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Abstract
Rab5A play important roles in regulating trafficking organelles, especially in phagosome 
formation. In the present study, full-length cDNA sequences of Rab5A were cloned from 
Yellow River Carp Cyprinus carpio, which was designated as CcRab5A. The full-length 
cDNA of the CcRab5A cDNA sequence is 2434 bp and included an open reading frame 
(ORF) encoding 216 amino acids polypeptide with an estimated molecular weight of 
23.47 kDa. Bioinformatics analysis showed that the CcRab5A protein was highly conserved 
during evolution. CcRab5A’s deduced amino acid sequence showed high identity to Cypri-
nus carpio (99.54%) in comparison. The guanine-base binding motif (G), phosphate/magne-
sium-binding motif (PM), and Rab family motif (Rab F) of CcRab5A are highly conserved 
among various species, but the N- and C-terminal regions were hypervariable, according to 
the results of multiple sequence alignment and phylogenetic analysis. Additionally, 11 tis-
sues of Yellow River Carp were examined using Real-time Fluorescence Quantitative PCR 
(qRT-PCR) to determine the expression levels, with the highest expression levels in head 
kidney and blood. Followed by heart, liver, muscle, brain, gill, skin, spleen and intestine; 
The expression level in body kidney was the lowest. Yellow River Carp was immunized 
with Aeromonas hydrophila and Spring viremia of carp virus (SVCV) respectively, and the 
expression changes of CcRab5A in gill, spleen, liver, intestine and skin of Yellow River 
Carp were detected. The results showed that the expression level of the gene was obviously 
up-regulated at different time points. The eukaryotic recombinant plasmids of CcRab5A, 
pEGFP-N3 were constructed and transfected into GCO cells for subcellular localization. 
The results showed that CcRab5A were mainly distributed in nuclear membrane and various 
endosome membranes. These results showed that CcRab5 were involved in viral and bacte-
rial infection in the immune response of Yellow River Carp.
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Introduction

Small G protein plays an important role in the downstream signaling of various plasma mem-
brane receptors. Ras-associated binding (Rab) proteins are the most numerous branch of the 
Ras-like small GTPase superfamily, with over 70 Rab proteins identified to date (Li and Marlin 
2015). To perform its physiological functions, Rab protein switches pathways by regulating the 
GTP-GDP cycles. The activated state of GTP binding is generally found in the cell membrane, 
whereas the inactive state of GDP binding is found throughout the cytoplasm. The various com-
ponents are located at both ends of the peptide segment. The protein’s binding to a specific 
membrane vesicle is determined by the 35 amino acids at the C terminal, while its binding to 
the N terminal is determined by the 20 amino acids with a specific receptor membrane. Rab 
protein family members are high conservation of phosphate/magnesium-binding (PM) motifs, 
guanine-base binding (G) motifs, and Rab family motifs (RabF) of Rab proteins across different 
species (Pereira-Leal and Seabra 2001; Valencia et al. 1991; Flannagan et al. 2012).

Rab proteins are key regulators of the endocytic pathway (Hutagalung and Novick 2011). 
Rab protein regulates endosomes and lysosomes and participates in endocytosis (Lund 
et al. 2018). Rab5 is one of the most important members of the Rab family, acting as a regu-
lator in the fusion of endosome and phagosome in early process of phagocytosis and endo-
cytosis, and mediates traffic from the plasma membrane to the early endosomes, as well as 
acting as an early endosome marker (Bucci et al. 1992). Rab5 gene expression is ubiquitous 
in various tissues, Rab5a, Rab5b, and Rab5c are three isoforms of Rab5 found in mammalian 
cells, and their cellular localization is overlapping and functionally related (Bucci et al. 1995). 
Mammalian Rab5, for example, associates with early endosomes (EE) and is a key rate-lim-
iting component of the EE pathway (Barbieri et al. 2000). Rab5 controls cargo entry from 
the plasma membrane to the EE (Murray et al. 2002). During the phagocytosis process, it 
was discovered that Rab5 was rapidly enriched on early phagosomes of human macrophages. 
After cytosolic Rab5 immunodepletion, the fusion of the phagosome and the endosome was 
significantly reduced, and Rab5 overexpression could improve the fusion of the phagosome 
and the lysosome (Alvarez-Dominguez et  al.  1996; Alvarez-Dominguez and Stahl 1999). 
Additionally, phagocytic capacity was impacted by the loss of Rab5 (Bucci et al. 1992), Rab5 
works with its effector molecules to contribute to the development of the cytoskeleton with-
out the assistance of PI3-K, Rac, Ras, and Cdc42. Rab5 could lead to the reorganization of 
the actin cytoskeleton, Lamellipodia will form and cells will migrate as a result of Rab5-reg-
ulated cytoskeletal structure changes, which may help and direct cytophagocytosis (Spaarga-
ren and Bos 1999). Rab5 expression changes are linked to a variety of diseases. Rab5 muta-
tions have been linked to neurological and immune system diseases (Li and Marlin 2015).

In innate immunity, the Rab protein is important in pathogen scavenging by phagocytic 
cells (Galea et al. 2015). Recent research suggests that Rab may be involved in host cell defense 
against pathogen infection (Ye et al. 2012). According to recent studies (Han et al. 2017; Liu 
et al. 2018), Rab5 is also implicated in aquatic species’ innate immunity. In the spleen of giant 
yellow croakers (Larimichthys crocea) infected with Vibrio parahaemolyticus, Rab5 mRNA 
expression was dramatically enhanced (24.1 times compared to the control). Additionally, 
through promoting the production of IL-6 and TNF, Rab5 overexpression may enhance the 
giant yellow croaker’s inflammatory response (Han et al. 2017). White spot syndrome virus 
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(WSSV) and infectious hypodermal and hematopoietic necrosis virus (IHHNV) infections 
drastically changed the expression of the Rab5 gene in Litopenaeus vannamei, and Rab5 was 
also able to interact with IHHNV’s non-structural protein NS1 (Liu et al. 2018).

