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Construction of an issdeleted mutant strain from anativeavian
pathogenic Escherichiacoli O78: K80 and in vitroserum
resistance evaluation of mutant
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Abstract:

BACKGROUND: Colibacillosis, caused by different serotypes
of avian pathogenic Escherichia coli (APEC), is one of the
important diseases in poultry industry. The isolate O78 is the
most prevalent serotype of APEC in Iran. One of the APEC
virulencefactors, increased serum survival (iss) gene, isrelated
to serum resistance. The usual form of colibacillosisinavianis
extraintestinal, and serum resistance is applied one way by
APECtoreachinternal organs,; hence, it appearsthat the control
of colibacillosisin poultry regarding the deletion of issand the
construction of a serum sensitive APEC strain is beneficial.
Additionally, the knowledge about APEC serum resistance
could be extended using mutant strains. OBJECTIVES: The
present study wasan attempt togenerateanissmutant strainfrom
native APEC-O78 strain %1378 and to study the level of serum
resistanceof nativeAPEC-O78 strainy 1378incomparisonwith
its mutant (APEC-O78 strain y1378Aiss). METHODS: The
lambdared recombinasesystemwasutilizedto deleteissgenein
nativeAPEC-O78strainy 1378. Thisstrainwasfirsttransformed
withtheplasmidpkD46tointroducethelambdared recombinase
systemand thenthe PCR product with sequencehomol ogy tothe
issgeneandakanamycinresi stancemarker wastransformedinto
the APEC-O78 strain % 1378. Serum sensitivity of mutant and
wild type strain was investigated by microtiter test. RESULTS:
Thegeneration of mutant wassuccessful andtheisswasreplaced
with kanamycin resistance cassette. Also, it was observed that
themutant wassensitiveto serum. However, serum sensitivity of
issdeleted mutant wasnot statistically different fromitsparents.
CONCLUSIONS: Application of lambdared recombination could
be a simple and useful technique for production of a precisely
defined gene deletion. Also, there may be some genes that
compensatethe activity of issgene.

Introduction

Colibacillosisisstill considered the most import-
ant bacterial disease affecting the poultry industry
(Barnes et al., 2008; Derakhshandeh et al., 2009;
Kariyawasam et al., 2006; Kariyawasam and Nolan,
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2009). This disease occurs by many serotypes of
Avian Pathogenic Escherichia coli (APEC), such as
01,02, and O78 (LaRagoineet al., 2000; Mellataet
al., 2003; Nayeri Fasaei et a., 2009; Stordeur et al.,
2004, Vandekerchove et a., 2004; Zahraei Salehi et
a., 2004); however, itisusually theresult of serotype
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078 in Iran (Zahraei Salehi et al., 2004). Clinical
form of colibacillosis in avian, in contrast with
mammalian colibasillosis, is extraintestinal, while
intestinal form is more prevalent in mammals
(Barnes and Gross, 2005; Gross, 1994). The use of
prevalent pathogenic serotypes, in each country, is
advisable to prepare vaccines and to control the
vaccination strategies (Zahraei Salehi et a., 2004).
Therefore, to this time, researches about the native
APEC-O78 strain 1378, along with other methods
of colibacillosiscontrol such astheuseof antibiotics,
farm sanitation, and other management practices,
could be helpful. Farm sanitation and management
practicesarearduousand expensive, and a sothecost
involved in the treatment, undesirable side effects,
appearance of apparent transferable antibiotic resist-
ance, and public concerns over the use of antibiotics
limit the use of antibiotics (Derakhshandeh et al.,
2009; Gomiset al., 2003; LaRagioneet a., 2001; La
Ragione et a., 2004). Therefore, control of the
disease through vaccination, especialy with live
attenuated vaccines, is thought to be a logical and
desirable approach (Zahrael Salehi etal., 2004). Itis
worthwhileto consider nativeand frequent strainsfor
studies of control and vaccine approaches (Zahraei
Salehi et al., 2004). Live E. coli vaccine has been
found to induce a more marked level of immunity
(Kwaga et al., 1994). It is known that a properly
deliveredlivebacterial vaccinewill bemoreeffective
since al of the relevant antigens will be present to
stimulate both cellular immunity and humoral
immunity at theappropriatesite, whiletheseantigens
may be absent or altered in killed bacteria. Also, the
preparati onsof subunitvaccinesarenot cost effective
(Kwagaet a., 1994). Many different live attenuated
vaccines have been used to control colibacillosis;
however, thereisno vaccine currently available that
iseconomical, functional infarms, and also effective
against different strains of APEC (Derakhshandeh et
a., 2009; Nolan et al., 2003; Nolan et al., 1992;
Vidotto et al., 1990). One approach to develop at-
tenuation and vaccination can be achieved through
inactivation of oneor morevirulencefactors(Nayeri
Fasael et al., 2009). In addition, identification and
characterization of virulence factors in APEC, as a
spectacular research area, could be done by
construction of different mutants (Sharan et a.,
2009). Theroleof different virulence factorsrelated
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toserumresistanceinmammalian E. coli andavianE.
coli has been investigated; however, the knowledge
about theserumresi stancemechanismof APEC-O78
isill-defined (Mellataet al., 2003). Increased serum
survival (iss) gene, asaconservedvirulencegene, has
a role related to serum resistance and frequently
occursinavianE. coli, especially inavian pathogenic
E. coli (Skyberg et al., 2008). Also, issislocated in
different serotypes of APEC (Derakhshandeh et al.,
2009). In addition, the ability of APEC to resist the
host protective effects of serum plays a significant
rolein the development of APEC in body fluids and
internal organs(Mellataetal., 2003). Sincethereisno
report about the mechanism of serum resistance in
nativeAPEC-O78 strainy 1378, it seemsworthwhile
to delete iss and investigate the contribution of iss
geneto serumresistanceto have abetter understand-
ing of how to control colibacillosis.

