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Using random Tn/0 insertion mutagenesis. we isolated an Escherichia coli mutant strain affected in the regulation of /ysU. the gene encoding the

inducible form of lvsyl-IRNA synthetase. The transposon giving risc to the altered expression of {ysU was found inserted within /rp. The latter

gene codes for the leucine-responsive regulatory protein {Lrp) which mediates a global response of the bacterium to leucine. An involvement of

Lp in the rcgulation of /vsU was scarched for by using a fisU-lucZ operon fusion. The following conclusions were reached: (i) inactivation of

Irp causes an increased activity of the /vs{ promoter, whatever the growth conditions assayed. (ii) insertion of a wild-type Irp gene into a multi-copy

plasmid significantly reduces /ysU expression. and (iii} sensitivity of the lysL’ promoter to the presence of leucine in the growth medium is abolished
in the frp context.

Lysyl-tIRNA synthetase: Leucine-responsive regulatory protein: lysUs Irp: Leucine; Escherichia coli

1. INTRODUCTION

In Escherichia coli, lysyl-tRNA synthetase (LysRS) is
unique since it occurs as two species encoded by two
distinct genes. /ysS and fisU [1-3]. the regulations of
which are very different. While /ysS seems to be con-
stitutively expressed [1,2], IysU expression is sensitive to
cither ithe composition [4]. the pH 15.6]. the temperature
[7] or the oxygenation [6] of the growih medium. In rich
medium, /rsU expression is induced by anacrobiosis.
low external pH or growth during late-log phase at a
temperature higher than 37°C [6]. In minimal medium.
a high expression of /v« czeurs if the culture is supple-
mented with alanine [8,9]. leucine [8] or various leucine-
containing dipeptides [10]. Finally, /vsU is described to
belong 1o the heat-shock regulon [7), since (i) its expres-
sion increases upon temperature shift from 28°C to
42°C and (ii) the cffect of temperature depends on the
presence of 4 functional rpoH (htpR) pene [7). However,
the /ysU promoter region resembles standard E. coli
promoters rather than a 6% -speaific sequence [11].

Recently. /ysS null mutants were observed 1o grow
slowly before 37°C [6). The temperature-dependent
IysU expression accounts for such a phenotype [6]. One
such mutant was used in the present study to select a
Tnl0 insertion mutation causing a aigh expression of
fysU at 30°C. The characterization of this insertion mu-
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[12]. a protein involved in the global response of the
bactcrium to leucine.

2. MATERIALS AND METHODS

2.1. Enzymes and substrates

DNA restriction and modification enzymes were purchased from
Boghringer {Mannheim, Germany), Bethesda Research Laboratory
(Rockville, Maryland, USA). or Pharmacia (Uppsala, Sweden). L-
amino acids were from Merck (Darmstadt, Germany). L-glycyl-t-leuc-
inc was from Sigma {St. Louis, MO). [y-"PJATP (111 TBg/mmol) was
from NEN (Cambridge. MA). 1-["“*Cllysine (12 GRg/mmol) was from
the Commissariat a I'Encrgic Atomique (Saciay, France). Pure unfrac-
tionated E. coli IRNA was from Bochringer.

Strains were grown cither in LB medium {13] or in MOPS minimal
medium [14] supplemented with glucose (0.4%), proline (40 ug/ml),
methionine (40 gg/ml) and isoleucine (75 ug/ml). Isoleuc, e was added
to the MOPS medium (o avoid growth inhibition in experiments in-
volving leucine or glycyl-leucine {10]. To assay growth on L-serine as
sole carbon source. bacteria were plated on M9 medium [13] supple-
mented with serine (2 mg/ind). proline, methionine, valine and iso-
{eucine (40 ug/mi cach). Anaerobic conditions were insurcd by the use
of GasPaks (from BioMc¢ricux, Craponne, France) in 4 hermeticaily
closed jar.

tRNA aminoacylation and f-galactosiduse activitics were measured
in crude cell extracts obtained by sonication. as alicady described [ 5],
The total amount of protein in the extract was estimated by using the
BioRad protein assay. One unit of enzymatic activity is defined as the
amount of enzyme capable of preducing 1 nmol of aminoacyl-tIRNA
or of e-mitrophenol per min.

