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tissue, but this method is not suitable for the detection 
of P. skrjabini (Fischer et al, 1998; Morales-Hojas et 
al, 2001). In order to find out an effective diagnostic 
method for P. skrjabini the indirect ELISA detection 
method was established (Wang et al, 2022) using 
recombinant antigen rCPI which had good sensitivity 
and specificity and proved that the detection method 
based on recombinant antigen is feasible. The use of 
recombinant protein in iELISA was an effective tool 
for the serological diagnosis of parasitic diseases 
(Santos et al, 2019). 

In this study, we developed a diagnostic 
method for identifying P. skrjabini based on the 
detection of serine threonine protein kinase (STPK) 
screened by sequencing the transcriptome of P. 
skrjabini and comparing it to common ruminant 
parasite genes from GenBank. The gene was cloned, 
expressed using a prokaryotic vector, verified 
antigenically and the recombinant protein was used 
as a diagnostic antigen to establish a serological 
diagnosis method.
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ABSTRACT
In order to find out an effective method for the in vivo diagnosis of parabronemosis and on the basis of 

results of histological analysis obtained in the laboratory, the serine threonine protein kinase (STPK) gene, an 
immune-related secretory gene of P. skrjabini, was screened. A total of 140 Bactrian camel sera samples from 
different regions of Inner Mongolia were screened. The results of bioinformatics analysis showed that the nucleic 
acid sequence of STPK gene was 579 bp, contained a complete open reading frame encoding 199 amino acids, had 
no signal peptide, was atypical secretory protein and had 8 antigenic epitopes. The total RNA of P. skrjabini was 
extracted and the STPK gene was obtained by RT-PCR amplification. The recombinant expression plasmid was 
constructed and expressed in Escherichia coli BL21 (DE3). A recombinant protein, rSTPK, 28 kDa in size, that was 
primarily expressed in inclusion bodies, was obtained. An indirect enzyme-linked immunosorbent assay (iELISA) 
using rSTPK as an antigen was established using recombinant protein. We observed a positive detection rate of 
85.7% (120/140), indicating that rSTPK-iELISA can be used as a serological method to diagnose parabronemiasis 
in camels.
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Parabronema skrjabini is a blood-feeding 
nematode that resides in the abomasum of ruminants 
and compartment 3 of camels. However, camels are 
considered the primary definitive host (Hasheminasab 
et al, 2016). P. skrjabini is widely distributed in Africa 
and Asia and it is especially common in Mongolia 
(Sharkhuu, 2001), Kazakhstan (Morgan et al, 2006), 
Saudi Arabia (El-Azazy, 1990), Namibia (Krecek et 
al, 1990), Turkey (Umur and Yukari, 2005) and Iran 
(Eslami and Nabavi, 1976). Camels infected with P. 
skrjabini experience inflammation, ulcers and bleeding 
of the diarrhoea, anaemia and even death. In the 
main camel breeding grounds of Inner Mongolia, P. 
skrjabini infections are common hence the research has 
primarily focused on its morphological identification, 
classification (Habronematidae; Hasheminasab, 2015) 
and transmission (Chen et al, 2016; Deng et al, 2017). 
Traditional nematode detection methods, such as 
saturated sodium chloride solution floating can be 
used for the diagnosis of the disease, but the detection 
rate is low. Polymerase chain reaction (PCR) can be 
used to detect a small number of parasites in the skin 
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Materials and Methods

Parasites
Female and male P. skrjabini individuals were 

collected from the compartment 3 of Bactrian camels 
(Camelus bactrianus) in Bayannaoer, Inner Mongolia, 
China. The collected portions were stored in liquid 
nitrogen after morphological identification using 
microscopy, packing and marking. In total, 81 positive 
sera samples infected with P. skrjabini were collected 
from camels in Inner Mongolia during postmortem 
and nine negative serum samples not infected with 
P. skrjabini were collected from camels. Twenty four 
sera samples from sheep infected with Moniezia spp., 
Haemonchus contortus, Dictyocaulus filaria, Trichuris 
ovis, Chabertia ovina, Nematodirus spp., Trichostrongylus 
spp., Oesophagostomum spp. and Oestrus ovis were 
collected from the sheep farm in Bayannaoer City, 
Inner Mongolia and preserved in the laboratory.

