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1. Acute transient catabolite repression of g-galactosidase

; synthesis, observed when glucose is added to g?ycero?«qrown cells

of Escherichia coli (Moses & Prevost, 18 6\)9 rnau1res the presonce

- of a functional opérator.gene'(o) in the ?acxose-operon. Total

deletion of the operator gene abolished acute transient repres 1on,

even in the presence of a functwonae requlator gene (i), 2. Regu-
1ator constitutives (i° ) also show transient repression provided

that the operator gene is functional. Re@u]ator deietion mutants

»(ide])p_with which to test specificaliy the roie of the i ge have

not so far been available. 3. The above mutants, showing various
changes in the lactosé Operorj9 sho@ no atteration in the effe ct of
d]ucose on induced tryptophanase Syn*heS?S‘ F]ucoqe metaboTWSM, as
Heq co, from F‘4C1]qlucose and
[1466]91ucoses-also showed no differences between strains exhibiting
or ndt exhibiting transient"repressicn. This suggests no change in n;v
the operab1on of the pentose phosnh te CjClp; a metabolic activity %A%:T;
known to be of DHPQWOUHE 1moortance fer qiuro e repression of g-

ga1acto%1dase syntn951s (Prevost & Moses, 196 ). 4. Chronic, per-.

manent- repression by glucose of g-galactosidase synthesis (less
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severe in degree than acute transient repression) persists in strains

in which transient repression has been ically abolished. Con-

net
\
‘stitutive alkaline phosphatase synthesis, which shows no transient
repress1on. also demonstrates chronic permanent rﬂrre351on by glucose.
5. ”h1oramphen1col represswon also her31s*“ in mutants with no
transient repression, and also affects alkaline phosphatase. It is
suggested that chronic, permanant repression and chioramphenicol re=

pression are non-specific, and that they do not influence g-galactosi-

dase synthesis via.the ragulatory system of the lactose operon.

The rate of synthes1s of p- qalact051daSﬁ in Escherichia coli is subaect to

' 1nduct1on- a
at %east two phys1oloqxca1 control systems: " A renresswon, as described by

“Jacob & Monod (1961), and catabolite repression (Magas anxk 1961). Catabolite

' repression, in genera], affects only those induc1b1e enzymes which are respon~ ..

sible for'providing the ‘cell with carbon ske]etsns and energy. The synthesis  ”-'.

oof such'enzymas isvrepre sed whenevcr the totuT rate of consunntlon of carbon

sources. exceeds the rato requlrud for biosynthesis (neldhardt 1900 . Thus,-
'restrict1on of the rate of cataho]1sm (e 9. bv the rate- 11m1t1nq add1t1on to o

5.f'ce11s of the carbon source) tends to derepress s -galactosidase synthesas (Plark[,;'

& Marm 1@64), whv]e restr1ct1on of ‘the rate of, anaho;1%m hy the ratp 11mit1nq

’ add1t10n of. the n1trogen or: sulphur sources (Ma ndeistAm, 19613 1962), or hy 1n¥ka”

h1bfting_prote1n synthesis with ch]pramﬁnen1co} (ralgeng 19o3) or by removal cfi_t‘
a fequikéd amino acid (ﬁcrall 1961), will tendfto”repre $S B- calactoswdase Dyn?ff.'

thes1s9 presumab1y by the accumu}at1on of catabolites,

It has been reported (Nakada & Ianacan1¢ 1qa4\ that catabo!:to rﬂpreranf’7~

\

.. causes a decrease in the rate of synthesis of mossnnrer RHA snecific for s»

ga?actosidase, but it 1S not known whether the repressor defined by the
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_ ekﬁéfiments of Pardee, Jacob & tonod (1959) mediates both inducer~sens{tive
;induct1on repression and catabolite rcpra9s1o”, The fact that Fegﬁ1atof con-

. stitutives_(1 } show repras sion of @~~a1 ctosidase synthesis in the presence

vof glucese has~1ed to the belief (Cohn & Horibata, 1959; C]ark & Mary, 1964;
Mandelsfam9 1962) that at least part of catabolife repression operates inde~
pen 1y of the i-gene ranrussor, and to the wcstu?ation (Brown, 1961) of'é
‘SECOHQ repressor for ngaiactosidase in additiag to-the i~gene product, How- .