As one of the important economic fish, Yellow River Carp (Cyprinus carpio L.) are widely 
cultivated in aquaculture along the Yellow River in China. However, Yellow River Carp have 
recently been plagued by a variety of bacterial and viral illnesses, resulting in large economic 
losses. As a result, it is critical and urgent to effectively control the disease outbreak in Yel-
low River Carp. Spring Viraemia of Carp Virus (SVCV) and Aeromonas hydrophila were 
both serious threats to C. carpio culture (Qiao et al. 2023; Li et al. 2023). Despite significant 
progress in understanding the virus’s infection mechanism, there was no effective method for 
controlling C. carpio SVCV disease. C. carpio was also susceptible to Spring Viraemia of 
Carp Virus (SVCV) infection, which posed a serious threat to C. carpio culture, particularly 
in China (Ashraf et al. 2016). According to several studies (Santos et al. 1987; Liu et al. 2007; 
Baumgartner et al. 2009), A. hydrophila was a prevalent and ubiquitous pathogenic bacteria 
in aquatic ecosystems that could infect a variety of aquatic creatures, including fish, shrimp, 
and crayfish. As a result, it is now of utmost importance to do study on Cyprinus carpio’s 
immunological function. There haven’t been many investigations on the immunological and 
structural properties of CcRab5A from fish, notably C. carpio. The current work aims to look 
into the molecular properties and tissue distribution of CcRab5A from C. carpio, as well as 
its immunological function against several pathogens (SVCV and A. hydrophila). The find-
ings of this investigation may offer crucial evidence in favor of future research on the immu-
nological function of Rab proteins in Yellow River Carp.

Materials and methods

Experimental animals

Yellow River Carp C. carpio individuals (weighing approximately 30 ± 5 g) were collected 
from a local farm in Xinxiang, Henan Province, China. They were kept in 200 L tanks 
for seven days prior to the experiment at Henan Normal University. The fish were ran-
domly separated into 3 groups with 30 fish in each group. Each tank held 100 L of aerated 
water, and the fish were fed with pellets at 5% body weight. Every three days, one-third of 
the water was changed. The water temperature was kept at 25 ± 2 °C, and pH was kept at 
7.0 ± 0.2. All animal experiments in this study were carried out in accordance with the pro-
tocols of the Ministry of Science and Technology’s "Guidelines for Experimental Animals" 
(Beijing, China), and all experiments were carried out in accordance with the animal ethics 
guidelines approved by the Henan Normal University’s Ethics Committee.

Bacterial strain

A. hydrophila was identified from sick commercially farmed carp with spontaneously 
occurring bacterial enteritis and collected from Xinxiang, China in 2016. The bacteria 
were then identified as A. hydrophila using established biochemical diagnostic proce-
dures (Di et  al. 2017). In terms of bacterial stimulation, a single colony was injected 
into LB and cultured at 28 °C for 16 h. Centrifugation at 3500 rpm for 5 min yielded 
A. hydrophila, which was washed in physiological saline solution (PSS). Bacterial 
concentration was measured in colony forming units (CFU) per mL by plating tenfold 
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successive dilutions of 10 mL onto LB agar plates. After then, the cells were suspended 
in PSS. Aeromonas hydrophila challenge procedures are similar to those previously 
reported (Di et al. 2017). Fish in the A. hydrophila stimulated group were intraperito-
neally injected with 100 μL bacteria at a concentration of 5 ×  106 CFU/mL, whereas the 
control group received the same volume of PBS (Di et al. 2017).

Cell line and SVCV propagation

Epithelioma papulosum cyprinid (EPC) cells were cultivated at 28  °C in Leibovitz’s 
L-15 medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS; Gibco) 
at 28 °C. The grass carp ovary cell line (GCO cells) was kindly provided by Institute of 
Hydrobiology, Chinese Academy of Sciences, GCO cells were routinely grown in M199 
medium (Hyclone, USA), supplemented with 10% fetal bovine serum (FBS, Gibco, 
USA), and penicillin–streptomycin (1%) mixture with a 5%  CO2 at 26 °C.

For the SVCV challenge, the virus strain was isolated from common carp (Chen et al. 
2006), SVCV was kept in our laboratory and propagated in EPC cells supplemented 
with 10% fetal bovine serum (FBS, Gibco, Thermo Fisher) at 25  °C until a terminal 
cytopathic effect (CPE) developed (Li et al. 2023). Following that, the harvested SVCV 
was kept at 80  °C for future use. Virus titers were assessed using the prior approach 
(Chen et al. 2022). To summarize, the virus was serially diluted ten times and 100 μL 
of each dilution was added to eight wells. Under an inverted microscope, the cytopathic 
effects (CPE) were continually detected in infected cells for 96 h. Furthermore, to visu-
alize CPE, the cell monolayers were fixed with 4% paraformaldehyde and stained with 
1% crystal violet (Beyotime, China). The viral titer with 50% tissue culture infective 
dose  (TCID50) analysis was performed using the Reed-Muench technique in cell-cul-
tured 96-well plate for 48 h post-infection (hpi). EPC cells were treated with SVCV at 
 103 ×  TCID50 for viral infection in vitro. After 1 h, the supernatants were changed, and 
the cells were washed three times with cell medium before being incubated in M199 
medium containing 5% FBS at 25 °C. Before exposing the fish to SVCV, reverse tran-
scription polymerase chain reaction (RT-PCR) and nested PCR utilizing SVCV-specific 
primers targeting the glycoprotein (G) gene were performed (Kim 2012). Yellow River 
Carp were intraperitoneally injected with 100 μL of SVCV (1 ×  105  TCID50/ mL) for 
viral infection, whereas Yellow River Carp were treated identically and intraperitoneally 
injected with 10 μL of PBS as the control group.

RNA extraction and cDNA preparation

Total RNA was extracted from Yellow River Carp C. carpio tissue using RNAiso Plus. 
The concentration of RNA was determined using a NanoDrop 2000 spectrophotometer 
(Thermo Scientific, USA), and the RNA integrity was determined using electrophore-
sis on a 1.0% agarose gel. The first strand of cDNA was synthesized using the Prime-
ScriptTMII1st Strand cDNA Synthesis Kit and oligo dT-adaptor as primers, following 
the manufacturer’s protocol (TaKaRa, China). The synthesis reaction was carried out at 
42 °C for 1 h before being stopped by 5 min of heating at 95 °C. The cDNA mixture was 
diluted 1:40 and kept at -80 °C.
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Gene amplification of CcRab5A in Yellow River Carp

To amplify the corresponding core cDNA sequences, CcRab5A degenerate primers 
were made utilizing conservative amino acids (Table 1). A total of 20 μL of mixture, 
consisting of 1 μL of cDNA template, 1 μL of each primer, 10 μL of Taq Master Mix 
(Taq DNA Polymerase, PCR Buffer, Mg2+, dNTPs), and 7 μL double-distilled water 
(ddH2O), was produced for PCR reactions. The PCR conditions were as follows: a 
5-min predenaturation at 94  °C, 34 cycles of 30  s of denaturation at 94  °C, 30  s of 
annealing at 60 °C, 45 s of extension at 72 °C, and 10 min of final extension at 72 °C. 
The core sequence of CcRab5A was used to create the RACE primers (Table 1). The 
rapid amplification of cDNA ends (RACE) technique was then used to extract the 3′ and 
5′ end sequences of CcRab5A, respectively.

