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Abstract

The presence of fimbrial adhesin F18 is frequently found in enterotoxigenic Escherichia coli
(ETEC) and verotoxigenic E. coli (VTEC) strains responsible for diarrhoea and oedema disease of
weaned pigs. The F18 adhesin occurs in two antigenic variants: F18ab is characteristic of VTEC while
F18ac is more typical for ETEC. F18 encoding plasmids of 17 phenotypically characterized porcine
E. coliisolates (10 ETEC, 6 VTEC and 1 ETEC/VTEC) were tested with a DNA probe for F18 fimbrial
adhesin and with replicon probes for the RepFla, RepFIb and for the RepFIc family of basic replicons.
In all the cases, the F18 probe hybridized to only one plasmid band of size higher than 42 MDa. All F18
plasmids were determined to be unireplicon plasmids belonging to the RepFIc replicon family of the F
incompatibility complex. There was no difference between F18ac plasmids of ETEC and F18ab
plasmids of VTEC strains in terms of replicon type or subtype. However, the size of F18ab plasmids of
the VTEC strains varied between 42 and 98 MDa, in contrast to F18ac plasmids of ETEC strains
(constantly approximately 98 MDa). © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Although Escherichia coli bacteria belongs to the normal intestinal flora of humans and
animals, there are numerous subtypes which can cause severe diarrhoea and other diseases.
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Postweaning diarrthoea (PWD) of piglets is frequently caused by the protein toxins of
porcine enterotoxigenic E.coli (ETEC) strains. These toxins can be heat labile (LT) which
show great similarity with the cholera toxin and/or heat stabile (ST) which are small
peptides. In contrast, oedema disease causing strains belong to the verotoxigenic patho-
type, and their main virulence factor is a Shiga-like toxin (SLT) variant: the SLT-IIv (Gyles,
1994).

Beside toxic peptide molecules the adhesins are the other main enteric virulence factors
of pathogenic E. coli strains. Bertschinger et al. (1990) described the adhesin F107 on the
E. coli strain 107/86 isolated from a case of porcine oedema disease. This adhesin was later
designated F18ab (Rippinger et al., 1995). The other ‘“‘enterotoxigenic’ variant of the F18
described by Nagy et al. (1992) and Salajka et al. (1992) was structurally similar but
antigenically different and later designated as F18ac (Rippinger et al., 1995). F18 fimbriae
can be found as characteristic adhesins on ETEC strains causing PWD and on verotoxi-
genic E. coli (VTEC) strains causing oedema disease in pigs. The F18ab adhesin is typical
for VTEC strains and shows relatively low expression in vivo and in vitro, whereas the
F18ac is characteristic for ETEC strains (Nagy et al., 1997). The F18 genes were found
on plasmids and these genes were often linked with determinants for haemolysin and
enterotoxin production (Wittig et al., 1994; Dean-Nystrom et al., 1993; Mainil and Remy,
unpublished data). Understanding of these plasmids is, however, quite limited.

One way of characterizing bacterial plasmids is to determine their incompatibility group
or to determine the type of their origin of replication (Couturier et al., 1988). Such studies
were performed on enterotoxigenic E. coli isolates from piglets and cattle (Mainil et al.,
1992, 1998), but PWD isolates of porcine ETEC and VTEC producing F18ab or F18ac
have not so far been characterized.

The goals of our studies were: (i) to confirm the plasmid localization of the genes
encoding for the F18ab and F18ac fimbria expression of porcine ETEC and VTEC; (ii) to
identify the replicon types of these F18ab and F18ac plasmids.

2. Materials and methods
2.1. E. coli strains

The 15 Hungarian E. coli strains tested were isolated from fatal cases of porcine PWD or
oedema disease in Hungary, and their phenotype and genotype were described earlier
(Nagy et al., 1997) as ETEC (10 strains), as VTEC (four strains) or ETEC/VTEC (one
strain). Additional VTEC isolates were included as follows: 107/86 (F107 prototype strain
from Switzerland) and 2228 (F107 " strain from A.D. O’Brien, Bethesda, MD). As negative
control, we used the F18~ VTEC strain (2206) and the TG1 K12 strain (Table 1).

