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Twenty-one IncFIV-group plasmids conferring tnmethoprim resistance in Escherichia coli isolates from
humans and pigs were examined. Three evolutionary lines of plasmids were identified on the basis of restriction
enzyme analysis. One was found exclusively in human isolates and another was found in pig isolates, while the
third line consisted of plasniids from both sources. All R plasmids readlly transferred to laboratory strains, and
evidence was found for transfer to other biotypes of E. coli in the environment. The Tp" genes from
representatives of the plasmid lines were cloned and compared by restriction analysis and by hybridization with
two characterized Tp® dihydrofolate reductase genes. The sequences flanking the Tp® genes were different for
each line, but all showed homology with the type 2 dihydrofolate reductase gene, irrespective of whether they
were of human or animal origin. There was no hybridization to the type 1 gene. The remarkable degree of
similarity among plasmlds of the third line provided clear evidence of the exchange of plasmid-bearing E. coli

between humaris and pigs.

In a previous study (20) of trimethoprim-resistant isolates
irom humans and intensively reared pigs, the R plasmids
conferring trimethoprim resistance (Tp") were either 50 to 66
kilobases (kb) in size or greater than 120 kb. The smaller
plasmids belonged to the IncN group, while the larger
plasmids were incompatible with IncFIV, a relatively rare
group (6). The finding of similar proportions of IncFIV and
IncN trimethoprim R plasmids in the bacterial flora of both
humans and pigs suggested that there was a common pool of
plasmids in the two populations. Recently, Wise et al. (23)
also found that there was a common pool of R plasmids with

verlapping resistance patterns and incompatibility proper-
uies in isolates from humans and animals in central England.

The purpose of this investigation was to characterize
further the group of IncFIV trimethoprim R plasmids from
human and porcine isolates with the view of demonstrating
evolutionary trends. Similar research has been conducted by
Tschipe and Tietze (22) on R plasmids incompatible with the
IncK plasmid R387, by Jgrgensen et al. (14) on chloramphen-
icol-resistant IncFII plasmids, and by Konarska-Kozlowska
and Iyer (15) on a group of IncN plasmxds Results of these
studies found that many of the restriction enzyme fragments
ccrerated were commor and that plasmid functions were
rciained on restriction fragments of the same size. Our
results suggest that there has been considerable evolution
among the IncF1V plasmids and that a Tp" Escherichia coli
has transferred from humans to pigs (or vice versa) and
successfully colonized both ecosystems.

MATERIALS AND METHODS

Bacterial strains and plasmids. Standard bacterial strains
and plasmids used in this study are described in Table 1. The
kuman isolates were provided by the Combined Clinical
Microbiology Service, Sir Charles Gairdner Hospital, Perth,
Western Australia. The porcine isolates were obtained as
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normal flora from the feces of animals held at the Government
Pig Research Station, located 50 km from the hospital. Strain
identification, initial transfer, and incompatibility testing of
trimethoprim R plasmids have been reported previously (20).
Tables 2 and 3 show data on the hunian and pig IncFIV
trimethoprim R plasmids and the strains from which they
were isolated.

Resistance to antimicrobial agents. Resistance to the fol-
lowing antimicrobial agents was determined by replica plat-
ing onto MacConkey agar incorporating the agent at the
following concentrations (in micrograms per milliliter):
ampicillin, 25; tetracycline, 25, 12.5, 6.25, and 3.12; chlor-
amphenicol, 25; kanamycin, 25; streptomycin, 25 and 12.5;
nalidixic acid, 50. Resistance to sulfafurazole at 250 and 125
pg/ml and trimethoprim at 20 pg/ml was determined on
Sensitest agar (CM261; Oxoid Ltd., London, England).
Resistance to mercuric ions was determined on CLED agar
(CM301; Oxoid) containing 10™* M HgCl,.

Plasmid DNA preparation. Plasmid DNA was prepared by
the method of Birnboim and Doly (2) and punﬁed by
ultracentrifugation in a cesium chloride gradient in the
presence of ethidium bromide.

