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ARTICLE INFO ABSTRACT

Keywords: Goose astrovirus genotype II (GAstV-II), the causative agent of visceral and joint gout in goslings, has been
GAstV-II widespread in China since 2016 and resulted in considerable economic losses to waterfowl industry. As an
ADA

important enzyme involved in purine metabolism and uricogenesis, adenosine deaminase (ADA) is reported to be
upregulated via GAstV infection. However, knowledge about the regulatory role of ADA played during virus
replication is still limited. In the present work, goose ADA (gADA) was firstly cloned from goose embryo fi-
broblasts (GEF) and phylogenetic analysis showed that it was highly homologous with duck ADA, sharing 96.6 %
identity in nucleotide sequences. Moreover, GAstV-II infection promoted the production of gADA but did not
change its cellular distribution pattern, which was evenly dispersed in the cytoplasm and nucleus. Further results
demonstrated that ectopic expression of gADA significantly enhanced viral capsid protein expression and virus
loads in GEF cells. Conversely, knockdown of gADA by siRNA played the opposite role in virus replication.
Notably, gADA could directly interact with viral capsid protein, particularly with its C-terminal domain. Our data
elucidated the regulatory role of gADA during GAstV-II infection, thereby laying a solid foundation to further
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explore its pathogenesis.

Introduction

Goose astrovirus (GAstV), belonging to genus Avastrovirus of family
astroviridae, is a single-stranded positive-sense RNA virus with a star-like
protrusion on the surface (Shen et al., 2022). The polyadenylated
genome is approximately 7.2 kb in length and consists of a 5-untrans-
lated region (5’-UTR), three open reading frames (ORF1la, ORF1b, and
ORF2), and a 3-UTR. Thereinto, ORFla and ORF1b encode
non-structural proteins, such as RNA dependent RNA polymerase
(RdRp), serine protease motif (Pro), and nuclear localization signal
(NLS), which mainly affect the replication and transcription of viral
RNA. The capsid (cap) protein is synthesized from ORF2, and its
N-terminal region is more conserved across all astroviruses whereas the
C-terminal counterpart shows high sequence variability. Structurally,
cap protein contains four domains, including inner core (S), outer core
(P1), spike (P2), and acidic domain. Thereinto, acidic domain is thought
to be as a binding site for cell receptor during infection (Méndez, et al.,

2007), and P2 is responsible for activating host immune response (Arias
and DuBois, 2017; Zhang, et al., 2022a). Based on ORF2 sequence,
GAstV could be divided into two genotypes, GAstV-I and GAstV-IL
Sequence alignment shows that the genome-wide similarity between
them is 57.9 %, with that of ORF2 even as low as 42.6 % (Huang, et al.,
2021). Until now, GAstV-II has become the predominant strain that
circulating in most goose raising provinces in China. Goslings aged
under 15 days are vulnerable to GAstV-II and the mortality rate ranges
from 20 % to 50 % (Xu, et al., 2023). GAstV-II mainly causes joint and
visceral gout in goslings, with the clinical symptoms of depression,
weight loss, white feces, joint swelling, and lameness (Chen, et al.,
2024). Notably, GAstV-II has been reported in goose embryos, Cherry
Valley ducklings, and Muscovy ducklings, suggesting the vertical
transmission and cross-species barriers (Chen, et al., 2020, 2021; Wei,
et al., 2020). Additionally, GAstV-I is often found co-infection with
GAstV-11, further highlighting the importance of virus surveillance and
the development of disease control methods (Wang, et al., 2022). It is
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reported that the incidence rate of GAstV-II could be as high as 80 %,
with the mortality rate ranging from 15 % to 30 %. The virus infection
greatly threats the development of goose industry in China, with the
economic losses have exceeded $10 million (Wang, et al., 2021).

