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Abstract : Avian pathogenic Escherichia coli (APEC) are known to cause extraintestinal disease in poultry, leading
to substantial losses in the industry. IutA, iron-regulated aerobactin receptor is firmly associated with APEC. To assess
the potential of IutA to induce protective immune responses, attenuated Salmonella Typhimurium strain expressing
IutA was constructed and administered orally to BALB/c mice. The IutA-specific immune responses were measured
with sera, vaginal and fecal samples by an enzyme-linked immunosorbent assay. We found that the Salmonella-IutA
vaccine induced significantly higher immune responses as compared to the control inoculated with the attenuated S.
Typhimurium containing the plasmid only. The IutA-specific immune responses were increased by second immunization
at third week after initial immunization, whereas triple immunization induced lower immune responses than those
induced by the double immunization. The Salmonella-IutA vaccine induced a nature of immunity biased to the Th1-
type, as judged by the ratio of IutA-specific IgG isotypes (IgG2a/IgG1). Overall, these results suggest that the
Salmonella-IutA vaccine appear to be suitable candidate for a vaccine against APEC.
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Introduction

Escherichia (E.) coli is a normal inhabitant of the intesti-

nal tract of humans and animals. However, avian pathogenic

E. coli (APEC) is a frequent cause of extraintestinal infec-

tions, collectively called colibacillosis, in poultry. In the past

few years, both the incidence and severity of colibacillosis

have increased rapidly, and current trends indicate that it is

likely to continue and become an even greater problem in the

poultry industry [1, 2, 4]. The control efforts on colibacillo-

sis have been hampered by limited understanding of the

mechanisms of disease caused by APEC. Management

approaches designed to reduce predisposing conditions and

prevention using antibacterial agents may not be as effective

in the future, due to significant and continuous increases in

the frequencies of resistances to antibiotics [9]. A valuable

alternative for APEC infection is the prevention by vaccina-

tion. Oral vaccination has specific advantages in terms of

convenience of administration, induction of effective mucosal

immune responses as well as systemic immune responses

[22]. Because APEC principally infects respiratory tract of

poultry, induction of secretory IgA responses by oral vacci-

nation is potentially effective strategies against APEC.

The IutA gene encode the iron-regulated aerobactin recep-

tor which compete with transferrins to scavenge iron in the

host environment [3]. Previous reports showed that IutA is an

essential iron receptor gene in approximately 90% of APEC

strains [12, 21] and the IutA protein has been considered a

possible candidate for a vaccine against E. coli respiratory

and septicemic disease in chickens [8], since anti-IutA anti-

bodies were protective against heterologous challenge as well

as homologous challenge. 

Attenuated Salmonella strains have been developed as car-

riers for the delivery of heterologous antigens to the mamma-

lian immune systems [6]. Oral immunization with recombinant

Salmonella vaccine expressing pneumococcal surface pro-

tein A induced effective protection against pnemococci infec-

tion in mice [7]. The objective of the present study was: 1)

construction of recombinant attenuated Salmonella vaccine

strain expressing IutA antigen, 2) evaluation whether immu-

noprotective responses were induced by oral immunization

with Salmonella-IutA vaccine, and 3) assessment of the need

for boost immunization. 

Materials and Methods

Bacterial strains, animals, growth conditions

Inbred 6-week-old female BALB/c mice (Koatech, Korea)

were used for immunization and were maintained at animal

facility of Chonbuk National University under standard con-
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ditions according to the Institutional Guidelines. The ∆crp-28

∆asdA16 attenuated Salmonella (S.) Typhimurium, χ8501

and the Asd+ plasmids, pYA3493 and pYA3560 were kindly

provided by Ho Young Kang, Department of Microbiology,

College of Natural Sciences, Pusan National University,

Korea. The IutA+ E. coli strain, JOL718 was used as a source

of genomic DNA. The bacterial strains were grown 37oC in

either LB (Difco, USA) broth or agar. When required, antibi-

otics were added to the culture media. Diaminopimelic acid

(DAP) (Sigma-Aldrich, USA) was added for the growth of

the Asd- strains. 

Purification of IutA protein

The gene fragment of iutA was obtained by polymerase

chain reaction using a pair of primers, (F,5’CGTGGATCCG

CAACAAACCGATGATGAAACG3’;R,5’CGGAAGCTTT

CAGAACAGCACAGAGTAGTTCAGACC3’) and were cloned

into the pQE10 (Qiagen, Germany). This recombinant plas-

mids were transformed into a E. coli M15 (Qiagen). In-frame

cloning was confirmed by nucleotide sequencing. The puri-

fied protein was obtained by an affinity purification process

with Ni2+-nitrilotriacetic acid-agarose support (Qiagen). The

protein was verified by sodium dodecyl sulfate-polyacryla-

mide gel electrophoresis (SDS-PAGE), and protein concen-

tration was estimated using a protein assay system (Bio Rad,

USA).