Restriction enzyme analysis. Restriction enzymes were
used as recommended by the manufacturers (Bethesda Re-
search Laboratories, Inc., Gaithersburg, Md.). Agarose gel
electrophoresis (AGE) and DNA restriction fragment detec-
tion were carried out by standard procedures (18). The sizes
of lambda restriction fragments were obtained from Daniels
et al. (5).

Cloning of the Tp" gene. Plasmid DNA from representa-
tives of the various sets of trimethoprim R plasmids was
digested to completion with EcoRI and ligated to pACYC184
digested with EcoRI. Ligated DNA mixtures were used to
transform E. coli JP3438 to Tp'. Transformation of plasmid
DNA was done by the method described by Kushner (16).

Preparation of DNA probes. The type 1 (pFE506) and type
2 (pFE420) dihydrofolate reductase (DHFR) probes used in
this study have been described previously in detail (9).
Plasmid pFE506 is a ColEl::Tn7 derivative containing the
replication origin of ColE1 and 4.1 kb of Tn7 DNA which
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TABLE 1. Standard E. coli strains and plasmids

spll?s’:ﬁ‘ér Characteristics Reference
E. coli
JP99%0 argE3 his-4 ilvC7 proA2 thi-1 10
supF44 galK2 \"nalA368
JP3438 thr-1 leu-1 lacYl gal351 7 (recA derivative
supE44 tonA2 hsdR4 of JP777)
rpoB364 recA
Plasmid
pFES506 Tp" type 1 DHFR gene 9
(ColE1::Tn7) g
pFE420 Tp' type 2 DHFR gene (R67, 9
EcoRI-BamHI fragment in
pSC101)
pACYCl184 Cm' Tc' 3

includes the trimethoprim resistance determinant. pFE420
consists of a 2.4-kb EcoRI-BamHI fragment of R67, which
contains the type 2 DHFR gene, cloned into pSC101. In each
case the entire plasmid was labeled with biotinylated dUTP
with the Enzo Bio-Probe nick translation kit (Enzo Biochem,
Inc.). :
DNA-DNA hybridizations. DNA homology between biotin-
labeled probes containing the type 1 and type 2 DHFR genes
“and the cloned Tp" genes from the IncFIV plasmids was
detected by a modification of the technique of Southern (21).
Restriction fragments of cloned Tp" genes were separated by
AGE and transferred electrophoretically to the hybridization
membrane (Gene Screen Plus; New England Nuclear Corp.,
Boston, Mass.). Hybridization was performed for 16 to 24 h
at 65°C in 1% sodium dodecyl sulfate-1 M sodium
chloride-10% dextran sulfate-100 pg of salmon sperm DNA
per ml with a probe concentration of 5 ng/ml. The membrane
was washed twice, for 5 min with 0.3 M sodium chlo-
ride-0.03 M sodium citrate (2x SSC) at room temperature,
for 30 min with 2x SSC-1% sodium dodecyl sulfate at 65°C,
and for 30 min with 0.1x SSC at room temperature. Hybrid-
ization was detected by using the Enzo Bio-Probe
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streptavidin and biotinylated acid phosphatase system -
(Detek 1-ACP; Enzo Biochem).

