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One of the phosphatidyl glycerophosphate phosphatase genes of Escherchia coli, pgpA, was doned, and its
DNA sequence was determined. Its 507-base-pair open reading frame was consistent with the 18,000-
molecular-weight product identified by a maxicell experiment. Between its possible promoter and methionine
initiation codon, a repetitive extragenic palindromic sequence was found.

In Escherichia coli, there are three phospholipid phospha-
tase activities. As illustrated in Fig. 1, they dephosphorylate
phosphatidyl glycerophosphate (PGP), phosphatidic acid
(PA), and lysophosphatidic acid (LPA) (26). Previously, PA
and LPA phosphatase were considered different from PGP
phosphatase (4, 6). PGP phosphatase mutants were isolated,
and two genes, pgpA and pgpB, were mapped at 18 and 28
min, respectively, on the E. coli chromosome (18). The
former is responsible for a PGP-specific A phosphatase; the
latter codes for a B phosphatase, which attacks at least two
more substrates, PA and LPA. This paper describes the
molecular cloning and DNA sequencing of the PGP A
phosphatase. The study of the PGP B phosphatase appears
in the accompanying paper (17).

Colonies of PGP phosphatase mutants accumulating
[32P]PGP were detected as characteristic dark spots on an
X-ray film in an in vitro colony autoradiography assay of
PGP phosphatase (18). The pgpA gene was cloned by using
the same screening method. Colonies of a pgpA mutant
carrying the plasmid with the wild-type pgpA allele appeared
as light spots among the dark PGP A phosphatase-negative
colonies. Starting from the isolation of an F' factor carrying
the 18-min region, the pgpA gene was located within a
704-base-pair (bp) EcoRV DNA fragment, whose sequence
is presented in this paper. A maxicell experiment revealed a
protein of 18 kilodaltons (kDa) specific for the pgpA gene.

MATERIALS AND METHODS

Bacteria and plasmids. Bacterial strains used are summa-
rized in Table 1. Plasmids pBR322 (3), pACYC184 (6), and
pTI10 were used as vectors for subcloning the pgpA gene.
Plasmid pLL10 (28) was a derivative of pBR322 in whose
BamHI site a synthetic adapter (BamHI-SmaI-EcoRI-SmaI-
BamHI) of 20 bp was inserted. Plasmid pTI10 was con-
structed by removing the SmaI-EcoRI-SmaI portion of the
adapter fragment from pLL10. Consequently, a DNA frag-
ment inserted into the SmaI site of pTI10 could be recovered
by a single BamHI digestion. Plasmid pBZ201 (lon) was a gift
from B. A. Zehnbaur (34).

Materials. Authentic LPA was purchased from Serdary
Research Laboratories, Ontario, Canada. Phospholipase A2
from Naja naja venom and phospholipase D from cabbage
were from Sigma Chemical Co., St. Louis, Mo. Restriction

t Present address: Laboratory of Genetics, Department of Biol-
ogy, The University of Tokyo, Hongo, Tokyo 113, Japan.

endonucleases, nuclease Bal3l, and DNA polymerase Kle-
now fragment were either from Bethesda Research Labora-
tories, Inc., Gaithersburg, Md., or New England Biolabs
Inc., Beverly, Mass. Alkaline phosphatase from calf intes-
tine, lyophilized, was from Boehringer Mannheim Bioche-
micals, Indianapolis, Ind. T4 polynucleotide kinase was
from Pharmacia PL-Biochemicals Inc., Piscataway, N.J.
[.y-32PIATP was from Amersham Co., Arlington Heights, Ill.
32pi, [35S]methionine, L-a-[dipalmitoyl-1-_4C]phosphatidyl-
choline, and T4 DNA ligase were from New England Nu-
clear Corp., Boston, Mass.

