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The liver fluke Opisthorchis viverrini causes cholangiocarcino-
ma, a cancer of the bile duct, in chronic infections. This cancer 
has a high incidence rate in the endemic areas in northeast 
Thailand [1]. Early diagnosis of human opisthorchiasis can re-
duce incidence of the cancer. In human opisthorchiasis, the 
gold standard for diagnosis is microscopic detection and iden-
tification of O. viverrini eggs from stool samples. The micro-
scopic stool examination is dependent on experience of the 
examiner to differentiate helminth eggs, and is hampered in 
case of acute infections, light infections, or bile duct obstruc-
tion. Detection of parasite nucleic acids by PCR methods are 
interfered by abundant PCR inhibitors in the stools [2-4].

On opisthorchiasis diagnostics were searching for antigenic 
proteins in the tegumental and secretory-excretory products 
[5-7]. Interestingly, a sperm protein of O. viverrini, rhophilin 
associated tail protein 1-like (OvROPN1L) protein was recog-

nized by sera of O. viverrini-infected humans and animals. Ov-
ROPN1L shows 47.2% sequence identity with the human ho-
molog [8].

In this study, we produced peptidic fragments of Ov-
ROPN1L (GenBank: KJ719301) and assayed them for diagnos-
tic antigenicity for human opisthorchiasis.

Sera of human subjects with parasitic infections were col-
lected in Pla Pak district, Nakhon Phanom Province, Thailand. 
Negative control sera of subjects without parasitic infections 
were collected in Pathumthani Province, Thailand. Stool sam-
ples of all subjects were prepared by formalin-acetic acid con-
centration technique and examined for parasite eggs by mi-
croscopy. Hamster sera were collected before (0 week) and af-
ter (12 weeks) infection with 50 metacercariae for each ham-
ster (n=10). 

The project protocol was approved by the Human Ethics 
Committee of Thammasat University following the Interna-
tional Conference on Harmonization–Good Clinical Practice 
(ICH–GCP), approval No. 132/2559. The animal protocol 
was approved by the Thammasat University Animal Ethics 
Committee, approval No. 024/2559.

The plasmid containing the complete CDS of OvROP1L 
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Abstract: Tegumental and excretory-secretory proteins are reported as diagnostic antigens for human opisthorchiasis. 
Rhophilin associated tail protein1-like (OvROPN1L) protein of Opisthorchis viverrini sperm tail showed potential as a diag-
nostic antigen. The OvROPN1L recombinant fragments were assayed for diagnostic antigenicity for human opisthorchia-
sis using indirect ELISA. The strongest antigenic region was a N-terminus peptide of M1 - P56. One synthetic peptide (P1, 
L3-Q13) of this region showed the highest antigenicity to opisthorchiasis. Sera from other parasitic infections including 
Strongyloides stercoralis, hookworm, Taenia spp, minute intestinal flukes, Paragonimus spp showed lower reactivity to 
P1. Peptide P1 is located in the disordered N-terminus of ROPN1L supporting its suitability as linear epitope. In the Platy-
helminthes the N-terminal sequence of ROPN1L is diverging with taxonomic distance further suggesting that peptide P1 
has potential as diagnostic tool in the genus Opisthorchis/Clonorchis. It should be further evaluated in combination with 
peptides derived from other O. viverrini antigens to increase its diagnostic power.
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was kindly provided by Dr. Suksiri Vichasri-Grams. The select-
ed regions of the OvROPN1L cDNA were PCR-amplified using 
specific primers (Supplementary Table S1). The amplicons 
were fragments H1 comprising codons 1-111 and H2 codons 
112-222, and 4 smaller fragments covering H1 (F1: codons 1–56, 
F2: codons 57-111, F3: codons 29-83, F4: codons 84-138). These 
cDNA fragments were subcloned into the vector pColdTM TF 
DNA (TaKaRa, Shiga, Japan). This plasmid vector produces a 
recombinant protein fused to trigger factor (TF). The expres-
sion host E. coli BL21 was transformed with the recombinant 
plasmid DNA. The selected positive transformant E. coli colo-
nies were grown in terrific broth containing 100 µg/ml ampi-
cillin at 16˚C after IPTG induction. All expressed recombinant 
proteins were purified by Ni-NTA chromatography (QIAGEN, 
Hilden, Germany) under native conditions.