,;ever; the.seribﬂs objection can be raised that the absence of an i-géne product

" has not been shown in i constitutives.- By analogy with the production of |

i?_1mmunologica}ay cross-reacting material (CRM) by 8- ra? ctosidase. strurturai
qene po1nt mutants \z =), it SL ms likely that most i~ point mutations would
'iead to an inactive 1-gene'producﬁa It seems passib?e that this product might§
be partia11y act1vated by mLtaJoT1tes produced duffnq c?uco’e me+abo?1sms . |
_g1v1ng the effect of C&*dLO}1LL repression, Loomis & ﬁagasanxk {1964) made

: an attempt to overcome th1s chjection by observing gl ucose reprassion duriné'v

-~ the approximate]yvone héur period of constitutive synthesis of g-galactosidase
”after tranéfer'by ¢onjugation-of itg* into i7z” or lac »dLsetxon recipients. |
However, one cannot be- certa1n tnat the i-gene product was not presen% and

N :mere}y ac»wvated §y g]ucose Hetabo ites uurvng‘;his period, since {t is not

knoﬁn why 1-gene'expression in this situatioﬁ is delayed compared with z~gén8v

exéréssion, ag‘..tho two genes are‘?erv close to'oﬁe aﬁoéhﬂr'on the bacte jal

chrdmosbhe. The arqumcnt that the 1~qene product must reach a certa1n cy*o«

: p1asm1c concentratwon before it can effectively repress enzyvme synthesis may

—

. be countered by the "suggestion that in the pres&nce_of qlucose metaboiites

'the i-gene pnbduct is effective at lower concentrations. ‘

" The ideal organwsm for answering the qu iestion of i-gene product fnvd]yeuﬁ

ment wn'catab017te,repress1on would be one in which the i-gene: w3ds' specifi-

cally deletad (i d°1 + T), but to our knowledge no such strain hasvbeen
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' isolated, Lagkingfthis étrqin, we pave cohpared under'vqrioﬁs'conditions

| ,é Qeriés of strains séparated by Steers, Crawén & Anfinsen (1965); including

.1 an i~ point mutant and an o¢ mutant carrying'a deietion ;overing the i-gene

- ; and the operator, but }eaving.the z-gene intact, The existence of two

phases'of>catébo1fte,repression, an acute tr a.' nt repression Fo?]owed by o
‘djbérmanént Tbss severe repression (Moses ) Prevcst, 1966) , has‘permitted

a detailed consideration of the relation between égtabo}fte repression and

‘the genetics of the lactose operon.

MATERIALS AND METHODS .~ S

fad
A

'-‘if; Organfsms. The stra1ns of £ co1i used are 1fsted with their relevant gene~" 2 - -

© tics: 3000 (i+ * +> 3300 (1'0+Z+), ogy (i~ 0?72 [i and o deleted]), RV/F

o (1*0*2 /F i~ )(a11 from E. Steers); 2000 ~‘an(§+ocz+)(from C. lelson);: fi R

L 67 S
f" Jc 14 2 and oC. ~]O, a]kaline puOSpnatase constitutive mutants isolated from. -

67
+ +_+

JC 14 (iT0"z'y") and of_, respectively, by the wethod of Torriani & Rothman .

67
(196]).

Experimental brdcedures. The measurewent of CO released from [}4C]]g!ucose“f .

and []4C ]glucose has been descr1bed b/ Prevost Noses (i96 ). For experi-  ;1 o
ments wuth a]ka]ine phospnatase ce11s uere qrovn in glycerol- tris-m1nera]
fsalts medium c0nta1ning O 7 mM-1norqan1c pnosmatoo A1l other techniques

" were unchanged from these used earXier (Moses & Prevdét, 1866).

RESULTS

Effect of qlucose on rates of g-galactosidase synthesis. Fig. 1 shows the '~

veffect-of adding glucose (10 mH) on the synthesis of g-galactosidase in fully

il
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induced strain 3000 (i*o™) and in strain 3300 (i"o%). In Loth cases the
qrovth ratc 1ncreafed about 35% and a transient. period of severe repression
was observed after add1t1on of vluco*c lasting 36-48 min., or 0.7 generations

pos o

in each case. The dvfferﬂnuwal rate o7 g-galactosidase synthesis after re-

covery from transient repression sacwed some fluctuation among different ex-
periments, and was most often about 45% of the rate before glucose was acded.
In contrast, Fig. 2 shows the_behavior of strains 057 (i and o deleted) and

'URV/F'(esséntiaily i* and o deleted). For both.of these strains, in which the

'incréése.fh the growth rate on addition of glucose Qas normalg_no;transient'
. severe. reoressxon ,ollowed glacosc addwt1 nD but the dif%erentia1 rate of g
3 ga1actosidase SjnthESIS was immediat ‘}y and permanently repressed to aﬁout:_
45%fof-the'ear1ier rate in the absence of g?ucoSe.g
Stra1n 3300 was also tested for gtucose nnﬂreqswcn in the preeence ofvf

gf':thc inducer *SOpropyI ~-thio=8~ Q—UaTaCﬁOa?dP {1f T 1) to see if there would Ee ;

