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The aim of the work was to construct and test the recombinant positive control for F. tularensis detec-
tion by real-time polymerase chain reaction (QPCR). The molecular TA-cloning of pTZ57 F/R plasmid
ligated with tul4 gene PCR product into DH5o E. coli was provided. The minimal detection level in a gPCR
was one copy number per reaction. The obtained positive control was highly sensitive, specific and safe to

be used in the tularemia laboratory diagnostics.
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Francisella tularensis (McCoy and Chapin,
1912; Dorofeev, 1947) is a gram-negative non-
sporulating zoonotic, intracellular, obligate
aerobe pathogen and the causative agent of the
illness tularemia. F. tularensis is a natural foci
disease that occurs in lagomorphs (rabbits and
hares), and in rodents, especially microtine
rodents (such as voles, vole rats and musk-
rats). A wide range of other mammals and
several species of birds also can be infected.
Among domestic animals, hunting cats and
dogs are able to act as a carrier of the bacteri-
um. It can be spread also by insects, were the
most important vectors are ticks: 13 species of
them that belong to 4 genera Amblyomma,
Dermacentor, Haemaphysalis, and Ixodes can
carry the bacteria [1, 2]. It is transmitted to
humans by several ways, including direct con-
tact with infected material or inhalation of
infected aerosols, ingestion of contaminated
food or water, arthropod bites. Human-to-
human transmission is not known to be repor-
ted [3].

The inhaled minimum infectious dose is
10-50 colony forming units. F. tularensis
is considered to be a dangerous potential
biological weapon because of its extreme
infectivity and ease of dissemination.
“Unusual” tularemia outbreaks in war-torn
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or crisis-afflicted regions which for years
had appeared to be free of the disease give
rise to speculation that these epidemics may
have been artificially triggered [3—5]. Thus,
monitoring of F. tularensis outbreaks is highly
relevant today, especially in high conflict
areas as Ukraine. Also, development of native
high-quality test systems for tularemia is a
question of first priority. The diagnosis of
tularemia often relies upon the demonstration
of an antibody response to F. tularensis or the
direct culturing of the pathogen. Established
tularemia ELISAs and confirmatory
Western blot assays are mostly based on
lipopolysaccharide (LPS) -antigen reactions,
which are time and cost consuming and give
false-positive results with other bacteria, for
example Brucella genera. As F. tularensis is
a fastidious, slow-growing organism, culture
is often not the preferred diagnostic method
for it when a rapid result is required. In
addition, handling live Francisella poses a
risk to laboratory personnel due to the highly
infectious nature of this pathogen. PCR is the
main method for direct and rapid detection of
F. tularensis and requires positive controls for
valid results. Further, recombinant positive
controls are often used to provide additional
biosafety and biosecurity measures[1, 6].



Experimental articles

Materials and Methods

The plasmid was designed using the
Clone Manager 9 (Scientific and Educational
Software, USA). For the real-time PCR assay
we used the FT-FP tul4 primer system: For:
CAGCATACAATAATAACCCACAAGG;
Rev: TCAGCATACTTAGTAATTGGGAAGC;
Probe: TTACAATGGCAGGCTCCAGAAGGTT
[7] with an amplicon product of 103 bp.
These primers were checked using BLAST
online service for specific annealing. The
F. tularensis subsp. holarctica vaccine
strain 15 NIIEG was used as a positive DNA
template. The final volume of the reaction
mixture was 25 pl and was comprised of
AmpliTaq Gold DNA Polymerase (Applied
Biosystems, USA) 1,25 U/50 ul, PE-Buffer
1X, dNTP mix 0,2 mM, MgCl, 1,5 mM, primer
F 10 pM, primer R 10 pM, probe 5 pM, with
5 pl of purified template DNA to give the
desired genome copy number per reaction
volume and 5 pl pf PCR-grade water to the
no-template-control reactions. Thermal
cycling was performed using the following
program: one cycle at 95 °C for 5 min for Hot-
Start Tag activation, followed by 40 cycles at
95 °C for 15 s for denaturation, 60 °C for 30 s
as annealing, 72 °C for 20 s for extension,
and final elongation at 72 °C for 10 min. A
fluorescence reading was taken at every 72 °C
step.

To ensure inserts of appropriate size we
used the M13 F/R primer system. Our reaction
mixture contained 12.5 ul of Maxima Hot Start
PCR Master Mix (2X) (Thermo Fisher Scietific,
USA), 1 pl of 10 pM M13 forward primer, 1 ul
of 10 pM M13 reverse primer, 5 pul of template
DNA and PCR-grade water up to a total volume
of 25 pl. Thermal cycling was performed using
the following program: one cycle at 95 °C for
5 min for Hot-Start Tag activation, followed
by 30 cycles at 96 °C for 30 s for denaturation,
50 °C for 20 s as annealing, 72 °C for 60 s for
extension. Results reading was done in 2%
agarose gel.

PCR products were purified using two
different kits: The Monarch PCR & DNA
Cleanup Kit (NEB, England) and Thermo
Scientific GeneJET Gel Extraction Kit
(Thermo Fisher Scietific, USA), according
to the manufacturers’ instruction. The
concentration of DNA was determined usind
a NanoDrop spectrometer DeNovix DS-11
(Wilmington, USA). The PCR product was
subcloned with a vector to insert ratio of
1:5 using the InsTAclone PCR TA cloning
Kit (Thermo Scientific, USA). Ligation

was carried out overnight at 16 °C. The
product was transformed into E. coli DH5a
chemically competent cells, which were
allowed to recover 1 h at 37 °C in Luria
broth. Competent cells were produced
using the adapted and modified CaCl,
method of Mandel and Higa [8]. Pelleted
bacterial strains from 25 ml cultures were
resuspended with gentle pipetting in 10 ml
of ice-cold 0.1 M CaCl, (formulated in de-
ionized water and autoclaved) and incubated
on ice for 20 min. The bacteria suspension
was pelleted at 3800 g at 4 °C for 10 min
followed by gentle resuspension in 5 ml of
0.1 M CaCl, + 15% (v/v) glycerol and stored
in 100 pl aliquots at —80 °C. Transformed
cells were screened for gene insertion using
the blue-white method and confirmed by PCR
mentioned above. Plasmids were isolated
using the Thermo Scientific GeneJET
Plasmid Miniprep Kit (Thermo Scientific,
USA).

