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The intact metG gene was cloned in plasmid pBR322 from an F32 episomal gene library by complementation
of a structural mutant, metG83. The Escherichia coli strain transformed with this plasmid (pX1) overproduced
methionyl-tRNA synthetase 40-fold. Maxicell analysis showed that three major polypeptides with M,s of
76,000, 37,000, and 29,000 were expressed from pX1. The polypeptide with an M, of 76,000 was identified as
the product of metG on the basis of immunological studies and was indistinguishable from purified
methionyl-tRNA synthetase. In addition, DNA-DNA hybridization studies demonstrated that the metG regions
were homologous on the E. coli chromosome and on the F32 episome. DNA sequencing of 642 nucleotides was
performed. It completes the partial metG sequence already published (D. G. Barker, J. P. Ebel, R. Jakes, and
C. J. Bruton, Eur. J. Biochem. 127:449-451, 1982). Examination of the deduced primary structure of
methionyl-tRNA synthetase excludes the occurrence of any significant repeated sequences. Finally, mapping of
mutation metG83 by complementation experiments strongly suggests that the central part of methionyl-tRNA
synthetase is involved in methionine recognition. This observation is discussed in the light of the known

three-dimensional crystallographic structure.

Bacterial aminoacyl-tRNA synthetases have been the ob-
ject of numerous studies aimed at solving their structure-
function relationships (reviewed in references 24 and 28).
Among them, Escherichia coli methionyl-tRNA synthetase
(MTS) benefits from the availability of the crystallographic
structure (31) of a fully active fragment with an M, of 64,000
derived from native MTS (11), a dimer with an M, of 152,000
(18). The primary structure of this fragment has been re-
cently deduced from the DNA sequence of a truncated form
of metG (2), and efforts have been made to describe in
molecular terms the binding of substrates to the synthetase
(4; C. Hountondji, F. Lederer, and S. Blanquet, Biochem-
istry, in press). The present work describes the cloning of
the complete metG gene.

Since MTS used for crystallographic and biochemical
studies was purified from a merodiploid strain carrying the
F32 episome, the intact metG gene was isolated from an F32
episomal DNA library.

The MTS primary structure has been completed, allowing
us to rule out the occurrence of any significant repeats in the
polypeptide chain composing the enzyme, as was previously
proposed (8, 9) on the basis of partial amino acid sequence
determination.

Finally, the availability of metG with large flanking DNA
regions gave us an opportunity to study the regulation of its
expression and to possibly explain previous physiological
results showing that MTS expression was controlled by the
level of tRNAM®t aminoacylation (10).

MATERIALS AND METHODS

Bacterial strains and growth media. All strains were E. coli
K-12 derivatives. Genotypes are listed in Table 1. Mero-
diploid strain EM20031 was used as a source of F32 episomal
DNA. Hfr strain JC10240 carrying a Tnl0 transposon in-
serted in the szl operon near recA was used to transfer the
recA marker. PAL1803.1 was isolated as a spontaneous Rif"
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derivative of methionine auxotroph strain SB1803 (metG83).
Conjugation of PAL1803.1 with Hfr strain JC10240 was used
to construct PAL1803.3, a recA Tet" derivative. PAL1803.5
(recA Tet®) was selected for loss of tetracycline resistance
according to the method of Bochner (7).

Bacteria were grown at 37°C on either LB medium or
minimal M9 medium (23) supplemented with 0.4% glucose as
carbon source and 200 pg of the required amino acids per ml.
When appropriate, tetracycline, chloramphenicol, or rifam-
pin was included at 10, 10, or 200 p.g/ml, respectively.

Enzymes. Restriction endonucleases, T4 DNA ligase, calf
intestine alkaline phosphatase, DNA polymerase large frag-
ment, and polynucleotidyl-kinase were purchased from
Boehringer Mannheim Corp., Bethesda Research Laborato-
ries, or New England Biolabs, Inc. Incubations were carried
out as recommended by the suppliers.

DNA purification. Large-scale purification of plasmid DNA
was performed after chloramphenicol or spectinomycin am-
plification according to the method of Clewell (13). The
rapid, small-scale extraction procedure of Birnboim and
Doly (3) was also used for analytical purposes. Chromo-
somal DNA of strain AB1111 was purified according to the
method of Davis et al. (15).

