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Two cell shape-determining genes of Escherichia coli K-12, pbpA, the structur-
al gene for penicillin-binding protein 2, and rodA, whose protein is unknown, were
subcloned into plasmid vectors from the transducing phage XMAd lip24, which
carries the lip-leuS region of the E. coli chromosome. Plasmids with restriction
enzyme-created deletions or transposon TnS insertions were isolated, and studies
of genetic complementation of these plasmids with chromosomal mutations were
carried out. Thus, a physical and genetic map of the rodA-pbpA region was
established. The genes rodA and pbpA lie side by side within a 4.4-kilobase-pair
region. The size of the rodA gene has been shown to be between 0.86 and 1.6
kilobase pairs; such DNA would encode a protein with a molecular weight
between 32,000 and 59,000. Since TnS mutagenesis of the rodA gene did not affect
the expression of the pbpA gene and vice versa, the genes rodA and pbpA seem to
have independent promoters. Analysis of the proteins synthesized from the
constructed plasmids in maxicells revealed that the plasmid carrying the pbpA
gene encoded penicillin-binding protein 2 and amplification of the protein oc-
curred. The product of the rodA gene was not identified.

Several mutations are known to cause the
formation of spherical cells from rod-shaped
Escherichia coli. Mutants with temperature-sen-
sitive penicillin-binding protein (PBP) 2 grow as
spherical cells at high temperature and are resis-
tant to mecillinam, an amidinopenicillin (19).
The structural gene for PBP2 has been designat-
ed as pbpA (20) or mrdA (23). The rodA mutant
also grows as spheres (14) and is resistant to
mecillinam, but it has normal PBP2 activity (13).
The rodA gene is probably identical to the mrdB
gene (23). The locations of the pbpA and rodA
genes are such that they form a cluster, and the
gene arrangement is as follows: lip (14.2 min)-
rodA (mrdB)-pbpA (mrdA)-leuS (14.6 min) (21,
23) on the E. coli genetic map (1).
PBP2 appears in E. coli cells in very small

amounts, and its enzymatic function is only
considered to be involved in the formation of
peptidoglycan, a supramolecule covering the
entire surface of the cell (12). This protein can be
produced in about 50-fold excess in cells carry-
ing a A transducing phage containing the lip-leuS
region of the chromosome (21). The rodA pro-
tein has not yet been identified, and its enzymat-
ic function is still unknown. Thus, an attempt

was made to subclone the genes pbpA and rodA
into the plasmid vectors pBR322 and
pACYC184, to determine the physical and ge-
netic map of the cloned DNA, and to investigate
the products of the two genes and the mecha-
nism regulating their expression.

MATERIALS AND METHODS
Bacterial strains. The properties of the E. coli K-12

strains used are summarized in Table 1.
Growth media. Modified L broth (14) supplemented

with 20 ,ug of thymine and 50 ng of lipoic acid per ml
(LL broth) was usually used for growing the cells.
Cultures were grown at 30°C with shaking. Tryptone
medium (1% tryptone [Difco Laboratories]-0.25%
NaCl, pH 7.0, with NaOH) supplemented with 0.2%
maltose and 10 mM MgSO4 was used for the prepara-
tion and titration of X phage lysates. K1O minimal
medium (14) containing 10 mM MgSO4 was used for
the transduction experiment with the X transducing
phage. The amino acids and others required were
added as described previously (13). The antibiotics
used were ampicillin (100 ±ug/ml), chloramphenicol (30
,ug/ml), tetracycline (25 Fg/ml), and kanamycin (30
,ug/ml). Broth was solidified with 1.5% agar for the
plates and 0.5% for the top agar.

