
·' ' 

UCRL-17017 

/ . 

-E'r-nest ·~o~-: La~wrenc·e· ·. / 

' ' 

,. ·.Radiation ·•· ~aboratary ··• ,, ./ .. : ~· :;~ / ... '~·-'-~, .·' . ··~/' '.; ·,. 

_, 

•/ 

/ .l :, 

/ ' . 

. ; ,• 
:....,, .c:·/ 

;,.lN:VO~VEME~ll: ()E, .TljE.:J...:AC; R,EGULA':E'ORY GENES/ , .• · - , 
iN CAtA:BbLI'I'E''REPR.ESSION"l:N·ESCHER!CHIA COLI .. 

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 

· ·e_ert,<e.fey, Ccwlitorni~ . 
~ . "' :<· . .'·~. :···. ·' ·'· ! ··/ '\ .. "~v::)>'< '.<) /", : . . 

';:.., ,, 

•. / 

.·< 



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. 



"' ........ ' 1> 

....... ·.· .. , 1.;'. 

:~·. "··~~ ... ~~f( . : 

Submitted to Biochemistry 
UCRL-17017 

Pre print 

.. 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley. California 

AEC Contract No. W -7405-eng-48 

INVOLVEMENT OF THE LAC REGULATORY GENES 

IN CATABOLITE REPRESSION IN ESCHERICHIA COLI 

J. Palmer and V. Moses 

July 26. 1966 



UCRL-17017 

Invo1Mement of the Lac Regulatory GGnes 
'; ·- ." .. 

in Catabolite Repression in Escherichia coli 

By-J. Palmer and V. Moses 

LavJrence Radiation Laboratory· 
University of California 

Gerke1ey, California 
u.s.A. 

. . 
.' -' t~• i •'' I 

··f' ··:.· 

1~ Acute 'transient catabolite repres~ion of a-galactosidase 

·synthesise observed \llhen glucose is added to glycerol-grm-m cells 

of Escherichia coli (r~oses & Prevost, 19G6) ~ requires the presence 

of a functional operator gene (o) in the lactose operon. Total 

deletion of the operator gene abolished acute transient repression, 

even in the presence: 1)f a functiona1 re9ulator gene (i). 2. Regu

lator constitutives (i-) also show transient repression provided 

that the operator gene is functional. Regulator deletion mutants 

. (idel)~ with which to test specifically the role of the i gene~ have 

not so far been available. 3. The above mutants~ showing various 

changes in the lactose operon, show no alteration in the effect of 

glucose on induced tryptophanase synthesis. Glucose metabollsm~ as 

measured i.n terms of the release of 14co2 from c14c,Jglucose and 

[14c6]glucosee also sliCJ'rled no differences between strains exhibiting 

or not exhibiting transient -repression. This suggests no change in 
. ' 

the operation of the pentose phosphate cycle!) a m;;:tabolic activity ;,. :, :-. 

known to be of para~ount importance for glucose repression of s-

galactosidase synthesis (Prevost & Moses~ 196 ). 4. Chronic" per-· 
' 

manent- repression by glucose of e-qa1actosidase synthesis (less 

- _ ........... 
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severe in degree than acute transient repress.ion) persists in strains 

in which transient repression has been qcnctic;;tlly aho1ished. Con-
\ . 

stitutive alkaline phosphatase synthesis 9 which shows no transient 

repression, also demonstrates chronic per;1mnent repression by glucose. 

5. Chloramph~nicol repression also persists in mutants with no 

transient repression, and also c\ffects alkaline phosphatase. It is 

suggested that chron~c, permanent reptession and chloramphenicol re-

pression are non~srecific, and that they do not influence B-galactosi-

dase synthesis via .. the .regulatory system ·of the lactose operon. 

The ·rate of synihesis of a-galactosidase in Escherichia coli is subject to 
induction- ,7 

at least. two physiolo9ical .control systems: ·,A .. · repressionp as described by 

·Jacob & Monad (1961)~ and catabolite repression (Magasanik~ 1961). Catabolite 

repression, in general, affects only those inducible enzyrnes which are respon

sible for_prov~ding th~ cell with carbon skeletons and energy. The synthesis 

of such epzymes is: repressed 1>1henevcr. the total rute of consumption of carbon 

sources .exceeds. the ~ate required for biosynthesis (Neidhardt, 1?60). Thus,· 

restriction of th~ rate of catabolis~ (e.g. by the rate-limiting addition t6 

. , .. ,. · ··. cell,s. of the carbon source) tends to derepress s-qalactosidase synthesis {Clark. 

·, ·,·,· 

·:·· 

··':·.'.·.·.·· ,·· 

,,.,_ '.: '· 

& fltarf7; 1964) • while restriction of the .r9-te. of ariabo1ism .by the rate-limiting 
·. •,· 

addition of the n.itrogen or. sulphur sources (~1ande1st~m~ 1961; 1962), or by in- · 

hibiting protein synthesis with chlora~p~enicol. (Paigen~ 1963) or by removal of.·~ 

a required an)ino acid (i·lcFan~: 1961), \<Jill tend to repress e-galactosidase syn~ 

thesis~ presu:nably by the accumulation of catabolites. 
' 

It has ~een reported (Nakada & Magasanik~ 1964) that catabolite repression ' 
. ' . 