F32 episomal DNA was purified as follows: a cleared
lysate was obtained from 6 liters of culture of EM20031
grown at 37°C to an absorbance value of 1 at an optical
density of 650 nm. Chromosomal and episomal DNA was
spun down by centrifugation for 1 h at 100,000 X g. The
pellet was resuspended in 40 ml of 25 mM Tris (pH 8)-10 uM
EDTA. After addition of 80 pl of 0.2 N NaOH-1% sodium
dodecyl sulfate (SDS) the mixture was submitted to gentle
agitation until complete solubilization occurred. Further
addition of 60 ml of 3 M sodium acetate (pH 4.8) allowed
selective renaturation of the episome. Precipitated chromo-
somal DNA was eliminated by centrifugation, and the su-
pernatant was phenol extracted twice. DNA was ethanol
precipitated and finally purified by banding in cesium chlo-
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TABLE 1. Bacterial strains

Designation Sex Genotype Reference

EM20031 F32 rpsL dsdC3/F32 dsdC* 22)

ABI1111 F~ thi-1 leuB6 proA2 hisC3 xyl-5 ara-14 galK2 lacYl mtl-1 rpsL25 \~ supE44 a7

SB1803 F~ Same as AB1111, metG83 (methionine auxotroph) 6)

PAL1803.1 F~ Same as SB1803, rpoB (Rif") This work

PAL1803.3 F~ Same as PAL1803.1, recA56 This work
srl-300::Tnl0

PAL1803.5 F~ Same as PAL1803.3, Tet® This work

JC10240 Hfr P04S  ilv-318 recA56 sri1-300::Tnl0 thi-1 relAl spoTl 14)
rpsE2300 thr-3000

CSR603 F~ thr-1 leuB6 proA2 phr-1 argE3 thi-1 uvrA6 ara-14 lacYl galK2 xyl-5 mtl-1 rpsL31 rho-33 \~ (26)

supE44 recAl

ride-ethidium bromide equilibrium gradient. The yield was
ca. 200 pg of DNA from a 6-liter culture.

Construction of episomal gene libraries. An amount of 7 pg
of F32 episomal DNA was incubated with 2 U of Sau3A for
2 min. The partial digest was then ligated with 2 pg of
dephosphorylated BamHI-cut pACYC184. This ligation mix-
ture was used to transform PAL1803.1 competent cells. A
total of 1,871 chloramphenicol-resistant transformants were
isolated, out of which 1,852 had lost the ability to grow on
tetracycline.

Two 15-pg fractions of F32 DNA were digested by 2 and
4 U of Pstl, respectively, for 2 h at 37°C and further ligated
with 2 g of dephosphorylated PstI-cut pBR322. The liga-
tion mixture was used to transform PAL1803.1 compe-
tent cells. All 1,057 tested clones were recombinants (Tet"
Amp®).

Identification of plasmid-encoded proteins in maxicells.
CSR603 cells, transformed by the appropriate plasmid, were
UV irradiated (= 50 J/m?) under agitation and were incu-
bated overnight after addition of 150 ug of cycloserine per ml
to kill survivors. Cells were washed with minimal medium,
suspended, and labeled for 1 h at 37°C with 10 pnCi of
L-[**SImethionine (1,200 Ci/mol; C.E.A. Saclay). Medium
was eliminated by centrifugation, and lysis was obtained by
a freeze-thaw procedure. Samples were then either submit-
ted directly to SDS-polyacrylamide gel electrophoresis anal-
ysis or incubated with antibodies, precipitated by protein
A-Sepharose (Pharmacia), and washed before heat dena-
turation and SDS-polyacrylamide gel electrophoresis
analysis.

Nick translation and DNA-DNA hybridization. [o-32P]
dATP (800 Ci/mmol; New England Nuclear Corp.) labeling
of DNA probe by nick translation was carried out according
to the method of Davis et al. (15). Bidirectional transfer of
DNA from agarose gel to nitrocellulose (BA 85; Schleicher
& Schull, Inc.) was performed as described (29). The nitro-
cellulose filter was incubated with ca. 5 X 10° dpm of labeled
probe for 16 h at 42°C in hybridization buffer containing 50%
formamide.

DNA sequencing. Large DNA restriction fragments puri-
fied by agarose gel electrophoresis (low gelling temperature;
Sigma type VII) were subsequently digested with BstNI,
Hpall, Sau3A, Hinfl, Taql, or BamHI. Single 5’'-labeled
fragments were obtained by strand separation on poly-
acrylamide gel and sequenced by the chemical method of
Maxam and Gilbert (21). Sequences were also determined by
the dideoxy chain terminator method (27).

General biochemical techniques. To assay levels of MTS
activity in E. coli cells, crude extracts of late-exponential-
growing cultures (10 ml) were prepared by a freeze-thaw
procedure, followed by centrifugation at 10,000 X g for 5

min. Protein concentrations were determined by the biuret
method (20).

Aminoacyl-tRNA synthetase activity was measured by
either the amino acid-dependent 32PP-ATP isotopic ex-
change assay or aminoacylation of tRNAMet (5).

Polyacrylamide gel electrophoresis analysis of cell ex-
tracts was performed according to the method of Laemmli
(19).

