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DEVELOPMENT OF THE RECOMBINANT
POSITIVE CONTROLS OF BOVINE VIRAL
DIARRHEA VIRUS 1 AND 2 FOR PCR ASSAY

Aim. The method of amplifying and cloning the E™ gene of Bovine Viral
Diarrhea Virus was developed to obtain the positive controls for polymerase
chain reaction.

Methods. The strains used in this study were BVDV-1b (Ossloss) and
BVDV-2 (Kosice). Viral RNA was extracted by the silica-based extraction
method. Using the specific primers, a part of E™ gene was amplificated.
The PCR product was inserted into the cloning vector pTZ57R/T. Further-
more, E. coli DHI0B bacteria were transformed to amplify the recombinant
plasmid. Recombinant clones were identified by antibiotic selection on agar
plate and confirmed by PCR. Moreover, insert of E™ gene was verified by
restriction enzyme digestion assay using EcoRI and HindlIl.

Results. It was shown that we had constructed the recombinant plasmids
with insertion E™ gene fragment (826 base pair) of BVDV-1 and BVDV-2.
Conclusion. The obtaibed recombinant plasmids can be used as a positive
control for PCR.

Key words: Bovine Viral Diarrhea Virus, PCR, cloning, pTZ57R/T,
restriction enzyme digestion analysis.

Bovine Viral Diarrhea Virus (BVDV) is a member of the genus Pestivirus
within the family Flaviviridae [8]. BVDV comprises two species, type 1
(BVDV-1) and type 2 (BVDV-2) [12]. Other representives of this genus
are classical swine fever virus and border disease virus of sheep. All four
Pestivirus species are closely genetically and antigenically related. Whereas
cattle are naturally infected with BVDV-1 and BVDV-2, sheep can be infected
by both bovine viruses in addition to BDV, and swine can be infected with
all four Pestivirus species. [2].

The pestiviral genome consists of a single-stranded positive-sense RNA
of about 12.3 kb that contains one open reading frame (ORF) coding for a
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polyprotein of about 4000 amino acids [3]. The ORF is at both ends flanked
by untranslated regions (UTR) [10]. The nucleocapsid protein C and the
glycoproteins E™, E1, and E2 are structural components of the virion [9].
Both E™ and E2 regions are found on virions [14], induce neutralizing
antibodies [7], and elicit protective immunity in their natural host [13]. The
considerable amount of £ is also secreted from the infected culture cells.

BVDYV has a significant economic impact on the cattle industry due to
abortions, production of weak calves, congenital deformities, respiratory
infections, thrombocytopenia, persistent infections, and mucosal disease
[5]. The strains of BVDV-1 usually cause only mild diarrhea in cattle that
were immunized, whereas some strains of BVDV-2 are highly virulent and
cause severe thrombocytopenia and hemorrhage or mucosal inflamation
illness [6].

Due to the increase of using cellular biotechnology, the risk of viral
contamination of their products rises [1]. For today the control methods for
sterility, in particular, eliminate viral contamination of animal origin raw
materials and ready preparations are important.

In the study of animal origin raw material for the screening of
pestiviruses contamination preferable to use the methods in which there
are not used the culture of the viruses as a positive control. The aim of this
work was to construct a recombinant plasmid vector including insertion of
region E™ gene of BVDV type 1 and 2 for further work on the production of
recombinant positive control used in the polymerase chain reaction (PCR)
diagnostic of BVDV.

Materials and methods

The samples of dried blood on filter papers contained BVDV-1b (strain
Ossloss) and BVDV-2 (strain Kosice) was kindly provided by Prof. Stefan
Vilcek (The University of veterinary medicine and pharmacy in Kosice,
Slovak republic).

Extraction of RNA from dried blood on filter papers was performed using
silica-based extraction method [4]. The second strand cDNA synthesis and
amplification was applied using «GenePak RT-PCR Core» and «GenePak
PCR Core» (Ltd. Lab. Isogene, Russian Federation) accordingly.

The primer sets P1: 5-AACAAACATGGTTGGTGCAACTGGT-3’ (for-
ward primer) and P2: 5-CTTACACAGACATATTTGCCTAGGTTCCA-3’
(reverse primer) designed by D. Sullivan and R. Akkina et al. [11] were used
for PCR amplification of E™ gene. The PCR-amplification was performed
with temperature program consisting of initial denaturation (94 °C, 2 min)
and 35 cycles of denaturation (94 °C, 1 min), primer annealing (55 °C,
1 min) and primer extension (72 °C, 1 min) in an automatic thermalcycler
Biometra T3000. A final step of extension at 72 °C for 10 min. 25 pL of
the PCR products were evaluated by gel electrophoresis in 1% agarose gel
with ethidium bromide (0.1%).
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DNA products were purified from gel using «Silica Bead DNA Gel Ex-
traction Kit» (Fermentas, Lithuania). Eluted DNA products were ligated
into the plasmid vector pTZ57R/T as recommended by the supplier («In-
sTAclone PCR Cloning Kit», Fermentas, Lithuania). 10 uL. of DNA eluted
from one PCR reaction mixture was ligated to 3 uL of TA vector at 4 °C
overnight with 1uL T4 ligase.

