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Signal transducers and activators of transcription (STAT), as a core component of the 
Janus kinase (JAK)/STAT signaling pathway, play a vital regulatory role in the innate 
antiviral immunity and immune signal transduction in Scylla paramamosain. To enable 
comprehensive biological studies, we developed and validated a specific polyclonal 
antibody against this target. In this study, the properties of STAT protein were 
characterized using bioinformatics, and the full-length STAT coding sequence was then 
cloned into the recombinant plasmid pET-32a-STAT for expression in Escherichia coli. 
The recombinant STAT protein, which was induced and collected from the gel, was 
employed to immunize mice, resulting in the production of specific polyclonal 
antibodies. The antibody was then used to investigate STAT protein expression. Our 
findings confirmed that the STAT protein was successfully produced in a prokaryotic 
system. The generated mouse anti STAT polyclonal antibody exhibited a high titer of 
1:64,000 and specifically recognized STAT expressed in both prokaryotic and eukaryotic 
systems. Furthermore, the anti-STAT polyclonal antibody specifically recognized 
endogenous STAT in various Scylla paramamosain tissues and revealed a significant 
nuclear translocation of SpSTAT in hemocytes following poly(I:C) stimulation. With its 
high specificity and titer, this antibody represents a useful reagent for studying the role 
of STAT in antiviral innate immunity and immune signaling in Scylla paramamosain. 

INTRODUCTION 

The discovery of the Janus kinase (JAK)-signal transducer 
and activator of transcription (STAT) pathway arose from 
investigations of how cells respond to interferons (IFNs), 
and has been widely characterized from human to 
Drosophila.1‑3 As a crucial component of the interferon im
mune response, the JAK/STAT signaling pathway comprises 
three key elements: tyrosine kinase-related receptors, JAKs, 
and STATs.4 In vertebrates, the canonical JAK/STAT sig
naling pathway is triggered upon ligand binding to cor
responding transmembrane receptors.5 This binding event 
induces receptor dimerization, allowing the receptors’ in
tracellular domains to undergo transphosphorylation by 
their associated intracellular JAK kinases; in turn, cytoplas
mic STAT proteins are phosphorylated and activated. Phos
phorylated either homodimers or heterodimers via the Src-
homology 2 (SH2) domain and phosphotyrosine interaction 

and translocate to the nucleus to function as transcription 
factors regulating immune responsiveness and other essen
tial biological processes.6 

Mammals possess seven members of the STAT family, 
including STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, 
and STAT6. Similar to the mammalian antiviral response, 
STATs mediate the immune response in osteichthyes.7‑9 

Notably, crustaceans typically harbor only a single STAT 
gene.10,11 A STAT homologue, designated SpSTAT, was 
identified and cloned from the mud crab Scylla paramamo
sain. The full-length cDNA is 2952 bp, containing an open 
reading frame (ORF) of 2388 bp that encodes a 796-amino-
acid protein with a predicted molecular weight of 91.29 
kDa. SpSTAT shares high sequence identity with STAT pro
teins from other crustaceans, and its mRNA is predomi
nantly expressed in the intestine and eyestalk, while show
ing markedly lower expression levels in the heart and 
muscle.10 The expression level of STAT in crustaceans can 
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be induced by various stimuli, including lipopolysaccharide 
(LPS), S. aureus and poly (I:C), which further confirms the 
vital role of STAT in crustacean immune response. Activa
tion of STAT in Litopenaeus vannamei results in responsive
ness to white spot syndrome virus (WSSV) infection.12,13 

Knockdown of STAT could promote the proliferation of mud 
crab reovirus (MCRV) in Scylla paramamosain.10 Infection 
with WSSV or injection of rMjVago-L protein could signif
icantly enhance the phosphorylation and nuclear translo
cation of STAT, inducing Stat-regulated Ficolin to exert an
tiviral effects in Marsupenaeus japonicus.14 Despite these 
promising findings, the molecular mechanism of STAT-me
diated antiviral responses in crustaceans remains poorly 
understood, particularly at the protein level, where studies 
are scarce. Proteins are the direct mediators of intracellular 
signaling and the functional executors of antiviral activity. 
Mechanistic conclusions without protein-level experimen
tal support are largely descriptive at the transcriptional 
level and fail to provide convincing evidence for physiolog
ical functions and regulatory pathways. 