RESULTS

Properties of recombinant plasmids pACSm, pX1, and pX2.
Two episomal gene banks were prepared. (i) A Sau3A partial
digest of F32 episomal DNA was inserted into the BamHI
site of plasmid pACYC 184. (ii) A Pst partial digest was
inserted into the unique PstI site of pBR322. Competent
cells of PAL1803.1 (recA*) were transformed with these two
plasmid banks. One methionine prototroph transformant
was obtained from the Sau3A bank, and two were obtained
from the PstI bank. Corresponding recombinant plasmids
were called pACSm and pX1 and pX2, respectively.

All these purified plasmids were able to transform
PAL1803.1 (recA*) to methionine prototrophy. In the case
of PAL1803.5 (a recA™ derivative of PAL1803.1), only pX1
complemented the methionine auxotrophy.

This result suggested that pACSm and pX2 carried only a
part of the metG gene and were able to rescue the chromo-
somal mutation by recombination in the recA* strain. Insert
sizes of pACSm and pX2 were 1.3 and 3.7 kilobases (kb),
respectively. Clearly, pACSm did not have the coding
capacity for the 76,000-molecular-weight polypeptide com-
posing MTS.

On the contrary, pX1, which carried a 15-kb insert, was
supposed to express an active form of MTS, since it com-
plemented the methionine auxotrophy of the recA ™ recipient
strain.

Overproduction of native MTS. Crude extracts of
PAL1803.1 cells harboring pX1, pX2, or pBR322 were
submitted to SDS-polyacrylamide gel electrophoresis analy-
sis. The pX1 extract exhibited an intense polypeptide band
comigrating with the native subunit (M, = 76,000) of purified
MTS. (Fig. 1A). This polypeptide was absent in extracts
from cells carrying pX2 or pBR322.

The proteins expressed by plasmids pX1 and pX2 were
further identified in a maxicell experiment. Plasmid pX1
directed the synthesis of three major polypeptides with M,s
of 76,000, 37,000, and 29,000. Only the polypeptide with an
M. of 76,000 was immunoprecipitated by specific antibodies
directed against native MTS purified from merodiploid strain
EM20031 carrying the F32 episome. Plasmid pX2 also en-
coded the above pX1 polypeptide with an M, of 37,000 and
a minor species with an M; of 52,000 also immunoprecipi-
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FIG. 1. Identification of the proteins expressed from pX1 plasmid. Electrophoretic analyses were performed on 12.5% SDS-polyacryl-
amide gel according to the method of Laemmli (19). (A) Overproduction of MTS. Each slot was loaded with crude cell extract containing 40
ng of protein, and bands were visualized with Coomassie blue. Lanes: A, PAL1803.1 transformed with pBR322; B, EM20031; C, PAL1803.1
transformed with pX2; D, PAL1803.1 transformed with pX1; E, molecular weight markers, including purified MTS. (B) Identification of the
proteins expressed by recombinant plasmids after [**S]methionine pulse-labeling of UV-irradiated CSR603 cells transformed with pX1, pX2,
or pBR322 (maxicells). Samples equivalent to 2 X 10° dpm were loaded on the gel directly or after immune precipitation by anti-MTS
antibodies. After electrophoresis, the gel was treated for fluorography and exposed to Kodak X-Omat film at —70°C for 48 h. Lanes: A,
molecular weight markers; B, pBR322 extract; C, pBR322 immunoprecipitate; D, pX1 extract; E, pX1 immunoprecipitate; F, pX2 extract;

G, pX2 immunoprecipitate.

tated by the anti-MTS specific antibodies. This indicated
that a truncated protein, retaining antigenic determinants of
native MTS, was synthesized from pX2.

To confirm that the protein overproduced by the pX1-
carrying strains was native MTS, the following experiments
were undertaken. Comparative activity measurements were
carried out on crude cell extracts of AB1111 (metG™), the
PAL1803.1 parental strain, transformed by pX1 or pBR322.
The pXl-harboring cells overproduced MTS 40-fold with
respect to cells harboring pBR322 (Table 2). Strain AB1111

TABLE 2. MTS activity in cell extracts of strains carrying the
studied plasmids®

ATP-PP;

Aminoacylation

exchange activity activity
Strain(Plasmid) Ratio to Ratio to
U ABI1111 Units ABI12111
(pBR322)* (pBR322)*

AB1111(pBR322) 340 1.0 12 1
AB1111(pX1) 13,200 38.5 490 41
AB1111(pX2) 220 0.6 10 0.8
PAL1803.5(pX1) 8,210 24.0 ND
PAL1803.5(pX2) <5
PAL1803.5(pX2) <5

@ MTS activity was followed in crude extracts of AB1111 (metG* recA*)
and PAL1803.5 (metG83 recA56) cells carrying the various plasmids indicated
in the Table. Units correspond to 1 pmol of [*>PJATP synthesized per mg of
protein per s at 25°C and to 1 pmol of L-[**C]methionyl-tRNA formed per mg
of protein per s at 25°C for ATP-PP exchange activity and aminoacylation
activity, respectively. ND, Not determined.

b Activity levels in the extracts are compared with that of AB1111(pBR322).

