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The Genetic Control of Transient RepressiQn 

BY V. MOSES AND PAMELA B. SHARP 

~~boratoryof Chemical ~lodynamics and Lawrence Radiation Laboratory, 

Univers1tyof Cal1fornia. Berkel eX •• C!lifomia, U.S.A. 94720 

:1. Disagreement exists concerning the role of the lactose regulating 

genes (1 and 0) in the control of transient repression of a-galactosidase .- . - ' 

synthesis 1n' Escherichia coli. Palmer & Moses (l967 t 1968) reported 

that certain mutations in these ge~es abolished transient repression. 

Perlman' 8. Pastan (1968)~and Tyler & Magasanik (1969), failed to confirm 

these observat1 ons. 2 ~' Di fferences in experimental techni ques in 

the various studies have been investigated and found not to be respon

sible for the discrepa,ncies'e 'n?r are ~he discrepancies due to variation 

in the ,mutant bacterial strains. 3., Transient repression, normally' 

absent ina strain carrying mutant regulator and operator genes, was 

not e 11 ci ted by prolonged growth in ri ch medi.um. 4. Formal tests 

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

, wUd-type strains showed that transi~nt repression was a function of 

the g~n.otyp.e 9 not of growth hi story. These tes ts confi rmed the role 
; ,."1.: . '.....' ..... ~ 

·o.f~the regulator and ,operator genes in ;this type of repression. 

5. A stra1ncarryitig a deletion of the lac promoter gene which extends 

into the ! gene failed to show transient repression • 
. : .j 

I \ , I 
" 

' .. :: .. 
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The addition of glucose to exponential cultures of wild-type 

,Sscherichia coli in glycerol medium causes a severe transient repres

sion of B-galactosidasesynthesis (Paigen, 1966; Moses & Prevost, 1966). 

The role of the regulator (1) and operator (0) genes in the control of 

this phenomenon was studied by Palmer & Moses (1967,1968). They re

ported that such repression was abolished in.full operator constitutive 

(oc) strains» and in those carrying a suppressible amber mutation (i-sus) 

or certai n temperature sens i ti ve 1 es ions' (i TL) of the regul ator gene. 

They concluded that transient repression requires the interaction of 

repressor wi th operator. 

Later studies by Perlman & Pastan {1968L and by Tyler & Magasanik 

(1969), fail ed to supp.ort some of the observations on whi ch the mecha

nism advanced by Palmer & Moses (1968) was based. The rna tter seemed 

of sufficient importance to warrant investigation of these discrepancies. 

We have therefore repeated the pri nci pa 1 experi rrients of a 11 three 
, . 

groups, using techniques described in their reports .. We have also 

compared strain 0~7 obtained from Perlman and P~stan with the same 

strain as used in this laboratory. None of these experiments succeeded

in resol ving the diScrepanci es. In our hands, all -the mutant s trai ns 

continue to behave as Palmer and Moses reported. ' 

Yudk1n (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 experimental results. We 

have tested this possibility ,by con$tructing.d,iploid strains from newly 
" 

re-isolated recipients, and maintaining these in strictly parallel 

culture until they were tested for transient repression. Our findings 

wi th such ~i pij 01 ~s have confi rmed that regulator and operator gene functi on . . . 

1s required for transient repression. 
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EXPERIMENTAL 

B.acterial strains .. The genetic constitutions and sources of L coli 

1 c ( .- c++ strains are as fol ows: ~7 lac l~7fY ; a recent description of 

this strain is given by Davies & Jacob, 1968), from Dr. E. Steers; 

~7(P) (nominally identical with strain ~7)' from Dr. E. Steers, via 

Dr. R. L. Perlman; 112-12-A-84 (F- lac i-suso+z+y+h;S-flS-~-su-Sms)t 
c ( + + - - - s - c++) from ·Dr.B. MUller-Hi 11; RV/F' %7 l,ac i £ f thr leu Sm IF i 1 aC i. %7~ I~'/ II 

from Dr. E. Steers; RV (r- lacde1 Sms ) and RV/F'MS 37 (lacde1 Sms/F' lac 

.!.+o+z-~Sj7),·both,from Or. M. H •. Malamy via Or. M. D. Yudkin; AB 1157 

(F- lac !+o+z+y-thr;"leu-Ero8his-arg-~R), from Dr. A.'J. Clark; CA 8001 

. (HfrH la~ 1[IElro+z+y+sms). from Dr. J. R. Beckwith; Salmonella strain 

R 13 ( - - i1 - 1- R ,R. FV 1 ,+ + + + + ) 
T 2 ade67~4~0s9!!60l~ azaserlne Ih coll ...2£ 1 O. z .y ProAI/B- . 