Isolation of the specialized A transducing phage carry-
ing the lip-pbpA region of the chromosome. The proce-
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TABLE 1. Strains of E. coli K-12 used
Strain Genotype' Source or reference

AB1325 lip-9 F- lip-9 thi-l his-4 purBiS proA2 J. R. Guest strain
mtl-l xyl-5 galK2 lacYl rpsL35

TMM3 As AB1325 lip-9 but pbpA3(Ts) 23
TMM13 As TMM3 but recAl his' 23
S2 As AB1325 lip-9 but rodAS1(Ts) 14

lip+
SJC21 As S2 but recA56 srlC300::TnlO Recombinant from S2 x

JC10240 (8)
RL1 As AB1325 lip-9 but leuS31 (Ts) D. SoIl strain

lip+
JC10240 Hfr P045 recAS6 srlC300::TnlO 8

thr-300 ilv-318 rpsE300
Ymel F+ mel-I supF58 supE57 K. Mizobuchi
KS302 HfrH Al(gal-attX-bio) supO thi K. Mizobuchi

rpsL
D6434 F- argE(Am) A(lac-pro)XIII 10

gyrA rpoB Su6+
CSR603 F- recAl uvrA6 phr-I thr-l leu-6 17

proA2 argE3 thi-l rpsL31

aThe genetic symbols used are those described in reference 1. For definition ofpbpA and rodA, see the text.

dure for isolation of the specialized X transducing
phage was essentially the same as that described by
Schrenk and Weisberg (18). Bacteriophage X c1857
Sam7 (from K. Mizobuchi) was prepared by lytic
growth on the supF strain, Ymel. The host range
phage K c Aint h80 (from K. Yoda) was used for the A-
immunity selections. A mixed low-frequency trans-
ducing phage lysate was prepared from strain KS302
A(gal-attk-bio) lysogenized with A c1857 Sam7 and was
used to transduce strain TMM13 lip-9 pbpA3 lysoge-
nized with Apapa (from H. Uchida) to Lip' and
PbpA+. The pbpA(Ts) mutant was sensitive to Sarko-
syl (a gift from Ciba-Geigy) at 42°C as described
previously (21). The Lip' PbpA+ transductants were
selected for growth on tryptone agar (Difco) contain-
ing Sarkosyl (0.05%) with no lipoate at 42°C. The cell
shapes of the transductants and the transformants
were examined with a phase-contrast microscope.
Production of a high-frequency transducing phage was
investigated after UV iradiation. We succeeded in
isolating one defective transducing phage, XMAd
lip24.

Preparatio of phage DNA. Phage lysate was pre-
pared by the method of Miller (15). DNA of the
transducing phage XMAd lip24 was prepared from
double lysogen AB1325 lip-9(XMAd lip24 and A c1857
Sam7). The double lysogen was constructed by using
transducing strain AB1325 lip-9 lysogenized with A
c1857 Sam7 to Lip' with AMAd lip24 at 30°C. Phage
particles were collected by sedimentation in the pres-
ence of 10% polyethylene glycol 6000 and 0.5 M NaCl
as described by Yamamoto et al. (26). The phage DNA
was extracted with phenol, precipitated with ethanol,
and dissolved in TES buffer (10 mM Tris-hydrochlo-
ride [pH 7.61-1 mM EDTA-10 mM NaCI). This DNA
sample, a mixture of the transducing and helper phage
DNA, was used for subcloning the pbpA and rodA
genes into vectors pBR322 (3) and pACYC184 (5).
Pepartion of plasmd DNA. The preparation meth-

od for cleared lysates was based on that described by
Clewell and Helinski (6). Cultures of cells carrying

plasmids were amplified with chloramphenicol (150
jxg/ml) or, in the case of chloramphenicol-resistant
(Cm') strains, spectinomycin (350 ,zg/ml). Plasmid
DNA was purified on a hydroxylapatite (Bio-Rad
Laboratories; DNA grade) column as described by
Colman et al. (7). After dialysis against TE buffer (10
mM Tris-hydrochloride [pH 7.51-1 mM EDTA) and
ethanol precipitation, plasmid DNA was redissolved in
TE buffer. For rapid preparation of plasmid DNA, the
method described by Bukhari et al. (4) was used.