2.2 Recombinunt DNA technigues

Goeneral gendtic and cloning techniues were as pivviousty deseinbad
[16] Southern blot analysis wis performed by the unblot method of
Woallaoe and Msvisda [1T] DINA nrobes were Eibelod by phosphorvisg.
mg obgonucicotides in the presence of [7-“PIATP 16} IDNA sequene -
iwig was pesformed on sinigle- or double-siranded DNA by the duleory
chain wrmination method [18). Computer analyses of pucleie acd
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sequences were carried out using the DNAid program on a Macintosh
computer [19] and the data bases and fzcilities of the Centre Inter-
Universitaire de Traitement de I'Information (CITI2, Paris) [20].

2.3. Strains and plasmids

The strains used in this study are listed in Table 1. Strain GE1031
and plasmid pNK972 [21] were kindly provided to us by Dr. M.
Springer. Strain PALSAKS was mutagenized by insertion of the Tnl0
transposon at random positions of its chromosome. For this purpose,
Tnlo transposon from strain GEI031 was transduced into a strain
which overproduced transposase (XA103(pNK972)), selecting for te-
tracycline resistance. Then, a Pl lysate prepared on a pool of such
transductants was used to transduce the tetracycline resistance into the
strain PALSJ4KS.

To obtain plasmid pTP8H2, chromosomal DNA from mutant
strain PALTP8 was digested by HindlIl and ligated with
pBluescript(+)KS DNA previously cut with Hindill. The ligation
mixture was used to transform strain EBPC111, and tetracycline-re-
sistant clones were selected. The plasmid harbored by one of them was
named pTP8H2.

To obtain plasmid pC941, an oligonucleotide probe (5-CAT-
CAACCAGACGGCAAACAGGACAATAAGGATCAGCY) was
deduced from part of the chromosomal DNA carried by pTP8HZ.
From Southern blot analyses of various restriction digests of
PALSAKS chromosomal DNA, we concluded that the probe specifi-
cally hybridized to a 3.6 kbp Pstl-EcoRI1 fragment. Then, chromo-
somal DNA from PALSAKS was digested by Pstl and EcoRI enzymes
and the resulting DNA fragments were separated by high performance
size exclusion chromatography [22]. Aliquots of the collected fractions
were electrophoresed on a 0.8% agarose gel and hytridized to the
labeied probe. The fraction displaying th~ strongest hybridization
signal was ligated to pBluescript GNA and strain JMIOITR was
transformed with the ligation mixture by selecting ampicillin resis-
tance. The transformants which strongly hybridized with the pibe
were identified by colony hybridization. The plasmid harbored by one
of them was named pC941.

Plasmid pI19 and pC20 were derived from pC941 by removing the
HindllI(1)- Hindl1i{2) or the Clal(2)-Clel(3) fragment, respectively
(Fig. 1). As pC20 was obtained through a limited Clel digestion, an
inversion of the CleI(1)-Cla(2) fragment could have occurred during
the digestion-ligation process leading to this plasmid. It was verified
by DNA sequencing that the Cla(1)-Cla(2) frapment had been main-
tained in the same orientation in pC20 and pCY41. The HindlIl(1)
Hindl11(2), HindI1I(1)-Bgill and Befll Hindl11(2) fragments of
pC941 were inserted into pBluescript(+)KS to make pl6, pBB3 und
pBBS, respectively (Fig. 1). Plasmid pBSTNAYV was already described
[23]. This plasmid is a pBluescript derivative in which facZ” is inter-
rupted by a tIRNA gene.