RESULTS

Plasmid collection from humans and pigs. The plasmids
listed in Tables 2 and 3 are a selection of those recovered
from human and porcine isolates during a 15-month survey
and are considered to be representative of those circulating
at that time. Based on antibiotic resistance patterns and
transfer frequencies, the R plasmids were categorized into
seven sets. The human plasmids comprised sets A, B, C, and
D; and the porcine plasmids comprised sets D', E, and F.
Plasmids with the simplest antibiotic resistance pattern were
allocated to set A which included the sulfafurazole and
trimethoprim resistance plasmids pHTB1 and pHTB3. The
plasmids pHTB19, pHTB20, and pHTBS53 were included in
set B. Some members of this set conferred very low levels of
resistance to tetracycline. For example the MICs for tetra-
cycline conferred by plasmids pHTB19 and pHTB20 were
3.12 and 6.25 pg/ml, respectively. Both of these plasmids
were recovered from the same isolate. The host to which
these plasmids were transferred had an MIC to tetracycline
of less than 1 pg/ml. The set C plasmids pHTB14, pHTB21,
and pHTB23 all conferred resistance to streptomycin,
sulfafurazole, tetracycline, and trimethoprim, although
pHTB21 exhibited lower levels of resistance to streptomycin
and sulfafurazole. Set D comprised the chloramphenicol,
sulfafurazole, tetracycline, trimethoprim, and mercuric ion
resistance plasmids pHTBS8, pHTB9, and pHTB31 and were
the only human plasmids which conferred resistance to
mercuric ions. All the pig plasmids conferred resistance to
mercuric ions. The pig plasmids pPTB34, pPTB151, and
pPTB197 were included in set D' because in both size and
resistance pattern they resembled the set D plasmids. In
addition, the biotypes of the E. coli isolates from which both
the set D and set D’ plasmids were recovered were identical.
The porcine plasmids conferring resistance to sulfafurazole,
trimethoprim, and mercuric ions were included in set E; and
the sulfafurazole, tetracyclin€, trimethoprim, and mercuric
ion resistance plasmids were included in set F.

TABLE 2. Properties of the human isolates and IncFIV trimethoprim R plasmids

Wild-type E. coli isolates
Date of isolation

Properties of plasmids®

. (mo/day/yr)

Plasmid

Transfer

Resistance

Resistance pattern® Biotype* designation frequency pattern Size (kb)* Set

5/17/80 Ap Cm Km Sm Su Tc Tp 51445722 pHTB1 1073 SuTp 155 A
10/17/80 Su Tp 51445722 pHTB3 10~ SuTp 155 A
11/10/80 ApCm Km Sm Su Tc Tp 51445723 pHTB19 1074 Su Te. Tp 164 B
pHTB20 1074 Su Te, Tp 164 B

3/2/81 Ap Cm Km Sm Su Tc Tp 51445722 pHTBS3 1074 Su Tc, Tp 164 B
8/1/80 Sm Su Tc Tp 71445722 pHTB14 1073 Sm Su Tc Tp 171 C
8/3/80 Sm Su Tc Tp 50445520 pHTB21 1074 Sm, Su, Tc Tp 170 C
pHTB23 1077 Sm Su TcTp 170 C

4/3/80 Ap Cm Sm Su Tc Tp 50445522 pHTB31 103 Cm Su Tc Tp Hg 158 D
6/11/80 ApCmNxSmSuTcTp 50445522 pHTB8 107 Cm Su Tc Tp Hg 142 D
pHTB9 103 Cm Su Tc Tp Hg 158 D

“ The host for all transconjugants was JP990.

b Resistance abbreviations and concentrations (in micrograms per milliliter): ampicillin (Ap); tetracycline (Tc), 25; Tec,. 12.5; Tcp, 6.25; Tc., 3.12;
chloramphenicol (Cm); kanamycin (Km); streptomycin (Sm), 25; Sm,, 12.5; sulfafurazole (Su). 250; Su,, 125; trimethoprim (Tp); nalidixic acid (Nx); and mercuric

ions (Hg).

¢ The biotype for the wild-type isolate comprises the seven-digit AP profile number according to the manufacturers (Analytab Products, Plainview, N.Y.). The
final digit was derived from the sum of the values for dulcito! and raffinose fermentation, which were given as 1 and 2, respectively; a value of zero was allocated
when neither was fermented. The precautions taken to ensure reproducibility have been described previously (20).
¢ Transfer frequency is expressed as the ratio of the number of transconjugants to the number of donors after a 4-h broth mating at 37°C.
¢ Plasmid sizes were determined by the summation of EcoRI restriction fragments larger than 0.85 kb.

