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AVIAN DISEASES 38:127-134, 1994

Phenotypic Expression
of Recombinant Plasmids pKT107 and pHK11
in an Avirulent Avian Escherichia coli
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University of Georgia, Athens, Georgia 30602
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¢Department of Pathology, College of Veterinary Medicine,
University of Georgia, Athens, Georgia 30602
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SUMMARY. An avirulent wild-type avian Escherichia coli strain (Av) was electrotrans-
formed with plasmids coding for complement resistance (pKT107) and Colicin V (ColV)
production (pHK11) in order to study the effects of complement resistance and ColV pro-
duction on virulence. Transformants were also compared with the wild type for embryo
lethality, uptake by macrophages, motility, growth rate, plasmid content, and hemolysis.
Growth rates and complement resistance patterns of strain Av and transformant Av+pHK11
were similar, but Av+pHK11 caused a significantly greater number of deaths in embryos and
acquired motility. Transformant Av+pKT107 had a lower rate of phagocytosis, a slower growth
rate, and a greater sensitivity to complement, and it changed from being non-hemolytic to
expressing a-hemolytic action. The 35-kb plasmid present in the wild type was not present
in the transformants. Although some of the results demonstrate the difficulties encountered
in using wild-type organisms as recipients in virulence studies, the results with Av+pHK11
indicate that ColV production plus the acquisition of motility contributes to the virulence of
avian E. coli.

RESUMEN. Expresioén fenotipica de los plasmidos recombinantes pKT107 y pHK11 de una
cepa avirulenta de Escherichia coli aviar.

Con el objeto de estudiar los efectos de la resistencia al complemento y la produccioén de
colicina V sobre la virulencia, una cepa de Escherichia coli aviar fue electrotransformada con
plasmidos que codifican para la resistencia al complemento (pKT107) y para la produccién
de colicina V (pHK11). Las cepas transformadas fueron también comparadas con la cepa
original con respecto a la letalidad embrionaria, fagocitosis por macréfagos, motilidad, por-
centaje de crecimiento, contenido de plasmidos y hemolisis. Los patrones de crecimiento y
resistencia al complemento de las cepas avirulentas y de las cepas avirulentas mis pHK11
fueron similares, pero las cepas avirulentas mas pHK11 causaron un nimero significantemente
mayor de mortalidad en embriones y adquirieron motilidad. Las cepas transformadas aviru-
lentas mas pKT107 tuvieron un porcentaje menor de fagocitosis, un porcentaje de crecimiento
mas lento y una mayor sensibilidad al complemento y cambiaron de no-hemoliticas a alfa-
hemoliticas. El plasmido de 35 kb presente en la cepa original no estaba presente en las
cepas transformadas. Aunque algunos de estos resultados demuestran las dificultades encon-
trades en usar las cepas originales como recipientes en estudios de virulencia, los resultados
con las cepas avirulentas mas pHK11 indican que la produccion de colicina V mis la adqui-
sicion de motilidad contribuyen a la virulencia de E. coli aviar.

This study was supported by the Veterinary Medical Experiment Station, College of Veterinary Medicine,
The University of Georgia.

127

This content downloaded from 129.186.1.55 on Thu, 9 May 2013 17:16:13 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

128

Escherichia coli, a major pathogen of world-
wide importance in commercially produced
poultry, is responsible for major economic losses
to the poultry industry. Microbial characteristics
associated with virulent avian E. coli include
antibiotic resistance (9), production of colicins
and siderophores (10,17,18,36,38), colicinoge-
ny-complement resistance interaction (3,4,5),
type 1 pili (2,10,13,22,30,39), presence of large
plasmids (9,12,38,39), motility (2,39), non-he-
molytic reactions on blood agar media (36,39),
and embryo lethality (23,39). Resistance to the
lytic action of host complement has also been
implicated as an important virulence-associated
factor of pathogenic avian E. coli (23,24,36,39).

Plasmid pKT107 is a hybrid plasmid com-
posed of the cloning vector pACYC184 (3.9 ki-
lobases [kb]) linked to a traT-containing frag-
ment (6 kb) of plasmid R6-5 (20). This 9.9-kb
plasmid encodes the outer-membrane protein,
TraT, which increases the organism’s resistance
to the lytic action of complement (20). This
surface-exposed lipoprotein mediates serum re-
sistance by interfering with the correct assembly
or functioning of the complement membrane
attack complex (33).

