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The Genetic Control of Transient Repression

BY V. MOSES AND PAMELA B. SHARP

'Laboratonynof Chemical Biodynamics and Lawrence Radiation Laboratory,

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

R Diéagreemént exists concerning the role of the lactose regulating

. genes (1_énd o) in the control of transient repression of B-galactosidase

synfhesis in Escherichia coli. Palmer & Moses (1967, 1968) reported.

that cértain mutations in these genes abolished transient repression.
Periman & Pastan (1968);'and Tyler & Magasanik (1969), failed to confirm
these'dbsenvations. '25"Differénces in experimental techniques in

the variohs studies havevﬁeen investigated and found not to be respon-

| sible for the disCrepanciesg nor are the discrepancies due to varlatwon

in the mutant bacterial strains. ' 3, Trans1ent repression, norma]]y

absent in a strain carrying mutant regulator and operator genes, was

not e]icited by prolonged growth in rich medium. 4, Formal tests

of the effect of'growth history on transfent repression in mutant and

»wiﬂd type strains showed that transvent repression was a Tunction of

the genotypes not of growth h1story These tests confirmed the ro?e

of the regu?ator and operator genes in th1s type of repression.

5. A strain carrying a delet1on of the lac promoter gene whwch extends

into the 1 gene failed to show transient repression.
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The addition of‘glucose to exponentiai cultures of wild-type

Escherichia coli in glycerol medium causes a severe transient repres-

sion of B-gaiactosidase'synthesis (Paigen, 1966;~Moses & Prevost, 1966). ¢
TThe ro]e‘of,the regulator (i) and operator (0) genes in the control of
this phenomenon was studieo by Palmer &'Moses‘(19§7, 1968). They re-
ported tnat snch repression was aoolished in.fu]]kpperator cons titutive
(gf) streins, and in those carrying a suppressible amber mutation (ifsus)
or certain temperature sensitire iesions'(iTL) of the regulator gene.

They conciuded that transient repre551on requires the 1nteraction of
repressor with operator.

Later studies by Perlman & Pastan (1968) and by Tyler & Magasanik
(1969), failed to support some of the observations on which the mecha-
nism adVonced by Paimerv& Moses (1968) was based, The matter seemedr'
of sUfficient'importance to warrant investigation of these-vvdiscrepancies‘°

 We have therefore repeated the principal experiMents'of all three
groups , nsingﬂtecnniquesvdescribed in.their_reports,f We have also
compa’redtstrain.og7 obtainedefrom Periman and Pastan with the same
strain és'nsed'in”this laboratory. None of these experiments succeeded‘_'
in resoiving'the diSCrepancies{i In our hands,.ailfthe mutant strains -
continue'to behave .as Palmer and Moses reported. -

Yudkin (1969) has found that in some strains the intensity of -
transient repression is influenced by recent growth history Such
an effect may be the cause of the discrepant experimentai results. We -
'have tested this possibiiity by constructing d1plowd strains from newly
‘re-isolatedcrec1pients, and maintaining these in strictly parallei}'
culture untili they were tested for transient repression° Our findings

with such diploids have confirmed that regulator and operator gene function

is required for transient repression,



EXPERIMENTAL

Bacterial strains. . The genetic constitutions and sources of E. coli

~ strains are as follows: ot (lac i"oS 2t +; a recent description of
» © e Tot 267 \12= 10672 ¥ | |

-this strafniis given by'DaVies & Jacob, 1968), from Dr. E. Steers;

-67(P) (nomina]ly 1dentical with strain o —67)’ from Dr. E. Steers, via
Dr. R. L. Perlman; 112-12-A-84 (F" lac 1~5"So*z'y*his cys gal su™sn®),

from Dr, B, MuHer-Hﬂl RV/F* o o7 (lac lg__z__t_q_r;_]_e_u__sln.s/P lac i"og,Z y_ 5,

dei del

from Dr. E. Steers; RV (F Sm ) and RV/F'MS 37 (lac sm S/F! lac

_*’o*{xﬁg?) both. from Dr. M. H. Malamy via Dr. M. D. Yudkin; AB 1157

(F lac 1%"z"y thr leu proghis=arg"snR), from Dr. A. J. Clark; CA 8001
(HfrH lac 1IIELI° z y Sm ), from Dr. J. R. Beckwith; Salmonella stra1n_

TR 132 (ade57g u45 leqosgalso]Sm azaserine /E coli F' lac ito'z" y proA B)-
was obtained from Dr. J. R. Roth, and was used to construct the d1pﬁo1d

AB 1157/F proA B ?ac .