Furthermore an sta™, stb™, tetracycline sensitive variant of the ETEC strain E. coli 2173
was produced by removing its enterotoxin and tetracycline resistance plasmid (pTc) while
retaining its F18 plasmid (Nagy et al., unpublished data). This strain was designated as NBI
2/11. An F18% K12 (XL1Blue F18%) E. coli was also produced from the NBI 2/11
derivative of ETEC strain E. coli 2173 by conjugation and included in these studies
(designated as 211F18).



PZs. Fekete et al./Veterinary Microbiology 85 (2002) 275-284 277

Table 1

ETEC and VTEC strains used in the present study

Strain Pathogroup O group sta stb SLT-Ilv  Fl8ac F18ab hly
2134 ETEC 0157 + + - + - +
2152 ETEC 0157 + + - + - +
2188 ETEC 0157 + + - + - +
2171 ETEC 0141 + + — + - +
2172 ETEC 0141 + + - + - +
2155 ETEC 0141 + + + - +
2156 ETEC 0141 + + - + - +
2185 ETEC 0141 + + - + - +
2173 ETEC 0147 + + - + - +
2193 ETEC (0),4 + + — + - +
2203 ETEC/VTEC 0138 + + + + - +
2162 VTEC 0139 - — + - + +
2206 VTEC 0139 - — - - - +
2200 VTEC 0139 — - + - + +
2183 VTEC 0141 - — + - + +
2228 VTEC 0139 - + + - + +
107/86 VTEC 0139 - — + - + +
NBI 2/11 ETEC derivative 0147 - - - + - +
211F18 Transconjugant — - — - + — +
XL1Blue - - - - — - - —
TGl - — - — - — -

2.2. DNA probes and DNA hybridization

Anampliconobtained fromanF107 specific PCRreaction (Imberechtsetal., 1994) wasused
as the F18 specific probe. The replicon probes were DNA fragments derived from the RepFla,
RepFIb, RepFlc basic replicons of plasmids belonging to the F incompatibilty complex and
from the RepFlla and Repl1 subgroups of RepFlc basic replicon (Couturier et al., 1988).

The a-haemolysin specific PCR primers (Hess et al., 1986) were used to produce the
DNA probe for hly-specific hybridization experiments. Both heat-stable enterotoxin (sta
and stb) probes were prepared by specific PCR reactions (Alexa et al., 1997). The DNA
probes were labelled and used for hybridization with plasmids within the gels according to
Maas et al. (1985).

2.3. Phenotypic investigation

Haemolysin production was investigated on blood agar plates containing 5% defibri-
nated sheep blood. F18 fimbriae expression was detected on bacteria grown on Isosensitest
agar (Oxoid) containing 5% defibrinated sheep blood, by slide agglutination assays using
polyclonal absorbed anti-F18 rabbit serum in 1:20 dilution as described (Nagy et al., 1992).

The antibiotic resistance patterns of the strains used in the F18 conjugation experiments
were determined by using test discs containing ampicillin, 10 pg; chloramphenicol, 30 pg;
kanamycin, 30 pg; nalidixic acid, 30 pg; oxytetracycline, 30 pg; streptomycin, 25 pg;
tetracycline, 30 pg.
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2.4. Plasmid DNA isolation

Plasmid DNA was isolated from the E. coli strains by a modified Kado and Liu (1981)
extraction method (Broes et al., 1988). The plasmids were electrophoresed in 0.5% TAE
agarose gels. The gels were dried for prehybridization and for the hybridization with the **P
labelled F18 and the Rep probes. Hybridization was performed directly in the gel as described
(Mainil et al., 1992). Undigested plasmid DNA for southern hybridization studies was
purified according to the diatomaceous earth method (Carter and Milton, 1993). For the F18
hybridiziation, we used the F18~ VTEC strain (2206) and the TG1 K12 strain as negative
controls. In all the other ETEC and VTEC strains the F18 gene was detected earlier (Nagy
etal., 1997). The control plasmids were the F’lacpro (for Fla), the R1drd 19 (for FIb), the P307
(for Flc), the pULB2401 (for FIla) and the pULB2428 (for the Repl 1 type). The four plasmids
(98, 42, 23.9 and 4.6 MDa) of the strain 39R681 served as a molecular weight markers.