Plasmid pHK11 consists of a 9.4-kb fragment
from pColV-K30 cloned into pBR322 (4.4 kb).
It contains the structural gene, cvaC, which
codes for Colicin V (ColV) production; the ColV
immunity gene, cvf; and the genes required for
export of ColV, cvad and cvaB (15). In at least
four ways, ColV enhances the pathogenicity of
E. coli: by providing a competitive advantage in
colonization of the intestinal tract; by changing
the hydrophobicity of bacterial surface pro-
teins, facilitating attachment to host-cell sur-
faces; by increasing resistance to host comple-
ment; and by contributing antiphagocytic fac-
tors (1,32,37).

Molecular studies of bacterial virulence often
employ transformation of E. coli K12 deriva-
tives with virulence genes cloned into vector
plasmids. Such studies in genetically defined
laboratory recipient strains may not result in the
true expression of the introduced virulence gene
in these recipients. In the present study, cloned
virulence genes (pKT107 and pHK11) were
evaluated for their effects on the virulence and
phenotype within an avirulent, wild-type avian
E. coli in order to further clarify the pathogen-
esis of avian colibacillosis.

R. E. Wooley et al.

MATERIALS AND METHODS

Bacterial isolate and plasmids. An avirulent wild-
type E. colistrain designated Av (40) was the recipient
in the transformation studies. Strain Av had been pre-
viously characterized as being sensitive to the action
of selected antibiotics (ampicillin, streptomycin, tet-
racycline, sulfisoxazole, and gentamicin), resistant to
nalidixic acid, and sensitive to complement. In ad-
dition, strain Av did not produce colicins and pro-
duced low mortality rates in the intravenous chick
assay and the embryo lethality test (23,40). Plasmids
used in the present study were pKT107 (20,33), sup-
plied by Dr. F. C. Cabello (Department of Microbi-
ology, New York Medical College, Valhalla, N.Y.), and
pHK11 (15), supplied by Dr. R. Kolter (Department
of Microbiology and Molecular Genetics, Harvard
Medical School, Boston, Mass.).

Antibiotic resistance profiles. Antibiotic resis-
tance profiles were determined by the disc diffusion
method (7). Antibiotics tested were gentamicin (Gm),
streptomycin (St), kanamycin (Kn), ampicillin (Ap),
chloramphenicol (Cm), nalidixic acid (Na), tetracy-
cline (Tc), and sulfisoxazole (Su).

Bacterial resistance to guinea-pig comple-
ment. The lytic activity of complement on the test
organisms was determined by the viable-count meth-
od (31). Guinea-pig serum (12% final concentration)
(ICN ImmunoBiologicals, Costa Mesa, Calif.) was
mixed with phosphate-buffered saline (PBS)-washed
cells from an exponentially growing bacterial culture.
The bacteria-serum mixtures were incubated in a 37
C water bath and sampled at 0, 1, 2, and 3 hours.
Viable organisms were determined by plating on
MacConkey agar (31).

Plasmid isolation, purification, and digestion.
Plasmid DNA from the E. coli strains containing
pKT107 and pHK11 was isolated and purified by the
method of Birnboim and Doly (6) from overnight
brain-heart infusion (BHI) broth cultures. E. colistrain
V-517 was used as a source of reference plasmids (19).
All restriction enzymes were obtained from Promega
Corp., Madison, Wis. For probe construction, traTwas
removed from pKT107 using BstEII (34). Samples (25
pl) of plasmid DNA were loaded into wells of 2 0.7%
agarose gel (MC Corp., Rockland, Maine) and run at
40 volts for 12 hours on a horizontal electrophoresis
apparatus (Model 452; E-C Apparatus Corp., St. Pe-
tersburg, Fla.). Gels were stained with ethidium bro-
mide and visualized on an ultraviolet transilluminator
(27). Selected plasmids or their fragments were sliced
from the gel and extracted from the agarose using
GENECLEAN (Bio101, La Jolla, Calif.).

