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an Immune Enhancement Mediated by Invariant Chain Segments as Carrier
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Abstract: To know the influence of the series multiepitopes from two chicken pathogens (NDV and TBDV) on
their immunogenicity as well as on the boosting this immune response mediated by Ti segments (Cyt/TM) in
present research, researchers linked NDV-HN (172-201) and IBDV-VP2 (197-209) in various series and further
linked the both hybrids with Ti segments (Cyt/TM) and detected their immune effect in an animal experiment.
The results showed that all the recombinant epitopes as single or multiepitopes with or without I1 carrier could
induce mice to produce antibodies which specifically bound to VP2 (197-209) or HN (172-201) in Western
blotting. The mice immunized by alone epitopes produced antibody titers only from 0.8x10%-1.25x10" while the
mice immurized by the single or multiepitopes with I1 segments (Cyt/TM) had antibody titers 3.1~3.5 fold than
the titers by those without the 11 segments (p<0.01). It was mteresting that there was no difference n the
antibody titers of groups between the single epitope and series multiepitopes with the Ti segments (p=0.05).
These suggest that Ti segments (Cyt/TM) as a potential immune carrier could improve the immune response to

single epitope as well as multiepitopes.
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INTRODUCTION

Invarient cham (I1) 13 a non-polymorphic type I
integral membrane protein (Jasanoff et al., 1998). Tt
consists of the cytosolic, transmembrane and luminal
domains (Ashman and Miller, 1999). Tts cytosolic and
transmembrane domains contain an endosome-targeting
signal that is essential for Ti targeting to the endosomal
compartment (Rudensky et al, 1954) also the both
domains function for a membrane localization (Xu et al.,
2008). Ii binds MHC class II molecule to form trimers or
nonamers (Lindner, 2002) and plays an important role n
exogenous antigen presenting (Roche and Cresswell,
2011). In this process, its Class II-Associated Invariant
Chain Peptide (CLIP) occupies the peptide binding groove
of MGC class IT molecules to prevent endogenous
peptides (Vogt et al., 1995). Recently, it was found that
the Cytosolic and Transmembrane domains (Cyt/TM)
could bind MHC class TT molecules and thereby boost the
immune responses (Chen et al., 2012).

Newcastle Disease Virus (NDV) and Infectious Bursal
Disease Virus (IBDV) are two kinds of highly infectious
pathogens for chicken Hemagglutimn-Neurammidase
glycoprotein (HN) 18 an important structural protein of
NDV (Romer-Oberdorfer et af., 2003). It has a decisive

wnfluence on the virulence and immune responses
(Zhao et al., 2013). IBDV-VP2 1s mainly structural protein
as well as the host protective antigen (Schnitzler ef af.,
1993; Zanetti et al., 2012) which can induce birds to
produce neutralizing antibodies (Heine et al, 1991,
Wang et al., 2005).

A multiepitope fusion antigen which is from various
pathogens has a potential immunogenicity and as a kind
of multivalent vaccine against infectious diseases has
been reported (Vakharia e al., 1994; Li et al, 2013,
Hashish et al., 2013). In the previous research, researchers
cloned three gene fragments of epitopes of NDV F protein
and linked them with i segments (Cyt/TM) and found
that this
immunogenicity and Cyt/TM could mmprove unmune
response (Chen et al., 2012).

To know whether the multiepitopes in series from
two chicken pathogens (NDV and IBDVY) change their
immunogenicity as well as effect of Ti (Cyt/TM) carrier in

recombination protein had a favorable

boosting an immune response, in present research
researchers linked NDV-HN (172-201) (Huang et al.,
2003) and IBDV-VP2 (197-209) (Wang et al., 2005;
Pradhan et al., 2012) in various series, further linked with
L1 (Cyt/TM) and detected their immune effect in an animal
experiment.
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MATERIALS AND METHODS

Animals: Balb/c female mice (6 weeks old) were obtained
from the Amimal Centre of Anhui Medicine University and
bred under specific pathogen-free conditions at the
facility. All experimental procedures were performed
following the Anhui Medicine University animal care
guidelines under an approved protocol.

PCR primers: According to the gene sequences of
mouse Ti chain, NDV-HN (172-201) and TBDV-VP2
(197-209) m GenBank, a series of primers were designed
(Table 1).