2.5. Plasmid transfer by conjugation

The donor (E. coli NBI 2/11) and the recipient (E. coli K12 XL1Blue) bacteria were
grown in 3 ml Luria—Bertani (LB) broth (Maniatis et al., 1989) at 37 °C overnight. The next
day, 100 pl of the donor and 100 ml of the recipient bacterial cultures were mixed on LB
agar plates, which contained no antibiotics and incubated at 37 °C overnight. The bacterial
lawn of the plate was suspended in 5 ml saline. This suspension was diluted and 100 pl
were inoculated onto 5% sheep blood containing agar with 10 pg/ml final concentration of
tetracycline added. After overnight incubation at 37 °C, the haemolytic colonies were
collected, and after the confirmation of the TerX, Hly™ phenotype, one isolate proved to be
suitable for further experiments.

3. Results
3.1. Pathotypes and plasmid population of the strains

From the 17 postweaning E. coli strains five strains expressed F18ab (VTEC strains),
and 11 strains expressed F18ac (ETEC and ETEC/VTEC strains) (Table 1). One strain
(2206) did not express F18 fimbria and did not contain F18 plasmid. All of the 10 ETEC
strains contained two large size (about 100 MDa) plasmids, but in addition numerous
medium and small (approximately 2—10 MDa ) plasmids were also detectable. The VTEC
strains contained mainly high molecular weight (>20 MDa) plasmids (Fig. 1).

3.2. Identification of the F18 adhesin plasmids by probe hybridization

The F18 adhesin encoding plasmids were detected by hybridization in agarose gels with
the labelled PCR product derived from the E. coli 107/86 by F18 specific oligonucleotide
primers. In all F18" phenotype strains, we found the F18 gene, localized on one plasmid of
>42 MDa (Fig. 1). The molecular weights of the Fl18ac encoding plasmids from the 10
ETEC strains proved to be similar (approximately 98 MDa). However, the sizes of the
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Fig. 1. Ethidium bromide stained TAE agarose (0.5%) gel showing undigested plasmids of porcine postweaning
ETEC (2134-2193), ETEC/VTEC (2203) and VTEC (2162-107/86) strains and the results of DNA
hybridization performed in the gel with *?P labelled F18 probe, showing specific labelling of one large
plasmid of uniform size in ETEC strains and of plasmids of various sizes in VTEC strains.

F18ab plasmid in five VTEC isolates (expressing F18ab) varied (ranged between 42 and
98 MDa) (Fig. 1).

3.3. Replicon typing of the FI8 plasmids

No plasmids of the tested strains reacted with the Fla and FIb replicon probes (Table 2).
The F18 plasmids hybridized with the probes belonging to the RepFIc family (Figs. 24,
and Table 2). The subgroup distribution of the Flc type of the 16 plasmids that hybridized
with the F18 probes was as follows: Flc (1/16), FIc/FIla (10/16), FIc/I1 (1/16), Flc/FIla/I1
(4/16). There was no difference between F18ab and F18ac plasmids of ETEC and/or VTEC
strains in terms of replicon type or subtype (subgroup).

3.4. Characterization of the Fil8ac encoding plasmid of the E. coli 2173
and its K12 transconjugant

A tetracycline-sensitive F18ac-positive, haemolytic donor strain (NB 2/11) was mated
with a tetracycline resistant no-haemolytic recipient strain (XL1Blue). The mating mixture
was plated on blood agar containing tetracycline and a haemolytic colony (211F18) and
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Table 2
Results of F18 hybridization and replicon typing of the high molecular weight plasmids
Strain Number of  Position of the Rep type RepFla  RepFIb  RepFlc  RepFlla Repll
plasmids F18 plasmid
2134 4 24 Flc/Flla/ll - - 1,2,3 1,2,3 1,2°
2152 3 2 Flc/Flla/ll - - 1,2,3 1,2,3 1,2
2188 3 2 Flc/Flla - - 1,2,3 1,2,3 1
2171 2 1 Flc/Flla - - 1 1 -
2172 3 1 Flc/Flla - - 1 1 1
2155 3 2 Flc/FIla - - 2 2 -
2156 3 2 Flc/Flla - - 2 2 -
2185 2 2 Flc/Flla/l1 - - 2 2 2
2173 3 1 Flc/Flla/ll - - 1 1 1,2
2193 3 1 Flc/11 - - 1 1 1
2203 2 1 Flc/Flla - - 1 1 -
2162 1 1 Flc/Flla - - 1 1 -
2206 1 - - - - - -
2200 3 2 Flc/Flla - - 1,2 2 1
2183 2 1 FIc/Flla - - 1 1 -
2228 1 1 Flc - - 1 - -
107/86 3 3 FIc/Flla - - 2,3 2,3 -