Preparation of phosphatase substrates. The preparation
procedure for [32P]PGP from sn-glycero-3-[32P]phosphate
and CDP diglyceride by PGP synthetase and that of [32P]PA
from 32Pi-labeled phospholipids by phospholipase D was
described previously (18). For [32P]LPA preparation, [32p]
phosphatidylglycerol and [32P]phosphatidylethanolamine
were fractionated from 32Pi-labeled total Escherichia coli
phospholipids by DEAE-cellulose chromatography (18) and
digested with phospholipase A2 (32), followed by phospho-
lipase D (25) and DEAE-cellulose chromatography. [14C]
LPA was made from ['4C]phosphatidylcholine by the same
method. [14C]PA was prepared from [14C]phosphatidyl-
choline by phospholipase D digestion, followed by DEAE-
cellulose chromatography as previously described for [32p]
PA purification (18).

Assays for membrane-bound phosphatases. The 32Pi re-
lease method for PGP phosphatase (method 1) and PA
phosphatase (method 3), which measure trichloroacetic acid
(TCA)-soluble 32p counts in the water phase after acid
chloroform extraction, were described previously (18). The
32Pi release method for LPA phosphatase was the same as
that for PGP phosphatase (method 1) except that 100 ,uM
[32P]PGP was replaced by 100 ,uM [32P]LPA.
The phosphatases were also assayed by separating prod-

ucts on thin-layer chromatography (TLC).
For PGP phosphatase, the reaction conditions were the

same as those described for method 1 (18). After the reac-
tion, a 2-,u portion of the mixture was immediately with-
drawn and spotted on a cellulose chromatogram sheet
(Eastman Kodak). [32P]PGP and 32Pi were separated by
using the solvent system 1 M ammonium acetate-ethanol (2:
3). From the ratio of radioactivity, P,/PGP, PGP phosphatase
activity was calculated.
For LPA and PA phosphatase, the reaction conditions

were the same as for method 3 (18) for LPA phosphatase and
PA phosphatase except that [14C]LPA and [14C]PA were
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FIG. 1. Membrane-bound phosphatases that attack phospholipid molecules in E. coli. The reactions catalyzed by three phospholipid
phosphatases are indicated by the thick arrows. Evidence for this scheme is discussed in references 18 and 26. G3P, sn-glycerol-3-phosphate;
MG, monoglyceride; DG, diglyceride; CDPDG, CDP diglyceride; PS, phosphatidylserine; PG, phosphatidylglycerol; PE, phosphatidyleth-
anolamine; R1 and R2, fatty acids.

replaced by [132P]LPA and [32P]PA, respectively. The reac-
tions were terminated by adding 2.75 volumes of methanol
(0.01 N HCl)-chloroform (2:1). After the extraction, neutral
lipids were analyzed by TLC (27). LPA and PA phosphatase
activities were calculated from the radioactive ratio of mo-

TABLE 1. Bacterial strains'

Strain Relevant markers Source or
reference

KL16-99 Hfr KL16 recA CGSCb
W3747 F13 (argF+ lac+ tsx+ purE+) metBI CGSC

relAl
Hfr Boda8 Hfr metBI relAl CGSC
CSR603 F- phr-l recAl uvrA6 gyrA98 CGSC (9)

rpsL31
X478 F- leuB6 proC32 purE42 trpE38 CGSC

lysA23 metE70 rpsL109
R477 rpsL-136 eda his4 leu-6 thr-l J. Adler
E26 pgpA2 pgpB26 derivative from 18

strain 8
T166 proC32 pgpA2 pgpB26 recA (dnaZ+ 18

recA derivative from T163)
T169 proC32 purE42 recA (recA

derivative from X748)
T170 phoA8 proC+ transductant of X478 18

(strain 8 donor)
T171 phoA8 pgpA2 proC+ transductant 18

of X478 (E26 donor)
T174 phoA8 pgpB26 trp+ transductant of

X478
T175 phoA8 pgpA2 pgpB26 trp+

transductant of TI71
T180 phoA8 recA (recA derivative from

TI70)
TI83 phoA8 pgpA2 pgpB26 recA (recA

derivative from T175)
a pgpA and pgpB mutations were introduced from strain E26 by P1

transductions. The phoA mutation was introduced from either strain 8 or E28
by selecting proC+ transductants. All recA mutations were introduced by a
cross with KL16-99, foliowed by the selection of lysA+ rpsL recombinants.