The PCR products were purified using an Agarose Gel DNA Purification Kit 
(TaKaRa, Japan) after being collected on a 1.0% agarose gel. The purified DNA frag-
ments were then transferred into E. coli DH5 cells using the pMD19-T vector (TaKaRa, 
Japan) and cloned. Sequencing was done on colonies that were positive. The CDS 
sequences of the CcRab5A were verified by PCR. Table 1 contains a list of the primers 
utilized in this investigation.

Sequence analysis and phylogenetic tree construction

The nucleotide sequence was translated using the ExPASy Translate tool (http:// web. 
expasy. org/ trans late/), and the resulting protein sequences were compared to other 
sequences in the NCBI database using the online search tool BLASTX (http:// www. ncbi. 
nlm. nih. gov/). The BLAST tool (http:// blast. ncbi. nlm. nih. gov/ Blast. cgi) was used to per-
form homologous analysis on the cDNA sequences and amino acid sequences of CcRab5A 
from the National Center for Biotechnology Information (NCBI) database. the NCBI ORF 
finder (http:// www. ncbi. nlm. nih. gov/ gorf/ gorf. html) was used to identify the open reading 
frames (ORFs). The ExPASy Compute pI/Mw tool (http:// web. expasy. org/ compu te pi/) 
was used to calculate the isoelectric point and molecular weight. To predict the presence 
of signal peptides, the Signal P 4.1 Server (http:// www. cbs. dtu. dk/ servi ces/ Signa lP/) was 
used, and SMART (http:// smart. emblh eidel berg. de/) was used to predict domain structure 
and function. To predict transmembrane regions, TMHMM Server v.2.0 (http:// www. cbs. 
dtu. dk/ servi ces/ TMHMM/) was used. DNAman software was used to align nucleic acid 
and amino acid sequences. PSIPRED (http:// bioinf. cs. ucl. ac. uk/ psipr ed/) and SWISS-
MODEL (http:// swiss model. expasy. org/) were used as online software, CcRab5A three-
dimensional models were built. ClustalX 2.0 and DNAMAN software were used to per-
form multiple sequence alignment of CcRab5A. MEGA 7.0 software was used to create 
phylogenetic trees using the neighbor-joining (NJ) method. The amino acid sequences of 
CcRab5A from various species were searched for multiple sequence alignment and phylo-
genetic analysis using the BLASTp program in the NCBI server (http:// blast. ncbi. nlm. nih. 
gov/ Blast. cgi) and NCBI GenBank (http:// www. ncbi. nlm. nih. gov/ genba nk/).

Tissue distributions of CcRab5A

Eleven carp tissues were collected from five healthy Yellow River Carp C. carpio, 
including the head kidney, blood, liver, heart, muscle, intestine, spleen, gill, brain, 

http://web.expasy.org/translate/
http://web.expasy.org/translate/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.ncbi.nlm.nih.gov/gorf/gorf.html
http://web.expasy.org/compute
http://www.cbs.dtu.dk/services/SignalP/
http://smart.emblheidelberg.de/
http://www.cbs.dtu.dk/services/TMHMM/
http://www.cbs.dtu.dk/services/TMHMM/
http://bioinf.cs.ucl.ac.uk/psipred/
http://swissmodel.expasy.org/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.ncbi.nlm.nih.gov/genbank/
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skin, and kidney, to investigate CcRab5 tissue expression using quantitative real-time 
RT-PCR on a 7500 Real-time Fluorescent Quantitative Instruments. RNA extraction 
and first-strand cDNA synthesis were carried out. The primers (Table 1) were used to 
amplify CcRab5A. According to the previous study, the 18S rRNA primers were used 
to amplify the internal control 18S rRNA (Qin et al. 2019). In a total volume of 20 μL, 
the qRT-PCR reaction mixture included specific primer (10 mM), SYBR Premix Ex Taq 
TMII (TaKaRa, Japan), and cDNA template. The PCR reactions were carried out after 
95 °C for 1 min, followed by 40 cycles of 95 °C for 10 s, 60 °C for 30 s, and 72 °C for 
20 s. The 2-ΔΔCt method was used to calculate the relative expressions of CcRab5A.

Tissue distribution and expression profiles of CcRab5A after pathogen infection

Yellow River Carp were divided into three groups: two experimental groups (SVCV and 
A. hydrophila infected groups) and a control group, 72 fish in each of the three groups, 
each group of 72 fish was carried out in triplicate. Each carp in the A. hydrophila-
infected group received a 100 μL live A. hydrophila suspension injection (approximately 
5 ×  106 CFU  mL−1). Each carp in the SVCV-infected group received a 100 μL injection of 
SVCV at a copy number of  105/mL. As a control, carps were given an injection of 100 μL 
of sterile physiological saline solution. Following injection, the carps were returned to their 
water tanks, and nine individuals from each group were chosen at random and separated 
into three groups for tissue collection at 0, 6, 12, 24, 48, and 72 h after injection (hpi). 
Three fish were randomly selected from each group (three from each replicate). For subse-
quent RNA extraction, all of these samples were stored at -80 °C with Trizol reagent. The 
fish’s intestinal tract, liver, gills, skin, and spleen were then sampled. Then, using the meth-
ods described above, qRT-PCR was performed on each sample in triplicate.

Recombinant expression and purification of recombinant proteins

The open reading frame (ORF) sequence of CcRab5A was amplified using the primers 
CcRab5A -F and CcRab5A-R (Table 1). The PCR products were digested with BamH I 
and Hind III before being transformed into Escherichia coli BL21 (DE3) cells with the 
recombinant expression plasmid pET-32a-CcRab5A The positive clone was confirmed 
by PCR and inoculated into ampicillin-containing LB medium. Following induction with 
IPTG, the fusion protein was purified using a Ni2 + -chelating Sepharose column (Sangon 
Biotech, China) for the following far western blotting assay.

