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ABSTRACT

Theileriosis is a blood-parasitic disease of domestic and wild animals causéthhileria
annulata. Although the disease course varies in severity, it is most often fatal. Theileriosis is endemic
to the southern regions of Kazakhstan, and the main means of combatting the disease are accurate
diagnosis and appropriate treatment. In this regard, the timely detection of infection is a critical
step in initiating preventive measures. Polymerase chain reaction (PCR) allows for the detection
of latent carriage of the parasite with higher sensitivity than classical microscopic detection. The
aim of this work was to determine the optimal parameters of PCR for detecting annulata DNA
using the enolase (ENO) gene as a diagnostic target. Selected primers at the estimated rates of the
PCR revealed the presence ofT. annulata in 4 of 18 DNA samples isolated from ticks. Subsequent
optimization of the conditions increased the efficiency of PCR. The specificity of the developed
protocol was confirmed by direct sequencing of known positive samples. This optimized method is
expected to improve diagnosis at an early stage of infection to allow for timely treatment and a better

outcome.
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INTRODUCTION

Theileriosis - an animal disease caused by the
hemoparasites of the genus Theileria [1]. Theileria
is a genus of parasitic protozoa of the spore family
of Theileriidae. They parasitize in the cells of the
reticuloendothelial system and in animal red blood
cells. A number of Theileria species that cause thei-
leriosis disease are: in cattle - Theileria annulata,
Theileria parva, Theileria mutans, Theileria dis-
par, Theileria sergenti; in sheep and goats - Thei-
leria ovis, Theileria hirci, Theileria recondita; in
reindeers - Theileria tarandi-rangiferis; in deers -
Theileria cervi. Blood-sucking ixodid ticks are car-
riers of theileria pathogenes [2]. These pathogens
have several characteristics that make them unique
among the most known Apicomplexa. Theileria ge-
nus is characterized by infection of leukocytes with
sporozoites, maturation of schizonts in merozoites,
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and subsequent infection of red blood cells with the
formation of pyroplasmas [3]. Unlike many api-
complexas, these pathogens are located in the host
cytosol, and not inside the parasitophorous vacuole.
Theileria are two-host parasites: the first definitive
host is invertebrates: blood-sucking ixodid ticks, in
them pathogens breed by schizogony and sexually.
The second intermediate host is vertebrates: cattle,
buffaloes, zebu, yaks; in them Theileria pathogens
reproduce asexually: by multiple division (schizog-
ony) and simple division (monotomy) [4, 5, 6].

The occurrence of the disease is limited by
the geographical distribution of the respective tick
species. In some endemic areas, livestock has a
fairly high degree of innate resistance. Mortality
in these areas is relatively low, but imported cattle
are particularly wvulnerable [7]. In Kazakhstan,
theileriosis is recorded in the southern regions:
South Kazakhstan, Zhambyl, Kyzylorda regions,
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which are permanently disadvantaged localities [8,
9,10, 11].

As a rule, the diagnosis of hemoparasites is
based on an analysis of a blood smear. [12]. How-
ever, this method is non-specific, accompanied by
some technical problems and, in some cases, is not
possible due to the low level of parasitemia [13].
Molecular methods such as polymerase chain re-
action (PCR) are much more sensitive and help to
differentiate the infection at the level of species and
subspecies [14], to detect theileriosis in the clinical
stage (pyroplasma in red blood cells) and the carrier
stage (schizont, myrogonium, myrozoyte) in lym-
phocytes [15].

The endemicity of theileriosis in the southern re-
gions of Kazakhstan against the background of free
movement of animals with low control of blood-par-
asitic diseases creates the risk of the formation of
new pesthole and aggravation of the situation in en-
demic regions. Diagnosis is an essential element in
epizootological monitoring and disease control. In
this regard, the goal of this work was to develop a
PCR protocol to detect Theileria annulata.

Materials and methods

18 samples of ixodid ticks collected as the stud-
ied material in May 2019 from cows contained in pri-
vate courtyards of settlements of the South Kazakh-
stan, Zhambyl, and Kyzylorda regions were used.

Ticks were pre-homogenized in microtubes
with a metal pestle, 400 pl of lysis buffer (from the
«DNA-sorb-By kit, InterLabService, Russia) were
added to the tubes, carefully vortexed and incubated
at room temperature for 12 hours. DNA was isolated
according to the «DNA-sorb-B» kit protocol. DNA
concentration was determined spectrophotometri-
cally using a NanoDrop1000 spectrophotometer.