Transformation. Preparation of competent cells and
transformation with plasmid DNA were carried out by
the method of Dagert and Ehrlich (9).

Analysis of DNA with restriction endonucleases. The
methods used for restriction endonuclease cleavage
were those described by Bukhari et al. (4). Electropho-
resis of DNA was carried out on a 0.8% agarose
(Sigma Chemical Co. type II) gel. The electrophoresis
buffer used was 89 mM Tris-borate buffer (pH 8.3)
containing 2.5 mM disodium EDTA.
T4 DNA polymerase reaction. This reaction was

carried out by the procedure of Morris et al. (16). The
buffer solution used was 67 mM Tris-hydrochloride
(pH 8.8)-6.7 mM.MgCl,-5 mM dithiothreitol-16.7 mM
ammonium sulfate-6.7 p.M disodium EDTA-0.02%
bovine serum albumin plus 33 F.M concentrations of
each of the four deoxyribonucleotide triphosphates.
T4 DNA polymerase (1 unit) was added to 20 ,ul of the
reaction mixture containing 0.5 to 1 p.g of DNA, and
the mixture was incubated a 37C for 1 h.
T4 DNA fIgase reaction. The ligase reaction mixture

(25) contained 66 mM Tris-hydrochloride (pH 7.6), 6.6
mM MgCI2, 10 mM dithiothreitol, 0.1 mM ATP, and
digested DNA (1 to 20 nM termini), which was incu-
bated at 30'C for 15 min to separate preannealed
fragments. T4 DNA ligase (1 unit) was added to the
reaction mixture (50 to 300 p.1) which was incubated at
11'C for 12 to 18 h.

Transpostios of TnS into plasmid pHS202. Bacterio-
phage A c1857 rex::TnS Oam29 Pam80 b221 (from J.
Beckwith) was prepared by lytic growth on Su6+
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indicator strain D6434. Strain SJC21 or TMM13 har-
boring pHS202 grown in tryptone broth (Difco) was
infected with this phage at a multiplicity of infection of
10 as described previously. After 30 min for adsorp-
tion of phage, the cells were washed and then were
grown in LL broth at 30°C for 2 h. They were
concentrated and plated at 37°C onto K10 minimal
plates of LL plates containing kanamycin and chlor-
amphenicol. Transposition of TnS occurred at a fre-
quency of 10-4 to 10-3 per infected cell, and about 104
to 10' independent kanamycin-resistant (Kmr) and
Cmr colonies were pooled. They were adequately
diluted, plated on LL plates containing kanamycin,
chloramphenicol, and mecillinam (10 to 30 ,ug/ml), and
incubated at 42°C. The plasmid DNAs were prepared
from the pooled Kmr, Cmr, and mecillinam-resistant
colonies (103 to 104 colonies) to transform SJC21 and
TMM13 into Kmr Cmr.

Labeling of proteins directed by plasmids. The maxi-
cell method (17) was generally followed in labeling the
proteins directed by plasmids. Strain CSR603 was
used as a host for the plasmid to be tested. A 2-ml
volume of a log-phase culture (ca. 2 x 108/ml) grown in
M9 medium supplemented with 1% Casamino Acids
(Difco) at 37°C was irradiated with UV light and
further incubated for 1 h. After the addition of D-
cycloserine (100 ,ug/ml), the culture was incubated for
12 h at 37°C. L-[355]methionine (Amersham Corp.;
1,130 Ci/mmol) was added at a final concentration of
33 ,uCi/ml to the sulfate-starved culture, and incuba-
tion was continued for 1 h. The labeled cells were
collected and suspended in 50 RId of the sample buffer,
followed by heating for 2 min at 100°C and sodium
dodecyl sulfate-polyacrylamide slab gel electrophore-
sis. Labeled proteins were located by fluorography.