was obtained from Or. J. R. Roth D and was used to cons truct the di pi oi d 

.' I -+ ' "I-
AB 1157/f 'proA B hc • 

D 

Growth ancf a-gal actos1dase induction. Growth condi tions . in Ii qui d medi um 

followed the techniques described by Moses & Prevost (1966). An addj

t10nal medium, lactOse-tryptone broth, contained lactose (2 9./1.) ~ NaCl 

(5 g./1.) and Bacto-Tryptone (8g./1.) (Difeo Laboratories D Detroit~ 

Michigan) .• B-Galactosidase synthesis was induced with O.,5.:"!l1M.,~~TG* wben 

necessary 0 A 11 experiments were perfor;med at 37° •. 

Enzyme measurements. These were perforined as described by Palmer & Moses 

(1968). In some eXperiments toluene treatment was omitted and f.!eplaced 

-it . 
Abbreviations: IPTG; isopropyl-B-D-thio-galactopyranoside; 8CIG» 5-
--' . . ' I 
bromo-4-ehloro-3-i ndo lyl-a-D-ga 1 aetopyranos1 de. 

j I ; 
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by the 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 

sati sfac;tory. 

Construction of diploids. (a) i-SUS Ii:. 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 

selection on minimal medium containing streptomycin {135 lJg./ml.)g his

tidine and cysteine. This strain is designated 112-12-A-84 Sm
R

. 

Young exponential cultures of strains1l2-12-A-84 SmR and RV/F'r1S 37 

in glycerol minimal medium containing histidine and cysteine were mixed 

in the proportional of 1:5 (v/v) .and incubated at 37° for 2 hr. wi th 

very gentl~ shaking. Suitable dilutions were plated onto glycerol

minimal agar containing histidine, cysteine. streptomycin (135 llg./ml.) 

and BCIG (40~g./ml.) (Davies ~ Jacob» 1968). Parallel incubations and 

platings wereperfonned with each parent strain separately. 

After about 36 hr. at 37° all colonies from unmatedl12-12-A-84 
I • 

SmR were blue~ and almos~ all from the m,ated strains were white. Strain 
. . 

RV/F1MS 37 failed to grow on these plates. Several blue and white 
". '" I 

colonies were picked and re-isolated by streaking on similar plates. 
,; i 

Single blue and white colonies were then picked into lactose-minimal 
I • 

medium containing histidine, cysteine and streptomycin; all were found 
. I , 

+ to be lac. Each was subcultured into g\lycerol-minimal medium: blue 

co 1 oni es produced B:-ga lactos i dase in the ~bsence of inducer; whi te 

col oni es required i n~ucer for 'enzyme synthes is. On repeated p 1 ati n9 
. \ . . 

on glycerol-BCIG plates, blue colonies always yielded only blue colonies. I ,,' . • , . ., 

. , I I I ; I • : I I 

• 

~! 

" 
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while an occasional blue colony was obtained from white ones. Blue 
" R colonies were thus the original parent strain 112-12-A-84-Sm and the 

white colonies were 112-l2-A-84-SmR/F'MS 37. 

For measurement of transient repression p overnight cultures in 

glycerol minimal medium were inoculated from the lactose-minimal cul

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

diluted and used the next daY. 

(b) lacdel/F'o~7 and lacdel/F'lac+. A strepto~cin-resistant mutant of 
. R 

strainRV was obtained as above, and designated RVSm • 
R C R + . of-Strains RV~ IF' ~7 and RV~ /F' ~ B 1 ac were constructed by , 

mating RVSmR wi th RV/F ' ~7 and AB1157 /F' pro~9B 1 ac +, respecti ve ly, using 

selection on lactose-minimal plates containing streptomycin (135 ~g./ml.) • 

. Diploid colonies were picked and purified by two successive streakings 

on similar plates. Pure isolates were finally picked into lactose

minima.lmedium containing streptolTlYcin and were checked for inducibi-
R c R + + lity. As expected, RVSm /F'%7 was constitutive and RVSm /F'~ B~ 

" " ~-

was inducible. ' 

Ctil tures for measurement of trans i ent repressi on were taken from 

the lactose-minimal culture into which pure isolates had been picked. 

They were1noculated into glycerol-miniiil1al medium for overnight growtti D 

and used the following day after di hntHm .. 

