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Abstract

Bovine leukemia is an infectious lymphoproliferative disease in cattle caused by the bovine
leukemia virus (BLV). Production losses associated with BLV include increased cull rates, decreased
milk production, or reduced fertility. Serological tests are used for diagnosis of BLV, of which the
most sensitive is enzyme-linked immunosorbent assay (ELISA). Capsid p24 protein is a diagnostically
important antigen of the BLV. The gene of p24 protein was cloned into pET-28 plasmid vector. The
recombinant p24 antigen was obtained by using Escherichia coli ArcticExpressRP(DE3) pET-28/p24
strain. The total yield of the purified p24 protein was 76 mg. Testing of the recombinant p24 protein on
control sera showed that the p24 binds to positive control sera and has high antigenic activity. The pilot
testing of the recombinant p24 protein on 48 animal samples resulted in 83% positive and 17% negative.
The results indicate that the recombinant p24 protein is promising in enzyme-linked immunosorbent
assay for the diagnosis of bovine leukemia.

Keywords: bovine leukemia virus, antigen, ELISA, retrovirus, DNA, recombinant protein,
expression

Introduction

Bovine leukemia is an infectious and above), UV radiation, under the influence of
lymphoproliferative disease in cattle caused by ultrasound. Virus contain external glycoprotein
the bovine leukemia virus (BLV) [1,2]. A feature and internal polypeptide antigens. Glycoprotein
of this disease is that the majority of animals antigens have hem-agglutinating activity and
remain constantly infected without any external induce the formation of virus neutralizing
signs of infection. Approximately 29% of BLV- antibodies that protect animals from infection.
infected cattle develop persistent lymphocytosis, Polypeptide antigens induce the formation of
while less than 5% of BLV-infected cattle develop precipitating and complement-binding antibodies.
lymphosarcoma [3]. Production losses associated BLYV strains are related to each other, but differ
with BLV include increased cull rates, decreased from other retroviruses and viruses of other genera
milk production, or reduced fertility [4-6]. The in antigenic properties, morphogenesis, formation
economic impact of BLV infection is also related in monolayer cell cultures, and the property of
to restrictions on commercialization between reverse transcriptase.
countries in the field of animal husbandry. The virus is localized in the lymphoid cells of

Bovine leukemia virus belongs to the various organs, although it can be detected only in
Retroviridae family, Oncovirinae subfamily, acolostrum and a milk. Structural proteins of BLV:
Oncovirus genus. Viruses are spherical, 40-90 gp51 (Env) and p24 (Gag) have diagnostic value
nm in size and consist of a nucleicapsid with and are present in cow's milk exosomes from BLV-
a cubic type of symmetry and a lipoprotein infected cattle [7]. In cells of infected animals, the
shell that forms protrusions on the surface. The virus persists for life. In infected lymphocytes
nucleotide contains a diploid genome, represented (in provirus stage), the virus is protected from
by two single-stranded linear RNA molecules. the action of neutralizing antibodies and can be
The virus is unstable to environmental factors transmitted to offspring during cell division. A
and is inactivated at high temperatures (56 °C provirus can change the expression of a cell's
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genes, which leads to its transformation and the
development of a tumor stage of leukemia.

The diagnosis of leukemia is made based
on epizootological, clinical, pathological data
and laboratory results, which play the main role.
Serological tests are used for diagnosis, of which
the most sensitive are agar gel immunodiffusion
(AGID) and enzyme-linked immunosorbent assay
(ELISA). They allow the detection of specific
antibodies in infected animals from 6 months of
age and older. ELISA is used to detect specific
antibodies in blood serum, milk and colostrum.
Diagnostic kits for indirect and competitive ELISA
variants are used. This method allows large-scale
studies of epizootic leukemia in cattle herds.
Seropositivity can serve as a reliable indicator of
infection, since animals infected with the BLV
develop a stable immune response characterized by
a high titer of antibodies directed both to the gp51
envelope glycoprotein and to the capsid protein
p24 [8]. AGID and ELISA are diagnostic tests
approved by the World Organization for Animal
Health, and both are accepted as recommended
diagnostic methods for sanitary services. Both

Materials and methods of research

Strain and vector

To express the p24 gene of the bovine leukemia
virus, the Escherichia coli ArcticExpress(DE3)RP
strain with genotype ompT hsdS(rB — mB—) dem+
Tetr gal M(DE3) endA Hte [cpnl0 cpn60 Gentr]
[argU proL Strr] was used. Plasmid pET-28/p24
from Biobank NCB was used as an expression
vector.

