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New shape-determining genes in the mre cluster at 71 min on the Escherichia coli chromosome map, named
mreC and mreD, were identified by complementation experiments using Amre-678 mutant cells, which have a
5-kilobase-pair deletion encompassing the mre region, and by DNA sequencing. The Amre-678 mutant cells
required three genes, the previously reported mreB gene and the two new genes, to restore the normal rod
shape of the cells and normal sensitivity of growth to mecillinam. The mreC gene is preceded by the mreB gene
and by a 65-base-pair spacing sequence containing a palindrome sequence and a possible Shine-Dalgarno
sequence. The deduced amino acid sequence of the MreC protein consists of 367 amino acid residues with a
molecular weight of 39,530. The initiation codon of the mreD gene overlaps the termination codon of the mreC
gene by one nucleotide residue. The deduced amino acid sequence of the MreD protein consists of 162 amino
acid residues with a molecular weight of 18,755. In vitro, the coding frames of mreC and mreD produced
proteins with M,s of 40,000 and 15,000, respectively, as judged by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis.

Two regions on the Escherichia coli chromosome, which
we named mrd (14) and mre (15), are responsible for deter-
mining cell shape and sensitivity to an amidinopenicillin,
mecillinam. The mrd region, located at 15 min on the E. coli
chromosome map, involves two genes, mrdA (also called
pbpA), coding for the peptidoglycan synthetase penicillin-
binding protein 2, and mrdB (also called rodA), coding for
the RodA protein. These genes are thought to function
together in an early step of cell elongation (8). The mre
region at 71 min on the chromosome map includes mreB and
several other genes that also function in forming normal
rod-shaped cells (4). The mreB gene, which encodes a
37-kilodalton (kDa) protein, is thought to regulate cell divi-
sion negatively (16). Previous maxicell experiments showed
that the 6.5-kilobase-pair (kb) SaII fragment of the chromo-
some encompassing the mre region encodes at least four
proteins, including the MreB protein (4), but precise analysis
of the genes other than mreB has not yet been carried out.
Here we report the physical mapping of two genes in the

mre region, mreC and mreD, involved in formation of the
rod shape of the cell, their DNA sequences, and preliminary
identification of their encoded proteins.

MATERIALS AND METHODS

Bacterial strains and media. The properties of E. coli K-12
PA340 (F- argHl thr-J leuB6 gdh-i hisG1 gltB31 thi-i lac Yi
gal-6 xyl-7 ara-14 mtl-2 malAl rpsL9 tonA2) and its mre
derivatives PA340-129 (the same as PA340 but gltB+ mreB-
129) and PA340-678 (the same as PA340 but gltB+ Amre-678)
were described previously (15). Strain JM109 [A(lac-proAB)
recAl endAl gyrA96 thi hsdRJ7 supE44 relAl X- F' traD36
proAB lacdq AlacZMi5] was used for plasmid construction
and DNA sequencing experiments. Modified Lennox broth
supplemented with 20 mg of thymine and 100 ,g of lipoic
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acid per liter (L'lip broth) was used for growing cells.
Appropriate antibiotics were added to the broth for growing
cells carrying plasmids.

Plasmid construction. Low-copy-number plasmid pLG339
(11) was obtained from B. G. Spratt, University of Sussex,
Sussex, England. High-copy-number plasmids pHGS398
and pHSG399 (13) were purchased from Takara Shuzo Co.,
Kyoto, Japan. Plasmids pMEL1C, pMELlBa, pMEL1S,
and pMELlBg (Fig. 1) were constructed as follows. Plasmid
pMEL1 was digested by appropriate restriction endonu-
cleases to form one-cut fragments, and these fragments were
purified electrophoretically on a 0.7% agarose gel. The
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FIG. 1. Complementation of the Amre-678 mutation by chromo-
somal fragments of various lengths and those with frame-shift
mutations (x). Alignment of mre genes and flanking genes is shown
by bold lines. Symbols: *, direction of transcription; ---, chro-
mosomal deletion in the Amre-678 mutation. Abbreviations for
restriction endonucleases: Ba, BamHI; Bg, BglII; C, ClaI; H,
HincII; K, KpnI; Ns, Nsp7524I; S, Sall; Sp, SphI. Nsp7524I also
recognizes SphI sites.
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TABLE 1. Plasmids used

Source and construction

Constructed by ligation of a 6.5-kb Sall fragment
containing the mreB, mreC, and mreD genes
and two other coding frames with Sall-digested
pLG339 (15)