@ Position(s) of the plasmid(s) downwards from the well.
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Fig. 2. Same plasmids as in Fig. 1 and their DNA hybridization analysis with replicon probe Flc showing
labelling of the plasmids of the tested ETEC and VTEC strains. Clear labelling of the positive control P307 is
seen (for Flc).
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Fig. 3. Same plasmids as in Fig. 1 and their DNA hybridization analysis with replicon probe FIla (subtype of
Flc) showing labelling of the plasmids of the tested ETEC and VTEC strains. Clear labelling of the the positive
control pULB2401 is seen (for Flla).

shown to be a derivative of XL.1Blue. a-Haemolysin- and F18-specific probes were used to
show that the hly gene was localized on the plasmid coding for F18ac. Strain 211F18
expressed F18ac fimbriae.

4. Discussion

Numerous genes encoding virulence factors (toxins and fimbriae) in pathogenic E. coli
are localized on uni- or multireplicon plasmids which belong to the Flc replicon family of
the F incompatibility complex (Mainil et al., 1992, 1998). Most of fimbrial adhesins of
ETEC, and some of the F18 fimbriae of porcine VTEC, are produced by genes on plasmids,
but so far only a limited information is available about these plasmids. Recently, the
replication origins of enterotoxin and fimbrial adhesin encoding plasmids of porcine ETEC
were determined (Mainil et al., 1998). These researchers also found that the virulence
plasmids mainly belong to the Flc group of the F complex beside FIb (which was also
frequent). Interestingly, in our studies the Flc unireplicon type of origin was characteristic
of plasmids encoding the adhesins F18ab and F18ac. This in contrast with the findings
of Mainil et al. (1998) for ETEC strains from suckling piglets where about half of the
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Fig. 4. Same plasmids as in Fig. 1 and their DNA hybridization analysis with replicon probe I1 (subtype of Flc)
showing labelling of the plasmids of the tested ETEC and VTEC strains. Clear labelling for the positive control
pULB2428 is seen (for I1).

plasmids studied were bireplicons (FIb and FIc) and some were of trireplicons (Fla, FIb and
Flc).

F18 fimbrial genes were analysed originally from the total genome of the reference strain
E. coli F107, because no horizontal transfer of the fimbrial operon was detectable
(Imberechts et al., 1992). Indeed, only a few reports about the plasmid localization of
the F18 genes are available (Dean-Nystrom et al., 1993; Wittig et al., 1994; Mainil et al.,
2002). No experiments had been performed to determine the replication origin of the
plasmids bearing the F18ab or F18ac adhesin genes. Here, we have confirmed the plasmid
localization of the F18ab and F18ac operons and determined the type of replication origin
of their plasmids.

In our studies most of the strains harboured three high molecular weight plasmids
(Table 2). In all the cases, only one of the large (higher than 23.9 MDa) plasmid bands
hybridized with the radioactive F18-specific PCR product prepared from the 107/86 strain,
confirming the plasmid localization of this virulence gene in both ETEC and VTEC strains.
The size of the F18ab and F18ac plasmids seemed to be different between ETEC and
VTEC strains. In ETEC strains, we found the F18ac gene on similar sized (about 98 MDa)
plasmids, suggesting the horizontal spread of these adhesin plasmids between different
ETEC isolates. In contrast, the size of the F18ab plasmids in the VTEC strains showed
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considerable variation (42-98 MDa), which could indicate that the F18ab operon could be
randomly transmitted into the various indigenous plasmids of VTEC strains. These aspects
should be further investigated. In any case, such replicon typing could be helpful in limited
molecular epidemiologic surveys and in assessing the risks of recontamination of live oral
nonpathogenic E. coli vaccine strains with virulence plasmids.

The ETEC virulence genes (for enterotoxins and adhesins) are often encoded in various
combinations on the same high molecular weight plasmid (Mainil et al., 1992, 1998; Gyles,
1994; Smyth et al., 1994). In the present conjugation experiments, we found that the genes
for adhesin (F18ac) and for haemolysin production are linked to the same large (98 MDa)
self-transmissible plasmid.
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