' 
causes a dec~ease in the rate of synthesis of messenger RNA specific for.a-

. ,i ·. 

galactosidase~ but it isnot kn01m •;~hether the repre5sor defined by the 

.~ ... - ·--··--·-------
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experiments of Pardee, Jacob & r1onod (1959) mediates both inducer-sensitive 

. · · induction-repression and catabolite repression. The fact that regulator con-

stitutives (i-) show repression of a-galactosidase synthesis in the presence 

of glucose has ·led to the belief (Cohn z, Horibata~ 1959; Clark & lft,arr~ 1964; 
. ' 

1'1andelstarnp 1'362) that at 1east part of catabolite repression orerates inde-

pehdent1.y,.of the i-gcne repressor, and to the postulation (Brovm, 1961) of a 

second repressor for s-galactosiduse in addit·ion to the i-.qene product. How-

·.ever, the .serious objection can be raised that the abse:~ce of an i-gene product 

has not been sho•(m in i- cons titutivcs. · Cy. ana 1 O'JY ~,;rith the p1~oducti on of 
' . •i 

immunologically cross-reacting rnuterial (CR!'1) by B-ga1actosidase structural 

gene poi~t mutants (z-)p ii seems likely that most i- point mutations would 

lead to an inactive i-gene product. It seems possible that this product might~ 

be partially' activ'ateJ by metabolites produced during g1ucose r1etabolis~, 

giving the effect of catabolite repression. Loomis & Magasanik (1964) made 

an attempt ·to overcome this objection by obse~·ving g1ucose tepression during 

• 

the approximately one hour period of constitutive synthesis of a-galactosidase 

after _transfer by conjugation of ;+z+ ·into i-z~~ Ot' 1ac-deiction recipients. 

However, one cannot be certain til at the i -gene product 'IJas not present and 

merely activated by glucose rnetabo1ites during th·is periodn since it is not 

knovm why i·gene expression in thJs situation is delayedcompared \vith z-qene 
• ,-J t 

I 

expression, as.' .. the two genes are very close to one another on the bacterial.· 

chrom<:>some. The argument .that the i-qene p1~oduct must reach a certain cyto-

p1 asmi c concentration· before it can effective 1y repress enzyme synthesis may · 

be counter~d by the ·suggestion that in the presenc(; of q1ucose metabo1ites 

the i-gene prbduct is effectiv~ at 10\·Ier concentrations. 

·The ideAl organism for answering the question of i-genc product involve-
_,.~ 

ment in catabolite repression vwu1d be one ·in v;hich the i-gene: was:; specif-i

cally deleted (id~lo+z+), but to our knowledge no such strain has been 

- . ....::..------:~ 
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isolated. Lacking this strain, ~ve .have con1pared under various conditions 

a ier~es of strai~s separated by Steeri, Cra¥e~ & Anfinscn (1965)~ including 

an ;- point mutant and an oC mutant carrying a de1etion covering the i-gene 

and t~e o~er~tor, but leaving the z-oene intact. The existence of two 

phases of catabolite .repression, an acute tr2nsient repression followed by 

a permanent iess severe repressi~n (Moses & Prevost~ 1966), has permitted 

a detai'h~d consideration of tile relation betv1een catabo1ite repression· and 

·the ~enetics of the lactose operon. 

. ' . . . . 

MATERIALS AND ~tTHODS 

Orgunfsms. The strains of b. coli used are listed with their relevant gene- :,~ 

tics: 3000 (i+o+z+) 3300 (i-o+z+) oc (i-oc z+ [i and o deleted])~ RV/F 
. . ' . b ' 67 67 . • 

(i+o+z-/F ;.-o~l+)(an fr~m E. Steers); 2000- cc (i+ocz+)(frorn c. Hillson)'; 

JC 14-2 and 0~ 7-10, alkaline phOS{~hatase constituti·ie mutants isolated from .. ·. 

JC 1~ (i+o+z+y-) .and o~ 7 , respectively, by the. method of Torriani .~. Rothr.1an. 

(1961). . \,. 

Experimental procedures. The measurement of co2 .released from [ 14c1 Jn1 ucose · 

and [14c6 )gluco~e h~s been described by Prevost·& Moses (196 ). For experi-. · 
. . . . . . ' . . ' 

ments with alkaline phosphatase!· cells 1·1ere grmm in glycerol-tris-PJineral . 

. salts medium containinu 0.7 mr~-inor9anic phosphate. All other techniques 

\'Jere unchanged from those used ·ear1i~r Oloses &. Prevost, 1966). 