Production of antibodies to IutA protein

New Zealand White rabbits were used in the production of

antibodies. A primary dose of 250 µg of purified IutA pro-

tein in Freud’s complete adjuvant (Sigma-Aldrich) was

administered subcutaneously to rabbits followed by two addi-

tional doses of protein (250 µg) emulsified in Freud’s incom-

plete adjuvant at 2 weeks intervals. The rabbits were bled at

2nd week after the last administration of dose and the sera

were collected.

Preparation of the Salmonella-IutA vaccine strain

The gene of IutA was cloned into pYA3560. The attenu-

ated S. Typhimurium, χ8501 were transformed with this

cloned plasmid by electroporation and then plated on LB

plates without DAP. Only clones harboring the recombinant

plasmid were cultured under these conditions. The expres-

sion of the antigen was assessed by Western blotting.

Western blotting

The bacterial cultures were centrifuged at 7,000 × g for 10

min, and the supernatant were collected for analysis of

secreted antigens. The supernatant was concentrated for 1 h

in ice-cold 10% trichloroacetic acid solution. For Western

blotting, proteins separated via SDS-PAGE were transferred

to 0.2 µm microporous polyvinylidene fluoride membranes

(EMD Millipore, USA), and then incubated at 4oC overnight

with rabbit polyclonal antisera against IutA. Membranes

were then incubated with a goat anti-rabbit IgG conjugated to

horseradish peroxidase (Pierce, USA) and reactive protein were

visualized using a immunoblot detection system (Intron, Korea).

Immunization and collection of samples

Groups of five mice were immunized three times at 3-

week intervals with 2 × 109 colony-forming units of Salmo-

nella-IutA vaccine by the oral route. Prior to orally immuni-

zation, food and water were withdrawn 4 h. The mice treated

with the attenuated Salmonella containing pYA3493 only

served as the control. Blood was obtained by retro-orbital

puncture with heparinized capillary tubes and vaginal sam-

ples were obtained by 100 µL PBS wash. The fecal samples

were weighed and resuspended in PBS containing 0.1%

sodium azide [20]. Samples were collected biweekly inter-

vals and stored at −20oC until used.

Measurement of immune responses by ELISA

For enzyme-linked immunosorbent assays (ELISA), Poly-

styrene 96-well flat-bottom microtiter plates were coated

with IutA protein and incubated overnight at 4oC. To block

nonspecific protein binding, the plates were incubated for 1h

at 37oC with PBS containing 3% skim milk. Vaginal fecal

and serum samples were diluted 1 : 4, 1 : 4 and 1 : 100,

respectively and then diluted samples were incubated for

1.5~2 h at 37oC. Anti-mouse immunoglobulin-horseradish

peroxidase conjugate (Southern Biotechnology, USA) was

used as the second antibody and the reaction was visualized

with o-phenylenediamine (Sigma-Aldrich). Finally, optical

densities at 492 nm were determined using an automated

ELISA spectrophotometer (TECAN, Austria).

Statistical analysis.

Independent-Samples t-test was used to determine signifi-

cant differences in antibody titers between double dose

immunized and single dose immunized groups, and signifi-

cant differences in the antibody titers of IgG2a and IgG1 in

immunized groups. Statistical results were considered signif-

icant when p values were < 0.05. All statistical analyses were

carried out with the SPSS 16.0.1 program (IBM SPSS statis-

tics; IBM, USA).

Results

Construction of a S. Typhimurium vaccine expressing

IutA protein

The S. Typhimurium strain, χ8501 transformed with

recombinant plasmid stably expressed IutA as detected by

development of Western immunoblots (Fig. 1). The IutA was

detected in the concentrated culture supernatant of Salmo-

nella-IutA vaccine, but was not detected in that of control.

Anti-IutA immune responses in mice following oral

immunization with Salmonella-IutA vaccine

The systemic IgG responses in sera and mucosal IgA

responses in vaginal and fecal samples of mice were mea-
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sured. The Salmonella-IutA vaccine induced both systemic

and mucosal immune responses in mice. Serum IutA-spe-

cific IgG responses in immunized groups with the vaccine

were much higher than those in the control group. The dou-

ble immunization induced the highest anti-IutA IgG titers,

followed by the triple immunization and the single immuni-

zation. The levels of IgG antibody to IutA were highest at

14th week, this remained until the end of the study (Fig. 2A).