Mediums

The Lennox Broth (LB) (1% tryptone, 0.5%
yeast extract, 0.5 % NaCl, pH 7.5) and Super
Optimal Broth (SOC) (2% tryptone, 0.5% yeast
extract, 0.05% NacCl, 2.5 mM KCl, 20 mM MgSO4,
20 mM glucose, pH 7.5) were used. Preparation
of media was carried out in accordance with the
Maniatis protocol [22].

SDS-PAGE and determination of protein
concentration

SDS-PAGE was performed as described
by Laemmli [23] in 12% polyacrylamide. The
gel was stained with 10% acetic acid in 50%
ethanol containing 2% Coomassie Brilliant Blue
R-250 (AppliChem, Darmstadt, Germany) for
2 h. The gel was destained in 7.5% acetic acid
with 25% ethanol. The results were analyzed
using the molecular weight marker - Pierce
Unstained Protein MW Marker (Cat.#26610,
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methods are a good diagnostic tool in BLV
serological diagnosis [9-11].

Capsid protein of BLV —p24 is a diagnostically
important antigen of the virus [12, 13]. This
antigen with gp51, is actively used as a marker for
diagnosing diseases in cattle and in experimental
studies to study the resistance of BLV to antibodies
and the action of H202. [14,15]. The activity of
human immunoglobulins against the p24 capsid
protein was used to detect antibodies in human
serum [16]. Obtaining natural viral p24 antigen
seems to be a laborious and costly work, however,
the use of recombinant DNA technology makes it
possible to effectively solve this problem.

To obtain antigens in retroviral serology,
recombinant technology is used: the expression of
gp51 and p24 proteins in heterologous expression
systems, such as Escherichia coli, Saccharomyces
cerevisiae, baculoviruses [17-21].

The aim of the work is the expression of the
recombinant capsid p24 protein of the bovine
leukemia virus in Escherichia coli cells and its
testing as an antigen in the serum of bovine
leukemia.

Thermo Scientific). Protein concentration was
determined by Bradford method [24] using Bio-
Rad assay reagent (Bio-Rad Protein Assay Day,
Munich, Germany) and bovine serum albumin as
the standard. The measurements were carried out
in three repetitions, with the average of the three
repetitions being reported as the specified results.

Expression of p24 in E.coli cells

Competents cells of E.coli
ArcticExpressRP(DE3) were transformed with
pET-28/p24 plasmid vector by electroporation
(MicroPulser, Bio-Rad). The selection of clones
was carried out on agar LB medium with 50 pg/
mL kanamycin. The selected clone was cultured
in 1000 mL of LB broth supplemented with
kanamycin (50 pg / mL) in the incubator shaker
(Climo-Shaker ISF1-X, Kuhner, Switzerland) at
37°Cand 150 rpm. In the middle of the logarithmic
growth phase (OD600 = 0.6) 0.2 mM isopropyl
B-d-1-thiogalactopyranoside (IPTG) was added
and the culture was incubated for 16 hours at
30 °C and 150 rpm. The cells were collected by
centrifugation at 6,000 x g for 7 min at 4 °C.

Purification of p24 protein

Inducted cells of ArcticExpressRP(DE3)
pET-28/p24 strain were suspended in lysis buffer
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(20 mM NaCl, 20 mM Hepes-NaOH pH 7.6)
and lysed with lysozyme (2 mg/mL) at room
temperature (RT) for 30 minutes followed by
ultrasound sonication. The lysate was clarified
by centrifugation (40000 x g, 1 hour, 4 °C)
on Beckman Coulter Avanti J-26S XP. The
prepacked HiTrap Chelating HP 1 mL (General
Electric) column was washed with 100 mM NiCI2
for activation with Ni2+ ions and equilibrated
by buffer (500 MM NaCl, 20 mM Imidazole, 20
mM Hepes-NaOH pH 7.6). The supernatant was
loaded into the column. The column washed with
the same buffer and the recombinant protein was
eluted by linear gradient with imidazole (20-500
mM) using FPLC (AKTA Purifier 10, General
Electric). The purity of fractions was checked by
SDS-PAGE, the positive fractions were polled and
dialyzed against phosphate-buffered saline (PBS)
in 1000 mL volume for 18 hours at 4 °C.The
membrane with 14 kDa cut-off (Sigma-Aldrich,
St. Louis, USA) was used for dialysis and the
buffer was changed every 6 hours.