RESULTS 

Effect of qlucose on rates of !3-qalactosidase synthesis. Fig. ,. sh01'1s the 

effect of adding glucose (10 mf-1) on the synthes·is of s-galactosidase in fully 

. ' .. 
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induced strain 3000 (i+o+) and in strain 3300 (i-o+). In both cases the 

growth rate increased about 35;; and a trans·ient. period of severe repression 

was observed after addition of glucose lasting 36-48 min., or 0~7 generations 

in each case. The differential rate of s-galactosidase synthesis after rc-

covery from transient repression shm·1cd some fluctuation <1mong different ex .. 

perimentst and was.most often about 45% of the rate before glucose was ad~ed. 

In contrast~ Fig. 2 shows the .behavior of struins o~7 (i and o deleted) and 

. RV/F (ess~ntially i+ and o deleted). For both .of these strains~ in which thd 

increase in the grovtth rate on addition ofg1ucose was normal~ no trunsient 

severe repression follO>'ted glucose addition, but the differential rate of 

s-galactosidase synthesis was irrt<H~diately and :;ermancnt1y repressed to about 

45%·of the earlier rate fn the absence of glucose. 

.· Strain 3300 was also tested for glucose repression in the presence of 

. the inducer isopropy1-tllio-B-D-~Ja1actosidc (IPTG) .to see if there wou1d be·.· 

·'" .. 

< any reversal of glucose repression ana1agous to the reversal by IPTG of fucose·· 

',~,· 

~' -s:. 

repression of ani- constitutiv.ereported by \'1i11iams r~ Paigen (1965). No 

effect of IPTG (5 mM) ~·tas observt:!d. on the 9l'"01'lth rate, the length of the 

transient, or on the rates of a-galactosidase synthesis before~ during or 

after the transient. 

Fig. 3 ~haws the behaviour of strain 2000~oc~ a partial ·(9.6%) operator 

cons titutiv·e, in the presence and absence of I PTG. There was no effect of 

' . '. 
the inducer on the percent repression during the transient, or on the length 

of the tr~nsient. The only difference betl·:,.::en the t1·w i·Jas the greater per-

centage degree of recovery from transient ~·ept·ession in the presence of IPTG. 
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Effect of qlucose on tryptophanase synth.:;si~.: To check that rnutatio.nal changes 

in the lactose operon uffected catabolite rr::rression only of the enzymC!s of 

_that. operon, the effect of glucose on the induced synthesis of L-tryptophanase 

was examined in str,"Jins 3300 and ogr Vihi1e quantitative differences in the 

rates of ~nzyme' syntl1es is arc often obst~rved bet,veen di ffetent experiments, 

Fig. 4 shows no kinetic di fferenc(~ in behaviour bet\·-teen these t1·;o strains, 

!l," 

which differ markedly as far as a-galactosidase synthesis is concerned~ 

. Glucose metabolism in strains 3300 and o~?" It is known that transi'ent cata

bolite reptession can be abolished by a chanr.w in the pattern of glucose rneta-

· bolism (Prevost & f•loses, 19G ). Any study of the specificgenetic correlation~ 

··of the ·abolition of ttle transient for the lactose enzymes must therefore en-

sure that the abolition really is the resu1t of a specific genetic change in 

the lactq_se operon and not due to an alteration of intermediary metabolism for 

some'other. irrelevant reason. ·It is obviously not easy to ascertain whether. 

g1ucose· metabolism is identical in t~<m strains of a.n organism. Neverthe1ess, 

.since the ~entose phosphate cycle is knovm to be of particular significance 

·'·.with regard to catabolite repression, a test can be made to·see \..;hether there 
,.· ., 

~ ~ -~ . '. . . .... 

. ' 
"·',··.· 

are any profound differences in-this metabolic activity between the two strains • 
.. 

·. · In a paJ-r of strains in which·on1y one·sho~::s transient repression~ ar.d in· 

which the genetics in the lactose operon are apparer;t1y i.dcnt.ica1, di.fferences 

: \>tere observed in the 'respiratory release of 14co2 from [14c1]glucose and 

··:-; [ 14c6]glucose (Prevost & Moses, 106 ). Similaf techniques applied to strains 
.... , . 

~;- ··.·· .. 
'. 3300 and 0~7 have shown l i ttie or no difference bet\'-leen. the V:IO as far as 