Materialsand M ethodes

A. Construction of native APEC-O78 strain
%1378 Aiss: The bacterial strains used in this study
were routinely cultured on Luria-Bertani (LB) agar
and broth, containing theappropriateantibiotics. The
primersusedinthisstudy arelistedintablel. Deletion
of iss gene was carried out in avirulent wild native
strain of APEC-O78 %1378, isolated from achicken
with systemic colibacillosis in Iran, as described
previoudy (DatsenkoandWanner, 2000; Derakhshandeh
et al., 2009; Horne et al., 2000; Lynne et al., 2007b;
Nayeri Fasaei et a., 2009; Skyberg et a., 2008).
Briefly, after serotyping of native APEC-O78 strain
%1378 (MAST serotyping kit; MAST Group Ltd,
Merseyside, UK), the presence of iss gene (760bp)
wasdetected by PCR usingissupper (F) andisslower
(R) primers. Then, issgenewas sequenced in APEC-
O78 strainy 1378 (Derakhshandeh et al., 2009). The
PCR was carried out on a total volume of 25 uL
containing 1x PCR buffer, 1.6 mM MgCl2, 0.2 mM
dNTPs, 0.5 uM of each primer, 1.25 U of Taqg DNA
polymerase and 10 ug of template DNA (PCR Set
System, Sinaclon, Tehran, Iran). The amplification
program was used at 94°C for 5 min, 30 cycles of
94°Cfor 30 sec, 55°Cfor 30 sec, 72°Cfor 30 sec, and
72°C for 7 min (Techne Thermocylcer, TC-512).
Temperature sensitive plasmid pK D46, encoding the
lambda Red recombinase (Nature Technology
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Corporation, England), wastransformedintoel ectro-
component native APEC-O78 strain 1378 by
electroporation. Plasmids were purified using
commercia kit (Plasmid Isolation Kit Miniprepar-
ation, MBST, Tehran, Iran). L-Arabinose was used
fortheinductionof theL ambdaRed genesexpression
at 10 mM final concentration (BBL, USA). Over-
night bacterial cultures of native APEC-O78 strain
%1378 were diluted 1: 100 into 8 mL of fresh SOB
medium (eachliter containing 20gtripton, 0.5gyeast
extract, and 1 mL of 0.25 M KCI) and incubated at
37°C, whileshaking, until they reachedan OD600nm
of 0.6. Culture was then concentrated by centrifug-
ation at 3200 xg for 15 min at 4°C. From this step,
everything was maintained on ice. After discarding
the supernatant, cellswere then re-suspended in 4, 2
and 1 mL of ice-cold 10%glycerol (Merck, Germany)
and centrifuged at 3200, 17900 and 17900 xgfor 15,
2 and 2 min, respectively, at 4°C. After these 3
washing steps, the cellswere suspended in80 L ice-
cold 10% glycerol and used immediately in 40 puL
aliquotsfor el ectroporati onstep. Electroporationwas
carried out using Gene Pulser® 11 Electroporation
System and cold Gene Pulser® 0.2 Cm gap Cuvettes
(Bio-Rad® LaboratoriesInc., Richmond, CA) at 2.5
KV with 25 puF and 200 © by adding 50 ng of pK D46
to native APEC-O78 strain y 1378 el ectrocompetent
cells. Also, a control reaction, without adding
plasmid, was electro-porated. Immediately after
electroporation, cells were resuspended in 1 mL of
