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UMMARY Ent plasmids of enterotoxigenic Escherichia coli that encode heat-

stable enterotoxin (ST) and both ST and heat-labile enterotoxin (LT) were
labeled with a kanamycin- and an ampicilin-resistance transposon, respectively.
These transposons were kept stably in the respective Ent plasmids. By monitoring
antibiotic resistance we could easily select strains carrying Ent plasmids. Strains
carrying the labeled plasmids produced enterotoxins that were immunologically
indistinguishable from those produced by the parent strains. Moreover the strain
carrying a labeled ST-Ent plasmid produced 16 times more ST than the parent

strain.

INTRODUCTION

During investigations on heat-stable (ST} and
heat-labile (LT) enterotoxins of enterotoxi-
genic Excherichia coli, a sudden loss of toxin
production or marked decrease in its produc-
tion is often encountered. This is assumed
to be due to loss of an Ent plasmid that
encodes ST andfor LT. Thus, it is neces-
sary to ensure that the Ent plasmid remains
in the cell used for experiments. One method
to do this is to label the Ent plasmid gene-

1 Present address: Tony Facio Laboratorio, Caja
Costarricense de Segoro Social Hospital, Limon,
Costa Rica.

tically with an antibiotic resistance transposon.

Attempts to do this have been made by
several workers. (So, Heffron and Falkow,
1978; Yokota et al., 1979; Yokota, Yamamoto
and Kuwahara, 1980). We also achieved
genetic labeling of the Ent plasmid with a
kanamycin resistance transposon (Soedarmono
et al., 1980; Takeda et al., 1981b). In these
studies, however, the Ent plasmid encoding
only ST was not labeled. Yokota et al.
(1979) labeled an Ent plasmid encoding ST-
LT with an ampicilin-resistance transposon,
but the isolated plasmid was not carried
stably by the cells. In this paper, we report
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genetic labeling with a kanamycin resistance
transposon of an Ent plasmid of a human
isolate that encodes ST and labeling with an
ampicilin resistance transposon of one that
encodes both ST and LT, using transforma-
tion and conjugation techniques.

MATERIALS AND METHODS

1. Bacterial strains

The bacterial strains used in this work were E.
coli 53402 A-1 (ST, LT-, ColE,~, Str, RifS, Nal,
Kan®) isolated from a patient and provided by Dr.
M. Merson, World Health Organization, E. coli
269-2 (ST+, LT+, ColE,~, Str, Riff, Nals, Amp®)
isolated from a patient with traveller’s diarrhea at
Osaka Airport Quarantine Station (Miwatani et al.,
1981), E. coli 2080 (ST, L'T-, Str*, Sa*, Azi',
Rifr, Nals, Amp®, Kans, Lac™, 2*) (Terawaki et al.,
1967) provided by Dr. T. Yokota, Juntendo Uni-
versity and an Str* mutant (ST-, LT-, Strf, F-,
Thr~, Leu™) of E. coli C600.

A naturally occurring nalidixic acid resistant
mutant of E. coli 20SO was selected on nutrient agar
containing 30 pg/ml of nalidixic acid.

2. Enterotoxin assays

CAYE medium described previously (Takeda et
al., 1979) was used for production of ST and LT.
LT was assayed with Chinese hamster ovary (CHO)
cells as described by Takeda et al. (1981a) and by
the Biken test (modified Elek test) described by
Honda et al. (1981). ST was assayed by intra-
gastric administration of the toxin to suckling mice
of 2—3 days old as described previously (Takeda
et al., 1979).

3. Preparation of plasmid DNA

Cleared lysates of E. coli cells were prepared by
the sodium dodecyl sulfate (SDS)-salt precipitation
method described by Guerry, LeBlanc and Falkow
(1973). Then, DNA was precipitated with cold
ethanol as described by Meyers et al. (1976). The
precipitated DNA was suspended in 3.3 ml of 0.4%
sodium sarcosinate (Nakarai Chemical Co., Kyoto)
in 0.01 M Tris-HCl buffer (pH 7.4) containing
1 mM EDTA, and then mixed with 3.5 g of cesium
chloride (Sigma Chemical Co.) and 0.35 ml of 5 mg/
ml of ethidium bromide (Aldrich Chemical Co.) in
distilled water and the refractive index was adjusted
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to 1.387—1.389 n2® by adding distilled water. The
preparation was centrifuged at 37,000 rpm for 40 h
in 4C in a Beckman SW50.1 rotor. DNA was
measured by monitoring the absorbance at 260 nm,
assuming that 0.02A, corresponds to 1 pug DNA/
ml.