Gout is the most common chronic disease caused by monosodium
urate (MSU) crystals depositing on the surface of visceral organs and in
the joint cavities. The risk of developing gout is positively correlated
with the concentrations of serum uric acid (SUA) (Dalbeth, et al., 2019).
SUA is an intermediate product of purine metabolism and finally
excreted as urate through kidney (around two-thirds) and feces (around
one-thirds) (Keenan, 2020; Mandal and Mount, 2015). Adenine and
guanine from the damaged and dead cells are endogenous purines, and
the exogenous ones are those formed in liver and intestinal tract from
high protein diets (Choi, et al., 2004). Once the balance of purine intake
and output is disrupted, the possibility of developing gout will be highly
increased. Generally, there are two ways to increase the level of SUA.
One is some risk factors disturb purine metabolic process and cause a
great deal of SUA accumulation, with the amount far exceeding
discharge capacity. The other is SUA retention caused by kidney
dysfunction (Wu, et al., 2022). Therefore, gout could be either a nutri-
tion metabolic disease or a contagious condition.

Purines are essential elements for building DNA and RNA, and purine
metabolism is a complex process that involved in its biosynthesis,
interconversion, and degradation (Moriwaki, et al., 1999). Disorders of
purine metabolism are closely related with diseases induced by hyper-
uricemia since uric acid is the final product of purine catabolism (So and
Thorens, 2010; Zhang, et al., 2022b). Adenosine deaminase (ADA) is a
crucial enzyme in purine metabolism that catalyzes the conversion of
adenosine and deoxyadenosine to inosine and deoxyinosine, which will
be eventually converted into SUA (Alfaqih, et al., 2024). Studies have
indicated a positive correlation between the production of SUA and the
level of ADA. Specifically, inhibition of ADA could remarkably suppress
SUA expression, consequently leading to the alleviation of clinical gout
symptoms in rat models (Qian, et al., 2023; Sun, et al., 2022). Similarly,
Wu et al. found that goose ADA (gADA) activity and mRNA level in liver
was increased during GAstV-II replication (Wu, et al., 2020), indicating
GAstV-II could hijack purine metabolism via influencing gADA expres-
sion. However, the exact role of gADA during virus infection remains
unknown. In this study, therefore, we first cloned gADA and described its
regulatory roles during GAstV-II infection.

Materials and methods
Virus and cell

GAstV-II HNXX-6/China/2020 strain (GenBank: MW592379) was

Table 1
Primers used for plasmid construction and identification.
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isolated from week goose embryo from Henan province and preserved in
our laboratory. 11-day-old healthy Sanhua goose embryos cultured in
Dulbecco’s modified Eagle’s Medium (Hyclone, USA) supplemented
with 10 % fetal bovine serum (Cellmax, China) were used to generate
primary goose embryo fibroblasts (GEF). Only GAstV-II-negative cells
were allowed to be used for further study.

Plasmid construction

Total RNA extracted from GEF cells were reversely transcribed into
c¢DNA with oligo dT, and gADA was amplified by using specific primers.
After being purified, the amplicons were homologously recombined
with linearized pCAGGS-HA vector to construct plasmids pCAGGS-HA-
gADA. For truncated cap protein, cDNA derived from total RNA
extracted from HNXX-6,/China/2020 served as template to amplify three
fragments of cap protein, namely cap (1-256aa), cap (257-406aa), and
cap (407-665aa), which were finally ligated into linearized p3 x flag-
cmv10 vector to generate respective recombinant plasmids. Primers
used in this study were shown in Table 1.

Antibody preparation and purification

200 pg pCAGGS-HA-gADA was intramuscularly injected into the leg
of a New Zealand White rabbit at day 1, 14, and 28. After final immu-
nization, the cardiac blood collected from the anesthetized animal was
used to separate serum. Subsequently, the antibody was preliminarily
purified as follows. The serum was centrifuged at 3000 rpm for 10 min to
remove fibrin clots and debris. Saturated ammonium sulfate was then
gradually added to a final concentration of 50 %. Following incubation
at 4 °C for 1 h, the pellet was dialyzed against PBS to remove residual
ammonium sulfate.