Recombinant OvROPN1L H1, H2, and F1–F4 in fusion 
with TF were cleaved using factor Xa (NEB, Ipswich, MA, USA) 
to release the OvROPN1L peptides from TF. Cleavage reactions 
were prepared by mixing 1 µg of factor Xa with 10 µg of target 
protein in cleavage buffer and incubated at 20˚C for 20 hr. The 
unpurified cleavage products (mixture of OvROPN peptide 
and TF) were analyzed by SDS-PAGE and used for indirect 
ELISA. 

Microtiter plates were coated with 1 µg cleavage product in 
carbonate buffer, pH 9.6. The purified TF without fusion was 
used to obtain the baseline value. The wells were washed with 
washing buffer (TBS pH 7.5, 0.1% [v/v] Tween 20). The wells 
were blocked with 1% (w/v) skim milk in washing buffer. The 
pooled hamster sera, either normal or O. viverrini-infected 
(n=10, 12 weeks post infection) were added at a dilution of 1: 
100. Goat anti-Syrian hamster IgG (H+L) AP-conjugated anti-
body (Abcam, Cambridge, Massachusetts, USA) was used at a 
dilution of 1:1,000. The p-Nitrophenylphosphate (pNPP) 
substrate (Sigma Aldrich, St. Louis, Missouri, USA) was added 
and incubated in the dark at room temperature for 2 hr. Ab-
sorbance was measured at 405 nm.

Reactivity of infected hamster sera was strongest to recombi-
nant peptide F1. Thus B-cell epitopes were predicted on the F1 
region using BepiPred [9] and the strongest predicted epitopes 
were further analyzed as synthetic peptides. The putative anti-
genic peptides (P1: L3–Q13, P2: H11–K25, P3: K29–K41, P4: 
R48–E63) in the F1 region were synthesized by Mimotopes 
Co. (Victoria, Australia). A microtiter plate was coated with 2 
µg peptide or 100 ng of recombinant OvROPN1L in carbonate 
buffer, pH 9.6. The wells were washed with washing buffer 

(TBS, pH 7.5, 0.1% [v/v] Tween 20). The wells were blocked 
with 1% (v/v) bovine calf serum (Abcam). The normal or O. 
viverrini-infected human sera (n=20 each) or other parasitic-
infected human sera, Strongyloides stercoralis (n=10), Taenia spp. 
(n=3), hookworm (n=7), minute intestinal flukes (n=4), 
Paragonimus spp. (n=3) were diluted 1: 100. Rabbit anti-hu-
man IgG HRP-conjugated antibody (Dako, Santa Clara, Cali-
fornia, USA) was used at a 1:6,000 dilution. ABTS substrate 
(SeraCare, Milford, Massachusetts, USA) was added and the 
absorbance was measured at 405 nm.

Statistics of the results were evaluated using unpaired t-tests 
with GraphPad Prism 8. The experiments were performed in 
duplicate. 

The recombinant OvROPN1L peptides H1, H2, F1–F4 (Fig. 
1A) in fusion with TF were expressed in a bacterial system and 

A

B

Fig. 1. The recombinant rhophilin associated tail protein 1-like 
(OvROPN1L) peptides of Opisthorchis viverrini. (A) Schematic 
drawing of the 6 regions (H1, H2, F1, F2, F3, and F4) of Ov-
ROPN1L expressed in E. coli as recombinant peptides. The ter-
minal amino acids of both ends are indicated. (B) SDS-PAGE of 
peptides H1, H2, F1–F4 fused with trigger factor. The soluble fu-
sion proteins were purified under native condition by Ni-NTA affin-
ity chromatography. A black arrow indicates fusion proteins. 
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purified by Ni-NTA chromatography (Fig. 1B). The calculated 
molecular weights of H1-TF and H2-TF fusion proteins were 
about 65 kDa (TF 52 kDa). The observed weights were slightly 
smaller than the calculated weights (Fig. 1B). The fusion pro-
teins of F1–F4 were also smaller.