·· ·· pentose phosp?ate cycle activity is concerned (Fi<J. 5). 
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Effect of chloramphenicol on a-galactosidase syhth~sis. Low concentrations 
~~~~----·----

of ch1orarnphcnicol~ resulting irr.a modcn;te ir;hibition of grm .. :th, cause a 

ve_ry much more marked repression of s.;.galoctos"idase synthesis (Sypherd & . 

Strauss, 1963)~. It was considered of interest to compare repression by. 

chloramphenicol \<Jith repression by glucose repor'tecl above. Addition of 

ch1oramp1)e.n{co1 (1~·27 J.!g./ml.) to cells qro:,,fin>J exponentially in the glycerol 

.medium and synth~sizing G-sal.actosidase producr.::d .an immediate inhibition of· 

the gro'ltth rate ·(~tlhi~h nonethe.h-~ss remained exponential) zmd of.th~ differen-· 

tia1 rate 'of enzyme: synthesis. t~o further chiHige \·laS ohserved in the follm'l'- .· 

in9 2 hr. In the presence 'of ch1oramphenico1 the fp-·owth rate Has. typically· 

. 70%.and the ~ifferentiaJ rate .of B-rialactosidase synthesis 25-45% of the rates 

in. the absence of the inhibitor. Enzyr:~e synthes·is in stra~n RViF \'/as pecu-

.1iar1y sensitive to chloramphenico1.with a diffei·ential.rate of only 107:.. 

'(Table'l)~ · ' . 

... :, ... ;:,· 

. ·1' 

"· 

:f·· .·. 

· ...... ·.···. . .. ,· ..... 
·.·'- .· 

.· .... ":. 
·>-'· .. 

•. \ .. u, 

Effect·of·~lucose on alkaline phosphatase synthe~is. A comparison of the 

·response to glucose of 13-ga1actosidase, synthesis in strains o~7 and R.V/F with 

the response. in strains)OOO and 3300 suggests that the transient part. of the, 
: .· ... ; . 

. · ... 
glucose repression is associated. vdth a functiona1 i-·O regulator· system,.. < \', 

· ·.. .. \'Jhile the residual phase of mild repression after recovery from the transient 

:does not require the presence or activity of .th6sc genes. It therefore s~emed 

···interesting to study the behaviwr of alka1ine phosphatase in .these deleted· 

·mutants since alkaline pr1osphatase is an enzyme considel~ecJ not subject to. 

·' ·· catabolite repression (ivicFa11 f~ t'1agasanik~ 1960). · F\ttempts ~:Jere made tc tso..;. · 

late an alkaline phosphatase constitutive mutantbf og7 by selection on 

e-glyceropbosphate in the. pr·esence of ·i norg.:mi c phosphate ( Tot·ri ani & RothmM ~ 

1961)" but t•.venty such mutants isolated had a.-:1 1ost their enthe 

·I; 
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B-galactosidase activity. The possible reason for th·ls phenomenon 1·till be 

.. discussed later. Lacking the desired mutant, B comparison was made of the 

two enzymes in bto related strains: o~ 7 , constitutive for f3..ga1actosidase 9 
.. 

and o~ 7-16, constitutive for alkaline phosphatase Gnd negative for ~ 

galactosidase~ The level of alkaline phosphatase activity in o~ -10 suggests ,) 7. 

\·mutation o{ the Rl rather than the R2 re~ru1ator gene (Echols~ G~ren, Garen & 

Torriant~ 1961). 

Fig. 6 shows the effect of adding glucose on the synthesis of B-galacto

.. sidase in og
7 

and a1ka1ine phosphatase in o~ 7-lo; both strains were grm·Jing 

' .... 

' . 
in low-phosphate medium. In both strains glucose had no effect either on 

grov;th or on the rate of enzyme synthesis for 20 min. There vtas then a sharp 
·, 

change in rate in both cultures: the growt~·rate increased by 22-23% in each 

case ai1d the differential rates of enzyme synthes·ls .\>Jere repressed to 4];1; and 

· .. 52~; of .thei.r pt~evious 'rates for B-galactosidase and alka1i,~e phosphatase~ 
. ~ . . 

. , respectively .. No transient was observed vJith either enzyme (cf. Fig~ 2). 
. . . ' '" .~ . . •, . ' ' . . : . ' . 

One other strain, ,JC 14-2, has also been tested for the effect of glucose on 
... ' . 

.. ··. the differential rates of synthesis of the two enzymes. In this case a 

' li •• 

'transien~ ~a~ observed with·~~gal~ctosidase, while alkaline phosphatase 

showed repression with no transient~ 

The 20 min~ lag for glucose to affect growth and enzyme synthesis ':las 
.. , . 

in some way due to growth in low phosphate n~dia. Strains which showed a 

growth lag in lo'.'t phosphate mcd·ia shmved none \•Jhen cultured in 1•163 medium 
.. . . . . . . 
. which contained 0.1 M-inorganic phosphate. 

Effect of chl;oramphenicol on alkaline phosphata~e synthesis. The differential 
. . . . . 

synthesis of alkaline phosphatase, like that of B-galactosidase, is inhibited 

. .... 
<t . 
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by chloramphenicol. A comparison of the t1,10 enzyrr.cs in th~ related strains 

Oc and oc -10 is shown in Table 2. 
67 67 

DISCUSSION 

Trans1ent repression is a .sensitive way of measurina at least the most 

.a~ute part of catabolite repression. While it has also been observed on 