coldL B andincubatedfor 1.5hat 30°C. Fivehundred
microliters of the mixture were plated on LB
containing 100ug/mL ampicillin, andtheplateswere
incubated at 30°C overnight. Ampicillin-resistant,
temperature-sensitive colonies were selected for
transformation by kanamycin cassette flanked by 5
and 3' sequencesof theissgene. Primersfor - mut - iss
andrev - mut - iss, and pK D4 astempl ate, were used
to amplify the kanamycin cassette flanked by
homolog regionsof 3' and 5' end of issgene (1.6 kb).
High fidelity PCR amplification was conducted
using 15 reactions of AccuPower™ HF PCR PreMix
(BIONEER) containing 1uL of pKD 4template, 1uL
of each primer (10 uM) and 17 uL of distilled water.
PCR conditions were as follows: 94°C for 3 min,
followed by 30 cyclesof 94°Cfor 30 sec, 58°Cfor 30
sec, and 72°C for 30 sec min and then an extension
period of 72°Cfor 7 min (Techne Thermocycler, TC-
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512). ThePCR product waspurified fromtheagarose
gel by manufacture's protocol (Gene Jet Gel
Extraction Kit, Fermantase), then confirmed by
agarose gel. A single fresh colony of native APEC-
O78strainy 1378 containing pK D46 was placed into
5mL of LB-ampicillinand shakenat 30 °C overnight.
Subsequently, 500 uL of thisculturewas mixed with
50 mL SOB containing 100pug/mL ampicillinand L-
arabinose was added to a final concentration of 10
um. The mixturewasincubated at 30 °C with shake.
At an ODgym Of 0.6, the cells were made
electrocompetent followingthisprotocol. Cellswere
concentrated by centrifugationat 3200 xgfor 15min,
4°C. Then, 4 washing steps, at 4°C, carried out by 10,
5,and 2.5mL of cold 10%glycerol and centrifugation
at 3200 xg for 15 minfor each step. Then pellet were
mixed with 250 pL of cold 10% glycerol. 100 pL of
electrocompetent cells (APEC-O78 strain uL378
containing pKD46) were mixed with 300 ng of
purified PCR product and this mixture was
electroporated as described above and then was
spread on LB agar plates containing 50 ug/mL
kanamycin. After kanamycin sel ection, the expected
deletions in mutants were verified by PCR protocol
targeting the new antibiotic resistance cassette
junction fragment (1.8kb) through the use of theiss
upper (F) andisslower (R) primersonthekanamycin
resistant colonies. The PCR reaction was performed
in 25 pL reaction volume containing 2.5 uL of 10X
PCR buffer, 1.6 mM of MgCI2, 0.2 mM of
deoxynucleoside triphosphates, 0.5 mM of each of
the upstream and downstream primers (10 pmol),
1.25 U of Tag DNA polymerase and 50 ng of DNA
template (PCR Set System, Sinaclon, Tehran, Iran).
PCR amplification involved 30 cycles of denatur-
ationat 94°Cfor 30 sec, annealing at 55°C for 30 sec,
and elongation at 72°C for 30 sec in athermocycler
(Techne Thermocylcer, TC-512). The reaction
mixturewas held at 94°C for 5 min beforeand 72°C
for 7 min after thereaction.

