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TRANSPOSON MUTAGENESIS AND MEMBRANE PROTEIN STUDIES IN AN
AVIAN COLISEPTICAEMIC Escherichia coli STRAIN

Wanderley Dias da Silveira, Fabiana Fantinatti and Antonio F.P. de Castro

ABSTRACT

The pathogenicity, antibiotic resistance, plasmid DNA and membrane protein profiles of a colisepticaemic Escherichia coli strain (362)

isolated from chickens was studied. It was verified that this strain harboured at least five plasmids. One 88.0 MD plasmid is non conjugative and is

responsible for the production of colicin V and serum resistance. The 43.0 MD plasmid is responsible for resistance to bactericidal activity of serum

and ampicilin. Curing of these plasmids did not decrease the pathogenicity of the strain. Transposon mutagenesis (Tnpho A) of strain 362 yielded

a non-pathogenic derivative strain which had lost a 40.7 kD membrane protein, which is not correlated to the aerobactin and enterochelin systems.

We suggest that this protein subunit is involved in the pathogenicity process of avian septicaemic E. coli strains.

INTRODUCTION

Escherichia coli strains have been implicated as
causative agents of septicaemia in chickens (Sojka and
Carnaghan, 1961). It has been proposed that this disease
starts as a secondary infection triggered by an initial
mycoplasmal or viral infection (Gross, 1961; Aycardi and
Lafont, 1969; Dho and Lafont, 1982) which would be
followed by an invasive phase by pathogenic E. coli strains,
leading to organ lesions (Gross, 1961). Therefore,
colonization of the trachea would be essential for the first
steps in the development of the illness (Dho and Lafont,
1982, 1984) and the presence of fimbrae on the surface of
invasive strains would help this process (Nagaraja et al.,
1983; Naveh eral., 1984; Suwanickul and Panigrahy, 1986,
1988; Suwanickul et al., 1987). After the septicaemic E.
coli strain has invaded the blood stream it is able to
overcome the iron-limiting conditions in the body fluids
with an iron-acquisition system that is mediated by either
chromosomal or plasmid genes (Rosemberg and Young,
1974; Hancock et al., 1976; Williams, 1979; Williams and
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Warner, 1980; Warner et al., 1981; Pierce et al., 1983;
Williams and Carbonetti, 1986). Recently Goes et al.
(1993) found that recombinant strains harboring and
expressing the aerobactin system or virulent E. coli were
not pathogenic.

We investigated the relationship between serum
resistance and the electrophoretic profile of membrane
proteins with pathogenicity in a septicaemic E. coli strain
(362) isolated from chickens as well as some
non-pathogenic derivatives, using bacterial genetic assays
and transposon mutagenesis.

MATERIAL AND METHODS
Bacterial strains

E. coli 362 was a wild type col V producer strain
isolated from a chicken with colisepticaemia. Strain SM10
A pir (pRT733 - TnphoA) was a gift from Dr. James B.
Kaper from the Center for Vaccine Development,
Maryland, USA. E. coli strain MS101 was a lac’, sm”

non-pathogenic for poultry. E. coli strain 362/3 was
derived from strain 362, which had lost a 88.0 MD plasmid
through treatment with SDS. E. coli T16 was a
non-pathogenic transconjugant isolated after conjugation
between 362 and SM1 A pir strains.
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Pathogenicity tests

Strains to be tested for pathogenicity were grown
at 37°C overnight in LB medium (Sambrook et al., 1989),
diluted (1:100) into the same medium and incubated for
three hours with agitation (150 rpm). Aliquots of 0.4 ml of
10-fold dilutions of these cultures were injected
subcutaneously into a group of six one-day-old chicks.
They were observed for seven days, and mortality rates
were recorded. The LD5g was calculated by the method of
Reed and Muench (1938).

Antibiotic resistance

Antibiotic resistance was determined by growth on
LB medium containing increasing concentrations of the
antibiotics ampicillin (Ap), kanamycin (Km),
streptomycin (Sm), tetracycline (Tc), chloranphenicol
(Cm) and nalidixic acid (Nal). The level of resistance of
each strain was considered the highest concentration in
which growth occurred.

