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A B S T R A C T

Targeting antigens to endocytic receptors on the surface of dendritic cells is a new strategy for increasing the
adaptive immune response. The objective of the current study was the construction and bacterial expression of a
recombinant antibody single-chain fragment variable (ScFv) directed against chicken DEC 205, an endocytic
receptor, for use in the genetic fusion of antigens. In particular, we use as antigen the hemagglutinin-neur-
aminidase (HN) of Newcastle disease virus. Our results show that inoculation of chickens with HN genetically
fused to the ScFv anti-DEC 205 induced an evidently higher immune response against HN, in contrast to in-
oculation with unconjugated HN. In addition, neutralizing antibodies against Newcastle disease virus were
detected only in the serum from chickens immunized with HN fused to ScFv anti-DEC 205. Inoculated fused
antigens to ScFv against endocytic receptor DEC 205 resulted in a greater antibody-specific anti-HN production
compared with antigens applied alone. The results of this study show that the strategy described here has the
potential to be used in the development of more effective vaccines against infectious diseases in chickens.

1. Introduction

Dendritic cells (DCs) are efficient stimulators of B and T lympho-
cytes, and they regulate the innate and acquired immunity against
pathogens. They are particularly efficient for capturing, processing, and
presenting antigens (Steinman and Banchereau, 2007). Previous studies
in mice have described that targeting different antigens to surface re-
ceptors on DCs using specific antibodies, in combination with adjuvants
that induce DC maturation, leads to a noticeable enhancement in the
efficiency of uptake and presentation of antigens on MHC I and MHC II
complexes. This results in an increase of at least two orders of magni-
tude in the activation and proliferation of antigen-specific CD4+ and
CD8+T lymphocytes (Mahnke et al., 2000; Steinman et al., 2003;
Boscardin et al., 2006).

DEC 205 is a C-type multilectin transmembrane endocytic receptor
that is highly expressed on the surface of immature DCs (Mahnke et al.,

2000) and helps with the uptake and processing of antigens. The 205-
kDa molecular weight includes approximately 7 kDa of carbohydrates
found in eight glycosylation branching variants, all of which are N-
linked (Swiggard et al., 1995). The endocytic receptor DEC 205 has
been employed for targeted antigens to DCs in murine, human, and
chicken studies for immune response enhancement (Mahnke et al.,
2000; Hawiger et al., 2001; Bonifaz et al., 2002; Dudziak et al., 2007;
Jáuregui-Zúñiga et al., 2017). This strategy has been shown to be ef-
fective against viral (Cheong et al., 2010; Coconi-Linares et al., 2013),
bacterial (Do et al., 2012), and parasitic infections (Matos et al., 2013).

In another way, several studies have shown the use of complete
monoclonal antibodies to target antigens to DCs. In contrast, single-
chain fragment variable (ScFv) antibodies are less frequently used in
target antigens. However, the use of ScFvs, rather than complete anti-
bodies, offers several advantages for antigen targeting. For example,
their small size improves tissue penetration (Yokota et al., 1992;
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Colcher et al., 1998; Weisser and Hall, 2009) and reduces im-
munological negative side effects due to the lack of an Fc domain
(Demangel et al., 2005). In addition, ScFv expression in heterologous
systems is easier and less expensive than that of whole antibodies
(Weisser and Hall, 2009).

Newcastle disease (ND) is a highly contagious viral disease that
generates a large economic loss in the poultry industry worldwide,
which is characterized by acute morbidity and high mortality (Leeuw
and Peeters, 1999; Alexander, 2000). The causal agent, Newcastle
disease virus (NDV), is a virulent variant of avian paramyxovirus type 1
(Lamb and Parks, 2007; Alexander and Senne, 2008). The NDV genome
is a nonsegmented single strand of negative-sense RNA, which is com-
posed of six genes, encoding the nucleocapsid protein, phosphoprotein,
matrix protein, fusion protein, hemagglutinin-neuraminidase (HN), and
large polymerase protein (Aldous et al., 2003). The fusion and HN
proteins are the main targets for neutralizing antibodies (Romer-
Oberdorfer et al., 2003; Huang et al., 2004; Panda et al., 2004b). Live
and inactivated vaccines have been widely used since the 1950s; de-
spite this, an average of 60 countries reported ND outbreaks each year
from 2013 to 2015 (Dimitrov et al., 2017). However, as evident from
the multiple outbreaks occurring worldwide, current vaccination stra-
tegies are not fully efficacious, and research and development toward
formulation of an optimal ND vaccine are still needed.

