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DETECTION OF SER450LEU MUTATION IN RPOB GENE OF MYCOBACTERIUM TUBERCULOSIS
BY ALLELE-SPECIFIC LOOP-MEDIATED ISOTHERMAL DNA AMPLIFICATION METHOD
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To identify genetic mutations a rather time-consuming and expensive method of polymerase chain reaction (PCR) is widely used. The aim of the present work
was to evaluate the possibility of using the two schemes of the method of allele-specific isothermal loop amplification (LAMP) to detect the TCG/TTG (S450L)
mutation in the rooB gene of Mycobacterium tuberculosis. 48 clinical isolates of M. tuberculosis and 11 samples of sputum were used, randomized and obtained
in the microbiological laboratory of the city of Novosibirsk from incident patients. It is shown that the use of an analysis scheme using the allele-specific primer FIP
compared to F3 has the best resolution: the difference between the amplification time of the mutation and the wild type allele was 22 + 2,4 versus 13 + 4,1 minutes
(p = 0,0011). When using 100 DNA genomic equivalents a true positive signal (amplification of the nrooB gene with a mutation using the corresponding allele-specific
primer) was detected after 29,4 + 3,4 minutes. A positive signal was visualized after adding SYBR Green | to the reaction, both when illuminated with daylight and
when using a UV transilluminator. Using the developed method the DNA sample of 20 RIFF isolates from M. tuberculosis was analyzed containing the Ser450Leu
mutation in the rpoB gene, 10 RIF isolates containing other mutations in the rooB gene and 18 RIFs isolates without any mutations; the presence of mutations in
the samples was determined using classical Sanger sequencing. The sensitivity and specificity of LAMP for detecting a Ser450Leu mutation in the rpoB gene was
100%. This approach allows the use of crude lysates of mycobacteria as DNA, which reduces the total analysis time to 1,5 hour.

Keywords: Mycobacterium tuberculosis, drug resistance, rifampicin, rpoB gene, isothermal loop amplification, LAMP

Funding: the study was done with the financial support of the basic budgetary financing project Ne VI.62.1.5 «Synthetic biology: development of tools for the
genetic material manipulation and creation of promising drugs for therapy and diagnostics» (0309-2018-0003).

Author contribution: Filipenko ML created a general concept of the study, planned experiments, analyzed the results and participated in the writing of this article;
Oscorbin IP participated in the writing of this article; Khrapov EA conducted experiments; Shamovskaya DV conducted experiments; Cherednichenko AG analyzed
the experiments results; Shvartz YaSh was involved in planning and analyzed the experiments results.

Compliance with ethical standards: the study was approved by the Ethics Committee of Institute of Chemical Biology and Fundamental Medicine (Protocol 4
dated April 09, 2009). All patients signed a voluntary informed consent to participate in the study.

<] Correspondence should be addressed: Maxim L. Filipenko
Lavrentyev Prospect 8/2, Novosibirsk, 630090; mifilipenko@gmail.com

Received: 07.12.2018 Accepted: 25.02.2019 Published online: 09.03.2019
DOI: 10.24075/brsmu.2019.007

BbIABNTIEHUE MYTALIMN SER450LEU B TEHE RPOB MYCOBACTERIUM TUBERCULOSIS
METOAOM AJNENb-CNELU®NYHON U3OTEPMUYECKOW METEBOV AMIMIMOUKALUN OHK

M. 1. dunmnerko' =, . T1. OckopbuH', E. A. Xpanos', 1. B. LLlamosckas', A. I. YepenHuderko?, 4. LL. LLsapL?

T IHCTUTYT XMmMYeckoin Gronorim n dyHaameHTansHo megunumnHsl CO PAH, HoBocnburpek, Poccust
2 HoBOCMOMPCKMIA Hay4YHO-MCCneaoBaTeNbCKU MHCTUTYT Tybepkyneaa, Hosocnbupck, Poccus