-/ See text for explanation of sets.
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TABLE 3. Properties of the porcine isolates and IncFIV R plasmids®

Wild-type E. coli isolates
Date of isolation

Properties of plasmids

-
2/2/80 Ap Cm Sm Su Tc Tp 50445522 pPTB34 104 Cm Su Tc Tp Hg 148 D'
3/30/81 Ap Cm Sm Su Tc Tp 50445522 pPTBI151 104 Cm Su Tc Tp Hg 162 D’
5/4/81 Ap Cm Sm Su Tc Tp 50445522 pPTB197° 104 Cm Su Tc Tp Hg 147 D’
2/2/80 Cm Sm Su Tp 50445521 pPTB41 1073 Su Tp Hg 124 E
2/19/80 . Cm Sm Su Tc Tp 10445521 pPTB44 10°2 Su Tp Hg 124 E
3/3/80 i Sm Su Tp 50445521 pPTB64 102 Su Tp Hg 124 E
6/9/80 ~Sm Su Tp 51445531 . pPTB92 107! Su Tp Hg 124 E
2/23/81 Su Tp 50445520 pPTB128 10-3 Su Tp Hg 124 E
3/17/80 Ap Cm Sm Su Tc Tp 71445520 pPTB1 103 Su Tc Tp Hg 130 F
2/16/81 Ap Cm Sm Su Tc Tp 51445723 pPTB104 1073 Su Tc Tp Hg 130 F

@ See footnotes a through f in Table 2 for explanation of abbreviations and experimental details.
b This transconjugant contained a 3-kb cryptic plasmid which was mobilized at a high frequency by the Tp" plasmid.

Restriction enzyme analysis of the plasmid sets. The EcoRI
restriction fragment patterns of representatives of the seven
plasmid sets are presented in Fig. 1. The sizes of restriction
fragments greater than 0.85 kb are presented in Table 4 and
are numbered on the basis of relative size. The fragment
patterns were consistent with the sets established on the
basis of resistance patterns and size. The set A plasmids
differed only in the size of their second largest EcoRI
fragments (3 and 4), while all the set B plasmids had identical
restriction profiles (only pHTB20 shown). The set C plas-
mids pHTB21 and pHTB23 had identical restriction frag-
ment profiles, even though pHTB21 exhibited lower levels of
resistance to streptomycin and sulfafurazole. Differences
found in the other set C plasmid, pHTB14, could be ac-
counted for by the insertion of a 1.37-kb segment of DNA
into fragment 34 of pHTB21 or pHTB23 to give one new
fragment, 29. Plasmids in sets A, B, and C shared 13 EcoRI
fragments among all representatives, with three other frag-
ments (fragments 2, 4, and 34) being common to all but one
of the representatives. Plasmids in these three sets were
transferred from E. coli of four different biotypes.

The set D plasmids pHTB9 and pHTB31 had identical
restriction profiles. Plasmid pHTBS differed from pHTB9,
even though it was recovered from the same isolate. It was
missing fragments 11, 17, and 22a or b, while additional
fragments 19 and 26 were present. Both plasmids pHTBS8
and pHTBY, following retransfer to other recipients, re-
tained their restriction fragment patterns. Set D plasmids
differed extensively from those of sets A, B, and C, with
only three EcoR1 fragments being common among all repre-
sentatives (fragments 12a or b, 22a or b, and 38). The set D’
plasmids pPTB34, pPTB151, and pPTB197 all had similar
restriction profiles, with 15 EcoRI fragments being common.
Differences between these plasmids was confined mainly to
the larger EcoRI fragments. These plasmids showed remark-
able similarity to the set D plasmids from humans. In
particular pPTB34 shared 19 of its 20 EcoRI fragments with
pHTB9 and pHTB31. Overall sets D and D’ had 14 common
fragments, with another four fragments being common to all
but one of the representatives (fragments 16, 22a or b, 24 a or
b, and 43). All set E plasmids had identical restriction
profiles (pPTB64; Fig. 1). The set F plasmids were also
identical and differed from set E plasmids by the addition of
only one fragment (fragment 30) which was presumably
associated with the acquisition of tetracycline resistance by
this set. In the collection of pig plasmids there was little
similarity, with only two EcoRI fragments being common to
all representatives (fragments-12a or b and 38). Fragments of

this size were found in all 21 Tp" plasmids that were
analyzed. All seven E and F set plasmids were transferred
from E. coli with different biotypes or antibiograms or both.