b CGSC, E. coli Genetic Stock Center, Yale University, New Haven,
Conn.

noglyceride/total lipid and diglyceride/total lipid, respec-
tively.
Colony autoradiography. The colony autoradiography to

detect pgpA+ clones was performed by using the A condi-
tion used for pgpA mutant isolation (18). To detect light
spots among dark background colonies on X-ray film, the
number of colonies per plate was kept under 100. Transform-
ant colonies were transferred from a plate to a filter paper
and lysed with the lysozyme EDTA. The filter paper was
then dried by the air from a fan and put into a reaction
mixture containing sn-glycerol-3-[32P]phosphate and CDP
diglyceride. The reaction was terminated by adding 20%
TCA with 1 mM cold sn-glycerol-3-phosphate. The inclusion
of sn-glycerol-3-phosphate made the background cleaner.
[32P]PGP accumulation in pgpA mutants was detected as a
dark spot on the X-ray film. Colonies of pgpA+ clones,
which have high PGP A phosphatase activity, hydrolyzing
[32P]PGP to Pi and phosphatidylglycerol, appeared as bright
spots on X-ray film. Either strain TI83 (pgpA pgpB) or strain
TI81 (pgpA pgpB+) was suitable for this assay.
DNA cloning and sequencing techniques. The DNA isola-

tion and cloning techniques, including nuclease Bal31 diges-
tion and the filling-in reaction by the DNA polymerase
Klenow fragment, were performed according to published
methods (10, 23). The DNA of F' factor was isolated from
cleared lysates (9). Plasmids were isolated by the sodium
dodecyl sulfate (SDS) alkaline method (2). DNA fragments
were isolated on either low-melting-point agarose or DEAE-
cellulose paper (13). DNA sequencing was performed by the
method of Maxam and Gilbert (24). The maxicell radiolabel-
ing was performed by the protocol of Sancer et al. (29).
Computer programs. DNA and polypeptide sequences

were analyzed by using the program library of the University
of Wisconsin Genetics Computer Group (UWGCG) (11). For
the prediction of mRNA secondary structure, the UWGCG
version of program FOLD by Zuker and Stiegler (35), which
was modified to use the energy file of Cech et al. (5), was
used. The protein structure prediction program of Garnier et
al. (14) was adapted to the VAX-VMS operating system by
Michael Gribskov.
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RESULTS

Comparison of PA and LPA phosphatase activities in PGP
phosphatase-deficient mutants. Comparing PGP and PA
phosphatase activities among PGP phosphatase-deficient
mutants, it was reported that the pgpA gene was responsible
specifically for a PGP phosphatase activity, whereas the
pgpB gene encoded protein with both a PGP phosphatase
and a PA phosphatase activity (18). Table 2 shows that the
pgpB gene was also responsible for LPA phosphatase activ-
ity. The upper part of the table shows the results with the
conventional 32Pi release assays, while the lower part shows
the results calculated from the separated radioactive counts
of the reaction products identified on TLC plates, 32p; for
PGP phosphatase, [14C]diglyceride for PA phosphatase, and
["4C]monoglyceride for LPA phosphatase. The PGP and PA
phosphatase activities obtained by these two methods were
similar, confirming that real phosphatase activities are mea-
sured by the 32P release assays. However, in the LPA
phosphatase assay, the existence of lysophospholipase ac-
tivity, which hydrolyzes LPA, generating sn-glycerol-3-
[32P]phosphate (12), must be considered. In the first assay,
sn-glycerol-3-[32P]phosphate can be extracted into the water
phase, increasing apparent phosphatase activity. The LPA
phosphatase activity determined by the second method is
therefore more accurate.
There was about a 30% decrease in the PGP phosphatase

activity in the pgpA mutant, whereas no significant differ-
ence was observed in PA and LPA phosphatase activities.
On the other hand, in the pgpB mutant, all three phosphatase
activities were decreased. PA phosphatase activity was
reduced almost to the background level. The other two were
reduced to half of their initial values. In the pgpA pgpB
double mutant, PGP phosphatase activity dropped to its
background levels, as did PA phosphatase activity. LPA
phosphatase activity remained at the same intermediate level
as that in the pgpB strain.
These results suggested the existence of three distinct

phospholipid phosphatases in E. coli. One is designated PGP
A phosphatase, which specifically hydrolyzes PGP. The
second is PGP B phosphatase, which hydrolyzes PGP, PA,
and LPA. The third is an LPA-specific phosphatase whose
gene has not yet been identified. The following experiments
proved that this assumption was correct for the pgpA gene
product. The accompanying paper (18) clarifies the appar-
ently complicated specificity of the pgpB gene product.