 Growth and 8-galactosidase induction. Growth conditions in tiquid medium

followed the techniqoes described by Moses & Prevost (1966). An addi-
tional medium, Jactose-tryptone broth conta1ned Tactose (2 g. /B ), NaCi
(5 g./1.) and Bacto-Tryptone (8 g. /1 ) (Difco Laboratomes° Detro1t

Michigan) B~ Ga?actosidase synthesvs was - tnduced with 0.5; mM IPTG when 2

necessary All experiments were perfoﬁmed at 37°,

[

Enzyme'meaSUrements These were performed as descr1bed by Palmer & Moses

- (1968).. In some eXper1ments toluene treatment was omi tted and replaced

pr—

*Abbreviations IPTG iSOpropyﬁ -B8- D-thio galactopyranoside, ;BCfG, 5-

brom0-4-chloro-3-indolyi a D—galactopyranoside
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by fhe use of hexadecyltrimethylammonium bromide in the assay medium
(Tyler & Magasanik, 1969). The latter used 0.1 mg./ml. final concen-
tration of this detergent° we. have found 0. 022 mg./ml. to be more

satisfactory

vCohstruction of diploids{ (a) i-sus/1+. A streptomycin-resistant

mutant of 112-12-A-84 was obtained by mutagenesis with N-methyl?N'-
nitro-N-nitrosoguanidine (Adelberg, Mandel & Chen, 1965), followed by
se]ectiph_oh'minimal medium containing streptomycin (J35 ugL/mj.), his~
tidine and cysteine. This strain is designated 112-12-A-84 Sm".

| YOuag exponential cultures of strains 112-12-A-84 §m? and RV/F'MS 37
in glycerol minimal medihm_containing histidine and cysteihe were mi xed
in the-proportiohal of 1:5 (v/v).ahd incubated at 37° for 2 hr. with
very gentle shaking.. Suitable dilutions were plated onto glycerol-
minfma?_agar containing histidine, cysteine, streptomycin (135 Qg./ml.)
~and BCI;G (40 g./m1.) (Davies & Jacob, 1968). Paranel incubations and
platings were performed w1th each parent stra1n separately

After about 36 hr. at 37°la11 co1onies from unmated ]12 12 A 84

R were bﬁue and a]most all from the mated stra1ns were wh1te Strain

Sm
| RV/F'MS 37 failed to grow on these plates._ Several P]ue and wh1te
co]pnias,Wére'pftked;and ré-isolated by St;eaking on sjmf?ar p?atesa
Singﬁe b}ue and whi te cp?onies were then‘picked into lactose-minimal
medi um containing'histjding, cysteiné and streptomycin; all were found
to be 1ac+. Each was subcultured into glycerol-miniha1 medium: biue
colon1es produced - ga?actoswdase in the absence of 1nducer9 white

colonles required induter for ‘enzyme synthesis. On repeated plating

on g?ycgrol -BCIG plates, b]ue colonies always yieided only blue colonies,
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strain RV was obtained as abové and designated RVSm™.

.
while an 0tca§tohal'b}ge colony was obtained from white ones. Blue
coionies were thus the ofiginél parent strain IIZ'IZ‘A'84f§EF and the
white colonies were 112-12-A-84-SnR/F NS 37.

For measurement of tfansieﬁt repression, overnight cultures in
g1ycer01 minimal mediumvwere-inoculated from the lactose-minimal cul-

tures into which the colonies had been picked from plates. These were

'diluted énd used the next day.

del

(b) lac /F'067 and lac /F'iac+. A streptomycin-resistant mutant of

R

Strains RVSm /F'o ~67 and RVSm /F' 9——A Blac were constructed by
. R :
tivel
mat1ng‘RVSm with RV/F'o —67 and AB1157/F' grougglac » respec fvely, using

selection on lactose-minimal plates'containing streptomycin (135 ug./mi.).

"Diploid colonies were picked and'purified by two successive streakings

dn_Simflar plates. Pure isolates were finally picked into lactose-
midimaﬁ.médiUm containing streptomycin and were éhecked for inducibi-
lity. -As expected, RVSm /F —67 was constitutive and,Rygmg(F'g;QXQBlgg
was 1nduc1ble. ‘ o
Cultﬁyes fdrlﬁeasurement of transient repreésion were taken frbm
the ?actQSefminimai cuiture into which pure isolates had been picked.
They Were.inocuiated fnto_giycerol-minimat.mgdium for overnight growth,

and.used'the following day after dilution.

Chemicals. Streptomycin and IPTG were obtained from Calbvochem, Los -
Angeies, California, BCIG was from Cyclo Chemical Corp., Los Ange]es9 _

~ Caltfornia.