ELISA

The NUNC immuno plates were coated
overnight at 4 °C with 100 pL per well of
recombinant p24 antigen at a concentration of 1
pg/mL in 50 mM carbonate/bicarbonate buffer
(pH 9.6). Plates were washed 100 mL PBST 3

fold and blocked with 100 pL of PBS with 10%
of equine serum and 0.2% Tween 20 (PBST) for
1 hours at 37°C. Serum samples were incubated
in a 1/10 dilution in PBST for 60 minutes at RT.
After serum incubation plates were washed with
PBST and 100 pL of diluted 10000 anti-Bovine
IgG peroxidase labelled conjugate horseradish
peroxidase (HRP) was added and incubated for
60 minutes at RT. Color development was carried
out with 3,3°,5,5" tetramethylbenzidine (TBM,
Abcam, UK) according to the manufacture’s
recommendations. After 10 minutes the reaction
was stopped with 1M sulphuric acid and
absorbance was read immediately in a microplate
reader at 450 nm.

Results pET-28/p24 vector is a plasmid with
an integrated gene for the p24 capsid protein of
the BLV. The p24 protein gene has a length of
657 bp and is inserted under the control of the
bacteriophage T7 promoter. Figure 1 shows
the plasmid map of pET-28/p24 vector. The
open reading frame of p24 polypeptide carries a
hexahistidine tag from the N-terminus (6His-tag)
fused to p24 with the serine-glycine joint. The
calculated mass of the recombinant p24 protein
with additional amino acid residues is 26.1 kDa.
pET-28/p24 vector contains the resistance marker
(KanR) to the antibiotic kanamycin.

Figure 1 — Plasmid mapof IpET-QS/p24 vector

Escherichia coli ArcticExpress(DE3)RP was
used as a host strain. The proteome of the strain
contains two chaperons from psychrophile Olespira
antarctica — Cpnl0 and Cpn60. Due to the action
of these chaperones in the ArcticExpress(DE3)
RP strain, the process of folding of heterologous
proteins proceeds more efficiently, including at low
temperatures: 18°C-30°C. This strain also contains
eukaryotic codons for proline and arginine. After
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transformation of competent ArcticExpress(DE3)
RP cells with the pET-28/p24 and selection of
clones on LB-agar with kanamycin, the producing
strain of the recombinant p24 protein was
obtained. The presence of 6His-tag in the structure
of the recombinant p24 protein made it possible to
quickly and efficiently purify it by metal affinity
chromatography (Figure 2).
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Figure 2 — Chromatogram for purification of the recombinant p24 protein
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1-total lysate; 2-clarified lysate; 3-flow through; 4-wash with 20 mM imidasole; 5-elution with 74.7
mM imidasole; 6-elution with 100 mM imidasole; 7-elution with 105.9 mM imidasole; 8-elution with
135.7-166.9 mM imidasole; 9-elution with 204.8 mM imidasole; M-protein marker
Figure 3 — Purification of recombinant p24 protein from induction
ArcticExpress(DE3)RP_ pET-28/p24 culture

Table. Results of ELISA with recombinant p24

No oD, Result No oD, Result
1 0.270 NCl1 26 0.836 POS
2 1.510 PC1 27 0.261 NEG
3 0.742 POS 28 1.181 POS
4 0.632 POS 29 0.923 POS
5 0.461 POS 30 0.577 POS
6 0.613 POS 31 1.136 POS
7 0.647 POS 32 0.689 POS
8 0.238 NEG 33 0.993 POS
9 0.551 POS 34 1.385 POS
10 0.444 POS 35 0.722 POS
11 0.839 POS 36 1.267 POS
12 0.352 NEG 37 1.333 POS
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13 1.288 POS 38 1.268 POS
14 0.244 NEG 39 1.204 POS
15 0.300 NEG 40 0.287 NEG
16 0.510 POS 41 0.854 POS
17 0.672 POS 42 1.136 POS
18 0.549 POS 43 0.533 POS
19 0.285 NEG 44 0.616 POS
20 0.723 POS 45 0.711 POS
21 1.161 POS 46 0.805 POS
22 1.183 POS 47 1.241 POS
23 0.641 POS 48 0.261 NEG
24 1.156 POS 49 0.986 POS
25 0.753 POS 50 0.653 POS
Discussion of the results and conclusion