Bioinformatics analysis of STPK gene
Bioinformatics analysis of STPK gene of P. 

skrjabini was carried out by bioinformatics software. 
The open reading frame was predicted by ExPASy 
(http://web.expasy.org/translate/) and ORFfinder 
(https://www.ncbi.nlm.nih.gov/orffinder/) software 
and the signal peptide sequence was predicted by 
SignalIP4.1 server (https://www.ncbi.nlm.nih.gov/
orffinder/) online software. SecretomeP.2.0 server 
(http://www.cbs.dtu.dk/services/SecretomeP/) 
software for prediction of atypical protein secretions, 
TMHMM server.v.2.0 (http://www.cbs.dtu.dk/
services/TMHMM/) software for transmembrane 
protein domain analysis, Target P 1.1 server (http://
www.cbs.dtu.dk/services/TargetP/) software for 
prediction of subcellular localisation of eukaryotic 
proteins. BepiPred 1.0 Server (http://www.cbs.dtu.
dk/services/BepiPred/) software was used to predict 
the antigenic epitopes.

Cloning and expression of STPK gene in Escherichia 
coli

P. skrjabini specimens were placed in a mortar 
filled with liquid nitrogen and ground thoroughly. 
Total RNA was extracted using the TRIzol method, 
followed by ethanol precipitation. The precipitate 
obtained was dissolved in RNase-free water and 
stored at −80°C.

The PCR primers were designed according to 
the nucleotide sequences of the STPK gene (Genbank 
with the following accession numbers: 2488713), 
which were 5’-GCC GAA TTC ATG GTT ATG AGG 
AAC GG-3’ and 5’-TTG CTC GAG CAC GCC TAT 

GCC CTG AG-3’ (italics in the primer sequence 
indicate the EcoRI and XhoI sites in the expression 
vector pET30a). The extracted total RNA was reverse-
transcribed into cDNA. The cDNA was used as a 
template and mixed with PCR buffer, dNTP mixture 
and DNA polymerase for PCR amplification. PCR 
amplification conditions: 94°C pre-denaturation for 
5min; 94°C denaturation for 30s; 57°C annealing 
for 30s; 72°C extension for 1.5min; 35 cycles; 72°C 
extension for 10min. The recombinant plasmid 
pET-STPK was confirmed by restriction digestion 
and sequencing and subsequently constructed 
and expressed in E. coli BL21 (DE3). Finally, the 
recombinant bacteria were completely lysed using 
ultrasonic cell fragmentation, the supernatant and 
precipitate were collected and the expression of the 
recombinant protein was detected by SDS-PAGE 
electrophoresis. The recombinant protein was purified 
using the Ni-NTA Sefinose™ Resin Kit and used as 
an antigen for enzyme-linked immunosorbent assay 
(ELISA).

Sodium  dodecyl  sulfate-polyacrylamide  gel 
electrophoresis  (SDS-PAGE)  and  western  blot 
analysis of rSTPK

A recombinant protein rSTPK was separated 
via SDS-PAGE and transferred to polyvinylidene 
difluoride membranes (Jeong et al, 2018). The 
membranes were blocked using 5% skim milk. 
Positive serum of camel parabronemiasis (1:1000) 
was used as the primary antibody and rabbit anti-
camel IgG labeled with horseradish peroxidase (IgG-
HRP) was used as the secondary antibody (1: 5000). A 
negative serum control was established.

rSTPK indirect ELISA (iELISA)
According to the chessboard test, purified 

rSTPK was diluted with 50 mmol/L carbonate buffer 
and 1, 2, 4, 8 and 16 μg was added per well. The 
negative and positive sera were diluted (1:25, 1:50, 
1:100, 1:200 and 1:400) and the rabbit anti-camel 
IgG-HRP was diluted 5000 times. The reaction was 
carried out by adding a substrate solution containing 
tetramethylbenzidine chromogenic substrate and 
terminating the reaction with H2SO4. Finally, the 
optical density (OD) at 450 nm was measured using 
a mini tablet reader (Bio-Tek, USA). The optimal 
reaction conditions was determined according to the 
calculated P/N value. Based on this condition, nine 
camel negative sera were detected and the average 
value and standard deviation were calculated (cut-
off value=negative serum average + 3 standard 
deviation). The recombinant protein rSTPK antigen 
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was used to detect the specificity of 24 positive 
sera infected with Moniezia spp., Haemonchus 
contortus, Dictyocaulus filaria, Trichuris ovis, Chabertia 
ovina, Nematodirus spp., Trichostrongylus spp., 
Oesophagostomum spp. and Oestrus ovis.