Isolation of F' factors carrying the pgpA gene. pgpA muta-
tions had been mapped to min 10, between proC and dnaZ,
by P1 transduction (18). To clone the pgpA gene, several
ColEl E. coli hybrid plasmids of Clarke and Carbon (8)
carrying the dnaZ or acrA gene, and one plasmid, pBZ201
(35), carrying the lon gene, were surveyed. However, none
of the strains carrying these plasmids showed an increased
level of PGP phosphatase. Therefore, smaller F' factors
carrying the pgpA gene were isolated by the method of Low
(22). Hfr Boda8 was mated with TI69 (proC purE rpsL recA),
and proC+ streptomycin-resistant colonies were selected.
Among the 500 clones tested, 15 were proC+ purE. Seven of
them conferred the proC+ phenotype to T166 (proC pgpA
pgpB recA) at a high frequency. The in vitro PGP phospha-
tase assay of these F' ductants indicated that two of them,
TIF33 and TIF34, were carrying complementing activity for
the PGP A phosphatase.

Subcloning of the pgpA gene. The cloning process is sum-
marized in Fig. 2. About 2 ,ug of TIF33 DNA was recovered
after repeated CsCl-ethidium bromide centrifugation from a

cleared lysate of a 600-ml overnight LB culture of TI80
(TIF33). The F' DNA was digested with HindIII, ligated
with an HindIII digest ofpACYC184 DNA, transformed into
TI76 (pgpA pgpB), and plated on L agar containing 25 pug of
chloramphenicol per ml. Among 1,000 colonies screened by
the colony autoradiography assay, 3, pTIA1, pTIA2, and
pTIA3, appeared as light spots on X-ray film (Fig. 3) and
produced a high amount of PGP phosphatase activity in
vitro. The plasmids pTIA1 and pTIA2 had the same HindlIl
insert of 19.6 kilobases (kb). The plasmid pTIA3 had an
additional 2.1-kb HindIlI fragment. Starting from plasmid
pTIA1, the pgpA gene was subcloned down to a 704-bp
EcoRV fragment in plasmid pTIA26.
The PGP phosphatase activity of the strains carrying the

plasmids that were generated in the process of the subclon-
ing are summarized in Table 3. The phosphatase activity
increased when the plasmid became smaller, probably de-
pending on the copy number of each plasmid. No stimulation
ofPA and LPA phosphatase activities by these plasmids was
observed in these strains. These results indicated that the
pgpA gene is the structural gene for the PGP-specific A
phosphatase. To estimate the molecular weight of the pgpA
gene product, a maxicell experiment was performed. Plas-
mids carrying the pgpA gene were introduced into strain
CSR603, and [35S]methionine-labeled products were ana-
lyzed by SDS-polyacrylamide gel electrophoresis. As shown
in Fig. 4, a protein band of about 18,000 kDa unique to these
plasmids was detected.

Generation of Ba131 deletion plasmids. For the precise
definition of the pgpA gene, the EcoRV fragment isolated
from plasmid pTIA26 was treated with nuclease Bal31 and
filled in by DNA polymerase Klenow fragment, and the
deleted fragments were inserted into the SmaI site of plas-
mid pTI10. Transformants having various sizes of inserts
were isolated and their sonicates were assayed for PGP
phosphatase activity. The result indicated that the minimum
length of the pgpA gene was about 650 bp. Some of these
plasmids whose ends were sequenced are summarized in
Table 4. The strains carrying plasmids pTIA128 and
pTIA155 showed reduced phosphatase activity, and the
strain carrying plasmid pTIA156 showed no stimulation of
phosphatase production. Therefore, these plasmids seems to
have lost a part of the pgpA gene. Since the extent of PGP

