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Abstract 

Cysticerci or metacestodes of Taenia solium cause cysticercosis, being the neurocysticercosis (NCC) the 
main pathology. The characterization of genes is essential for the knowledge of parasite biology, the 
understanding of the parasite-host relationship, and the identification of possible targets for diagnosis, 
treatment, and protection. The objective of this work was the molecular and bioinformatic characterization 
of three news cDNAs (TsTF10, TsAAP8, and TsrGAP8), obtained by spliced leader-PCR screening of a Taenia 
solium cDNA library. The sequences of the three cDNA were compared with the sequences in the nucleic 
acid and protein databases (GenBank, EMBL) and analyzed by bioinformatic programs (CDD-Search of the 
National Center for Biotechnology Information, Interpro of the European Bioinformatics Institute, Motif 
scan and Expert Protein Analysis System of the Proteomics Server from Swiss Institute of Bioinformatics). 
Considering the high identities with similar molecules of related helminths (Taenia asiatica, Echinococcus 
granulosus, Echinococcus multilocularis, and Hymenolepis diminuta) and the functional domains found, the 
TsTF10, TsAAP8, and TsrGAP8 genes of Taenia could act as a nuclear transcription factor gamma, a putative 
vacuolar ATPase membrane sector associated protein and a Rho GTPase activating protein, respectively. 
Although few B epitopes could be predicted in the sequences, it could be relevant to evaluate them as 
possible candidates for diagnosis and protection in cysticercosis. The characterization and analysis of these 
sequences and the prediction of their possible usefulness as antigens, vaccines, or therapeutic targets 
contribute to the designing and planning of future studies.
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Resumen 

Los cisticercos de Taenia solium causan cisticercosis, y la neurocisticercosis (NCC) es la principal patología. La 
caracterización de genes es fundamental para el conocimiento de la biología del parásito, la relación parásito-
hospedador y la identificación de posibles dianas de diagnóstico, tratamiento y protección. El objetivo de 
este trabajo fue la caracterización molecular y bioinformática, de tres ADN complementarios (ADNc) (TsTF10, 
TsAAP8 y TsrGAP8), obtenidos por cribado por PCR de una genoteca de Taenia solium. Las secuencias se 
compararon con las de las bases de datos de ácidos nucleicos y proteínas (GenBank, EMBL) y se analizaron 
mediante programas bioinformáticos (CDD-Search del Centro Nacional de Información Biotecnológica, 
Interpro del Instituto Europeo de Bioinformática, Motif scan y Sistema de Análisis de Proteínas del Instituto 
Suizo de Bioinformatica). Teniendo en cuenta las altas identidades con moléculas similares de helmintos 
relacionados (Taenia asiatica, Echinococcus granulosus, E. multilocularis e Hymenolepis diminuta) y los 
dominios funcionales encontrados, los genes de Taenia, TsTF10, TsAAP8 y TsrGAP8 podrían actuar como un 
factor de transcripción nuclear gamma, una supuesta proteína asociada a ATPasa vacuolar de membrana 
y una proteína activadora de Rho GTPasa, respectivamente. Aunque pocos epítopos B pudieron predecirse 
en las secuencias, podría ser relevante valorarlos como posibles candidatos para diagnóstico y protección 
en cisticercosis. La caracterización y análisis de estas secuencias y la predicción de su posible utilidad como 
antígenos, vacunas o dianas terapéuticas ayudan al diseño y planificación de estudios futuros.
Palabras clave: Taenia solium; cisticercosis; proteínas recombinantes; empalme trans; líder empalmado; 
PCR