Table |

E. coli strains used in this study

Strain Genotype or relevant characteristics Source or

reference
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PALTPS PALSARS frp Tnila-Tat Thy, work

GEI03Y supkd2 =of-1831: Toltd-Te M. Springer
IRPC1 FooMloe proy guvrd eoo R mer R are B AW 4
supt. ura reeAl

* In our previous work (6], strains XA 1035 and PALSARK S were named
XA IDMAXUS) and PALINOISAK(AXLIS), respectively.
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3. RESULTS AND DISCUSSION

3.1. Isolation of a mutan: affected in tysU regulation

PALSAKS is an E. coli {ysS null mutant carrying a
lysU-lacZ operon fusion (Table f). Upen plating at
30°C on LB-Xgal medium, this strain forms small white
colonics, because of the reduced expression of lysU at
this temperature. To obtain mutants affected in lvsU
regulation, we plated on this medium a pool of
PALSAKS5 cells mutagenized by random insertion of the
Tni0 transposon into the bacterial chromosome. After
incubation at 30°C, most colonies were small and white,
However, one mutant, named PALTPS, formed a large
blue clone.

The Tnl0 insertion from PALTPS8 was transduced
back into strain PALS4KS. All the transductants, se-
lected for tetracycline resistance, formed large blue col-
onies at 30°C. Then, LysRS and S-galactosidase specific
activities were measured in crude extracts of mutant
PALTP8 and parental strain PALSAKS. After aerobic
growth at 30°C in LB medium until the stationary
phase, the activities in the mutant (18 and 1,100 U per
mg of total protein, respectively) were significantly
higher than those in the parental strain (1.43 and 120
U/mg. respectively). Therefore, it was likely that the
insertion mutation in PALTP8 had caused a higher ex-
pression of lysU at 30°C.

3.2, Localization of the mutation on the E. coli chro-
moseme

To locate the above insertion mutation on the E. coli
genome, a ~3-kbp HindI1l fragment carrying the tetra-
cvcline resistance gene was subcloned from the mutant
strain PALTPS into plasmid pBluescript. In addition to
the tetracycline resistance gene, the resulting plasmid
(pTP8H2) carried a ~350-bp frapment from E. ccli
chromosomal DNA (Fig. 1).

To identify the £. coli DNA region corresponding to
the insertion muiation, part of the chromosomal DNA
carried by pTP8H2 was sequenced and an oligonuc'~~-
tide probe v... accordingly synthesized. Southeru bio
analyses of PALSAKS DNA revealed that a 3.6- kbp
Pst1-EcoR1 fragment was specifically recognized by the
probe. This fragment was partially purified by HPLC,
lipated with pBluescript DNA and transformed into
strain JMIOITR by selecting ampicillin resistance.
Three out of 800 transformants hybridized particularly
well to the probe. Each of the three clones carried a
plasmid with a 3.6-kbp insert. One of them, namcd
pC941, was used in further studies.

The sequencing of several region of pC941 revealed
the presence of two afready known genes: (1} between
the Hindl(1) and HindII(2) sites (Fig. 1), a total of 300
bp were sequenced. In this region, the DNA sequence
was found exactly ident. 1l to that of &y B, the gene tor
thioredoxin reductase [24): and (i1} wround the Bgill
sit. . the DINA sequence conformed to that of lrp. The
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Fig. 1. Structures of plasmids used in this study. pBluescnipt vector is
indicated by a heavy line in the pTPEH2 and pC941t structures. The
&p and ¢rxB pencs (shaded and hatched box, respectively) are shown
on the cloncd DNA with their orientations (armrowst. The open box at
the 1op ssmbotizes DNA from the Tn/0 transposon. Below the pC941
structnre arc indicated as heavy lines the various fragtents of pC941
subcloned intoe pHY, pC20. pi6. pBB3 or pBB6. In pTP8H2. the
junction between chromosomal and transposon DNA was precisely
mapped by DNA sequencing.

jatter gene (also called ihb, oppl or rbl4 [25.26)) encodes
a regulatory protein that mediates a global response 1o
leucing [12]. To vonfitm the presence of /rp on plasmid
pC941. 600 bp were sequenced. covering the entire re-
gion susceptible to correspond to frp. This sequence
exactly matched the /rp sequence. with the exception of
a T instead of a C at position 444 of the originally
pudlished Irp coding sequence [12}. This difference does
not affect the gene product since it replaces a Val codon
by another Val codon. Noteworthy, both ¢rv5 and Ip
have been localized ncar min 20 on the £ coli genetic
map [24.25].