(metG*) or derived strain PAL1803.5 (metG83 recA56)
transformed by pX2 or pACSm did not show an increase of
the methionine-dependent ATP-PP; exchange activity. This
result was in agreement with the observation that only pX1
was able to complement the recA metG mutants.

MTS activity in the crude extract of pX1-carrying strains
was fully inhibited by anti-MTS specific antibodies. Homo-
geneous MTS purified from the merodiploid strain EM20031
carrying the F32 episome and extract of cells carrying pX1
were titrated in parallel by the antibodies. Identical titration
curves (Fig. 2) indicated that the pX1-encoded enzyme and
the purified MTS had the same antigenic determinants.

Finally, MTS overproduced by the pX1-harboring strains
and purified to homogeneity by affinity chromatography (M.
Fromant, Ph.D. thesis, Université de Paris VII, Paris,
France, 1982) was shown to be a dimer with an M, of
152,000, indistinguishable from the native enzyme.

Taken together, these results strongly suggested that
plasmid pX1 encoded native MTS. The integrity of the
cloned metG gene was further established by DNA hybrid-
ization, restriction analysis, and sequencing.

Restriction mapping and DNA hybridization. Restriction
maps of pACSm, pX1, and pX2 were established (Fig. 3).
Maps showed that the pX1 insert consisted of three Ps:I
fragments, 3.5, 9, and 2.4 kb long. The 3.5-kb fragment was
also present in the pX2 insert, together with a small 200-
base-pair (bp) Pstl fragment. All three plasmids shared a
common region ca. 0.8 kb long, in which part of the metG
gene should be located. The restriction map of this common
region, around the unique HindlIII site, was identical to that
deduced from the partial metG sequence already solved (2).
By comparison with this sequence, the start of the metG
gene could be assigned on the pX1 map, 820 bp upstream of
the HindIII site.
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FIG. 2. Titration of purified MTS and of crude extract from cells carrying pX1 by anti-MTS specific antibodies. An amount of 25 ul of
either 2.5 nM purified MTS (from merodiploid strain EM20031) or diluted PAL1803.1(pX1) extract containing 0.15 pg of total proteins was
incubated with increasing amounts of purified anti-MTS antibodies in standard assay buffer and assayed for 32PP;-ATP isotopic exchange
activity. These conditions insured identical activity of samples in the absence of antibodies. Activity is plotted as a function of the added
antibodies (jug). Open circles correspond to pX1 extract activity, and closed circles correspond to purified MTS.
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FIG. 3. Restriction maps of pACSm, pX1, and pX2 and sequencing strategy. All three plasmids were from independent cloning
experiments. Insert sizes are 1.3 kb for pACSm, 3.7 kb for pX2, and 15 kb for pX1. The hatched boxes represent DNA of the vector plasmids.
Some restriction sites within the vectors were omitted for the sake of clarity. The sequenced Clal-Taql fragment is shown at the bottom of
the figure. 5'-32P-labeled single-stranded DNA fragments were sequenced by the chemical method. Horizontal arrows starting from the
cleavage sites show the nucleotides sequenced on each of the two DNA strands.
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All these observations showed that pACSm carried an
internal part of metG and that pX2 contained the regulatory
region of metG and 70% of the structural gene. By examining
the sequence described by Barker et al. (2) it could be
concluded that pX2 encoded an hybrid protein with the first
475 codons of metG and 9 codons from pBR322 fused after
the PstI site, accouting well for the polypeptide with an M,
52,000 observed in the maxicell experiment. However, this
hybrid species was inactive, as shown by ATP-PP; exchange
activity measurements in mutant strains carrying the pX2
plasmid.

Since pX1 was obtained by cloning after partial digestion
of the F32 episome, it was necessary to control (i) that the
environment of the metG gene in plasmid pX1 was identical
to that on the episome, i.e., that the two PstI fragments
carrying metG on pX1 (3.5 and 9 kb, respectively) were also
adjacent on the episome and (ii) that the metG region was the
same on the F32 episome and on the chromosome.

