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Colicin V activity is not essential to ColV plasmid-mediated virulence enhance-
ment in Escherichia coli.

Colicin V is genetically determined by various
types of plasmids (ColV plasmids) that occur in
strains of Escherichia coli. ColV plasmids vary
in their molecular mass and ability to act as
transfer factors (1, 2, 7, 12; personal observa-
tions). Smith and Huggins (13) observed that
there is significant association in E. coli between
the possession of a ColV plasmid and the ability
to cause septicemia, particularly in domestic an-
imals such as cattle and chickens. Smith (12)
further observed that the virulence of several
strains of E. coli, with respect to their ability to
cause sepsis in laboratory animals, was increased
when ColV plasmids were introduced and de-
creased when ColV plasmids were cured. These
observations have been confirmed by Ozanne et
al. (10), who have also reported that a small,
dialyzable protein, identified as colicin V, ex-
hibited inhibitory activity against macrophages
(11).
The possibility that colicin V may act to en-

hance the virulence of strains of E. coli with
respect to their ability to cause sepsis in certain
warm-blooded animals was strongly indicated.
The purpose of the present investigation was to
determine whether colicin V activity was nec-
essary for the enhancement of virulence by
strains of E. coli that carry ColV plasmids. The
basic approach is to compare the virulence of
colicin V-producing E. coli with isogenic strains
that carry ColV plasmids in which the genes for
colicin V synthesis have been inactivated. The
colicin V-negative mutants were obtained by
selecting for transposon-mediated mutations (3-
6).

Bacterial strains used were E. coli UB1636
and E. coli B188ColV and its derivatives (Table

t Present address: Department of Microbiology, School of
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1). E. coli B188ColV carries a non-self-transfer-
able ColV plasmid that is known to contain
genes encoding for virulence enhancement (13).
E. coli UB1636 (isolated and kindly provided by
Martin Robinson, Sandoz Forschungsinstitut,
Vienna, Austria) carries the plasmid pMR5,
which is a derivative ofRP4 with a temperature-
sensitive mutation in a replication gene. Like
RP4, pMR5 contains the transposition element
Tnl. When strains of E. coli that carry pMR5
are grown at 420C in the presence of ampicillin
or carbenicillin, replication ofpMR5 is inhibited,
thus favoring the growth of cells in which Tnl
has transposed into other deoxyribonucleic acid
molecules. Transposition of Tnl from pMR5
into other plasmids has been observed to occur
approximately 1,000 times more frequently than
do insertions of Tnl into the chromosome (M.
Robinson, personal communication).

Strains of E. coli containing Tnl inserted into
ColV plasmid deoxyribonucleic acid were con-
structed as follows. Transfer of pMR5 into a
ColV plasmid-containing strain of E. coli was
achieved by mating E. coli UB1636 (pMR5)
with B188ColV on a Trypticase soy agar (BBL
Microbiology Systems) plate overnight at 320C.
Transconjugants were selected by inoculating
brain heart infusion (Difco Laboratories) con-
taining nalidixic acid (30 ,tg/ml), kanamycin (30
,ug/ml), and ampicillin (30 ,ug/ml) with bacteria
scraped from the mating plate and incubating
for 24 h at 320C, followed by transfer to Mac-
Conkey agar plates containing the same concen-
trations of antibiotics. A mid-log-phase broth
culture of the transconjugant strain E. coli
SF1000 (ColV, pMR5) was then incubated at
420C to select cells in which transpositions of
Tnl from pMR5 into the ColV plasmid occurred.
After 2 h, dilutions of the broth culture were
spread onto MacConkey agar plates containing
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nalidixic acid (30 jg/ml) and carbenicillin (250
[Lg/ml) and incubated overnight at 42°C.
Two hundred clones were screened for sensi-

tivity to kanamycin and the ability to produce
colicin V. Colicin V production was detected by
overlaying Trypticase soy agar plates that were

spot inoculated with clones derived from E. coli
SF1000 with Trypticase soy agar containing E.
coli C600 and observing which clones inhibited
the growth of E. coli C600 in the overlay. The
spot-inoculated plates were incubated at 37°C
overnight and treated with chloroform before
applying the Trypticase soy agar overlay con-

taining E. coli C600. Sixty-three percent of the
clones were sensitive to kanamycin and resistant
to carbenicillin, indicating the loss ofpMR5 and
retention of Tnl. Approximately 12% of the
clones presumed to carry Tnl insertions did not
produce detectable levels of ColV activity.