Further investigation to determine the function of STAT 
requires its specific antibodies. However, few standardized 
anti-STAT antibodies are currently available. In this study, 
we expressed STAT in Escherichia coli and generated a poly
clonal antibody against STAT by immunizing KM mice. The 
antibody demonstrated high sensitivity and specificity in 
immunoblotting assays. This provides a useful reagent for 
investigating STAT’s functional mechanisms. 

MATERIALS AND METHODS 

ANIMALS AND BACTERIAL STRAINS 

Eight-week-old female mice were purchased from Haikou 
Yingyue Biotechnology Co., Ltd. and housed in a clean, 
temperature-controlled animal facility for acclimatization. 

Mud crabs (30-50 g) were from an aquaculture farm in 
Hai Nan, China. Mud crabs were acclimated at 28 °C in a 
recirculating water tank system with air-pumped seawater 
(5‰ salinity) before experiments. E. coli strain DH5α was 
used for gene cloning, and E. coli BL21 (DE3) was used to 
express the fusion protein. 

BIOINFORMATICS ANALYSIS 

The STAT protein sequences analyzed in this study were 
obtained from the National Center for Biotechnology In
formation (NCBI) databases (GenBank: MH924352.1). The 
physicochemical properties were predicted by ExPASy 
(https://www.expasy.org/). Transmembrane domains were 
predicted using TMHMM (https://dtu.biolib.com/
DeepTMHMM). Phosphorylation sites were predicted with 
NetPhos 3.1 (https://services.healthtech.dtu.dk/services/
NetNGlyc-1.0/). N-glycosylation sites were analyzed using 
NetNGlyc 1.0 (https://services.healthtech.dtu.dk/services/
NetPhos-3.1). The secondary structure of the recombinant 
protein was predicted by SOPMA servers (https://npsa-
prabi.ibcp.fr/cgi-bin/npsa_au
tomat.pl?page=npsa_sopma.html).SWISS-MODEL 

(https://swissmodel.expasy.org/interactive) was also em
ployed for 3D structure prediction. 

PLASMID CONSTRUCTION FOR PET-32A-STAT 
EXPRESSION 

Total RNA was extracted from mud crab gills by using 
Eastep® Super Total RNA Extraction Kit (Promega, USA) 
and reverse transcribed into cDNA by using a Reverse Tran
scription Kit Leaflet (AG, China). The full-length of STAT 
coding sequence was cloned into pET-32a vector using spe
cific primers pET-STAT-F/R, and recombinant plasmid was 
transformed into E. coli strain BL21. The sequences of pos
itive colonies were verified by sequencing at a commercial 
sequencing company (Beijing Qingke, China). 

EXPRESSION OF RECOMBINANT STAT PROTEIN 

The culture from a single colony of E. coli strain BL21 con
taining the pET-32a-STAT was inoculated into 5 mL of LB 
medium containing 50 μg/mL ampicillin with 1:100 vol at 
37 °C. When the cell density reached 0.6–0.8 (OD600), iso
propyl-β-D-thiogalactoside (IPTG, Titan) was added to a fi
nal concentration of 1 mM to induce the expression of STAT 
protein. Productivity of recombinant STAT was evaluated at 
a variety of temperatures (16 °C, 20 °C, 25 °C, and 30 °C), 
and durations (24 h, 12 h, 8 h, and 6 h). The yield of recom
binant proteins were evaluated using 10% SDS-PAGE gel. 

IMMUNIZATION OF ANIMALS 

Eight-week-old mice from Haikou Yingyue Biotechnology 
Co., Ltd. were subcutaneously administered with 50  μg of 
target protein per mouse. The recombinant SpSTAT antigen 
was derived from bacterial inclusion bodies. The target pro
tein was excised as gel slices following SDS-PAGE, fully de
natured in SDS sample buffer, and used directly for immu
nization without additional solubilization or renaturation 
steps. The primary immunization was performed using 
complete Freund’s adjuvant (Sigma), and three booster im
munizations were given on days 14, 21, and 28 with incom
plete Freund’s adjuvant (Sigma). Mouse blood was collected 
by tail bleeding on day 35 and the sera were stored at -80°C 
until use. 