Field sera testing
The established iELISA was used to screen 140 

camel sera collected from Inner Mongolia. According 
to the principle of statistics, when the OD450nm value 
of the sample to be tested is greater than the cut-off 
value, it is judged to be positive and if it is less than 
the cut-off value, it is negative. When the OD450nm 
of the sample to be detected was close to the critical 
value (the cut-off value ± 0.005) and the result of the 
second test was the same as that of the first test, it was 
determined as suspected infection of P. skrjabini.

Results

Bioinformatics analysis of STPK gene
The characteristics of STPK gene were analysed 

by ExPASy and ORFfinder online software. the results 
showed that the nucleic acid sequence of STPK gene 
was 579 bp and its molecular weight was 22.79 kDa. 
It contained a complete open reading frame encoding 
199 amino acids, including 27 strong acid amino acids, 
24 strong base amino acids, 66 hydrophobic amino 
acids and 43 polar amino acids and the isoelectric 
point was 6.208.

Using SignalP and SecretomeP software to 
predict the signal peptide sequence of gene-encoded 
protein and to analyse the atypical secretory protein, 
it was found that there was no signal peptide in STPK, 
but it was considered to be atypical secretory protein 
NN-Score=0.842 in the prediction of SecretomeP 
software (if NN-Score > 0.5, it was determined to be 
secretory protein) (Fig 1).

The antigenic epitopes of the gene-encoded 
protein were predicted by BepiPred software. The 
results showed that there were 8 antigenic epitopes 
of STPK protein: DS (aa 45~46), LLPGKDNYDQ 
(aa 66~75), S (aa 88), P (aa 98), LFT (100~102), 
SEKTED (aa 122~127), VERPKPTE (aa 144~151), 
DVHQAPPQGIGV (aa 182~193). It indicated that 
the secretory protein encoded by STPK had better 
antigenicity. The protein transmembrane region 
and protein subcellular localisation of the gene were 
predicted by TMHMM and TargetP software and 
the number of amino acids in extracellular region, 
transmembrane region and intracellular region was 
analysed. The results showed that STPK was not a 

transmembrane protein and the whole protein was 
extracellular (Fig 2).

Expression of STPK gene in E. coli
STPK was amplified with specific primers 

using the reverse transcription product of RNA 
from P. skrjabini as a template. The results of the 
agarose gel electrophoresis revealed a specific band 
of approximately 579 bp (Fig 3).

The recombinant plasmid pET-STPK was 
transformed into E. coli BL21 (DE3) cells. After 
induction, the molecular weight of rSTPK protein 
was 28 kDa (Fig 4).

Western blot
rSTPK was probed using camel serum infected 

with P. skrjabini (Fig 5). A specific band was observed 
at 28 kDa, but no band was observed upon probing 
with negative sera samples. This showed that rSTPK 
can specifically bind to IgG in the sera of camels 
infected with P. skrjabini.

Evaluation of P. skrjabini infection in camels using 
rSTPK ELISA

An iELISA was established for the serological 
diagnosis of P. skrjabini using rSTPK as a coating 
antigen. The chessboard experiment determined that 
the best coating concentration of rSTPK was 2 µg/
well (Table 1).

The recombinant antigen rSTPK was used to 
detect 9 negative sera samples from camels uninfected 
with P. skrjabini. The average OD450nm value of 
negative serum screened by rSTPK was 0.229 and the 
standard deviation was 0.025. Therefore, the cut-off 
value was determined to be 0.304. The 24 sera samples 
used for the specificity test did not exhibit any cross-
reactivity with other parasitic-infected sera samples.

Table 1. Chessboard method to determine the best dilution 
conditions for ELISA, based on the OD value of the 
positive and negative serum.

Conjugate 
dilution

Antigen (µg/mL)
16 8 4 2 1

1:25 4.38 4.45 4.79 5.11 5.28
1:50 4.74 4.91 5.43 7.23 6.60
1:100 5.24 5.85 5.72 6.41 5.91
1:200 4.92 5.45 5.70 5.97 5.87
1:400 5.03 5.81 6.10 6.03 4.88

Field serum test results
We used iELISA to test 140 camel serum 

samples, of which 120 were positive (85.7%). Twenty 
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Fig 1. The analysis of signal peptide sequence of STPK gene.

Fig 2. The analysis of STPK transmembrane domain.

Fig 1. Morphology of P. skrjabini: egg, larva, adult (Left, female; Right, male).

samples tested negative, of which 
4 were suspected of being infected 
with P. skrjabini. The results showed 
that the camels in Inner Mongolia 
were seriously infected with P. 
skrjabini.

