prevented it (Table 2). In the presence of s-merééptoethano],
only bné'éubsfance tested, PRPP, was consistently effective in pro-
tecting g-galactosidase from heaﬁ inactivation; some protection was .
also afforded by dihydroxyacetone phosphate. Protection of the protein
by PRﬁﬁ was not affected by bovine serum éJbumin (Table 2), and this
interaétion_appeared to be considefab]y more specific.

. The stabi]izing effect of PRPP was independent of enzyme concen-
'tration:over an-eightfold range (Fig. 1). Fig. 2 indicates a disso-
ciation cdnstant of 1.1 mM for an enzyme-PRPP complex. The kinetic§
of B-galacﬁo;idase~decay at 55° in the presence and absence of PRPP,
and ofvsupstrate, arevshowﬁ in Figs. 3 and 4. The protective effect

of PRPP was not ébolished by the inclusion of other metabolites (Table 3).

PRPP;’B',S'Q(cyclic)—AMP and in vitro complementation of g-galactosidase

segments. In a number of experiments it waé found that 5 mM-PRPP, present
during the complementation périod5 invariably_reduced the yield of active
~ enzyme as determined in a subsequent measurement of énzyme activity at

37° (Table 4). On some occasions the yield was somewhat higher in the
pfesencg of 5 m4-3',5'-(cyclic)-AMP, but this did not always occur.

The effects were always in the same direction for a particular compound,v‘
though their magnitude was variable, Thevactivity of complete enzyme

was affécted only slightly by:PRRP, and not at all by 3',5°-(cyclic)-AMP
(Table 4). o |
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DISCUSSION =

The nature of the effector. A translationa1 regulatory component in

the Catabb]ite repression of g-galactosidase, for which evidence was
presented by Moses & Yudkin (1968), and Yudkin & Moses (]969),‘probab1y

requires a épecific recognition site for the effector molecule on the

nascent enzyme protein (Gest & Mandelstam, 1966). Such a site need

not necessarily survive in its original conformation on the completed -
enzyme, though any evidence of its presence there would make more likely
its existence on the nascent protein. Investigation of the effects of

seVeraI metabolites on the heat stability of g-galactosidase, and on

‘the activity of the énZyme formed by in vitro complementation of seg-

ments, has indicated that such a specific site may indeed exist. Only

PRPP, of the substances tested, was very effective in promoting stabili-

~ zation of the ethme at high temp., and dn]y this compodnd reduced the

efficiency of complementation. It is not here suggested that PRPP is
itself the effector: not only is its affinity for the enzyme low, but

it does not act as a rebressor when added to cells rendered permeable

 with EDTA (Moses & Sharp, 1970); however, entry of a substance into the.

cells may not ensure access to the target molecule. PRPP might never-
ﬁheless reﬁemb!e the effector fairly closely in the maﬁner ofvits binding
tovthe e_nz_yrhé9 and hence indicate the type of structure tovbe sought in
looking for the effector. Earlier studies (Prevost & Moseég 1967; Moses
& Sharp, 1970) have suggested that the effector originates from the
péntose phosphate cycle. Once more the cycle is implicated as a source
of the effector, for PRPP is one of the products of that metabolic

pathwayf'f_
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" Fig. 3,
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CAPTIONS FOR FIGURES "

Effect of enzyme concn. on heat stability of g-galactosidase.
Enzyme was incubated for 20 min. at 55° in the presence of
ONPG (3.2 mM) and g-mercaptoethanol (1% v/v). Na,C0, was then

added and 5420 measured. o , control; e , plus 5 m{-PRPP.

}_Linewéaver-Burke plot of heat-stabilizing effect of PRPP on 8-

_’galéctOSidase; Enzyme was incubated for 20 min. at 55° in the

presence of ONPG (3.2 mM), g-mercaptoethanol (1% v/v) énd’various

concn. of PRPP. ‘Na2603 was then added andvE420 measured, g~

Galactosidase activity recorded is calculated as activity in

control minus activity in presence of PRPP.

B-Ga]éctosidase activity at 55°. Enzyme was incubated with ONPG
(3.2 mM) and B-mércaptoethanol (1% v/v), with and without PRPP

(5 mM), Samples were removed at intervals, the reaction termi-

.nated with,Na2C035 and E420 measured. o,, control; e , plus PRPP.