1.8-kb SphI fragment of pMELl and SphI-
digested pLG339

2.0-kb SphI-Nsp7524I fragment of pMELl and
SphI-digested pLG339

2.1-kb HincIl fragment containing the mreB gene
and HincII-digested pLG339 (16)

Same as pMEL6 but in the reverse direction
1.8-kb BamHI-KpnI fragment of pMELl and

7.0-kb BamHI-KpnI fragment of pMEL6'
2.4-kb SphI-KpnI fragment of pMELl and 7.2-kb
SphI-KpnI fragment of pMEL6'

3.0-kb BglII-KpnI fragment of pMELl and 7.0-kb
BamHI-KpnI fragment of pMEL6'

2.0-kb SphI-Nsp7524I fragment of pMELl and
SphI-digested pHSG398

1.1-kb SphI-PstI fragment of pMEG1 and SphI-
PstI-digested pHSG398

1.3-kb BamHI-Nsp75241 fragment of pMEG1 and
BamHI-SphI-digested pHSG399

Same as pMELl but a frameshift at the KpnI site
in the mreB gene (15)

Same as pMELl but a frameshift at the ClaI site
in the mreC gene

Same as pMELl but a frameshift at the BamHI
site in the mreD gene

Same as pMELl but a frameshift at the SphI site
in the coding frame of the 22-kDa protein

Same as pMELl but a frameshift at the BglII site
in the coding frame of the 51-kDa protein

a Constructed so that the mreC and/or mreD genes are located under the
lacUVS promoter of the vector plasmids in the same direction.

b Details of construction are described briefly in Materials and Methods.

isolated fragments were then filled in at the cohesive ends
with nucleotides by treatment with the Klenow fragment of
E. coli DNA polymerase I (for 5' protruding fragments) or
with the Klenow fragment after mung bean nuclease treat-
ment (for 3' protruding fragments). The fragments were then
ligated, and E. coli JM109 was transformed with the ligation
mixture. Correct construction of plasmids was confirmed by
restriction endonuclease digestion. Constructions of plas-
mids are summarized in Table 1.
DNA sequencing. The dideoxynucleotide method (10) with

[a-32P]dCTP was applied directly to the denatured double-
stranded DNA plasmids carrying the E. coli chromosome
fragments (6).

In vitro protein synthesis. In vitro protein synthesis ac-
cording to the system of DeVries and Zubay (3) was carried
out by using a procaryotic protein expression kit (Amer-
sham International plc, Buckinghamshire, England) and
L-[3H]leucine.

Radioactive materials and reagents. [a-32P]dCTP (410 Ci/
mmol) and L-[4,5-3H]leucine (145 Ci/mmol) were purchased
from Amersham. Mecillinam was a gift of Leo Pharmaceu-
tical Products, Copenhagen, Denmark. Other reagents and
enzymes used for DNA recombination experiments were

commercial products.

RESULTS
Complementation experiments on Amre678 mutants. As

reported previously, the Amre-678 mutation caused by a
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FIG. 2. Recovery of cell shape of Amre-678 mutants. Cells were

grown on L'lip-agar plates containing 25 mg of kanamycin per liter
at 30°C overnight; the cells were then suspended in the same broth,
and their shape was examined by dark-field phase-contrast mi-
croscopy. a, PA340(pLG339); b, PA340-678(pLG339); c, PA340-
678(pMELl); d, PA340-678(pMEL8); e, PA340-678(pMELlK); f,
PA340-678(pMELlC); g, PA340-678(pMELlBa); h, PA340-
678(pMELlS); i, PA340-678(pMELlBg).

5-kb deletion in the mre region was complemented by
plasmid pMEL1, carrying a 6.5-kb SalI fragment containing
the whole mre region, but not by plasmid pMEL4, carrying
a 3.6-kb BamHI-SalI fragment containing mreB and its short
flanking regions (15). To determine the minimum region
required for complementation of the Amre-678 mutation, we
constructed plasmids that carried various lengths of the
6.5-kb Sall fragment (Fig. 1). We also constructed plasmids
with frameshift mutations at several sites in plasmid pMELl
(Fig. 1). The results of the complementation tests are shown
in Fig. 2 (cell shape) and Table 2 (MIC of mecillinam) and are
summarized in Fig. 1.
The plasmid carrying a 3.5-kb SphI-HincII fragment

(pMEL8) could complement the Amre-678 mutation. Plas-
mids carrying a longer fragment than pMEL8 (pMEL1 and
pMEL9) could also complement this mutation, but those