Cloning of the Tp" gene. The Tp" genes from representa-
tives of each of the plasmid sets were cloned into the EcoRI
site of pACYC184. The EcoRI fragment containing the Tp*
gene from each of the sets is indicated in Table 4. In each

[

FIG. 1. AGE (1.0%) of EcoRlI restriction digestion fragments of
representatives of the human and pig trimethoprim R plasmids. The
less intense bands of highest molecular weight in lanes 2, 4, 5, 10,
and 11 are partial digestion fragments and were not included in Table
4. Lanes 1 and 14, a mixture of lambda DNA digested with EcoRI
and lambda DNA digested with Psri; lanes 2 and 3, set A plasmids
pHTBI1 and pHTBS3; lane 4, set B plasmid pHTB20; lanes 5 and 6,
set C plasmids pHTB14 and pHTB21; lanes 7 and 8, set D plasmids
pHTBS8 and pHTBY; lanes 9, 10, and 11, set D' plasmids pPTB34,
pPTB151, and pPTB197; lane 12, set F plasmid pPTB1; lane 13, set
E plasmid pPTB64. Numbers on the left are sizes (in kilobases) of
EcoR1 and Pstl fragments of lambda DNA.
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TABLE 4. EcoRl restriction fragments of IncFIV trimethoprim R plasmids®
) Sizes (kb) of EcoRI fragments in the following plasmid sets:

Fragment -
no.? pHTB1l, pHTB3, pHTB20, pHTB14, pHTB2l, pHTBS, pHTBY, pPTB34, pPTB151, pPTB197, pPTBl, PTB6&4,
A A B° C c’ D D’ D’ D' ol F E*

24.07
21.6" 21.6" 21.6" 21.6"
19.9 19.9
. 19.2 19.2 19.2 19.2 19.2 19.2
18.4 18.4 . 18.4 18.4

18.3 18.3
17.4 17.4

16.7 16.7 16.7 16.7 16.7
16.5 16.5 16.5

S\OOO\IO\MAWND—I

15.8 15.8
. 15.3 15.3
122and b © 14.6 14.6 146 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 146

bt et

W N =
b
¥
w

—

e

f—t

14 13.4

15 1.9 11.9 11.9 .

.16 11.8 11.8 11.8 . 11.8
17 10.5 10.5 10.5 1 10.5 10.5 10.5

18a and b 9.87 9.87 9.87

19 - 9.85

20 9.79  9.79
21 8.92*  8.92%
2aandb 836  8.36 8.36 8.36 8.36 836 836  B.36 8.36 8.36

23+ 8.16  8.16 8.16 8.16 8.16

24a and b 806  8.06 8.6 8.06 8.06

25aandb  7.80  7.80 7.80 7.80 7.80 '
26 7.65
27 7.58  7.58
28 6.66  6.66
29 6.21

30 ' 5.55

31 530 530 530 5.30 5.30

32 528" 528" 528" 5.28" 5.28"

33 5.03 5.03 5.03
34 4.88 4.88 4.88 4.88

35 4.84 4.84
36 4.71 4.71

37 4.62 4.62
38 4.4 4.44 4.44 4.44 4.44 4.44 4.44 4.44 4.4 4.44 4.44 4.44
39 4.25 4.25 4.25 4.25 4.25

40 390 3.9
4 388 38  3.88 3.88 3.88
4 378 378 3.78 3.78 3.78 *

43 3.46 3.46 3.46 3.46

4“4 3.20 3.20
45 2.88 2.88 2.88 2.88 2.88
46 2.83 2.83 2.83 2.83 2.83

47 245 245
48 206 2.06
49 2.03 2.03 2.03 2.03 2.03

50 1.85 1.85 1.85 1.85 1.85

51 1.69 169  1.69 1.69 1.69

52 1.65 1.65 1.65 1.65 1.65

53 1.38 1.38
54 1.35 1.35 1.35 1.35 1.35
55 1.32 1.32 1.32 1.32 1.32

56 1.26 1.26
57 1.25 1.25 1.25 1.25 1.25
58 1.00 1.00 1.00 1.00 1.00

¢ Values are the average of at least three independent determinations. The sizes of fragments greater than 3 kb were determined by using 0.7% agarose with
EcoRI fragments of lambda as molecular welght standards. Sizes of fragments less than 3 kb were determined by using 1.5% agarose with Ps:1 fragmems of lambda
as molecular welght standards. Fragmcnt sizes that are underlined indicate the presence of two fragments of the same size.