In the present study, we constructed a fusion protein using an ScFv
derived from monoclonal antibody (mAb) that is directed against the
DEC-205 receptor and the HN from NDV to improve the protective
immunity against NDV in chickens. This construction should provide a
targeting platform that enhances immunogenicity and is easier to pro-
duce.

2. Materials and methods

2.1. ScFv anti-DEC 205 construction

The previously obtained 2F2 mAb, which recognizes the carbohy-
drate domain recognition (CDR-2) domain of chicken receptor DEC 205
(Jáuregui-Zúñiga et al., 2017), was used to generate the construction of
the ScFv anti-DEC 205. The coding sequence of the variable regions of
the mAb anti-DEC 205 was amplified by polymerase chain reaction
(PCR). The set of primers used is listed in Table 1. First, F1 and R1, and
F2 and R2 pair of primers were used to perform separate PCR reactions
to amplify the VL and VH sequences, respectively. The PCR products
were purified and used as the template in a gene splicing by overlap
extension PCR (SOE-PCR) using F1 and R2 pair of primers. F1 and R2
primers were designed to include NcoI and BamHI sites, respectively.
R2 primer was designed to include an E tag epitope (GAPVPYPDPL-
EPR). A complementary overlapping sequence encoding a flexible
linker of 12 amino acids (GGGGSGGGGSGGGGS) was added to R1 and
F2 primers to splice the genes VL and VH. The final product from the
SOE-PCR reaction (722 pb) was purified and digested using NcoI and
BamHI restriction enzymes (Thermo Scientific). The digested DNA was

subsequently cloned into pET22b (+) vector (NOVAGEN) excised with
the same restriction enzymes. The pET22b (+) vector carries an N-
terminal pelB signal sequence for periplasmic localization. The appro-
priate insertion of the coding sequence for the ScFv into pET22b (+)
vector was corroborated by PCR. The ScFv was expressed in Escherichia
coli BL21 at 22 °C overnight and purified by osmotic shock followed by
affinity chromatography with Ni-NTA Sepharose beads (Qiagen). The
process of protein production and purification was followed by sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) ana-
lysis, whereas the protein identification was completed with anti-His
(1:1000) (Roche) and anti-E (1:1000) (Abcam) antibodies by western
blot analysis, and the N-terminal sequence was performed with mass
spectrometry analysis for confirm the identification (data not shown).

2.2. Western blot for ScFv anti-DEC 205 characterization

The ability of ScFv anti-DEC 205 to recognize the DEC 205 receptor
was evaluated by western blot. The bursa of Fabricius from 12-week-old
chickens was homogenized in 10ml of ice-cold RIPA extraction buffer
(10mM Tris-Cl, pH 8.0, 1 mM EDTA, 1% Triton X-100, 0.1% sodium
deoxycholate, 0.1% SDS, 140mM NaCl) in a prechilled mortar. The
macerated sample was centrifuged at 25,000g for 10min. The super-
natant was collected and concentrated by precipitation with 10% tri-
chloroacetic acid at 4 °C O/N. The pellet was washed twice with ice-
cold acetone and air dried. The precipitated sample was solubilized
with 100 μl of 2x Laemmli buffer and quantified with the 2-D Quant Kit
(GE Healthcare), and 100 μg was then subjected to 10% SDS-PAGE
under reducing conditions and blotted onto a polyvinylidene difluoride
(PVDF) membrane. In the same way, 200 ng of the purified CRD-2
domain (previously obtained by Jáuregui-Zúñiga et al., 2017) was
subjected to 15% SDS-PAGE under reducing conditions and blotted
onto a PVDF membrane. Both the DEC 205 and CRD-2 domain were
detected in PVDF membranes using the ScFv anti-DEC 205 as primary
Ab at a concentration of 3 μg/ml and overnight incubation at 4 °C. A
mouse anti E-tag (1:1000) (Abcam) was used as secondary Ab. The
signal was revealed using an anti-mouse HRP mAb (1:1000) (Abcam)
and diaminobenzidine solution (Sigma Aldrich).