?  any reversal of glucose repression analagous to the_feve%sai_by IPTG of fu;SSeﬁ
repression .of an i~ constitutive. reported by Qil?éams & Paige (1965). N9‘ ”
effect-bf 1PTG (5 mﬁ)»ﬁas observed,on the arowtb.rate, the length of the
grans1cn», or on the rates of B‘GQ]&CLOS1 dase VP thesis _before, during or
‘,after the transient, | | | B

Fiq. 3 shows the bchaviour of strain 2000~ -0%, a partial (9.6%) operator

_ constitutiye, in the presoence and absence of IPTG. 'There was no effect of

3

the inducer on the percent repression during‘the-tramsient,,ér on the length
of the transient., The only difference between the two was the greater per- ij

centage degree of recovery from transient repression in the presence of IPTG.
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Effect. of glucose on tryptophanase svnthasis. To check that mutational changes

in the Yactose_operon_affected cataboiite reprassion only of the enzymes of
'».‘_that,operon.D the‘efféct of‘g1ucose'on the induced synjhes?s'of L-tryptophanase:
. was examined in strains 3300 and 0-7. whi?@ quantitétive.differences in'thé
-rates of enzyme synthesis are often observed hctwﬂnn different experiments,

, Fig. 4 shows no kinetic difference in behaviour ﬁetween these two strains,

. which differ markedly as far as 3-galactosidase synthesis is concerned.

Glucose metabolism in strains 3300 and 087 It is known that transient cata~

bolfte<repression can be abolished by a change in the pattern of glucose meta;-
~boTism (Prevost &‘Moses, 196 ). Any study of the specific genetic correlatidn?_
7 of the ﬁbolition_of the transient for the 1actdse‘enzymes must therefore en- |
-SUfe that the abolition really is the resuit bf a specific genetic c%anqe in.
'? 'thetlé§£§§é'opérdn“and not due to an alﬁeratibn“of,intermediary metabolism for
-'I~,some‘oiher;irreievant reason. It is‘o&vious?y not easy to aécértain whethef]
‘f_g]utogéimetaSO]isﬁ is identical in two strains of Qn organism. Neverthe?ess
&[i‘sincevthe‘pentose'pﬁosphate cycle is known to be of partiéu?ar~sicnif{cance:'
‘- with regard to catabolite renress1on, a test can be made to see whether there
"areuan/ p:bfounc dwfferonces in - this matabcl1c ac ?V?tj hetween the two stra1rs.
| In 3 pa r of stra1ns in which oniy one shcws +ransuevt wepresswons and 1n
-;;iwhich thp genet1cs in the 1actose operon are app rowt“v identical, dwfferencgs )
were observed in the ru%p1ratory rc?ease of MCDZ from [1 ,1]g1uco e and

: ‘[}4C Jglucose (Prevost 4oses,.29o ). Similar techniques anplied to strains :}~

3300 and 067 have shown 1ittze or no d?f*ereucn heween the two as far as

pentose phosp@ate cyc]e activity is concarned {Fig. 5). -
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Effect of chloramphenicol on 8-galactosidass svnthesis. Low concentrations

of chiorannhenwco1 reSu?ting inta moderate inhibition of growth, cause a

'fvery much more marked repression of 8<galactssidase synthesis {Sypherd &.
Strauss, } 3). It was conzidered of interest to compare repression by.

chloramphenicol with repression by glucose reported above, Addition of

\ f'ch}Oramphén§CO!_(?;27-ugo/ml.) to cells growing exponentiaily in the alycerol

\
L’}

'imedium and synt lesizin ny B«ua]acto: dase produced an immediate inhibition of
the growth rate'(whi;h nonethe}gssAr;mainea §xyonéntia?).and of the differen~
'tia} rate ‘'of enzyme:svnthésis.: No. Turther chaﬁge was ohserved in fhe fo11ow-s

75'_ing(2rﬁr;. In the presence of ch:o”ampnew?co. the growth rate Was tjpica11y |

- 70% and tne diff erentwaW rate of g~ qa?acto se.synthesis 25«454 of the r&tes

" in. the ahsence . of the 1nh101tor, Enzyme synthesis in str**n_xl/r Was necu-'u-; R

"lTiar1y'sen3itive'to chioramphenicol with a diffe al.rate of only 1””

U Effect of qlucose: on alkaline phosphatase q;ntk‘l 5. A connarvson of the

'responsé to. glucose of'3-na1actosida§éhsvnthesws dn stra1ns 097 and‘ W/F with
'Lhe reaponse in strazns /3000 and 3300 augﬂnsts ihat the +runs1ent part of thaﬁ

