UDC 579.577.637.1

S.M. Barmak! 2, Yu.A. Sinyavskiy?, A.B. Berdygaliev?, 1.S. Savitskaya',
T.Sh. Sharmanov!, I.H. Mendenhall®, E.V. Zholdybaeva*

'Al-Farabi Kazakh National University, Almaty, Kazakhstan;
2Kazakh Academy of Nutrition, Almaty, Kazakhstan,
3Duke-NUS Medical School, Singapore;

“National Center for Biotechnology, Nur-Sultan, Kazakhstan
(E-mail: sabyr95@mail.ru)

Selection of an effective DNA extraction method for the detection
of Salmonella by the polymerase chain reaction

DNA extraction is a crucial step at using molecular and biological methods, since the result of PCR analysis
largely depends on the quality and quantity of the obtained DNA preparations. In this work, we compared the
efficiency of DNA extraction from bacteria in various ways: the trizol method using TRizol commercial rea-
gent, the CTAB method and the sorbent method using silica particles. It has been shown that the extraction of
DNA from Salmonella bacteria on silica particles ensures higher sensitivity than the other methods. The am-
plification of the extracted DNA on silica particles is more efficient and allows obtaining reproducible results
with the accuracy of a high degree. In the future, this method will be used to complete the test system for
diagnosing salmonellosis. Introduction of the methods of express diagnosis into practice is extremely important,
as quick and early diagnosis will allow counteracting the spread of infection in a timely manner, which in turn
will improve the epidemiological and epizootological situation in the country.

Keywords: Salmonella bacteria, method, identification, DNA extraction, polymerase chain reaction, amplifica-
tion, silica particles.

Introduction

Salmonellosis is a widely spread human and animal infection caused by various members of the Salmo-
nella genus. Food raw material and foodstuff are the most dangerous for people of Salmonella reservoir. In
many European countries, salmonellosis morbidity among humans has significantly increased for two recent
decades [1].

Lately, methods of gene diagnosis (nucleic acid hybridization, polymerase chain reaction — PCR, and so
on) are successfully used to detect and identify microorganisms in various objects under study. These methods
allow indicating and identifying microorganisms at high specificity in the presence of attendant microflora and
with sensitivity right up to single cells [2].

The identification of infectious agents by classical bacteriological methods is associated with the usage
of numerous selective nutritive media and various substrates. It makes the identification process protracted
and laborious. Moreover, growing contaminating microorganisms in various media under competition condi-
tions not always results in adequate identification. Furthermore, in vivo identification of transformed bacteria
or of artificially genetically changed forms carrying pathogenicity genes not typical for the strain is difficult
in the classical bacteriological assay [3].

Currently, there are various methods that allow extracting nucleic acids from a wide range of samples but
only a bit of them is suitable for automation and many steps of isolation involve the risk of contamination. The
presence of contaminants (proteins, for instance) in the complex mixtures often impedes the implementation
of necessary reactions and techniques. Methods of DNA or RNA extraction should meet the following priority
requirements: lysis of the biological material, selective extraction (sorption), concentration from large vol-
umes, separation of components that inhibit PCR, separation of DNA and RNA, high yield percentage, oppor-
tunity of calibration and of positive control, absence of contamination, low time expenses, automation possi-
bility [4].

Dynamic of development of veterinary and sanitary expert examination and of foodstuff certification is
characterized by transfer to the most specific, sensitive and accelerated methods of bacteria identification [5].

Polymerase chain reaction (PCR) has a number of advantages as compared to the traditional bacteriolog-
ical method of Salmonella detection since it combines rapidness and simplicity of implementation as well as
potentially high specificity and sensitivity in revealing pathogenic microorganisms [6].
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The objective of our studies was to select an effective method of DNA extraction for Sa/monella detection
by the method of polymerase chain reaction.

Materials and Methods

The objects of the study were eight Salmonella bacteria isolated from the foodstuff at the Microbiology
Chair of Al-Farabi Kazakh National University.