2.3. Amplification of HN gene of NDV

RNA was isolated from virus collected from allantoic fluid from
chicken specific pathogen free (SPF) eggs inoculated with NDV (LaSota
strain) using SV Total RNA Isolation kit (Promega). One microgram of
RNA was used to generate cDNA using the RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific). First-strand cDNA was synthesized
using a specific primer (HN Rev, listed in Table 1) for HN from NDV.
The entire HN gene was amplified for PCR using the HN For and HN
Rev primers listed in Table 1. The HN gene was directionally cloned
between BamHI and XhoI sites into pET22b (+) plasmid and ScFv-
pET22b construction previously digested with the same enzymes. PCR
reactions using the HN-specific primers (HN For and HN Rev) and

Table 1
List of Primers used.

Primer Sequence

F1 5’-CATCCATGGCTGGTGAGAGGGTTACTATGAGC-3’
R1 5’-CCACCGCCAGAGCCACCTCCGCCTGAACCGCCTCCACCTTTTATTTCCAGC

TTGG-3’
F2 5’-GGCGGAGGTGGCTCTGGCGGTGGCGGATCGGAGGTTCAGCTGC-3’
R2 5’-CAGGGATCCATACGTGGTTCCAGCGGATCTGGATAAGGCACAGGTGCTCCA

GAGACAGTGACCAGAGTCCCTTG-3’
HN For 5’-GGCGGATCCCATGGGGGCTAGCACACCTAG-3’
HN Rev 5’-GGCAAGCTTGCCAGACCTGGCTTCTCTAAC-3’
T7 For 5’-TTAATACGACTCACTATAGG-3’
T7 Rev 5’-CCGCTGAGCAATAACTAGC-3’

D. Jáuregui-Zúñiga, et al. Veterinary Immunology and Immunopathology 212 (2019) 9–14

10



pET22b (+) primers (T7 For and T7 Rev, listed in Table 1) were carried
out to confirm the appropriate insertion of the amplified coding se-
quence for the HN into scFv-pET22b vector. The recombinant ScFv anti-
DEC 205:HN and HN alone were successfully expressed in E. coli BL21
and purified by affinity in an Ni-NTA agarose resin (Qiagen). Moreover,
the binding activity and specificity of the ScFv anti-DEC 205:HN were
determined by western blot in the same way for the ScFv anti-DEC 205
alone as previously described.

2.4. Immunization of chickens and detection of the anti-HN antibodies

Chicken immunization was done as previously reported by
Jáuregui-Zúñiga et al. (2017). Briefly, 2-week-old SFP chickens (ALPES
S.A. de C.V.) were maintained in the animal facilities of IBT-UNAM. All
animals were housed and handled in accordance with institutional
guidelines for animal welfare, and the project was approved by the
Bioethical Committee of IBT-UNAM. Groups of 4 chickens were injected
subcutaneously with a single dose of 100 μg of ScFv anti-DEC 205,
100 μg of ScFv anti-DEC 205:HN, or 100 μg of recombinant un-
conjugated HN, using in all groups 50 μg of E. coli lipopolysaccharide
(LPS) (Sigma Aldrich) as adjuvant in phosphate-buffered saline (PBS).
Two control groups were stablished: one group was injected with 50 μg
of E. coli LPS (Sigma Aldrich), and one group was injected only with
PBS.

For all groups, blood samples were collected from the wing vein 1
day before immunization and 7, 14, 21, and 28 days after injection. The
HN-specific IgY antibodies in chicken sera were detected by indirect
enzyme-linked immunosorbent assay (ELISA). ELISA plate wells were
coated with 50 μl of purified HN (2 μg/mL), incubated overnight at 4 °C,
washed with PBST, and blocked for 2 h at 37 °C with 100 μl of 3% (w/v)
bovine serum albumin (Sigma-Aldrich). Wells of the first column were
coated with 100 μl of serum samples (diluted 1:20) and further 2-fold
serial dilutions applied until 1:40,962 and incubated for 2 h at 37 °C,
then washed and incubated with 100 μl of HRP-conjugated rabbit anti-
chicken (Abcam) diluted (1: 5000) for 1 h at 37 °C. Plates were washed,
and 100 μl OPD solution (Thermo Scientific) was added. The absor-
bance was measured (without stop solution addition) at 450 nm using a
HALO MPR-96 plate reader (Dynamica) after 30min of incubation at
room temperature. Any background correction was used for the data.