TABLE 2. Comparison of membrane-bound phosphatase
activities by two methodsa

Phosphatase activity
Strain (nmol/min per mg of protein)

PGP PA LPA

A
TI70 5.5 (0.9) 0.28 (0.04) 3.9 (0.9)
T171 (pgpA) 4.9 (0.4) 0.27 (0.03) 3.9 (0.6)
T174 (pgpB) 2.1 (0.7) 0.02 (0.00) 2.1 (0.0)
TI75 (pgpA pgpB) 0.9 (0.3) 0.02 (0.00) 2.2 (0.3)

B
T170 4.5 0.37 3.0
T171 2.7 0.38 2.8
TI74 2.3 0.01 1.1
T175 0.5 0.01 1.1

a Three phospholipid phosphatase activities of pgp mutants and the parent
were compared by the 32Pi release assay (part A) and the separated-products
assay (part B) as described in Materials and Methods. In part A, the average
values of three independent experiments are shown with the standard devia-
tion in parentheses. In this particular set of experiments, the PGP phosphatase
activities assayed by the first method had a higher background than normal
(18).
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FIG. 2. Cloning of the pgpA gene. Plasmid pTIAl DNA was

partially digested with Sau3A and inserted into the BamHI site of
pACYC184 DNA. Transformants were screened for PGP phospha-
tase activity by the colony autoradiography assay. Plasmids pTIA4
and pTIA6 were among them; their DNA insert lengths were 2.8 and
5.2 kb, respectively. By inserting the 704-bp EcoRV fragment
including the pgpA gene into the EcoRV site of pBR322, plasmid
pTIA26 was obtained. Plasmid pTIA106, which was used for the
sequencing, was constructed by inserting this EcoRV fragment into
the SmaI site of pTI10. The portion of the pgpA gene and the vector
in each plasmid are shown by the thick and double lines, respec-
tively. H, HindIlI; E, EcoRI; B, BamHI; S, SphI; V, EcoRV.
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FIG. 3. Colony autoradiography to detect a pgpA+ clone. Chlor-
amphenicol-resistant transformant colonies of strain T176 (pgpA
pgpB recA) were transferred to filter paper, lysed, and incubated
with a reaction mixture containing sn-glycerol-3-[32P]phosphate and
CDP diglyceride. The accumulation of [32P]PGP was detected by
autoradiography on X-ray film (A). The same filter paper was
stained by Coomassie brilliant blue G (B). The arrows point to the
initially isolated colony of strain T183(pTIAl), which did not accu-
mulate [32P]PGP.

phosphatase activity was similar among the full-size clones,
the effect of the fragment orientation on activity seemed to
be negligible.
DNA sequencing. Figure 5 summarizes the fragments se-

quenced together with the restriction sites used. They cover
the entire sequence of the EcoRV fragment on both strands.
The open reading frame and the possible translational start
for the pgpA gene are shown by a thick arrow at the bottom.
As shown in the DNA sequence in Fig. 6, the length of the

EcoRV fragment was 704 bp. The BamHI fragment derived
from plasmid pTIA106, which carries the entire EcoRV
fragment, had the extra sequence GATCCCC at each 5' end,
derived from the BamHI-SmaI adapter fragment in plasmid
PTI10. The ends of the chromosomal portion of the Ba131-
generated plasmids, which are summarized in Table 4, are
indicated by the arrows.

In this sequence, there was a 507-bp open reading frame
starting from base 163 A(TG) and ending at base 669 (TA)A,
which could make a protein of 167 amino acid residues, the
molecular weight of which is 19,400. This value agrees well
the molecular weight, 18,000, estimated from the maxicell
experiment. There was no other open reading frame corre-
sponding to this size in the sequence. As shown in Table 4,
the strain carrying plasmid pTIA128 had reduced PGP
phosphatase activity. This is explained by the loss of part of
the C-terminal sequence. Although plasmid pTIA151 did not
have the termination codon within the chromosomal DNA
insert, the strain carrying this plasmid showed normal phos-
phatase activity.
About 100 bases upstream of the Met initiation codon,