"g;ucose repress1on is. assocwgted with a .uWCti0§aI 1 -0 TPCU1ut0“ system,, 8

'twh11e the residual phase of mild r°press1on after rncovcry from.the trans1ent

M:does not require the prc;cﬂca or activity of tn&fq q ncs. It therefore Jenmed
1nterest1ng fo study the behaviour of a?nul1no nposvnatase in these- deieted
“mutants since alkaline phosphatase :s,an.enzvme c@ns7nn“ed ot subject to -
:cataboiite‘repression7(McFa31 &fﬂdqaéanik» 9603 5:nuLeths were made to 1%ﬂ§f ;;‘
uvgllate an a!ka]wne phosphatase COﬁStltUL1V muta t of OE” by-sexectton on - '

vs qucerophosnhate in the presence of inor qnn*r p%ogonate \torrrang & Dot mang‘v

1661), but tvenu suych mutants isolated 1adpa11 Tost their entire
Yy
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8-ga1a¢tosidase activity. The possible reason for this phenomenon will be

ga1actos1da° : Tne level of alka]:ne pﬂospnatase activity in o

-two enzymes in two related strains: o

-discussed later.. Lackinq the desired mutant, a comparison was made of the

C
6

and . 067~1O, constitutxve for a1xa1:ne phosphatase and neqativ@ for B

7% constitutive for E-galactosidase,

7~;O sugge*ts

?lmutation of the Q] rauher than the R2 reguiator gene (Echols, Garen, Garen &

'MmTorriani, 196})

f1g..6 showg the effect of adding qiuco;e on - the S/ntheszs of G—qalacto-i

sidase in 057 and a]kalxne phosohatase in oS

[ o

7 Oy hoth stra1ns were qro:1ng

| L in 10w~phosphate med1ua In boih stra%nsvé‘ucosé had nb effébf éitﬂerAdn i:_ff‘

.growth or. on the rate of enzvms'syntﬁcsas for 20 min, Theré Waé thenAé‘shafp T
B change 1r rate in bo th cult ures- tne growth rate xnb reased by 22 23% in each _
:case and the d1f;erenu1a] rates of ewzymc synthesis were renrossod to 47” and -

».ﬁ  52% of the1r prevwouq rateq for B-Qulactoewdase and al ka11ne phosphataseB

1respect1ve1y., No trans'ent wWas oberved with ezthe* ﬁﬂzyme \cr. Fig. 2).

i‘trans1ent was observnd w1th 3-ga1actosxdase” wn11o a]ka]vnb pno¢nhauase

I

One other stra1n, ”C 14 2, ha; also been tested for the effcct of g1ucose on ;7 

"the d1fferent1a] rates of synthesus of the two nnvymus. In this case a

'showed repress1on wwth no transient

The 20 min. ]an for g]uco e to affect crowth and enzvme synthesis was

1n some way due to qrowth in 1ow phospﬁd te media. %tramns whxch showed ab;;{V

f <growth 1ag in 1on phosnhate medsa showgd none when cultured in MG3 medium ©

',wh1ch contained 0 ] ﬂ—‘norqan1c onosnnate.

E’fect of chlorampﬂen¥col on alkaline nhosp: tase synthesis., The dlfferentvaT

,synthesis of aika?ine phosphatase, like that of B-galactosidase, is 1nh1b1ted
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by ch?oramphénicol. A comparison of the two enzymes in the related strains

o ) | v.
067 and 067 10 is shown in Tauie 2

DISCUSSION

H

Transient repression 1s a sensitive uaj of measuring at Jeast the most

-y

acute part of catabolite repression. While it has also been observed on
'f'occas7on w1th L~ tryptophanase and D-serine deaminase (Moses & Prevost, 1966),

'Ait is probab?y not rea]ly a "natural” phenomenons it is obtained particularly

[¢]

. with g-galactosidase becaus of the use of powerful gratuituus inducers which

-~
4

'f’Seem to be capable of cauSing_partiai reversal of catabolite repression after
-the most, %evere catabol1c phase is past. The present atudy is concerned pri-,

- marl!y with the inf?uencn of qeaet1c facLors on the expression of trans sient’ -

7,.repre§s1on§v

.Blucose repression of B8-galactosidase syntheésis. . The use of a series of requ<

latory matants in fhe 1ac operon has permitted a genetic analysis of the fac-
,tors governing the apnearance of, Lran=1ent repression, A similar repression
pattern was obtained in strains»BOGO (%nduced) and 33009‘showing.that a change

.

does not by itself alter the response,  This implies that, unlike

4 -

From it to i
waak 1nducprs_such as Iagtose, IPTG'fu}1y induces the. cell so that in the
lﬁresence of IPTG an if cell behavaes Tike an i7 one, This{ebéervation Goes
not exclude the i-géne0product,(reﬁresso}) as;a‘pos;ible candidate for ?n-;
volvement 1n]cat§bd]ite represﬁion since in boﬁh.induced 3090 and in 2300 re-.
pressér 1s not absent. In 3000 it has in some respects heen altered by inter-

caction with inducer, while in 3300 it has been aitered by mutation, with

‘physialogically simtlar consequences., The mutatiana}_change in 3300 seems.