Preparation of polyclonal antibody against CcRab5A and western blot analysis

Using the BCA Protein experiment Kit in a Western blot experiment (Beyotime Biotech-
nology, Shanghai, China), protein was extracted from diverse tissues and measured. 12% 
SDS-PAGE was used to separate the protein. After that, the SDS-PAGE gel was trans-
ferred to the nitrocellulose membrane. The nitrocellulose membrane was cleaned before 
being blocked with a solution that contains 5% skim milk for an hour. A mouse anti-Rab5A 
antibody was added after the membrane had undergone three washings. Goat anti-mouse 
antibody that had been HRP-labeled was incubated for two hours at room temperature after 
being incubated overnight at 4 °C. The membrane was detected using an enhanced chemi-
luminescence system after being washed three times (ECL).
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Construction of eukaryotic plasmid

Based on the coding sequence of the CcRab5A gene, forward primer Rab5A-F (5’- 
CCC AAG CTT CGA TGG CCA ATA GGG GAG GAGC-3’, the underlined letters indicated 
BamHI restriction enzyme site) and reverse primer (5’-CGGGA TCC GTT GCT GCA 
GCA GGG GGC -3’, Hind III restriction enzyme site was indicated by the underlined let-
ters) were created. Following that, the PCR reactions were carried out, and the results 
were acquired via the aforementioned techniques. Following that, BamHI and Hind III 
restriction enzymes were used to digest the PCR products and pEGFP-N3 vectors, and 
after that, T4 DNA ligase overnight ligated them. The target gene was confirmed by 
sequencing the associated products after they had been transformed into E. coli strain 
DH5.

Cell transfection

The recombinant plasmids were transfected into GCO cells, which were then grown for 
24  h to achieve roughly 80% confluence before being transiently transfected with the 
indicated plasmids using Lipofectamine 2000 reagent (Invitrogen, USA) according to 
the manufacturer’s procedure. To summarize, 6 μg of each plasmid and 10 μL of Lipo-
fectamine were diluted in 250 μL of serum-free medium containing M199 (Hyclone, 
USA), with the pEGFP-N3 plasmid serving as a control. After 20 min, the mixture was 
applied to the cells and incubated for 6 h at 28 °C. Cells were grown at 28 °C for 48 h 
post transfection after being replaced with serum-containing medium.

Subcellular localization of CcRab5A

Extracted recombinant plasmid, grass carp ovary cell lines (GCO), were used in the study. 
GCO cells were seeded into a 6-well plate, recombinant plasmid/pEGFP-N3 was added to 
the 6-well plate, fixed with 4% para-formaldehyde solution for 15 min at room temperature, 
treated with 1 mL 0.2% TritonX-100 for 15 min at room temperature, and cells were then 
Fluorescence microscopy allowed for the observation of subcellular localization.

Statistical analysis

Using IBM SPSS Statistics 19’s one-way analysis of variance (ANOVA), the statistical 
significance was established. The significance and extremely significant thresholds were 
chosen at P < 0.05 and P < 0.01, respectively.

Results

A. hydrophila and SVCV infection causes brief clinical symptoms

The viability of infected fish was evaluated, and several gross characteristics were 
seen at various time intervals following A. hydrophila challenge, including body 
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surface bleeding, anal inflammation, abdominal dropsy, and intestinal mucosal lesions 
in injected fish. A. hydrophila was found after re-isolating bacteria from fish internal 
organs (Di et al. 2017).

After SVCV challenge, the sick fish had usual clinical symptoms such as lack of appetite 
and sluggish behavior; over 80% of infected fish displayed characteristic ascites and edema 
at 2 dpi. Individuals with significant bleeding signs begin to die on day three, yet survivors 
show no symptoms and continue to swim normally seven days later. External lesions such 
as belly bloating exophthalmia, enlarged abdomen pale gills, loss of scales, and bleeding in 
the caudal fins and skin were also observed in the infected group. Throughout the investi-
gation, the control group had none of these clinical indicators. Furthermore, a semi-nested 
PCR was used to amplify the SVCV glycoprotein gene, and the bands were obtained from 
tissue filtrates of sick fish, indicating that the virus could invade EPC cells and cause them 
to show obvious CPE. All of these demonstrated that the SVCV can successfully invaded 
tissue following intraperitoneal injection.

Molecular characterization of CcRab5A

The full-length cDNA sequences of CcRab5A were successfully acquired for this work 
using the RACE technique. The total length of the CcRab5A cDNA was 2434 base pairs, 
with the ORF accounting for 651 base pairs, the 3’ UTR for 1064 base pairs, and the 5′ 
UTR for 719 base pairs (Fig. 1).

The domain of CcRab5A of Yellow River Carp was predicted by SMART online soft-
ware. The results showed that CcRab5A contained a conservative Rab domain (22–185 
amino acids) (Fig.  2A). TMHMM predicted the transmembrane structure of the protein 
(Fig. 2B), and the Yellow River Carp CcRab5A had no transmembrane structure. Through 
the prediction of signal peptide on SignalP website, it is concluded that the protein does 
not contain signal peptide and is a non-secretory protein. The 3D model of CcRab5A is 
constructed by Swiss-Model software, and the 3D model is analyzed by Swiss-Pdb Viewer 
4.0.1 and PyMol software. The results were shown in Fig. 2C. Through the analysis and 
prediction of CBS-NetPhos 2.0 serverr website, 11 phosphorylation sites of the protein 
were identified, including 2 tyrosine (Tyr) phosphorylation sites, 1 threonine (Thr) phos-
phorylation site and 8 serine (Ser) phosphorylation sites (Fig. 2D). The Yellow River Carp 
CcRab5A is composed of multiple irregular curls and 6 β-Fold and 4 α-Spiral composition. 
Through online software http:// www. csbio. sjtu. edu. cn/ bioinf/ Cell- PLoc-2/. The subcellular 
localization of CcRab5A was predicted. The prediction results showed that CcRab5A was 
mainly localized on the cell membrane and various endosomes.

Spatial structures of CcRab5A

The spatial structures of CcRab5A were predicted using Swiss-model software and the 
internet program PSIPRED. According to the findings, CcRab5A’s secondary structures 
featured four -helices and six -strands, which was in line with the structural characteris-
tics of other Rab GTPases. The four helices and six strands structure were hypothesized 
to have a significant role in their function (Fig. 2C). Ras-related protein Rab-5A, having 
a sequence identity of 98.24%, the model 1tu3.1was used as the basis for the prediction of 
the spatial structure of CcRab5A (Fig. 2C).

http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/
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Fig. 1  cDNA sequence and predicted amino acid sequence of Yellow River Carp CcRab5A. Note: Red 
colors represented PM domain, blue colors represented G domain, green colors represented RabF domain; 
“*” indicates the stop codon
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Phylogenetic analysis and molecular variants

The RAB domain and low complexity of the deduced amino acid sequences of CcRab5A 
(Fig. 2A) showed high identity to those of Cyprinus carpio (99.54%), Onychostoma mac-
rolepis (98.61%), Sinocyclocheilus grahami (98.15%), Mastacembelus armatus (97.22%) 
and Danionella translucida (96.76%) (Table 2). According to the Amino acid alignment 
sequence analysis, the identified CcRab5A contained the conserved guanine-base binding 
motifs (G) and phosphate/magnesium-binding motifs (PM).