Chemicals. Ampicillin was kindly provided by Meiji-
Seika Co., Tokyo; spectinomycin was provided by
Japan Upjohn, and mecillinam was provided by F.
Lund, Leo Pharmaceutical Products. Chlorampheni-
col, tetracycline, and restriction endonuclease BamHl
were purchased from Boehringer Mannheim GmbH;
the enzymes Sall, EcoRI, MluI, PvuII, BglIIl, KpnI,
SmaI, and T4 DNA ligase were purchased from Ta-
kara Shuzo Co., Kyoto; T4 DNA polymerase was
purchased from P-L Biochemicals, Inc.; kanamycin
sulfate was purchased from Sigma Chemical Co.; and
D-cycloserine was purchased from Aldrich Chemical
Co. Other chemicals were commerically obtained
standard products.

RESULTS
Cloning of the pbpA and rodA genes into the

plasmid vectors pBR322 and pACYC184 and
restriction endonuclease mapping of the cloned
DNA. The transducing phage XMAd lip24 carry-
ing the lip-pbpA region of the E. coli chromo-
some was isolated as described above. This
phage was also capable of transforming the rodA
and leuS mutants. This indicates that the spe-
cialized transducing phage, carrying the lip-
rodA-pbpA-leuS region of the chromosome and
similar to that isolated by Spratt et al. (21), was
obtained. After this, we subcloned the pbpA and
rodA genes from the chromosomal DNA of
XMAd lip24 into the plasmid vectors pBR322
and pACYC184.

The phage DNA was prepared from strain
AB1325 lip-9 lysogenized with both XMAd lip24
and X c1857 Sam7, digested with the restriction
endonuclease Sall, and then mixed with SalI-
digested pBR322. The mixture was then ligated
with T4 DNA ligase. This ligated mixture was
used to transform strain TMM13 pbpA3 recAl
into a strain growing at 42°C on plates containing
both ampicillin and Sarkosyl. Plasmid DNA was
prepared from one such transformant and used
for transforming strain SJC21 rodASI recA56.
This plasmid, pMA101, also complemented the
rodASi mutation (Table 2), indicating that both
the pbpA and rodA genes of the chromosomal
DNA were subcloned from XMAd lip24 into
pBR322. The plasmid pMA101, which contains
16 kilobase pairs (kb) of DNA, was found to
consist of two copies of pBR322 (4.3 kb of
DNA), a 7.2-kb Sall fragment of the chromo-
somal DNA, and 0.4 kb of Sall foreign DNA,
from analysis of the DNA fragment after diges-

TABLE 2. Genetic complementation of various
plasmids with strains carrying the rodA or pbpA

mutationa

Plasmid' SJC21 TMM13
(rodA51) (pbpA3)

pMA101 + +
pMA102 + +
pMA105 + -
pMA106 + -
pMA107 - -
pMA108 - -
pMA109 + -
pMA110 + +
pMA111 + -
pMA113 - -
pHS201 + +
pHS202 + +
pHS202::TnS Q501 - +
pHS202::TnS Q502 - +
pHS202::TnS Q503 - +
pHS202::TnS fQ504-1 +
pHS202::TnS Q504-2 +
pHS202::TnS Q1505 +
pHS202::Tn5 Q1506 + +

a Mutant strains were transformed with plasmid
DNA, and transformants were selected at 42°C on LL
medium containing antibiotics as follows: pMA101 to
pMA113, ampicillin (100 ,ug/ml); pHS201 and pHS202,
chloramphenicol (30 tg/ml); and pHS202::TnS Q501 to
pHS202::TnS Q506, chloramphenicol and kanamycin
(30 ,ug/ml each). Complementation of cell shape was
determined after 1 to 2 days of growth with a phase-
contrast microscope.