DNA Extraction. DNA was extracted from Salmonella bacteria by the following methods:

1. Trizol method. The commercial reagent TRizol («Invitrogen», USA) was used in accordance with the
manufacturer’s manual.

2. CTAB method. CTAB (cetyl trimethyl ammonium bromide) is a classical cation detergent that is used
in DNA extraction. CTAB lyses the cellular membrane, effectively destroys DNA-protein [7].

3. Sorbent method using silica particles. DNA binds to silica particles under the effect of high concen-
trated salt [8].

The quality and quantity of the extracted DNA were controlled with the use of NanoDrop 2000.

For setting PCR used the same amount of DNA (~ 30 ng/ul) obtained by different methods.

PCR-amplification. PCR-fragments of Inv gene from Salmonella bacteria were produced with the use of
the following primers: S Inv-1F (direct) and S Inv-1R (inverse). Amplification was carried out in 25 uL of
reaction mixture of the following composition: 10 xbuffer of DNA polymerase — 2.5 pL, 10 mM dNTP —
1 uL, MgCl, — 1 pL, 20-50 ng of DNA-matrix, 20 pM of direct and 20 pM of inverse primers, and 0.5 U of
DNA polymerase (Invitrogen), DNA — 1 pL. PCR products were assayed by electrophoresis in 1.5 % agarose
gel containing ethidium bromide (1 pg/uL) at the field strength 6 V/cm?. The PCR product sized 500 bp.

Results and Discussion

Comparative study of three different versions of the DNA extraction from Sal/monella bacteria was carried
out: the trizol method using TRizol commercial reagent, the CTAB method and the sorbent method using silica
particles.

The parameters such as quantity and quality of the obtained DNA were taken into consideration to select
the DNA extraction method. The results of extracting genome DNA by different methods from 8 Salmonella
isolates are shown in Figure 1.
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Figure 1. The amount of DNAs extracted from eight Salmonella isolates (ng/uL) by different methods

The implemented studies showed the CTAB method to demonstrate the highest DNA yield. The results
of the trizol method are slightly lower. And the lowest DNA yield was demonstrated by the sorbent method.

PCR-assay depends significantly on the quality of the extracted DNA. PCR amplification was conducted
with the DNA specimens of equal volume (1 pL) obtained by different extraction methods from samples of
the materials under study: the trizol method using TRizol commercial reagent, the CTAB method and the
sorbent method using silica particles. The results are shown in Figure 2.

Cepus «Bronorusi. MeguuuHa. Meorpadus». Ne 3(95)/2019 67



S.M. Barmak, Yu.A. Sinyavskiy et al.

123456?8%

-_— o O P e . A
500 bp

1 2 3 4 5 6 7 8 “

. — e ———— B
500 bp

1 2 3 4 D [} 7 8 &

W w—— C
500bp

A — TRizol method; B— CTAB method; C — sorbent method,;
1—-8 — DNAs of Salmonella bacteria; M — 1 kb DNA marker (Invitrogen)

Figure 2. Electrophoregram of the DNAs obtained from Salmonella bacteria

Figure 2 shows that the genetic material of high quality and of concentration sufficient for PCR-assay has
been obtained by the sorbent method with the use of silica particles (C). At the same time, it should be noted
that the DNA concentration in these preparations is 1.61 times less than in preparations obtained by using
TRizol (A) and 1.75 times lower versus the preparations obtained by the CTAB method.

Insignificant PCR inhibition in the DNA specimens obtained by the trizol method using TRizol commer-
cial reagent and the CTAB method may be caused by the DNA excess, which is a PCR inhibitor.