Guanine-base binding motifs (G), phosphate/magnesium-binding motifs (PM), Rab 
family (RabF) motifs, as well as the mutable N and C terminals, have some common struc-
tural characteristics. The multiple alignments of the amino acid sequence revealed the pro-
totypical PM motif sequences of CcRab5A in various species to be "GESAVGKS (28–35)", 
"F (46)", and "DTAGQE (76–81)" (Red boxes), while the prototypical G motif sequences 
to be "T (53)", "NKADL (134–138)", and "SAK (164–166)" (Blue boxes). CcRab5A was 
found to have Rab-conserved sequences, commonly known as Rab family (RabF) motifs. 
They were "IGAAF (54–59)", "KFEIW (71–75"), "RYHSLA (82–87"), "YYRG (90–93)", 
and "VVYDIT (99–104") (green boxes). At the C terminal of CcRab5A, the double-
cysteine prenylation motif "CCSN" was also discovered and was conserved across multiple 
species (Fig. 3).

Fig. 2  A. Schematic diagram of the domain of Yellow River Carp CcRab5A. B. Prediction of CcRab5A 
transmembrane domain. C The three-dimensional structure of CRD in the CcRab5A.Note: The α-helices, 
β-sheets, and coils are shown in green, yellow and black. D. Phosphorylation sites of Yellow River Carp 
RAB5A
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Using MEGA 8.0’s neighbor-joining approach and the CcRab5A sequences from dif-
ferent species, a phylogenetic connection was created (Fig. 4). The findings revealed that 
whereas amphibians, birds, fish, and mammals fell into one large group, invertebrates were 
grouped into a separate group.CcRab5A gene expression in various C. carpio tissues.

The recombinant protein and polyclonal antibody of CcRab5A

E. coli BL21 (DE3)-pLysS was created by transforming the recombinant plasmid (pET-
32a-CcRab5A). The whole cell lysate of E. coli BL21 (DE3)-pLysS with pET-32a-
CcRab5A was examined by SDS-PAGE following IPTG induction. 43 kDa was the molec-
ular weight of a distinct band that was seen. A polyclonal antibody was made using the 
purified CcRab5A protein, and western blotting was utilized to determine the specificity 
of the antibody against CcRab5. The presence of a single, distinct band with a molecular 
weight identical to CcRab5A demonstrated the great specificity and effectiveness of the 
polyclonal antibodies (Fig. 5).

Differential expression of CcRab5A in different tissues

Total RNA was extracted from 11 different tissues of unchallenged Yellow River Carp. 
The tissue distribution of CcRab5A transcripts were analyzed using the qRT-PCR method. 
β-actin was used as the loading control. Assays were performed three times, and data are 
presented as means ± SD of three independent assays. The mRNA transcripts of CcRab5A 
could be detected in all tested tissues including head kidney, bood, heart, liver, muscle, 
brain, gill, skin, spleen, intestine, and kidney. According to the results of real-time PCR 
(Fig. 6A), the results showed that the expression of CcRab5A was the highest in head kid-
ney, higher in blood tissue while the expression level of CcRab5A was very low in skin, 
spleen, intestine and kidney.

After extracting total protein from four tissues (liver, muscle, intestine and spleen) of 
the Yellow River Carp, SDS-PAGE electrophoresis, membrane transfer, incubation of the 
first antibody, incubation of the second antibody and ECL luminescence detection were 

Table 2  The similarity and identity between CcRab5A and Rab5s from other species

Species GenBank accession Similarity (%) Identity (%)

Cyprinus carpio XP_018938893.1 99.54 99.54
Danio rerio AAI65915.1 96.30 94.44
Onychostoma macrolepis XP_016303800.1 99.07 98.61
Sinocyclocheilus grahami XP_016136858.1 98.61 98.15
Danionella translucida TRY74159.1 98.15 96.76
Mastacembelus armatus XP_026155826.1 98.61 97.22
Oreochromis niloticus XP_003443197.1 97.22 93.00
Oncorhynchus kisutch XP_031651067.1 98.61 96.30
Lepisosteus oculatus XP_015212924.1 97.69 94.44
Salmo trutta XP_029595012.1 95.37 91.67
Homo sapiens CAG38731.1 21.30 8.80
Mus musculus BAF02855.1 20.83 8.80
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performed. The results showed that the CcRab5A protein of the Yellow River Carp had 
different expression in different tissues (Fig. 6B), the results showed that the account of 
CcRab5A protein shared essentially similar as amount of mRNA.

Fig. 3  Sequence alignment of CcRab5A A full-length amino acids between Yellow River Carp and other 
fishes. Note:  Red boxes indicate PM domain,  blue boxes indicate G domain and  green boxes indicate 
RabF domain
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Temporal expression patterns of CcRab5A after SVCV and A. hydrophila challenges

To investigate the role of CcRab5A gene, SVCV and A. hydrophila challenge experiments 
were performed. The expression of CcRab5A were profiled in liver, skin,intestine, gill and 
spleen by qRT-PCR after carp were infected with SVCV and A. hydrophila, respectively. 
the transcriptional levels of CcRab5A increased in intestine after SVCV infection at 12 
hpi (p < 0.01). Compared with the control group, the transcriptional levels of CcRab5A in 
SVCV stimulation group also began to decrease at 6 hpi (P < 0.05), but reached the peak 

Fig. 4  Neighbour-joining  phylogenetic tree  of of CcRab5A amino acid sequences  from different species. 
with MEGA7.0 software. Note: Accession numbers of amino acids sequences used for phylogenic analy-
sis are Mus musculus (AB232593.1), Larimichthys crocea (KP676384.1), Homo sapiens (CR536492. 1), 
Danio rerio (NM_200970.1), Rattus norvegicus (NM_022692.1), Macaca fascicularis (NM_001283973.1), 
Petunia hybrida (MH986793.1), Oryza sativa (AJ292320.1), Cyprinus carpio (XM_019083348.1), Sino-
cyclocheilus rhinocerous (XM_016563611.1), Astyanax mexicanus (XM_022662979.1), Oncorhynchus 
kisutch (XM_020507850.2), Salmo trutta (XM_029739152.1), Salvelinus alpinus (XM_023980144.1), 
Salmo salar (NM_001140145.1), Ictalurus punctatus (NM_001200567.1), Xiphophorus hellerii 
(XM_032580074.1), Sparus aurata (XM_030394584.1), Oncorhynchus nerka (XM_029625924.1), Cot-
toperca gobio (XM_029451770.1), Haplochromis burtoni (XM_005923726.1)
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at 12 hpi, which was 1.9 times that in the control group (P < 0.01), and then decreased at 
24, 48 and 72 hpi, it returned to normal level slowly, but there was no significant change 
compared with the control group (P > 0.05). In liver, the transcriptional levels of CcRab5A 
also increased at 6 h after SVCV infection (P < 0.05), but reached the peak at 48 h, which 
was 4.3 times that in the control group, the expression showed a very significant differ-
ence (P < 0.01), and then decreased gradually at 72 h, but it was still significantly higher 
than that in the control group (P < 0.01). In gill, the transcriptional level of CcRab5A was 
up-regulated at 6 h, 12 h and 48 h, and the up-regulation range was the highest at 6 h after 
SVCV infection (P < 0.01), which was 9 times that of the control group. Compared with 
the control group, the transcriptional level of CcRab5A was very significant (P < 0.01), 
Then the transcriptional levels of CcRab5A slowly returned to normal at 72 h. In skin, the 
expression was up-regulated at 12 h and 48 h, and down regulated at 6 h after SVCV infec-
tion, which was significantly different from that in the control group (P < 0.01). In spleen, 
the expression trend of CcRab5A increased slightly at 12 h after SVCV infection (P < 0.05) 
(Fig. 7).