“g-Galactosidase stability at 55°. Enzyme was incubated with B-

‘mercaptoethanol (1% v/v), with and without PRPP (5 mM). Samples

were removed at invervals, cooled, and enzyme activity was subse-

| quently determined at 37°, o , control; e , plus PRPP,
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Table 1, Effects of temperature on g-galactosidase activity in the

presence and absence of g-mercaptoethanol and inter-

mediary metabolites

Purified B-galactosidase was incubated for 20 min. in the presence
of 3.2 mM-ONPG and 4 mM-metabolites. The reaction was terminated by
the addition of Na,CO,; and E,,, measured. Vajues are averages of
several determinations, expressed as % of control values.

’

Substance added . o . 55° + mercapto- 50° without
S ' : ethanol (1% v/v) mercaptoethanol
None - 100 : 100
N-acetylglucosamine . - | 102 | 108
AMP o © 68 95
ADP : L S92 72
ATP : - s8 . 58
2',3'-(cyclic)-AMp 9 | 115.
3',5'~(cyclic)-AMP 122 109
Dihydroxyacetone phosphate 160 - ' 34
Fructose i o - 101 - 67
Fructose 6-phosphate. 85 18
Fructose 1,6-diphosphate 103 o 67
Fucose | : 92 3 93
Galactose | | - R 126
‘Na Gluconate ' 77 .- 7Y
~ Glucose : R} N o ' 100
Glucose i-phosphate 922 88
Glucose 6-phosphate . = - 93 ) o
NaDt S 105 - 156
NADH / 97 | 73
naopt 107 | - 45
NADPH = . | 125 - - 10
- 3-Phosphoglyceraldehyde ‘ - 109 ' : 55
~ 3-Phosphoglyceric acid - . 105 138
PRPP 228 99

Ribose | o 59 68
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Table 2. Effect of bovine serum albumin on B-galactosidase activity

at high temperatures, 'in the presence of intermediary

metabolites

- Experimental details as for Table 1, Bovine serum albumin was

’

used at a final concn. of 1 mg./ml.; it had no effect on the control

samples{
55° + mercapto- 50° without
Substgnce addeg _ o ethanol (1% v/v) mercaptoethanol -
No bovine serum albumin
None | ' 100 | 100
Fructose 1,6-diphosphate 9% . 64
NADPH 13 | 21
PRPP | | 221 101
With bovine serum albumin
None - 100 - 100
 Fructose 1,6-diphosphate 138 o 115

NADPH | 137 93
pRP 294 136
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Table 3. p-Galactosidase activity at high temperatures in_the | g

presence of PRPP together with other intermediary

matabolites
Substance added ; - Enzyme activity .
None - S s - 100
PRRP- . . o 185
PRPP + 2',3'-(cyclic)-AMP 192
PRPP + 3',5'-(cyclic)-AMP R 205
PRPP + dihydroxyacetone phosphate - 226
PRPP + fructose 1,6-diphosphate - . 160
PRPP + glucose 1-phosphate N Y2

PRPP + 3-phosphoglyceraldehyde . 203

o
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Table 4.. Effects of 3',5'-(cyclic)-AMP and PRPP on in vitro comple~

mentation of g-galactosidase segments

Extracts of sfrains 5908.(w-acceptor) and.RV/(694)B9 (w-doror) were
incubated for 90 miﬁ.‘at 30° in the pre#ence and absence of 5 mM- .
3',5'-(cyclic)-AMP and 5 mM-PRPP. The reactioh mixtures were then
dijutgd wfth buffer containing ONPG, and enzyme activity measured as
E420 after 90 min. at 30°, The effects of the metabolites on native |
enzyme wére determined using an extracf of strain ]]2-12-A-84, Enzyme

activities are reported in arbitrary units.

Addi tions .;}..:Nohe - 3',5'-(cyclic)-AMP . PRPP
Extract:
5908 s 1.04 1.02
i : . ) /
RV/(694)B9 ~1.00 - ' 1.22 1.04

5908 + RV/(694)89 4.2 5.2 $3.49

112-12-A-84 ) 1.00 . 0.99 0.83
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: ,

- A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




AT S 4D ey

TECHNICAL INFORMATION DIVISION ;1'7

LAWRENCE RADIATION LABORATORY -
UNIVERSITY OF CALIFORNIA

BERKELEY, CALIFORNIA 94720