B. Invitroserumresistanceassay of nativeAPEC-
O78 strain x1378 and its mutant by microtiter
method: Tow hours culture of APEC-O78 strain
%1378, APEC-O78 strain y1378Aiss, and serum
sensitive DH5a. (control), grown in 3 mL Peptone
Glucose (PG) broth (Difco), were adjusted to 0.5
McFarland standard (0.5 mL of 0.048 M BaCl2
(1.17% w/v BaCl2.2H20) to 99.5 mL of 0.18 M
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H2S04 (1% v/v)). Then, 10-fold serial dilutions of
each culture have been prepared and 100 uL of 10-3
dilution (104 CFU), verified by viable count was
dispensed into flat-bottomed 96-well microtiter
plates and mixed with 100 uL of 50% chicken serum
dilutedin phosphate-buffered saline. Theexperiment
was repeated using PG broth instead of serum. Also,
asmedium control, 100 pL of serum mixed with 100
uL PG broth also included. Plates were incubated at
37°C and the growth was monitored using a micro-
plate reader set at 490 nm (Stat fax-2100, UK) every
30 min for 4 hr. The experiment was repeated three
times. The results are the average of three
experiments. A one-way ANOVA wasusedtotest the
null hypothesisof equal meangrowthratesamongthe
strains. A post hoc test, Fisher LSD, was used to
identify differences between strains with P-value
0.05(Leeetal.,1991; Lynneet al., 2007a; Wool ey et
al., 1991).

Results

The iss gene was deleted in native APEC-O78
strainy 1378 to generateamutant (APEC-O78 strain
x1378Aiss) as described by Datsenko and Wanner
(Datsenko and Wanner, 2000). At first, by PCR, with
specific primers for iss in native APEC-O78 strain
%1378, the 760 bp PCR product was detected (Figure
1) and sequenced. The sequence was submitted to
GenBank by Derakhshandeh et al. (2009) with the
assigned accession number FJ416147. Then, the
pKD46 electroporated to electrocompetent native
APEC-O78 strain 1378, and this strain was
ampicillin resistante and sensitive to temperature
higher than 30°C. The process of native APEC-O78
strain y1378Aiss construction is shown in Figurel.
Thisfigureshows 1.6 kb purified PCR product of the
kanamycine cassette flanked with iss homology.
Also, there are different sizes of band with the PCR
protocol targeting the new antibiotic resistance
cassette junction fragment in wild-type and mutant
strain after the replacement of kananamycin cassette
(Figure 1). The resistance of three strains to serum,
nativeAPEC-O78strainy 1378 (wild), nativeAPEC-
O78 strain y1378Aiss (mutant), and DH5a. (serum
sensitive) wereinvestigated usingmicrotitertest. The
results show that the growth of wild type, mutant
strain, and DH50 were not statistically different in
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PG brath (p<0.05; Figure2). DH5o. grew significant-
ly lower inchicken serumthanit didinwild typeand
mutant strain (Figure3; p<0.05).Also, incomparison
withwildtype, thegrowth of mutantinchickenserum
decreased; however, itwasnot significant (Figure 3;
p<0.05).