® The relative size of a fragment is indicated by its position on the table and the fragment number (largest to smalles()

¢ Set B plasmids pHTB19 and pHTBS3 had identical EcoRI restriction profiies to that of pHTB20.

“ Set C plasmid pHTB23 had an identical EcaRlI restriction profile to that of pHTB21.

¢ Set D plasmid pHTB31 had an identical EcoRlI restriction profile to that of pHTBY.

/ Set F plasmid pPTB104 had an identical EcoRI restriction profile to that of pPTB1.

# Set E plasmids pPTB41, pPTBM pPTB92, and pPT128 had identical EcoRI restriction profiles to that of pPTB64.

k 'l’he restriction fragment carries the gene for Tp".
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FIG. 2. Hybridization of biotin-labeled type 1 and type 2 probes to cloned Tp" genes from the various plasmid sets which were digested
with EcoRl and HindIlI (lanes 2 through 7). Hybridization was detected with a streptavidin and biotinylated acid phosphatase system. (A)
A 0.7% agarose gel stained with ethidium bromide and photographed under UV light. The 2.6- and 1.4-kb fragments common in lanes 2
through 7 are EcoRI-Hindlll fragments associated with the vector pACYC184. Cleavage of pFE420 with EcoRI and BamH]1 (lane 8) produces
an 8.5-kb fragment of pSC101 and a 2.4-kb fragment of Tn7. The smaller fragment is not visible in panel A of this photograph. Numbers on
the left are sizes (in kilobases) of EcoRlI restriction fragments of lambda DNA. (B and C) Photographs of enzymatically stained membranes
showing hybridization to the type 1 and type 2 probes, respectively. Lanes 1 and 10, lambda DNA digested with EcoRI; lanes 2, set A Tp"
gene (from pHTB1); lanes 3, set B Tp" gene (from pHTB20); lanes 4, set C Tp® gene (from pHTB23); lanes 5, set D Tp' gene (from pHTB31);
lanes 6, set D’ Tp* gene (from pPTB151); lanes 7, set E (and set F) Tp® gene (from pPTB64); lanes 8, pFE420 (type 2 DHFR) digested with
EcoRlI; lanes 9, pFES506 (type 1 DHFR) digested with EcoRI and BamH].

ssmid of the sets A, B, and C, the Tp' gene was located on
the largest EcoRI fragment, which varied in size from 24.0 to
21.6 kb. The Tp' gene on the sets D and D’ plasmids was
located on the 5.28-kb fragment (fragment 32). Sets E and F
had the Tp" gene contained within the 8.92-kb fragment
(fragment 21).

Comparison of Tp" clones by double digestion. The Tp"
hybrids were doubly digested with EcoRI and Hindlll, and
the fragments generated were analyzed by AGE (Fig. 2A).
Set A, B, and C plasmids showed extensive similarities, as
indicated by the number of common fragments, although
vach set did produce one unique fragment which, in each
case, contained the DHFR gene. Set A contained a unique
3.87-kb Hindlll fragment, set B contained an 8.72-kb Eco-
RI-HindIII fragment, and set C contained a 3.12-kb Hindlll
fragment. The largest Hindlll fragment of set C also ap-
peared to be slightly smaller than the corresponding frag-
ments from sets A and B. Set D produced two EcoRI-
HindIlI fragments (excluding the vector) which were identi-
cal to those produced by set D', confirming the close
relationship between these sets. Sets E and F were identical
with each producing two EcoRI-Hindlll fragments (exclud-
¢ the vector), the smaller of which was identical in size to
the largest fragment from sets D and D'. By examination of
these clones with restriction enzymes BamHI and Ps/I (data
not shown), it was shown that the regions flanking the Tp*
genes in the set D, D', E, and F plasmids were identical and
that these regions were different from those regions in sets
A, B, and C.