2.5. Hemagglutination inhibition and virus neutralization assays

To detect the presence of neutralizing antibodies against Newcastle
virus, the hemagglutination inhibition (HI) and virus neutralization
assays were performed. The HI test was carried out as described in the
Manual of Diagnostic Tests and Vaccines for Terrestrial Animals (World
Organisation for Animal Health (OIE, 2017) using 10 hemagglutination
units; the sera were tested without preadsorption with chicken red
blood cells. Titers of 8 or more were regarded as positive. Virus

neutralization test was performed using SPF embryonated chicken eggs
as previously described by Thayer and Beard (1988). Briefly, 10-fold
serial dilutions of LaSota NDV strain, with a starting titer of 10–7, were
incubated with sample sera diluted by 1/2, and then the serum-virus
mixtures in each dilution were inoculated into 5 SPF embryonated
chicken eggs. Eggs were also inoculated with the corresponding titers of
virus alone in parallel. Endpoints were calculated by the Reed and
Muench method (1938). A neutralization index (NI) was calculated,
representing the difference (in logarithmic units) in viral titer between
virus alone and the corresponding virus-antiserum mixture. Sera with
an NI of 2 or greater were considered positive.

2.6. Statistical analysis

For statistical analysis, two-way analysis of variance (ANOVA) fol-
lowed by a multiple-comparisons Tukey test were used to determine
statistical significance on Prism 7.0 software (GraphPad, La Jolla, CA,
USA). p values of ≤0.05 were considered significant. The D’Agostino-
Pearson test was used to analyze the normal distribution of the data
before the ANOVA analysis.

3. Results and discussion

It is known that targeting antigens to DCs significantly potentiates
immunity (Mahnke et al., 2000; Steinman et al., 2003; Boscardin et al.,
2006). One of the first DC receptors selected for this approach was deca-
lectin DEC 205. In a previous work, we described a specific mAb against
chicken DEC 205 and demonstrated that the inoculation of avian in-
fluenza hemagglutinin chemically conjugated with the mAb anti-DEC
205 increased the immune response in comparison with the un-
conjugated antigen (Jáuregui-Zúñiga et al., 2017). The chemical cross-
linking of proteins has a low efficiency (40% in average) with this
technique, and achieving a consistent and efficient coupling of antigens
and antibodies is difficult, which is a major concern for vaccine de-
velopment. Therefore, it is reasonable to search for better methods of
conjugating antigens to mAb. Antigen genetic fusion to ScFvs and its
expression in bacterial systems is a good option because it is more
consistent, efficient, and cost-effective than chemical cross-linking. For
this reason, we constructed the ScFv from the mAb anti-DEC 205 pre-
viously obtained. The ScFv anti-DEC 205 gene was constructed in the
VL-VH orientation (Fig. 1). VL (297 pb) and VH (377 pb) domains were
amplified by PCR (Fig. 2A) and assembled by SOE-PCR to generate the
ScFv construct VL-VH (722 bp) (Fig. 2A) with a flexible linker (GGG-
GSGGGGSGGGGS). The construction was cloned into the plasmid
pET22b (+) (which introduces a 6His-tag to the protein) and trans-
formed into E. coli BL21 for expression and purification of ScFv anti-
DEC 205. The molecular weight of expressed recombinant protein was
expected to be approximately 28 kDa. After affinity purification, the
final purity of the ScFv anti-DEC 205 protein was up to 95% (Fig. 2B).