Discussion

Colibacillosis, an Escherichia coli infection, isa
major problemfor the poultry industry (Barneset al .,
2008; Derakhshandeh et al., 2009; Kariyawasam et
a., 2006; Kariyawasam and Nolan, 2009). O1, O2,
and O78 serotypesof APEC arethemagjor etiological
agent for colibacillosis in poultry (Vidotto et al.,
1990); however, inlranthemgjority of colibacillosis
is related to O78 serotype (Zahraei Salehi et a.,
2004). Prevention and control of colibacillosis by
vaccinationisoneof theinquiriesof researchers, and
the use of native strain is advised in vaccine
preparation (Zahraei Salehi et al., 2004). The present
study investigated native APEC serotype O78. The
pathogenesis of avian E. coli is different from
mammalian E. coli, sinceinmammal sintestinal form
is more prevaent while the extraintestinal form
occursmoreinavian(Nolanetal., 2003). Inaddition,
serum resistance is at least one of the mechanisms
used by APEC to reach internal organs of chickens
(Méellata et a., 2003). With regard to the act of iss
gene, whichincreased serumresistance, it seemsthat
deletion of issfrom native APEC-O78 strain 1378
could be profitable in controlling colibacillosis. On
the other hand, there have been few investigations
about the mechanism of serum resistance in APEC-
078 (Méellataetal., 2003). Inthepresent study, theiss
gene was deleted from native APEC-O78 strain
%1378 by lambdared recombineering (Datsenko and
Wanner, 2000). iss gene was replaced with
kanamycin cassette by homologous recombination
due to red recombinase enzymes, produced by
pK D46; asaresult, themutant strainwaskanamaycin
resistant and also the PCR result shows 1.8 kb of the
PCR product. This confirmsthe deletion of issfrom
native APEC-O78 strain 1378. Lynne et a. (2007)
deleted issfrom APEC-02 by pSKY 5000 (Lynne et
a., 2007b), while in the present study pKD46 was
used. ThelambdaRed recombinasewasexpressed by
pSKY5000 rather than pKD46. pSKY5000 is a
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2000 bp
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Figure 1. PCRresultsfor mutant screening, Lanel: 1 Kb marker;
Lane2 & 3: PCRresults by for-mut-issand rev-mut iss primers
(nobandinwildtype, 1.6 kbinmutant); Lane4 & 5: PCRresults
by issupper and isslower primers (760 bpinwildtype, 1.8kbin
mutant).

chloramphenicol resistant derivative of pkK D46. Our
results show that the method of mutagenesis, usedin
the present study, may be more comfortable than the
suicide vector. The findings of Heiat et al. (2012),
Nayeri etal. (2009) and Zareet al . (2008), that del eted
different genesfrom different strains, confirmed this
subject (Heiat et al., 2012; Nayeri Fasael et al., 2009;
Zare et al., 2008). This process is not difficult or
expensive. In methodsthat use suicide vectors, there
aretwo recombination steps(Herring et al., 2003). In
addition, designing and construction of thesevectors
are labor intensive and depend on employment of
several enzymes, while in the method used in our
study, applied by little time and effort, and
successfully, the mutant was generated by one step
recombination. Moreover, in Datsenko and Wanner
method, temperature sensitive hel per plasmidscould
be easily eliminated by high temperature in mutant
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Figure 2. The growth rate of APEC-O78 strain ( 1378, APEC-
O78strain’( 1378Aissand DH50.in PG broth at different times.
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Figure 3. The growth rate of APEC-O78 strain ( 1378, APEC-
O78strain’( 1378 Aissand DH50. (sensitivetoserum) inchicken
serum at different times. —— APEC-O78 strain’y, 1378

--&-- DH50o. —=— APEC-O78strain’y, 1378 Aiss
---x--- Control

strain (Herring et al., 2003; Tischer et al., 2001). The
mutant presented in this study could be examined in
aternative or next researches, such asinvivo evalu-
ation of immunization, colonization, and invasion or
used to construct multiple deletions. In the present
study, the resistance of native APEC-O78 strain
x1378Aiss to chicken serum, in comparison with
wildtype, wasinvestigated by microtitr assay (Lynne
et a., 2007a). Results demonstrated that thereis no
significant difference between mutant and wild type
strain (p<0.05). Mellataet al. (2003) investigated the
roleof K1 capsule, Pfimbriae, and O78 LPSinAPEC
in resistance to serum and demonstrated that the K1
capsuleis probably required to prevent serum effect
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Table 1. Primersused in thisstudy.