 *‘pared with i
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complete since iPTG had no.effect in this strain eith e% in the presence or
~ absence of glucose. L | l  | a
'De!etion‘of_both,the i and 0 genes, as in strain 0875 resulits in the

total loss of the transient response, aithough the stzady differential rate -

’
-~

- of enzyme synthesis in the presence of glucose was similar to that in 3000
and 3300 after recovery from the transient. We may thus conclude that tran-

~

'jéieht repression'is dependent on tne ﬁresence of the iagene or the o?gene,

or both, but that the reduced final rate of enzyme synthésis in the presence
’5.'of glucose is independent of these genetic factors. The results with RV/F9

E h1ch d!ffers from 067 in possessing a funttionai f~gang, the'product‘of

b.a'which_is known to be able 'to affect twe trans rhf@WOf (Ja;ob & ﬁdnbd, 1961),
7égain showed7no transient reoression and the same'fjnaﬁ rate of enzyme syn- .
~ thesis as shown by the thr pe previous <tra€ns;; Since in the i-0 gene regu]a~
 tory sy§temvoc is dominant to it (Jacoh & Honod, 19617, and bpcausa 06?
completé opérator constitutive (Steers et al., 1965), one would é xpect no

——

. ‘difference in betiaviour between strains 027 and RV/F i the transient re-

E preééiodjiéldépendent on]y»oﬁ the'i~o,system,rand indeed nohe.wagifound;
'Further, sihce‘ﬁhe.only efféctive-dif?erence.és regards the lﬂé gpefon re-
E"lgifl.a‘c'mr' genes between 027_and RV/F is the p}esencn of i¥ in the latter com- 
jdel in the forrer, we can be sure that +bn i-gene product has no

.role in tranf1ent catabo11t@ rcpra5510ﬂ unless the ope rator qene is functional;
f»fj;gg repressor can not acL in catabolite repr@ssioﬁ at some site Q;he%.thaﬁ‘
. the operator; These observations, however, do ot prove thét'thé i-gene
product 1s concern d in catabolite repression, but oﬁiv that é functional

E _operdtor qene (a@ in atru1ns 3000 and 3300), or at !euct a part]y functional

operator (strain 2000-0%), is required,



' j‘press10n 1n strawns 3000 . and 3300 on the one hanm, bomnured with of

=11
In.stréin 2COb~oC one might'at”first suppose that since this stra f is.
'abdgt~10% constitutive by virtue of a mutation in the operator gene, leading
,-pFéSumably to a decreased affinity betwaen the repfessoannd operator (Jacgb
& Monod, 1961)9 only the inducible part of g-galactosidase synthesis should
IShéw transient:réprGSSion;with glucose. Experimenté?}y it was found that the

- uninduced Synthesis also showed a transient (Fig. 3) and that, in fact, the

s

"differehtesvbetWEQn induced and uninduced synthesis were entirely. ﬂuanb1tat1ve,

'_and constant propovt1ona11gy Was aewosi a?*ay; na‘nfainef The main svgn1ff~

Cance’of the ;1nd1ngs w:Ln.ZOOu-o cowpar d with o%. is that even partial

67

functionality in the operator gene is enough to permit transient repression,
© One may thus interpret (but not prove) the pattern shown by 2000-0% as due to

" activation of the i-gene product during catabolite repression so that it now - s

N

has a greater affinity for the operator, leading to a repression of enzyme
“'synthesis. This could not happen in;RV/F as in that strain the operator is
' believéd to bc=tota!1y deleted so that no deqree of dctivation of the re-

pressor could increase its interaction with tho one.otor,'c

[

‘ G}ucose metabo]wsm in strains show%nq dxf?erent'patﬁerns of transient repression.

CIn order to be confident that the dtf&ﬁmcn’es in the natbern of catabol;te re-

67

,

on the otbc., are due to genetic d]ffer:ncm" in the lactose reguia torv q@nes,l

Cit-is essential to exclude the possibility that it is the g?ucose metabo1ism
became IR

n

Coowhich ) a?tered in hesa otra1n5, “As far as we know these four strains are.
'close:y related genetnca}lj and have been selected and isolated on the basis "

s of the characteristics of their lactose genes, Hevertheless it is not incon-.

