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Abstract

Background Goose astrovirus genotype 2 (GoAstV-2) is a novel and highly infectious pathogen characterized

by symptoms of gout, swelling, and hemorrhage of the kidneys in 5-15-day-old goslings. The virus has caused severe
economic losses for the goose husbandry industry. The capsid protein of GoAstV-2 is involved in viral packaging

and immunogenicity, and it has served as a target antigen for diagnostic methods.

Results In this study, the N-terminus of the GoAstV-2 Cap protein (rCap) was successfully expressed and used

to immunize BALB/c mice. A new monoclonal antibody (mAb) named 7B2 against the GoAstV-2 rCap protein was pre-
pared. Immunofluorescence assay and Western blot analysis showed that mAb 7B2 had a strong binding affinity

to the GoAstV-2 rCap protein. The results of epitope mapping demonstrated that the minimum linear epitope recog-
nized by mAb 7B2 was located in the amino acids '>>NTAGPESIDT'®?. Sequence homology analysis revealed that this
epitope was highly conserved among the GoAstV-2 strains analyzed and that it showed 90% sequence similarity

with turkey astrovirus 2 strains and low similarity (less than 50%) with other astroviruses.

Conclusions These findings will be useful for the development of diagnostic kits for GoAstV-2 and will aid further
research on the structure and function of the capsid protein.
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Background

A novel goose astrovirus (GoAstV) is the causative agent
of gout disease in geese [1]. The disease was first reported
in Anhui Province, China, in 2015 and rapidly spread
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to other provinces of China within a short time [2-5].
GoAstV is classified into two genotypes, GoAstV-1 and
GoAstV-2, with low genomic homology and antigenic-
ity [6, 7]. The typical symptoms of urate deposition in
the internal organs, swelling, and hemorrhage in the kid-
neys are observed in 5-15-day-old geese infected with
GoAstV-2, and the mortality rate of this disease is as high
as 50% [8—10]. This has led to significant economic losses
for the goose industry in China Due to the lack of specific
treatments and effective vaccines, GoAstV-2 remains
prevalent in commercial flocks.

GoAstV, a relatively new member of the Astroviri-
dae family, is a small, nonenveloped, positive-sense,
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single-stranded RNA virus [7, 11, 12]. The complete
genome sequence of GoAstV was first published in
2017 and is approximately 7.2 kb in length [13, 14]. The
genomic structure of GoAstV is similar to those of other
astroviruses, containing a 5’-untranslated region (UTR),
a 3-UTR, a poly (A) tail, and three open reading frames
(ORF1a, ORF1b, and ORF2) [15]. ORFla and ORF1b are
responsible for encoding non-structural proteins asso-
ciated with genomic replication, while ORF2 encodes a
unique structural protein, the capsid protein, that plays
important roles in viral packaging and immunogenic-
ity [16, 17]. The capsid protein of approximately 90 kDa
consists of a conserved N-terminal region (Cap-N) and
a highly variable C-terminal region (Cap-C), forming
the capsid shell and the capsid surface spike, respec-
tively [18, 19]. The capsid polyprotein folds into the basic
domain (~80aa), the inner core (S,~180aa), the outer
core (P1,~150aa), the spike (P2,~200aa) and the acidic
domain (~ 140aa) [20].

Monoclonal antibodies (mAbs) are widely used in vari-
ous biotechnological applications, including enzyme-
linked immunosorbent assays, immunohistochemistry,
flow cytometry, Western blotting, immunofluorescence
assays, and vaccine design, owing to their high speci-
ficity, purity, and uniformity [21-24]. Previous studies
have identified several B-cell epitopes of the capsid pro-
tein of GoAstV-2, and several detection methods based
on mAbs have been developed [25-27]. These identified
antigenic epitopes were focused on the variable C-termi-
nal domain. However, the linear B-cell epitopes of the S
domain of Cap-N have yet to be developed.

In this study, a recombinant truncated capsid protein of
GoAstV-2 was expressed in Escherichia coli and purified
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using Ni-NTA His-Bind Resin. A mAb named 7B2
against the GoAstV-2 cap protein was prepared using
hybridoma technology. A novel, highly conserved linear
B-cell epitope was characterized by a series of truncated
segments and synthetic peptides using indirect ELISA
and Western blotting, and the results will aid further
research on the B-cell epitopes of GoAstV-2.