b The plasmid pMA109 was prepared from pMA105
with elimination of the HindIII-BamHI fragment con-
taining the promoter region for the Tcr gene of vector
pBR322. pHS201 contains the 7.2-kb Sall fragment
opposite in direction to that in pHS202 (Fig. 3). Other
plasmids are shown in Fig. 1 and 3. For pMA101, see
the text and the legend to Fig. 1.
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FIG. 1. A physical map and derivations of con-
structed plasmids. Blocks and solid lines represent
DNAs from the E. coli chromosome and vector
pBR322, respectively. Deletions are shown as gaps.
pMA101* is part of pMA101, which consists of
pMA101* plus a 0.4-kb SaiI fragment and another
pBR322 aligned in this order. The size (kb) of each
plasmid is as follows: pMA101*, 11.3; pMA102, 10.4;
pMA105, 4.9; pMA106, 4.0; pMA107, 3.5, pMA108,
3.8; pMA110, 8.2; pMA111, 8.1; and pMA113, 8.8. For
detailed derivations of each plasmid, see the text.

tion of BamHI, EcoRI, HindIlI, and Sall (data
not shown). The 7.2-kb SalI fragment was con-
sidered to contain both the pbpA and rodA genes
as reported previously (21). A part of the plas-
mid pMA101 (pMA101*), consisting of the 7.2-
kb Sail fragment and pBR322, is shown in Fig.
1. To obtain a single pBR322 carrying the pbpA
and rodA genes, the pMA101 DNA was digested
with BamHI and religated with T4 DNA ligase.
Ampicillin-resistant (Apr) and Sarkosyl-resistant
transformants of TMM13 were selected as de-
scribed above. Plasmid pMA102 was prepared
from one of the transformants and was capable
of transforming strain SJC21 into Apr and rod-
shaped cells (Table 2). The restriction map of the
plasmid pMA102 (Fig. 1) was derived from anal-
ysis of DNA fragments with agarose gel electro-
phoresis after digestion by various combinations
of the restriction enzymes BamHI, MluI, KpnI,

pHS202

A-: SA .,- k k ~ A., A.

9- I 1.11 r

_~~~~~~~~~~~~~~~23. S LI

6.6
4. 5

2.3
2.0

0.59

FIG. 2. Cleavage patterns of plasmid pMA102
DNA with various restriction enzymes. Lanes: (a)
PvuII and SalI, (b) PvuII and BamHI, (c) KpnI and
Sall, (d) KpnI and BamHI, (e) SmaI and Sail, (f) SmaI
and BamHI, (g) SmaI and MluI, (h) MluI and Sall, (i)
MluI and BamHI, (j) BglII and SaiI, (k) BglIl and
BamHI, and (1) BamHI and Sall were used. (m)
HindIll-digested k DNA was included for calibration.
The samples were electrophoresed on a 0.8% agarose
gel at room temperature.

PvuII, BglII, SmaI, and SalI (Fig. 2). The plas-
mid pMA102 contained the 6.6-kb BamHI-SalI
fragment with the unique KpnI, PvuII, and SmaI
sites, and the two sites each of MluI and BgllI. It
is this fragment that carries the genes pbpA and
rodA.
The 7.2-kb Sall fragment was similarly sub-

cloned from XMAd lip24 into the Sall site of the
plasmid vector pACYC184, using the selection
of Cmr and Sarkosyl-resistant transformants.
Two types of plasmids, pHS201 and pHS202
(Fig. 3), differing in the direction of the cloned
fragment, were obtained; both were capable of
complementing pbpA3 and rodA51 (Table 2).
The direction of the Sail fragment in pHS202
was identical to that in pMA101 and its deriva-
tives (Fig. 1). These results suggest that a pro-
moter(s) for both the pbpA and rodA genes is
included in the cloned fragment.
Construction of plasmids derived from

pMA102 with deletions in the pbpA or the rod4
gene region and localization of genes in cloned

A-V
,IV

1d3 j*lf.2kb

*JL 1L 1- O-KL_ 503 504 505
502

506

FIG. 3. The location of Tn5 insertions in plasmid pHS202. The block and the solid line represent DNA from
the E. coli chromosome and vector pACYC184, respectively. Relevant restriction sites are also shown. The
arrows represent the location and orientation of the transposone Tn5 inserted at the indicated sites. The direction
of the arrow defines the order ofthe unique BamHI, Sall, and SmaI sites in TnS as shown BamHI Sail SmaI. For
clarity, the TnS elements are not drawn to scale. I ' "