Probe DNA. Plasmid pKT107 was used as a source
of the traTgene. The plasmid was digested with Bs¢EII,
and the fragments were separated electrophoretically
(34). The 70-base-pair fragment, containing the traT
gene (21), was extracted from the agarose with GENE-
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CLEAN and labeled according to the Genius 1 Kit
protocol (Boehringer Mannheim Corp., Indianapolis,
Ind.) for use as a probe. Wild-type and transformant
plasmids in agarose were transferred to charge-mod-
ified nylon membranes (QIABRANE Nylon plus; Qia-
gen, Inc., Chatsworth, Calif.) by the method of
Southern (28) and then hybridized with the probe
under stringent conditions (25).

Preparation of genomic DNA. Chromosomal
DNA from the test organisms was isolated and purified
by treatment with sodium dodecyl sulfate, proteinase
K, and phenol/chloroform/isoamyl alcohol, followed
by isopropanol precipitation (2).

Colicin activity. Colicin production was tested
by overlaying chloroform-killed colonies of the test
organisms with a colicin-sensitive E. coliK-12 (ATCC
23559; American Type Culture Collection, Rockville,
Md.). Plates were incubated at 37 C for 18 hours and
then observed for growth inhibition (14).

Embryo lethality test. Overnight cultures of the
isolates were washed twice in PBS, resuspended and
diluted in PBS, and inoculated into the allantoic cavity
of thirty 12-day-old chicken embryos. Thirty PBS-in-
oculated control embryos also were included. Eggs
were candled daily, and deaths were recorded for 4
days. Fifteen eggs were used for each of two inoculum
dilutions, approximately 10? and 10° colony-forming
units (CFU) in 0.1 ml PBS (23).

Transformation. The wild-type avirulent E. coli
(Av) was made competent for transformation
(11,25,29) and transformed with pKT107 and pHK11
using the Gene Pulser Transfection Apparatus and
Pulse Controller (Bio-Rad Laboratories, Richmond,
Calif.) set at 25 uF, 200 Q, and 2.5 kV (29). Initial
selection of mutants was done on the basis of acqui-
sition of resistance to tetracycline (Tc") (pKT107) or
ampicillin (Ap?) (pHK11) by incorporating these an-
tibiotics into MacConkey agar plates at concentrations
of 10 ug/ml and 50 ug/ml, respectively (15,33). Trans-
formants were then colony-purified three times on
selective media before being studied further.

Rate of phagocytosis. The bioassay for uptake of
the test bacteria was done using avian macrophages.
The E. coli strains were radiolabeled by adding 100
ul of an overnight culture in BHI broth into 4 ml of
fresh BHI broth with 80 uCi [*H]thymidine. The E.
coliwere then grown to log phase, washed three times,
and diluted in PBS to 10° CFU as determined from a
standard curve of optical density (OD) at 595 nm vs.
viable CFU (16). Avian macrophages were collected
from 45-week-old Hy-Line W36 laying hens. Chickens
were injected intraperitoneally with dextran beads
(Sephadex G-50; Sigma Chemical Co., St. Louis, Mis-
souri), and peritoneal macrophages were collected
18 hours later at necropsy. The cells were washed and
resuspended in RPMI-1640 (Gibco Laboratories, Grand
Island, N.Y.) containing 10% heat-inactivated fetal bo-
vine serum to a concentration of 107 cells/ml (8,16,35).

129

The rate of phagocytosis was measured by the method
of Harmon et al. (16). Aliquots (200 pl) of the mac-
rophage suspension were placed into 7-ml sterile bo-
rosilicate glass scintillation vials (Kimble, Toledo,
Ohio), centrifuged for 30 seconds at 200 x g and
incubated for 1 hour at 40 C. The media were then
decanted, and aliquots consisting of 10* radiolabeled
E. coliin 200 ul PBs with 10% complete chicken serum
were added to the vials for a final bacteria: cells ratio
of 50:1. Test vials containing macrophages and radio-
labeled E. coliwere incubated at 40 C for 45 minutes;
the cells were washed three times in PBS; and the
phagocytosed, radioactive bacteria were counted. The
phagocytosis index for each strain was then calculated
(16).