Cloning and constructing the hybrids: First the gene
fragments, 11 segments (cytosolic and transmembrane
domains, Cyt/TM) (Chen et al, 2012) and epitopes,
NDV-HN (172-201) and IBDV-VP2 (197-209) were cloned
from the plasmids in Key Laboratory of Zoonoses of
Anhu Province by PCR (Table 1). Secondly the gene
hybrids, Cyt/TM/VP2 (197-209), Cyt/TM/HN (172-201),
Cyt/TM/HN (172-201)/VP2 (197-209) and Cyt/TM/VP2
(197-209)/HN (172-201) (Fig. 1) were constructed with a
series of primers (Table 1) by overlap extension PCR,
respectively. Finally, all the constructed hybrids were
mserted mto prokaryotic expression vectors pET-32a for
immunization antigen, respectively. Additionally the both
fragments, HN (172-201) and VP2 (197-209) also were
respectively inserted into pGEX-4T-1 for expression of the
coating antigen used in the ELISA. All of the constructed
hybrids were identified by sequencing.

Table 1: Primers tested in this study

Expression and purification of hybrid proteins: All the
reconstructed plasmids were transfected mto Z. coli
expression strain Rosetta and then were induced by
1 mmel L™ IPTG for expression, respectively. The
expressed recombinant proteins were purified with
Native-PAGE and 0.25 mol L™ KCl gel cutting and
identification by SDS-PAGE, respectively. The products
were dissolved in solution buffer and stored at -70°C.

Immunization of mice: About 32 mice were divided into
eight groups. Mice were anesthetized and injected
intraperitoneally with 50 pg of each protemn antigen,
respectively. The animals received the protein doses at
day 0 with complete Freund’s adjuvant as a 1:1 (v/v)
emulsion in 100 ul.. The second immunization occurred at
day 10 1n incomplete Freund’s adjuvant and the third
immunization took place at day 17 in incomplete Freund’s
adjuvant. One control group of mice was myjected as
above with normal saline water. The antisera were
prepared at day 24 from collected mouse blood,
respectively and were stored at -20°C until used for
estimation of the antibody titers.
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Fig. 1: A schematic diagram of recombinant segments

Name of genes Sequences (5'-3"

For recombinant plasmids

VP2 F:5' cggaattctgtgacageagtgacaggee 3' pET-32a-VP2
R:5' ccgetegagagttatggtetagactetgg 3 pGEX-4T-1-VP2

HN F:5' cggaattc tgcactcggataccct 3' pET-32a-HN
R:5' ccgetegaggtecgagteatecttg 3' pGEX-T-1-HN

HN/VP2

F:5' cggaatictgeactcggataccet 3'

pET-32a-HN/VP2

R:5'gtcacagcticctectecgtgegagtgatectigea 3'
F"5' acggaggaggaagctgtoacageagtgacaggecca 3'
R"5' ccgetegagagtiatggtetagactetgg 3'

Cyt/TMHN

R:5' cgagtgcagcettcctecteecticatgegaaggetet 3'

pET-32a-Cyt/TM/HN

F":5' agggaggagonagctgcactcggataccct 3'

R"5' cegetcgaggtecgagtgatecttg 3'
F:5' cggaattcatggatgaccaacgegacct 3'

Cvt/TAMEVE2

R:5' ctgtecacagettectectecctteatgcgaaggctcet 3'

pET-32a-Cyt' TM/VP2

F"5' aagggaggaggaageteteacageagtgacaggee 3'
R"5' ccgetegagagtiatggtetagactetgg 3'

Cvt/TMHNVP2

F:5' cggaattcatggatgac caacgegacct 3'

pET-32a-Cyt/TM/HN/VP2

R:5'cgagtgeagcticctectecagttatggtetagactetgg 3'
F"5' ctggaggaggaagcetgeactcggataceet 3'
R"5 ccgetegagagttatggtotagactetgg 3'

Cyt/TAMV PZIHN

F.5' cggaattcatggatgaccaacgegacct 3'

pET-32a-Cyt'TM/VP2/HN

R:5' cgagtgcageticetectccagttatggtetagactetgg 3'
F"5' ctggaggageaagcetgcacteggataccet 3

R':5' cegetcgagatoceastoatectie 3'