Results

Expression and identification of the GoAstV-2 recombinant
rCap protein

The recombinant plasmid pCold I-rCap was success-
fully expressed in E. coli Transetta (DE3) cells and
purified from the supernatant post-sonication using a
Ni—NTA affinity chromatography column. The molecular
weight of the purified protein was approximately 29 kDa
(Fig. 1A). The Western blot results (Fig. 1B) indicated
that the recombinant rCap protein could react with anti-
His mAb at a dilution of 1:2000.

Generation and characterization of the anti-rCap
mAb

The purified rCap protein as an immunogen was injected
into BALB/c mice, and hybridoma cells were produced
using hybridoma technology. The cells were screened
using indirect ELISA. The 7B2 hybridomas were ulti-
mately selected for further analysis. The purified mAb
titer analyzed using indirect ELISA was approximately
1:25,600. The Western blot results demonstrated that
mAb 7B2 had a strong binding affinity with the dena-
tured rCap protein (Fig. 2A). Immunofluorescence assay
(IFA) was performed to evaluate the reaction between
mAb 7B2 and the natural Cap protein. The mAb 7B2 and
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Fig. 1 SDS-PAGE and Western blot analysis of the purified pCold I-rCap. A SDS-PAGE. Lane M: protein marker; Lane 1: the purified pCold I-rCap
protein. B Western blot analysis with anti-His mAb. Lane M: protein marker; Lane 2: the purified pCold I-rCap protein sample; and Lane 3: negative

control
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Fig. 2 Identification of the mAb 7B2 anti-GoAstV strain using Western blots and an IFA assay. A Western blot analysis. Lane M: marker proteins;
Lane 1: the purified pCold I-rCap protein with mAb 7B2 as the primary antibody; and Lane 2: the purified pCold I-rCap protein with negative serum
as the primary antibody. B-D IFA analysis of the LMH cells infected with GoAstV-2. B mAb 7B2; C negative serum; and D positive serum of GoAstV-2

positive serum were used as primary antibodies. In the
IFA results (Fig. 2B-D), strong green fluorescence was
observed in the LMH cells infected with GoAstV-2, indi-
cating that mAb 7B2 could recognize the native Cap pro-
tein in infected cells.

The precise location of the 7B2 epitope on the Cap
protein

Epitope mapping was performed based on the B-cell
epitope prediction using the IEDB online analysis soft-
ware (Fig. 3A). Three truncated segments that overlapped
by 10aa, C1 (1-80aa), C2 (70-140aa), and C3 (130-210aa)
were constructed into the vector pCold-MBP with His-
tag and expressed in E. coli Transetta (DE3), and the
recombinant pCold I-rCap protein (1-210aa) was used as
a positive control. The western blot results showed that
only the C3 segment could react with mAb 7B2, while
the other two segments did not react (Fig. 3B), indicating
that the potential epitope was located in the 130-210aa
region of the Cap protein. The results were verified using
indirect ELISA and were consistent with western blot
results (Fig. 3C). During the second screening, the C3
segment was divided into two parts: C3-1 (130-176aa)
and C3-2 (163-210aa). The results of western blot and
indirect ELISA demonstrated that the C3-1 (130-176aa)
fragment could be recognized by mAb 7B2, but the C3-2
(163-210) fragment could not (Fig. 3D and E). The C3-1
fragment was further truncated into three overlapping
short peptides: C3-1a (130-153aa), C3-1b (149-165aa),
and C3-1c (143-176aa). The mAb 7B only reacted with
the C3-1b fragment as seen in the results of western blot
and indirect ELISA (Fig. 3F and G), indicating that the
antigenic epitope was located between aa 149 and aa 165
of the cap protein.

To more precisely identify the minimum linear
epitope recognized by mAb 7B2, during the fourth and
fifth rounds of truncation, eleven shortened peptides
were synthesized by single amino-acid deletions from
either the N-terminus or the C-terminus in the peptide
sequence *EQEANTAGPESIDTIKA!®, The results
using western blot and indirect ELISA assay are summa-
rized in Fig. 4H-K. In addition to the peptides C3-1b-5,
C3-1b-6, C3-1b-44, C3-1b-45, seven other peptides (C3-
1b-1, C3-1b-2, C3-1b-3, C3-1b-4, C3-1b-41, C3-1b-42
and C3-1b-43) were recognized by mAb 7B2, whereas
the C3-1b-5 peptide only weakly reacted with mAb 7B2,
demonstrating that the minimum linear epitope of mAb
7B2 was "’ NTAGPESIDT'%,

