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1. Infroduciion

The conjugative antibiotic resistance plasmid
rRMS8 belongs to the N incompatibility group of
plasmids which specities sensitivity to the filamentous
bacteriophage e when present in Fscherichia coli
and some other gram-negative bacterial hosts [1,2].
Attermnptis to identify 2 iRM98-specified pilus in an
E. cofi K12 host harbouring this plasmid by electron
microscopy nave failed to reveal such an appendage
on the cell surface [3]. We have therefore examined
this isolate and a strain of £. cofi B/r which has
received the plasmid from it, for changes in integrai
membrane proteins in the hope that this would lead
to the identification of any membrane proteins asso-
ciated with plasmid transfer and/or the provision of
IKe artachment sites. On the contrary, as described
here, the presence of the plasmid is assaciated with
major alterations 1o a host envelope proiein. The
evidence presented indicates that the presence of
tRMI8 or other group N plasmids in the B/fr host is
associaied with a variable decrease in the level of a
major ouvter membrane protein mol. wt 36 500
(36.5 K protein, designated as protein b [4] or Iz [51)
including its virtual elimination in several isolates.
These changes do noi prevent the expression of the
plasmid functions of phage sensitivity or gene transfer
[61. The 363 K protein which has keen reporied to
provide an importani channel through the envelope
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for the uptake of several metabolites §7- 2} is never
theless not affected when the plasmid is present in
E. coli K12 strains [10}].

2. Materials and methods

3.1. Strains

Bacterial strains (tzble 1) were mazintained on
nittdent L agar suppiemented as required with
ampiciilin {Ap) or tetracycline (Tc) at 30 ug/mt {3].

2.2. Prepararion of membranes

Envelopes or membranes were obtained from loga-
rithmic phase cultures foliowing sorication of whole
cells or spheroplasted cells, respectively. Membianes
from spheroplasied cells were fractionaied on dis-
continuous sucrose gradienis 16,12]. Wherzsas 4 {rac-
tions of densities 1.14, 1.17 (inner membranes}, 1.2
and 1.24 (outer membranes) are obtained from the
LEB18 host, in replicate experiments, the most.
band in the case of LEB5S00 (rRMI100) carrving a
derivative of tRMI8 (see table I for derivation of all
strains) is either missing or considerably diminished
and the 1.17 density fraction is inflated. This efiect
is similar to that reported in the case of lipopuly-
saccharide-deficient mutants of Salmonells tvphi-
muerinm and £, coli [13—15] and in £ coli sirains
which specifically 1zck one or mare major outer
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membrane prateins {16] . The identity of inner and
outer membrane fractions in this study was con-
firmned by analysis of their polypeptide content on
sodium dodecyl sulfate (SDS)—polyaciylamide gel
electrophoresis [17] and agrees well with previous
studies [6,10,12,14].

3. Results

Gel analysis of total envelopes from £. cofi B/r
LEB18 and 5 independently isolated rRIMS8-bearing
transconjuganis obtained by ampiciliin (Ap) selec-
tion, using an £. cofi K12 plasmid donaor, are com-
pared in fig.1. The 36.5 K protein,a major constituent
of the outer niemi rane fraction [13,14,16,20] and
suggested to constitute hydrophilic channels through
the outer membrane [4,8] is virtvally absent in the
envelones of LEBS00 (rRM100), LEB501 (rRMO8)
and LEBS02 (:RMI8); it is considerably diminished in
LEB303 (:RM98) and present in wild type amounts
in LEB1 8 (fRM98). In conirast, na changes to the
36.5 K protein have detected in £. cofi K12 hosts
beazing iRM98 [10] . In the case of LEBS0D (rRM100)
at least, no alterations in the inner membiane proieins
were detected [6] and moreover we failed to detect
significant levels of the 36.5 X proiein in the cyto-
plasmic fraction of this sirain. A slight enhancement
of one or more proteins corresponding to an app.
mol. wi 76 K is seen only in LEB500 (rRMI0C). This
may reflect either a non-specific increase in a host
envelope protein or an effect related to the loss
of several plasmid-determinad characters, including
transfer functions, observed in this particular isalaic
{see table 1). In another transconjugant LEB301
(+RM98), a band corresponding to an apparent molec-
ular weight of 37.5 K is evident. This protein is
absent in the plasmidiess host and moat likely repre-
sents 2 modified form of the 36.5 K protein. )