Specific primers were selected and tested using
PrimerSelect (DNAStar), BioEdit, and PrimerBlast
(NCBI) web resource. In this case, the main pa-
rameters were taken into account: close annealing
temperature of the forward and reverse primers, the
length of the primers from 18-25 bp, and the low
probability of the formation of secondary structures.

Designed amplification conditions with selected
primers Eno_T.anul F-270 and Eno_T.anul R-720:
the reaction mixture contained 15 pmol forward
and reverse primers, 10 mM Tris-HCI (pH 8.8 at
25°C), 50 mM KCl, 0.08% (v/v) Nonidet P40, 2.5
mM MgCl,, 200 nM each dNTP, 2 Unit Tag DNA

polymerase (Alpha ferment, Russia); PCR was per-
formed on a Mastercycler pro (Eppendorf) thermal
cycler with simulated cycling conditions for the
Mastercycler gradient, the program included a pri-
mary denaturation of 95°C for 3 minutes; 42 cycles
with denaturation at 95°C for 30 seconds, anneal-
ing of primers at 60°C for 40 seconds, elongation
at 72°C for 50 seconds, final elongation of 72°C — 5
minutes.

Optimization of PCR was performed by anneal-
ing temperature of the primers and the concentration
of magnesium in the working mixture from 1.5 mM
to 3 mM in increments of 0.5 mM. The reaction mix-
ture included 15 pmol of forward and reverse prim-
ers, 10 mM Tris-HCI (pH 8.8 at 25°C), 50 mM KClI,
0.08% (v/v) Nonidet P40, 200 nM of each dNTP, 2
Unit Tag DNA polymerase (Alpha-enzyme, Russia).
SyberGreen I nunleic (Sigma, S9430) was used as
an intercalating dye in a final dilution of 0.003 fold.
The PCR program included primary denaturation at
95°C for 3 minutes; 42 cycles with denaturation at
95°C - 30 seconds, annealing of primers in a gradi-
ent from 56°C to 65°C - 30 seconds, elongation at
72°C - 45 seconds, taking into account the results at
78°C - 10 seconds. Amplification was performed on
a CFX96 Touch Real-Time PCR Detection System
(Bio-Rad) thermal cycler.

The amplified target DNA fragments were ana
lyzed on a 1.5% agarose gel in the presence of ethid
ium bromide. As the electrode buffer 1x TAE buffer
was used. The results were documented using the Gel
Doc gel documentation system (Bio-Rad) with Quan-
tityOne software (Bio-Rad). As a molecular weight
marker «DNALadder 1kby» (Fermentas) was used.

Purification of PCR products from unbound
primers and dNTPs was carried out by the enzy-
matic method using Exonuclease I (Fermentas) and
alkaline phosphatase (Shrimp Alkaline Phospha-
tase, Fermentas). The sequencing reaction was car-
ried out using the BigDye® Terminator v3.1 Cycle
Sequencing Kit (Applide Biosystems) according to
the manufacturer’s instructions, followed by frag-
ment separation on a 3730x] DNA Analyzer (Ap-
plide Biosystems). Nucleotide sequences were an-
alyzed and combined into a common sequence in
SeqMan software (DNAStar). After that, terminal
fragments (nucleotide sequences of primers, frag-
ments having a low quality index) were removed.
To build a phylogenetic tree, MEGA 5.0 was used;
sequence alignment was performed according to the
ClustalW algorithm.
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RESULTS

In the present study, the ENO gene, which is re-
sponsible for coding the enolase enzyme, was cho-
sen as a diagnostic target. Apicomplexans are lack of
aerobic metabolism system and, therefore, anaerobic
glycolysis is the only source of energy generation
[16]. Enolase (2-phospho-D-glycerate hydrolase) is
an essential dimeric glycolytic enzyme that acts as a
catalyst for the interconversion of 2-phosphoglyce-
ric acid and phosphoenolpyruvate during glycolysis
[17]. The nucleotide sequence of this gene is hyper-
variable and the identity among Theileria subspe-
cies constitutes 76.5% [18]. A representative sam-
ple was generated from the NCBI database, which
consisted of 17 ENO gene sequences of the order of
Piroplasmida, of which 8 were Theileria spp and 9
were Babesia spp. Nucleotide sequence alignment
was performed using BioEdit software. As a result

1 2 3 4 5 &6 T 8B 92 10 11

SRR DT EL LT TNT | P

of the analysis of aligned nucleotide sequences, the
most conserved regions were selected in all repre-
sentatives of Theileria annulata but variable in the
remaining species. Primers Eno_T.anul F-270 and
Eno T.anul R-720 were selected for these sites.
When tested in PrimerBlast software (https:/www.
ncbi.nlm.nih.gov/tools/primer-blast/), the primers
were strictly specific to the target gene; the average
calculated annealing temperature of the primers was
59°C and did not differ between the primers by more
than 1°C. The size of the amplified region is 451 bp
which allows verification of specific annealing by
direct sequencing method.