Partial restriction map of the F32 episome around the
metG locus was determined by DNA-DNA hybridization.
Plasmid pACSm, obtained independently of pX1, carried an
internal part of metG (Fig. 3) and was used as probe. F32
DNA was cleaved by BstEII, Pstl, or Pstl plus HindIII.
After agarose gel electrophoresis, DNA fragments were
transferred to nitrocellulose and hybridized to 3?P-labeled
pACSm. The PstI digest of F32 (Fig. 4A, lane 4) showed two
DNA fragments hybridizing with the probe (3.5 and 9 kb).
These two fragments comigrated with those carrying metG
on plasmid pX1 (Fig. 4A, lane 2). However, digestion by
Pstl plus HindIIl revealed that the above episomal 3.5-kb
PstI-Pstl band corresponded in fact to two comigrating,
distinct PstI-Pst] fragments. One PstI-PstI fragment was not
cleavable by HindIIl, whereas the other was, yielding a
2.8-kb fragment (Fig. 4A, lane 3), as expected from the pX1
restriction map. Since the vector plasmid pACYC184 did not
hybridize with the F32 episome (data not shown), it could
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therefore be concluded that the episome carried a second
region homologous to the pACSm insert. The presence of
this second region on the episome was confirmed by pACSm
hybridization to a BstEII digest of F32 DNA. The physical
map of pX1 (Fig. 3) indicated that the entire metG gene was
carried by a single 5.5-kb BstEII-BstEIl fragment. This
fragment was present on the hybridization pattern of F32
digested by BstEIl (Fig. 4A, lane 5). However, another
hybridizing band of 10 kb was revealed, which should
correspond to the second region discussed above.

This second region was not present on the E. coli chro-
mosome, since the hybridization pattern of pACSm with
AB1111 chromosomal DNA cleaved by BstEIl (Fig. 4B)
only showed the 5.5-kb fragment.

DNA sequencing. The DNA sequence of the 3’ terminal
region of metG was elucidated, thus completing the primary
structure of the enzyme. The determination of the sequence
of a 451-bp Clal-Taql fragment confirmed the last 91 nu-
cleotides of the partial DNA sequence already published (2)
and showed that the open reading frame of metG terminated
25 bp before the Tagl site.

As demonstrated previously (11), limited proteolysis of
native MTS yields a 64,000-molecular-weight active mono-
meric fragment. The sequences of the peptides obtained by
complete tryptic digestion of this 64,000-molecular-weight
fragment have been published (2). However, seven peptides
could not be aligned on the partial amino acid sequence
shown by Barker et al. (2) and were predicted to correspond
to the unresolved C-terminal region of MTS. The present
3’-terminal sequence of metG (426 bp) enabled us to identify
six of these peptides. They covered more than 38% of the
C-terminal portion of MTS (Fig. 4).

The pX1 sequence corresponding to the first 191 nucleo-
tides of metG was also solved. It confirmed the location of
the 5’ terminus of the gene. The complete sequence of the
metG accounted for a molecular ratio of 76,127, in good

FIG. 4. Identification by DNA-DNA hybridization of the DNA fragments carrying metG on plasmid pX1, the F32 episome, and the
AB1111 chromosome. After digestion with appropriate endonucleases, restriction fragments were electrophoresed on a 0.75% agarose gel.
DNA fragments were transferred to nitrocellulose and hybridized in situ with 5 X 10° dpm of 32P-labeled pACSm. Autoradiography of the filter
revealed fragments with sequences homologous to the metG region carried on pACSm. (A) 32P-labeled pX1 cleaved by BstEII (lane 1) or Pstl
(lane 2) was used as a marker. Also shown is the F32 episome digested by PstI plus Hindlll (lane 3), PstI (lane 4), or BstEIl (lane 5). (B)
32p_labeled pX1 cleaved by BstEII (lane 1) or PstI (lane 2) was used as a marker. Also shown is the AB1111 chromosome digested by BstEIl