Resumo 

Os cisticercos da Taenia solium causam cisticercose, e a neurocisticercose (NCC) é a principal patologia. A 
caracterização dos genes é fundamental para o conhecimento da biologia do parasita, da relação parasita-
hospedeiro e da identificação de possíveis alvos de diagnóstico, tratamento e proteção. O objetivo deste 
trabalho foi a caracterização molecular e bioinformática de três DNA complementar (cDNA) (TsTF10, TsAAP8 
e TsrGAP8), obtidos pela triagem de PCR de uma biblioteca de DNA de Taenia solium. As sequências foram 
comparadas com as dos bancos de dados de ácidos nucleicos e proteína (GenBank, EMBL) e analisadas por 
meio de programas de bioinformática (CDD-Search do Centro Nacional de Informações Biotecnológicas, 
Interpro do Instituto Europeu de Bioinformática, Motif scan e Sistema de Análise de Proteínas do Instituto 
Suíço de Bioinformática). Considerando as altas identidades com moléculas semelhantes de helmintos 
relacionados (Taenia asiatica, Echinococcus granulosus, E. multilocularis e Hymenolepis diminuta) e os 
domínios funcionais encontrados, os genes de Taenia, TsTF10, TsAAP8 e TsrGAP8 poderiam atuar como 
um fator de transcrição nuclear gama, uma suposta proteína associada à ATPase vacuolar de membrana 
ATPase e uma proteína ativadora de Rho GTPase, respectivamente. Embora poucos epítopos B pudessem 
ser previstos nas sequências, poderia ser relevante avaliá-los como possíveis candidatos ao diagnóstico e à 
proteção em cisticercose. A caracterização e análise dessas sequências e a previsão de sua possível utilidade 
como antígenos, vacinas ou alvos terapêuticos ajudam no desenho e planejamento de estudos futuros.
Palavras-chave: Taenia solium; cisticercose; proteínas recombinantes; acoplamento trans; líder acoplado; 
ou PCR
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Introduction

Taeniasis and cysticercosis are Ne-
glected Tropical Diseases (NTD) produced 
by Taenia solium, T. saginata, and T. asiatica. 
The adult tapeworms are found in the human 
intestine causing taeniasis. The metacestodes 
or cysticerci (larval stages) cause cysticer-
cosis; cysticerci of T. saginata produce bo-
vine cysticercosis; cysticerci of T. asiatica 
develop porcine cysticercosis; and cysticerci 
of T. solium cause cysticercosis in pigs and 
humans. When cysticerci invade the central 
nervous system (CNS) produce neurocystic-
ercosis (NCC) that is the most frequent par-
asitic infection of the human CNS. Taeniasis 
usually causes few symptoms, but NCC can 
be fatal, depending on the cysticerci location, 
number, and stage, and immune response of 
the host (Ferrer and Gárate, 2014; PAHO/
WHO, 2019; WHO, 2021).

T. solium and T. saginata show a wide 
geographical distribution, while T. asiatica 
has been described in Southeast Asia. Tae-
niasis remains to cause health problems 
and losses in the livestock industry from 
areas where these parasites are endemic; it 
also has affected non-endemic areas due to 
travels and migrations. NCC is common in 
many countries of Africa, Asia, and Latin 
America, specifically in communities with 
low socio-economic conditions and poor 
sanitation-hygienic practices. Useful tools 
for diagnosis, treatment, and protection are 
required to prevent, control, and possibly 
eliminate these diseases (Ferrer and Gárate, 
2014; PAHO/WHO, 2019; WHO, 2021). 

The characterization of genes is es-
sential for the knowledge of parasite bio-
logy, the understanding of the parasite-host 
relationship, and the identification of pos-
sible targets to improve diagnostic techni-
ques, treatment, and protection. A common 