ELISA ANTIBODY TITER ASSAYS 

ELISA plates were coated at 4 °C overnight with recombi
nant protein (200 ng/well) resuspended in carbonate buffer. 
After three washes, the wells were incubated with blocking 
solution (10% nonfat milk in PBS containing 0.1% Tween 
20) for 1 h at 37 °C. After five washes with PBST (PBS con
taining 0.1% Tween 20), 50 μL/well of diluted sera (serial 
dilutions, 200- to 409600-fold) was added and incubated for 
2 h at 37 °C. After seven washes with PBST, the plates were 
incubated with HRP-labeled goat anti-mouse IgG antibody 
for 1 h at 37 °C. TMB Chromogen Solution (100 μL/well) was 
added after eight washes with PBST, and the plate was incu
bated for 5-10 min at room temperature. 50 μL/well of 2 M 
H2SO4 solution was added to each well to stop the reaction, 
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and the optical density (OD) was immediately read at 450 
nm. The antiserum was defined as positive when the ratio 
of the OD450 value of antiserum to that of negative serum 
exceeded 2.1, and the maximum corresponding dilution ra
tio was recorded as the antibody titer. 

WESTERN BLOT ASSAYS 

To further verify the specificity of the prepared STAT an
tibody. The full-length coding sequence of SpSTAT was 
cloned into the pAc5.1-V5 vector using specific primers 
STAT-F/R, and the recombinant plasmid was transfected 
into Drosophila S2 cells. At 48 h post-transfection, the cells 
were harvested and lysed in ice-cold cell lysis buffer (50 mM 
Tris-HCl, pH 7.8, 150 mM NaCl, 1% Nonidet P-40) supple
mented with a protease inhibitor cocktail (Sigma-Aldrich, 
USA). The cell lysates and prokaryotically expressed recom
binant STAT protein were subjected to Western blot analy
sis using the prepared anti-STAT antibody at gradient dilu
tions of 1:2000, 1:5000, and 1:10000. 

We also conducted tissue distribution analysis to further 
validate the reactivity of the prepared anti-STAT polyclonal 
antibody in vivo. Seven tissues, including stomach, muscle, 
heart, hepatopancreas, eyestalk, gill, and intestine, were 
dissected from three healthy mud crabs. Total protein was 
extracted from each tissue using RIPA lysis buffer (Bey
otime, China) with protease inhibitors. Equal amounts of 
protein samples were separated by SDS-PAGE, transferred 
to PVDF membranes, and probed with the prepared anti-
STAT antibody (1:2000). β-actin was used as the internal 
reference to normalize the protein loading. 

IMMUNOFLUORESCENCE ASSAY 

Hemocytes from three healthy mud crabs were collected via 
hemocoel puncture and seeded onto cell culture slides for 
cellular localization assays. For the challenge experiments, 
healthy mud crabs were injected with poly(I:C) (0.4 μg/g). 
Hemocytes from three crabs in each group were collected 
at 6 h, 12 h, 24 h, 48 h, 72 h and 96 h post-injection (hpi), 
and seeded onto cell culture slides. Indirect immunofluo
rescence was used to analyze the subcellular localization 
of SpSTAT. Immunostaining was performed using an anti-
STAT antibody (1:1000). Afterwards, the cells were incu
bated with Alexa Fluor 488-labeled goat anti-mouse anti
body (1:1000), then stained with Hoechst 33342 (Beyotime, 
China; 1:1000) and visualized under a confocal laser scan
ning microscope (Leica TCS SP8 STED 3X, Germany). 

STATISTICAL ANALYSIS 

The mean and standard deviation (SD) from three detec
tions was calculated. Student’s t-test was used to compare 
the two means using Microsoft Excel. The statistical proce
dures were performed using GraphPad Prism version 9.5. 