Fig. 1. Constructions of ScFv anti-DEC 205 and
ScFv anti-DEC 205:HN. (A) The pET-22b(+)
vector carries an N-terminal pelB signal se-
quence for periplasmic localization, plus C-
terminal 6His tag sequence. (B) ScFv anti-DEC
205 construction contains the VL (variable
domain of the light chain), the VH (variable
domain of the heavy chain), and the MCS
(multiple cloning site); the N-terminal pelB
signal sequence, the C-terminal E,-tag and the
6His-tag are shown. (C) ScFv anti-DEC 205:HN
construction contains the VL, VH, NDVHN
(Newcastle disease virus hemagglutinin-neur-
aminidase); the N-terminal pelB signal se-
quence, the C-terminal E-tag and the 6His-tag
are shown.
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The identity of the purified protein was corroborated by western blot
with anti His and anti E-tag antibodies (Fig. 2C). In addition, the cDNA
of HN from NDV (1.6 kb) was obtained by reverse transcription PCR
from the negative-stranded viral RNA isolated from purified virus

(LaSota strain) (Fig. 3A) and cloned in frame in the C-terminal of the
ScFv anti-DEC 205 into the ScFv-pET 22b construction. In the same
way, HN was cloned in the pET22b (+) plasmid to be used as control.
The HN and the ScFv anti-DEC 205:HN were expressed in E. coli BL21

Fig. 2. Construction, purification, identifica-
tion, and characterization of the ScFv anti-DEC
205. (A) Amplifications of VH and VL gene.
Line 1, amplified VL (297 pb); line 2, amplified
VH (377 pb); line 3, VL-VH fusion by SOE-PCR
(722 bp). (B) Expression and affinity purifica-
tion of ScFv anti-DEC 205. Line 1, total protein
from the E. coli cells after IPTG induction; line
2, purification of ScFv anti-DEC 205 by Ni-NTA
affinity chromatography. (C) Identification of
ScFv anti-DEC 205 protein by western blot.
Line 1, identification of ScFv anti-DEC 205
with anti-E tag antibody; line 2, identification
of ScFv anti-DEC 205 with anti-His tag anti-
body. (D) Detection of the DEC 205 present in
the chicken bursa of Fabricius lysates with the
ScFv anti-DEC 205; line 1, DEC-205 band was
recognized by ScFv anti-DEC 205; an anti-E
mouse Ab was used for ScFv anti-DEC 205 de-
tection. (E) Detection of the CDR-2 domain of
the DEC 20 with the ScFv anti-DEC 205. Line 1,
CDR-2 was recognized by ScFv anti-DEC 205;
an anti-E mouse Ab was used for ScFv anti-DEC
205 detection.

Fig. 3. Construction, purification, identifica-
tion, and characterization of the ScFv anti-DEC
205:HN. (A) Amplifications of the HN gene.
Line 1, amplified HN gene is indicated with the
arrowhead (1.6 kb). (B) Expression and affinity
purification of HN. Line 1, total protein from
the E. coli cells after IPTG induction; line 2,
purification of HN by Ni-NTA affinity chro-
matography. (C) Expression and affinity pur-
ification of ScFv anti-DEC 205:HN. Line 1, total
protein from the E. coli cells after IPTG induc-
tion; line 2, purification of ScFv anti-DEC
205:HN by Ni-NTA affinity chromatography.
(D) HN and ScFv anti-DEC 205:HN identifica-
tion by western blot analysis. Line 1, HN de-
tection by anti E tag Ab; line 2, ScFv anti-DEC
205:HN detection by anti E tag Ab. (E)
Detection of DEC 205 present in the chicken
bursa of Fabricius lysates by western blot with
the ScFv anti-DEC 205:HN; line 1, detection of
DEC 205 by ScFv anti-DEC 205:HN;, an anti-E
mouse Ab was used for ScFv anti-DEC 205:HN
detection. (F) Detection of CDR-2 domain with
the ScFv anti-DEC 205:HN; line 1, identifica-
tion of the CDR-2 domain by ScFv anti-DEC
205:HN; an anti-E mouse Ab was used for ScFv
anti-DEC 205:HN detection.
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and purified. The molecular weights of the expressed recombinant
proteins were expected to be approximately 60 kDa and 88 kDa for HN
and ScFv anti-DEC 205:HN, respectively. After purification, the final
purity of the HN and ScFv anti-DEC 205:HN was estimated to be up to
95% in both cases (Fig. 3B and C). The identity of the purified proteins
was corroborated with a western blot analysis with anti E-tag anti-
bodies in the case of ScFv-HN and anti His in the case of the HN alone
(Fig. 3D).