occasion vdth L-tryptophanase and 0-serine deaminase {:,loses & Prcv~st 9 1966) ~ 

it i~. probably not really a "natural" ~henomenon; it is obtained particularly 

with s~galactosida~e because of the use of powerful gratuitu0s inducers whi~h 

seem to be.capable of cau~ing partial reversal of catabolite repression after 
I . • • • . ' • 

thi mos~ severe catabolic phase is past. The oresen~ study is concerned pri-. 
. /, ~ 

mari1y with the influence of genetic factors on the exrn~ssi.on of transient · 

·: _. repre.ssion. 
. . . . . . . ' 

Glucose. renression of e-qa1actosid<~se synthesis •. The use of a series- o{ regu

lato.ry mlltants. in the .12£ operon has. permitted a_ qenetic analys1s of the fac

tors qoverning the appearance of transient rerwession. ;;,: similar repression 
. '· ' I·~ . . . ' . 

... 
'I 

pattern: ."1.~5 obtained in strains 3000 {induced) and 3300, shov~in9, that a change 

from _i+.to ;-does not.by itself alter. the response. This implies that, unlike 

weak inducers such as lactose~ IPTG fu11y induces the. cell.so tho.t in the 

presence of IPTG an i+ cell behaves like an ·i- one. This observation does 

not exclude the i-gene product (r2pressor) as a possible candidate for in-

volvement in· catabolite repression since in both induced 30·'}0 and in 3300 re-

pressor is not absent. In 3000 it has ·j n some respects been a 1tered by inter-

. action \'lith inducer, \vhi ie in 3300 it has been a'iten::d by rnutation~ \·dth 

·p~ysiologically similar cons2qucnces. The nrutational change in 3300 .seems 
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complete since IPTG had no effect in this stra·in either in the presence or 

absence of glucose. 

·oe1etion of both_ the c 
and o genes. as in strain o679 results in the 

total 1oss of the transient response, although the steady differentia1 rat'e "· 

of enzyme synthesis in the pr-ese.n~e of glucose \-vas simiiar to that in 3000 · 
) 

and 3300 after recovet~ from the transient. We may thus concl~de that tran-

· . s 1 ent repression is dependent on the presence of the i -gene or the o-gene, 

or both, but that the reduced final· rate of enzyme synthesis in the presence 

of glucose is independent of these genetic factors. The results ~?tith RV/F~ 

·which differs from o~7 in pos6essin9 a functiona1 i-02nes the product, of 

which is knovm to be able ·to affect the trMlS chromosome (.Jacob Fx Honed~ 1961)~ 

again showedno transient repression nnd the sarne final rate of enzyme syn- .... 

thesis. as shovm by the thr·ee prev··ious strains. Since in the i-o gene regula

tory system oc is dominant to i+ (Jaco~ & Honod, 1961} ~ and hecause o~7 is a 

complete operator constitutive (Stcer~s £!1!.J...; 1%5)~ 'one vwuld expect no 

,differ~nce in behaviour bet~'leen strniris o~ 7 and RV/F if the transient re

· .. ' · pres~ion'· .i~ deper.deht only or\ the i-o. system~ and indeed none 'I'Jas.:found. 

, ··Further, si rice· the only effcct:i ve difference as reqards the 1 i1C operon re-

. .gi.Jlator genes between o~ 7 and RV/F iS the 1wesence of i+ in the 1atter com-

. ·pared vlith ·;del {n tile fornier, v1e cari be sure that the i-9ene product h.as no 

role in tran~i~nt cat~bolite repression unless the operator gene is functional; 

.i~e~ r~~res~o~ can not act in catabolite r~pression ai some site other than ---- ' . . 

the operator. These observations, however, do i1ot prove th~t the i-9ene 

p'roduct .:!i concerned in catabolite repression~ but only that a functional 

operator gene· (as· in strains 3000 and 3300), or at least a partly functional 

oper~tor (strain 2000-oc), is required. 

t. 



~ .. 

.. ·.'. 

In strain 2000-oc one might at first suorosc that since this strain is 

about 10% constitutive by vjrtue of a mutntion in the operator gene, leading 

presumably to a decreased affinity bctv;een the repressor and operator (Jacob 

· ·. & t1onodt 1961) » on1y the induci0le part of s-galactosida.se synthesis should 

show transient reprcssion·v;ith glucose. Experimentally it ~'las found that the 

uninduccd synthesis also silo•tJed a transient .(Fig. 3) and that, in fact, the 

differences betvteen induced and uni nduced synthosi s .,,.ere entirely. ()uantitati ve, 

and constant proportionality ·.vas a1rnost nhtays maintained. The ma·in signifi-
.. 

cance of the findings.vJith. 2000-oc compared •rlith o
6
c_ is that even partial 
) I 

function~lity in the operator _gene is t:nough to permit transient repr~ssion. 

On~ may ~hus int~rpret (bu~ not ~tove) the pattern ~hown Gy 2000-oc as due to.· 

activatibn oi the i-gene product during catabolite repression so that it now 

has a greater 'affinity for the operator, leading to a repression of enzyme 