(lane 3) and the F32 episome digested by BstEII (lane 4).
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MetThrG1nValAlal yslysIieLeuValThrCysAlaleuFroTyrAlaAsnGlySerIleHisl euGlyHisMetl euGluHisIlet Inf lanspValTrpValargTyri InArg
ATGACTCAAG TCGCGAAGAAAATTCTEETEACG TECECAC TECCE TACGE TAACGGL TCAATCCACC TEGGCCATATGL TGGAGCACATCCAGGC TEATE TC TRRE TCCETTACCALLGA
* * * * * * % * * * ¥ 0120
MetAquIVHlscluUaIAsnPheIleCysAlaAssﬁspélaHlsGIyThrPrnIleﬁetLeuLysAlaGlnGInLeuG]yIxeThrProCluGlnHetIleClybluMetaerGInflu
ATGCGCGGCCQCGQGGTCAACTTCATFTGCGCLCACGATGCCCACGGTACACCuATCATGCTGAAAGCTCQGCACPTTGGT&TCACCCCGCAGFAbaTGATTCGCGAA&TCAGTCAGCAG
¥ ¥ ¥ ¥ ¥ ¥ ¥ % * * * 0240
HisG InThrAspFheA 1aG 1yFheAsnIleSer TyraspAsnTyrHisSer ThrHis3erG 1uk luAsnArgt inLeuSerGiuLeul leTyrSeraAral eul vsG lupenG 1yFhel le
CATCAGACTGATTTCGCAGGC TTTAACATCAGC TATCACAAC TATCAC TCGACGCACAGCGAAGAGAACCGCCAG TTG TCAGAAC TTATCTACTCTERCC TCAAAGAAAACGGTTTTATT
* * * * * * * * * * * 0360
LysAsnArgThrIleSerG InLeuTyrAspProG lulvsG lyMetPhel euProAspArgPheVall ysG lyThrlysFrolysCyslysSerProAspG InTyrG 1yAspAsnCysG lu
AAAAACCECACCATCTCTCAGC TG TACGATCCGGAAAAAGGEATE TTCC TGCCGGACSE TTTTETCAAAGECACT TGCCCEAAATE TAAA TCCCCEGATCAA TACGGLGA TAAC TECGAA
* * * * * * * * * * * 0480
valesG1yﬁlaThrTyrQPrProTrrGluLeuIleGluProLYSaerVaIUalSerclyAlaThrPranlMetArgAspSerGlqusPhePrePheAspLeuPrnberPheSerGlu
GTCTECEECELEACC TACAGCCCCACTGAAC TCATCEAGCCGAAATCGETGETTTCTGECGC TACGCCGE TAATECETEATTCTGAACACTTCTTCTTTGATCTGCCC TCTTTCAGLGAA
* * * * * * * * * * * 0600
HetLeuGlnAlaTrpThrAPQSerG1yhlaLeuGInGluGanalAlaAsnLysﬁetGlnGluTerheGluSerGIyLeuGlnGInTrpﬁspIleSerArgkspAlaProTerheGly
ATGTTECAGGLATEEACCCOCAGCEE TECETTECAGGAGCAGE TEECARATAAAA TGCAGGAG TG TTTGAATC TGGCC TGCAACAGTGEEATATCTCCCGCGACGCCCCTTACTTCGET
* * * * * * * * * * * 0720
FheGlulleFroAsnA laFroGiyLysTyrPheTyrValTrpleuAseAlaFrolle6 lyTyrMetGlySerFhel ysAsnLeuCysAsplysAraG lvAspServalSerPhefispl lu
TTTGAAATTCLGAACGCGCCGGECAAATATTTCTACEY CTGGCTGGHCGCAFCGATTGGCTRCATGGGTTCTTTCAAG#ATCTGTGCGACAAGCCLGGCG&CAGCGTAAGCTTCGATGAA
* * * * * * * * * * 0840
T«rTrpLyvasAsPQerrr.m1ax;1uLeuTyrH1=PhenaN«rPher{mSerLeuPheTrmeﬁxaneu.euc1uc1y5erAsnPr.eargLysprooemsn
TAC TGCAAGAAAGAC TCCACCGCCOAGE TETACCACTTCATEGG TAAAGATATTG TTTAC TTCCACAGCC TG TTC TGECC TGCCA TG TGGAAGGCAGCAACTTCCGCAAGCCE TCCAAC
* * * * * * * * * * * 0967
LeuFheValHisG lyTyrVaiThrValAsnG 1yA lal ysMetSerl ysGerArgG 1yThrPhel leL ysA laSer Thr TrpLeudsnHisPheAspA lafspSerLevArgTyr Tyr Tyr
CTGTTTGTTCA TEECTATE TGACCG TEAACGGCECAAAGATE TCCAAGTC TCGCGECACE TTTATTAAAGCCAGCACC TGGCTGAATCATTTTGACGCAGACAGCCTGCGTTACTAC TAC
* * * * * * * * * * * 1080
ThrAlalysl euSerSerArg] leAspAsp I leAspl eupsnl euC ludcpFheYalG 1nArgValhsnA ladsel levalisnlysValValAsnl evs laSerAr gA=nA laG 1yFhe
ACTECGARACTCTCTTCOLGCATTEATCATA TRBA TC TCAACC TEGAAGATTTCG T TCAGCG TG TGAATGCCGATATCG TTAACAAAB TGE TTAACC TGECCTCCCGTAATECGRGT T
* * * * * * * * * * * 1200
I1eAsnLysArgPheAspGlyvalLeuAlaSerGluLeuhlaAspProG1nLeuTerysThrPheThrAspAlaAlacluUallleGIyGluAlaTrpcluSerﬁrgcltheElylys
ATCAACAAGCG TTTTGACGECE TEC TERCAAGCEAAL TEGC TEACCCGCAGTTE TACAAAACC TTCACTGATSCCGL TGAAG TEATTEE TGAAGES TEGGAARGCCE TEAATTTGG TAAA
* * * * * * * * * * * 1720
AlaUalArgGluIleﬂetﬁlaLeuhlahspLeuﬁIaAsnhrgTyrUalhspcluGlnAIaFrbTeraIUaIAlaLysGlnCluG1yﬁr9ﬁsph1ahspLeuGlnAlaIleCysSerHet
GG TEOECEAAATCATEECEC TEEC TCATE TEEC TAACCGC TATE TCOATBAACAGEC TCCE TGGE TEE TGGCEAANCAGGAAGGCCECGATECCEACC TGCAGGCAATTTECTCAATS
* * * * * * * * * *Pstl * 1440
GlyIIeﬁsnLeuPheArgValLeuﬂetThrTereuLysProvélLeuProLysLeuThrGluﬁrghiacluAlaPheLeuAsnThrGluLeuThrTrpAspGlylleGlnGinProLeu
GGCATCAACCTCTTCCSCG TR TOATEAC TTACC TCARECCEE TAC TECCEAAAC TEALCCAGCE TGCAGAAGCATTCCTCAATACGGAAL TRACCTGREATGE TATCCAGCAACCELTE
* * * * * * * * * * * 1560
LeuGlyHislysUalAsnProPheLysAiaLeuTyrésnﬁrgIleﬁspMetArgGlnvalcluAEaLquaIGlué1aSerLysGluGluUalLysAla&laAlaAIaPranlThrGly
CTGEECCACAAAG TCAATCCE TTCAAGGCGL TG TATAACCGCATCEATATCAGGCAGE TTCAAECAT TG TEGANGLE TCTAAAGAAGAAG TAARAGCCGC TGCCELGLLEE TAACTGGE
* * * * C’|a| * * * * * * * 1680
ProLeuAlaAspAapProIle(1nb1u1hr1]eThrPheﬁspAspPheﬁlaLysUaxAsgLeuﬁ‘2U51ﬁlageuxleG;uAkwélaGluPheUalcluclvaerﬂspLyshgggggﬁgg
"CGCTGGCAGATGATCCGATTERGGAAACuaTCACCTTTGQCLACTTCGLTAAAGTTGQFCTGLGCCTGGCGCTGAT*GAﬁAAbGCAGAGTTTGTTGAAGGTTCTGA(AAACTGCTGCGC
* * * * . * * * * * * * 1800
LeuThrLeuAspl eul 176 1vG lul ysArgAsnValPheSerG 1yl leArgSerAlaTyrFroAspFroGlnAlaleulleG 1yArgHisThr I leMetVziA lahsnL euh laFroArg
CTGACGCTGGATCTCGuCGGTGAAAQACGCAATGTCTTCTCCGGTATTCGTTCTGCTTﬁCCCGG&TCCGCAGGCACTGATTGG’CCTCACACCATTATGGTGGCTAGCC'GGC&CCACGT
* * * * * * * * * * 1520
LysMetArofheG & heleuleuSerFroAspAlablyAlalysProGlyHisGInVall ys
QAQATGCGCTTPGGTFTCTCTGRHGGCQTQGTGATGGCTGCCFGTCC GGCGGGAAAGAT TT137CCTGC TAAGCCCGGATCCCGGTGC TARACCCLETCATCAGE TEAAATAATCCECC
* * * * * * 2040