In vaginal samples, anti-IutA IgA titers in the double immu-

nization group were generally higher than those in the single

and triple immunization group, and they also showed a slight

decline over the 20 weeks period of the study. The IgA

responses in the control group were virtually undetectable in

the vaginal and fecal samples (Fig. 2B). In fecal samples,

anti-IutA IgA responses in double immunization group were

increased significantly than those in the single immunization

group. The anti-IutA IgA levels in the single and double

immunization groups continued to decline from the 12th

week and the 16th week, respectively. The anti-IutA IgA

titers in the triple immunization group were lower than those

in the single immunization group (Fig. 2C). When the distri-

bution of IutA specific IgG isotypes at 12th week was ana-

lyzed, mice immunized with Salmonella-IutA vaccine

induced high levels of IgG2a antibody and low levels of

IgG1 antibodies (Fig. 3).

Discussion

Control of avian colibacillosis using vaccines may be a

most effective regimen, thus there have been many attempts

to develop vaccines and have been tested experimentally [10,

13, 16]. Many of these were effective against homologous

APEC challenge but not against heterologous challenge.

Thus, new vaccine strategies were required to protect APEC

which are quite diverse in terms of serogroup [15]. One of

the virulence factors, IutA is present at high frequency in

APEC of various serogroups [11, 12]. Kariyawasam et al. [8]

also reported that anti-IutA antibodies were effective against

heterologous challenge. Thus, it is thought that IutA-based

Fig. 2. Anti-IutA immune responses in mice orally immunized

with Salmonella-IutA vaccine strain at 3-week intervals. (A)

Anti-IutA IgG titers in sera. (B) Anti-IutA IgA titers in vaginal

samples. (C) Anti-IutA IgA titers in fecal samples. Immuniza-

tion groups of single dose immunization (gray), double dose

immunization (dot), triple dose immunization (comb) and the

control (white) were shown as indicated. Asterisks indicate a

significant difference between the values of double dose immu-

nized mice (*p < 0.05), and those of single dose immunized mice.

Fig. 1. Western immunoblot analyses of S. Typhimurium strain

expressing IutA antigen. The secreted proteins in culture super-

natant were subjected to sodium dodecyl sulfate-polyacrylamide

gel electrophoresis, transferred to PVDF membrane and probed

with the rabbit anti-IutA serum. Right: Salmonella-IutA vac-

cine, Left: the control. Sizes (74 kDa) of the proteins are shown

at the right.

Fig. 3. Anti-IutA isotypes produced in response to the Salmo-

nella-IutA vaccine strain. The X axis shows the dose of vaccine

administered. (A) single dose immunization. (B) double dose

immunization. (C) triple dose immunization. Asterisks indicate

a significant difference between the antibody titers of IgG2a

(*p < 0.05), and IgG1 in immunized groups.



166 In-Gyeong Oh , Minsu Choi, John Hwa Lee

vaccine may induce protection against a wide range of APEC.

Attenuated Salmonella strains have been developed as car-

riers for the delivery of heterologous antigens to the mamma-

lian immune systems. In this study, the recombinant attenuated

Salmonella vaccine for IutA virulence factor was constructed

using S. Typhimurium as a live vehicle for oral delivery of

IutA, and secretion of IutA from this vaccine strain was con-

firmed by the immunoblot assay. It was demonstrated that S.

Typhimurium producing IutA was able to elicit significant

anti-IutA systemic and mucosal immune responses via oral

administration to mice. Given that the major infection route

of APEC is respiratory mucosa, the mucosal IgA immune

response would be essential to prevent infection of APEC.

This induction of mucosal immune responses is one of the

several benefits of immunization by oral route. 

Double immunization induced higher immune responses

than those induced by single dose of immunization. Notably,

enhanced mucosal IgA responses of fecal samples in double

immunization were maintained high for long period.

Ramasamy et al. [14] reported that single oral immunization

failed to induce the satisfactory antigen-specific antibodies

and also found that frequency in oral vaccination schedule

would be required for the induction and the maintenance of

mucoal IgA levels. Interestingly, triple immunization induced

lower immune responses than those induced by double

immunization. It seemed that triple immunization could

induce immune tolerance but the mechanisms by which

mucosal tolerance is mediated are not clearly understood. 

Induction of the appropriate type of antigen-specific immune

responses is critical for the success of vaccines. The induc-

tion of Th1 type responses is preferential for vaccines against

intracellular pathogens [5, 19]. T-helper type1 (Th1) cells

induce B cells to produce the complement-activating anti-

body IgG2a, while non complement-activating IgG1 is the

predominant isotype induced in a Th2 cells [17, 18]. In this

study, the distribution of IutA-specific IgG isotypes (IgG2a

and IgG1) was analyzed to evaluate the nature of immunity.

The animals were immunized with Salmonella-IutA vaccine

produced high levels of IgG2a and low levels of IgG1 anti-

bodies. This result suggested that this vaccine induced Th1

biased responses, which is suitable for protection of intracel-

lular pathogens such as APEC and it might contribute in

future studies to optimize vaccine regimen against infections

of APEC highly frequent in poultry industry.
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