Transposon mutagenesis

Mutagenesis with the transposon TnphoA (Boquet
et al., 1987) using plasmid pRT733 was accomplied as
described by Taylor et al. (1989).

Preparation of outer membrane proteins

Outer membrane proteins were prepared as
described by Schaitman (1971), with some modifications
as follows. The bacteria were grown in LB medium or LB
medium containing 200 uM alpha-alpha-dipyridil (an iron
chelator, Sigma Chemical Co.) and incubated overnight.
The cells were collected by centrifugation (8000xg for 5
min. at 4°C) and resuspended in cold 3.3 mM Tris-HCI, pH
7.4. After this procedure, the bacterial cells were mixed
using a OmniMixer (Sorval) for 1 min. on ice and
centrifuged at 8000xg for 5 min. at 4°C. Cells were
resuspended and centrifuged once in cold 10 mM EDTA,;
10 mM Tris-HCI pH 7.2 and once in 10 mM MgCly;
Tris-HCI1 pH 7.2. Cells were resuspended in cold 75 mM
sucrose; 10 mM glycine pH 9.2 containing 0.1 mg ml!
lysozyme (Sigma Chemical Co.) and incubated on ice for
30 min. The suspension was sonicated for four 30 sec.
cycles, at 20 Khz, 70 - 90 W. Cell debris was removed by
centrifugation at 8000xg for 5 min. at 4°C and the
supernatant was centrifuged at 37000 g for 20 min. at 4°C.
The pellet was resuspended in cold 3.3 mM Tris-HCI pH
7.4 and was centrifuged under the same conditions. The
proteins were resuspended in 85 mM Tris-HCl pH 6.8; 4%
Triton X-100 and shaken by inversion (45 rpm) at room
temperature for 20 min. This suspension was centrifuged

at 12000xg for 15 min. The pellet containign the Triton
X-100 insoluble membrane fraction was resuspended in
100 mM Tris-HCI pH 6.8; 20% glycerol; 4% SDS; 0.2%
bromophenol blue; 10% beta mercaptoethanol, boiled for
5 min. and stored at -20°C until ready for use. The
concentration of protein was determined as described for
Bradford (1976).

Analysis by SDS - PAGE

Proteins were separated by SDS - PAGE as
described by Laemmli (1970). A 3% stacking gel and a
10% separating gel was used. 2.0 pg of each sample was
applied to each well. Protein bands were visualized by
silver staining as described by Blum ez al. (1987).
Molecular weights were estimated by comparison with the
relative molecular mobilities of standard protein markers
(Sigma MW-S-70).

SDS cure of plasmid DNA

The plasmid DNA was cured as described by
Tomoeda et al. (1968), using SDS (sodium dodecyl
sulfate) at a final concentration of 10%.

Plasmid DNA extraction and

electrophoresis

agarose  gel

“~

Plasmid DNA for electrophoresis on agarose gels
was extracted as described by Sambrook er al. (1989).
Twenty pl samples of plasmid DNA were loaded into wells
of a 0.7% agarose gel (LKB-Pharmacia) and run at 5
Volts/cm until the blue dye reached the end of the gel. Gels
were stained with ethidium bromide and visualized on an
ultra-violet 2011 Macrovue transilluminator
(LKB-Pharmacia). Photographs were taken using a 100
TMAX Kodak film.

Serum resistance determination

The resistance of the different strains to the
bactericidal activity of the serum was determined by a
quantitative method. For this purpose, the strains were
grown overnight and then diluted 1:100 in 1% Peptone -
1% glucose medium and grown under the same conditions.
When the cultures were in log-phase (Agpo = 0.5), 250 pl
was inoculated into 1.0 ml of a pool of chiken sera and
again incubated at 37°C. At intervals of 1 hour (for three
hours), 10-fold dilutions of the cultures were made in
sterile 0.85% NaCl solution and then plated on agar. After
18-20 hours incubation, colonies were counted. The rate of
growth and hence the bactericidal activity of the serum was
measured using 0 hour as the control.
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RESULTS

Strain 362 was resistant to ampicillin and
tetracycline. Agarose gel electrophoresis of plasmid DNA
of pathogenic E. coli strain 362 showed that it harbours
88.0 MD, 54.0 MD, 43.0 MD, 4.0 MD, 2.0 MD, 1.9 MD
and 1.0 MD plasmids (Figure ).