TTCAAGGCGCTGCAT
* aql * * * * * * * * * 2160

FIG. 5. Complete sequence of metG. The partial metG sequence of Barker et al. (2) is combined with the DNA sequences obtained in this

study (underlined pucleot@des of the figure). Underlined amino acids show the peptides reported by Barker et al. (2), which can be assigned
on the 142 C-terminal residues of MTS. The repeated tetrapeptide is boxed.

agreement with recent measuremeénts (2, 16). The amino acid
composition deduced from the DNA sequence agreed well
with that obtained from acid hydrolysis of the purified
protein (11). The longest duplicated sequence was a tetra-
peptide, Gly-Lys-Asp-Ile, boxed in Fig. 5.

metG rescue experiments. The SB1803 strain carried an
allele of metG encoding a mutant MTS with a 67-fold
increased K, for methionine and an unaltered K,, for tRNA
and ATP (1). It was therefore reasonable to conclude that

the mutation affected an amino acid involved in methionine
recognition. This mutation should lie in the part of metG
carried by pACSm because this plasmid rescued methionine
auxotrophy in a recA* metG83 strain. To map more pre-
cisely the mutation metG83, the following eéxperiments were
designed. Plasmid pX2 was submitted to limited cleavage by
EcoRV. After ligation, deleted plasmids were used to trans-
form PAL1803.5. Transformants were selected for tetracy-
cline resistance, and plasmids were characterized by restric-
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______________________________ Pstl
H |- [~ [ EcoRV
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metG
pACSM L | yes
pX2 | ———————] yes
PX2E6 | ﬁ__ yes
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232 384
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FIG. 6. Mapping of the metG83 mutation. Restriction maps of pACSm and pX2 and of the deleted plasmids pX2E6 and pX2E43 are
superimposed. The numbers correspond to positions of deletion endpoints in the amino acid sequence of MTS. Plasmids pACSm, pX2, and
pX2E6 yielded Met* recombinants in strain SB1803 (metG83 recA™*), whereas pX2E43 did not.