RESULTS 

BIOINFORMATICS ANALYSIS OF SPSTAT 

The characterization of the intrinsic biochemical properties 
of the STAT protein is essential for efficient antibody gener
ation. TMHMM analysis revealed that all amino acids of the 
encoded protein are located outside the membrane (Fig
ure 1A), and no transmembrane domains were detected. 
The physicochemical parameters of the protein were pre
dicted using ProtParam, including a theoretical isoelectric 
point of 6.15, an instability index of 48.35, an aliphatic in
dex of 80.43, and a solubility score of 0.710. The grand 
average of hydropathicity (GRAVY) of SpSTAT was -0.513 
(Figure 1B), indicating that SpSTAT was predicted to be a 
hydrophilic protein. The NetPhos 3.1 server predicted 39 
serine, 25 threonine, and 7 tyrosine phosphorylation sites 
in the SpSTAT protein (Figure 1C), whereas NetNGlyc 1.0 
predicted five putative N-glycosylation sites (Figure 1D). 
According to the SOPMA server, the predicted structure 
comprises 53.46 % alpha helix, 8.05 % extended strand, and 
37.86 % random coil (Figure 1E). 3D structure of SpSTAT 
predicted results were shown in (Figure 1 F) using SWISS-
MODEL software. IEDB servers predicted continuous B-cell 
epitopes based on physicochemical properties. The results 
showed the multiple of STAT with antigenicity scores 
higher than 1.0 (Figure 1G). 

CONSTRUCTION OF PLASMID AND EXPRESSION 
OPTIMIZATION OF PET-32A-STAT RECOMBINANT 
PROTEIN 

The successful construction of the recombinant plasmid 
was confirmed through double enzyme digestion of the 
pET-32a-STAT plasmid, which was further verified by se
quencing (Figure 2A). The pET-32a-STAT plasmid was 
transformed into E. coli protein production strain BL21. To 
optimize the expression conditions, small-scale induction 
studies were performed at 16 °C, 20 °C, 25 °C, and 30 °C 
with 1 mM IPTG. The high level of recombinant STAT pro
teins was obtained when IPTG was added at a final concen
tration of 1.0 mM and induced for 24 h at 16 °C (Figure 2B). 
Ultrasonic treatment was employed to disrupt cells and ex
tract proteins, followed by 10% SDS-PAGE analysis of su
pernatant and inclusion body proteins. The results clearly 
showed that the recombinant protein existed mainly in in
clusion bodies (Figure 2C). 

PREPARATION OF POLYCLONAL ANTIBODY AGAINST 
STAT 

Five mice were immunized with the recombinant protein 
serving as the immunogen (Figure 3A). The titers of the 
resulting anti-STAT polyclonal antiserum were then deter
mined by indirect ELISA (Figure 3B). Notably, the initial im
munization with the recombinant protein elicited a robust 
IgG response specific to the immunogen. After four times 
immunization, a strong reaction occurred, and the antibody 
titer reached 1:64,000. 
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Figure 1. Bioinformatics analysis of STAT. (A)      
Transmembrane topology of STAT predicted by       
DeepTMHMM. The most likely topology of STAT was         
analyzed by DeepTMHMM, and the type of STAT was          
marked as Globular. (B) Hydrophilicity/hydrophobicity      
analysis of STAT (Score less than 0 is hydrophilic). (C)           
Phosphorylation sites prediction of STAT. The X axis         
represents the amino acid sequence of STAT, and the Y           
axis represents the prediction score. (D) N-      
glycosylation sites prediction of STAT. The X axis and Y           
axis represent the amino acid sequence of STAT and          
the glycosylation potential score, respectively. (E) The        
secondary structure of the recombinant protein was        
predicted by SOPMA. (F) The tertiary structure of the          
recombinant protein in full-length STAT was displayed        
by SWISS-MODEL. The recombinant protein is in box.         
(G) B-cell epitopes of STAT were predicted by IEDB          
server. X axis and Y axis represent STAT protein          
sequence and the immunogenicity score, respectively.       
A higher score means the region is more likely to           
stimulate strong immune response in animals.       

SPECIFIC DETECTION OF STAT POLYCLONAL ANTIBODY 

To verify the specificity of the prepared polyclonal anti
serum against STAT, Western blot analysis was performed 
using prokaryotically expressed recombinant STAT protein 
(Figure 4A) and pAc5.1/V5-His-STAT expressed in 
Drosophila S2 cells (Figure 4B) as antigens. The antiserum 
was serially diluted to 1:2000, 1:5000, and 1:10000 for the 
assay. At a dilution ratio of 1:2000, the antibody exhibited 
favorable detection sensitivity with minimal non-specific 
binding, indicating that this dilution is suitable for subse
quent experiments. 