TABLE 2. Complementation of MIC for mecillinam
of the Amre-678 mutant

MIC for mecillinam (pg/ml)a
Strain

300C 420C

PA340(pLG339) 0.10 0.03
PA340-678(pLG339) 74 25
PA340-678(pMELl) 0.03 0.10
PA340-678(pMEL8) 0.03 0.10
PA340-678(pMELlK) 74 8.2
PA340-678(pMELlC) 25 8.2
PA340-678(pMELlBa) 74 25
PA340-678(pMELlS) 0.03 0.10
PA340-678(pMELlBg) 0.03 0.10

a Determined in threefold serial dilution tests on L'lip-agar plates contain-
ing 25 mg of kanamycin per liter with an inoculum of 104 cells.
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FIG. 3. Locations of mreC and mreD by cotransformation of the Amre-678 mutant. (A) Plasmids carrying the 6.5-kb chromosomal

fragment with frameshifts (x) at the ClaI and BamHI sites and those carrying smaller fragments complementing the frameshift mutations; (B)
recovery of cell shape of the Amre-678 mutant.

carrying smaller fragments (pMEL5, pMEL6, and pMEL7)
could not. Plasmid pMEL2, which contains a 1.9-kb SphI
fragment flanking the 3.5-kb SphI-HincII fragment, also
could not complement the mutation. Plasmid pMEL1K,
which was derived from pMELl and has a frameshift at the
KpnI site in the mreB gene, also did not complement the
Amre-678 mutation, as reported previously (15). Likewise,
plasmids with a frameshift at either the ClaI site or the
BamHI site, both located downstream of the mreB gene
(pMEL1C and pMELlBa, respectively), could not comple-
ment the mutation. On the other hand, plasmids pMELlS
and pMELlBg, which have frameshifts at the SphI and BglII
sites, respectively, farther downstream of the mreB gene,
could complement the mutation. These results indicated that
at least one other gene containing the ClaI and BamHI sites
in addition to the mreB gene was required by the Amre-678
mutant cells for restoration of the normal rod shape and
normal mecillinam sensitivity.

Mecillinam sensitivity of the mutant cells was restored by
plasmid pMEL1, pMEL8, pMEL1S, or pMELlBg to a level
similar to that of wild-type cells but was not restored
substantially by pMEL1K, pMEL1C, and pMELlBa (Table
2). Plasmids pMELlK and pMELlC caused some reduction
in resistance of the mutant cells to mecillinam. The round
shape of the mutant cells was restored to the normal rod by
transformation with pMEL1, pMEL8, pMEL1S, or
pMELlBg but not with pMEL1K, pMEL1C, or pMELlBa
(Fig. 2). The shape of the cells transformed with pMELlC or
pMELlBa was, however, different from that of cells trans-
formed with pMEL1K: pMELlK transformants were nearly
the same round shape as the mutant cells, but transformants
with pMELlC or pMELlBa appeared as swollen spheres,
and some of them underwent lysis. Probably a defect in the
genes containing the ClaI or BamHI site or amplification of
the defective genes is more harmful to the cell than similar
alterations of the mreB gene.
To determine the precise location of the gene(s) including

the ClaI and BamHI sites, the Amre-678 mutant was cotrans-
formed with either pMELlC or pMELlBa and plasmids
carrying smaller wild-type fragments in the region closely
downstream of the mreB gene. Strain PA340-678(pMELlC)

was complemented by plasmids pMEG1 and pMEG3, which
contained regions (1.8 and 1.2 kb, respectively) contiguous
to mreB, but not by pMEG2, which contained a 1.1-kb
region 1 kb downstream of mreB (Fig. 3). On the other hand,
strain PA340-678(pMELlBa) was complemented by plas-
mids pMEG1 and pMEG2 but not by pMEG3. These results
indicated that two genes in addition to mreB are necessary
for complementation of the Amre-678 mutation; one of these
genes is located in the 1.3-kb BamHI-Nsp7524I fragment,
which contains the ClaI site, and the other is located in the
1.0-kb SphI-PstI fragment, which contains the BamHI site.
These genes could be transcribed by lacUV5 promoter of the
vector plasmids.