Upon A. hydrophila infection, in the liver, the transcriptional levels of CcRab5A 
increased at 6  h (P < 0.05) and 12  h, 24  h after treatment, the transcriptional level of 
CcRab5A was significantly decreased at 24  h (P < 0.05); Then it increased slowly and 
returned to normal level at 72  h. In the intestine, the transcriptional levels of CcRab5A 
was significantly lower than that of the control group at 6 h (P < 0.05); Then the transcrip-
tional levels of CcRab5A began to increase gradually, and showed a very significant dif-
ference at 12 h and 48 h (P < 0.01). It reached the peak at 48 h, which was three times that 
of the control group; At 72  h, the transcriptional levels of CcRab5A decreased slightly, 
but there was still significant up-regulated (P < 0.05). In gills, the transcriptional levels of 

Fig. 5   SDS-PAGE and western blotting confirm the expression of recombinant proteins and the specificity 
of mouse anti-CcRab5A. Note: A Expression of CcRab5A recombinant protein; B specificity of recombi-
nant protein polyclonal antibody detected by western blot. M, protein Maker; A lane 1, 32a is not induced 
without load; lane 2, 32a no-load induction; lane 3, CcRab5A was not induced; lane 4, CcRab5A induction; 
lane 5, CcRab5A ultradisrupted supernatant; lane 6, CcRab5A ultra-broken precipitate. B lane 1. purifica-
tion of CcRab5A protein; lane 2. Western blot results of specific binding between CcRab5A polyclonal 
antibody and recombinant protein
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Fig. 6  The expressions of CcRab5A in different tissues of Yellow River Carp. A The expressions of 
CcRab5A at mRNA level in different tissues; B Tissue specificity of CcRab5A protein expression by West-
ern blot. Note: Three Yellow River Carps were chosen to eliminate individual differences. β-actin served as 
the loading control. Error bars represent the mean ± S.D of three independent assays. The expression lever 
of CcRab5A in different tissues of Yellow River Carp; the expression level in kidney was set as 1, and that 
in other tissues is multiple of that in kidney; Vertical bars represent the mean ± S.D. (N = 3). The same let-
ters above bars indicate that expression levels were not significantly different, while different letters indicate 
significant differences (P < 0.05)

Fig. 7  Temporal expression patterns of CcRab5A in five tissues of Yellow River Carp after infection with 
A.hydrophila and SVCV. Note: A Intestinal tracty, B Liver, C Gill, D Skin, E Spleen. The expression level 
of control group was set as 1, Values were shown as mean ± SD (n = 3). "*" indicates significant difference 
(p < 0.05), "**" indicates that the difference was extremely significant (p < 0.01)
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CcRab5A began to increase, and showed a very significant difference at 12 h, 24 h and 
48 h (P < 0.01). It reached the peak at 12 h, which was 17 times that of the control group. 
In the skin, the transcriptional levels of CcRab5A were up-regulated at 6, 12, 24,48,72 h 
(P < 0.01). The up-regulation range was the highest at 6 h, which was 23 times that of the 
control group. In the spleen, the transcriptional levels of CcRab5A increased at 12 h and 
24 h, reached the peak at 24 h (P < 0.01). The expression began to decrease at 48 h and 
72 h, and showed a trend of increasing. first and then decreasing (Fig. 7).

Subcellular localization of CcRab5A in Yellow River Carp

The recombinant plasmid N3-Rab5A was digested with EcoR I and Hind III, and the prod-
ucts were detected by electrophoresis. The results are shown in Fig. 8. The digested prod-
ucts have two bright bands consistent with the theoretical value in the same lane, indicating 
that the recombinant plasmid has been successfully constructed.

In order to investigate the localization of CcRab5A in cells, the project constructed a 
recombinant expression vector and transfected it into GCO cells. The experimental results 
(as shown in Fig. 9) showed that the recombinant expression vector CcRab5A in GCO cells 
was pan-cellular distributed in GCO cells, online software was used to predict the subcel-
lular localization of CcRab5A. The results showed that CcRab5A was mainly localized on 
the cell membrane, nucleus and various endosomes, such as various vesicles, Golgi bodies 
and endoplasmic reticulum.

Fig. 8  Verification of recom-
binant plasmid by PCR double 
digestion. Note: (A) double 
digestion verification of recom-
binant plasmid N3-Rab5A; 
Lane M: DNA Marker; Lane 1: 
pEGFP-N3; Lane 2: N3-Rab5A 
double enzyme digestion product
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Discussion

More than 70 Rab proteins have been identified from the human genome to date (Li 
and Marlin 2015). Rab GTPase is well known for its role in regulating intracellular 
membrane trafficking between organelles, particularly interactions between intracellular 
compartments and phagosomes (Schmitt et al. 1986; Flannagan et al. 2012; Bhuin and 
Roy 2014; Li and Marlin 2015). Rabs can interact with multiple effectors both tempo-
rally and spatially to facilitate cargo selection into vesicles, Vesicle anchoring to a target 
compartment and migration along actin and microtubule cables in preparation for mem-
brane fusion (Yang et al. 2016). A particular Rab network was created by several Rab 
proteins in the Rab family, and it controls the complex connections between the phago-
some and numerous intracellular compartments. They play an important role in immune 
processes, particularly the formation of endosomes, which influences endocytosis in 
both invertebrates and vertebrates (Brumell and Scidmore 2007). Rab proteins have 
long been recognized as important regulators of endocytic pathways (Takai et al. 2001; 
Yang et al. 2016). Rab GTPases have been linked to the infection of a variety of micro-
bial pathogens (Wandinger-Ness and Zerial 2014).