Sequence alignment analysis of the identified
antigenic epitope

To investigate the conservation of the identified linear
B-cell epitope, the epitope regions of GoAstV-2 were
compared with the corresponding areas of other species
of astroviruses. The sequence alignment results revealed
that the linear epitope *>NTAGPESIDT'®?> was highly
conserved, as it shared 100% sequence identity among
the GoAstV-2 strains analyzed and showed 90% homol-
ogy with a Turkey astrovirus 2 strain (Fig. 4). However,
the GoAstV-1 and other astroviruses showed very low
sequence homology (less than 50%) with the GoAstV-2
virus in the same region of the epitope, indicating that
the identified linear epitope of mAb 7B2 was highly spe-
cific and conserved in the Cap protein of GoAstV-2.

Discussion

GoAstV-2 is a novel and acute infectious disease in
goslings characterized by clinical symptoms of growth
retardation, diarrhea, and death, and necropsy generally
shows severe urate deposition in the joint cavities and
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Fig. 3 Epitope indentification of the GoAstV-2 rCap protein. A Schematic of GoAstV-2 rCap protein epitope mapping. The segments marked in red
were recognized by mAb 7B2, and those marked in gray were not recognized by mAb 7B2. B-K The reactivity of mAb 7B2 with a series of truncated
rCap proteins using western blot and indirect ELISA assays. 2-20: C1, C2, C3, C3-1, C3-2, C3-1a, C3-1b, C3-1¢, C3-1b-1, C3-1b-2, C3-1b-3, C3-1b-4,
(C3-1b-5, C3-1b-6, C3-1b-41, C3-1b-42, C3-1b-43, C3-1b-44, and C3-1b-45, respectively; 1: purified pCold I-rCap protein

multiple internal organs along with significant swelling
and hemorrhage in the kidneys [28]. Zhang et al. first iso-
lated the GoAstV-2 virus from LMH cells and named the
strain GoAstV GD. The pathology was replicated with
similar symptoms in an animal regression experiment in
2018 [14]. The virus can be transmitted between differ-
ent animal species such as chickens and ducks, and out-
breaks have caused significant economic losses for the
waterfowl-breeding industry [29-31]. It is essential to
continue to supervise and control GoAstV-2 to prevent
the spread of the virus.

The capsid protein located at the 3’ end of the genome
undergoes a series of cleavages by trypsin proteases
to produce VP34 (the N-terminal conserved region),
VP27, and VP25 (the C-terminal variable region) [32].
The VP27 protein plays key roles in receptor recogni-
tion, virus attachment, and entry, and it can induce the
host to generate neutralizing antibodies [33]. It has been

reported that mAbs against VP27 protein with high sen-
sitivity, specificity, and strong reactivity were obtained
[26, 34, 35]. VP34 constitutes the capsid core region of
the astrovirus and is highly hydrophilic, with a high anti-
genic index [36]. Compared to the VP27 protein, the
N-terminal domain of the capsid protein is higher con-
servation and greater abundance in viral particles. These
properties strongly support its prioritization as a target
antigen for serological diagnostic methods [37]. In the
present study, the N-terminus of GoAstV-2 Cap (rCap)
protein was expressed, purified, and then used to inject
BALB/c mice. A novel mAb against rCap protein was
obtained and identified using IFA and Western blotting
assays. The results showed that the mAb could specifi-
cally recognize GoAstV-2 in infected LMH and strongly
react with the natural Cap protein, indicating that the
mAb recognized conformational epitopes. The mAb titer
was up to 1:25,600. Thus, the generated mAb in this study
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OL762473 JXGZ-Goose astrovirus 2

OR234628.1 SCG4 -Goose astrovirus 2
OR234615 SCD2 ORF2-Goose astrovirus 2

QRMN45266.1 Goose astrovirus 2
UIw?24841.1 Goose astrovirus 2
UYR25377.1 Goose astrovirus 2
UY¥R25380.1 Goose astrovirus 2
WNG75970.1 Goose astrovirus 2

OM455389 HeB-BD4-2019-Goose astrovirus 2
MT934439 HNU-CSZ2-2019-Goose astrovirus 2

NP_987088.1 Turkey astrovirus 2
MW353015 TZ03-Goose astrovirus 1
OL762472 JXYC-Goose astrovirus 1