ceivable that other changes have taken place. The tr sient response in cata~-
bolite repression can be abelished by a change injﬁ?ucase metabolism with no

alteration of the lac operos (Prevost & Moses, 196 ), and a claim to have

and R‘\!/F"' '
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 ('5501ated strains resistant to c&tabolite repression shy v1rtuo of a chanoe in
a-regu?aﬁory,system 1f7c for tﬁ1o runcttou {Loomis &;ﬂagasanikg,!965) has
been Criticfzed on the grounﬂs'that'these nutanis probabiyvhave an'a1tered
'clucose metabolwqm (Moses.&“?revost, 1965}. | |

anee cr1ter1a have been used to test the similarity -of qlucose me*a-
.boﬂism in two'strains shOWing_Qr notAshoying transient‘repress1on.’ By these
¢Fitéria:(ef ect of uluco se . on the'inducedvsyhthosis of L~tryptophana§e and’
on thn rate of orowtn, and the . “esplrdtovy release of 17 OZ from g?ﬁcésé'
’labc1}od ;n the flrst or the sixth carbon atoms } any dif rences in qiuc039

metabolism between stra1ns 3300 and 067 are trivial awd not the or1q1n of

"differences 1n catabo11te~repress1cn responses.,

.Effectubf;ch?orampheﬂicof on s-qaigctesidnse synthesis. uhﬁoranpren1col ik
'.1nhibif6r of protein synthesis, is known to-set up a COndition of‘catébolite
'fepressiah when u§eﬁ at 1dw-concentrations sufficient to_cause bniy a parfia1
inhibition of growtﬁﬂ(Sypherd &% Strauss, }963);. e Have observed that ch1o"am-
pheﬁiéol-(1;27 wg./ml.) has a similar effect on 5-03 S1daa‘ sywtnesws in |
Vlsfrains °”OO,»aauO and 067’ in eachxéase_the grcwth‘rate_waserQUced TI{?O@ﬂifi 
" while' the di fferential rate of enzyre syn the is'waé reduced éti?i Further téf o
| 25-45% of‘the uninhibited ratef 'ThUS-ch¥qramphenfCo} produced about as\much”
" repression as glucose in the phase.fol?owing %etovery:from acute transient U
repression. Enzyme qynthes1€ in straln RV/F 1s part1cu?ar1y sews1t1ve to

ch1oraﬂphcnicoi, and the reason for ‘this is nof known,

'Wepresswon of atkaline hospﬂata%e synthesis, . Htra1n o

60 while exhibiting né.
_tranfaent rgpress1on, does show approximately the s ane f}nai ratﬂ of 8-ga acto?‘_
sidase synthesis in the precﬂnc0 of qlucose and chioramphenicoi as do str a1vs |

3000 and 33009 and we are led to conclude that.ihere'are two types 01 cata—

bolite repression: that requiring a functional operator gene, and that
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independent of thg operator (cf. Clark and Mart, 1964; Clark, 1965). The
operator or 1 0 requ! 1tory system is concernad Univ with acute transient
. repression; what, then, is the origin of the_conténuing'méld repression
)after recovery from acute transient repressian_has pccurred?

Theréiis reason to suppose that this%ﬂi?¢ perménent repression may be
nefther spécific for inducible enzymés hor truly a repression.  An apparent
'i repressioh91on‘a differential basis, would be perchdvif g?ucosé stimulated
an increase in the rates of synthes{s of certain proteins durfng the growth
Shift-up, with'a_consequent dilution by default of.proteinsAnot so stimulated,
*Increases fn growth rate‘are known to he éssoc?ated with increases in the pfqn
portion of tota1 probe1w to be found in tne ribosémaI fraction (Maaide &
Kjeldgaard, 1966), and one may surmise that the syntheéis of enzymes specifi= &
cally associated with glucose mgtaboli"m is also stimulated. 8-Galactosidase,
howevér.'is an irrelevant enzyme as far as g?ucose metabolism is concernedg'f'
and thet;éfore9 apart from the spec1f1c rcprcss1va me chanxsm involving the
operator gene, one might expect the rate of Bmga]actosxdase synthesis to
suffer3by'compari50n with otﬁer proteins, Less is known about the metabolic
consequéﬁcesvof chlbrampﬁenicol pdisonihg, though here too there is reason.
to sdppose'that a shift—up typé of metabolic rearrangement Qccurs'as evi-‘
déhced by the rapid syhfhesis of'RNA in the-préseﬁce‘of chloramphenicui :
‘(Sypherd & Strauss, 1963). Fortunately a fest:may'be attémpted of this ”di-;ﬂv.
tution” hypothesié byvstudying alkaline bhospﬁata5e9 another enzyme jrre1evaﬁt
to glucose metabolism, and one which is certainly not subject to any acute i:
form of catabolite repression. In a strain (JC 14-2) showing a typical
.trahsient rep?ession of g-galactosidase synthesis when glucose is added, with'