Results and Discussion

It was constructed a plasmid with a 103 bp
fragment of the tul4 gene ligated into the
pPTZ57R/T vector. The complete sequence of
the new plasmid is 2990 bp in length (Fig.1).
The vector pTZ57R/T encodes an ampicillin
resistance and the lacZ gene, which were
used as selective markers for E. coli DH5a
clones. We screened 10 white single E. coli
colonies by PCR using tul4 specific primers
FT-FP (Fig. 2) and the M13 F/R primer
system which generate a PCR product of 103
bp (Fig. 3).

The colonies #1 and #2 showed positive
results with PCR products of 257 bp. It was
used ligated pTZ57F /R plasmid without insert
as positive template.

Extracted plasmid minipreps from
clones #1 and #2 were sequenced (Eurofins,

e R
pTZ57F_R_FTFP

Fig. 1. Plasmid vector pTZ57F_R_FTFP
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Fig. 2. Screening the tul4 positive clones using FT-FP primers
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Fig. 3. Screening the tul4 positive clones using M-13 mers

Germany) with M-13 primer system.
Sequence results has shown that colony #1
sequence is in accordance with tul4 gene
sequences.

Thus, the colony #1 miniprep was chosen
for further studies of sensitivity detection.
The lowest threshold of detection was 1 copy
number per reaction.

It has been developed the highly-sensitive
recombinant positive control for detection of
F. tularensis in conventional and a real-time
polymerase chain reaction. The minimum of
detection is 1 copy number per reaction.
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Fig. 4. The results of pTZ57F_R_FTFP minimal copy number detection through PCR

Fig. 5. The results of pTZ57F_R_FTFP minimal copy number detection (electrophoresis in agarose gel)
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POSPOBJIEHHA PEKOMBIHAHTHOTI'O
IIO3SUTUBHOT'O KOHTPOJIIO
JIJId IETEKIIII Francisella tularensis
3A JOIIOMOTI'0IO0 qPCR
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Mertoto po6oTu 6yJI0 KOHCTPYIOBAHHSA Ta BU-
npob6oBYBaHHSA PEKOMOIHAHTHOTO IO3UTUBHOTO
KOHTPOJIIO IJiA BUABJIeHHA F. tularensis mig uac
IPOBEJIEHHS IT0JIiMepasHOi JIAHITIOTOBOI peakIlii B
pe:xumi peanbHoro uacy (qPCR). 3xificueno moJte-
KyaapHe TA-knonyBauuda miaasmigu pTZ57 F/R
3 aMILTIiKOHOM reHa tul4 i mogasnbiry ii Tpaxncdop-
Mmairiro B komnerenTHi kiaitunau E. coli DHb50. Mi-
HiMaJgbHa AiarHocTUYHA KiJAbKiCTh maasMmigu B
peaxkiiii cranoBuaa onHy Komito. OTpuMaHuii mo-
3UTUBHUMN KOHTPOJb € BUCOKOUYTIUBUM, CIEI[U-
(iurnM i 6e3meUyHUM JJIA BUKOPUCTAHHSA B Jiabo-
PaTOPHIil AiarHOCTHUII TyaapeMii.

Knarmouwosi cnoea: peKoMOIHAHTHUN ITO3UTUBHUN

KOHTPOoJb, (PCR, Tynsapemisa, MoJieKyaapHEe KJIO-
HyBaHHS.
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PASPABOTKA PEKOMBUHAHTHOT'O
ITOJIOKHUTEJBHOI'O KOHTPOJIA
OJISI BBIABJIEHUSA Francisella tularensis
C IIOMOIIIBIO qPCR
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ITesnbro paboThl OBIJIO KOHCTPYUPOBAHUE U
UCTUBITAHNE PEKOMOMHAHTHOTO ITOJOYKUTEIbHO-
TO KOHTDPOJA AJdA BolABieHuda F. tularensis npu
HPOBeJeHUN MOJUMEPa3HOM IeIIHOM peaKI U B
pe:xume peanbHoro BpemeHu (qPCR). Ocymrect-
BJIEHO MoJIeKyaspHoe TA-KJIOHUpOBaHUE I1JIa3-
muzasl pTZ57 F/R c amnnukonamu resa tuld u ee
TaibHeHImaa TpaHchopManua B KOMIIETEHTHBIE
KJaeTku E. coli DH50.. MurnMaaIbHOE JUATrHOCTH-
YeCKOe KOJMYECTBO ILIa3MUALI B PEaKI[UU COCTAB-
Js710 ofgHy Komuio. IToryueHHbIN IT0T0KUTeIbHBINI
KOHTPOJIb SABJSETCA BBICOKOUYBCTBUTEJILHBIM,
crnenuGUIHBIM 1 6€30IIaCHBIM JJIA UCIIOJH30BAHU S
B J1aG0OPaTOPHOI AUATHOCTUKE TYJIAPEMUU.

Kniwouesvle cnosa: peKOMOMHAHTHBIN TTOJIOMKM-
TeJbHBIA KOHTPOJb, PCR, Tyl1sapemMus, MOJIEKY-
JSTPHOE KJIOHUPOBAHUE.