Hybridization of Tp" clones with the type 1 and type 2
DHFR probes. Biotin-labeled probes containing the type 1
and type 2 DHFR genes were hybridized to Southern blots of
the double-digested fragments. The results of hybridization
with the type 1 probe are presented in Fig. 2B. Hybridization
occurred with the control (Fig. 2B, lane 9) and with the
smaller of the two vector fragments in lanes 2 through 7 (Fig.
2B) which were produced as a result of EcoRI-HindIll
cleavage of pACYC184. This smaller fragment contained the
ColEl-related origin of replication of pACYC184. No hy-
bridization occurred with any of the fragments associated
with the inserted DNA. The results of hybridization with the
type 2 probe are presented in Fig. 2C. Hybridization was
observed with the 8.5-kb pSC101 fragment and the 2.4-kb
Tn7 fragment (not visible in Fig. 2A) of the control (Fig. 2C,
lane 8). Hybridization with the larger of the two vector
fragments in lanes 2 through 7 (Fig. 2C) is associated with
the tetracycline resistance gene common to pACYC184 and
pSC101. No hybridization occurred with the smaller vector
fragment or with pFES06 (Fig. 2C, lane 9), as the pSC101
replicon is distinct from the ColE1 replicon. In addition to
the vector, the type 2 probe hybridized to a single HindIII or
EcoRI-HindlIll fragment containing the Tp" gene in each of
the lanes 2 through 7 (Fig..2C). Thus, all the IncFIV
plasmids contained the type 2 DHFR gene which was
associated with unique HindIIl or EcoRI-HindlIIl fragments
of sets A, B, and C; a common 2.37-kb EcoRI-HindIll
fragment in sets D and D’; and a common 5.90-kb EcoRI-
Hindl1ll fragment in sets E and F.
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DISCUSSION

In our previous study (20) we established that IncFIV and
IncN trimethoprim R plasmids are present in similar propor-
tions in isolates from humans and pigs. However, the limited
physical analysis of the plasmids reported in that study
precluded the formation of any firm conclusions concerning
the relationships between them. The aim of this study was to
characterize the IncFIV trimethoprim R plasmids to gain
insight into their evolution and spread within and between
isolates from humans and pigs.

Trimethoprim was introduced into clinical use in Australia
in 1973, and Tp" isolates began to appear at low frequencies
approximately 6 years later. The relative simplicity of the
resistance patterns of the plasmids conferring Tp" and their
incompatibility reaction with R124, the IncFIV reference
plasmid (11), was fortunate. This provided a unique oppor-
tunity to study the development and spread of trimethoprim
R plasmids from an early stage in their evolution in Perth.

Studies designed to follow the evolution of R plasmids and
to assess their spread, such as that described by Jgrgensen
{13), are few. The major difficulty in this type of study is the
generally high level of plasmid-borne resistance to the anti-
biotic under study that is already circulating. Such problems
were not encountered in our study. As a result we were able
to follow the evolution of trimethoprim R plasmids within
the two ecosystems and provide conclusive evidence of the
interchange of R plasmid-bearing E. coli between humans
and animals.

The plasmids reported here represent the largest single
collection of IncFIV plasmids analyzed by restriction en-
zymes and hybridization, with there having been only four
other reports presented previously (4, 8, 12, 17). The results
indicate that considerable plasmid evolution has occurred
over a relatively short time span, especially when compared
with similar analyses of N- (15), FII- (14), and K- (22) group
plasmids in which fewer evolutionary changes were ob-
served, despite greater geographic and temporal spread.
However the recovery of all 21 trimethoprim R plasmids
from E. coli and their association with the rare IncFIV group

-+and with the less commonly encountered type 2 DHFR gene
(1, 19) suggest a common ancestry because it is very unlikely
that such properties could have arisen independently within
two ecosystems.