Growth curve. Bacterial growth curves were done
in Luria-Bertani (LB) broth (26) using a 1% vol:vol
inoculum from an overnight culture. Samples were
taken and plated on MacConkey agar plates every hour
from 0 to 7 hours.

Hemolytic reactions. The type of hemolysis was
determined by the stab inoculation of bovine blood
agar plates with the test organisms, followed by in-
cubation at 37 C overnight.

Motility reactions. Motility was determined by
stab inoculation of Motility Test Media (Difco Labo-
ratories, Detroit, Mich.), followed by overnight in-
cubation at 37 C.

Statistical analysis. The percentages of embryo
deaths (embryo lethality) in the three groups were
compared by a chi-square/analysis of variance with a
follow-up Tukey multiple comparison test. The
phagocytic percentages of the three groups were com-
pared using a Kruskal-Wallis test with a Tukey-type
multiple comparison test (41).

RESULTS

Electrotransformation of pHK11 and pKT107
into an avirulent avian E. coli (Av) was partially
successful, based on acquisition of antibiotic
resistances coded for the recombinant plas-
mids, pKT107 and pHK11. As a result of elec-
trotransformation, transformant Av+pKT107 ac-
quired both Tc® and Cm*. This antibiotic
resistance pattern verifies transformation of Av
with the pACYC184 portion of pKT107, but it
also indicates that the traT-containing portion
of pKT107 was lost in the process, since the
presence of the traT fragment in pKT107 in-
activates the Cm’ gene of pACYC184. Transfor-
mant Av+pHK11 acquired Apr and the ability
to produce ColV, indicating that this transfor-
mation was complete. Table 1 shows antibiotic
resistance profiles of the parent and its trans-
formants.
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Table 1. Antibiotic resistance profiles* of plasmids
pKT107 and pHK11, recipient wild-type avian E. coli
(Av), and their transformants.

Strain or plasmid Resistance profile

pKT107 Tc

pHK11 Ap

Av Na
Av+pKT107 Na-Tc-Cm
Av+pHK11 Na-Ap

*Antibiotics tested: ampicillin (Ap), chloramphen-
icol (Cm), gentamicin (Gm), kanamycin (Kn), nali-
dixic acid (Na), streptomycin (St), sulfisoxazole (Su),
and tetracycline (Tc).

Table 2 shows changes in embryo lethality,
mean percent phagocytic rate, and motility of
Avand its progeny, Av+pHK11 and Av+pKT107.
Eggs inoculated with Av+pHK11 had signifi-
cantly (P < 0.05) more deaths than those in-
oculated with either Av or Av+pKTi107.
Av+pHKI11 also acquired motility. In the
phagocytic uptake studies, Av+pKT107 was sig-
nificantly less likely to be phagocytized than its
parent (Av).

Fig. 1 shows the effect of 12% guinea pig se-
rum on the three test strains sampled over 3
hours. Av and Av+pHK11 had similar curves
and were moderately sensitive to the lytic effect
of complement; Av+pKT107 was significantly
more sensitive.

Fig. 2 shows the growth curves of Av,
Av+pHKI11, and Av+pKT107. The growth curves
of Av and Av+pHK11 were similar, whereas
Av+pKT107 had a slower growth rate than its
parent.

Table 2. Characteristics of avirulent E. coli Av and
its transformants containing pKT107 and pHK11.

% Mean
% Embryo phagocytic
E. coli deaths* rate® Motility©
Av 3.33¢ 1.94¢ -
Av+pKT107 6.674 1.33° -
Av+pHK11 13.33% 2.09° +

*Embryo lethality test. Percent dead of 30 eggs. Val-
ues followed by the same lower case superscript are
not significantly different (2 > 0.05).

"Phagocytic uptake of organisms. Mean of three rep-
licate tests. Values followed by the same lower case
superscript are not significantly different (P > 0.05).

¢— = negative reaction, + = positive reaction.

R. E. Wooley et al.
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Fig. 1. Complement-resistance curves of Av,
Av+pHK11, and Av+pKT107 in 12% guinea-pig se-
rum and 12% heat-inactivated guinea-pig serum.
Curves represent net differences between growth in
intact complement and heat-inactivated complement
for each strain.