To precisely localize the insertion of Tn /0 transposon
in the DNA of the mutant strain PALTPS. the fragment
of chromosomal DNA carried by pTPH8H2 was en-
tircly sequenced. The junction between transposon and
chromosomal DNA occurs within the /rp gene, up-
stream of nucleotide 191 in the frp coding sequence [12].

Inactzvation of frp in strain PALTPS was further con-
firmed by assaving a phenotypic property of Irp mu-
tants. Irp” sirains arc known to be capable of growing
on 1.-serine as sole carbon source. contrary tu wild- type
£. coli |26]. In agreement with the disruption of Irp in
PALTPS DNA. the mutant strain PALTPS could grow

on t-senne. while the parental stiain PALSAK S could
not.

Tlocgenr 8l abhecn Bocoon son oo B B phuis 2B e
3 OELAT Wl AR D% WG, WL VAL ERISUAT 13040 U iR Tion

of Tali trarsposon in the PALTPE chromoseme ro-
sefted in the snactivation of Irp

3.3, Onerexpresvon of Irp mhibits sl e xpression
The accurrence of s link between 114 expresaon and
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the Jrp product was cstablished as follows. Firstly, we
observed that the presence of pC941 in isUilacZ strain
XA1035 reduced ~6-fold the S-galactosidase produc-
tion from the vsU promoter after growth at 42°C in LB
medium. as compared to the presence of the control
plasmid pBSTNAV (Table I1). Then, the gene responsi-
bie for this inhibition was preciselv localized by con-
structing various subclores of pC941 and assaying their
effect on {vs U expression. The presence of pC20 and pl6
reduced 6- to 10-fold the B-galactosidase activity of
strain XA1035, while pHS, pBB3 pBB6 had no effect,
as comparced to pBETNAYV (Fig. 1 and Table II).
Clearly. the occurrence of an inhibition of /ysU expres-
sion correlaied with the addition in rrans of an intact frp
gene.

3.4. The conirol by leucine of lysU expression is lost in
the Ivp mutant PALTPS

As mentioned above, /1w U expression is stimuiated by
the addition of leucine or of various lsucine-containing
dipeptides in the culture medium [8-10]. This effect was
studied in the case of the fvsU::lacZ strain PALSAKS by
growing 1t under various growth conditions and by
measuring fS-galuctosidase activity. This activity was
strongly increased (i) by the presence of 10 mM leucine
when bacteria were grown acrobically at 42°C or anaer-
obically at 30°C. and (ii) by the presence of 3 mM
glycyl-leucine when bacteria were grown acrobically at
30°C (Table ITN). In agreement with the hypothesis that
the effect of leucine or glycyl-leuciac on fysU expression
was mediated by Lrp, we observed that neither leucine
nor glycyl-leucine significantly affected S-galactosidase
production in the irp mutant PALTPS (Table 1il).