Five of the putative colicin V-negative, ColV:
:Tnl-containing strains derived from E. coli
SF1000 were screened for the presence of plas-
mid deoxyribonucleic acid as described by Mey-
ers et al. (8). All five clones still carry plasmids
of similar molecular mass (approximately 50 x

106 daltons) to the ColV plasmid, indicating that
inactivation of colicin V was caused by muta-
tions mediated by Tnl insertion events. Restric-
tion enzyme analyses (manuscript in prepara-
tion) of plasmid deoxyribonucleic acid from
these clones and from the parental strain (E.
coli B188ColV) demonstrated that Tnl was in-
serted into the ColV plasmid and that at least
three of the five plasmids analyzed have slightly
different Tnl insertion sites. The five strains
determined to be colicin V negative due to Tnl-
mediated insertional inactivation have been des-

ignated E. coli SF1001 through SF1005, and
their ColV::Tnl plasmids have been designated
pBQ1 through pBQ5, respectively (Table 1).
The virulence of the colicin V-negative mu-

tants and related strains was tested by observing
the number of Swiss-Webster adult mice killed
by injections of 0.1-ml portions of various cell
concentrations administered intraperitoneally
(Table 2). The data clearly show that those
strains carrying the ColV plasmid but lacking
colicin V activity (E. coli SF1001 through
SF1005) are still more virulent than E. coli B188,
which lacks the ColV plasmid. These colicin V-
negative derivatives also produced mortality
rates in mice that did not differ significantly
from mortality rates produced by the parental
strains E. coli B188ColV and E. coli SF1000 or
by the colicin V-positive derivative strains of E.

TABLE 2. Lethality of E. coli injected into adult
Swiss- Webster mice

Viable Mortality Mortality
Colicin cells inoc- at 18 hI

Strain V pro- ulated in- after In- after 18 h
duction traperito- jet)oM

neally section

B188 - 6 x 107 1/7 14.5
B188ColV + 6 x 107 6/6 100
SF1000 + 6 x 107 6/6 100
SF1001 - 6 x 107 6/6 100
B188 - 2 x 107 0/7 0
B188ColV - 2 x 107 7/8 87.5
SF1000 + 2 x 107 6/8 75
SF1001 - 2 x 107 7/8 87.5
SF1002 - 2 x 107 8/8 100
SF1003 - 2 x 107 8/8 100
SF1004 - 2 x 107 7/8 75
SF1005 - 2 x 107 7/8 87.5
B188ColV(Tnl) + 2 x 107 26/32 81

TABLE 1. Strains of E. coli

Derived Relevant .aTransdPlasoidStramsfo:nris Plasmida position poets"Sourcesfrom: traits element properties

UB1636 lac-, Smr pMR5 Tnl Rep(ts), Apr, Kmr M. Robinson
Tcr, Tra+

B188ColV Natural Nalr ColV Cva+, Tra- H. W. Smith
isolate

B188 B188ColV Nalr H. W. Smith
SF1000 B188ColV Nalr ColV Cva+, Tra- This study

pMR5 Tnl Rep(ts), Apr, Km'
Tcr, Tra+

SF1001 SF1000 Nair pBQ1 Tnl Cva-, Apr, Tra- This study
SF1002 SF1000 Nair pBQ2 Tnl Cva-, Apr, Tra- This study
SF1003 SF1000 Nalr pBQ3 Tnl Cva-, Apr, Tra- This study
SF1004 SF1000 Nair pBQ4 Tnl Cva-, Ap', Tra- This study
SF1005 SF1000 Nair pBQ5 Tnl Cva-, Apr, Tra- This study
B188ColV(Tnl)b SF1000 Nair ColV(Tnl)b Tnl Cva+, Apr, Tra- This study

a Plasmids and their phenotypic traits were named following the recommendations of Novick et al. (9).
b B188ColV(Tnl) is not a single strain, but four randomly selected clones, derived from E. coli SF1000, that

produce colicin V and are presumed to carry Tnl insertions within their ColV plasmids.
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coli SF1000 that possess Tnl insertions into the
ColV plasmid which have no observable effect
on colicin synthesis. The minimum number of
cells required to kill mice (5 x 105 cells) is the
same for E. coli B188ColV and E. coli SF1002,
indicating that loss of colicin activity does not
necessarily result in diminished virulence.
These data clearly indicate that colicin V ac-

tivity itself is not essential for virulence enhance-
ment of E. coli. However, since the virulence
enhancement trait is associated with ColV plas-
mids of different molecular masses and transfer
characteristics, it is still probable that the ge-
netic determinants for virulence enhancement
are closely linked to colicin V-related genes.
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