The  recombinant p24  protein  Was  ghowed that the samples showed 83% positive and

overexpressed in the ArcticExpress (DE3)RP
pET-28/p24 strain. The p24 protein collected in
cytosol fraction without transition in including
bodies. This process can be explained by the
nature of the p24 protein, the folding activity of the
Cpnl0 and Cpn60 chaperones, and the presence of
eukaryotic codons for Pro and Arg. Prolines in the
p24 are 17 and Arginine are 10. The concentration
of purified p24 in polled eluates was 15.2 mg/mL.
The total yield of the purified p24 protein was 76
mg from 1000 mL, which is a very high result. For
comparison, Gutierres et al carried out a similar
work on obtaining p24 from E. coli and the yield
was 10 mg from 200 mL induced bacterial culture
[13]. Yield of p24 recombinant protein in [17] was
55 mg from 1 liter of E.coli culture.

Testing of the recombinant p24 protein on
control sera showed that the recombinant p24
antigen binds to positive control sera and has high
antigenic activity. The results of the pilot testing
of the recombinant p24 protein on animal samples
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IKCHPECCHUSA 'EHA PEKOMBUHAHTHOI'O BEJIKA P24 B KJIIETKAX
ESCHERICHIA COLI 1151 CEPOJIOTMYECKOM TUATHOCTUKHA JEMKO3A
KPYIIHOI'O POI'ATOI'O CKOTA

banmun K.', lllycmog A.”, Xacenog b.’
'Hayuonanvuwiii yenmp duomexronocuu, Kypeanvocurcrkoe wocce 13/5,
Hyp-Cynman, Kazaxcman
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AHHOTAIUA

Jleiiko3 KpyIHOT0 POTraToro CKOTa SIBJISIETCs] MHPEKIIMOHHBIM JIUMQOopoindepaTUBHEIM 3a001eBa-
HHUEM XHUBOTHBIX, BbI3bIBaeMoe BupycoM Jseiikoza KPC. [lotepn mpon3BoacTBa, CBA3aHHbIE C JaHHBIM
3a00J1eBaHUEM, BKJIIOUAIOT MOBBIIIEHHBIN MPOLEHT BHIOPAKOBKH, CHHKCHUE MPOU3BOJICTBA MOJIOKA U
(epTUIILHOCTH JKUBOTHBIX. J[JI1 TMarHOCTHKH JIEHKO3a MCIIONB3YIOTCSl CEPOIOTHUECKUE TECThI, U3 KO-
TOPBIX HanboJee YyBCTBUTEIBHBIM SIBISIETCS UMMyHO(epMeHTHbIH ananu3. Kancuanelii O6enok p24
SIBIISIETCSL BaYKHBIM aHTUT'€HOM JJIsl AMarHocTuky Jeiikoza KPC. B pamkax naHHOi paboThI reH Oenka
P24 xioHupoBaiu B masMuIHbIN BekTop pET-28. PekomOnHaHTHBIN aHTUreH p24 ObLI MOTyYeH ¢ Uc-
nonb3oBanueM mrtamMa Escherichia coli ArcticExpressRP (DE3) pET-28/p24. O6muii BeIx0A 04H-
ieHHoro Oenka p24 coctaBui 76 Mr ¢ 1 uTpa KyJabpTypsl. TecTupoBaHne peKOMOMHAHTHOTO Oenka p24
Ha KOHTPOJIbHOW CHIBOPOTKE MOKA3aJ10, YTO PEKOMOWHAHTHBINA aHTUTEH P24 CBSI3BIBACTCS C CHIBOPOTKOM
MOJIOKHUTEIBHOTO KOHTPOJIS M 00J1aAaeT BHICOKOH aHTUI'€HHOW aKTUBHOCTBIO. Pe3ynbTaThl MUIOTHOTO
TECTUPOBAHMSI PEKOMOMHAHTHOTO Oenka p24 Ha 48 o0pasLax KMBOTHBIX MOKa3ajH, YTO 00pasIbl Mo-
kazanu 83% monokuTenbHbIX U 17% OTpHUIaTeNbHBIX pe3ynbTaToB. [lomydeHHbIN pe3ynbTaThl cBHIE-
TEJILCTBYIOT O MEPCHEKTUBHOCTH MOJTYYEHHOTO PEKOMOMHAHTHOTO p24 Genka B IMMYHO(EPMEHTHOM
aHaiu3e JJ1 AMarHocTuky yeiikosza KPC.