[Nns BbIABNEHWS FEHETUHECKNX MyTauuii LUMPOKO MCMOMB3YIOT AOCTATOYHO TPYAOEMKUA 1 AOPOrOCTOALLMIA METOA, NONAMMepasHon uenHor peaxuumn (MLP).
Llenbto paboTbl 66110 OLEHUTL BO3MOXHOCTb MPYMEHEHNSA ABYX CXeM MeToAa anneb-Crneumnhr4HOn N30TepMnHecKor netneBon amnnndrkaummn (loop-mediated
isothermal amplification, LAMP) ansi BeisisneHust mytaumm TCG/TTG (S450L) B reHe rpoB Mycobacterium tuberculosis. Vicnonb3osanv 48 KNMMHUHECKNX U30NSTOB
M. tuberculosis n 11 06pa3LoB MOKPOTbI, BbIGpaHHbIX ClyHaliHbiM 00pa3oM 1 MosyHeHHbIX B MUKPOBKoorndeckor nabopatopun r. Hosocrbupeka oT nauyeHToB
C BrepBble BbIABEHHbIM 3ab0neBaHneM. NokasaHo, HTo MPUMEHEHVE CXeMbl aHanM3a C MCMoNb30BaHeM annenb-cneundmnyHoro npanvepa FIP no cpaBHeruo
¢ F3 vMeeT nyylyto paspellaroLLlyto CroCOBHOCTL: pasHuLa MeXay BpeMeHeM amnamdvkaumn MyTauum 1 annens aMkoro Tuna coctaBuna 22 + 2,4 npoTvs
13 £ 4,1 muH (p = 0,0011). Mpn ncnonedosaHum 100 reHoM-akBMBasieHToB [JHK MCTUHHO MONOXUTENBHBIN CUrHaN (aMnandurkaums reHa rpoB ¢ myTaumein npu
1ICMONb30BaHNy COOTBETCTBYIOLLIErO annenb-crneumdmn4eckoro npanvepa) Aetektnposancs nocne 29,4 + 3,4 MuH. MonoxXuTeNbHbI CUrHan BU3yannanpoBasncs
nocne nobasnerHunst B peakumto SYBR Green |, kak npu ocBeLleHn AHEBHBIM CBETOM, TaK 1 NPU UCMONb30BaHWUN TpaHcunntoMmHatopa ¢ YO-unsnydeHnem. C
MOMOLLBIO paspaboTaHHOro Hamn MeTofa Oblna NpoaHanmavpoBaHa Beibopka OHK 20 RIFF nsonatos M. tuberculosis, Hecylumx MyTaumo Serd50Leu B reHe rpoB,
10 RIF? n301410B, HECYLLMX Apyrie MyTauum B reHe rpoB, a Takke 18 RIFS 130n1sToB 663 MyTauuii; Hanndmne MyTauuii B obpasLiax 6110 onpeaeneHo ¢ NoMOLLbIO
KNacCU4eckoro cekBeHnpoBanmnst no CeHrepy. YyBCTBUTENBHOCTb 1 creumdmdHocTs LAMP ans BbisineHnst mytaumm Ser450Leu B reHe rpoB coctasunm 100%.
[aHHbI NoaxoA No3BoNsSeT NCnonb3osaTh B kadectse [HK rpybble nn3aTsl MMKoOaKTepUiA, YTO COKpaLLaeT ToTanbHoe Bpems aHanmaa ao 1,5 4.

KntoueBble cnosa: Mycobacterium tuberculosis, nekapCTeBeHHas yCTONHMBOCTb, MyTaLmK, pyuddamniuuyH, reH rpoB, nsotepmMimnyeckast netnesas amnindvikaums, LAMP
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Through many centuries tuberculosis is among the most
difficult in treatment infectious diseases with high mortality.
Now drug-resistant (DR) isolates of M. tuberculosis are a threat
to public health: they complicate conservative treatment, lead
to patient disability, and the growth and spread of DR-strains
among healthy populations is observed. This determines the
necessity of the development of effective and possibly simple
methods for detecting drug resistance of mycobacteria. One
of the widely used first-line anti-TB drugs in the treatment of
tuberculosis is rifampicin. Resistance to rifampicin is often
considered as a surrogate marker of multidrug resistance (MDR)
of the tuberculosis mycobacterium complex [1]. Rifampicin was
introduced into the phthisiatricians clinical practice in 1972.
It is highly effective against Mycobacterium tuberculosis, the
minimal inhibiting concentration (MIC) of rifampicin is 0,1-0,2 ug/ml
[2]. In combination with isoniazid and pyrazinamide rifampicin
is the base of pharmacotherapy of the tuberculosis infection.

The cell target of rifampicin is the DNA-dependent RNA
polymerase enzyme, which is extremely conservative among
bacteria and archaea. The overwhelming majority of mutations
responsible for rifampicin resistance are localized in three
regions of the rpoB gene, encoding the beta subunit of the RNA
polymerase: cluster | (encodes 512-534 amino acid positions),
cluster Il (5663-574), and cluster lll (687). In 95% of cases,
mutations affect cluster | or the so-called rifampicin-resistance
determining region (RRDR) consisting of 81 base pairs. This
region corresponds to codons 426-452 in Mycobacterium
tuberculosis and 507-533 in Escherichia coli. Traditionally
designated by the E. coli nomenclature mutations in codons
521, 526, 531 and 533 (positions 440, 445, 450 and 452 in
the rpoB gene of Mycobacterium tuberculosis) are the most
common for rifampicin-resistant Mycobacterium tuberculosis [3].