3.5 Concluding remarks

An involvement of /rp in the mechanism ol fysU reg-
ulation was already suspected [26]. /sl expression is
increased in a merK context [27]). However, transforma-
tion of the smerK mutant, G62. with a plasaad carrying

Table 11

H-GalaCtosidase activity 1 £ cofi strain XA 035 (403 L faeZ) trans-
formed by various plasmids

Plasmid B-Galacrosidase activity
(Limg)
pBSTNAY (control) a6l
pCYa1 140
pHy YAl
p{ 20 130
pi6 4y
pBB3 1.444)

ik 1140

Hacioris wety gromn actobgaliy a1 42 O ) S-mm test Lubes contan-

e ol of LB madiomosappiomented woth 6l geood ampotm Cal

RSP WOTE affeaitnd when i stationary phaew o growth was reached
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the wild-type merK allele did no: restore normal [ysU

expression [28]. Recently, Lin ¢ al. showed that strain
- RGS2 had acquired -a- secondary -mutation in frp-[26]
cand suggested that the increased expression of fsU in
- RG62 conld have, in fact, originated from the irp muia-
- tion [26] The present work clearly supports this hypoth-
esis. -
Further studies will be necessary 10 establish whether
the eflect of lrp is dicectly or indisectly exevted on fysU
regulation. However, it has been recently reported that
the promoter region of lysU displays sequences on the
direet and complenientary strands (TTTATTAGTGAT
and TTTATTCATTAC, respectively) similat to a con-
sensus motif (TTTATTCINaAT) derived from se-
quences found in the 5" upstream areas of genes that
belong to the leucine regulon [29). Some of the latter
sequences have been shown to be located within the
region recognized by the Lyp protein [29,30].

The occurrence of a link hetween the addition of
leucine and the derepression of /ysU appears as mys-
terious as the regulation of lysU itsclf. Among amino
acids, leucine is wnique in its regulatory effects. In addi-
tion 1o its role in the repression of various leucine irans-
port and biosynthetic genes, feucine is also a specific
inducer of a number of operons in E. cofi and Salmo-
nellg ryphimuriten 126,31--35). In some cases, the reason
for the regulation by leucine is not immediately appar-
ent. Thus, the E. colf genes for L-serine deaminase j36],
L-threoning dehydrogenase {37] and for an i-sering
transport system [38] are induced by leucine. It was
proposed that this special role of leucine originated
from the fact that, unlike most amino acids. leucine is

Table 1M1

f-Galactosidase activily in £, coli strains PALSAKS Urp™ s Ui 2)
or FALTPE {lrp hst:lucZ) under various growth cenditions.

Mediem Tenape-  Owypen- Strain

rature ation

°Cy PALSAKS PALTPS

Wy 170!

LB 42 + 1.0840 1.400
MOPS 42 + 60 100
HMOPS + 10 mM Leu 42 + 550 1,100
MQPS + 10 mM Gly 42 + 70 1.2¢0
LB Ry + 120 1100
MOPS 30 + 60 1.30¢
MOES + 10 mM Ecu 30 + 200 1400
MOPS + 1 mM Giy-Leu 10 + 130 1.3
MOPS + 10 mM Gly n - 80 1.400
LB K] - 1.100 1400
MOPS k(] - 100 1.500
MOPS + 19 1M Leu 30 - 900 1,600

Actobic conditicns wers achisved with viporous shaking of 18-mm 1est
1ubes conlaimay 3 noonediun, Anagrebic condinions were insured by
the ute af CGasPaks in o hennetically closed jar. Cultuses were arcesicdd
when the stalianany phase of prowth was reached. f-Galacrosidase
activity (in unity per mg of lolal proiein) was measured from crude
entracts ohained by sonication. as dessmibed previausly.
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not catabolized [31,32,34). Therefore, it could serve as
an indicator of a shortage of amino acids or of an
increased protein breakdown [31,32]. It is likely that the
control of lysU is related to such a general role of leuc-
ine in celiular regulations. Moreover, it is possible that
a common set of cis-acting clements is responsible for
the leucine-response as well as for the anaerobiosis, pH
or temperature response of lysU expression. The conse-
quence would be that any gene controlied by Lrp might
be a good candidate to be submitted, in addition, to the
cffects of anaerobiosis, pH or temperaw-<. Notewor-
thy. several leucine-regulated genes in E. ...} are also

sensit:ve o anaerobiosis [35,36] and/or temperature
shift [36].
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