Furthermore, the reactivity and specificity of the pre
pared anti-STAT polyclonal antiserum were further evalu
ated by indirect immunofluorescence and Western blotting 
using total protein extracted from crab tissues. Western 
blot analysis revealed that the prepared antiserum could 
specifically recognize endogenous STAT in various mud 
crab tissues, including muscle, heart, eyestalk, gill, and in

Figure 2. Construction of plasmid and expression      
optimization of pET-32a-STAT recombinant protein.      
(A) The recombinant plasmid pET-32a-STAT was       
identified. (B, C) Small-scale induction was performed        
at 16 °C, 20 °C, 25 °C and 30 °C with 1 mM IPTG to                
optimize expression conditions. (D) Solubility analysis       
of recombinant STAT protein. M: protein size markers.         
Lane 1, uninduced bacteria. Lane 2, induced whole         
bacteria. Lane 3, supernatant. Lane 4, inclusion body.         
The bacterial extracts were separated on SDS–PAGE        
and stained with Coomassie blue R250.       

testine (Figure 4C). Indirect immunofluorescence was used 
to analyze the subcellular localization of SpSTAT in hemo
cyte at 6 h, 12 h, 24 h, 48 h, 72 h and 96 h post poly(I:C) 
stimulation. The results showed that the prepared anti
serum effectively detected SpSTAT, which localized to the 
nucleus at all detected time points from 6 h to 96 h post-
stimulation (Figure 4D). These results suggested that this 
polyclonal antibody had good reactivity and specificity 
against the SpSTAT protein and could be used for future 
studies. 

DISCUSSION 

The production potency of polyclonal antibodies is compre
hensively affected by multiple factors. Characterizing the 
protein’s intrinsic biochemical properties is essential for 
efficient antibody generation. Surface-exposed hydrophilic 
regions are the primary domains triggering immune re
sponses, whereas buried hydrophobic segments rarely par
ticipate in antigen recognition.15‑17 Random coils and ex
tended strands tend to reside on the protein surface and 
form linear B-cell epitopes, while α-helices and β-sheets 
are usually buried in the protein core and less accessible 
to antibody recognition.18,19 Excessive N-glycosylation can 
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Figure 3. Determination of polyclonal antibody     
against STAT titers. (A) Immune schematic diagram of         
mice. (B) Serum collected from mice was determined         
using STAT-based ELISA with HRP-labeled goat anti-      
mouse IgG as secondary antibody. Error bars indicate         
standard deviations (SD) of the means. The statistical         
significance was calculated using Student’s t-test. **, p         
< 0.01.   

shield linear and conformational B-cell epitopes via steric 
hindrance, thereby weakening humoral immune responses 
and lowering antibody titer and epitope specificity.20,21 

Meanwhile, phosphorylation modification can alter protein 
spatial conformation and epitope characteristics, easily 
causing non-specific immune response and further limiting 
the improvement of effective antibody titer.22 Consistent 
with these principles, our pre-experimental bioinformatic 
analyses of SpSTAT identified multiple surface-exposed hy
drophilic stretches that could serve as potential linear B-
cell epitopes, alongside scattered predicted glycosylation 
and phosphorylation sites. The distribution of these fea
tures indicates that full-length SpSTAT possesses the struc
tural basis to elicit antibody responses, while post-transla
tional modifications may modulate epitope exposure under 
native conditions. Protein insolubility and aggregation tend 
to disrupt native epitope conformations during expression 
and purification, impair immune stimulation, and ulti
mately reduce antibody production potency.23,24The full-
length protein exhibited an instability index of 48.35, a 
value above the 40 threshold that denotes intrinsically un
stable polypeptides. Consistent with this feature, the re
combinant protein was predominantly recovered as inclu
sion bodies under our prokaryotic expression conditions. 
Accordingly, we used unpurified inclusion bodies directly 
for immunization. Most conventional studies employ chro
matographic purification of prokaryotically expressed pro
teins or inclusion bodies before mouse immunization.25,

26 Encouringly, the antiserum titer of 1:64,000 achieved in 
this study is consistent with those reported in similar poly
clonal antibody production efforts using prokaryotically ex