4. Transformation of enterotoxigenic E. coli

E. coli 53402 A-1 and E. coli 2692 were trans-
formed with pMKI [ColE, with Tn5 (Kan®)] (Yoko-
ta, Yamamoto and Kuwahara, 1980) and pYSl
ColE, with Tn3 (Amp*)] (Sugino et al., 1980), re-
spectively, by the method of Lederberg and Cohen
1974). Chilled samples of 20 ng of DNA in 5 pl of
10 mM Tris-HCI buffer (pH 8.0) containing 1 mM
EDTA were added to 0.1 ml of each cell suspen-
sion. 'The mixture were incubated for 60 min in an
ice-bath and then for 2 min at 42 C. TFive ml of L
broth was added to each mixture and incubation
with mild rotation was continued at 37 C for 60 min.
Finally, the cells of E. coli 53402 A-1 and E. coli
260-2 were plated on nutrient agar containing
30 pg/ml of kanamycin and 20 pg/ml of ampicilin,
respectively.

5. Conjugation of transformed enterotoxigenic E.
coli with nonenterotoxigenic E. coli

About 1x108 cells/ml of transformed enterotox-
igenic E. coli were mixed with about the same num-
ber of recipient cells in 2 ml of tryptic soy broth,
and cultured at 37 C overnight with rotation at
60 rpm. The cells were plated on nutrient agar
containing appropriate antibiotics to select trans-
conjugants.

6. Electron micrographs of plasmid DNA

The plasmid DNA preparation was diluted with
509% formamide containing 0.1 M Tris-HCI buffer
(pH 8.5) and 0.01 M EDTA. The DNA solution
(1.5 pg/ml) was mixed with cytochrome ¢ and
marker DNA of fd-RFII phage, and spread on a
hypophase which contained 0.01 M Tris-HCI buf-
fer (pH 8.5) and 1 mM EDTA in 18% formamide
(Yamagishi, Inokuchi and Ozeki, 1976). The
DNAs were adsorbed to Parlodion-covered grids,
stained with 0.05 mM uranyl acetate in 90% ethanol
and shadowed with platinum-palladium. Electron
micrographs were taken in a Hitachi electron micro-
scope HU-11B at an instrumental magnification of
12,500-fold.



7. Colicin immunity

Colicinogenicity of the cells was tested as de-
scribed by Fredericq (1957).

8. Preparation of anti-ST antiserum

Anti-ST antiserum was prepared by immunizing
rabbits with purified ST produced by E. coli 53402
A-1 (Takeda et al.,, 1979). Purified ST (700 ;g)
in 1 ml of phosphate buffered saline (pH 7.4) was
polymerized by adding 25 gl of tolylene-2,4diisocy-
anate (Wako Chemical Industries, Osaka), with
vigorous shaking for 1 min at room temperature.
The polymerized ST was then emulsified with an
equal volume of Freund complete adjuvant (Difco),
and the emulsion was inoculated intramuscularly
into young rabbits weighing about 2 kg. Three
booster injections of 500 yg of polymerized purified
ST emulsified with Freund incomplete adjuvant
were given at one-month intervals. The highest
dilution of antiserum that neutralized 2 mouse units
(5 ng) of purified ST was 1: 32.

9. Preparation of anti-LT antiserum

Anti-L'T' antiserum was prepared by immunizing
rabbits with purified LT (Takeda et al., 1981a) as
described previously (Honda, Takeda and Miwa-
tani, 1981).

10.  Qucliterlony double gel diffusion test

The double gel diffusion test was performed as
described by Ouchterlony (1949) in 0.05 M T'ris-
HCI buffer (pH 7.5) containing 1 mM EDTA dis-
odium salt, 3 mM NaN; and 0.2 M NaCl. After
the samples had been applied, the plate was placed
in a humidified incubator at room temperature for
about 1624 h. Then the plate was washed ex-
tensively with a solution of 0.49 NaCl and 0.4%
Na,B,0; and dried and stained with 0.5% Coomas-
sie brilliant blue in a solution of 50% methanol and
109% acetic acid, and destained with a solution of
509 methanol and 10% acetic acid.