Determination of the DNA sequences of the mreC and mreD
genes. The 2.0-kb SphI-Nsp75241 fragment, which comple-
mented the two mutations caused by the frameshift at the
ClaI and BamHI sites, was sequenced (Fig. 4). Two open
reading frames were found in this fragment, as expected
from the complementation study; one involved the ClaI site,
and the other involved the BamHI site. The former, which
was named mreC, extends from ATG (nucleotides 101 to
103) to TAG (nucleotides 1202 to 1204), whereas the latter,
which was named mreD, extends from GTG (nucleotides
1204 to 1206) to TAA (nucleotides 1690 to 1692).
The mreC gene is preceded by mreB (only 32 nucleotides

ofmreB are shown in Fig. 4). The termination codon ofmreB
and the start codon of mreC are separated by a 65-base-pair
(bp) spacing sequence. A possible Shine-Dalgarno sequence
(ACGAG; positions 82 to 86) and palindrome sequence
(positions 43 to 74) that could form a 12-bp stem with one
mismatch and an 8-bp loop are seen in this region. However,
no promoterlike sequence could be found in the close
upstream region of the mreC gene. The deduced amino acid
sequence of the MreC protein consists of 367 amino acid
residues with a molecular weight of 39,530. A hydrophobic
domain in the N-terminal region, which might anchor the
protein to the membrane, is seen in the MreC protein. The
MreC protein has a proline-rich domain at the C-terminal
region (20 proline residues from amino acid residues 279 to
367).
The initiation codon of the mreD gene overlaps the termi-
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Nsp75241
ACATOCACGGCGGCGACCTGTTCAGCGAAGAGTAATCGGATGCAGGCAGGGGAAGTGTCTGTTTACCCTGCCTGGTCTGATACGAGAATA

M H G G D L F S EE *
(end mreB)

100
CGCATAACTTATGAAGCCAATTTTTAGCCGTGGCCCGTCGCTACAGATTCGCCTTATTCTGGCGGTGCTGGTGGCGCTCGGCATTATTAT

M K P I F S R G P S L Q I R L I L A V 1 V A 1 G I I I
(start *reC)

200
TGCCGACAGCCGCCTGGGGACGTTCAGTCAAATCCGTACTTATATGGATACCGCCGTCAGTCCTTTCTACTTTGTTTCCAATGCTCCTCG

A 1D S R 1. G T F S Q I R T Y M D T A V S P F Y F V S N A P N

300
TGAATTGCTGGATGGCGTATCGCAGACGCTGGCCTCGCGTGACCAATTAGAACTTGAAAACCGGGCGTTACGTCAGGAACTGTTGCTGAA

F L L D G V S Q T L A S R D Q L E L -E N R A L R Q E L L L K

400
AAACAGTGAACTGCTGATGCTTGGACAATACAAACAGGAGAACGCGCGTCTGCGCGAGC'TGCTGGGTTCCCCGCTGCGTCAGGATGAGCA

N S E L L M L G Q Y K Q E N A R 1. R E- L L G S P L R Q D E Q

Hincll . 500 CIal
GAAAATGGTGACTCAGGTTATCTCCACGGTTAACGATCCTTATAGCGATCAAGTTGTTATCOATAAAGGTAGCGTTAATGGCGTTTATGA

K M V T Q V I S T V N D P Y S D Q V V I D K G S V N G V Y E

600
AGGCCAGCCGGTCATCAGCGACAAAGGTGTTGTTGGTCAGTGGTGGCC'GTCGCTAAACTGACCAGTCGCGTGCTGCTGATTTGTGATGC

G Q P -V I S I) K G V V G Q V V A V A K L T S R V L L I C D A

EcoRV. . 700
GACCCACGCGCTGCCAATCCAGGTGCTGCGCAACOATATCCGCGTAATTGCAGCCGGTAACGGTTGTACGGATGATTTGCAGCTTGAGCA

T H A L P I Q V L R N D I R V I A A G N G C T D D L Q L E H

800
TCTGCCGGCGAATACGGATATTCGTGTTGGTGATGTGCTGGTGACTTCCGGTCTGGGCGGTCGTTTCCCGGAAGGCTATCCGGTCGCGGT

L P A N T 1 I R V G D V L V T S G L G G R F P E G Y P V A V

.PstI 900
TGTCTCTTCCGTAAAACTCGATACCCAGCGCGCTTATACTGTGATTCAGGCGCGTCCGACTOCAGGGCTGCAACGTTTGCGTTATCTGCT

V S S V K L D T Q R A Y T V I Q A R P T A G L Q R L R Y L L

GCTGCTGTGGGGGGCAGATCGTAACGGCGCTAACCCGATGACGCCGGAAGAGGTGCATCGTGTTGCTAATGAACGTCTGATGCAGATGAT
L L W G A D R N G A N P M T P E E V H R V A N E R L M Q M M