Bioinformatic analyses

The sequence of gADA and its counterparts of different animals ob-
tained from GenBank were aligned with MegAlign program in DNAstar
software package. Subsequently, MEGA 7.0 was used to construct the
phylogenetic tree based on the neighbor-joining method with a boot
strap of 1000 repetitions.

Indirect immunofluorescence assay (IFA)

GEF cells were mock-infected or infected with HNXX-6/China/2020
at MOI of 0.1 for 12, 24, 36, and 48 h. The cells were then fixed with 4 %
paraformaldehyde and permeabilized by 0.1 % Triton X-100 in phos-
phate buffered saline (PBS) at room temperature for 30 min.

Gene Purpose Sequence (5'—3"’ Length (bp)

gADA clone Forward gattacgctCCTGCCATCGCGGGGGACC 873
Reverse attaagatctTCACGATGCATTGGGCACC

gADA qRT-PCR Forward ATCAAGGAGGCAGTGTATCTCCTG 221
Reverse GTCATCGGTGTTTATCGAATAGTTAG

cap qRT-PCR Forward TATTGAGGAATTGCGAGAGGAC 288
Reverse GTAGTTGAGCCATGCTTGTTCTC

cap(1-256) clone Forward cttgeggccgcgGCAGACAGGGCGGTGGC 768
Reverse tctcagetgacTCACCCTGGTTTTGGACCATAGTTC

cap(257-406) clone Forward cttgcggccgecgCTCTCACTTATGACCAGTGAAACA 450
Reverse tctcagetgacTCAACCTTGTCCAGTTGTATTCACAT

cap(407-665) clone Forward cttgeggecgegCAGGTTACTCCCTCGCTTGTGTAC 723
Reverse tctcagetgacAGAGGTCTTGAGCGAGACAGCTAG

GAPDH qRT-PCR Forward TATGACTCTACTCATGGCCACTTCAAG 218
Reverse GATGATGACACGCTTAGCACCACC

sigADA-1 knockdown GGUGAACAACUUCAUCCGG

sigADA-2 knockdown UUCACUAUGCUGUAAUCCG

sigADA-3 knockdown UUAUCGAAUAGUUAGCCCG

! The lower letters were designed for homologously recombined with pCAGGS-HA vector linearized by EcoR I and Nhe I.
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Subsequently, the cells were blocked with 5 % BSA at 37 °C for 1 h,
incubated with rabbit anti-gADA antibody (dilution 1:100), and suc-
cessively with FITC-conjugated Affinipure Goat Anti-Rabbit IgG(H + L)
(Proteintech, China) (dilution 1:2000). After being washed with PBS for
three times, the cells were stained with 4,6-diamidino-2-phenylindole
(DAPI) (Solarbio, China) at room temperature for 15 min. And the
location and intensity of green fluorescence were observed via fluores-
cence microscope.

Quantitative real-time PCR (qRT-PCR)

Total RNA of GEF cells were reversely transcribed into cDNA, which
was taking as the template to amplify gADA or GAstV-II cap by using
specific primers shown in Table 1. The expression was normalized to the
housekeeping gene GAPDH. The experiments were replicated for three
times and the results were calculated via the comparative CT (2-AACT)
method (Schmittgen and Livak, 2008).

Co-immunoprecipitation (Co-IP)

The indicated plasmids were transfected into GEF cells cultured in 6-
well plate by using Lipofectamine 6000 (Beyotime, China). 48 h later,
the cells were washed with chilled PBS and then lysed with IP lysis
buffer (Beyotime, China) for 30 min on ice. After centrifuging at 10,000
rpm for 10 min at 4 °C, the supernatants were incubated with mouse
anti-HA monoclonal antibody (mAb) (Proteintech, China) (dilution
1:2000) at 4 °C overnight, and then mixed with protein G-agarose beads
for further 8 h at 4 °C. The beads were then washed three times with PBS,
the bound proteins were separated by SDS-PAGE and detected by
western blot.