RESULTS

Variations in experimental technigue. In testing for transient repres-

sion Palmer & Moses (1967; 1968) used lower concentrations of both
glycerol and gTucose'(zé’mM and 10 mM, respectively) than'either Tyler
& Magésanik (1969) (43 mM and 22 mM)9 or Periman & Pastan (1968) (54 mM
and 25 hM).: In unmasking the enthe, Ty?ér & Magasanik (1969) empTded
hexadecy?trimefhyiammohium bromide (0.1 mg./ml.) in the assay solution,
while théJOther‘fwd groups used toerné treatment before adding.sub- |
strate. Finally, while Palmer & Moses (1967, 1968) added 1 vol. of
M-g]ucosevsolution to 100 veol. of:cells'in glycerol medium, both of
“the ofhér groups split the culture and incubated portions in different
media. We ‘have examined each of these variables to determ1ne whether
the transient effect is dependent on any of them,

Increasing both the- g1ycerol and glucose concentrat1ons {to 44 mi
and ZSZmM, respectiveiy),vin an experiment with strain o —67 which was
otherwise pehfdfméd exaétly ds'Pa]mer & Moses (1967, 1968) deﬁcribed,'
gave a.résu]t identical with that reported pééviqus]y_(Fig. 1): no
transiént_repression was observéd. Using this strain,;Terr & Magasanik
(1969)‘rép6rted transient repression which Tasted for ?S%'ahd 86% of

one mass doub]ing:time. Fig. 1 shows the cell concentrations corres-

ponding to these periods. The use of hexadecyltrimethylammonium bromide

(0.1 mg./ml.) in the assay system instead of toluene also failed to
demonstrate transient repression (Fig. 2A). In the same expérimentg'
'pbrtions'of;thé'cu]ture were rapidly transferred into.two other vessels,

one'emptylandvthe.other cohtaﬁning sufficient M-glucose solution to give

W
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a finai glucose concentration:of'zs mM, Transfers were completed
within;3d sec. No transient repression wes observed (Fig. 2B). We
are thus unob]e to elicit transientﬂrepression of g-galactosidase

w1th:gluoose_1n stra1n %67+

Possibfi{ty’Of strain variation. . A11 three groups reporting the be-

haviour of strain ;§7 originally obtained this MUtant from Dr. E.
Steers., It was possible that prolonged culture in the various labora-
tories had resutted in sub var1et1es with d1ffer1ng physiological

properties. A culture ofvstraln 967 was therefore obtained from Dr.

‘R. L. Perlman and designated _57(P) This strain was maintained for
. a short period in giycero? -minimal med1um and then tested for tran-

sient repression by our standard procedure No such repression was

observedv(Fig._3)._

Effect of previous growth history. Yudkin (1969) has reported that

the appearance of transient repress1on in E.'coTi strains 3000, 3000L8

and 300U fs 1nfluenced by their recent growth history. Maintenanée

- of these-strainS‘for_months-in_g?yceroﬁ—mrnjmal medium weakened or
“abolished transient repressuon - Transient repression was restored

‘oy growing the cel]s through seven subruitures in glucose- peptone

/

In this iabordtory,'working strains are routineﬁy mdintained‘in

'minimél3medﬁa< Both of the. other grou;s ma1nta1n their stocks 1n

rich media and transfer them to mynnma? medi a the night before an
experiment-(personai communications from Drs. R. L. 'PerTman'& B.
Tyler). We therefore maintained strain o 7(P), taken directly from ‘

the s?ant ‘supplied by Dr. R. L.. Periman, for 45 subcultures in lactose-
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tryptone broth, Each subculture permitted about 10 mass doub]ings.
The cells were then transferred to glycero]-minima1 medium forvouer-
night grontn and tested for transient repression by our standard

procedure. None was observed (Fig. 4).

Behaviour of diploids in parelle! culture, A more_rigorous test both

of the effect of growth history end of the role of the regulator genes

was prouided by the construction of appropriate strains from a common
parent,'and their maintenance in strict]y parallel cultures. An
eerlierustudy (Palmer & Moses, 1968) showed that insertion of F'lac

| into the i:sus’strEtn 112-12-A-84 simultaneously restored inducibility |
and transient repression. That study did.not employ parallel culture |

i—SUS

| conditions. Furthermore, the /F'lac+ diploid carried two functional

z and x_genes and this could be held to influence the represswon pattern;

The episome F' MS37 was inserted into 112 12- A-84Sm and the re-
su1ting i sus/ diploid compared with the haploid female parent,
Both strains were grown 1n the presence of 0.5 mM IPTG for this ex-
periment, though in subsequent experiments it has been found that the
repression pattern of the constitutive parent is unaffected by inducer.
Fig 5 shows that permanent repression was absent in both strains, but
‘that transient repression, 1n agreement with our earlier findings,
depended upon the presence of a functional i-gene prodUCt

In an analogous exper1ment the episomes F' EEEA 1ac and F'—67.
were inserted into a RVSmR9 a strain carry1ng a total lac de?et1on
: The diploids were isolated “and ma1nta1ned and tested in parallel
cu1ture.‘lTransient repression was observed on!y in the strain carry- -
ing functional i_ennlg_genes (Fig. 6). | o

!
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Behaviour of strain CABOOT. Silverstone et al. (1969) reported that

strains carrying a partial deletion of the lac promoter region (L71)

were insensitive to catabolite repression, We have confirmed that

under our standard conditions strain CA8001 exhibits neither tran- .