1000
GCCGCAGGTATTGCCTTCGCCAGACGCGATGGGGCCAAAGTTACCTGAACCGGCAACGGGGATCGCTCAGCCGACTCCGCAGCAACCGGC

P Q V L P S P D A M G P K L P E P A T G I A Q P T P Q Q P A

1100
GACAGGAAATGCAGCTACTGCGCCTGCTGCGCCGACACAGCCTGCTGCTAATCGCTCTCCACAAAGGGCTACGCCGCCGCAAAGTGGTGC

T G N A A T A P A A P T Q P A A N R S P Q R A T P P Q S G A

1200
TCAACCGCCTGCGCOTGCGCCGGGAGGGCAATAGTGGCGAGCTATCGTAGCCAGGGACGCTGGGTAATCTGGCTCTCTTTCCTCATTGCG

Q P P A R A P G G Q * M A S Y R S Q G R W V I W 1. S F L I A
(end mreC)(start mreD)

1300 .BamHI
CTGTTGCTGCAAATCATGCCCTGGCCGGATAACCTGATTGTTTTCCGGCCAAACTGGGTGTTACTCATCTTGTTGTATTOGATCCTGGCC
L L L Q I M P W P D N 1 I V F R P N W V L L I L L Y W I L A

1400 Mlul
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TTGCCTCATCGCGTAAATGTGGGCACAGGTTTTGTGATGGGTGCCATACTGGATCTGATCAGCGGCTCGACGCTTGGCGTACOCGTATTG
L P H R V N V G T G F V M G A I L D L I S G S T L G V R V 1.

1500
GCGATGAGCATCATTGCTTACCTGGTGGCGCTGAAATACCAGCTTTTCCGCAACCTCGCATTATGGCAGCAGGCGCTGGTCGTCATGTTG
A M S I I A Y L V A L K Y Q L F R N L A L W Q Q A L V V M L

1600
CTTTCGCTGGTGGTGGATATTATTGTTTTCTGGGCAGAGTTTTTAGTGATTAACGTCTCTTTCAGACCGGAAGTGTTCTGGAGTAGTGTA
L S L V V D I I V F W A E F L V I N V S F R P E V F W S S V

1700
GTCAATGGGGTGCTCTGGCCGTGGATTTTCTTGCTGATGCGCAAAGTCCGTCAGCAGTTTGCAGTGCAATAAAGGTTTCTATGACTTCTC
V N C V 1. W P W I F L L M R K V R Q Q F A V Q *

(end mreD)
1800

TGTATTTAGCTTCCGGTTCTCCGCGTCGTCAGGAGTTACTTGCGCAACTTGGCGTGACCTTTGAACGTATTGTTACGGGCATTGAGGAGC

AGCGTCAGCCGCAGGAGAGCGCGCAGCAGTATGTTGTGCGTCTGGCGCGCGAGAAAGCACGGGCAGGTGTCGCGCAAACGGCGAAGGATC

1900 . SphI
TCCCGGTGCTGGGTGCGGATACTATCGTTATCCTGAACGGAGAAGTCCTGGAGAAACCGCGCGACGCAGAGCATOC

FIG. 4. Base sequence of the 2.0-kb Nsp7524I-ziphl fragment encompassing the mreC and mreD genes and deduced amino acid sequences.
Possible Shine-Dalgarno sequences are underlined. Arrows indicate palindrome sequences. *, Termination codons.

nation codon of the mreC gene by one nucleotide, G (1204).
A Shine-Dalgarno-like sequence (GGAGG; positions 1193 to
1197) is seen in the coding frame of mreC, but no promoter-
like sequence could be found in the close upstream region.
The deduced amino acid sequence of the MreD protein
consists of 162 amino acid residues with a molecular weight
of 18,755. The hydropathy profile revealed that the MreD
protein was extremely hydrophobic, 71% of its amino acid
residues being hydrophobic.