Western blot

GEF cells harvested at various time points were lysed on ice with
radioimmunoprecipitation assay (RIPA) (Beyotime, China) buffer for 30
min.The supernatants collected after being centrifuged at 10, 000 rpm
for 10 min at 4 °C were subjected to 10 % SDS-PAGE. Based on the
different types of proteins, rabbit anti-gADA polyclonal antibody (pAb)
(dilution 1:100), rabbit anti-cap pAb (dilution 1:200), rabbit anti-
GAPDH mAb (ABclonal, USA) (dilution 1:1000), mouse anti-flag mAb
(Proteintech, China) (dilution 1:2000), and mouse anti-HA mAb (dilu-
tion 1:2000) were used as the primary antibodies, and horseradish
peroxidase (HRP)-conjugated goat anti-rabbit IgG (H + L) (Proteintech,
China) (dilution 1:5000) and anti-mouse IgG (H + L) (Proteintech,
China) (dilution 1:5000) were used as the secondary antibodies. The
proteins were finally visualized by using chemiluminescence ECL Kkit,
after being washed for three times.

Knockdown of gADA via siRNA

siRNAs targeting gADA and a non-targeting control (siNC) were
designed and synthesized (shown in Table 1). To validate the specificity,
potential homology between siRNAs and other genes was analyzed via
bioinformatics analysis, and those with more than 16 consecutive base
matches to other genes were avoided. Secondly, online software siR-
NAscan was used to predict the off-target risk. Moreover, three siRNAs
targeting different regions of gADA were designed to make sure the
consistent silencing phenotype. To evaluate the knockdown efficiency,
GEF cells seeded in 6-well plate were transfected with siRNAs by using
Lipofectamine RNAiMax (Invitrogen, USA). The cells were collected at
24 h for qRT-PCR and 48 h for western blot to detect the knockdown
efficiency.

Measurement of GAstV-II growth in GEF cells

GEF cells cultured in 96-well plate were infected with serially 10-fold
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diluted virus and incubated at 37 °C with 5 % CO». 72 h later, viral titers
were calculated according to the Reed-Muench method as previously
described (Ma, et al., 2023).

Protein structure prediction

gADA protein was constructed by using AlphaFold3 program with
basic method setting. The structure of GAstV-II cap protein was con-
structed through homology modeling, utilizing turkey astrovirus capsid
protein (PDB: 3TS3) as the template, with the aid of MOE2015 program.

Molecular docking

Binding complexes between gADA and GAstV-II cap were predicted
via HDOCK server (http://hdock.phys.hust.edu.cn/). The top 10 output
models were provided with docking scores and confidence scores for the
evaluation of their reliability. When the docking score was below —200
and the confidence score was above 0.7, the two molecules would be
very likely to bind. Subsequently, the result ranked first was visualized
by means of PyMOL software.

Statistical analysis

The data are presented as means and standard deviations (SD). Sta-
tistical significance between groups was determined by ANOVA with
post-hoc Tukey’s test by using GraphPad Prism 7.0 software.

Results
Identification and sequence analysis of gADA

To determine the function of gADA during GAstV-II infection, its full
length ORF was first cloned from the cDNA of GEF cells. The identified
gADA sequence consisted of 873 nucleotides encoding a protein of 290
amino acids. Accordingly, a phylogenic tree was constructed and gADA
was found to be clustered in the bird clade (Fig. 1). Further analysis
showed that gADA exhibited the highest homology with duck ADA
(dADA) (up to 96.6 %), followed by chicken ADA (cADA) (up to 89.7 %)
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Fig. 1. Phylogenetic analysis of gADA. A neighbor-joining tree was con-
structed by using MEGA 7.0 software based on the nucleotide sequences of
gADA homologs from different species.
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in gene sequence. Similarly, the amino acid sequence of gADA had an
identity of 95.2 % with dADA and 89.6 % with cADA, indicating that
gADA had a relatively strong homology with those of avian species.