Several Rab subfamily members, including Rab5, Rab7, Rab9, and Rab24, have been 
implicated in the intracellular replication of bacterial pathogens such as Mycobacterium 
tuberculosis, Coxiella burnetii, and Salmonella enterica serovar Typhimurium (Salcedo 
and Holden 2005; Brumell and Scidmore 2007). Rab5 molecules are central to this Rab 
network and have a significant impact on phagosome maturation (Vieira et  al. 2003; 
Starr et al. 2010; Flannagan et al. 2012). Rab5 has cellular functions other than regu-
lating intracellular membrane trafficking, such as signal transduction, autophagy, and 
phagocytosis (Li and Marlin 2015). Clathrin-coated vesicles and the fusion of coated 
vesicles with sorting vesicles have both been linked to Rab5 (Bucci et al. 1992). Rab5 
has been linked to hepatitis C virus replication as well as dengue and West Nile virus 
entry into HeLa cells (Stone et  al.  2007). Recent research has revealed that Rab5 is 

Fig. 9  Positioning of CcRab5A in GCO. Note: A is the empty vector pEGFP-N3, B is the recombinant 
vector of CcRab5A and pEGFP-N3; green fluorescence indicates the target gene, blue fluorescence is the 
nucleus, merge indicates fusion diagram of two fluorescences
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also involved in the innate immune response in a variety of species, particularly inverte-
brates (Zong et al. 2008; Ye et al. 2012; Liu et al. 2018).

Except for the critical conserved G and PM motifs, Rab proteins and other small 
GTPases have little sequence similarities. While PM motifs were known as phosphate/
magnesium-binding motifs, G motifs (G1-G3) were implicated in guanine binding 
(Valencia et  al. 1991). In the Ras superfamily, two conserved structural regions—the 
G motif and the PM motif—have been employed as distinguishing characteristics from 
other small GTPases. Within the Rab family, RabF motifs are conserved and distinct 
areas that could be exploited to recognize novel Rab proteins (Pereira-Leal and Seabra 
2000). The conserved G, PM, and RabF motif areas of CcRab5A were discovered to be 
identical to those of other species (Fig. 4). The primary functional domains of Rab pro-
teins were found to be substantially conserved across species, according to the research. 
Contrary to the conserved G, PM, and RabF domains, the N- and C-terminal portions 
of Rabs were revealed to be hypervariable in length and nucleotide sequence. High 
diversity in the N- and C-terminal areas is necessary for prenylation and targeting to 
certain intracellular membranes, claim by (Chavrier et  al. 1991) and Steele-Mortimer 
et  al. 1994). Double-cysteine prenylation motifs (two cysteine residues) found at the 
C-terminus of Rab proteins are linked to their reversible membrane localization. At the 
C-terminus of CcRab5A, several prenylation motifs (CCSN or CXXX) were identified 
in this work. Due to variations in prenylation patterns, CcRab5A may be distributed dif-
ferentially in various internal membranes and organs.

The entire length of CcRab5A from Yellow River Carp C. carpio was success-
fully cloned in this study. CcRab5A is responsible for encoding 216 amino acids. The 
amino acid sequence analysis reveals that the CcRab5A protein has three main second-
ary structures: loop structure (LOOP), helix and fold (STRAND), and a simple RAB 
domain without transmembrane and signal peptide. GTP binding and hydrolysis regions 
are highly conserved, and the cysteine at the carboxyl end of GTP can be isoprene mod-
ified, which is essential in the process of cell membrane localization and promotes RAB 
protein-membrane binding. The amino acid sequence of CcRab5A protein G1 was T, 
G2 was GNKAD, and G3 was SAK; the amino acid sequence of PM1 was GESAVGK, 
PM2 was F, and PM3 was DTAGQE; and the amino acid sequence of Rab F1 was 
IGAAF, RYHSL, YYRGA, and VYDIT. The molecular switch region is the region of 
GTP-GDP binding and hydrolysis in the G domain; the PM region is the binding site of 
Mg2+ and phosphate, which is related to cell growth, migration, and protein transport; 
The Rab F region is the RAB protein’s signature sequence, and it aggregates molecular 
switches Switch I and Switch II, which can change the conformation of GTP and GDP. 
The C-terminal amino acid is CCSN with a CXXX pattern, indicating that the Yellow 
River Carp CcRab5A protein can aid in the transport of early vesicles in cells during 
pathogen invasion, as well as sort and transport membrane components.

The Yellow River Carp CcRab5A protein has 11 phosphorylation sites; phospho-
rylation is related to kinase phosphorylation (Ashraf et al. 2016). Protein phosphoryla-
tion is the most fundamental, common, and important function for controlling protein 
activity and function, as well as the fundamental mechanism of cell signal transduction 
(Stenmark 2009). To carry out signal transduction, the Rab5A protein combines GDP/
GTP with its own active GTP enzyme and converts between these two forms. The rapid 
translocation between the cytoplasm and the cell membrane regulates vesicle transport 
in the organism. Rab5A protein can participate in the maturation of lysosomes and 
phagosomes via self-phosphorylation and dephosphorylation, improve innate immune 
cell phagocytosis to pathogens, accelerate immune cell phagocytosis to pathogens, 
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and degrade exogenous antigens in lysosomes in anti-infection immunity (Cremers 
et al. 1994; Grosshans et al. 2006).

The CcRab5A protein of the Yellow River Carp was discovered to be a highly con-
served protein through an amino acid sequence comparison of Cluster W. The similarity 
and consistency between the Yellow River Carp CcRab5A protein and the carp Rab5A 
(XP 018938893.1) protein was 99.54%, and the amino acid sequence of the Yellow River 
Carp was also highly similar to that of other fish. It is also very similar to other mam-
mals and invertebrates, which supports the findings of this study, indicating the high sta-
bility and importance of this protein’s function. A phylogenetic tree was built using the 
sequence of the Yellow River Carp’s CcRab5A open reading frame. A branch was formed 
by all cyprinidae fish, Sinocyclocheilus rhinocerous (including the Yellow River Carp 
CcRab5A). The Yellow River Carp CcRab5A was found to be the most closely related to 
the carp Rab5A (XM 019083348.1) in the phylogenetic tree, which was consistent with the 
results of homology analysis.