Identification of the mreC and mreD gene products in an in
vitro protein synthesis system. Proteins encoded by genes
located on the 2.0-kb SphI-Nsp7524I fragment were detected
in an ip vitro protein synthesis system. A fluorogram of the
gel after sodium dodecyl sulfate-polyacrylamide gel electro-

phoresis (SDS-PAGE) of the proteins labeled by L-
[3H]leucine is shown in Fig. 5. Plasmid pMEG1, which
carried the 2.0-kb SphI-Nsp75241 fragment containing both
the mreC and mreD genes, formed two proteins, with Mrs of
about 40,000 and 15,000, as judged by SDS-PAGE, in
addition to the product of the chloramphenicol resistance
gene on the vector plasmid. The 40-kDa protein was also
formed by plasmid pMEG3, which carried the 1.3-kb
BamHI-Nsp7524I fragment containing the mreC gene, but
not by pMEG2, which carried the 1.0-kb SphI-PstI fragment
containing the mreD gene. On the other hand, the 15-kDa
protein was formed by plasmid pMEG2 but not by pMEG3.
These results indicate that the 40-kDa protein was formed by
the mreC gene and that the 15-kDa protein was formed by
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FIG. 5. Proteins synthesized in vitro from plasmids carrying
either or both of the mreC and mreD genes. A fluorogram of
SDS-PAGE (15% gel) is shown. Lanes: a, pHSG398; b, pMEG1; c,
pMEG2; d, pMEG3. Numbers at the left indicate Mr values in
thousands. Cm, Chloramphenicol acetyltransferase.

the mreD gene. Interestingly, the molecular weight of the
MreD protein estimated by SDS-PAGE was rather smaller
than its calculated molecular weight. This was probably
because of its extremely high hydrophobicity, since similar
discrepancies have been observed with the RodA (12) and
LacY (5) proteins.

DISCUSSION

In this work, we have demonstrated the alignment in the
mre region of genes that are involved in formation of the rod
shape of E. coli cells and determined their DNA sequences.
Downstream of mreB, we found two genes, mreC and mreD,
that could code for proteins of 40 and 19 kDa, respectively.
The Amre-678 mutant cells, which have a 5-kb deletion
encompassing the mre region, required three genes, mreB,
mreC and mreD, for growth as normal rod-shaped cells with
normal sensitivity to mecillinam. We previously reported
that four proteins, of 37 (MreB) 40, 22, and 51 kDa, are
formed from the 6.5-kb Sall fragment in a maxicell system
(4). MreC corresponds to the 40-kDa protein found in the
maxicell system, but MreD, which was found to be a 15-kDa
protein on SDS-PAGE of proteins synthesized in an in vitro
synthesis system, was not detected in the previous maxicell
experiments. Probably the high hydrophobicity of MreD
prevented its detection in the membrane fraction on SDS-
PAGE.
The precise functions of MreC and MreD are unknown.

Judging from the results of DNA sequencing, the three mre
genes, mreB, mreC, and mreD, could be transcribed as an
operon and function together, but this possibility requires
further investigation. The amino acid sequence of the C-
terminal half of MreB shows strong similarity with the
C-terminal half of the cell division gene product, FtsA (4, 9).
Moreover, the total area of MreB shows some similarities
with those of proteins in the heat shock protein 70 family,
which were suggested to have-protein kinase activity (1, 2, 7;
data not shown). These facts suggest that the function of the
MreB protein is regulatory rather than structural or biosyn-
thetic. This protein may function in switch-on/off of cell
division, as previously proposed from physiological experi-
ments (16). We previously reported that the mreB mutation
caused overproduction of the septum-peptidoglycan syn-
thetase penicillin-binding protein 3. Probably the MreB
protein negatively regulates the formation of penicillin-

binding protein 3, and this may contribute to switching of the
processes of cell division and cell elongation. As the Amre-
678 mutant showed even higher overproduction of penicillin-
binding protein 3 and some increase of penicillin-binding
protein 1B, the mreC and mreD genes may also contribute to
regulation of formation of penicillin-binding proteins. We are
now investigating this point.
The mreB-129 mutant is supersensitive to mecillinam, but

the Amre-678 mutant carrying a 5-kb chromosomal deletion
encompassing the mreB, mreC, and mreD genes is resistant
to this antibiotic (15). However, the mreB mutant con-
structed by introduction of plasmid pMELlK into the Amre-
678 mutant was resistant to mecillinam (15; Table 2). West-
ling-Haggstrom and Normark (17) also isolated a mutant,
named envB, that was spherical and mecillinam supersensi-
tive like mreBl29 and that became mecillinam resistant by a
double mutation of envB and sloB. The envB mutation was
probably located in the mreB gene, but the sloB mutation has
not yet been precisely located (15, 17). The mechanism of
mecillinam sensitivity is still a puzzling problem.
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