~ynthesi~. ·This could not happen in RV/F as in that strairi the operator is 

believed to be ·totally de1eted so that no de()ree of.activation of there-

pressor could incre.::q:.e.its interaction ;.Jith the orerator. '·, 

... ,. 
. 1 . 

Glucose 'metabolismin urains shm,inG different ratt0':''l!S of transient rt~pression. 

In order to be confident that the differences in the pattern of catabolite t"e-

.: pr~ssion in strains 3000 and 3300 on the one hand, compared with o~7 and RV/F 

on the other, are due to genetic clifferenc•?.S in the 1actose rr.gu1atory genes~ 

·it is essential to· exclude the possibility that it is the glucose metabolism 
became 

wh1ch 1\ altered in these strains. ·As far as ~tie know these four strains are 

·c1ose1y related genet·ica11y and have be~:m se1ected u.nd isolated on the basis 

of the characteristics of their lactose genes. Nevertheless it is not incon-

ceivable that·other changes have taken place. The transient response in cata-

bofite repression can be' abolished by a change ·in ()lucosr:: mc~tabolism with no 
'. 

alteration of the luc o;;eron (?revost Ft. lioses~ 106 ) ~ i.lnd a c1a·im to have 
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isolated strains resistant to c~tabolite repression ;by virtue of a change in 

a· regula tory system specific for ti1is functi o;; { Loo:ni s S{ .i':la~}asani k ,. 1965) has 

been ¢riticized on the grounds ·th~t these mutants ptobably have .an altered 

glucose met~bolism (Moses & Prevost, 1966}. 

Three criteria have been used to test the similarity of glucose meta-

bolism in two: strains showing or not showing transient repression.· By these 

criteria. (effect ·of 91 ucose on the i nduccd. synthC:1s i .s of L-tryptophanase and 

1 f ~ d t' · · · · f. 
1 11 ro· f 1 · . on tr1e r.ate o· growt11, an ne res1-.nr-atory reH:""?aS(~ o · ·,,, 2 rom 9. ucose 

labelled i-n. the first .or the sixth carbon ator:1s) any differences in glucose 

metabolism betvieen strnins 3300 and o&7 are trivial and not the origin of 

differences in catabolite·re~·,ression responses. 

Effect of.chloramphen)col on s-sw1actosidase synthesis. Chloramphenicol, an· t 

inhibitor of protei"n synthesis, is knm·m to se:t up a condition of catabolite 
-

repression v1hen used at lovl· concentrations sufficient to cause only a partial 

inhibition of growth (Sypherd ?.x Strauss, 1963)·. \·Je have observed that chloram.:. 

phenicol (1-.27 ·\Jg;./ml.) ha~ a similar effect on G-ga1actosidi1se synthesis in 

strains' 3000~ 3300 and o~ 7 ; in each case t!H:! 9rowth rate v1as reduced to_70%·. 

while' the d-ifferential rate of enzyme synthesis was reduced stili further to• 

· · 25-45X of·the uninhibited rate. Thus cl1loramphenico1 produced about as,much 

. · repression as glucose in the Ph0S!~fo11ovdnq n;cover.v fror.~ acute transient 

repression.· Enzyrne synthesis in strain RV/F is ·particularly sensitive to 

ch 1 orampheni c'o1 t ·and the rea·son for t.hi s is not kno;·m. 

Repression of alkaline phosphatast:.: synthes·is~ . Strain o~ 7 , v1hi1e exhibiting no 

transient ~ept~ssion~ does show approxi~ately the same fihal rate of B~galacto-

sidase synthesis ·in tile presence of glucose nnd chloramphenicol as do strains 

3000 and 3300t nnd we are led_ to conc1ude that .there are tvw types of cata-

bolite rep1Aession: that requiring a functiona1 opc:rator gene~ and that 
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inde-pendent of the operator (cf. Clark and :·1ar~1 l964;.C!ul'k~ 1965). The 

operator or i-o regulatory system is concerned only with acute transient 

repression; what, then~ is tile origin of the continuing mild repression 

after recovery from acute _transient repression has occurred? 

There is reason to suppose that this nYi 1 c! pen~1anent repression may be 

neither specific for inducible enzymes nor truly a re~ression. An apparent 

repression, on a differential basis~ would be produced if glucose stimulated 

an increase in the rates of synthesis of certain proteins during the growth 

shift-up, with a consequent dilution by default of proteins not so stimulated. 

-Increases in growth rate are known to be asspciated with increases in,the pro-

portion of total protein to be found in the ribosomal fraction (Naai¢e & 

Kjeldgaard; 1966), and one may surmise that the synthesis of enzymes specifi- : 

cally associated with glucose metabolism is also stimulated. s-Galactosi~ase, 

hO\'t~ver, is an irrelevant enzyme as far as glucose metabolism is concerned,/ 
' ,. 

and therefore~ apart from the specific repressive mechanism involving the 

operator gene, one might expect the rate of B-galactosidas~ synthesis to 

