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Abstract: Anthelmintic resistance detection of ruminant gastroenteric parasitic nematode Heamonchus
contortus, can be achieved by molecular probes and DNA amplification assays, this advanced methodologies
are faster and cheaper to apply than conventional bicassays, however for better accuracy of a DNA-based
test, it is necessary first to clarify the details of the molecular mechanisms underlying anthelmintic resistance.
P-tubulin is Benzimidazoles (BZ) anthelmintic target, several anthelmintic detection methods rely on the
identification of mutations within the coding gene leading to BZ tolerance or resistance. H. contortus, B-tubulin
genes are highly variable and new alleles are frequently detected in small ruminant livestock infected with this
parasite. This research was done with the objective to identify geographical allelic variants of B-tubulin genes
in Mexican H. contortus tield isolates. Specific DNA was obtained from the nematodes by RT-PCR starting from
mRNA, amplicons were cloned, submitted to automate DNA sequencing and translated to aminoacid (aa)
sequences that were analyzed by multiple sequence alignment software and compared agamst sumilar
nematodes proteins reported at the GenBank. Six allelic variations were 1dentified in the analyzed sequences
one at aa position 200 conferring a change from Phe to Tyr regarded as responsible for BZ resistance in
H. contortus. Five more allelic variations not previously identified were found at position: 64, Val to Ala., 170
Val to Ala., 190 His to Glr,, 198 Asp to Glu and 343 Asp to Glu, this findings corroborate the allelic variability
of H. contortus P-tubulin and highlight the necessity to identify new geographic alleles useful for DNA-based
anthelmintic resistance assays.
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INTRODUCTION

Anthelmintic resistance is widely spread among
grastroenteric parasitic nematodes including A. contortus,
this phenomenon neutralizes the control efforts of
significant helminth parasites originating an adverse
economic impact on the affected livestock industries
(Jabbar et af, 2006). Small ruminants are particularly
susceptible with a relevant mncidence on wool, meat and
milk production (Coles ef al., 1992). The scientific search
for the molecular basis underlying this problem lead to the
finding that Benzimidazole (BZ) resistance mechanisms in
gastroenteric helminth parasites are caused by mutations
in B-tubulin genes, this protein is the intracellular target
for BZ compounds, BZ interfere with P-tubulin
polymerization into microtubules by binding to the
protein altering the mitotic phase during cell replication

{(Hollomon et al., 1998). B-tubulin gene expression shows
different 1sotypes mn nematodes each with different
affinities to BZ binding, these genes have demonstrated
to be highly variable from one geographical region to
another leading to a constant identification of new alleles
conferring resistance against BZ (Beech er af,, 1994).
Mutations on B-tubulin DNA sequence originate changes
in the aminoacid sequence altering the structural
properties of the protein observed in resistant 1solates of
H. contortus (Ghisi et al., 2007). Some studies have
demonstrated that BZ resistance in trichostrongylid
nematodes are related to a particular mutation in the
B-tubulin gene at aminoacid (aa) 200, this mutation
produces an aa substitution of a Phe in the BZ
susceptible nematodes to Tyr in BZ resistant
(Beech et al., 1994, Humbert et al., 2001; JTabbar et al.,
2006). Resistance against BZ m a number of nematode,
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fung and sothe protozoa species has been shown to be
cauged by aa substitutions at either posiion 167 or 200 of
p-tubndin (Hollomon ef al, 1998; Silvestre and Humbert,
2002y In general evkaryotes that normally code for
tyrositne instead of Phe at codon 167 and 200 appear to be
upiformly tolerart for BZ ina form that otherwise, would
affect mitotic cell replication (Hollom o ef ol ., 19987, The
knowledge of the molecdar basis of the BZ resistance,
allowred the development of D A-based methods for the
diagnosis of BZ resistance in worm populations since
DHA pont mutdions and allelic variations are straight
fordward and easy to iderdify with a well designed
protocol (G eary of &f , 1993, Bilvestre and Humbert, 2000,
2002, Walsh ef &, 2007). In addition to its dlagnostic
value, resistance detection by D A-based methods,
makes it possible to study resistance traits with
implications for the managem ent of resstance in relation
to avoldance of selection of resistant worms and a rational
administration of different athelmintic com pounds based
ot a scientific judgment (Tabbar f &, 20067,