GAstV-II infection promotes the expression of gADA

GEF cells infected or non-infected with HNXX-6/China/2020 were
fixed at indicated time points and IFA was performed to detect the
subcellular localization of gADA. Results showed that green fluorescence
was evenly distributed between the cytoplasm and nucleus in physio-
logical GEF cells, even with the similar distribution pattern in the
infected ones (Fig. 2A). Notably, the quantity and intensity of green
fluorescence was gradually increased along with infection, suggesting
the production of gADA might be positively upregulated. To further
explore the expression kinetics of gADA during virus infection, infected
GEF cells were harvested at indicated time points to perform qRT-PCR
and western blot. As shown in Fig. 2B and 2C, the production of gADA
was significantly improved at mRNA and protein level in infected GEF
cells at 24, 36, and 48 h post-infection (hpi) compared to those in the
uninfected ones. These data indicated that GAstV-II promoted gADA
expression without affecting its subcellular localization.

gADA stimulates GAstV-II replication in vitro

To explore the specific function of gADA during GAstV-II infection,
GEF cells transfected with pCAGGS-HA-gADA or pCAGGS-HA vector
were infected with HNXX-6/China/2020 at an MOI of 0.1. Cells and
supernatants were separately harvested to detect virus replication via
qRT-PCR, western blot, and 50 % tissue culture infective dose (TCIDsq).
Results demonstrated that the production of cap was sharply increased at
both mRNA level (Fig. 3A) and protein level (Fig. 3B) in gADA over-
expression group, especially at 36 hpi. Further, virus titers in this group
reached 2.22, 4.04, and 4.63 Log1(TCIDs50/100 pL) at 24, 36, and 48 h,
respectively, and they were significantly higher than those in the control
group, which were 1.59, 2.68, and 3.66 Log1¢(TCID5,/100 pL), respec-
tively (Fig. 3C). These data suggested that gADA played a positive role in
regulating GAstV-II replication in GEF cells.

Interfering gADA limits GAstV-II replication

To further confirm the regulatory effect of gADA during GAstV-II
infection, we examined virus replication in GEF cells with gADA
knockdown at different time points. GEF cells were firstly transfected
with siRNA or siNC and the interference effect was evaluated via qRT-
PCR (Fig. 4A) and western blot (Fig. 4B). Data demonstrated that the
knockdown efficiency of all the three siRNAs reached above 50 %, with
that of siRNA2 approximately 70 %, and thereby, it was deployed in the
further study. Subsequently, GEF cells transfected with siRNA2 or siNC
were infected with HNXX-6/China/2020 at an MOI of 0.1, and the su-
pernatants and cells were collected to investigate virus replication. As
shown in Fig. 4C and Fig. 4D, the expression of cap was significantly
decreased at both mRNA level and protein level in gADA knockdown
cells, compared to those in the control ones. Similarly, virus loads in
gADA knockdown group were 1.09 and 2.08 Log;(TCIDs5¢/100 pL) at 24
and 36 hpi, respectively, which were far below than those in the coun-
terpart group of 1.23 and 3.28 Log;o(TCID50/100 pL) (Fig. 4E). These
data further confirmed that gADA was positively correlated with the
GAstV-II replication in GEF cells.

gADA interacts with GAstV-II cap protein

Given the positive regulation of GAstV-II replication by gADA, we
sought to investigate whether gADA could bind to cap protein. Firstly,
we performed molecular docking to predict the binding possibility be-
tween the two proteins. As shown in Fig. 5A, all the docking scores of the
top ten binding complexes were below —200 and the confidence scores