---II
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DNA. The plasmid pMA102 contains two PvuII
sites, one in the cloned fragment and the other in
the vector (Fig. 1). The larger PvuII fragment
was eliminated from the plasmid by digestion
with PvuII and religating the restricted DNA,
using T4 DNA ligase. Strain SJC21 cells were
transformed with the religated DNA, and selec-
tion was made for Apr strains. Plasmid pMA105
(Fig. 1) was obtained from one of the transfor-
mants. This plasmid was able to complement
rodA51, but pbpA3 was not complemented by
this plasmid (Table 2).

Determination of the location of the rodA gene
was carried out by deletion of the restricted
DNA from the BamHI-PvuII fragment of
pMA105. The pMA105 DNA was digested by
such enzyme combinations as KpnI and PvuII,
MluI and PvuII, and BamHI and MluI, and
digested DNAs were treated with T4 DNA poly-
merase to convert their termini into fully base-
paired ends. The treated DNAs were religated
with T4 DNA ligase. Plasmids pMA106,
pMA107, and pMA108 (Fig. 1) were obtained
separately from the Apr transformant of SJC21
strain, with the corresponding deletion of KpnI-
PvuII, MluI-PvuII, and BamHI-MluI fragments,
as confirmed by agarose gel electrophoresis
(data not shown). A study of the complementa-
tion with these plasmids indicated that the rodA
gene was expressed in pMA106, but not in
pMA107 and pMA108 (Table 2). This shows that
the rodA gene is located in the 1.6-kb BamHI-
KpnI fragment of the cloned DNA (Fig. 4).
To determine the location of the pbpA gene,

pMA102 DNA was digested with both SmaI and
Sall simultaneously to eliminate the SmaI-Sall
fragment. Plasmid pMA110 (Fig. 1), thus ob-
tained, was able to complement pbpA3 as well as
rodA51 (Table 2). The plasmid pMA102 has two
BglII sites in the cloned DNA, and plasmid
pMA111 (Fig. 1), which has the deletion of 2.3-
kb BglII fragment from pMA102, was obtained
after BgIII digestion. This plasmid could not
complement pbpA3 but could complement
rodA51 (Table 2). Plasmid pMA113 (Fig. 1),
which has the deletion of 1.6-kb BamHI-KpnI
fragment from pMA102, was similarly prepared
and was unable to complement both rodASI and
pbpA3 (Table 2). These results indicate that the
pbpA gene is located in the 3.3-kb MluI-SmaI
fragment of the cloned DNA (Fig. 4). The DNA
length encoding the pbpA protein PBP2, with a
molecular weight of 66,000 (21), is calculated to
be about 1.8 kb. Therefore, the 1.4-kb Kpnl-
BgIII fragment (Fig. 4) contains about 80% of the
coding regin for the pbpA protein.

Plasmid pMA109 was also prepared from
pMA105 eliminating the HindIII-BamHI frag-
ment containing the promoter region for the
tetracycline resistance (Tcr) gene of the vector

pBR322 (22). The rodA gene was expressed in
pMA109 (Table 2). This suggests that a promoter
for the rodA gene is included in the cloned
fragment.

Transposon TnS mutagenesis of the pbpA and
rodA genes cloned into pACYC184. Insertion of
the Kmr transposon TnS into a gene destroys
gene function due to insertional inactivation and
exerts a polar effect on genes within an operon
distal to its insertion (2). To determine the
locations and sizes of the pbpA and rodA genes
and to know whether both genes are part of a
single transcriptional unit, the plasmid pHS202
(Fig. 3) was mutagenized with TnS.