The design of all primers was based on the reported cDNA sequences: mouse Ti from GenBank TD: NM_010345, NDV-HN gene from GenBank TD: AY510092,
TBDV-VP2 from GenBank TD: AY444873. The reconstructed vectors were used for expression as immunization antigens (pET-32a) or for expression as coating
antigen in ELISA (pGEX-4T-1); HN fragment was NDV-HN (172-201), VP2 fragment was IBDV-VP2 (197-209)
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Detection of antibody with ELISA and statistical analysis:
The 96-well EIA/RIA plates (COSTAR, USA) were coated
with 6 ug mL.™" GST-HN (172-201) and GST-VP2 (197-209)
peptide, respectively and then blocked with 0.05%
Tween-20 in PBS (PBST) containing 1% bovine serum
albumin. The serum was added to the top row of each
plate and serial 1:2 dilutions in PBST were then placed in
subsequent rows. The plates were incubated for 45 mm at
37°C and washed with PBST for 3 times (5 min time ™). A
goat anti-mouse IgG HRP conjugate (Zhongshan Golden
PBridge Biotechnology, Beijing, China) diluted 1:5000 was
used as a secondary antibody and mcubated for 45 min
followed by addition of OPD peroxidase (Sigma, USA)
used as a substrate. After 15 min of incubation at room
temperature, the absorbance was measured at 492 nm.
Repeat the process above for three times and put all the
data in the SPSS Software for statistical analysis.

Western blotting: The purified hybrid proteins were
separated by SDS-PAGE and transferred onto the
polyvinylidene fluoride membrane (Millipore, Schwalbach,
Germany) then blocked for an hour with 10% bovine
serum albumin. After that the antisera were added into the
reaction plate, respectively and a goat anti-mouse IgG
HRP-conjugate (Zhongshan Golden Bridge
Biotechnology) diluted 1:5000 was used as a secondary
antibody. Finally, the results were observed with DAB
color.

RESULTS AND DISCUSSION

Identification for the recombinant plasmids containing Ii
segment/epitope in series: All the single epitope or
recombinant genes were first identified by agarose
electrophoresis. Figure 2 showed the results of the cloned
DNA fragments and the recombinant plasmids after a

M 1 2 3 4 5 6 7 8
bp

restriction enzyme digestion: VP2 (197-209), 39 bp;, HN
{172-201), 90 bp; HN (172-201)/VP2 (197-209), 141 bp;
Cyt/TM/VP2 (197-209), 288 bp, Cyt/TM/HN (172-201),
339 bp; Cyt/TM/HN (172-201)/VP2 (197-209), 390 bp and
Cyt/TM/VPZ (197-209)/HN (172-201), 390bp, respectively.
The results of DNA sequencing in parallel showed that all
the expected hybrids were gotten.

Identification for the expressed and purified fusion
proteins: After all the target genes were respectively
induced to express fusion proteins, the latter was then
purified. The results in Fig. 3 extubited their bands in
SDS-PAGE: His-VP2 (197-209), 21.4 kDa, His-HN
(172-201), 3.5 kDa; His-HN (172-201 VP2 (197-209),
252 kDa; His-Cyt/TM/VP2 (197-209), 30.6 kDa;
His-Cyt/TM/HN (172-201), 32.4 kDa;, His-Cyt/TM/HN
(172201 VP2 (197-209), His-Cyt/TM/VP2 (197-209YHN
(172-201), 34.6 kDa;, GST-VP2 (197-209), 27.4 kDa,
GST-HN (172-201), 29.3kDa inwhich the tagging molecule
His was 20 kDa, GST was 26 kDa and the epitope VP2
(197-209) was 1.4 kDa, HN (172-201) was 3.3 kDa,
Cyt/TM was 9.1 kDa, respectively. In addition, the fusion
proteins with his were used as antigen for immunization.

Various series of multiepitopes in the hybrids had the
same immunogenicity: The process in which the
multiepitopes were linked in series could potentially
results in changing structure and losing or lowering the
antigenicity due to interaction of aminoe acids. To know
whether the epitopes, VP2 (197-209) and HN (172-201) in
the fusion proteins change their immunogenicity after
linking tagging protein His and li-segments, the Western
blotting were carried out with the antisera from the
immunized mice. As indicated in Fig. 4, the both epitopes
as single or hybrids could induce mice to produce specific
antibodies which could bind VP2 (197-209) or HN

9 10 11 12 13 14 15 16 17 18

Fig. 2: Products of recombinant genes and plasmids digested with EcoR I and Xhol; M: DNA Marker; the products
digested with EcoR T and Xhol; 1: pET-32a-Cyt/TM/VP2 (197-209), 3: pET-32a-Cyt/TM/HN (172-201); 5:
PET-32a-Cyt/TM/HN (172-201)/VP2(197-209), 7: pET-32a-Cyt/TM/VP2 (197-209YHN (172-201), 9: pET-32a-VP2
(197-209), 11: pET-32a-HN (172-201), 13: pET-32a-HN (172-201 ¥VP2 (197-209); 15: pGEX-4T-1-VP2(197-209),17:
PGEX-4T-1-HN (172-201). The PCR products; 2: Cyt/TM/VP2 (197-209); 4: Cyt/TM/HN (172-201); 6: Cyt/TM/HN
(172-201 VP2 (197-209), 8: Cyt/TM/VP2 (197-209Y/HN (172-201), 10: VP2(197-209),12: HN; 14: HN (172-201)/VP2