Other phenotypes that differed between Av
and its progeny were type of hemolysis and ColV
production. Both Av and Av+pHK11 were non-
hemolytic, whereas Av+pKT107 expressed a
slight a-hemolytic reaction. Avand Av+pKT107
remained non-producers of colicin, but
Av+pHK11 produced ColV.

©
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81 —
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....‘....
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2

4

Q
3 T T T
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Fig. 2. Growth curves of Av, Av+pHK11, and
Av+pKT107 in Luria-Bertani broth.
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Fig. 3. Plasmid screen of Av, pKT107, pHK11, and their progeny, Av+pKT107 and Av+pHKI11. Arrow
indicates 35-kb plasmid present in wild-type avian E. coli (Av).

Plasmid isolation and visualization of trans-
formants showed that when Av was transformed
with pHK11 and with pKT107, it lost a 35-kb
plasmid (Fig. 3). A plasmid screen of Av+pHK11
confirmed its acquisition of the total recombi-
nant plasmid. A plasmid screen of Av+pKT107
was unable to confirm the acquisition of pKT107.

Hybridization studies using labeled traTas a
probe showed that traT was present in the 35-
kb cryptic plasmic of Av and in pKT107 but was
not observed in Av+pKT107 (Fig. 4). The traT
gene also was not observed in genomic DNA
preparations of Av or Av+pKT107.

DISCUSSION

There are inherent difficulties in transforming
wild-type organisms with plasmids in order to
assess those plasmids’ contributions to viru-
lence. It is for this reason that the recipient
organisms employed in such studies are usually
avirulent E. coli K-12 strains. Unfortunately,
there are also inherent difficulties in assessing
the virulence contributions of DNA put into such
genetically refined backgrounds as those of these
E. coli K-12 derivatives. For this reason, we at-
tempted to transform an avirulent wild-type avi-
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Fig. 4. Southern blot test result using traT as a probe of gel from Fig. 3.

an E. coli with two recombinant plasmids
(pKT107 and pHK11) known to produce pu-
tative virulence proteins (14,33). The results
demonstrate both the benefits and drawbacks
to this approach.

First, the transformation of Av with pHK11
was successful, as revealed by tests confirming
the acquisition of Apr, a plasmid of proper size,
and ColV production. It appears that ColV pro-
duction made Av more virulent, but since the
transformants also became motile, this increase
in virulence may not be totally attributed to ColV
production. The acquisition of motility may be
the result of some complementation event oc-
curring within the transformant. Changes in
complement resistance and uptake by macro-
phages were not observed in Av+pHK11, al-
though increases in complement resistance and

anti-phagocytic properties have been attributed
to the ColV plasmid in mammalian E. coli iso-
lates (31,36).

The transformation of Av with pKT107 was
fraught with ambiguous results. For example,
the transformation appeared to be successful
based on the acquisition of Tcr, but the acqui-
sition of Cmr also indicated that the traT gene
of pKT107 was lost. Also, the acquisition of the
plasmid pKT107 by Av could not be confirmed
by plasmid and genomic isolation and DNA
probe analysis. Changes in the transformant in-
cluded an increased sensitivity to complement,
a slower growth rate, and a decrease in the rate
of phagocytosis. Such changes may reflect a re-
combination event within this transformant that
was not related to the virulence gene, traT.
Therefore, it is not possible to assess the effect
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of traT on the virulence or complement resis-
tance in this system.

Furthermore, both transformants appeared to
lose a 35-kb cryptic plasmid present in Av. Plas-
mid-group incompatibilities between the 35-kb
plasmid and the introduced plasmids may ac-
count for the loss of the 35-kb plasmid in the
Av-transformants.

In summary, these results suggest that ColV
production, motility, or the combination of ColV
production and motility contributes to the vir-
ulence of avian E. coli. The loss of the 35-kb
plasmid and the unexpected acquisition of mo-
tility do not invalidate this suggestion but cer-
tainly must be considered while investigating
its plausibility. These results do not, however,
provide evidence that traT contributes to vir-
ulence. These results also indicate that there
are many pitfalls in the use of wild-type recip-
ients for virulence studies.
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