OM264914 HeB-S1Z-2019-Goose astrovirus 1

UIX56556.1 -Goose astrovirus 1
PP763758.1 Goose astrovirus 1
U¥R25374.1 Goose astrovirus 1
QKW90827.1 Human astrovirus 2
AZB49326.1 Porcine astrovirus 2
UMNI12754.1 Duck astrovirus
WMNAL2464.1 Canine astrovirus-2
¥P_0085193032.1 Feline astrovirus 2

Page 5 of 9

153 162

tAINTAGPESIDTIII

d- - - 0 o .. Vo,
SV .TA . .P .
S|lGvV .TA . .V .
S|IGV .TA . .V .
S|lGvV .TA . .V .
SIGV . TA . .P .
Slgv . TA . .V | .|.
TSI TP-SST .WSG|L1
'S].P-TQM . WS A|L1
rJTssQ .. .P . .].
WGITP-SSTGWSG|L1
TSITP-SST .WSG|L1

Fig. 4 Sequence alignment of 10 GoAstV-2 strains and 12 other astrovirus strains in the epitope region of the Cap protein. The amino acids
from different astrovirus cap proteins are aligned. The matched amino acid residues are indicated by ", and *-"represents the absence of amino acids

at this position

will help develop specific and sensitive diagnostic kits for
detecting GoAstV-2 infection, using methods such as
ELISA, immunochromatographic strips, and IHC, and
the results will aid in further understanding the antigen—
antibody interactions.

Identification of linear epitopes can play an important
role in epitope-based vaccine design, protein structure
analysis, diagnosis, and the development of therapeu-
tic kits [38—40]. To date, only one linear B-cell epitope,
3BQKVY?, has been identified in the basic domain of
Cap-N [25]. However, knowledge of the function and
structure of the GoAstV-2 Cap protein remains limited,
and the mechanism underlying GoAstVs causing gout is
unclear. In this study, 19 different overlapping truncated
fragments were expressed in E.coli strain Transetta and
analyzed using indirect ELISA and western blot assays
for precise epitope mapping of mAb 7B2. The results
revealed that the minimal epitope of mAb 7B2 was
I3NTAGPESIDT2, The length of the identified epitope
was less than 20 amino acids, consistent with a previous
report [41].

The sequence alignment analysis demonstrated that
the 7B2 epitope sequences were 100% identical among
GoAstV-2 strains and had low similarity with GoAstV-1
as well as other non-goose astroviruses, except for Turkey
astrovirus 2, indicating that it could be an optional target
for the development of epitope-based diagnostic meth-
ods for GoAstV-2. Accroding to the results, only one
amino acid substitution was found between GoAstV-2
and Turkey astrovirus 2, therefore, cross-reaction may

be found with Turkey astrovirus 2, In that case, the mAb
7B2 may be used for Turkey identification. In a word,
more works shall be done for further research.

Conclusion

In summary, a novel mAb (7B2) against the GoAstV-2
Cap protein was successfully obtained, and the mini-
mal linear B-cell epitope was identified as >>NTAG-
PESIDT!®? located in the N-terminal region. This epitope
showed high sensitivity and specificity as well as being
highly conserved among 10 representative GoAstV-2
strains. The findings will be useful for further studying
the structure and function of the GoAstV-2 Cap pro-
tein, and the results provide a potential candidate target
for the establishment of a specific and sensitive diagnos-
tic method for controlling and monitoring the spread of
GoAstV-2.

Materials and methods

Virus, cells, animals and plasmids

The GoAstV-2 strain JX01 (GenBank Accession No.
MZ576222) [42, 43] and the Leghorn Male Hepatoma
(LMH) cell line were stored in our laboratory. The SP2/0
cells were preserved at the Guangdong Laboratory Ani-
mals Monitoring Institute. The cells were maintained
in Dulbecco’s modified Eagle medium (Wisent, Nan-
jing, China) supplemented with 10% fetal bovine serum
(FBS) (Wisent, Nanjing, China) and 2% penicillin—strep-
tomycin (Solarbio, Beijing, China) at 37 °C in a humidi-
fied 5% CO, atmosphere. Six- to eight-week-old female
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BALB/c mice were obtained from the Guangdong Medi-
cal Laboratory Animal Center (Guangdong, China). The
truncated ORF2 gene sequence (nucleotides 1-630 bp)
of the GoAstV-2 strain was synthesized by Gene Cre-
ate (Wuhan, China) and cloned into a pCold I expres-
sion vector to construct the recombinant plasmid pCold
I-rCap, and the plasmid was identified through PCR and
sequencing.