2 Tater‘partia1 recevery, alkaline phosphatase synthesis showed inhibition |
of

without a transient acute phase. In comparing tha strains 057 and 067 =10
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: a1ka1ine phosphatase synthesis in the prasence of giucose is inhibited almost

as much as the synthesis of g8-galactosidase. #nz would expect ch?oramphen1co}

o

to have about the same effect on the svvt, 5 of

{7

oth enzymes, and Table 2
shows that this is indeed the case, |
It was not poss1b1@ to isolate an alkaline phosphatase constitutive mu-
.tant from strain o,7 wvthout also l1osing 8-g 1alactosidase activity. An exp]aF
: nation hasibeen.suggested by Dr. GO'SE Stent.(perséna? communication).,-ln-'-
7.sirain.qg7 both the_operatot and regulator genes of the lactese opéron have
i been deleted (Fig. 7); it is not known how far the deletion  extends beyond

b

- the f-gene. The structural gene (P) and the Rl regulator gene for alkaline *
‘thSphatase'aIso 1ie beyond the i-gene. Judging by its level of alkaline

'v,phosphapase activity, 087-10 is probably a COPSL’tUt1VE ﬂuLant of the Rl re-

gulatqrt(Echols gg.gl,,‘1961),=and,1t is pos ssii that this mutation is a
partial deletion of the Rl regulator gene. In og7ﬂthb_structura! gene (z).

for g-galactosidase may lie very ciésé to tﬁé é? requlator for alkaline :
phosphatase, so that partial deletion of the latter mﬁghf readily ove%lap ,”:
':.into.the,z"gene (Fige 7)f AThe map of the E;;Egii #hrémbéomé pubiished by;"'
Taylof & Thomas (1964) shows the RY regu?étor gene on the»fgg side of the
stfuttural gene from the lac operon, but wévundersfénd from Drs, A;'Garen
and:M. Averner: (perﬁohal comﬁunicatibns) that the'orderléf the R1 aﬁd P genes.
is not weli'establisbed. |

Conclusions, Froh"thu evidence and arguments presented in this paper it
seems clear that in the lac operon acute transient repression is mediated

via the operator Qene énd perhaps also via theyprqduct of the reg&?ator‘geneo-
'This may constitute an additional property of the Jacchb & Honod (1961) réguj

- Tation model: inducer would inactivate repressor and catabolite repression
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would activate it even when (as in’i~ strains) repressor had lost its normal
affinity for the operator, Transient repres: aonimay be equivalent to "in-
ducer;depéndent reprassion” (Clark, 1965). Alkaline ,hosphatase is not sen-
; sitiye'tQ this type’df’repression.

_Perménen’cD léss severe, repression is not mediated via efther the i-gene
‘or the;d-gene.< It seems to be noh-speciféc,-and may not be a‘repression S0
much as,a-nelétive dilution through lack of specific stimulation. Alkaline
bhesphatase is also subject to this type of réD on, which may ! Bc equiva-"
1ent to "1nducer~1ndependﬂnt repression" {Clark, 1965).

The_difference between acute transient re rED%SIOR and mild chron1c re-
j pressioh is pbsérved with the lactose enzymes‘when artificial inducers are
used whiéhrafe powerful enough to influence repressor in combetitiqn vith
catabo1ite repression. Inducer and catabolite Cgrepressor probably do not 
act at the same site on repressor since i” strains show transient repressibn 7
”as severﬁ as 1n the re1aued it strains. Hith wéak-"natura1" inducers the.]

_severe repression is probamij pro?onned 1ndn’zn3te?y and no d‘fference is o

'37.seen,between the two phases. In Lohrjptopanasn and D-serine dca*inase syr-j

thesi5~iﬁ strain ML 30 the two phases are observed with glucose as the cata;v
bolite repressor and L tryptovhan and D—°er1ne9 rcsnnct*vnlj, as the naturalivanv
inducers (Hoses Prnvobt 1966 ‘_\ In this stram9 howeyer, the transient
repression_of.s-galaqtosidase synthesis is unus¢ai?y short and weak compéredﬂ
~with the K-Iz.straihsb A}i the strains usedviﬁ £Ee.present study are deri-
vatives of K-12. .

The work reported in this paper was snonsor@d by the U.5. Atomic Energy:f
?;Comm1sswon. We are deeply grateful to Miss Pamela Sharp for invaluable

-

technical assistance.
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Fig. 1.~

ng. 2,_"

- for each strain: (a) 3000: 98, 75, 48y (b) 3300: 70, 51, 36.

CAPTIONS FOR FIGURES

Transient glucose repression of p-galactosidase synthesis in strains,

3000 and 3300, Strain 3000 was induced witn 0.5 w4-IPTG, Glucose

(?O mM) added at arrows. Mass doubling times fmwn ) be fore and after

’g]ucose add1t1on, and length of transient repression, rﬂsnectwew9

G]ucose repressinﬂ nf 5- a}artoq1d*se QanW851S in rtrafns o§7 and

~ RV/F, G]ucose (10 mﬂ\ added dL arrows., Mass doub]xng t1mes (mvn )

Fig. 3.