non-translatable RNA sequence was dis-
covered at the 5` end of mRNA encoding 
surface glycoproteins of Trypanosoma bru-
cei, which was named Spliced Leader (SL) 
(Sather & Agabian, 1985). This molecule is 
inserted into the pre-mRNAs by trans-spli-
cing, forming different mature mRNAs that 
contain a common 5 'end. This mechanism 
has been described in a great diversity of or-
ganisms, including nematodes, trematodes, 
and cestodes (Krchňáková  et al., 2017). 
This mechanism of processing of mRNAs 
occurs in T. solium, like other parasites 
(Brehm  et al., 2000, 2002; Garrido  et al., 
2012, 2015). The fraction of trans-spliced 
mRNAs varies between species. Although 
all the RNA of the genus Trypanosoma un-
dergoes this post-transcriptional modifica-
tion, in most of the transcripts of the other 
genera do not undergo trans-splicing, and 
the characteristics of the immature mRNA 
molecules that undergo this modification are 
unknown (Garrido  et al., 2015; Krchňáko-
vá  et al., 2017). The cloning strategy using 
the known SL sequence and sequences 
from a vector have allowed the cloning of 
complementary DNAs (cDNAs) from ex-
pression libraries of T. solium metacestode 
(Brehm  et al., 2002; Garrido  et al., 2012). 
In this work, we performed the molecular 
and bioinformatic characterization of three 
cDNAs (TsTF10, TsAAP8, and TsrGAP8), 
obtained by spliced leader-PCR screening 
of a Taenia solium cDNA library.

Methodology

The type of research was descrip-
tive with a quantitative approach. The three 
cDNA were obtained by spliced leader-PCR 
screening of a Taenia solium cDNA library 
according to the protocol described by Brehm  
et al., (2002) and Garrido  et al., (2012). 
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The primers TSSL-DW2 (5´-GGTCCCT-
TACCTTGCAATTTTGT-3´) and ZAP-3´UP 
(5´‑GTAATACGACTCACTATAGGG-3´) 
were used to hybridize with the sequence SL 
and with a sequence of the vector, respective-
ly (Brehm  et al., 2002). The size of the cD-
NAs was determined by PCR. cDNAs prod-
ucts of different sizes were obtained, which 
were cloned into a pGEM-T-easy® plasmid 
and were sequenced following the protocol 
described by Garrido  et al., (2015). The se-
quences of the three cDNAs were compared 
with the sequences in the nucleic acid and 
protein databases (GenBank, EMBL) and 
analyzed by bioinformatic programs.

Analysis of the nucleotide sequence 
and prediction of amino acid sequences 
were performed with the EditSeq pro-
gram from DNAstar (Lasergene®, Ma-
dison, USA). Similarities were analyzed 
in the nucleic acid and protein databases 
(GenBank, EMBL) by BLAST (Boratyn  
et al., 2019). Other analyses of sequen-
ces were performed using CDD-Search 
of the National Center for Biotechnolo-
gy Information (NCBI) (Lu  et al., 2020), 
Interpro of the European Bioinformatics 
Institute (EBI) (Mitchell  et al., 2019), 
Motif scan, and ExPASy (Expert Protein 
Analysis System) of the Proteomics Ser-
ver from Swiss Institute of Bioinformatics 
(SIB) (Artimo  et al., 2012). Epitopes B 
prediction was studied using the Protean 
program from DNAstar (Lasergene®, 
Madison, USA), and the BcePred server 
(Prediction of continuous B-cell epitope 
in antigenic sequences using physico-che-
mical properties) (Saha  et al., 2005).

Analysis and Results

The results showed that the complete 
sequence of TsTF10 cDNA was a fragment of 

529-bp with an open reading frame (ORF) of 
288-bp that coded for a peptide of 95 amino 
acids, with a molecular mass of approximate-
ly 9.7 kDa, and an isoelectric point of 3.7. 
The ORF was preceded by a 5` spliced leader 
of 23-bp, and followed by a 3` untranslated 
region of 196-bp, and a 22-bp poly (A)+ tail. 
The deduced amino acid sequence showed 
four possible phosphorylation sites, and a 
Phenylalanine and histidine ammonia-lyase 
motif (PAL repeat, pFam PF00221). Re-
garding its possible immunogenicity, three B 
epitopes could be predicted in the molecule 
(14VVASSAGSSDE24, 60VQTTASSEE68, 
and 86QKLEEPS92) (Fig. 1A). The se-
quence data were submitted to the GenBank 
and are available with the accession number 
MW448478. This sequence showed high 
identity with the unnamed protein product 
of Taenia asiatica (VDK34809.1), with nu-
clear transcription factor γ gamma of other 
species, mainly from Echinococcus granu-
losus (XP_024354733.1) and Echinococcus 
multilocularis (CDS37349.1), ADP-ribo-
sylation factor-like protein 2 of E. granulo-
sus (XP_024351600.1), and unnamed pro-
tein product of Hymenolepis diminuta 
(VUZ44994.1) (Table 1).