To identify Theileria annulata DNA for sub-
sequent optimization of conditions, PCR was per-
formed with the calculated conditions and with
DNA isolated from 18 ticks. As a result, a specific
PCR product with an expected size of 451 bp was
detected in 4 samples (figure 1).
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Fig. 1. The results of PCR analysis of DNA samples

PCR products were sequenced and the obtained
nucleotide sequences were used for phylogenetic

analysis with enolase (ENO) gene sequences from
various species of the order Piroplasmida (figure 2).
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Fig. 2. Phylogenetic tree
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As follows from the results of phylogenetic anal-
ysis, the sequence of samples 1, 8, 11, 16 clustered
on the same branch with Theileria annulata. The data
obtained confirm the specificity of the annealing of
the used primers for the Theileria annulata enolase
(ENO) gene. Tick DNA samples Ne 1, 16, 8, and 11
were combined into a pool for subsequent use in opti-
mizing the conditions for PCR formulation.

The main variable component of the reaction
mixture was the concentration of magnesium ion, which
was determined in the range of 1.5-3.0 mM in increments
of 0.5 mM at a temperature gradient from 56°C to
65°C. At a magnesium concentration of 1.5 mM and
2 mM, specific annealing was observed over the entire
temperature gradient. With an increase in magnesium
concentration to 2.5 mM - 3.0 mM, a weak yield of
the PCR product was observed during electrophoretic

analysis. At a magnesium concentration of 1.5 mM, in
contrast to 2 mM, there were no significant differences
in PCR efficiency over the entire temperature gradient,
as evidenced by the range of CT (cycle threshold: +- 0.5
cycles from the average value. Nevertheless, the final
fluorescence at the plateau level was different for the
samples. The lowest level of fluorescence was observed
in the wells with an annealing temperature of 56°C and
65°C. When electrophoretic accounting, it is seen that at
low annealing temperatures (61.7-56°C), the formation
of shimmers with a molecular weight of up to 200 bp
is observed. Thus, the annealing temperatures of the
primers 63.5°C and 64.5°C (on average 64°C) and the
concentration of magnesium ions of 1.5 mM were the
most optimal values for the pair of primers Eno T.an-
ul F-270 and Eno_T.anul R-720. The results are shown

in figure 3.

Amplification
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Fig. 3. Optimization of annealing temperature of the Eno_T.anul_F-270 and Eno_T.anul_R-720 primers and the concentration
of magnesium ions in PCR mixture

Thus it was determined the final version of the
PCR protocol: the reaction mixture contained 15
pmol forward and reverse primers, 10 mM Tris-
HCI (pH 8.8 at 25°C), 50 mM KCl, 0.08% (v/v)
Nonidet P40, 1.5 mM MgCl,, 200 nM each dNTP,
2 Unit Taq DNA polymerase; the program included
a primary denaturation of 95°C for 3 minutes; 42
cycles with denaturation at 95°C for 30 seconds,
annealing of primers at 64°C for 30 seconds, elon-
gation at 72°C for 50 seconds, final elongation of
72°C — 5 minutes.

DISCUSSION AND CONCLUSION

As a result of this work, a PCR protocol was
established to detect Theileria annulata DNA using
the enolase (ENO) gene as a diagnostic target. By
analyzing the nucleotide sequences of Theileria spp,
the design of a pair of primers (Eno_T.anul F-270
and Eno T.anul R-720) was established, which,

when tested in the Primer Blast web resource, were
strictly specific to the target gene. PCR analysis of
the taken DNA samples of 18 ticks showed positive
results in four DNA samples. Sequence of PCR prod-
ucts correspond to 97-100% of the species Theileria
annulata. As a result of optimization of the PCR
formulation protocol, it was found that the optimal
annealing temperature is 64°C, with a concentration
of magnesium ions of 1.5 mM.

