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1. Introduction

We have reported the isolation and characteriza-
tion of an Escherichia coli mutant altered in the
structural gene of murein lipoprotein (mip4) [1,2].
The mutant lipoprotein differs from its wild-type
counterpart in its total lack of covalently linked
lipids and in its defective assembly into the murein
sacculi of the mutant cell envelope [2]. The primary
structure of the mutant lipoprotein has been deter-
mined [3]. It was found to correspond to an
uncleaved precursor lipoprotein (prolipoproteiny with
a single amino acid substitution of glycine by aspartic
acid at position 14 of the prolipoprotein. As a conse-
quence of this single amino acid replacement, all of
the post-translational modifications of prolipoprotein
are aborted.

The amount of murein-bound lipoprotein in the
mipA mutant is greatly reduced [1,2]. This bio-
chemical alteration accounts for the phenotype of
this mutant, i.e., increased EDTA sensitivity, leakage
of the periplasmic enzyme RNase I, blebbing of the
outer membrane upon Mg?" starvation and greatly
weakened outer membrane—murein association in
milpAompA double mutants [4]. Here we compare
the structures of free and bound forms of lipoprotein
in this mutant. Qur results indicate that the murein-
bound lipoprotein present in greatly reduced amounts
is processed and modified by the addition of glycerol
and fatty acids, while the bulk of free form lipo-
protein in this mutant is uncleaved prolipoprotein,

2. Materials and methods

The E. coli strains used here were an isogenic pair
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of transductants E613 (mipA™) and E614 (mipA) as
in [4]. Media used in the present study included M9
minimal medium and proteose peptone beef extract
broth [5].

All the labeling experiments were done in M9
minimal medium supplemented with 0.4% glucose or
1% sodium lactate and 50 ug of each required amino
acid/ml. The preparation of cell envelope, identifica-
tion of free-form lipoprotein with immunoprecipita-
tion and isolation of murein-bound lipoprotein have
been described [1]. Polyacrylamide gel electrophoresis
in SDS {5] or SDS—urea [6] was used for the
identification of lipoprotein.

Radioactive chemicals used in the present study
included L-[3-*H()]arginine (27 Ci/mmol),
L-[U-**Clarginine (270 mCi/mmol), L-[4,5-*H(V)]-
isoleucine (40 Ci/mmol), [2-*H]glycerol (6.35 Ci/
mmol) and [9,10-3H(V)]palmitic acid (12.1 Ci/mmol)
and were purchased from either New England Nuclear
or Schwarz/Mann.

3. Results

3.1. The amount of murein-bound lipoprotein in the
mipA mutant

Amino acid composition of the murein sacculus
isolated from the mipA4 mutant revealed that the
mutant cells contained ~10% of the wild-type level
of bound-form lipoprotein (data not shown). Since
the presence of contaminating and non-covalently
linked proteins in the murein sacculus preparation
may lead to an over-estimation, we have measured
the amount of bound-form lipoprotein by a double-
labeling experiment. [**C)Arginine-labeled cell
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envelope from the wild-type cells was mixed with
>10-times the counts of [3*H]arginine-labeled cell
envelope from the mutant cells. The murein sacculus
was isolated from the mixed cell envelope, digested
with lysozyme and analyzed by 10% SDS—poly-
acrylamide gel electrophoresis. The free-form lipo-
protein was immunoprecipitated from the SDS-
soluble envelope proteins with lipoprotein specific
antisera and analyzed by 10% SDS—polyacrylamide
gel electrophoresis. Assuming that the amounts of
free-form lipoprotein are the same in the wild-type
and the mutant cell envelope, the [*H]/[**C]ratio
of the bound-form lipoprotein divided by the
corresponding ratio of the free-form lipoprotein
represents the relative amount of murein-bound lipo-
protein in the mip4 mutant as compared to the
wild-type cells. Based on this calculation, the amount
of bound-form lipoprotein in the mutant cells is
~4% of that in the wild-type cells (table 1).

Table 1
Relative amount of murein lipoprotein in mip4 mutant
E614 as compared to the wild-type strain E613

Fraction [®H]Arginine-labeled mipA mutant
[*C]Arginine-labeled wild-type

Total cell envelope 13.39

SDS-soluble envelope

proteins 15.92

SDS-insoluble murein

sacculi 1.11

Free-form lipoprotein 11.55
Bound-form lipoprotein 0.49

3H/*C of bound form _ bound form/free form (milpA) _

3H/¥C of free form

9 - 0.042

11.55

bound form/free form (mipA*)

3.2. The bound-form lipoprotein is processed

While the free-form unprocessed lipoprotein of the
mutant cells migrates faster than the wild-type lipo-
protein in SDS gel and more slowly in SDS—urea gel,
the bound-form lipoprotein of the mutant co-migrates
with the wild-type bound-form lipoprotein. This
result suggested that the much reduced bound-form
lipoprotein in the mutant has already been processed.