MATERIALS AND METH OD'5

Twro Hasmovechus covforfus  field isclates
previously reported were used (Campos ef 2, 1990,
Miranda-IMiranda & al, 2006), one resistant to
henmmidazoles named BEzRHe; the other one is resistant
to ivermectin named IvEHe. Total BENA was isolated
from 50,000 L3 larvae using RHA agueous according
to  marnfacturer’s  instractions  (Ambion).  REeverse
Transcriptase PCR (RT-FCE) cDHA was derived from
total BN A using first strand cDHNA Amplification Kit
(Ambiog), the cDNA was usedin a PCR reaction with a
forerard digonaclectide primer 5-ATGCGTGAAATC
GTTCATGTG-37 and the reverse oligommcleotide prim et
SLCTOCTCOOGATATGCCTCTTC-3, cligonucleotides
were designed to amplify the H comforfus P-tubulin
DH& sequence treported at the Genbank database
(&ccession Mo HAEBTUBC, Geary ef af ., 1992,

The cyeling conditions were 3472 for 4 minfollowed
by 25 cydes of 94% for 45 sec, 61°C for 45 sec, 72°C
for 1 min and a 4°C hold in a Jprint thersmal cycler
(Thermo Scientific T3A). The PCR ampliconwas werified
by 1% agarose electrophoresis in 13 TBE buffe
(Shamtrock and Russel, 2001). Amplicons were cloned
directly into plasmid pCRID using the TATOPO cloning
grstem  (Invittogen U3A), plasmids were used to
transform B coli HC101 bacteria and plate them on Luria
agat plates (Sambrook and Russell, 20017, Individual
coloties were used to seed 5 mL Luna hwoth, where
bactetia were allowed to grow & 3770 with agitati on for
18k, bacteria cell pellets were collected by centrifingation
atid subjected to a plasmid izolation protoca vsing a
cotmnercial kit (Wizard Promega T3 A). Plasmids were
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soreetied for cloned amplicons by Eco BRI restriction
etgyitie digestion of the plasmid DNA insertions were
vetified by 1% agarose electtophoresis (Sambrook atd
Fussell, 20017,

Plasmids were submitted to maclectide sequencing
reactions, catried owt by Dwe Terminatoer Crycle
Sequencing Feady Reaction (FE Applied Biosystems)
atud autom ated sequencing (ABI PRE3M MMode 3734 or
2BA Wodel 377 autom ated sequencer with Verson 122
of Wersion 2.1.1 software, respectively) were carried oat
by the Institute of Biotecknology THAM. The obtained
sequences were aalyzed using the omline DHA
sequences software analyss at the National Center for
Biotechnology Information of the Mational [nstitste of
Health HOBIAIH (wrwnw nchindh go0v), in search for an
Cpen Reading Frame (OFRF), identified ORF's were
trandlated to aa sequences and subjected to BLAST
sitmilarity searches (Altschnl ef al., 1997) and search for
phylogenetic matches compared to  the GenBank
sequenices database. Translated aa sequetices were
aligned against Prtutnalin gene sequetices of H. conforfus
(GenBark accession mumber HAEBTUBC) using the
Geneworks® 2,45 mualtiple secuence aligrom ent progratn
(Intelli geretics California TS 4.

RESULTS

Two 134 Kbp were obtained from the RT-PCE
teacion on both samples of nematodes (Fig 1) Cloned
products in the PCRIT plasmids were identified also as
1.34 Ebp from the Eco B restriction erzyme analysis
(Fig 17 Hucleotide sequencing and subsequent sequence

Fig 1. Agarose DHA electrophoresis. RT-PCR 1.34 Khp
atmplicotis from nematodes BzReHe and IvEeHe
were identified at lane 1 and 2, respectively
Secuencing plasmid Cloned RT-PCE products
were subjectedto EcoR1 digestion analysis lanes
3 and 4. Ve stands for PCR 1T VW ectar, C1 stands for
Cloned RT-PCRE products. Lane 3 contans
Dlolecular weight references



Fig. 2:

Fig. 3:

J. Anim. Vet. Adv., 7 (1): 27-31, 2008

A

Segquences producing significant alignments:
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gb[ABM92349.1

emb |CAA93249.1

Haemonchus contortus

Blast query and phylogenetic tree. A. ORF found in the raw DNA data from the automated sequence reaction
was submitted to a BLAST query, the best matches were found at the GenBank database for -tubulin from
the nematodes: Haemonchus contortus (AAB28077, CAA56353, ABM92348), Cooperia oncophora
(AAP20434), Cooperia pectinata (ABM92349), Teladorsagia circumcicta (CAA93249). B. Best matches
from the BLAST query were depicted in a phylogenetic tree, relative distances between sequences within the