The data obtained can be used in the develop-
ment of methods for genetic diagnosis and preven-
tion of bovine theileriosis.
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THEILERIA ANNULATAAHBIKTAYT' A APHAJITAH IITP
XATTAMACBIH OHTAWJIAHJIBIPY
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TYUIH

Teiljiepno3 — aypyabIH aybIPJBIK JeHreii JPTYPJIi, KON Karaaiaa MaJAbIH 6JIiMIH TYAbIPpaThIH
YH K9He kadaiibl JKaHyapJapAblH KaHNapa3uTapJblK aypybl. by aypy KazakcTaHHBIH OHTYCTIiK
OHipJiepiHe PHAEMHSUIBIK cUNaTTa 00Jbin Tab0buLIaabl. EjiMizne Teitjiepno3 aypybiMeH Kapchbl
KYPeCTiH Heri3ri ic-mapajgapbiHa JHATHOCTHKA MeH eMmJey KATKbI3blLIaabl. OcblFaH opaid,
HH}eKUNSAHbI YaKbITBIHAA aHBIKTAY aypyAbIH AJIBIH aJIy HIapajapbIHAAFbI HeTi3ri KypaJ 00JibIn
TabbL1aabl. [loaumepasabl Ti3oekTi peakuusi (IITP) aypyabiH KacbhIpbIH KYPYIH aHBIKTayFra
MYMKIiHAiK Oepeli, COHbIMEH Karap OyJ 3dic KJACCHKAJIBbIK MHUKPOCKONMSJIBIK 3epTTeyJiepMeH
CAJIBICTBIPFAHAA JKOFApbl ce3iMTaJAbIKKa He. Ocbl KYMBICTBIH MAaKCAThl JIHATHOCTHKAJBIK
HbIcaH peTiHae enolase (ENO) renin xkoanany apkbuibl Theileria annulata JHK-cbiH aHBIKTAY
ywid IITP ananu3inin oHTaiasl napamerpiepin anbikTay 00abl. [ITP peakuusicblHBIH ecenTik
KepceTkimTepi Ke3inae ipikrenaren mnpaiimepJgep Theileria annulatako3abIPFBIIIBIH KeHeIEH
o0eainren 18 IHK chinamanapbiHbIH 4-iHe aHbIKTayFa MyMKiHaik Oepai. Keseci oHTaiinanabipy
mapagapsl IITP TriMaitirin aprTeipabl. O3ipJeHreH XaTTaMaHbIH 03remlelIiri OH ChbIHAMAJIAPAbI
TiKeJlell CeKBeHHUPJIey apKbLIbI PacTaJAbl.

Herisri ce3aep: Teiliepuo3, ukcoarsl kene, [ITP, cekBenupJiey, puaioreHeTHKAJBIK TAJAay.
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ABCTAKT

Teltmepnos - KkpoBonapasurapHoe3aboneBaHe JOMAITHNX M AUKUX )KMBOTHBIX, C Pa3HOV CTETICHBIO
TSKECTU TeUeHN A, HepefKo MpUBOJsALIee K IeTaTbHOMY MCX0ny. 3abo/meBaHue SHAEMIUYHO B I03KHBIX
pernonax Kasaxcrana. OcHOBHBIMM cpefcTBaMi GOpbOBI ¢ KPOBOMAPa3UTAPHBIMU MHPEKIUAMU B
KasaxcraHe AB/IseTCA IMAarHOCTUKA M IeYeHNe. B CBA3M € 9TUM, CBOeBpeMEeHHOE BbIsBIeHUe MHDEKINI
ABNIAETCAKPUTIYIECKI BaXXKHBIM 3TallOM BIIponeccenpodmmakrinaecknxmeponpuaruit. [lommmepasnas
nenHasa peaknyus (IIITP) mo3BonsgeT BBIABIATH CKPBITOE HOCUTETHCTBO M 00magaeT 6onee BBICOKOI
YyBCTBUTETbHOCTbIO B CPABHEHUM C KTACCUYECKIIMU MUKPOCKONIYeCKMMI nccnegoBanuamu. Ienbio
HAaCTOALIeN paboThI 6BIIO ONIpefe/IeHNe ONITUMATbHBIX HapaMeTpoB moctaHoBKy ITIP nyis BoisiBIeHNs
IOHK Theileria annulata, c icnonb3oBaHMeM B KaueCTBe TMArHOCTMYECKOi MulieHnrena enola{ENO).
INogo6panubie mpaiiMepsl npu pacyéTHbIX moKasarensax IIIP peakuuu nossomm BeiaButhb Theileria
annulata B 4 n3 18 o6pasuos [THK, Brigenennbix us kinemeit. [locnegyromas onTuMusanus ycuoBuit
nosbicuna 3¢dextusHocts IIIP. CrnenmpuynocTts pa3spaGoOTaHHOTO NPOTOKONA MOATBEpKAeHA
NPAMBIM CEKBEHNPOBAaHIEM OTOKUTETbHBIX 00pa3IoB.

KnroueBbie crmoBa: Teiiepnos, ukcopmoBsii kinemy, IIITP, cekBennmpoBanue, ¢pumroreHeTmyecKui
aHaIus3.
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