Fig. 4.

. before and aftar q1ucnsn addxt.nn, FDSDOCﬁAV“]jg for each stra1n° g

(a) of.: 81, 53,_(b) RV/F: 84, 64,

67

G]ucose repress1on of 1induced cnd un1ndured g~ aaxac;osmasA synthcme

"in strain ZOOO -, IPTG (0.5 mﬂ) addCG at ¢ q]ucosa (10 mu) added

at 4. Mass doub?1ng t1me: before and after naucosn add1t10n9 and

{min,)

31ength of transieut rnnre sxonA,rognécLavnly 95 73 and 80 for both

caggi}, (a) ce?]s 1nauced with IP*G {b) uninduced-C@?.s.

/

Ef»ect of glucose on inducad syntne of L- tryotonhanase in straxns

©3300 and of L~ Tryptoohan (2.5 nM) was the inducer. G]ucose .

67 °

(10'mM) added at arrows. Mass doubling times before and after
(min.) ‘
glucose addition,,respectively: (a) 3300: 74, 56 (b) o 67 : 67,58




Fig. 5..

-~ addition of labelled glucose, to exponentialily

~18-

Release of 14C92'f’rom []46 Jglucese *nd riqf ]qlucose by strains

3300 and 067 The ratwo of ' C§9_3v9=veu from | rlde qu'aose to

£

. 14(302 from [1‘Cc}g, cose is plotted against time in min. after

o4

,ion.nq celis., The

. _higher this ratio, in broad terms, the greater the proportxon of .

‘Fig. 6., Comparison of effects of.w1ucosﬂ on the syntnesis of 8-galactosidase

- glucose addition, respectively, for each strain: (a)

Fig, 7. -f

at solid arrows; the growth rates incre

glucose being oxidized via the pentose phosphate cycle. Metaboli
gl being oxidized via the paentose phosphate cycl Metabolism

entirely via glycolysis and the citric acid cycle would produce a

ratio of 1. (a) 33003 () ol .

in o§7 and alkaline phosphatase in<og7—TG.. Glucose (10 mM) added
R ¥ . . L ) .

asad at the points. shown by

the dashed arrows. Mass doubling times {min,) before and after

76, 623

(7

'.(b) 0f.-10: 89, 73, .

67

Possible qenetwc rnlatxon between strains 0,7 and,of7-10; Strain
5 .
’l/dnffars from wild type by utin ion of the o= and 1= genes

67-10 may repreaent a furtner deietion .ncnudan parts of z and R

'nbhrevxatwons. AC, Lh1oua1actos1da tra nsa»etylase, Y ga:actos1de

-

u,permease; z, B-galactosidase; o, lac operaﬁor;qs ac requlators

ey

© Rl alkaline phosphatase‘?egu!ator; F, alkaline phosphatase struc-

tural gene.

"
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Table 1. ‘Effect of chldramphienicol on the rates of nrowth and the differen~

tial rates of g-galactosidase synthesis

and RY/F

in strains 3000, 3300, of,
-Ciltures of each strain, growing exponentiaily, were each divided into
two parallel cultures to one of which-was added chloramphenicol (1.27 ug./ml.).
Growth by extﬁnction and g-yalactosidase activity was followed in each culture
for 2 hr. Strain 3000 (inducible) was induced with IFTG (0.5 m4). Rates ex~ .

‘pressed on a relative basis.

 Strain . ' 3000 3300 of, CRWELT
Growth rate:"€'¢h10famphenico1 100 . 100 ‘ lloo“ - 100
+ chloramphenicol 7.0 70,7 68,7  73.8 -
Differential rate of g-galactosidase
synthesis: * - chloramphenicol 100 w60 100 100

+ chloramphenicol - 25.627.2 24,3 10,1




R L and chloramphenicol
Table.2. Comparison of the effects cf nIUCJ”ﬂhun the differential rates of
g-galactosidase and alkaline phosn ‘(tl°‘ synthestis
’ in strains oS, and va"m respectivaly
| N SLraiis %57 2 G?Msug respecuivae
Exnonent1a11/ nrow1ng culcu"e were treated with glucese (10 mM) or
’ch1oramphnn1c01 (1.27 pg./at.). The differential rates.of enzy ne synthes1°'

are;expressed'as.perceﬂfages of .the corresponding~rates befnre the addition
of glucose or chloramphenicol.

. p-galactosidase | a?kaiihe phosphatase
e .
a- ) : ‘ -
Resfdua]_differentia1 rates in
the presence of glucbse: ' 47.1% o 51.5%

Residual differential rates in
the‘presenpe of chloran-

phenfcol: -~ .. - . a4 50,43
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-
mission, or employee of such contractor, to the extent that
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
with the Commission, or his employment with such contractor.