suffer by comparison with other proteins. u~ss is knovm about the metabolic 

.-.. consequences of ch 1 orampheni co 1 poisoning, thouuh her-e too there is reason 

to suppose that a shift-up type of metabolic rearrangement occurs as evi

denced by the rapid sy.nthesis of RNA in the pt·esence of ch1ornmphenico1 

(Sypherd & Strauss, 1963). Fortunately a test may be attempted of this "d-i

lution" hypothesis by stuqy·ing alkaline phosrhatase~ another enzyme irrelevant 

to glucose metabolism, and one which ii certainly not subject to any acute 

form of catabo1ite repression. In a strain (JC 14-2) shovting a typical 

transient rep~ession of a-galactosidase synthesis when glucose is added, with 

a later partial recovery, alkaline phosphatase synthesis showed inhibition 

without a transient acute phase. In comparino the strains o~ 7 and o~ 7-10, 
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alkaline phosphatase synthesis in the presence of s;1ucose is inhibited almost 

as much as the synthesis of a-galactosidase. nne would expect chloramphenicol 

to have ab·out the same effect on the synthesis of both enzymes~ and Table 2 

shm·ts that this is indeed tl·)e cas.e. 

It w~s. not possible to isola~e an alkaline phosphatase constitutive mu

tant. from strain o~7 without also losing S~rlalactosidase activity. An expla

nation has been suggested by Dr. G. S. Stent (personal co;n:n!..lnication). In· 

strain o~ 7 both the operator and regulator genes of the lactos~ operon have 

been delet~d (Fig. 7); it is not known how far the deletion-extends beyond 
' . . 

the 1-gene~ The structural gene (P) and the-Rl regulator gene for alkaline ~ 

phosphatase· also lie beyond the i-gene. Judging by its level .of alkaline 

. phosphatase activity, o~ 7-1o is probably a constitutive mt.~tant of the Rl re..; 

gu1ator (Echols !fll·,. 1961), and it is possibie that this mutation is a 

partial delet1on of the Rl- regulator gene. In o~7 the structural gene {z) 

forB-galactosidase may lie very close to the R1 regulator for alkaline 

phosphatase 0 so that partial deletion of the latter might readily overlap 

·· ... into the zgene (Fig~ 7). The map of the E. coli chromosome published by ----- . '· . 

Taylor & Thomas (1964) shows the IH regulator gene on the~ side of the 

structura 1 gene from the 1 ~1c operon, but we understand from D1~s. A. Garer1 

and·.t~. Averner'! (personal cor~munications) that the order of the R1 and P genes 

is not well established. 

Conclusions. From the evidence and arguments presented in this paper it 

seems clear that in the lac operon acute transient repression is mediated 

vi a the operator gene and perhaps a 1 so vi a the ;.product of the regula tor. gene. 

This may constitute an additional property of the Jacob & Monod (1961) regu-

lation model: inducer would inactivate repressor and catabolite repression 

/ ···--··----- ____________________ ,....,... 
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\10uld activate it even when (as in:i- strains) repre_ssor had lost its normal 

affinity for ·the operator. Transient repression may be equivalent to "in- . 

ducer-dependent repression!! (Cli1rk9 1965). A1ka1ine phosphatase is not sen

sitive·to this typ~ of/repression. 

Permanent 0 less severe, repression is n6t mediated via either the i-gcne 

or the. o-gene •. It seems to be non-specific~ and may not be a repress.i on so 

much as. a r:elative dilution through lack of specific st·irnulation. P.lkaline 

phosphatas~ is also subject to this type of reoression: which may be equiva-

lent 'to '~inducer-independent repression" (Clark, 1965) • 

. The difference betvteen acute transient repression and mild chronic re-

pression is observed w'ith the lactose enzymes v:hen artificial inducers are 

used which are powerful enough to influence repressor in competition with 

catabolite repression. Inducer and catabo1ite corepressor probably do not 

act at the same site o~ renrcssor since i- strains show transient repressi6n 

as severe as i.n the related;+. strains. \~iith vJea.k "natural 11 inducers the 

severe repression is probably prolonged~ indefinitely and no difference is 

seen. between the t~r10 phases. In L-tryptophanase ~nd D-serine demninase syn-. 

thesis in strain !·iL 30 the two phases are obsel~ved vtith qlucose as the cata

bolite repressor and L-tryptophan and D-se.rine~ respr::ctively~ ns the natural· 

inducers (;'•loses &!Prcv.os~; 19G6) •.. In this strains however, the transient 

repression of a-galactosidase synthesis is unusua.1ly short and weak compared 

with .the K-12 strains~ All the strains used in the present study are deri-

vatives of K-12. 

The work reported in this. paper \'las sponsored by the U.S. ;\tomic Energy: 