Discussion
The diagnosis of this nematode 

disease primarily depends on the 
postmortem of diseased animals, 
but this method cannot provide a 
reference for the in vivo detection 
of the disease. The improved 
CTAB+SiO2 adsorption method 
was used to extract DNA from 
artificially simulated positive faeces 
and established a method for in 
vivo diagnosis of the disease via 
PCR (Zheng, 2015). However, the 
detection rate of P. skrjabini eggs 
in infected animal faeces was low, 
making it difficult for practical 
applications. The serological method 
established with recombinant antigen 
by our research team in the early 
stage was highly feasible.

With the continuous application 
of high-throughput sequencing 
technology in parasite research, 
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many scholars began to use multi-omics sequencing 
analysis technology to carry out more in-depth 
basic research in immune regulation and immune 
protection of parasites and identified many specific 
diagnostic antigens and vaccine candidate genes 
(Blazie et al, 2015; Hewitson et al, 2011; Laing et al, 
2013; Zheng et al, 2011). A comparative analysis of 
the secretory gene and protein data predicted in the 
transcriptome and proteome studies revealed that 
76.6% of the secretory proteins were consistent with 
the transcriptome secretory gene data (Feng et al, 
2017), indicating that these genes are secreted at the 
mRNA and protein level and can be used as candidate 
genes for immune-related gene screening of P. 
skrjabini. The secretory antigen expressed on the body 

surface of Schistosoma mansoni can directly interact 
with the host immune system and thus influence the 
host immune response. It was reported that serine / 
threonine protein kinase can be expressed in the body 
surface of Schistosoma mansoni as a TGF- β receptor 
(Forrester et al, 2004), but its biological characteristics 
and functions were unknown, therefore, STPK was 
selected as a diagnostic candidate gene to provide a 
reference for the diagnosis and control of P. skrjabini. 
Bioinformatic analysis showed that STPK gene was 
a specific gene of P. skrjabini and was an atypical 
secretory protein without a signal peptide sequence. 
The identification of the transmembrane region 
and subcellular localisation analysis showed that 
STPK was not a transmembrane protein; instead, the 
whole protein was located in the extracellular region. 
The protein was predicted to have eight antigenic 
epitopes, which indicates sound antigenicity. The 
selected STPK gene conforms to the characteristics 
of candidate genes for immunological diagnosis and 
immune prevention.

Toxoplasma gondii secretory protein particle 
antigens (GRA1 and GRA7) was used for recombinant 
expression and their diagnostic value by iELISA 
assay was assessed with a great significance (Wang 
et al, 2014). Teimoori et al (2015) used a recombinant 
antigen of the cysteine protease of Opisthorchis 
viverrini from Thailand for the serological diagnosis 
of Fascioliasis hepatica. The iELISA results showed 
that the sensitivity and specificity of this diagnostic 
antigen were 62.1% and 84.05%, respectively. In this 
study, STPK was cloned into the plasmid pET30a 
and expressed in E. coli. Western blotting showed 

Fig 3. Electrophoresis following the reverse transcription 
polymerase chain reaction for STPK. M: DNA standard 
DL2000; line 1-3: STPK; line 4: negative control.

Fig 4. Electrophoresis following the reverse transcription 
polymerase chain reaction for STPK. M: molecular protein 
marker; Line 1: BL21 (DE3) empty bacteria; Line 2: Before 
induction of BL21 (pET30a); 3: After induction of BL21 
(pET30a); 4: After induction of BL21 (pET-STPK).

Fig 5. Western blotting analysis of recombinant rSTPK. M: 
Molecular protein marker; Line 1-2: Positive serum test; 
Line 3-4: Negative serum test.
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that the rSTPK protein could stimulate host-specific 
antibodies. Using recombinant protein rSTPK as an 
antigen, an iELISA detection method for the diagnosis 
of P. skrjabini infection was established. This method 
exhibits good specificity. A total of 140 clinical sera 
samples were screened and the positivity rate was 
85.7%. Therefore, the detection method established in 
this study can provide a reference for the prevention 
and treatment of camel parabronemiosis and can be 
used for early diagnosis.

In this study, STPK was identified as a 
candidate antigen gene which was cloned into pET30a 
and recombinant rSTPK was used as an antigen for 
the serological diagnosis of camels infected with 
P. skrjabini. rSTPK was also used as the antigen 
to establish an iELISA method for diagnosing 
parabronemiosis. The results showed that the method 
had high specificity, suggesting that rSTPK is a 
potential serological marker for detecting P. skrjabini 
in camels.
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