Expression and purification of recombinant
GoAstV-2 rCap protein

The recombinant plasmid pCold I-rCap was transformed
into Escherichia coli Transetta (DE3) (TransGen Biotech,
Beijing, China) for protein expression induced with 1
mM isopropyl f-D-1-thiogalactopyranoside (IPTG) over-
night at 16 °C. The expressed recombinant GoAstV-2
rCap protein was confirmed using sodium dodecyl sul-
fate—polyacrylamide gel electrophoresis (SDS-PAGE)
and purified using Ni-NTA His-Bind Resin (Qiagen,
Germany) according to the manufacturer’s instructions.
The purified protein was evaluated using SDS-PAGE and
Western blots with the positive GoAstV-2 serum. The
concentration of the total protein was calculated with a
BCA protein assay kit (Beyotime, Shanghai, China).

Preparation of anti-cap protein monoclonal
antibodies

To generate the mAbs anti-rCap protein, five 6-8-week-
old female BALB/c mice were inoculated by subcutane-
ous multi-point injection with purified recombinant
rCap protein (100 pg per mouse) mixed with Freund’s
complete adjuvant (Sigma, USA) as the initial immuni-
zation. The mice were subsequently boosted with 100
pg of antigen emulsified in Freund’s incomplete adjuvant
(Sigma, USA) at 14 and 28 days. After the third immu-
nization, the titers of serum antibody were tested by
indirect ELISA as described in the following text. Once
the titers reached 1:100,000, a final boost was performed
with 50 pg of protein without the adjuvant 3 days before
fusion. Splenocytes obtained from the immunized mice
were fused with SP2/0 cells using polyethylene glycol
1500 (Sigma, USA), and hybridoma cells were screened
in HAT and HT medium with 15% FBS following a stand-
ard protocol [44]. The culture supernatants of hybridoma
cells were measured using indirect ELISA. To generate
stable antibody-secreting hybrid cell lines, the positive
hybridomas were subcloned four times using the lim-
ited dilution method. Five days after the mice were pre-
stimulated with 500 pL of Freund’s incomplete adjuvant,
500 L of hybridoma cells containing 1x10° cells was
intraperitoneally injected into the mice to obtain ascites
fluid. The mADb from the ascites fluid was harvested using
HiTrap® Protein G prepacked columns [45].

Page 6 of 9

Indirect enzyme-linked immunosorbent assay

An indirect ELISA was developed to analyze the titers of
serum antibodies and mAbs in this study. The indirect
ELISA was performed as previously described with sev-
eral modifications [46]. Briefly, a 96-well plate was coated
with 0.5 pg/well antigen at 37 °C for 2 h. The plate was
washed five times with phosphate-buffered saline con-
taining 0.05% Tween-20 (PBST) and blocked with 5%
skim milk (BD Biosciences, USA) in PBS for 2 h at 37
°C. After washing five times and drying the plate, the
primary antibody (100 uL/well) was added to the plate
and incubated for 1 h at 37 °C. After incubation and five
washes, a dilution of 1:2000 HRP-conjugated goat anti-
mouse IgG (Beyotime, China) was added to each well,
and the plate was incubated at 37 °C for 1 h. Finally, 100
pL of substrate solution (Beyotime, China) was added to
all wells, and plates were kept in the dark for 10 min. The
absorbance value at 630 nm was read using a microplate
reader (Thermo Fisher, USA).

Immunofluorescence assay

To identify the GoAstV-2 in infected cells recognized by
mAb 7B2, an immunofluorescence assay was performed
as described previously [47]. Briefly, the LMH cells were
seeded in 96-well cell plates, cultured to 80% density, and
then infected with GoAstV-2 strain JX01 (MOI=0.01).
At 12 h post-infection, the cells were fixed with 70% pre-
cooled ethanol for 30 min at 4 °C, then washed three
times with PBST, and blocked with 1% bovine serum
albumin (Sigma, USA) in PBST for 1 h at 37 °C. The pri-
mary antibody at a dilution of 1:5000 was added to the
plate and inoculated at 37 °C for 1 h, followed by wash-
ing three times with PBST. The plate was inoculated with
fluorescein isothiocyanate (FITC)-conjugated goat anti-
mouse IgG (Thermo Fisher, USA) used as secondary anti-
body (1:500 dilution) at 37 °C for 1 h in the dark. Finally,
the cells were observed under a fluorescence microscope
(Leica Microsystems, Germany).