Each prolipoprotein molecule contains 2 isoleucine
and 4 arginine residues, whereas the mature lipoprotein
molecule contains 1 isoleucine and 4 arginine residues
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Table 2
Isoleucine/arginine ratio of the free-form and the bound-
form lipoprotein in the mipA mutant

Fraction [3H]Isoleucine
[**C]Arginine
Free-form lipoprotein 1.46
Bound-form lipoprotein 0.74
Free-form lipoprotein? 1.28
Bound-form lipoprotein? 0.70

2 Lipoproteins were immunoprecipitated with specific
antisera and the immunoprecipitates were analyzed by
SDS—urea polyacrylamide gel electrophoresis [6]
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Fig.1. SDS—urea polyacrylamide gel electrophoresis of
[2-*H]glycerol- and ['*Clarginine-labeled murein-bound

form lipoprotein from the wild-type (upper panel) and
the mipA mutant cells (lower panel).
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[7,8]. The mutant cells were labeled with both
[3HJisoleucine and ['*Clarginine and the [*H]/[**C]
ratios of both the free and bound forms of lipoprotein
were determined. The results are shown in table 2.
The [*H)/[**C]ratio of bound-form lipoprotein is
50% that of the free form. This result strongly suggests
that the murein-bound lipoprotein in the mip4
mutant is already processed.

3.3. The bound-form lipoprotein is modified by the
addition of glycerol and fatty acids
To ascertain whether the murein-bound form of
lipoprotein in the mipA mutant contains covalently
linked lipids, we have labeled the wild-type and
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Fig.2. SDS—urea polyacrylamide gel electrophoresis of
{*H]palmitate- and ['#C]arginine-labeled murein-bound
form lipoprotein from the wild type (upper panel) and the
mipA mutant cells (lower panel).
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mutant cells with [2-*H]glycerol and [**Clarginine
as well as with [*H]palmitate and [**CJarginine. Both
the free and the bound forms of lipoprotein were
analyzed by SDS—urea gel electrophoresis. As can be
seen in fig.1,2, the bound-form lipoprotein in the
mipA mutant was labeled with both [2->H]glycerol
and [*H]palmitate to an extent similar to that found
in the wild-type murein-bound lipoprotein. On the
other hand, the free-form lipoprotein in the mipA
mutant exists mainly as the unmodified prolipoprotein
which undergoes dimerization in the absence of
2-mercaptoethanol (fig.3,4). Alkali treatment (0.1 N
NaOH for 2 hat 37°C) of [*H]palmitate/[**C]arginine
labeled lipoproteins released 36%, 29% and 45% of
[®H]palmitate radioactivities from the wild-type free
form, wild-type bound form and mutant bound form
lipoproteins, respectively, and none from the mutant
free form lipoprotein (data not shown). Total acid
hydrolysis (6 N HCI for 20 h at 105°C) of both wild-
type and mutant bound-form lipoproteins indicated
that the [®H]palmitate and [*CJarginine radio-
activities could be quantitatively recovered in chloro-
form layer and aqueous layer, respectively (data not
shown). These results strongly suggest that the bound-
form lipoprotein in the mipA mutant contains both
ester-linked and amide-linked fatty acids [9].

4, Discussion

We can conclude from these results that processing
and post-translational modifications of the mutant
prolipoprotein has occurred in the mipA mutant to
~4% of that of the wild-type cells, Only the processed
and fully modified lipoprotein is assembled into the
murein sacculus, even though >50% of the uncleaved
prolipoprotein is translocated to the outer membrane
[3]. These results are consistent with the pathway for
the biosynthesis of murein lipoprotein shown in fig.5.
The assembly of lipoprotein into the murein sacculus
requires a prior processing and proper modifications
of the lipoprotein [9,10].

While the bound-form lipoprotein in the mipA
mutant is fully processed and modified, we fail to
detect processed and modified free-form lipoprotein.
This negative result might be simply due to the
presence of a large excess of unprocessed prolipo-
protein. Alternatively, this observation may suggest
that the conversion of free-form lipoprotein to the
murein-bound form may be irreversible.
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Fig.3. SDS--urea polyacrylamide gel electrophoresis of [2-*H jglycerol- and [ Clarginine-labeled free-form lpoproteln from the
wild-type (left panel) and the mip4 mutant cells (right panels). Inmunoprecipitates with lipoprotein specific antibodies were
analyzed by SDS-—-urea gel electrophoresis in the presence (+SH) or absence (—-SH) of 2-mercaptoethanol.
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Fig.4. SDS-—urea polyacrylamide gel electropharesis of [*Hjpaimitate-and {**Clarginine-labeled free-form lipoprotein from the
wild-type {left pancl} and the mip4 mutant cells {right panels). Immunoprecipitates with ipoprotein specific antibodies were
analyzed by SDS —urea gel electrophoresis in the presence (+8H) or absence (—SH) of 2-mercaptogthanol.
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