Strain SJC21 or TMM13 harboring the plas-
mid pHS202 was infected with A cI857 rex::TnS
Oam29 Pam8O b221. Kmr and Cmr (a resistance
characteristic of the pHS202) colonies were ob-
tained, and plasmid DNAs were prepared from
the mixed colonies. By transducing strain SJC21
or TMM13 with the isolated plasmid DNAs and
selecting for Kmr and Cmr, 25 plasmids carrying
an insertion of TnS were obtained. The insertion
sites and directions of TnS in the plasmid
pHS202 (Fig. 3) were determined from analysis
of DNA fragments after digestion by BamHI,
SalI, or SmaI and by a combination of XhoI and
BamHI or XhoI and MluI (data not shown).
There is no XhoI site on pHS202, and the
restriction sites of other enzymes used are
shown in Fig. 3. TnS has unique BamHI, SaiI,
and SmaI sites, three XhoI sites (11), and no
MluI site. TnS insertion sites were distributed in
six positions from insertion site (Qi) 501 to 506
(Fig. 3). The number of the isolated plasmids
carrying TnS at each insertion site is as follows:
fQS01, 1; fQ502, 12; Q1503, 1; Q1504, 8; Q1505, 1;
and Q1506, 2. The inserted direction of TnS was
common among Q1502, Q1504, and Q1506. Genetic
complementation of some of these plasmids with
the chromosomal mutation rodA51 or pbpA3
was examined (Table 2). Plasmids pHS202::TnS
Q1501, Q1502, and QS503 were unable to comple-
ment rodA51 but did complement pbpA3. In
contrast, plasmids pHS202::Tn5 Q1504-1, fQ504-
2, and Q505 were able to complement rodA51

BamHI MluI KpnI PvuI[ BglU
I I I I

SmaI

O 1 2 3 4 5 kb

rodAA obPA 0-

FIG. 4. Physical and genetic map of the rodA-pbpA
region of the E. coli chromosome. The MluI site was
present in the rodA gene. The pbpA gene carried the
sites of KpnI, PvuII, and BglII. The ends of both genes
have not yet been definitely determined. The rodA and
pbpA genes are separate transcriptional units.
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but not pbpA3. Berg et al. (2) have i

26 of 41 TnS transposons in the lacZ
strong polar effect on the lacY i
observation can be extrapolated to t
small size in the present situation
that all three of the transposons in ti
did not affect the expression of th4
and vice versa suggests that both
independent promoters. On the loc
genes, these results are consistentv
ing that the rodA and pbpA genes a
the 1.6-kb BamHI-KpnI and the
SmaI fragments, respectively, a
above.

1Plasmid pHS202::TnS 0506, in w
insertion site is downstream from t
for the Tcr gene of the vector pAC
was able to complement both rodM5
(Table 2). This suggests that the proj
Tc' gene is not involved in the expr
rodA and pbpA genes.

Analysis of proteins synthesized
structd plasmids. The synthesis of
rected by constructed plasmids was

(a) (b) (c) (d) (e)
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67,000-m
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3000

FIG. 5. Gel electrophoretic patterm
synthesized from constructed plasmid
coli CSR603 and its plasmid-harborir
were UV irTadiated, and the proteins d
plasmid were labeled with L-[ISJmethioi
cell proteins were fractionated on a
dodecyl sulfate-polyacrylamide gel and I

Phosphorylase b (94,000), bovine sc
(67,000), ovalbumin (43,000), carbor
(30,000), soybean trypsin inhibitor (2(
lactalbumin (14,400) were used as mol
standards. Tcr and Apr are the proteins
cline and ampicillin resistance genes, re
vector pBR322. Lanes: (a) CSR603(
CSR603(pMA113), (c) CSR603(p]
CSR603(pBR322), and (e) CSR603.