.Detailed analysis indicates that three lines of IncFIV
plasmids have evolved up to the time of the survey. Sets A,
B, and C represent one evolutionary line of plasmids exclu-
sive to human isolates. Most representatives of these sets
had identical restriction fragment profiles among the smaller
fragments. Differences were confined mainly to the five
largest EcoRI fragments of each set and could be explained
by relatively minor rearrangements of the DNA sequence.
Cloning of the Tp' gene demonstrated that it was located on
the largest EcoRl fragment, and while the size of the
subfragment containing the Tp" gene varied for each set, the
sequences flanking the gene were essentially identical. An-
other line of plasmid evolution, represented by sets E and F,

was exclusive to the pigs. These sets were virtually identical, -

and restriction profiles remained unchanged throughout the
survey.

Members of these two lines probably represent distantly
related plasmids which evolved from an IncFIV progenitor
carrying the type 2 DHFR gene present either within the
hospital or piggery, but not both. The progenitor IncFIV
plasmid probably spread between different E. coli biotypes
and from one ecosystem to the other. The acquisition of
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additional resistance markers may then have occurred inde-
pendently. The evolution of these two lines of plasmids

proceeded to the extent that they now share only two EcoRI

restriction fragments. Furthermore, the Tp" gene common to
all was flanked by DNA regions which also underwent
considerable evolution. Because the two lines have evolved
to such an extent, the data do not provide conclusive
evidence as to the direction in which plasmid exchange has
occurred.

Sets D and D’ represent a third line of plasmid evolution
and were transferred from isolates recovered from both
humans and pigs. These plasmids were similar in many
respects and were all obtained from strains of E. coli with
identical biotypes. The restriction profiles of some of the
plasmids were almost identical, even though they were
isolated from different ecosystems. While there were varia-
tions between the plasmids of sets D and D’, these differ-
ences were no greater than those between members of the
line of human plasmids of sets A, B, and C. The relative ease
with which variations in restriction profiles can occur was
demonstrated by the fact that quite different plasmids,
pHTBS, and pHTB9Y, were transferred from the same isolate.
Plasmid pHTBS probably represents a deletion derivative of
pHTB9 which was selected perchance from that cross. The
plasmids in this evolutionary line contained Tp® genes which
were part of an EcoRlI restriction fragment which appeared
to be identical, irrespective of whether they were from
human or porcine strains. The remarkable similarity be-
tween the plasmids in this line provides clear evidence of
recent interchange of R plasmid-bearing E. coli between
humans and pigs but conflicting evidence for the direction of
plasmid transfer. First, cloning of the Tp" genes from these
plasmids revealed that the sequences flanking the DHFR
genes were homologous with flanking sequences in the
porcine plasmid line. Second, they resembled the porcine
plasmids in that they possessed a gene for mercury resist-
ance, a marker not present on any of the human plasmid
lines. This indicates that they evolved from the porcine
plasmid line and that a clone carrying this plasmid recently
entered the hospital environment. However, plasmids of sets
D and D' shared more EcoRI restriction fragments with the
human plasmids than they did with porcine plasmids. The
possession of characteristics of both the human and porcine
plasmids cannot be explained easily by a single plasmid
exchange event in either direction. On the basis of the shared
EcoRl restriction fragments, the D and D’ plasmids are more
likely to be of human origin. If this is true, then at some stage
a human IncFIV plasmid must have transferred to the
porcine ecosystem and there acquired resistance to mercury
and the porcine-type Tp® gene. This plasmid spread through-
out the porcine ecosystem and transferred back into the
human ecosystem.

It can be deduced from results obtained with the first two
plasmid lines that there was exchange of E. coli between the
two ecosystems and conjugal transfer of the R plasmids
within each. Plasmids of the third line probably arose as a
result of bidirectional exchange of an R plasmid-bearing E.
coli between the two ecosystems. It is reasonable to assume
that these plasmids are widespread throughout the commu-
nity because it is unlikely that, from the large range of
environments which could have been included in the initial
investigation, we selected the only two with nearly identical
plasmids. With this in mind, the problems associated with
deciding from which environment the resistance arose be-
come less important, considering the ease and frequency
with which the R plasmids are exchanged. Policies on

st

LTS P

o




VoL. 29, 1986

antibiotic use therefore should consider not only the pro-
posed use in either clinical or veterinary practice but also the

capacity of the agent to select for R

plasmid-mediated

resistance.

10.
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