The full sequence of TsAAP8 cDNA 
was a fragment of 436-bp, with an ORF of 
201-bp that coded for a protein of 66 amino 
acids, with a molecular mass of approximate-
ly 7.5 kDa, and an isoelectric point of 4.3. 
The ORF was preceded by a 5` spliced leader 
of 23-bp, and followed by a 3` untranslated 
region of 192-bp, and a 20-bp poly (A)+ tail. 
The inferred amino acid sequence exhibit-
ed a probable N-glycosylation site, a casein 
kinase II phosphorylation site, a transmem-
brane section in the central part of the mole-
cule (20-47 amino acids), and a characteristic 
domain of Renin receptor-like protein (Ren-
in_r) (pFam PF07850, Interprot IPR012493). 
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Considering its possible immunogenicity, 
three B epitopes could be predicted in the mol-
ecule (1MANSSL6, 45WNMDPGR51, and 
58LSVTKPKS65) (Fig. 1B). The sequence 
data were registered in GenBank under ac-
cession number MW452936. This sequence 
showed high percent identity with putative 
vacuolar ATPase membrane sector associat-
ed protein of Taenia solium (CAD21533.1), 
the unnamed protein product of T. asiatica 
(VDK22591.1), Intersectin-1 of Echino-
coccus granulosus (XP_024348633.1), dy-
namin associated protein of E. multilocularis 
(CDI96500.1), and unnamed protein product 
of H. diminuta (VDL61899.1) (Table 1). 

TsrGAP8 cDNA showed an 831-bp 
nucleotide sequence, with an ORF of 210-
bp that coded for a peptide of 69 amino ac-
ids, with a molecular mass of approximately 
7.7 kDa, and an isoelectric point of 7.2. The 
ORF was preceded by a 5` spliced leader of 

23-bp, and followed by a 3` untranslated re-
gion of 570-bp, and a 28-bp poly (A)+ tail. 
The assumed amino acid sequence showed 
six potential phosphorylation sites, and a 
Rho GTPase-activating proteins domain 
(pFam PF00620, Interprot IPR000198). Re-
garding its possible immunogenicity, only a 
B epitope (9DHLKRITS16) could be pre-
dicted in the sequence (Fig. 1C). The se-
quence data were submitted to the GenBank 
and is available with the accession number 
MT707920. This sequence was highly simi-
lar to; Rho GTPase activating protein of Echi-
nococcus granulosus (CDS19130.1), Rho 
GTPase activating protein of E. multilocu-
laris (CDS37180.1), the unnamed protein 
product of Taenia asiatica (VDK32116.1), 
the unnamed protein product of Hymenole-
pis diminuta (VUZ54861.1), and Rho GT-
Pase activating protein of H. microstoma 
(CDS27177.2) (Table 1).

Table 1 
Similarities between the TsTF10, TsAAP8, and TsrGAP8 cDNAs sequence and other 

GenBank sequences by BLAST.
cDNA Similar molecules % identity (aa)

Unnamed protein product of Taenia asiatica (VDK34809.1) 97.9
Nuclear transcription factor gamma of Echinococcus granulosus 
(CDS19297.1)*

85.1

TsTF10 Nuclear transcription factor gamma of Echinococcus multilocularis 
(CDS37349.1)*

83.0

ADP-ribosylation factor-like protein 2 of Echinococcus granulosus 
(XP_024351600.1)*