there were possible -10 and -35 regions for the pgpA

TABLE 3. Comparison of phosphatase activities among pgpA subclonesa

Plamd PGP phosphatase activity Insert size Parental Insertion site(s) Host vector(nmol/min per mg of protein) (kb) plasmid
pTIA1 22.4 19.6 TIF33 HindlIl pACYC184
pTIA6 33.2 5.2 pTIA1 Sau3A-BamHI pACYC184
pTIA4 42.1 2.8 pTIA1 Sau3A-BamHI pACYC184
pTIA12 72.3 1.6 pTIA4 EcoRV pACYC184
pTIA37 62.5 1.4 pTIA4 Sau3A-BamHI pBR322
pTIA26 87.8 0.7 pTIA12 EcoRV pBR322

a The common host strain for these plasmids was TI83 (phoA pgpA pgpB recA). Phosphatase activities were assayed by measuring the release of 32Pi from
32P-labeled PGP by crude sonicates of this strain carrying the indicated plasmids. The size of the chromosomal DNA inserted into the host vector is shown
together with the restriction site of its insertion.
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FIG. 4. Detection of an 18-kDa protein encoded by pgpA. Max-
icell experiments were performed as described by Sancer et al. (29).
UV-irradiated samples (1 ml) were labeled with 10 ,uCi of
[35S]methionine (>800 mCi/mmol) for 1 h, centrifuged, suspended in
60 ,u1 of sample buffer, and boiled for 3 min, and half of the volume
was loaded on a 12.5% SDS-polyacrylamide gel. After the run, the
gel was dried and exposed to X-ray film. CSR603, CSR603(pBR322),
CSR603(pTIA26), and CSR603(pTIA37) were tested. The bands
corresponding to [-lactamase (AP) and the pgpA gene product are
shown. Sizes are indicated in kilodaltons.

promoter, which resemble E. coli promoter consensus se-
quences (16, 31). The strain carrying plasmid pTIA156,
which had lost part of this -10 region, produced no phos-
phatase activity, and that carrying plasmid pTIA155, which
did not have the -35 sequence, showed reduced activity,
supporting this tentative promoter assignment. Although the
position of the ribosome binding site is not clear, at eight and
seven bases before the Met codon, there was a GG pair
which could possibly function in ribosome binding (15, 30).

TABLE 4. PGP phosphatase activity directed by plasmids
carrying various lengths of the pgpA gene'

DNA insert PGP phosphatase Ratio
Plasmid Start End Length activity (nmol/min (relative

(bp) (bp) (bp) per mg of protein) activity)

pTIA106 7 710 704 76 15.2
pTIA128 30 648 619 28 5.6
pTIA132 30 685 656 77 15.4
pTIA147 30 682 653 71 14.3
pTIA151 21 665 645 69 14.0
pTIA155 39 680 642 36 7.2
pTIA156 65 706 642 4 0.8
pTIl10 5 1.0

a Plasmid pTIA106 contains the entire EcoRV fragment derived from
plasmid pTIA26 in the SmaI site of plasmid pTI10. Other plasmids were
generated by inserting the Bal31-treated EcoRV fragment into the same site.
The start and end points of the sequences are shown with the coordinates
given in Fig. 6. The actual sequences have seven base extensions, including
the BamHI cohesive ends of each end. Sonicates were prepared from strain
R477 gpA+ pgpB+) carrying these plasmids and assayed for PGP phospha-
tase activity. The ratio of the specific activities was determined by taking the
activity of R477(pTI10) as 1. Since E. coli has two PGP phosphatases, the
actual extent of the overproduction is probably 2 times higher than this ratio.

Assuming that the transcriptional start is several bases
after the promoter, there was an mRNA sequence of about
80 nucleotides before the Met codon. I checked the possible
mRNA secondary structure around this leader mRNA region
by using the program FOLD by Zucker and Stiegfield (35)
and detected the structure of a 12-bp stem structure with a
7-bp loop, the energy of which was calculated as -21.9 kcal.
This sequence is a repetitive extragenic palindromic (REP)
sequence element, which is commonly found after coding
sequence or in the untranslated region between two genes of
an operon (33).