Poultry Science 104 (2025) 105176

were above 0.7, suggesting the two proteins were highly likely to
interact with each other. Additionally, the visualized structure of the
first ranked result also clearly showed the interaction between the two
proteins. Subsequently, we further evaluated their interaction via Co-IP
assays. GEF cells were transfected with either HA-tagged gADA or an
empty vector, and subsequently infected with HNXX-6/China/2020 at
MOI of 0.1. Cell lysates were subjected to immunoprecipitation with a
mouse anti-HA mAb, followed by western blot with a rabbit anti-cap
pADb. As shown in Fig. 5B, a clear interaction between gADA and cap
protein was observed, as the cap protein was coimmunoprecipitated
with HA-tagged gADA but not the HA empty vector, confirming gADA as
a binding partner of the viral cap protein. To further define the crucial
domain of cap protein essential for its interaction with gADA, we con-
structed three plasmids expressing the inner core, outer core, or spike
domain fused with flag tag at the N-terminus (Fig. 5C). By conducting
Co-IP assays with gADA as the bait protein in GEF cells transfected with
the indicated combination of plasmids, cap (407-665aa) was detectable
in cells expressing HA-gADA (Fig. 5D), suggesting that spike domain was
crucial for cap binding with gADA.

Discussion

As a multifunctional protein, ADA can 1) catalyze the hydrolytic
deamination of adenosine and 2-deoxyadenosine to inosine and 2’
deoxyinosine, respectively (Jiang, et al., 1997); 2) bind extracellularly
to adenosine receptors to maintain adenosine homeostasis (Gracia,
etal., 2013); 3) act as a positive regulator to potentiate the generation of
effector, memory, and regulatory CD4+ T cells (Martinez-Navio, et al.,
2011). Since purine metabolism disorder is the etiology of gout and
GAstV-II is the main causative pathogen of visceral and joint gout in
goslings, exploring the regulatory role of the critical enzyme gADA in
GAstV-II caused gout is particularly important. Here, we firstly per-
formed phylogenetic analysis and found that gADA shared the highest
homology with dADA. IFA showed that gADA was uniformly resident in
the cytoplasm and nucleus, even without any change during GAstV-II
infection. Previous study shows that humans contain three types of
ADA isoenzymes, ADA1, ADA1+CP, and ADA2, and they mainly reside
in the cytoplasm and also appear on the cell surface, but rarely distribute
in nucleus (Gao, et al., 2022; Ginés, et al., 2002). Whether species and
sequence variations contributing to the distribution differences and
whether there is any isoform(s) of gADA still need to be further
illustrated.

It has been well described that acute increase of extracellular aden-
osine concentration in response to inflammation could induce the
expression of ADA (Eltzschig, et al., 2006; Jedrzejewska, et al., 2023).
Subsequently, ADA decreases the level of adenosine by converting it to
inosine to alleviate inflammatory response (Kaljas, et al., 2017). Simi-
larly, GAstV has been reported to promote an inflammatory reaction and
also increased the expression of gADA (Liu, et al., 2023; Wu, Xu, Lv and
Bao, 2020). Given this, we further investigated the function of gADA
during virus replication. Our findings revealed that gADA expression
was significantly upregulated in GAstV-II-infected GEF cells. Moreover,
down-regulation of gADA expression suppressed GAstV-II replication,
whereas overexpression of gADA exerted an enhancing effect. Mecha-
nistically, gADA could directly interact with cap protein. Studies report
that ORF2 encodes the capsid precursor protein with the molecular mass
of approximately 90 kDa (VP90), which is further cleaved intracellularly
at the acidic domain to yield mature VP70 (Méndez, et al., 2004). Since
acidic domain acts as the ligand to interact with cell receptor, the pro-
cessing of VP90 to VP70 has been correlated with virus release from cell
surface. VP70 is then extracellularly processed via trypsin to finally
produce VP34, VP27, and VP25 (Méndez, et al., 2002). VP34 contains
the complete inner core, which forms the core domain of the virus, and
VP27 plus VP25 contain the complete spike domain, which forms the
protruding region of the virus and plays a central role in viral infection
by mediating receptor binding (Ghosh, et al., 2024), facilitating cell
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performed to evaluate the knockdown effect. GEF cells transfected with siRNA2, siNC, or untreated were infected with HNXX-6,/China/2020 at an MOI of 0.1. Cells
and supernatants were collected at indicated time points and analyzed with gqRT-PCR (C), western blot (D), or virus titration (E), respectively. *, P < 0.05, and ***,