Some Rabs are expressed in various human tissues, while others are tissue-specific 
(Stenmark and Olkkonen 2001; Gutierrez 2013; Li and Marlin 2015). Once the Rab 
GTPases were discovered at the cytosolic face of a separate membrane compartment, the 
biology of the compartment was subsequently defined (Gutierrez 2013; Li and Marlin 
2015). CcRab5A was found in various tissues of C. carpio in this study, with the highest 
levels of expression found in the head kidney and blood. Vertebrate blood cells play critical 
roles in host humoral and cellular immunity, including recognition, encapsulation, phago-
cytosis, cytotoxicity mediation, nodule formation, and cell–cell communication. The high 
expression of CcRab5A in the head, kidney, and blood may indicate that CcRab5A was 
involved in C. carpio’s innate immunity. Two genes’ expression levels were also relatively 
high in the heat and liver.

The amount of the gene expressed in different tissues reflects its important role in innate 
immunity. CcRab5A is widely expressed in 11 tissues of Yellow River Carp, with the high-
est levels in the head kidney, followed by blood, liver, and gills, which is consistent with the 
expression of large yellow croaker Larimichthys crocea (Zhang 2016) and shrimp (Wu et al. 
2008). CcRab5A was found to be highly expressed in two immune-related organs, the head 
kidney and the blood, CcRab5A was found to be involved in the innate immune process 
of Yellow River Carp. Rab5A is a membrane protein that can be widely distributed on the 
surface of cell membranes (Barbieri et al. 2000), regulates the formation and maturation of 
early endosomes, is important in cell endocytosis (Lanzetti et al. 2004), and can transmit 
information and assist in molecular transport. There are a lot of macrophages in the head 
kidney and a lot of lymphocytes in the blood. When the fish body is stimulated, immune 
organs such as the head kidney, blood, and liver, as well as mucosal lymphatic immune 
organs, can rapidly up-regulate some immune genes, improving the body’s immune defense. 
When Rab5A expression is inhibited, immune regulation becomes imbalanced, macrophage 
transportation is limited, cell endocytosis is uncontrollable, the ability to eliminate patho-
gens is weakened (Zhu et al. 2009), and synergistic immune stagnation occurs. Endocytosis 
was used for virus infection by mediating virus internalization or transporting virus particles 
to the site of replication (Seto et al. 2002; Sieczkarski and Whittaker 2002).

Spring viremia of carp is a major environmental and economic concern that affects cyprin-
ids, primarily common carp (Cyprinus carpio), and has resulted in the most widespread dis-
ease and mass mortalities. Spring viremia of carp virus (SVCV), a member of the Rhabdoviri-
dae family and the genus Vesiculovirus, is the causative agent of this disease. Infection with 
SVCV is highly lethal in young fish, with mortality rates of up to 90% (Baudouy et al. 1980), 
causing significant economic losses to the aquaculture industry. The disease is currently 
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endemic in Europe, North America, and a number of Asian countries, causing significant 
morbidity and mortality in affected fish. The problem presently has no workable solutions. 
When a virus infects a cell, the infectious nucleocapsid passes through the cell membrane and 
enters the cytoplasm. As a key player in organizing and maintaining the dynamic changes of 
the cell’s inner membrane, Rab protein is involved in many cell processes, including vesicle 
formation and transportation (Lee et al. 2009).

The relative mRNA level of CcRab5A in the gill and intestine in this investigation after 
SVCV infection was comparable and indicates 12–48  h after injection. This outcome was 
consistent with the earlier discovery that Litopenaeus vannamei’s relative expression of Rab5 
exhibited a pattern of decreasing initially before rising in response to WSSV and infection 
with the hypodermal and hematopoietic necrosis virus (IHHNV) (Zhao et  al. 2015). The 
expression pattern was similar after virus analog treatment to large yellow croaker (Zhang 
2016) and WSSV virus stimulation to shrimp (Nordmann et  al. 2010). The nonstructural 
protein NS1 of IHHNV may also interact with Rab5 (Liu et al. 2018). In addition to being 
involved in the trafficking and infection of YHV in Penaeus monodon, Rab5 has also been 
found to interact with the NS1 protein of IHHNV (Liu et al. 2018; Posiri et al. 2016). Yel-
low head virus (YHV) infection and trafficking via Rab5 were both discovered in Penaeus 
monodon (Posiri et al. 2016). As a result, it was proposed that CcRab5A could aid virus entry 
and play an important role in WSSV infection. When these findings were combined, the result 
suggested that CcRab5A was related to C. carpio’s immune activity against WSSV infection.

The transcriptional level of CcRab5A was highly expressed in five tissues in the A. 
hydrophila treatment group. CcRab5A mRNA expression was reduced in the liver, gills, 
and intestine 6 and 24  h after A. hydrophila infection. After bacterial infection, CcRab5A 
transcriptional levels increased in the gill. Rab5A was significantly induced after Vibrio 
parahaemolyticus infection in large yellow croaker (Larimichthys crocea), and Rab5 could 
improve the inflammatory response of L. crocea (Han et al. 2017). In this study, the induced 
CcRab5A was linked to C. carpio’s nonspecific immune response to bacterial infection. C. 
carpio mRNA expression of CcRab5A was significantly induced by A. hydrophila infection. 
CcRab5A may participate in the immune response of Yellow River Carp stimulated by patho-
gens and play an important immune function, as demonstrated above. Gene expression pat-
terns in C. carpio’s main immune tissues were determined after pathogen challenge to inves-
tigate the immune responses of CcRab5A to SVCV and A. hydrophila. The findings revealed 
that after pathogen infection, the transcriptional levels of CcRab5A fluctuated in different tis-
sues in a time-dependent manner. After SVCV challenge, the liver and gills showed the great-
est transcriptional level response.

Genes not only play an important role in innate immunity at the molecular level, but 
their protein expression can also reflect innate immunity. The proteins expression profiles of 
CcRab5A in 6 tissues were detected in this study, which are consistent with the expression at 
the mRNA level, this result is also consistent with that found in shrimp (Wu et al. 2008).

Conclusions

The full-length cDNA sequences of Rab5A from Yellow River Carp C. carpio, designed 
as CcRab5A, were successfully cloned in this study. CcRab5A has the classic structural 
features of the Rab GTPases protein family, which include highly conserved G, PM, and 
RabF motifs. CcRab5A was found in all tissues studied in C. carpio, with the highest lev-
els found in the head, kidney, and blood. CcRab5A gene expression levels in C. carpio 
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Intestinal tracty, Liver, Gill, Skin, and Spleen were induced by SVCV and A. hydrophila 
infection. The digestive tract, liver, gills, skin, and spleen are all affected. CcRab5A was 
implicated in the innate immune response against WSSV infection in C. carpio in this 
study. The current data provide a theoretical foundation for further investigation into the 
immune functions of Rab5A in C. carpio.
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