DISCUSSION
I have presented evidence that pgpA is a structural gene

for the PGP A phosphatase, which specifically hydrolyzes
PGP. As shown in the accompanying paper (18), PGP A
phosphatase is localized in the inner membrane, like other
phospholipid biosynthetic enzymes in E. coli (1). Although
this protein has many hydrophobic residues, it is not as

100 200 300 400 500 600 700(bp)
I ,1§l I II

Hinf-II-I -

M- - I

I

o 0

HinfI'
MspI
BstNI
HoeIII
Sau3A l

163 669,
FIG. 5. Strategies for determination of the nucleotide sequence of the pgpA gene. The 5'-labeled fragments sequenced are shown by

arrows with vertical bars or circles (BamHI ends derived from the adaptor fragment in plasmid pTI10) at the end. Only the sites of the
restriction enzymes used for cloning and sequencing are shown. The open reading frame for the pgpA gene is illustrated by the thick arrow
at the bottom.
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601 CTCATCTTCAGGCGACTTTTCGCGACATCTTTATGGCGTGGCAAAATGGTCATATCCTTTCCAGTCTAATGTAACAGGTTCGCCGTCACGAATAAAACAA
LeuIlePheArgArgLeuPheAlaThrSerLeuTrpArgGlyLysMetValIleSerPheProValEnd 155-> ->132

128-> 151-> 147->

701 AGCCCTTCGATGGGGATC 718
156->26-> 106->
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FIG. 6. DNA sequence of the pgpA gene. The termini of the chromosomal portion of DNA cloned into the SmaI site of plasmid pTI10,
summarized in Table 1, are indicated by the arrows. These fragments have the sequence GATCCCC at their 5' ends, which are derived from
the BamHI-SmaI adapter fragments in pTI10. These endpoints were either deterhnined by DNA sequencing or deduced from the restriction
site. The possible promoter region (-35, -10) for pgpA is shown together with the E. coli promoter consensus sequence (16, 31). The most
conserved residues are capitalized. SD, the possible ribosome binding site (15, 30) is shown with the complementary sequence from the 5'
end of 16S rRNA. The REP is indicated with its consensus sequence (33). The starts and the ends of the DNA inserts listed in Table 4 are
indicated by arrows with the plasmid numbers.

hydrophobic as other proteins involved in phospholipid
biosynthesis, like CDP diglyceride synthetase (19), PGP B
phosphatase (17), or diglyceride kinase (21). Although there
are several short hydrophobic regions in this sequence, this
protein has no large hydrophobic stretches which could span
the membrane. The protein structure analysis carried out by
the method of Gamier et al. (14) showed 24.3% a-helix and
11.2% ,-sheet content without the decision constant (14).
These values are rather low among the hydrophobic proteins
involved in phospholipid biosynthesis.
According to Stern et al. (33), all copies of REP so far

identified are in extragenic, nontranslated regions, either
between two genes or within the 3' untranslated region at the
end of an operon. This is the first case in which an REP
element was found between the promoter and the transla-
tional start in one gene. However, whether this REP is
involved in the regulation of the pgpA gene is not known.
Since the removal ofREP in the case of the histidine operon
does not affect downstream gene expression drastically but
only reduces the expression of the genes about 50% (33), this
might also be true in the case of the REP in the pgpA gene.
However, the possibility that this structure is involved in
some unknown regulation cannot be eliminated. Perhaps this
structure could help to stabilize the unusually long leader
pgpA mRNA and to optimize the expression of the pgpA
gene. In fact, the insertion of the BamHI fragment isolated
from plasmid pTIA132 downstream of a tac promoter in
runaway replication expression vector pTI5 (17) caused no
large stimulation of PGP phosphatase production after iso-

propyl-p-D-thiogalactoside induction. The existence of REP
may play some role, in this extreme case, in modulating gene
expression. Among the phospholipid-biosynthetic genes, the
cds gene has three tandem repeats of sequences similar to
half of the REP sequence (33). Also, there is a copy of the
REP sequence at the 3' end of the plsB gene (19).
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