< 0.005.

entry (Arias and DuBois, 2017), and modulating host immune responses
(Lanning, et al., 2023). Here, we found that gADA served as a binding
partner of cap protein via its spike domain. Given its critical roles in
virus infection, further study should explore the effects of interaction
between gADA and cap protein on aspects, such as invasion, assembly,
and regulation of host immune response, so as to elucidate the mecha-
nism by which gADA promotes GAstV-II replication. Moreover, further
study should focus on verifying whether gADA can facilitate GAstV-II
infection in susceptible goslings, since GEF cells could not fully simu-
late the complex in vivo environment.

Previous data demonstrates that there are five active site residues for
human ADA (hADA), Cys262, His'7, His?'*, His?®8, and Glu®'7, essential
for its catalytic activity. Thereinto, mutant with replacement Cys2%2
retains around 40 % of wild-type activity, however, mutants with the
other four replacements almost loss the enzyme activity (Bhaumik, et al.,
1993). Sequence alignment indicates that His!*®, His'®°, and Glu!*® of
gADA are probably the active sites. However, whether gADA depended
on its catalytic activity to drive pro-viral effect remains unclear.
Therefore, further studies should be focused on expressing gADA with
enzymatic activity, identifying its critical active sites, and then exploring

whether the catalytic activity of gADA has a specific impact on GAstV-1I
replication. Simultaneously, analyzing the 3D structure of the protein
complex between gADA and cap, and elucidating their specific interac-
tive sites and modes, will be helpful to determine whether gADA exerts
its positively regulatory role relying on its spatial structure. Apart from
being as an indispensable enzyme participated in production of uric
acid, ADA has been reported to be deeply involved in immune system
activities (Antonioli, et al., 2012). ADA deficiency causes an accumu-
lation of toxic purine degradation by-products, which resulting in
adenosine deaminase severe combined immunodeficiency (ADA-SCID)
(Passos, et al.,, 2018). Study reports that GAstV-II infection causes
lymphocyte apoptosis and proinflammatory phenotype in macrophages
(Ding, et al., 2024). However, the immunomodulatory function of gADA
remains unknown and whether the increased gADA during GAstV-II
infection exerts host immune response also needs further investigation.

Collectively, these results provide insights to the function of gADA by
indicating for the first time that gADA is a positive factor in GAstV-II
infection, which lays a solid foundation for further development of
new antiviral strategies.
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Fig. 5. gADA interacts with the cap protein of GAstV-II. (A) The list of top 10 predicted binding models and the visualized structure of the first ranked result.
Protein structure of gADA and GAstV-II cap was individually constructed and then molecular docking was performed via HDOCK server to predict the binding
possibility between the two proteins. The model ranked first was then visualized via PyMOL software. (B) GEF cells transfected with HA-gADA were infected with
HNXX-6/China/2020 at an MOI of 0.1. At 48 h post-infection, cell lysates were immunoprecipitated with a mouse anti-HA mAb. The bound protein was subjected
into western blot with a rabbit anti-cap pAb and mouse anti-HA mAb. (C) Schematic representation of flag-tagged cap structural domains. (D) GEF cells were co-
transfected with plasmid HA-tagged gADA, together with flag, flag-cap (1-256), flag-cap (257-406), or flag-cap (407-665). At 48 h post-transfection, the cell ly-
sates were incubated with mouse anti-HA mAb, and the bound proteins were detected by western blot with mouse anti-flag mAb.
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