Zahrael Salehi, T.

Primers

name Sequences(5' to3') Ref.
issupper(F) GTGGCGAAAACTAGTAAAACAGC Derakhshandehetal.,
2009; Lynneetal.,
isslower(R) CGCCTCGGGGTGGATAA o0s

for-mut-iss TATTCATTTCCCATGATTCTGAGTACCTACCAAGTCTGAGTGTGTAGGCTGGAGCTGCTT  Lynneeta., 2007a
rev-mut-iss AAAAACAACTGTAGGGAGCCCAGAAGTATATTAATGAACACATATGAATATCCTCCTTAG

in particular strains, such as O1 and O2, but is not
needed to protect O78. In addition, they showed that
P fimbriae has not a significant role in serum
resistance in O2 strain but maybe hasarolein other
serotypes and need to be investigated. Their study
asoimplicatedthat in Ol strains, inadditionto LPS,
theremay beother factorsrel atedto serumresistance.
In their study, the presence of iss and traT were
demonstrated in all mutant and wild type strains.
Also, the mutant strains of APEC O78:K80 and
APEC 02:K1 contained iss and traT genes but had
lost the K1, or the O serotype was not protected
against the bactericidal effect of serum. However,
these mutant strains were more resistant than the
control strains. Thecontrol strainswerewildtypeand
issand traT negative (Mellataet al., 2003). Nolan et
a. (2003) reported that iss might have a more
important role in birds than mammals to produce
virulence and resistance to serum. These differences
may be due to the rout of initial entry and forms of
clinical disease in these hosts (Nolan et al., 2003).
Lynneet al. (2007) studied the contribution of issand
bor gene to E. coli serum resistance. They showed
that isscontributesmoreto serum resi stancethan bor
(Lynneet al., 2007a). Chubaand Colleaguesreported
that the effect of isson serum resi stancewasnot gene
dosagedependent (Chubaet al ., 1986). Skyberget al.
(2008) investigatedtheroleof iss, tsh, iutA, iroN, sitA
and cvaB genes in virulence of APEC-O2. They
del etedthesegenesand mutantswerecomparedtothe
wild type (APEC-O2) for lethality to chick embryos
and growth in human urine. No significant differ-
ences between the mutants and the wild type were
detected, and they reasoned that insensitivity of the
virulence assaysor other factor could have obscured
changes in the virulence of the mutants (Skyberg et
al., 2008). These finding showed that the serum
resistance of native APEC-O78 strain 7 1378 is
multifactorial. Moreover, the effects of single gene
deletion might be obscured by some compensatory

mechanism. Hence, del etion of moregenesrelated to
serum resistance is advisable to achieve serum
sensitive native strain. Additionally, when differ-
encesin virulence between the mutants and thewild
typewerenot detected, fol low-up studiesto determine
if the genes are differentially expressed in native
APEC-O78 strain %1378 in serum is necessary
(Skyberg et al., 2008). The mutant showed little, but
not significant, growth in serum compared to the
wild-type parent, showing that there are probably
other genesto compensate the act of iss. Chubaet al.
(1986) noted that traT gene, located on Col-V
plasmid, like iss but less, was involved in serum
resistance (Chubaet a., 1986). The finding of lynne
et a. (2007) demonstrated that iss appearsto play a
major role in the serum resistance associated with
PAPEC-02-ColV (Lynneet al., 20074). Chubaet al.
(1989) showed that iss had significant homology to
bor geneof lysogen bacteriophagelambda (Chubaet
al., 1989). Inourlater work, bor geneinnativeAPEC-
O78strainy 1378 havebeenidentifiedand sequenced
and 90% homol ogy with iss has been observed (data
have not published), therefore deletion of bor gene
from native APEC-O78 strain 1378Aiss could be
advisable. Our work added to the current understand-
ing of serum resistance of native APEC-O78 strain
% 1378. Thereare not so much data.on virulent genes
sequences of this bacterium, and the sequences of
these genesarestill unknown.
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