Chemicals. StreptolllYtin and IPTG were i)btained from Calbiochem 9 Los· 

Angeles t Cali fomia; BCrG was from Cyc,10 Chemical Corp. , Los Angeles, 

California. 
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RESULTS 

Variations in 'experimental technique. In testing for transient repres

sion Palmer & Moses (1967, 1968) used lower concentrations of both 

glycerol and gl ucose (22 nf.1 and 10 mM, respecti vely) than ei ther Tyler, 

& Magasanik(l969) (43 mM and 22 ntw1)11 or Perlman & Pastan (1968) (54 rnM 

and 25 mM). In unmasking the en'zyme p Tyler & Magasanik (1969) employed 

hexadecyltrimethylarmoonium bromide (0.1 mg./ml.) in the assay solution t , 

while the other'two groups used toluene treatment before adding sub

strate. Finally, while Palmer & Moses (1967 p 1968) added 1 vol. of 

M-glucose solution to 100 vol. of cells in glycerol medium, both of 

the other groups spl1 t the culture and incubated portions in di fferent 

media. We have examined each of these variables to determine whether 

the transient effect is dependent on any of them. 

Increasi ng both the glycerol and gl ucose concentrati ons (to 44 ntv1 

and 25 ntJI, res'pectivelyLin an experiment with strain ~7 which was 

otherwise performed exactly a's Palmer & Moses (f967, 1968) described, 

gave a result identical with that reported previously (Fig. 1): no 

transient repression was observed. Using this strain, Tyler & Magasanik 

(1969) reported transient repression which lasted for 15% and 86% of 

one mass doubling time. Fig. 1 shows the cen 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 experiment» 

portions of th~ culture were rapidly transferred into two other vessels'5 

one empty and the other containing sufficient M-glucose solution to give 
. . • I 

, I, : ' 

i 
• I 

i 
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a final glucose concentration of 25 mM. Transfers were completed 

within 30 sec. No transient repression was observed (Fig. 28). We 

are thus unable to elicit transient ,repression of a-galactosidase 

with glucose in strain ~j' 

Possib1Htyof strain variation. All three groups reporting the be

haviour of strain ~7original1Y obtained this mutant from Dr. E. 

Steers. It was possible that pro.1onged culture in the various labora

tories had resulted in sub-varieties with differing physiological 

properties. A culture of strain ~7 was therefore obtained from Dr. 

R. L. Perlman and designated ~7(P). This strain was maintained for 

. a short period hi glycerol-mfnimal medium and then tested for tran-

sient repressi.on by our' standard procedure. No such repression was 

observed (Fig. 3). 

Effect of previous growth histor:.l. Yudkin (1969) has reported that 

the appearance of transient repression;n h coli strains 3000, 3000L8 

and 300U is influenced by thei'r recent growth .h_lstory. Maintenance 

of these strains for monthsi" glycerol-minimal medium weakened or 

abolished transient repression. Transient repression was ,restored 

by growing the c,ells through seven subcultures in glucose-peptone 

. :medi urn. 

In this laboratory, working strains are routinely maintained in 

minimallOOdia. Both of the other grou~s maintain their stocks in 

rich media and transfer them to minimal media the nfght before an 

experiment (personal communications from Drs. Ro l. Perlman & B. 

Tyler). We therefore maintained strain ~7(P)_9 taken directly from 

theshntsuppHed by Dr. R. L. Perlman. for 45 subcultures inhctose-
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tryptone broth. Each subculture permitted about 10 mass doublings. 

The cells were then transferred to glycerol-minimal medium fo~ over

night growth and tested for transient repression by oU,r standard 

procedure. None was observed (Fig. 4). 

Behaviour of diploids in parallel culture. A more rigorous test both 

of the effect of growth hi s tory and o,f the role of the regul ator genes 

was provided by the construction of appropriate strains from a common 

parent, and their maintenance in strictly parallel cultures. An 

earl1erstudy (Palmer & Moses, 1968) showed that insertion of F'lac+ 

into the i-SUS strain 112-12-A...;84 simultaneously restored induci.bility 

and transient repression. That study did not employ parallel culture 

conditions. ~urthermore. the i-suS/F'lac+ diploid carried two functional 

! and 't... genes and this could be held to influence the repression pattern. 

The episome F'MS37 was inserted into 112-12-A-84SmR and the re

sulting !~sus/i+ diploid compared with the haploid female parent. 

Both strains were grown in the presence of 0.5 mM IPTG for this ex

periment, though 1n subsequent experiments it 'has been found that the 

repress 1 on pattern of the constitutive parent is unaffected by; nducer. , 

fig. 5 shows' that permanent repression was absent in both strains» but 

that transientrepression,1nagreement with our earlier findings, 

depended upon the presence of a functional i-gene product. 
+ i- . 

In an analogous experiment, the epiSomes F'~,Blac and F'~7 

were inserted into a~vsmR9 a strain carryi,ng a total lac deletion. 