reported that UV-irradiated whole cells of strain CSR603 har-
gene exert a boring the plasmid (Fig. 5). The plasmid
gene. If this pMA102 encoded PBP2 (66,000 molecular
the relatively weight) (Fig. 5, lane a) and allowed amplification
, the finding of the level of the protein (data not shown),
he rodA gene whereas the protein could not be detected with
e pbpA gene plasmid pMA113 (Fig. 5, lane b) or pMA111
genes have (Fig. 5, lane c). These results are consistent with

cation of the the results of genetic complementation analysis
with the find- (Table 2). On the other hand, when plasmid
tre located in pMA113 was used, new bands of proteins with
3.3-kb MluI- molecular weights of 57,000 and 41,000 could be
Is described observed (Fig. 5, lane b). These bands may have

appeared because the coding region of carboxyl
'hich the TnS terminal of PBP2 was deleted in pMA113. If so,
the promoter on the 1.4-kb KpnI-BgIII fragment in the pbpA
'YC184 (22), region (Fig. 4), the BglII site is proximal and the
1l and pbpA3 KpnI site is distal to the promoter for the pbpA
moter for the gene. We are now sequencing the pbpA gene,
ession of the and we will be able to determine the location of

the promoter for the gene soon.
I from con- When plasmids pMA102 and pMA113 were
f proteins di- used, two other bands of proteins with molecu-
examined in lar weights of 19,000 and 11,000 were found (Fig.

5, lanes a and b). These bands could not be
observed when pMA111 was used (Fig. 5, lane
c). Therefore, these proteins seem to be encoded
by the region in the 2.3-kb BglIH DNA of plas-
mids pMA102 and pMA113 (Fig. 1). The genes
corresponding to these proteins have yet to be

- 66,000 identified. No rodA protein could be identified in
-57,000 cells carrying pMA102 or pMA111 (Fig. 5), or

any other plasmid prepared in this study (data
-41.ooo not shown).

The production of PBP2 in normal growth
sTr conditions was found to be about 20 times more

- Apr in cells carrying either pHS201 or pHS202 than
in cells carrying no plasmid (data not shown).

DISCUSSION
- 19,000 The 4.4-kb BamHI-SmaI fragment contained

both the rodA andpbpA genes (Fig. 4). The rodA
-l110(0 gene was found to be located in the 1.6-kb

BamHI-KpnI fragment and to be more than 860
base pairs of nucleotides (the distance between

is of proteins 0501 and 0503 in Fig. 3). On the basis of the
s. Cells of E. DNA length, the molecular weight of the rodA
ng derivatives protein was calculated to be more than 32,000
lirected by the and less than 59,000. Spratt et al. (21) reported
inine. The total that a KpnI site is in the rodA gene. However,
W13% sodium our result shows that the KpnI site was included
fluorographed. in the pbpA gene, indicating that the 0.5-kb
erum albumin MluI-KpnI fragment carries the ends of both
ic anhydrase genes. The DNA length encoding the pbpA,,100), and ax protein should be about 1.8 kb. Thus, the 3.4-kb
of the tetracy- (1.6 kb of the BamHI-KpnI fragment plus 1.8 kb)
spec tively, on cloned DNA, containing the BamHI site at one
'pMA102), (b) end and the restriction sites of MluI, Kpnl,
MA111), (d) PvuII, and BglIl, would be almost enough to

cover both genes.
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A mutation of either pbpA or rodA causes a
similar phenotype at 42°C; the cells grow spheri-
cally and are mecillinam resistant (13, 23). More-
over, both genes were found to be present side
by side (Fig. 4). These facts make it feasible for
the genes pbpA and rodA to form a single
transcriptional unit. However, judging from TnS
insertional mutagenesis of the genes, pbpA and
rodA seem to belong to separate transcriptional
units.
Another cluster of genes, mreA, -B, and -C

(12), which are considered to be involved in the
formation of the rod-shaped peptidoglycan sac-
culus, is localized at about 71 min on the E. coli
genetic map and has been cloned into a A phage.
mreA is a regulatory gene involved in the syn-
thesis of PBP1A and PBP2 (24), and the gene
product is thought to function as a repressor.
Mutation of mreB and mreC results in the forma-
tion of spherical cells and mecillinam resistance,
respectively.
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