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Table 1. Major primers used in this study

Primers Sequences (5'—3') Product size/bp  Target gene
PF AAACTGCAGCGCAAAATGTAGAACTAGATAGC (Pst 1)
PR1 AAAGGTACCTTAAAAGTTACCATTGATAGAAAT (Kpn 1) 2051 cfrAl
PR2 AAAGGTACCTTAATAAGCTCTTGGCGAAAC (Kpn 1) 1247 cfrA2
CfrAF GAGATGTTGCAGAGGCTATCG
527 Part of ¢frd
CfrAR TGCCTTTGTAGGACTTTGAGC
pNZ8149F CTTATGCTGGAGATGCTCGC
pNZ8149R TCCGTCGTTTCCCTTTCTCA 321 Part of pPNZ8149
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Figure 1. Position of ¢fr41 and c¢frA2 fragments in the whole cfr4 gene.
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2. EEPCRYIEREBIEELER
Figure 2. PCR products of ¢cfr4 and double enzymes digestion of its recombinant plasmids. A: cfr41; B: c¢fr4A2. M:
DNA marker; 1: PCR products; 2: double digestion of inserts in pMD19-T; 3: double digestion of inserts in pNZ8149.
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3. EREEFELFLIKE P RIZAI Western blot U ZE L5 R
Figure 3. Western blot analysis on the expression of
cfrA gene fragments in L. lactis. M: prestained protein
marker; lane 1,4,7: culture supernatant of L. lactis; lane

2,5,8: bacterial lysate supernatant of L. /actis; lane
3,6,9: bacterial lysate precipitation of L. lactis.
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Figure 4. Effect of different induction conditions on
the c¢frA1 expression in L. lactis. A: nisin concentration;
B: induction time; C: induction temperature. M,
prestained protein marker; lane 1, pPNZ8149 before nisin
induction; lane 2, pNZ8149 after nisin induction; lane 3,
PNZ8149-cfrA1 before nisin induction; lane A4-9, nisin
induced concentration of 0.5, 1, 5, 10, 25, 50 ng/mL,
respectively; lane B4-9, induction time of 1, 2, 3,4, 5, 6 h,
respectively; lane C4-7, induction temperature of 25,
30, 37, 42 °C, respectively.
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Table 2. Duration of recombinant L. [actis in chickens

Day post-inoculation

Group

1 4 7 10
PNZ8149-¢frr41/3900 10/10° 10/10  7/10 0/10
PNZ8149-¢frr42/3900 10/10  9/10 5/10 0/10
pNZ8149/3900 10/10  6/10  4/10 0/10
PBS 0/10 0/10  0/10 0/10

’ positive samples/total samples.
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Figure 5. Antibody levels of sera [gG and intestinal
mucosa slIgA in chicken by oral immunization. * and **
denote significant difference (P<0.05) and highly
significant difference (P<0.01) using Student’s #-test
between the vaccinated group and the control group
respectively.
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Figure 6. Effect of recombinant L. /actis on colonization
of C. jejuni in chicken by oral immunization.
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Immunological modulation of chickens by recombinant Lactococcus
Iactis expressing ferric enterobactin receptor CirA of Campylobacter
jejuni
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Abstract: [Objective] The purpose of this study is to reduce the colonization level of Campylobacter jejuni in
chicken intestine by oral immunization of recombinant Lactococcus lactis expressing the ferric enterobactin receptor
CfrA of C. jejuni. [Methods] The whole cfr4 gene and its N-terminal fragments were amplified by PCR, inserted into
the expression vector pNZ8149 and transformed into L. lactis NZ3900. Based on the expression of CfrA in
recombinant L. lactis by Western blot, the expression level was optimized by screening nisin concentration, induction
temperature and time. Then the recombinant L. /actis strains were used to orally immunize specific-pathogen-free
chickens. After oral immunization, the duration of recombinant L. lactis in chickens was determined by PCR, and the
antibody levels of anti-CfrA serum IgG and intestinal mucosal sIgA were measured by ELISA. Finally, the
immunized chickens were orally inoculated with C. jejuni to evaluate the inhibitory effect of recombinant L. lactis on
colonization of C. jejuni. [Results] Western blot results determined that the whole ¢fr4 gene and its N-terminal
fragments were both expressed in recombinant L. /actis in soluble forms whereas no secreted C{frA protein was
detected outside bacterial cells. The optimal conditions for inducing the expression were grown at 37 °C for 1 h with
nisin concentration of 25 ng/mL. Detection of chicken cloacal swabs showed that the duration of oral L. lactis was less
than 10 days in chicken. The immunized groups produced higher antibody titers of anti-CfrA specific serum IgG and
mucosal sIgA than the control groups. Moreover, the colonization rate of C. jejuni in the immunized groups was
significantly lower than that in the control groups. [Conclusion] Oral immunization of chickens with recombinant L.
lactis expressing CfrA inhibited the colonization of C. jejuni. Our findings can be useful to develop oral vaccines with
recombinant Lactobacillus for control of C. jejuni infection in chickens.

Keywords: Campylobacter jejuni, ferric enterobactin receptor CfrA, Lactococcus lactis, expression, oral
immunization
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