tree, represent similarities
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analysis and aminoacid (aa) translation produced a
1.34 Kbp nucleotide sequence with a complete ORF
translated to a 448 aa sequence. Blast analysis showed
high homology with reported H. contortus P-tubulin
isotype T (GenBank accession numbers: AAB28077,
CAAS6353, ABMO92348) as well as with analogous
proteing  of the nematodes: Cooperia oncophora
(AAP20434), Cooperia pectinata (ABM92349) and
Teladorsagia circumcicta (CAA93249) (Fig. 2). Sequence
analysis demonstrated 3 nucleotide substitution for
IvReHc nematodes originating aa changes at, 170, Val to
Ala., 190 His to Gln and 343 Glu to Asp, as well as three
nucleotide substitutions in BzReHe nematodes with aa
changes at 64 Val to Ala, position 198 Glu to Asp and 200
Phe to Tyr (Fig. 3).

DISCUSSION

The mutation involved in BZ resistance which causes
the replacement of a phenylalanine by a tyrosme at
aminoacid (aa) residue 200 of p-tubulin gene, occurs in
about 60% of resistant nematodes (Ghisi ez al., 2007) this
mutation is an easy target for a DNA-based BZ resistance
detection and allele-specific PCR makes it possible to
determine the BZ resistance genotype of ruminant
gastroenteric worms (Silvestre and Humbert, 2000, 2002;
Walsh et al., 2007). This DNA based assays has been
applied for anthelmintic resistance diagnostic purposes
on the three most prevalent trichostrongylid species:
Teladorsagia circumcincta, Trichostrongilus
colubriformis and Haemonchus contortus, in order to
establish their BZ resistance or susceptibility (Silvestre
and Humbert, 2000, Walsh e al., 2007).

However, the accuracy of a DNA based diagnostics
for BZ resistance 1s compromised for the fact that
B-tubulin is highly variable and polymorphic, for that
reagson continuously new alleles are found including
B-tubulin allelic variants not previously reported that
are likely candidates to confer BZ resistance (Beech et al.,
1994) one mutation have been recently reported in
H. contortus P-tubulin gene producing an aa change from
Glu to Ala in position 198 in South African H. contortus
(Ghisi et al., 2007). Owr BzReHc nematodes showed an aa
change at aa position 200 of Phe to Tyr which 1s
consistent wit BZ resistance in our BzReHe nematodes.
Another nearby as substitution was spotted at position
198 this position is similar to allelic variant reported for
BZ resistant South African H. contortus (Ghisi et al.,
2007) but Mexican nematodes showed a substitution
from Gln to Asp instead of Ala, this change in Mexican
nematodes implicates the substitution of an acid aa for
another with similar properties, since BzReHc nematodes
are already BZ resistant it is difficult to ascertain this aa
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198 mutation roll on the anthelmintic phenomenon
without an extersive bioassay or phenotyping, however
it does demonstrates the necessity to do more research on
geographically new allelic variants.

Another aa that may confer BZ resistance was
spotted on the BzReHc at position 64 from Val to Ala; this
implicates a neutral aa for another one with similar
properties, substitution for similar aa may not represent a
significant change for conferring anthelmintic properties,
yet indicates the ligh tendency for aa substitution in
the P-tubulin gene of gastroenteric parasites. TvReHc
nematodes are not resistant to BZ compounds,
nevertheless they are Ivermectine resistant a type of
anthelmintic resistance not related to P-tubulin. Our
results showed no aa substitution at Phe 200 which is
consistent with the absence of Bz resistance, still three aa
substitution were found at position 170 were a Val was
changed for Ala, at aa position 190 were His was changed
to Gln and at position 343 were Glu was change to Asp,
only 170 and 343 substitution are not relevant since
changes were made for similar aa, however substitution
190 18 relevant since lustidine 1s a sulfur bridge generating
aa and a change for an acid aa should confer an important
structural difference, only further biochemical assay could
demonstrate the relevance of this aa change in P-tubulin
function or protein structure.

DNA-based anthelmintic resistance detection in
H. contortus depends on an accurate previous knowledge
of B-tubulin allele distribution on the geographic location
were the survey will take place. A highly variable gene like
B-tubulin requires a constant genotyping to maintain an
up to date catalog of BZ resistance allelic geographical
distribution (Walsh et al., 2007), only 60% of the
gastroenteric parasites BZ resistance can be predicted by
the amino acid 200 of the B-tubulin gene (Silvestre and
Humbert, 2000, 2002) our work may help to determine new
allelic variants in order to increase the diagnostics
probabilities for a DNA-based assay dedicated to BZ
resistance identification in H. contortus.
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