Figure [ - Agarose gel electrophoresis of plasmid DNA of the
colicepticaemic E. coli strain 362 and its derivatives. Lane A, 32.0 MD,
5.19 MD, 3.48 MD, 3.03 MD, 1.69 MD, 1.51 MD reference plasmids.
Lane B, reference plasinid p307, 54.0 MD. Lane C, strain 362. Lane I,
strain 362/3. Lane E, strain 366.

SDS treatment of strain 362 eliminated two
plasmids (Figure 1). Elimination of the 43.0 MD plasmid
produced strain 366 which was rendered ampicillin

sensitive and curing of the plasmid of 88.0 MD gave rise

to strain 362/3 (Figure 1). Serum resistance determination
of these strains compared with strain 362 (Figure 2)
demonstrated that either the elimination of plasmid 43.0
MD (strain 366) or plasmid 88.0 MD (strain 362/3)
decreased the capacity of the respective strains to survive
the bactericidal action of the serum. Transfer, by
conjugation, of plasmid 43.0 MD to a serum sensitive,
non-pathogenic E. coli strain (MS101) rendered it
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Figure 2 - Serum resistance determination of colicepticaemic strain 362,
plasmidlless detivatives (362/3 and 366) and transconjugant strain
MS101 that received the 43.0 MD plasmid (MS101/1).

somewhat resistant to serum. However the transconjugant
strain was not pathogenic in the one-day-old chick assay.
Both strains 366 and 362/3 were still pathogenic by this
assay. With the elimination of plasmid 88.0 MD strain
362/3 did not produce colicin V and its serum resistance
decreased, while strain 366 remained a colicin V producer.
Plasmid 88.0 MD was not a F-like plasmid since we were
unable to transfer it to strain MS101 after it had been
tmarked with kanamicin resistance from transposon
TnphoA. We found 19 blue-kanamicin resistant colonies
using transposon TnphoA. One of these (T16) was not
pathogenic in the one-day-old chick assay (Table I).

Table I - LDsg in number of bacteria obtained for strains 362, 362/3,
366 and T16 in the one-day-old chick assay.

Strain 362 362/3 366 Tl6

43 10° 2.0 107 80 10° 12 101%

The SDS-PAGE of membrane proteins showed
that strain 366 was identical to strain 362 (results not
shown); strain 362/3 expressed three extra major protein
subunits (38.1 XD, 27.6 KD and 17 KD) in a derepressed
mode; and strain T16 did not express the 40.7 KD protein
subunit that was expressed by strains 362, 362{3 and 366,
and it also synthesized protein of 17 KD in a derepressed
manner (Figure 3). ‘ \

SDS-PAGE of membrane proteins of strains
grown in the presence of .alpha-alpha-dipyridil (iron
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Figure 3 - Membrane protein profile of colicepticaemic strain 362 and
its derivatives grown in the presence and absence of iron separated by
SDS-PAGE. Lane A molecular weight markers of 66 KD, 45 KD, 18
KD and 14,3 KD. Lanes B and C, strain 362. Lanes D and E, strain
362/3. Lanes Fand G, strain T16. Lanes B, D, F, presence of iron. Lanes
C, E, G, absence of iron.

chelator) when compared with the same strains grown
without this drug (Figure 3) showed that in strain 362 a
protein subunit of 69.7 KD was induced by the absence of
iron. On the other hand, in strain 362/3 under the same
iron-deprived conditions this band was absent. Protein
subunits of 40.7 KD, 38.1 KD, 28.8 KD and 27.6 KD were
expressed by strain 362/3 in the presence or absence of
iron. Strain T16 did not express the 69.7 KD protein
subunit independently of the presence or absence of iron.