tion mapping after small-scale purification (Fig. 6). Plasmid
pX2 and the derived plasmids pX2E6 and pX2E43 were
unable to complement the methionine auxotrophy of
PAL1803.5 (metG83 recA™). When introduced into the recA™*
met(G83 strain SB1803, pX2 and pX2E6 produced Met™*
recombinants at a frequency of 2 X 1072, significantly higher
than the spontaneous metG83 reversion rate (= 107%). On
the contrary, pX2E43 did not produce Met* recombinants.
Therefore, the mutation on the SB1803 chromosome should
lie in a region common to both pX2 and pX2E6 but not to
pX2E43. This region was a 462-bp EcoRV fragment corre-
sponding to residues 232 to 384 in the center of the MTS
amino acid sequence (Fig. 6).

DISCUSSION

Plasmid pX1 carried three PstI-Pstl episomal fragments
and had metG complementation activity in a recA~ back-
ground. Maxicell analysis showed that three major poly-
peptides with M.s of 76,000, 37,000, and 29,000 were en-
coded by pX1. The 76,000-molecular-weight polypeptide
had the same M, as the promoter of MTS and could be
immunoprecipitated by anti-MTS antibodies.

Fine mapping of metG was achieved by restriction analy-
sis of the 15-kb insert of pX1. A DNA sequence of 642
nucleotides confirmed previous‘data from Barker et al. (2). It
revealed a 2,031-bp open reading frame, accounting for a
polypeptide with an M, of 76,127 and corresponding to the
structural part of metG. _

DNA-DNA hybridization experiments showed that around
metG the restriction map of pX1 was identical to those of
episome F32 and the E. coli chromosome. This was con-
firmed by comparison of plasmid pX1 and plasmid pLC20-25
from the Clarke-Carbon chromosomal bank (12). The latter
plasmid expressed MTS (25) and was able to transform
PAL1803.5 to methionine prototrophy. We verified by re-
striction mapping that the pLC20-25 insert (9 = 1 kb)
overlapped 4.5 kb of pX1, including the metG gene (data not
shown).

The hybridization experiments revealed that the F32 epi-
some carried a second region homologous to metG. Re-
peated attempts to clone this region by complementation of
metG strains were unsuccessful, suggesting that this homol-
ogous sequence did not carry another active metG copy.
This result possibly reflects a partial metG duplication on the
episome, which could be the result of the sex factor integra-
tion or excision process near the metG locus.

Previous work showed that 130 residues could be removed
by limited proteolysis from the C terminus of the MTS
protomer (11). The resulting fragment of 550 residues (64,000
molecular weight) retained full specificity and activities but
no longer dimerized. This monomeric fragment was crystal-
lized (30), and its crystal structure at 0.25 nm has been
recently reported (31).

The MTS protomer is a biglobular molecule composed of
three domains: the two N-terminal domains (residues 1 to
110 and 111 to 246) form the first globule, whereas the
C-terminal domain (residues 284 to 480) forms the second
globule. The most striking feature of three-dimensional
structure is the presence in the N-terminal domain of a
mononucleotide-binding fold or ‘‘Rossman fold,”’ believed
to be the binding site for ATP. The metG83 rescue experi-
ments described above strongly suggested that some resi-
dues between positions 232 and 384, close to or into the
C-terminal domain, were essential for methionine recogni-
tion and thus participated to the active site of the enzyme.
This conclusion is in agreement with recent affinity labeling
studies which identify Lys 335 as the major residue labeled
by 3'-oxydized tRNAM®! (Hountondji et al., in press). To-
gether these observations suggest that the C-terminal do-
main of the 64,000-molecular-weight MTS is also involved in
the catalytic mechanism.
~ The importance of the C-terminal domain in the catalysis
is further suggested by the analysis of the products encoded
by plasmid pX2. One of them was shown to be a 52,000-mo-
lecular-weight polypeptide immunoprecipitated by anti-MTS
antibodies. However, although this 52,000-molecular-weight
polypeptide corresponded to the N-terminal structured part
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(475 residues) of the 64,000-molecular-weight active MTS
(550 residues) in the crystal structure (31), this product was
inactive and was unable to complement the merG83 muta-
tion. It can therefore be concluded that the last 75 residues,
which are thought to be disordered in the crystal, either
participate directly to catalysis or are required for active
structuration of the N-terminal domain.
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