Commission. \~e are deeply grateful to Hiss Pamela Sharp for invaluable 

technical assistance. 
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CAPTIONS FOR FIGURES 

Fig. 1. ·Transient glucose repression of G-galactosidase synthesis in strains 

3000 and 3300. Strain 3000 was induced vrith 0.5 nf~-IPTG. G1ucose 

(10 mt1) added at arro;·Js. i'iass doubling times (min.) befo_re and after 

'glucose addition~ and length of transient repression, respectively~ 

·for each strain: (a) 3000: 98, 75, 48; (b) 3300: 70 9 51~ 36. 

' '. 

Fig. 2. Glucose repression of B-galactosidase synthesis in strains o~7 and 

RV/F. Glucose (10 mH) added at arrmvs •. Hass doubling times (min.) 
( 

before and after glucose addit1oni respectively, for each strain: 

·(a) o~7 :· 81, 65; (b) RV/F: 84, 64. 

Fig. 3.' Glucose repression of induced and uninduced a-galactosidase synthesis 

·in ~train 2000-oc. IPTG (Oi5 mM) added at +; glucose (10 mM) added 
;, t. 

at ·t. · ~,ass doubling times before and after glucose addition~ and 
(min.) 

'length of transient rep~essionA,rcspectively: 95c 73 and 80 for both 

cas_~~// (a) cells induced ~trith. IPTG; (b) unir.duced -cells. 

Fig. 4. Effect·of glucose on induced syrithesis of L-tryptophanase in strains 

'3"0() d c .. .~.., un o
67 

• L.:.Tryptophan (2.5 mf':l) \•Jas the inducer. Glucose 

(10 mM) added at arrows. Mass doubling ti~es before arid after 
(min.) 

glucose additionA,respectivel,~: (a) 3300: 7LJ £b (b) o~7 : (:,7) SS 

\ . 
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Fig. 5 •. Release of 
1\o

2
·from [ 14c1]g1uccse and [ 14c

6
]q1ucose by strains 

3300 an~.o~7 • The ratio of 14cb
2 

evolved from [14c1]glucose to 

14co
2 

from [ 14c6 }~1ucose. is plotted a9ainst tim~ in min.· after 

addition of labelled glucose. to exponentia1ly growing cells. The 

.. higher this ratios in broad terms. the greater the proportion of 

glucose being oxidized. v·i;1 the p.:;ntose phosphate cycle~ r·1ctabolism 

entirely via glycolysis and. the citric acid cycle would produce a 

ratio of 1. (a) 3300; (b) o~ 7 • 

Fig. 6 •. ·Comparison of effects of gl0cose on the synthesis of S-galactosddase 

in o~- and alkaline ph6sphatnse in o~--10 •. Glucose·(lO mM) added 
.u/ J/ 

at solid arrows; the grov;th rates increased. at the points shown by 

the dashed arrO\-JS. !~ass doub1inq Urnes (min.) before and after 

glucose addit~on, respectively 1 for each strain: (a) o~7 : 76, 62; 
c. . . 

(b) ~67-10: 89, 73. 

Fig. ]e ·.Possible genetic relation betvJeen st~·ains oc and oc -10 · Strain 67 167 • 

o~_z,)i ffers frorn wi 1 d type by Je 1 eti on of the o- and i ... genes. 

o~ 7-1o may represent a furth~r deletion including parts of z and R1. 
. ' . . . 

/\bbreviations: l\C, thiogalactoside transacetylase; y, galactoside. 
,• ·, ' .. 

.. . permease; Zo. S-galactosidas~; 0 9 1ac Operator; .i, ~ renulator; 

R1 9 alkaline phosphatase regulator; P~ alka1ine phosphntase struc-

tura l gene • 
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TableT. ·Effect of ch1o'ramph'e'nico1 on the rates of Drml.fth and the differen-

tial rates of s~galactosidase synt~csis 

in strains 3000, 3300! o~ 7 and RV/F 

. C~ltures of each strain: growing exponentiallyD ~ere each.d1vided into 

tv10 parallel' cultures to on~ of .'l'lhich,v/as added chloramphenicol (1.27 ).lg./ml.). · 

Grov1th, by extincti.on and 13-ga1actosidase activity 1·1as fol1m·1ed in each culture 

for 2 hr. S~rain· 3000 (inducible) was induced with IPTG (0.5 mM). Rates ex

pressed on a relative basis. 

Strain . 3000 

GrO\'Ith rate: chloramphenicol 100 

+ ch1orarnphenico1 71.0 

Differential rate of e-galactosidase 

synthesis: · - chloramphenicol 100 

+ chloramphenicol 25.6 

3300 
c 

0 67 

100 100 

.70.7 68.7 
~.: 

100 100 

. 27.2 44.3 

RV/F 

100 

73.8 

100 

10.1 

,,. 
.. ~ 
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' . 
and chloramDhenicol 

Tab1e.2~ Comrarison .of the effects of g1ucose/\'on the diffen~ntial rates of 

f3-galactosidcrse and a1kalitl2 phosrhaUse synth:::sis 

Exponentially gror·Jing ·cultures ';'iGre treated vrith ~]1ucose (10. rn~1) or 

ch1oramph~nico1 (1.27 JJfJ./riil.).· The dH'fcrentiul ~·ates of enzyme syn.thesJs 

are :expressed as .percentuges of the corresponding Tates before the addition 

of glucose or ch1or~mphenico1. 

\ 
. \ 

S-ga 1 acto~. i dase .· alkaline phosphatase 

Residual different·la1 rates in 

the presence of glucose: 47.1% 51.5% 

Residual differential rates in 

the presen~e of ch 1 oram-

pheni col.: 44.3% . 59.4% 
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such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
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