KuroueBsble c1oBa: BUpyc jeiiko3a KpymHOTo poratoro ckota, antures, MOA, perposupyc, IHK,
PEKOMOMHAHTHBIN O€JI0K, IKCIIPECCHsI

IPI KAPA JIEUKO3BIHBIH, CEPOJIOTUSIBIK TUATHOCTUKACHI YIITH
ESCHERICHIA COLI KACYHWAJIAPBIH/JA P24 PEKOMBUHAHTTBI AKYbI3
I'EHIHIH 9KCITPECCHUSCBI

banmun K.', lllycmog A.”, Xacenog b.’
1 ¥nmmuix 6uomexnonoausi opmanvievlyenmp, Kopeanicoin mac siconvt 13/5,
Hyp-Cynman, Kazaxcman
(Email: khassenov@biocenter.kz)

Tyiiin

Ipi Kapa MangblH JIEHKO3BI-0YJ1 >KaHyapiapAblH KyKnansl guMdonpoiudepatusTi aypybsl. Ochl
aypyMeH OalyIaHBICTBI OHJIIPICTIK LWIBIFBIHAApFa KaObliiaMayAblH JKOFapbl NaibI3bl, CYT OHIIPICIHIH
TOMEH/ICY1 JKOHE KaHyaplapAblH KYHapJIbUIBIFBIHBIH TOMEHIEY1 jKaTaabl. JISWKO3abl JUarHOCTHKaIay
YLIiH CEpOJIOTHSUIBIK CHIHAKTAP KOJIAAHBLIAbI, OJIAPABIH ILMIHIAETI €H ce3IMTal MMMYHO(QEPMEHTTIK
tangay OoJbin Tadbuiaabl. Kancun akysi3bl p24 neiKo3/bl JUarHOCTHKANAy YIIiH MaHbI3Abl aHTUTECH
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00J1bIT TaOBLIaIEL. OCHI )KYMBIC aschbiHa p24 akybi3 TeHi pET-28 turazmu BekTopbiHa KIIOHAa 6L, Pe-
KOMOMHAHTTHI p24 anTHreHi ArcticExpressRP (DE3) pET-28/p24 mraMMbIH KOJIJIaHy apKbLIbl aJlbIH-
11, TazapTeurrad p24 aKybI3bIHBIH KAl OHIMI 1 TUTP qakeuiaan 76 mr Kypaasl. P24 pekoMOWHAHTTHI
aKybI3bIH OaKbplIay capbICybIHIA CbIHAY PEKOMOMHAHTTHI p24 aHTUICHIHIH OH Oakpliay capbICybIMEH
OaiflaHBICATHIHBIH KOHE KOFaphl aHTUTEHIIK OEJICeHIUTIKKE Ue eKeHiH kepcerTi. JKanyapnapapy 48
ChIHAMACBIHAAFBl PEKOMOMHAHTTHI aKybI3/Ibl p24 MWIOTTHIK TECTICY HOTHXKENEp] yariaepain 83% oy
xoHe 17% Ttepic HoTMXKe OepreHiH kepcerTi. AnbiHraH HaTIKenep IKM neiiko3biH auarHocTukaiay
YIIiH MMMYHO(EPMEHTTIK TanjayAa ajlblHFaH PEKOMOMHAHTTHI p24 aKybI3BIHBIH IMEPCICKTHBACHIH
KepceTe/Ii.

Kinr ce3mep: ipi Kapa ManablH JeWKO3HBIH Bupychl, aHTtureH, WDT, perposupyc, AHK,
PEKOMOMHAHTBIK aKyBbI3, SKCIIPECCHUS
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