Western blot

Bacteria expressing the proteins were centrifuged
at 12,000xg for 5 min to collect the precipitant as
the sample. The samples were mixed with 5Xxload-
ing buffer, boiled for 10 min at 100 °C, and then sub-
jected to 12% SDS-PAGE to separate the proteins. The
proteins were then transferred onto a polyvinylidene
difluoride (PVDF) membrane (Millipore, USA). The
membrane was blocked with 5% skim milk in PBST for
2 h at room temperature (RT). After washing five times
with PBST, the membrane was inoculated with 1:5000
diluted mAb for 2 h at RT, then rinsed five times with
PBST, and finally reacted with HRP-conjugated goat
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Fig. 5 B-cell epitope prediction results for the GoAstV-2 rCap protein using the IEDB online analysis software. A The yellow color represents

the antigen epitope. B The amino acid sequences of the predicted peptides

Table 1 Primer sequences used for linear epitope identification

Fragments Primer sequences (5'-3’) Position
(bp)
Sense Reverse sense
@ CCCTCGACATGGCAGACAGGGCGG CGGAATTCCCCAGTGATCTGACCAAGTGT 1-240
(@) CCCTCGACACTACCACAATAACACTTGG CGGAATTCAAGAATATTGGCCCTACCAGCAAG 208-420
c3 CCCTCGACCTTGTCCCACTTGCTGGTAGG CGGAATTCAATTGCTGGACCAAGTGAGTC 388-630
C3-1 CCCICGACCTTGTCCCACTTGCTGGTAGG CGGAATTC GAGCCAATCGGGAGTT 388-528
C3-2 CCCTCGACATAAAGGCTCGGCCGCATCT CGGAATTCAATTGCTGGACCAAGTGAGTCAG 487-630

The restriction enzyme sites of the sense and reverse sense are BamH | and EcoR | (underlined), respectively

anti-mouse IgG as a secondary antibody for 1 h at RT.
The results were analyzed using the Azure c600 multi-
functional molecular imaging system (Azure Biosys-
tems, USA).

Identification of the truncated recombinant rCap
protein and the minimal antigenic epitope

The linear B cell epitopes of the GoAstV-2 rCap protein
(1-210aa) were predicted using the IEDB bioinformatic
analysis website (https://www.iedb.org/) based on the
amino acid sequence obtained from NCBI GenBank (ID:
OL762473.1). To accurately locate the minimal epitope
recognized by mAb 7B2, six rounds of truncation were
performed according to the prediction results (Fig. 5).
A set of primers for amplifying the truncated gene frag-
ments and polypeptides was designed and synthesized by
Sangon Biotech. The sequences of primers are listed in
Table 1, and the polypeptides are listed in Table 2. These
truncated overlapping fragments and polypeptides were
cloned into the pCold I-MBP vector and expressed in E.
coli Transetta (DE3) as described previously. The fusion
proteins were analyzed using Western blots and indirect
ELISA with mAb 7B2.

Table 2 Sequences of the synthesized polypeptides used in this

study

Name Amino acid sequences in the cap
protein position

(3-1a 130 VPLAGRANILGSVVFLDIEQEAN

C3-1b 9EQEANTAGPESIDTIKA'®

3-1c 180 DTIKARPHLELPIGSK'7

C3-1b-1 150QEANTAGPESIDTIKA'®

C3-1b-2 1SIEANTAGPESIDTIKA'®

C3-1b-3 152 ANTAGPESIDTIKA™®

C3-1b-4 153NTAGPESIDTIKA'

C3-1b-5 1S4TAGPESIDTIKA'®

C3-1b-6 15 AGPESIDTIKA'®

C3-1b-41 153NTAGPESIDTIK'®

C3-1b-42 13NTAGPESIDTI'®3

C3-1b-43 153NTAGPESIDT'62

C3-1b-44 13NTAGPESID'®!

C3-1b-45 153NTAGPES|'®

Sequence alignment analysis of the identified
antigenic epitopes
The amino acid sequences of 10 prevalent GoAstV-2
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strains and 12 other related astrovirus strains, includ-
ing GoAstV-1, porcine astrovirus 2 strain, canine
astrovirus 2 strain, human astrovirus 2 strain, turkey
astrovirus 2 strain, feline astrovirus 2 strain, and duck
astrovirus strain, were downloaded from the NCBI
GenBank database and aligned using SnapGene soft-
ware to analyze the conservation of the identified anti-
genic epitope.
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