RESULTS

1. Transformation of enterotoxigenic E. coli
with antibiotic-resistant derivatives of ColE,
plasmid DNA

E. coli 53402 A-1 (ST* LT-) was trans-
formed with pMKI plasmid DNA, which is
a ColE; carrying Kan* transposon (Tn5).

When 107 cells were plated on nutrient agar
containing 30 pg/ml of kanamycin, 20 colonies
were formed on the agar, indicating that
these 20 strains had acquired kanamycin-
resistance. Ten of these 20 strains were ex-
amined for colicin immunity and 4 strains
were found to be immune. These 4 strains
were found to produce ST also, indicating
that they had acquired pMKI plasmid DNA
without losing the Ent plasmid. We de-
signated these transformants SCK-1, 2, 3
and 4.

E. coli 269-2 (ST*, LT*) was similarly
transformed with pYSI plasmid DNA, which
is a ColE, carrying Amp* transposon (Tn3).
Of 107 cells, 130 transformants grew on
nutrient agar containing 20 pg/ml of am-
picilin. Two of 10 strains examined were
immune to colicin and also produced both
ST and LT, indicating that they had acquired
pYSI plasmid DNA without losing the Ent
plasmid. We designated these transformants
LSCA-1 and 2.

2. Conjugation of transformed enterotoxigenic
E. coli with nonenterotoxigenic E. coli

About 1x108 cells/ml of E. coli SCK-1
(8T*, LT-, Kan®, Strs, ColE;*) were mixed
with about the same number of recipient
cells, the Str* mutant of E. coli C600, in 2 ml
of tryptic soy broth and cultured overnight
at 27 C with rotation (60rpm). When
about 9107 cells were plated on nutrient
agar containing 100 gg/ml of streptomycin
and 30 pg/ml of kanamycin, about 3.3x102
colonies formed on the plate. Three of 100
strains examined were found to be ST positive.
However, these 3 strains were also immune
to colicin, indicating that both the pMKI
plasmid and the Ent plasmid may be trans-
ferred to the recipient strain, the Str* mutant
of E. coli C600. Thus, one of these trans-
conjugants was subjected to additional con-
Jjugation with E. ¢oli 20SO (ST-, L'T-, Kans,
strr, Rifr*, Lac™, ColE;"). Of the 9x107
cells plated about 72 grew on nutrient agar
containing 100 pg/ml of streptomycin, 30
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TaBLE 1. Neutralization of ST activity of
culture supernatants of E. coli SK-1, LSA-44
and LSA-45 by anti-ST antiserum against
purified ST from E. coli 53402 A-1

ST activity (FA ratio®)

Strain

+PBS +anti-ST

(control} antiserum
E. coli 53402 A-1 0.116£0.007 0.05110.001
E. coli SK-1 0.112+£0.006 ©0.0563-0.001
E. coli 269-2 0.103£0.015 0.051+0.003
E. coli LSA-44 0.141+£0.008 0.056+0.003
E. coli LSA-45 0.135+0.025 0.052+0.001

Purified ST (3MU) 0.155+0.008 0.054+0.002

@ Culture supernatant of each strain was diluted to
30 MU/ml with phosphate buffered saline (PBS),
an equal volume of either PBS of anti-ST serum
was added and the mixture was incubated at
37 C for 15 min. One ml of anti-ST serum
neutralized 40 MU of purified ST. Suckling
mice (3-5 day old) were given 0.1 ml of each of
these mixtures. The FA ratio was calculated as
described previously (Takeda et al. 1979). An
FA value of more than 0.090 is positive and one
of less than 0.065 is negative. Values are means
for 5 determinations + standard deviations.

pg/ml of kanamycin and 100 pg/ml of rifam-
picin. Twenty of these transconjugant strains
were examined for ST production and colicin
sensitivity. Nineteen were ST positive and
6 of these 19 were sensitive to colicin, in-
dicating that these 6 strains carried an Ent
plasmid with a kanamycin transposon, but
did not carry pMKI plasmid DNA. To
confirm that kanamycin resistance is always
associated with ST producibility, we sub-
jected one of these 6 strains, named SK-1,
to reconjugation with an Nal* mutant of E.
coli 20S0. Reconjugation occurred at a
frequence of 1.4x1073. Tifty colonies grown
on nutrient agar containing 100 pzg/ml of
streptomycin, 30 gg/ml of kanamycin, 100
pg/ml of rifampicin and 30 pg/ml of nalidixic
acid were examined for ST production and
47 were found to be ST positive. These
data suggest that the Ent plasmid of E. coli
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SK-1 was labeled with a Tn5 (Kan*) trans-
poson. We designated this plasmid as pBTL