DISCUSSION

Strain 362 was able to survive the bactericidal
action of the serum, and derivative strain 366 which had
lost a 43.0 MD plasmid had a lower capacity to survive the
serum, but was still pathogenic in one-day-old chicks. As
plasmid 43.0 MD is a conjugative plasmid, the serum
resistance showed by this strain could be due to the outer
membrane proteins tra T, as found for other £. coli strains
(Moll et al., 1980). Dertvative strain 3623, which had lost
the 88.0 MD plasmid showed a slight decrease in serum
survival, maintaining, however, its pathogenicity. Plasmid
88.0 MD is a non-conjugative ColV plasmid (Bindereif er
al., 1982) which probably specifies outer membrane
proteins related to the iron-acquisition system of

aerobactin. This was confirmed by SDS-PAGE membrane
protein analysis of this strain grown in the presence and
absence of alpha-alpha-dipyridyl, which is a iron chelator.
When strain 362/3 was grown in the presence of
alpha-alpha-dipyridyl it was not able to express the 69.7
KD protein subunit when compared with strain 362 grown
in the absence of iron. In addition, strain 362/3 expressed
three other new protein subunits of 38.1 KD, 27.6 KD and
20.4 KD, either in the presence or in the absence of iron.
These protein subunits are, probably, repressed by the
presence of the 88.0 MD plasmid.

Transposon mutagenesis of wild type strain 362
produced strain T16, which is not pathogenic and SDS-
PAGE analysis of the membtane proteins of this strain
showed that the 69.7 KD and 40.7 KD protein subunits
were missing. The 69.7 KD protein subunit corresponds to
the protein described for the acrobactin system and was not
responsible for the pathogenicity since strain 363/3, despite
the loss of the 83.0 MD plasmid, was still pathogenic and
had this protein subunit. The 40.7 KD protein subunit does
not correspend either to the proteins associated with the
plasmidial DNA (Bindereif et af., 1982) or chromosomal
DNA aerobactin systems (Carbonetti er al., 1986) or to the
enterochein system (Hancock et af., 1976).

Agarose gel electrophoresis of plasmid DNA and
SDS-treatinent for plasmid DNA elimination (results not
shown) of non pathogenic derivatives obtained by
transposon mutagenesis demonstrated that transposon
TnphoA. was inserted into the 88.0 MD plasmid and in the
chromosoine. Since strain 362/3 still expressed the 40.7
KD protein subunit and did not have the 88.0 MD plasmsid
and all the other plasmids did not have fransposon
insertions, we concluded that the genes respeonsible for the
expression of this subunit were located on the
chromosome. Recently, Goes et al. (1993) demonstrated
that recombinant £. coli strains harboring and expressing
the aerobactin system were not pathogenic either for
chicken or mice and suggested that this system is not
responsible for the virulence shown by the wild type strain.
The 40.7 KD protein subunit could partticipate in the
process of pathogenicity of avian septicaemic E. coli
strains and the 28.8 KD protein subunit does not participate
in this process.

ACKNOWLEDGMENTS

This work was supported by grants no. 89/3918-8 and
91/5217-7 from the Fundacdo de Amparo & Pesquisa do Estado de Sdo
Paulo, FAPESP and grants no. 300121/90-3 and 300374/88-7 from
CNPg. The authors thank Dr. David H. Moon for reviewing the
manuscript.

Publication supported by FAPESP.



Mutagenesis of a colisepticaemic E. colf strain 13

RESUMO

Uma amostra septicémica de Escherichia coli (362) foi
isolada em galinha e estudada quanto a sua patogenicidade, resisténcia
a drogas antimicrobianas, perfil plasmidial e de proteinas de membrana.
Tal amostra possui cinco plasmidios. O plasmidio de 88.0 MD € o
responsavel pela produgio de colicina V e resisténcia sérica, entretanto
este plasmidio nio é conjugativo. O plasmidio de 43.0 MD é responsavel
pela resisténcia sérica e catrega os genes para resisténcia a ampicilina.
A cura do plasmidio de 43.0 MD nio altera a patogenicidade. A mutagé-
nese da amostra 362 com o transposon Tnpho A, originou a amostra
T16 que se mostrou ndo patogénica para pintos de um dia de idade e
perdeu a expressao de uma proteina de membrana de 40.7 KD. Esta pro-
teina ndo estd relacionada com os sistemas de aerobactina e enteroque-
lina. Nés sugerimos que a proteina de 40.7 KD pode participar no pro-
cesso de patogenicidade de amostras de E. coli septicémicas para aves.
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