Figure 4. The polyclonal antibody specific to STAT. (A)        
The recombinant STAT expressed from pAc5.1/V5-His-     
STAT in Drosophila S2 cells was detected by Western          
blotting analysis using our anti-STAT antiserum at        
gradient dilutions of 1:2000, 1:5000, and 1:10000. (B)         
The prokaryotically expressed recombinant STAT      
protein was detected by Western blotting analysis        
using our anti-STAT antiserum at gradient dilutions of         
1:2000, 1:5000, and 1:10000. (C) Tissue distribution of         
SpSTAT was analyzed using the prepared anti-STAT        
polyclonal antibody in vivo. Protein extracts from        
stomach, muscle, heart, hepatopancreas, eyestalk, gill       
and intestine tissues were subjected to Western blot         
analyses using our prepared anti-STAT antibody. β-      
Actin served as loading control. (D) Subcellular        
localization of SpSTAT in mud crab hemocytes. Mud         
crab hemocytes of SpSTAT stimulated with poly(I:C) at         
6, 12, 24, 48, 72 and 96 h were collected and incubated             
with SpSTAT polyclonal antibody and then Alexa Fluor         
488-labeled antibody. The nucleus was stained with        
hoechst 33342 (blue).    

pressed antigens, which typically range from 1:10,000 to 
1:200,000.27‑29 In addition to validation in a prokaryotic 
expression system, we verified the anti-STAT antibody in 
a eukaryotic expression system using native protein ex
tracted from fresh Scylla paramamosain tissues, confirming 
that the prepared anti-STAT antibody recognizes the target 
protein in its native conformation with high specificity. 

Polyclonal antibodies remain indispensable tools for 
studying protein expression, localization, and interactions 
in non-model organisms, where commercial antibodies are 
rarely available.30 Polyclonal antibodies have great poten
tial for application in aquatic animal disease detection and 
immunological research. A VP28-specific polyclonal anti
body has been utilized to develop lateral flow immunoas
says (LFIA) for the on-site detection of white spot syn
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drome virus (WSSV), enabling timely disease screening and 
field-level surveillance in shrimp aquaculture.31 Similarly, 
antibodies against PirA and PirB toxins from Vibrio para
haemolyticus have supported the development of sensitive 
detection strips for acute hepatopancreatic necrosis disease 
(AHPND), which is critical for reducing economic losses in 
shrimp farming.32,33 Polyclonal antibodies have also ad
vanced the understanding of adaptive and mucosal immu
nity in teleosts. Antibodies against IgM have been widely 
used in ELISA to evaluate serum and mucosal antibody 
responses after vaccination, providing a reliable indicator 
for vaccine efficacy.34 In crustaceans, such reagents remain 
particularly scarce for intracellular signaling molecules 
such as STAT (signal transducer and activator of transcrip
tion). 

To date, few studies have systematically examined the 
tissue distribution of STAT proteins at the protein level; 
most relevant investigations have only detected STAT 
mRNA expression in crustaceans and fish by qRT-PCR.35‑37 

In the present study, a self-prepared SpSTAT polyclonal an
tibody was used to profile the tissue distribution of SpSTAT 
protein in healthy mud crabs. SpSTAT protein was detected 
in muscle, heart, eyestalk, and gill, while no specific protein 
band was observed in the stomach and hepatopancreas. 
However, previous research showed that SpSTAT mRNA was 
detectable in the hepatopancreas and stomach.10 This dis
crepancy occurred because the previous study examined 
mRNA levels, whereas the present study focused on protein 
abundance. While our antibody was validated for speci
ficity, we cannot formally exclude the possibility that Sp
STAT protein in these tissues falls below the detection 
threshold of Western blotting due to low expression levels. 
Similar to Litopenaeus vannamei,38 SpSTAT was found to 
translocate from the cytoplasm to the nucleus upon 
poly(I:C) stimulation in S2 cells.10 In the present study, the 
typical nuclear translocation of SpSTAT was also detected 
in crab hemocytes using our polyclonal antibody. By includ
ing unstimulated (0 h) controls and PBS-injected vehicle 
controls at each time point, we established that SpSTAT is 
predominantly cytoplasmic at baseline and that nuclear ac
cumulation is specifically induced by the viral mimic, rather 
than reflecting constitutive nuclear localization or injection 
stress. These results further confirm the antibody’s high 
specificity and applicability to endogenous protein local
ization. 

In conclusion, we performed bioinformatic prediction, 
prokaryotic antigen expression, and successfully generated 
specific anti-SpSTAT polyclonal antibodies, which provide 
a fundamental tool for studying SpSTAT immune function 
in mud crabs. Although the antibody was well validated 
for specific recognition of endogenous SpSTAT, further de
tailed investigations are still required to clarify the immune 
regulatory mechanism of SpSTAT. The antibody obtained 
in this study will support subsequent functional studies of 
crustacean STAT signaling. 
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