The same amount of DNA (50 ng/ul) was used to select an effective DNA extraction method for detecting
Salmonella in the PCR reaction. The results are presented in Figure 3.
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A — 50 ng/ul of DNA isolated with TRizol reagent was used in the PCR reaction; B — 50 ng/ul of DNA isolated with
CTAB method was used in the PCR reaction; C — 50 ng/ul of DNA isolated with sorbent method was used in the PCR
reaction; /-8 — DNAs of Salmonella bacteria; M — 1 kb DNA marker (Invitrogen)

Figure 3. PCR products of Salmonella bacteria on an agarose gel using 50 ng/pl of DNA
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As can be seen in Figure 3, optimal results were obtained when PCR was performed using DNA isolated
by the sorbent method.

The major criterion in methods of the DNA extraction is that nucleic acid should be the utmostly purified
from cellular DNA and protein impurities. The extracted genome DNA should be unfragmented since it is a
matrix for the synthesis of the specific product [9]. Such a result is ensured by the sorbent method using silica
particles. When this method has used the proteins and cellular components are removed and the utmost purified
DNA is left. The advantages of the DNA extraction method with the help of silica particles are as follows: loss
minimization in the course of the DNA extraction; lower risk of cross-contamination owing to the linkage of
all nucleic acid to the sorbent; high purity of the final product [10]. In contrast to other methods, this one does
not require the usage of toxic reagents.

Effectiveness of the process of the DNA extraction is a determining factor in the course of work with a
small amount of the material or with the specimens containing a considerable quantity of inhibitors that may
result in lower diagnostic sensitivity of the test and inhibition of the amplification process [11]. The properly
selected method of the DNA extraction allows achieving the most accurate result of the polymerase chain
reaction.

Conclusion

On the basis of the implemented study, one can conclude that the sorbent method using silica particles is
the most suitable method for DNA extraction from Salmonella. In the future, this method may be used to kit
up the test system for Salmonella identification and genotyping.

The work was carried out within the project of grant financing « Genotyping pathogenic microorganisms
in the food raw material and foodstuff realized in the markets and supermarkets of the Republic of Kazakhstan,
development of recommendations aimed at reducing the risk of morbidity among the children of preschool and
school agey, years 2018-2020, No. AP05131147.
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C.M. bapmak, FO.A. Cunsisckuii, A.b. bepnpiranues,
N.C. Casunkas, T.I1I. [llapmanos, 1.X. Mennenxami, E.B. XXonneibaera

Ionumepa3abl Ti30eKTi peakuss KOMeriMeH CaJIbMOHEJIAHbI
aiikpiaaay ywin JJHK O6eaynin Tuimai ogicin Tannay

MosexynsapibIK-O10NOrHsUIBbIK dpicTepin Konpanra ke3zne JJHK Geuty mernyui kagam 60sbin TaObuiapl, ce-
601 [ITP-rannaysiney HoTKeci anbiaran JJHK npenapaTrtapbIHbIH carachblHa )KOHE CaHbIHA OaiIaHBICTHI 00-
nanel. Makanana Salmonella 6axrepusnapsase JJHK Gery THiMainiri Typii ogicrepMeH cansicTEIpast: TRizol
KOMMEPIMSUTBIK peareHTiH KosnaHatsH Tpu3on oaici, CTAB ofici xkoHe kpeMHe3eM GeIeKTepiH KoJIaHaThIH
copbentrti oxic. JJHK kpemHezem GenmrextepiHae oKIIayigaHFaH Ke3ze, 0acka omiCTEepMEH CalbICTHIPFaHa,
Salmonella 6axrepusinapsiabiy JJHK-b1H anbIkTay ce3iMTanapiFbl Kamtamachi3 erinred. bemninin ansiaran JJTHK
aMIUTH(UKAIMUIAaHY bl KpeMHe3eMIiK OeIIekTepai KoJlauFania KyIenTinyi THIMIipeK KaHe jKOFaphl A
IIKTiH KalTajgaHAaThIH HOTIKENIEPIH alyFa MyMKiHaiK 6epeni. Bomamakra Oy axic Salmonella nuarsoctuka-
CBIHBIH ChIHAK )KYHECIH jkacay YIIiH KoJnaHbuLisl. JKenen quarHocTukaay 9fiCTepiH eHrizy NpakTHKaga eTe
MaHbI3/Ibl, OUTKEHI HHEKIMAHBI T€3 )KOHE epTe IMarHOCTUKA jKacay OHbIH TapalyblHa yaKbIThUIbI KapChl TY-
pyFa MyMKiHZIK Oepeni, OyJ1, 03 Ke3eriHje, eeri SIUIeMHOIOTHSUIBIK )KOHE SIH300TONOTHSIIBIK HKaF Jal IbIH
JEHTeiliH apTTHIPABL