When iotal envelopes rrom E. cos Bfr bearing the
[ and F plasmids R64drd11 and F'lac respectively are
analysed, no deteciable alterations in envelope pro-
teins, including the 36.5 K protein (fig. ib slots iii and
iv)} are observed 2lihough two other N plasmids rR48
and rR269 alsce give rise to clones lacking the protein
{6 . Thus, the loss of the protein associated with the
prosence of TfRM98 in £, coli B/r may be specific to
ths and related plasmids.
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The properties of strain LEBSGO (rRMI00) indi-
cate that diffusible products from the T¢ and can-
jugal transfer (Tra) regions of the plasmid cannot be
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Fig. t{a,b). SDS—PAGE analysis of iotal envelopes from

E. coli Bfs LEB18 and different transconjugants carrying the
plasmid rRMI8. Racteria were grown as described [6). Pro-
tein concentrations were estimated from A, and A,., values
{171. The electrophotesis procedure, gel constituents and
buffers were as described [18]. & Bio Rad slab-gel system
(Madel 220) was operated at 100 V for 4-35 h, Gel slabs
were 1.5 mm thick; the stacking and sepzrating gels wers

1.6 cm and 9.5 cm high, respectively. Gels were stained with
Coomassie brilliant blue and destained Ly 2 medification of
the method [19]. Eavelope samples containing 30 pg protein
in about 20 gl sample buffer weore boiled for 5 min befors
usc. Protein standards {2 gz each) were similarly treated. The
pcivacrylamide conceniration of the separating gel was 9%
(wfv).

Left (2): (i) LEBI & (plasmid {Tce wild iype); (i) LEB500Q
(zRM 1090}, transconjugant of LEBLB Iacking the 36.5 K
protein and carrying a transfer defective iRMI8; (iii—v)
LEBS10 (fRM928), LEBZ02 GRM%4), LEB5G3 (tRM%8),
plasmid bearing derivatives of LEB18 with various levals of
the 36.5 K protein; {vi} LER18 (rRM28), a transconjugant
of LEB18 with no detectable change in the 36.5 K protelnn
Right (b): (i) LEB18; {ii} LEBS00 (tRM100); (i} LIBL8
(£64.11), a derivative of LEBI8 carrying the R-{actor

164 ; (iv) LEB18 (pF'lac) a derivative of LEB18 carrying the
F.prime factor Flze.
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responsible for the observed envelope defects since
these are apparently absent or not expressed in this
transconjugant {see iable 1}. The absence of these
genes is in fact confirmed when plasmid DNA isolated
(as in {21] ) from LEBS00Q (RN 100 is used to trans-
form £ coli K12 strain JE2571 for Ap resistance {as
in [22]). These transformants are Tc-sensitive, {ail
to transfer Ap by conjugation, and have noomal levels
ofthe 36.5 K outer membrane protein, demonstrating
further the specific nature of the host—plasmid inter-
action which occurs in £, coli B/r. In addition, when
a Tc-sensitive sepregant of rfRMO98 is transferred from
a K12 donor to LEB18, most of the transconjugants
are siilt fouad to lack the 36.5 K protein; the evi-
dence therefore rules cut a role for the Te region in
atfecting this protein.

¥f the elimination of the 36.5 X protein is direcily
due io a plasmid gene product, strains ‘cured’ of the
plasmid would be expected to have wild type levels
of this component. The isolation of strains cured of
tRMO8, rR48 or tR269 and the resulis of gel analysis
of their toisl envelopes are described in table 2. The
protein is Huliy or partially restored in some cured iso-
iates of the strains bearing rR48 and 1R269, wespec-
tively, but not in any of 4 strains cured of TRM98.
These contradictory results are difficult to interpret
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but, in the latter case, they indicate some permanent
change to the host™s chromosome.

The effects on the 36.5 K protein in different
plasmid transconjugants from the cross between K12
(rRMI8} and £. cofi By, although varied, appear to
be quite siable. Therefore attempts were made (o
examine the inheritability of the varied protein
changes observed in different rRM98 bearing trans-
conjugants by secondary transfer of the plasmids to
the phape T6-resistant derivative of LEB1S. Traas-
conjugants were selected from mating mixtures for
inheritance of Ap resistance. Transconjuganis were
cbtained at a fraquency of about 1/1000 recipients.
The resulés in fig.2 show that in 7 of 12 secondary
transconjugants examined from the fouy crosses,
the 36.5 K protein is reduced or eliminaied whilst
wild type levels are observed in the remainder.
Strikingly, however, there is no particular corzelation
between donor and transconjugant with regard to the
status of the 36.5 K protein (see fig.1a for donox
envelope profiles). This experiment, which involves
transfer between E. colf Bfr sirains, rules cut any
role for the host’s DNA resirictive system in modifica-
iion of the incoming piasmid which might have
affected the initial crosses between £. cofi K12 and
B/r.