Ly

sient nor-permanent repression (Fig. 7).

DISCUSSION -

The three groups who have studied transient'nepfession in lac

vregu]atory mutants have fai]ed to agree about the behaviour of such ‘

strains., Comparison of the experimenta? techniques, and of one of

the bacteria] strains, has not resolved the experimental disagreements;
persona] discussion between members of the groups has thrown no further
11ght on the discrepancies.

Extensive studies with our’experfmentaivprocedure has confirmed

“that trénsient repression depends upon the presence of functiona1‘i

and o genes, as shown previous?y'by Pelmer & Moses (1968). 'Tnansient.,‘
repression elicited by g1ucnse'is abolished in the L1 promoter dele-

tion mutant It may not be irreievant to note that the L1 de!etion

‘extends into the ﬁ gene (Mv?ler et ai.g 3968)

"The workzreportedjinﬁthisfpaper was sponsored by the U.S. Atomic
Energy Cpmmﬁssjongfiwe_express=0wn thanks td‘those who kindly supplied-

mutant_gtrainsé e
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Fig. 1.

Fig. 2.
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CAPTIONS FOR FIGURES

Absénée of transient repression in strain 957. Cells grown in
minimal medium plus glycerol (44 mM); glucose (25 mM) added at
arrow. Cells treated with toluene for determinatidn of enzyme

activity. Mass doub1ing times'before and after glucose addition

were 77 min, .and 58 min., respectively. The arrows at the top

of the graph show the bacterial protein concn. corresponding to
15% and 86% increases in cell masS'after the addition of glucbse; _

for the significance of this, see text.

AbSénce of transient repression in strain 927. (a) Repeat of
experiment shown in Fig. 1, but with enzyme activity measured

fn-the presence of hexadecyltrimethylammonium bromide instead

~ of toluene. This culture was not removed from the original

flask. Glucose (25 mM) added at arrow. (b) Same experiment,
in which portions of the culture were transferred from the

parent vessel into two other flasks, one empty and the other

~ containing M491wcose to give & final concn, of 25 mM, Transfer

time 30 sec.; transfer was carried out at the time that sampling

started in part (a). Mass doubling times in givcerol and giycerol’

' 'iplq$»giuc059~were'70 min. and_56 min.,-respectively. The arrows

" at the top of the graphs show the bacterial'protein concn. corres4 

’fu ponding}tOOUS% and 86% increases in cell mass after the addition -

~ of glucose. In (b): e ,,g?ycerbi; 0, glycerol plus glucose.

. L , .
[ . oo ) N



Fig. 3.

Fig. 4. .

Fig. 5.

" Fig. 6.
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Absence of transient représsion in strain gé:?(P)° Experimental
detaiTs as for Fig. 2.(5) eXcépt glycerol concn. 22 mM and glu--
cose ¢bncn. 10 mM. Mass doubling times before and after glucose

were 90 min. and 60 min,, respectively.

Absence of transient repression in strain g§7(P) after 450 doublings

»1n lactose-tryptone medium, followed by 10 doublings in glycerol-

minimal medium. Experimental details as for Fig. 3. Mass doubling-

times before and{after addition of glucose were:90 min, and 62 min.,

respectively.

R and 112-12-A-84

Tran51ent repression in strains 112-12-A-84 Sm
Sm /F MS 37, maintained in parallel cultures. Experimental details

as for Fig. 3. Mass doub11ng times before and after add1t1on of

~ glucose were 70 min. and 60 min., respective]y. Transient repres-

sfon in (b) Tas ted about_SOﬁmino' Both cultures contained 0.5 mM-
rpre.' (a), 112-12-A-84 smt; (g),'112f12-A-84’§mF/F'Ms 37.

Transient repression in strains RV Sm /F E__ !ac and RV Sm /F'_67

maintained 1n parallel cultures. Experimental details as for Fig. 3.

Mass doubling times before and after addition of giucose (a)

RV Sm/F* pro*lac’ (induced with 0.5 mH-IPTG), 78 min, and 64 min.,

respectively; transient repression lasted about 60 min.; (b)

RV §EB/F° g§7. 7I‘m1novand 61 min., respectively.

Effect of glucose on g- galactosidase synthesis in strain CA8001 in-

duced with 0.5 mM- IPTG ExperlmentaT details as for Fig. 3. Mass

dqub]ing times before and after addition of glucose were 102 min.

~and 70 min., respectively.

\J
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Fig, 3.
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Fig. 4.

"Moses & Sharp.
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Fig. 6.

Moses & Sharp.
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Fig, 7.
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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.
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