Kinm co30ep: Salmonella 6axrepusinapsl, oxic, aiikeinay, JJHK Geiry, mommumepass! Ti30€KTi peaknust, aM-
MQUKays, KpeMHe3eM OeJIIeKTepi.

C.M. bapmak, FO.A. Cunssckuid, A.b. bepapiranues,
N.C. Capunkas, T.I1. lapmanos, U.X. Menaenxami, E.B. XKongsibaera

Ioadop 3¢ppexTuBHoro merona BoiaeeHus JHK nis1 BbIfiBjIeHUA CaJIbMOHELI
METOJA0M MOJUMEPA3HOU LEIMHON peaKkuuun

ITpu ucnonp30BaHUH MOJIEKYJIIPHO-0HOIOrn4eckux MeTo10B BeiaeneHue JJHK sBisiercs onpenensiomum 3ta-
IIOM, TaK KaK OT KadecTBa U KoJu4yecTBa rnoay4yeHHsIx npenaparos JJHK Bo MHOrom 3aBucur pesynsrar I1L[P-
ananusa. B cratbe cpaBHmM 3 dexruBrocTs Boiaenenus JJHK 6axrepun pona Salmonella pazandubiMu crio-
co0aMu, a UMEHHO: TPU30JIbHBIN METOJI C HCIOJIb30BaHUEM KoMMepueckoro pearenra TRizol, CTAB metox u
COpOCHTHBII METOJ C MCIIOJIb30BaHIEM JacTHI kpeMHe3eMa. [loka3ano, uro npu Beinenennu JJHK nHa gactu-
ax KpeMHe3eMa 00ecIieunBaeTcsl BEICOKAsh YyBCTBUTENbHOCTS BhisiBiIeHNs JIHK Gaxrepun pona Salmonella
TI0 CPaBHEHUIO C APYTUMH MeTojaMu. AMiumndukanus skcrparuposanHoit JJHK Ha wactimax kpeMHesema sB-
nstercst 6oree 3 QeKTHBHOI U MO3BOJIIET MOTyYaTh BOCHPONU3BOANMBIE PE3yIbTaThl BEICOKOH CTETIEHH TOUHO-
ctu. B nepcnektuBe gaHHBIN METOX OyIeT MCHOJIB30BaH ISl KOMIUIEKTAI[MN TECT-CUCTEMBI JUIsl TUaTHOCTUKHI
canbMOHeEIUT. BHepeHe MeTo10B 3KCIpecc-AMarHOCTUKY B MPAKTUKY YPe3BbIYaifHO BaXKHO, TaK Kak ObICTpast
U PaHHAS JIMAarHOCTHKA ITO3BOJUT CBOCBPEMEHHO HMPOTUBOJCHCTBOBATH PACIIPOCTPAHEHUIO HH(EKIUH, YTO, B
CBOIO OUepe/Ib, TIOBBICUT YPOBEHB MUAEMHOIOTHUECKOH U STTN300TOIOTHUECKOM CUTYyalluH B CTPAHE.

Kniouesvie cnosa: Gaxrepun Salmonella, meton, nunentuduxanus, seiaenenue JHK, nomumepasnas nennas
peaknus, aMIUTH(UKAIIS, YaCTHIIBI KpeMHE3eMa.
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