82.6

Unnamed protein product of Hymenolepis diminuta (VUZ44994.1)* 57.3
Putative vacuolar ATPase membrane sector associated protein of Taenia 
solium (CAD21533.1)*

98.5

Unnamed protein product of Taenia asiatica (VDK22591.1)* 98.0
TsAAP8 Intersectin-1 of Echinococcus granulosus (XP_024348633.1)* 93.1

Dynamin associated protein of Echinococcus multilocularis (CDI96500.1)* 92.3
Unnamed protein product of Hymenolepis diminuta (VDL61899.1)* 74.2
Rho GTPase activating protein of Echinococcus granulosus (CDS19130.1)* 98.5
Rho GTPase activating protein of Echinococcus multilocularis 
(CDS37180.1)*

98.5

TsrGAP8 Unnamed protein product of Taenia asiatica (VDK32116.1)* 98.5
Unnamed protein product of Hymenolepis diminuta (VUZ54861.1)* 89.7
Rho GTPase activating protein of Hymenolepis microstoma (CDS27177.2)* 89.7

*GenBank accession number, (aa) amino acids
Note: derived from research.
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Discussion

In this work we have characterized 
three new molecules of T. solium metaces-
tode, with respect to the potential function 
of these T. solium genes. Taking into ac-
count the high sequence identity to similar 
molecules of related helminths (Taenia asi-
atica, Echinococcus granulosus, E. multi-
locularis and Hymenolepis diminuta) and 
the functional domains found, the TsTF10, 
TsAAP8, and TsrGAP8 genes of Taenia 
might act as a nuclear transcription factor 

gamma, a putative vacuolar ATPase mem-
brane sector associated protein, and a Rho 
GTPase activating protein, respectively. 

Transcription factors (TFs) are 
DNA-binding proteins that regulate gene 
expression, and they have decisive roles 
in the control of cellular performance. Al-
though there is significant progress, we 
even now have an incomplete understand-
ing of how genomic and epigenomic infor-
mation guides gene expression through spe-
cific transcription factors (Chen & Franklin, 
2021). TsTF10 gene could mean T. solium 

Figure 1. Schematic representation of the three cDNAs analyzed of Taenia solium. (A) 
TsTF10, (B) TsAAP8, (C) TsrGAP8. The bars below deduced proteins represent the domains 
predicted in the sequences. The short grey lines with below numbers represent the positions 
of the B epitopes found. (bp)base pairs (aa)amino acids.
Note: derived from research.
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specific transcription factors since no signif-
icant similarity was found with sequences 
homologous from human or other species 
(only with cestodes parasites), therefore, it 
could be a therapeutic or protection target.

The renin receptor-like protein do-
main (Renin_r) corresponds to a similar re-
gion of the human renin receptor that bears 
a putative transmembrane spanning seg-
ment and is involved in intracellular signal 
transduction. On the other hand, this pro-
teins family (bear Renin_r domain) also in-
cludes ATPase H(+)-transporting accessory 
protein 2, which is known as ATP6AP2, and 
renin homolog receptor. ATP6AP2 protein 
serves as a receptor in the two-dimensional 
cell polarity (PCP), as well as being impli-
cated in the assemblage of the proton-trans-
porting vacuolar (V)-ATPase protein pump. 
The vacuolar-type H+-ATPase (V-ATPase) 
is a multi-subunit enzyme composed of 
a peripheral V1 complex, responsible for 
the hydrolysis of ATP, and an integral V0 
complex responsible for the transport of 
protons crosswise endomembrane or plas-
ma membranes. They are found in the en-
domembrane (endosomes, lysosomes, and 
secretory vesicles) of all eukaryotes and 
in the plasma membranes of many eukary-
otic cells (Liu  et al., 2006). Consequently, 
the TsAAP8 gene seems to code for an in-
tegral component of membrane associated 
to (V)-ATPase protein pump of the parasite 
and has a signaling receptor activity. More-
over, TsAAP8 could be a T. solium specific 
vacuolar ATPase membrane sector associ-
ated protein since the identity with the hu-
man and pig homologous is about 34-35%; 
therefore, this sequence difference (65%) 
(molecule fragment) seems to mean a thera-
peutic or protection targets.