The ability of ScFv anti-DEC 205 and the fusion ScFv anti-DEC
205:HN to recognize DEC 205 was analyzed by western blot. We used
both the ScFv anti-DEC 205 and the ScFv anti-DEC 205:HN as primary
Ab and an anti E-tag as secondary Ab to identify the receptor DEC 205
present in the bursa of Fabricius lysates from chickens. A band was
detected in the membrane, and the signal was identified at approxi-
mately 250 kDa, which coincides with the molecular weight previously
reported for DEC 205 (Staines et al., 2013; Jáuregui-Zúñiga et al., 2017)
(Figs. 2D and 3 E). In addition, to verify the ability of ScFv anti-DEC
205 and the fusion ScFv anti-DEC 205:HN to recognize DEC 205, both
constructions were used as primary Ab for the identification of the re-
combinant CRD-2 domain from DEC 205 (blotted in a PVDF membrane)
and an anti E-tag as secondary Ab. A band of approximately 17 kDa was
detected in the membrane, which corresponds to the weight of the re-
combinant CRD-2 domain from DEC 205 (Jáuregui-Zúñiga et al., 2017)
(Figs. 2E and 3 F). The previous results indicate that the ScFv version of
the mAb anti-DEC 205 retains its ability to recognize the DEC 205 in
lysates of the bursa of Fabricius in chicken. Likewise, the fusion of HN
of NDV at the carboxyl terminal of the ScFv does not affect its capability
to recognize the DEC 205.

Chickens were used to establish whether inoculation with the ScFv
anti-DEC 205:HN could induce a higher immune response in compar-
ison with the unconjugated HN. Different groups of chickens were in-
oculated once with ScFv anti-Dec205, ScFv anti-DEC 205:HN, with
unconjugated HN, with E. coli LPS, or with PBS alone. The presence of
anti-HN IgY antibodies in the different sera was evaluated by ELISA.
There were no detectable antibodies of anti-HN in the sera from pre-
immunized chickens of any group. The presence of antibodies against

HN was detected only in chickens inoculated with ScFv anti-DEC
205:HN fusion and unconjugated HN 7 days after priming (Fig. 4), in-
dicating that the immune response against HN is not due to ScFv only or
LPS action and that a single dose of recombinant HN or ScFv anti-DEC
205:HN was enough to produce an immune response. On the other
hand, the immune response increased over time in chickens inoculated
with ScFv anti-DEC 205:HN fusion, with the highest response at 28 days
after immunization. On the other hand, the immune response in
chickens inoculated with HN alone remained equal over time (Fig. 4).

In addition, the HI test showed that only the serum from chickens
inoculated with the ScFv anti-DEC 205:HN fusion 28 days after priming
presented antibodies against NDV capable of preventing attachment of
the virus to red blood cells. The highest dilution of serum that inhibited
hemagglutination was 1:32. Therefore, only the serum from chickens
inoculated with the ScFv anti-DEC 205:HN fusion 28 days after priming
and the serum from chickens inoculated with HN alone 28 days after
priming (as a control) were used for the virus neutralization test. The NI
calculated for the serum from chickens inoculated with HN alone 28
days after priming was 0.8, meanwhile the NI calculated for the serum
from chickens inoculated with the ScFv anti-DEC 205:HN 28 days after
priming was 3.5. We consider an index greater than 2 as positive;
therefore, neutralizing antibodies were present only in sera from
chickens 28 days after priming with ScFv anti-DEC 205:HN. The ab-
sence of detectable neutralizing antibodies in sera at earlier times (7,
14, and 21 days after priming) is probably due to the nonglycosylated
nature of the protein expressed in E. coli (Panda et al., 2004a). The same
reason can explain the absence of detectable neutralizing antibodies in
sera from chickens immunized with HN alone.

In summary, the results of this work demonstrated that inoculation
of recombinant antigens fused to the ScFv version of the mAb anti-DEC
205 expressed in E. coli induces a higher antibody-specific anti-HN
production in chickens and promotes the production of neutralizing
antibodies in comparison with the inoculation of E. coli–expressed re-
combinant antigen alone. The use of this construction would facilitate
the expression, purification, and fusion of different antigens and could
be used to development new effective vaccines against several avian
diseases.
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