E. coli LSCA-1 (ST+, LT*, Amp*, Strs,
Rifs, ColE;*) was also conjugated with E.
coli 2080 (ST-, LT, Amps, Str*, Rifr, Lac™,
ColE,"). E. coli LSCA-1 and 20SO were
mixed and cultured, and then 1x107 cells
were plated on nutrient agar containing 100
pg/ml of streptomycin, 20 pg/ml of ampicilin
and 100 pg/ml of rifampicin to select 20S0O
that acquired Amp*. A total of 135 colonies
were formed on the plate and 9 of 100 trans-
conjugants were found to produce both LT
and ST, and to be sensitive to colicin. These
data suggest that these 9 strains of E. coli 2050
had acquired Ent plasmid labeled with the
Tn3 (Amp*) transposon. To confirm this,
we subjected 2 of the 9 strains to conjugation
with the Nal* mutant of E. coli 20S0O. Fifty
colonies grown on nutrient agar containing
100 pg/ml of streptomycin, 20 pg/of ampicilin,
100 pg of rifampicin and 30 pg of nalidixic
acid were examined for enterotoxin produc-
tion. It was found that all of them produced
both ST and LT. Thus, it was concluded
that the Ent plasmid of these 2 strains was
labeled with the Tn3 (Amp*¥) transposon.
These strains were named E. coli LSA-44
and LSA-45, respectively, and the plasmid
was named pBT2.

Figure 1 shows schematically the procedure
for labeling the Ent plasmid (ST*) of E. coli
53402 A-1 with the Tn5 (Kanv) transposon.

3. Stability of labeled Ent plasmids in E. coli
SK-1, LSA-44 and LSA-45

The stability of the antibiotic resistance
transposon on the Ent plasmid was tested by
subculturing E. coli SK-1, LSA-44 and
LSA-45 separately in tryptic soy broth with-
out antibiotics. Each culture was incubated
overnight at 37 C and transferred serially 5
times to the same medium. Then the cul-
tures were finally plated on nutrient agar
without antibiotics. Fifty colonies from each
strain were picked up at random and grown
in CAYE medium without antibiotics and
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Figure 1. Scheme of genetic labeling of the ST-Ent plasmid of E. coli
53402 A-1 with the Tn5 (Kan™) transposon.

using the culture supernatants were examined
for enterotoxin production. Forty-nine co-
lonies of E. coli SK-1, 46 of E. coli L.SA-44
and 35 of E. coli LSA-45 were enterotoxin-
positive.  All these enterotoxin-positive strains
grew on nutrient agar containing the respec-
tive antibiotic.

4. Electron micrographs of plasmid DNA of
E. coli SK-1 and LSA-44

Plasmid DNAs of E. coli SK-1 and LSA-44
were prepared and electron micrographs were
taken. Typical pictures are shown in Fig. 2.
The lengths of the plasmid DNAs of E. coli
SK-1 and LSA-44 were measured from
similar pictures and are shown in Table 2.
An fd-RFII DNA that has been reported to
have 6,408 base pairs (Beck et al., 1978) was
used as a standard. Assuming that the
molecular weight of one base pair of DNA

is 660 daltons, the molecular weights of the
plasmid DNAs of SK-1 and LSA-44 were
estimated to be 86+3.3 and 101+3.5 mega-
daltons, respectively.

5. Characterization of enterotoxins produced
by E. coli SK-1, LSA-44 and LSA-45

The enterotoxins produced by the strains
carrying these genetically labeled Ent plasmids
pBT1 and pBT2 were characterized. For
this, L. coli SK-1, and E. coli LSA-44 and
L5A-45 were cultured in CAYE medium and
the culture supernatants were used for ex-
periments. L. coli SK-1 was found to pro-
duce about 16 times more ST than the parent
strain E. coli 53402 A-1. E. coli LSA-44 and
LSA-45 produced about the same amount of
ST as the parent strain E. coli 269-2. The
ST activities of these culture supernatants
were all neutralized equally well by anti-ST
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amining using E. coli SK-1 and LSA-44.
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