Table 2
Levels of 36.5 K membrane protein in plasimid-‘cuzed’ derivatives

Strain® Curing procedure ‘Cured® isolates 36.5 K protein
tested

LEBSO0 GRMI100) Maintenance on H abse.at
drugless medinm

LEBS(O2 (tRM9E8) Chioropromazine 1 shgent
10 pg/mi {23}

LEBSO7 (rBMO2) S Bromodeoxyuridine [24] 2 sbsent

LEB505 (rR48)° Mainienance on 1 fuliy
drugless medium © 1estored

LEBS{6 (1R269,0 Maintenance on ! absent
drugless medinm

LEB3Oa (rRESQ)b Chiuropromanme 2 sHzhily
1 pyfmi {22 increased

2 A straing fisted in this column lack the 36.5 ¥ outer membrans protein 18]
brR48 and rtR269 are plasmids of the N incompatibility grour from 2 different sources

(see table 1) -
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Fig.2. Analyses of total envelopes of LEB18 {phage T6-
resistant) and secondasy transcenjugants from crosses with
the plasmid-bearing LEB18 donors analysed in Gg.1. (i)
L.EB18 {T6%], plasmid-{ree kost; (ii-—vi) 5 traasconjugant
derivatives of LEB18 after crossing with LEB501 (+RM9E),

a strain in which the 36.5 K protein has a reduced mobility;
(vii,viii) 2 LERIE transconjugants after crossing with
LEB302 GRM28) which lacks the 36.5 K protein; (ix,x}

2 LEB1SB transconjugants after a cross with LEB303 cRM238)
which has reduced leveis of the 36.5 K protein; (xi—xiii)

3 transconjuganis from a cross with LEB18 (¢RM98) a Gonor
strain with normal levels of 36.5 K protein.

4. Biscussiomn

In order to expiain the apparent effect of the
rBM98 plasmid on the 36.5 K protein in E. coli B/r
we have considered three alternative hypotheses:

1. That rare (mutant) recipient cells with altered
levels of the 36.5 K protein are able to receive or
to maintain the plasmid more efficienily thas.
are wild type bacteria.

2. A diffusible product determined by the plasmid
directly affects the synthesis and/or the assembly
of the protein into the ouier membrans.
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3. That infegration of the whole plasmid oz the
transposition of a specific region of the plasinid
{i.e., a transposon} into the host chromosame
might block the nommal incorporation of ihe pro-
tein into the envelope.

The continued absence of the 36.5 K orotein in at
least some strains cured of the plasmid appears to rule
out the action of a diffusible plasmid product. The
direct demonstration of the prescuce of plasimnid DNA
in at least some strains lacking the protein appears to
rule out integration of th= plasmid into 2 chromo-
somal gene controlling the appearance of the protein
in the envelope. The insertion of a specific small
fragment of DNA cor transposon §25] derived from
the plasmid into various sites witliin a specific chro-
mosomal gene could explain many of thz observa-
tions. However, the resuits of the secondary transier
experiments described in fig.2 could then only be
explained if it were further postulated that a copy
of the transposon sequence was inserted, leaving the
original sequence in the plasmid molecule. The most
economical hypothesis is that rare variants within the
recipient population are best able fo receive and to
replicaie the plasmid and are therefore either selected
initially or eventually outgrow any clones with
normal levels of the 36.5 K protein. In support of
this possibility we find (unpublished data)} that when
a Bfr strain, which lacks the 356.5 K protsin {after
infeczion with followed by curing of the rfRM98
plasmid}, is used in crosses with an rRM98 donor,
the numober of tRM9E iransconjugants obiained
ingreases 20-50-fold compared to a wild type recip-
ient which has normal levels of the 36.5 K proein.

In arder to distinguish further betwezen these
three hypotheses, the genetic basis of the toss of this
outer membrane protein is being studied in strains of
. coli Blr cured of the plasmid.
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