The Rho GTPase-activating proteins 
domain is characteristic of a proteins family 

that act as molecular switches, hence, it re-
mains active in its GTP-bound form but in-
active when it is bound to GDP. The Rho 
family of small G proteins activates effec-
tors involved in a wide variety of develop-
mental processes, including the regulation 
of cytoskeleton formation, cell prolifera-
tion, and the JNK signaling pathway. G pro-
teins usually have low essential GTPase hy-
drolytic activity. However, there are specific 
groups of GAPs that improve the proportion 
of GTP hydrolysis by some orders of mag-
nitude. The RhoGAPs are one of the main 
classes of controllers of Rho G proteins. 
Rho GTPase-activating proteins catalyze 
the change of active GTP-bound Rho to in-
active GDP-bound Rho by increasing GTP 
hydrolysis. In cells, Rho activity regulates 
the actin cytoskeleton organization and the 
actomyosin II contractility (Hanley  et al., 
2020). TsrGAP8 showed about 33-52% of 
identity with human and pig homologous 
isoforms and it could be a therapeutic target 
due to this sequence difference (48-67%).

In the GenBank, there is a putative 
vacuolar ATPase membrane sector associat-
ed protein of T. solium, with 98.5% of iden-
tity to TsAAP8, which have been described 
by Brehm  et al. (2002), but it has not been 
characterized. TsAAP8 protein could be an 
isoform due to the slight difference between 
amino acid sequences (1.5%). Few B epi-
topes were predicted with high probability 
from three molecules of a T. solium cDNA 
library. Even though they do not seem to 
be as other antigenic molecules, their eval-
uation as possible candidates might be rel-
evant for diagnosis and protection in cys-
ticercosis. The principle that housekeeping 
and structural proteins do not work well as 
antigens has long been sustained. Most of 
housekeeping proteins are inner proteins 
and are shown to the immune system in the 
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late stages of infection, after parasites lysis. 
Furthermore, the fact that most of these pro-
teins are highly conserved, sustains the idea 
that such proteins should not be good anti-
gens. However, some studies with this type 
of proteins showed that they are able to gen-
erate a robust immune response in the host 
(Cook  et al., 2004; Morillo  et al., 2020). 
TsTF10 and TsAAP8 proteins could be used 
in the diagnosis and/or protection studies 
since more B epitopes were predicted.

Although there is a Taenia solium 
genome project (Tsai  et al., 2013) and the 
sequences of all the genes are there, there 
are no published studies on the molecules 
TsTF10 and TsrGAP8. At the National Au-
tonomous University of Mexico, a consor-
tium of numerous laboratories carried out 
a sequencing project for T. solium. They 
have reported that most of the expressed se-
quence tags (ESTs) of T. solium are related 
to gene regulation, and signal transduction. 
Other important functions are cytoskeleton, 
housekeeping, cell division, metabolism, 
hormone response, vacuolar transport, pro-
teases, and extracellular matrix activities 
(Tsai  et al., 2013). These functions and ac-
tivities are essential to the adaptation to par-
asitism which is according to the possible 
functions of the three molecules described 
in this work. 

The characterization and analysis of 
these sequences and the prediction of their 
possible usefulness as antigens, vaccines, or 
therapeutic targets, contribute to the desig-
ning and planning of future studies.

Conclusions

The spliced leader-PCR screening of a 
T. solium cDNA library is a helpful strategy 
to obtain molecules from cDNA libraries. 
The TsTF10, TsAAP8, and TsrGAP8 genes 

of Taenia could act as a nuclear transcription 
factor gamma, a putative vacuolar ATPase 
membrane sector associated protein, and a 
Rho GTPase activating protein, respecti-
vely. The characterization and analysis of 
these sequences and the prediction of their 
possible usefulness help to design and plan 
future studies.
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