DHI10B E. coli cells were used as the host for cloning experiments with
pTZ57R/T vector. Stock culture was maintained at -70 °C in 25% glycerol.
All culture was grown in LB broth at 37 °C in shaker incubator. In order
to insert recombinant vector into the component cells, «InsTAclone PCR
Cloning Kit» (Fermentas, Lithuania) was used. Transformed E. coli of
DHI10B strain were grown in LB-Ampicillin agar plates at 37 °C.

Transformed bacterial colonies were screened directly for presence of
recombinant plasmids by PCR using primers P1/P2 and M13/pUC_F/R.
Plasmids DNA were purification from recombinant E. coli culture using
«Plasmid Miniprep Kit» (GeneJET, Lithuania). cDNA inserts in plasmids
were further characterized by restriction endonuclease digestion with
restriction endonucleases EcoRl and HindlIll in reaction buffer B2 (Jena
Bioscience, Germany). For confirming 2 puL 10x buffer B2, 14 pL dH,0, 2
pL product and 2 pL of restriction enzymes were mixed and incubated at
37 °C for 16 h. Further the inactivation was conducted by incubating at
65 °C for 20 min. The results were checked by electrophoresis in a 1.5%
agarose gel.

Results and discussion

As the first step of our study the viral RNA from 2 samples of dried
blood on filter papers was used as a template for cDNA synthesis using
reverse transcription followed by specific amplification by the polymerase
chain reaction. The PCR product was checked by agarose gel electrophoresis
followed extraction from gel (fig. 1). In gel electrophoresis the specific bands
were observed at the position corresponding of Erns gene 826 bp in length.

826 bp

Fig. 1. Electrophoregram of PCR amplified product using the primers P1/P2:
M — the DNA marker (100 bp DNA Ladder, Ltd. Lab. Isogene, Russian Federation);

1 —BVDV [; 2 — BVDV 2; 3 — negative control.
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The resulting PCR product was inserted into the corresponding site
of cloning vector pTZ57R/T. The constructed plasmids pTZ57R/T-VDI
and pTZ57R/T-VD2 (fig. 2) had fragment of insert £ gene and providing
resistance to ampicillin beta-lactamase gene (bla(Ap¥®)), nucleotide
complementary to primer M13/pUC sequence provided the selection of
bacterial cells containing recombinant plasmids.

Two recombinant plasmids were transformed into the cells of E. coli
DHIOB. Screening of plasmids containing E. coli clones was performed
in selective medium with adding of ampicillin. For eliminating the artifact
DNA structures there were conducted PCR screening of all colonies with
acquired resistance to ampicillin.

Pdil - 127
Adel, Ppu2il - 230
PdmlI - 3390

BtgZI - 242
Hin1l - 3331 Alol - 279
Begl - 3311 Aanl - 358
Seal, Tatl - 3273

NmeAIII - 2918
Gsul - 2880
Eco31I - 2862~
Eam11051I - 2790

HindIII - 1516
Pscl - 1902 Lgul - 1789

Fig. 2. Restriction site map of the pTZ57R/T cloning vector [15]
with insertion of E™

Therefore during amplification of a target gene using the primers P1/
P2 and M13/pUC_F/R there were obtained the clones of E. coli containing
plasmids with predetermined insert (fig. 3).

The presence of target gene in four recombinant clones were further
confirmed by restriction enzyme digestion assay using restriction
endonuclease enzymes EcoRI and HindlIII cut plasmids in relative restriction
sites. According to the results of electrophoregram there were observed the
presence of two fragments of expected length — 2814 and 901 bp (fig. 4).
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826 bp 978 bp

M13/pUC_F/R

Fig. 3. Electrophoregram of PCR amplified product of target gen
using the primers P1/P2 and M13/pUC_F/R:

1—4, 10—13 — recombinant colonies with insertion of Erns gene from BVDV-1;
5—8, 14—17 — recombinant colonies with insertion of Erns gene from BVDV-2;
9, 18 — negative control; M — the DNA marker
(100 bp DNA Ladder, Ltd. Lab, Isogene, Russian Federation).

The culture of E. coli cells including the recombinant plasmids with
insertion fragment of the E™ gene was obtained. The plasmids can be used
as the positive controls for BVDV detection by PCR method.

2000 bp —> «— 2814 bp
1000 bp —*> <«— 901 bp
500bp —*

Fig. 4. Electrophoregram of the plasmids pTZ57R/T-VD
after restriction enzyme digests:
1—2 — recombinant colonies with insertion of Erns gene from BVDV-1;
3—4 — recombinant colonies with insertion of Erns gene from BVDV-2;

M — the DNA marker (FastRuler High Range DNA Ladder, Fermentas, Lithuania).
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PO3POBKA PEKOMBIHAHTHOTO MO3UTUBHOTO KOHTPOJIIO
BIPYCY JIAPET BEJIMKOT POTATOI XYIOBU I TA 11 TUIY JJ15
BUKOPMCTAHHSI B IJIP