(197-209); 16: VP2 (197-209); 18: FIN (172-201)
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Fig. 3: Expressed and  purified  products. M:

Protein marker, 1: His-Cyt/'TM/VP2 (197-209),
2: His-Cyt/TM/HN (172-201); 3: His-Cyt/TM/HN
(172-201%/VP2 (197-209), 4: His-Cyt/TM/VP2
(197-209)/HN(172-201), 5: His-VP2 (197-209),
6: His-HN (172-201); 7y His-HN (172-201)/VP2
(197-209), 8: GST-VP2 (197-209); 9. GST-HN
(172-201)
@
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Fig. 4: Specific binding of antibodies to IBDV-VP2
(197-209) or NDV-HN(172-201), a) M: Protein
marker; antisera from mice mmmunized with 1:
His-HN (172-201); 2: His-HN (172-201 VP2
(197-209);, 3. His-Cyt/TM/HN (172-201), 4
His-Cyt/TM/HN  (172-201 ¥VP2 (197-209), 5:
His-Cyt/TM/VP2 (197-209YHN (172-201), &
Control serum (His); b) M. Protein marker;
anttisera from mice immunized with 1: His-VP2
(197-209); 2: His-HN (172-201)/VP2 (197-208), 3:
His-Cyt/TM/VP2 (197-209);, 4 His-Cyt/TM/HN
(172-201)VP2 (197-209), 5. His-Cyt/'TM/VP2
(197-209YHN (172-201); 6: Control serum (His)

(172-201). These proved that the series multiepitopes,
HN (172-201¥VP2 (197-209) or VP2 (197-209)/HN
(172-201) could well remain the immunogenicity in the
hybrids.

No influence of series multiepitopes on the immune
enhancement mediated by li-segments: In specific
immune process for vertebrate Ti plays an important role
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Table 2: Specific antibody titers secreted by the mice immunized with

various fusion proteins in ELISA

Coating Groups immunized Antibody Ratio (sample/VP2
antigens with antigens (N =4) titers or HN)
GST-VP2  Negative control - -
His-VP2 0.8+0.04x10% 1.00
His-HN/VP2 1.0£0.02x10% 1.25
His-Cyt/ TM/ VP2 2.6+0.12x10% 3.25
His-Cyt/TM/HN/VP2 2.840.08x10% 3.50
His-Cyt/ TM/VP2ZHN 2.7+0.14%10% 3.37
GST-HN Negative control - -
His-HN 1.0+0.08x10* 1.00
His-HN/VP2 1.1£0.07x10% 1.10
His-Cyt/TM/HN 3.1+0.05%10% 3.10
His-Cyt/TM/HN/VP2 3.140.07x10% 3.10
His-Cyt/ TM/VP2ZHN 3.3+0.05%10% 3.30

in antigen peptide presenting (Roche and Cresswell,
2011). Ii segments (Cyt/TM) can could facilitate process
of antigen presenting and thereby improve animal specific
association with MHC TI molecular (Lindner, 2002;
Xu et al., 2008). To evaluate an influence of the series
multiepitopes on the effect of Ii-segment carrier,
researchers detected the specific antibody titers of the
immunized mice with ELISA. The purified GST-HN
(172-201) or GST-VP2 (197-209) protemn was used as a
coating antigen. As indicated m Table 2, His-VP2
(197-209), His-HN (172-201), His-VP2 (197-209)/HN
(172-201) or His-HN (172-201)/VP2 (197-209) could induce
the animals to produce specific antibody titers from
0.8x10%1.25%10". The groups immunized by six hybrids
containing Ti segments Cyt/TM had antibody titers
3.1~3.5 fold than the titers from the animals immunized by
hybrids without li-segments (p<0.01). It was mteresting
that no difference between the series multiepitopes and
the single epitope when they were linked with Ti-segment
were found in the production of specific antibodies
(p=0.05). This suggests that Ti segments (Cyt/TM) as a
potential immune carrier could increase the immune
response to single epitope as well as multiepitopes.

CONCLUSION

In this research demonstrated that the multiepitopes,
HN (172201 )/VP2 (197-209) and VP2 (197-209)/HN
(172-201) in various series in hybrids had the same
immunogenicity and I1 segments (Cyt/TM) could unprove
an immune response to single as well as multiepitopes.
The Ii segments as an inmune carrier potentiated an
immune response to multiepitopes.
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