The mixtures of OvROPN1L peptides and TF were probed 
with pooled O. viverrini-hamster sera (Fig. 2A). The peptide 
H1 showed significantly higher absorbance values to the O. vi-
verrini-infected sera (P<0.0001). The H2 peptide showed less 
difference to the infected/uninfected sera (P=0.0054). The re-
combinant OvROPN1L was used as a positive control (P=  
0.0002). Antigenicity of the 4 shorter recombinant peptides 

F1–F4 were assayed with the same hamster sera. The antigenic-
ity of peptide F1 was highest (P=0.0026, Fig. 2B). 

Among the synthetic peptides (P1–P4) of the 4 predicted B-
cell epitopes assayed with human opisthorchiasis sera, the 
peptide P1 showed highest antigenicity (Fig. 3), indicating that 
peptide P1 had potential as diagnostic antigen.

The peptide P1 was further analyzed with helminth-infected 
sera, including Strongyloides stercoralis, Taenia spp., Paragonimus 
spp., hookworm, and minute intestinal flukes in comparison 
with complete recombinant OvROPN1L. The peptide P1 
showed no statistically significant reactivity toward the human 
sera of other helminth infections, while the ROPN1L showed 

Fig. 3. Antigenicity (mean with SD) of synthetic peptides against 
human opisthorchiasis sera (n=20) using indirect ELISA. Statisti-
cal significance between infected and uninfected sera, *P<0.05, 
**P<0.001, ***P<0.0001, ****P<0.00001.
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Fig. 4. Reactivity (mean with SD) of synthetic peptide P1 using indirect ELISA. (A) Synthetic peptide 1. (B) Recombinant OvROPN1L. 
Statistical significance between infected and uninfected sera, *P<0.05, **P<0.001, *** P<0.0001, ****P<0.00001.
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Fig. 2. Antigenicity of recombinant proteins (H1, H2, F1, F2, F3, 
F4, and OvROPN1L) toward the pooled O. viverrini-infected ham-
ster serum using indirect ELISA. Statistical significance between 
infected and uninfected sera, *P<0.05, **P<0.001, ***P<0.0001, 
****P<0.00001.
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high cross-reactivities (Fig. 4). In case of peptide P1 the absor-
bance values of O. viverrini-infected sera were significantly 
higher than the other helminth-infected sera.

In mammals, rhophilin-associated tail protein has been in-
vestigated how it is involved in the cAMP-dependent protein 
kinase pathway, and how to interact with A-kinase anchor pro-
tein, and how it affects sperm motility [10-12]. In trematodes, 
only OvROPN1L has been molecularly characterized [8]. Ov-
ROPN1L was already expressed in 2-week-old juveniles which 
could be an advantage if it can be applied for diagnosis [8]. In 
this study, we identified an immunodominant epitope of Ov-
ROPN1L that might be applicable for diagnosis of human 
opisthorchiasis. The most sensitive epitope (peptide P1, L1–
Q13, LVNDPYYCHEQ) was located at the protein’s N-termi-
nus. The peptide P1 was comparable to full OvROPN1L and 
showed higher specificity for detection of O. viverrini infection 
but less sensitivity. Structural analysis in Jpred4 [13] and 
Phyre2 [14] predicted a mostly disordered structure of L3–
Q13 (P1) while regions representing P2–P4 had higher helical 
content and a more complex folding in the ROPN1L model. 
BLASTP revealed N-terminal sequence divergence of ROPN1L 
in the Platyhelminthes (Supplementary Fig. S1). Paragonimus 
westermani with 3 amino acid differences in P1 (the highest 
scoring match outside the genus Opisthorchis/Clonorchis) al-
ready showed low reactivity with the O. viverrini sera (Fig. 4A). 
Thus, a next step in the follow-up study could be further re-
finement of the peptide P1 using more sera. Serology can pro-
vide additional insight and complement microscopy in diag-
nosis of the helminthic infections [15]. Immunodiagnostic as-
says must evaluate cross reactivity with other parasite infec-
tions including helminths and protozoans to validate the re-
sults.

In conclusion, the N-terminal peptide P1 (L3–Q13) was as-
sayed as a diagnostic antigenic epitope of OvROPN1L. How-
ever, the exact epitope in P1 needs to be identified in the fu-
ture to determine whether its specificity can be increased.
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