Pedepar

Mema. Pospobka metony amnaiikallii Ta kJ10oHyBaHHS reHy E™ Bipycy
niapei BeJUKOI poraToi Xyno6u 3 METOI OTPUMAaHHS TO3UTUBHOTO KOHTPOJIIO
IJIS TI0JTiMepa3Hoi JaHLoropoi peakuii. Memodu. Y po60oTi 6y BUKOPUCTaHi
Bipycu niapei (BJl) BPX I tuny wiram Ossloss Tta Il Tuny mwtam Kosice. Bipyc-
ny PHK ekctparyBanu 3a nornomoroto metony aginHoi cop6uii. Ammnidikarito
Hi1sSiHKY reHy E™ 3nilicHIOBaIM 3 BUKOPUCTAHHSIM ClielM(iyHUX NpaiMepiB.
[1JIP-npoaykT 6yB iHTerpoBanuil 10 BeKTopy A Knonyanus pTZ57R/T. Jlas
HalpauoBaHHA PeKOMOIHAHTHUX IJ1a3Mifl TPOBOAUIN TPAHC(HOPMALLiIO KJIiTHH
6akrepii E. coli DH10B. [1lnasminBmicHi KJ10HH BHSIBJASIN 32 IOMOMOTOIO Ce-
JIEKTUBHOTO MOXKUBHOTO cepenoBullla, BcTaBKy — MetonoM [1JIP. HaaBHicTs
BCTaBKH reHa E™ minTBepaKyBaJju 3a JAOMOMOIOI0 PECTPUKLIHHOTO aHamli3y
3 Bukopuctanuam pectpukrad EcoRI ta HindIll. Pe3yaomamu. B xoni npo-
BeJIeHUX MAOCJiIKeHb Oy/JM CKOHCTPYHOBAHi PeKOMOiHAHTHI M/a3Mminu, sKi
HeCyTb BCTaBKY (parmeHTy reny E™ (826 map nykmneoTtuniB) 36ynHukis BJL
BPX I Ta Il tunis. Bucnogku. Otpumani peKoMOiHAHTHI MJIa3MiId MOXYThb
BUKOPUCTAHI K MO3UTHUBHUU KOHTPOJb aas [TJIP.

KnwouoBi caoBa: BipycHa miapesi Beqaukoi porartoi xymo6u, [1JIP,
knonysanns, pTZ57R/T, pecTpukuifinuii anaiis.
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PABPABOTKA PEKOMBUHAHTHOI'O NMOJIO)KUTEJIbHOI'O
KOHTPOJIA BUPYCA JUAPEU KPYITHOI'O POIATOIO CKOTA
I U 11 TUHIIA AJ1d UCTTOJIb3OBAHHUSA B TLLP

Pedepar

Lleab. PazpaboTka mMertona amniu@uKalMd W KJAOHUPOBAHUS reHa E™
BHpYyCa JMaped KPYIMHOTO POraToro CKOTa C LeJbI0 MOJYUEHHS TOJ0KUTEb-
HOrO KOHTPOJSI AJs IMoJUMepasHoi uLenHod peakuund. Meroabl. B padote
ucnoab3oBanbl Bupycel auapeu (BI) KPC I tuna wramm Ossloss u 1l tuna
wtamm Kosice. Bupycuyto PHK skcTparupoBasnu ¢ nomouisio Mmetona adgus-
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HOU copOImu. AMnn@uKamo yyacTka reHa E™ OCYIIECTBJISIN C UCIIOJb-
3oBaHueM crneuuduueckux npaimepon. [TLIP-npogykT Obln MHTErpupoBaH B
BEKTOp /sl KaoHMpoBanusi pTZ57R/T. Jlns HakomJeHHs peKOMOMHAHTHBIX
MJ1a3MHUJ IPOBOAUIN TpaHc(opMaLrio KiaeTok 6aktepun E. coli DH10B. [1nas-
MHUCOZEPrKalllie KJIOHBI BBISBJISIM C MTOMOLLBIO CEeJEeKTUBHON MUTATEJNbHOU
cpenbl, Haauuue BctaBku — MetonoM [ILIP. IlpucyrcTBue BcTaBku rena £
MOATBEPKAAIU C UCIOJIb30BAHHEM PECTPUKLUMOHHOIO aHa/IM3a C MOMOLIBIO
pectpuktas EcoRl u Hindlll. Pe3yabtatsl. B X01e npoBeneHHbIX HCCeN0Ba-
HUH CKOHCTPYHUPOBaHbl PeKOMOMHAHTHBIE MJIa3MU[bl, COAeprKallie BCTaBKH
¢parmenta rena E™ (826 nmap HyksaeotunoB) Bo3dOyauteneir BIL KPC I un
II Tunos. BeiBoabl. [TonyyeHHble peKOMOUHAHTHBIE MJAa3MHUIbl MOTYT OBIThb
UCI0/1b30BaHbl B KaueCTBe M0J10KUTeJbHOro KouTposs ans [THP.

KnmoueBbrle cJ 0B a: BUpycHas AMapess KPYMHOTO POraToro CKora,
T1LIP, knounuposanue, pTZ57R/T, pecTpHKLUMOHHbI} aHAJIH3.
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