The diploids were 'Isolated, and maintaineda~d tested;n parallel 

culture.' Trans1ant repression was observed only in the strain carry-
I . J ; • I 

J, j' 
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Behaviour of strain CABOOl., Silverstone et al. (1969) reported that ---
strains carrying a partial deletion of the lac promoter region (Ll) 

were insensitive to catabolite repression. We have conffrmedthat 

under our standard conditions strain C~8001 exhibits neither tran- . 

sient nor permanent repression (Fig. 7). 

DISCUSSION 

The three groups who~ave studied transient repression in ill 
regulatory mutants have failed to agree about the behaviour of such 

: . . . 

strains. Comparison of the experimental techniques,and of one of 

the bacterial ,strains, has not resolved t~e experimental disagreements; 

personal discussion between members of ,the groups has thrown no further 

light on the discrepancies. 

Extensive studies with our experimental procedure has~onfirmed 

that transient repression depends upon the presence of functional i 

and ,Q.,genes p as shown previously by Palmer & Moses (1968). Transient, 

repression elicited by gJucose is abolished in the Ll promoter dele

tion mutant. It may not be irrelevant to note ,that the ,L1 deletion 

extends into the 1 gene (Miller et .!l .. c 1968) • 
. ..... '. i 

The work, reported ,inthh paper was sponsored by the U.S. Atomic 

~nergy C,0Im1iss,1on~, ! We express ,our thanks to those who kindlysuppl1ed, 

mutant stra1.ns. 
, I .. 

, I 
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CAPTIONS FOR FIGURES 

Fig. 1. Absence of transient repression in strain ~7' Cells grown in 

minimal medium plus glycerol (44 nt-1); glucose (25 mM) added at 

arrow. Cells treated with toluene for determination of enzyme 

activity. Mass doub1.i n9 times before and after 91 ucose additi on 

were 77 min. and 58 min. t 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 glucose; 

for the significance of this, see text. 

Fig. Z. Absence of transient repression in strain ~7' (~) Repeat of 

experiment shown in Fi g. 1, but wi th enzyme act; vi ty meas ured 

in the presence of hexadecyltrimethylarmnonium 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 tr~"-sferred from the 

parent vessel into. two other flasks» one empty and the other 

containing M..:glucose to give a final cOl1cn. of 25 mM. Transfer 

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

started in part (~). Mass doubling times in glycerol and glycerol' 

"plus giucose were 70 min. and 56 min. ,"respectively. The arrows 

at the top of the graphs show the bacterial protein concn. corres-

ponding to 15% and 86% increases in cell mass after the addition 

of glucose. In (b): Q I. glycerol; 0 • glycerol plus glucose • 

I • . I 

i i 

I • 
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Fig. 3. Absence of transient repression in strain ~7(P). Experimental 

details as fo·r Fig. 2 (!.) except glycerol concn. 22 mM and glu

cose concn. 10 mM. Mass doubling times before and after glucose 

were 90 min. and 60 min., respectively. 

Fig. 4.. Absence of transient repression 1n strain ~7(P) after 450 doublings 

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

minimal medium. EXperimental detal1sas for Fig. 3. Mass doubling' 

ti mes before ~nd after add; ti on of gl ucose were~90 mi n. and 62 mi n. f 

respectively. 

F1g.,5. Transient repression in strains 112-12-A-84 SmR and 1l2-12-A-84 

SmR;F'MS 37, maintained in parallel cultures .. Experimental details 

as for Fig. 3. Mass doubling times before and after addition of 

glucose were 70 min. and 60 min., respectively. Transient repres

sion 1n (~) lasted about 50 min. Both cultures contained 0.5 mM

IPTG. (~).112-l2-A-84 SmRj (~),1l2-12-A-84 SmR/F'MS 37 • 

. . Fig. 6~ Transient repression in strains RV smR/Fi -.p!:('+lac+ and RV smR/F'~7 
I. : 

.' maintained in parallel cultures. Experimental details as for Fig. 3. 

Mass doubling times before and after addition of glucose: (~) 

RV smR/Fi. pro+la,c+ (induced with 0.5 mM-IPTG), 78 min. and 64 min., 

respectivelYi transie~t repression lasted about 60 min.; (~) 

RV SmR/fo ~7» 71m;n. and 61 min. D respectively. 

fig.! 70·· Effect of glucose on a-galactosidase synthesis in strain CA8001 in

duced with 0.5 mM-IPTG. Experimental details as for fig. 3. Mass 

doubling times before and after addition .of ~lucose were 102 min. 

and 70 'm1 n. 9 respecti ve ly. 

,) 

(/ 

.1 

(I' 
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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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