Amino acid substitutions at positions 526 and 531 lead to
resistance to high doses of rifampicin. Amino acid substitution
Ser450Leu (S450L, nomenclature of the Mycobacterium
tuberculosis gene, which will be used in the present article)
dominates among all other substitutions, determining resistance
in 30-70% of rifampicin-resistant (RIFY) isolates (the median is
about 60%) [3]. This makes the S450L mutation (TCG/TTG) the
most significant candidate for the validation of a wide variety
of genetic screening methods for detection of Mycobacterium
tuberculosis resistance to rifampicin [4, 5].

Today, the most commonly used method for detecting
genetic mutations is the polymerase chain reaction (PCR).
This method is simple to perform, and demonstrates enough
reliability. PCR modifications using monitoring of specific
amplicons by detecting accumulation of a fluorescent signal
(real time PCR) make the analysis homogeneous and allow to
avoid additional manipulations with the amplicon extra vitro.
However, PCR is performed using rather complicated and
expensive instruments. This was the reason for the development
of alternative methods of nucleic acids amplifying, primarily
feasible under isothermal conditions [6].

In 2000 the loop-mediated isothermal amplification (LAMP)
method was developed. Initially, the method assumed the use of
two pairs of primers (outer and inner) and DNA polymerase with
chain-displacing activity [7]. Later, the developers introduced an
additional pair of primers to improve the amplification kinetics.

In specificity and sensitivity LAMP (the limit of sensitivity is
around several DNA molecules) is comparable to PCR, and in
some cases takes precedence over it. The increased resistance
of LAMP to the PCR inhibitors was also noted [8]. For the
detection of LAMP results, approaches based on different
principles can be used. First of all it is the measurement of
optical density due to magnesium pyrophosphate formed
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during DNA synthesis [9], or the fluorescence measurement in
response to introduction of the intercalating dyes [9], primer
modification [10] or the introduction of fluorescently-labeled
probes [11], as well as colorimetric detection of metal-sensitive
dyes due to the binding of magnesium ions by pyrophosphate [12].

To date, a significant amount of research has been done on
the development of test systems for detecting Mycobacterium
tuberculosis using LAMP [13]. The Loopamp MTBC Detection
Kit (Eiken Chemical Company Ltd; Japan) based on the LAMP
method has been noted by WHO as a possible replacement for
microscopic examination for the diagnosis of tuberculosis [14].
[t was also recommended as an additional to microscopy test in
the diagnosis of adults with clinical symptoms of tuberculosis,
including the diagnosis of negative according to the results of
microscopy patients. However, the use of LAMP for detection
of mutations of Mycobacterium tuberculosis causing drug
resistance has not yet been described.

The aim of our work was to develop a method for detecting
TCG/TTG mutation (S450L) in the rpoB gene of Mycobacterium
tuberculosis for detection of rifampicin resistance without using
expensive equipment, and also to evaluate the effectiveness
of two types of the allele-specific isothermal loop amplification
(AS-LAMP) design, and to determine the optimal system’s
analytical characteristics on a representative DNA sample of
Mycobacterium tuberculosis isolates.

METHODS
Clinical isolates

Clinical isolates from M. tuberculosis (48 isolates) as well as
11 sputum samples were selected randomly and obtained in
the microbiological laboratory of the Novosibirsk Tuberculosis
Research Institute, Novosibirsk, from the patients living in
the city of Novosibirsk and the Novosibirsk region, who were
examined in 2009-2011. The taking and processing of sputum
was carried out in accordance with the MOH order Ne 109 of
21.03.2003 (edition of 29.10.2009). Criteria for inclusion of
patients in the study: males and females of any age; incident
patients; rifampicin resistance presence. Exclusion criteria: not
a newly diagnosed disease; rifampicin resistance absence.
Rifampicin resistance (40 ug/ml) was determined according to
the absolute concentrations method on a Lowenstein-densen
medium. Isolate resistance to rifampicin was determined in the
BACTEC MGIT 960 fluorometric system (Becton-Dickinson;
USA). Crude lysates as well as DNA from bacterial colonies
of isolates were obtained by heating in 300 pl of buffer
containing 10 mmol of sodium tetraborate (pH 9.5) and 1%
2-methoxyethanol during 10 minutes at 98 °C followed by
centrifugation to precipitate cellular debris.

Sequencing of rpoB gene

For amplification of the 322 nucleotide pairs rpoB gene
fragment the rpoB1 5'-AACCGCCGCCTGCGTACGGT-3'
and rpoB2 5'-GGCCGTAGTGCGACGGGTGCA-3' primers
were used. The reaction mixture of 25 pl contained 65 mmol
of Tris-HCI (pH 8,9), 16 mmol of (NH,),SO,, 3 mmol of
MgCl,, 0,05% Tween-20, 0,2 mmol of dNTP, one unit of Tag-
polymerase (Fermentas; Lithuania), 0,3 pmol of mentioned
above oligonucleotide primers and 1-10 ng of genome DNA
from M. tuberculosis. Amplification was performed in the PTC-
200 amplifier (BioRad; USA) using the following program: 96 °C —
3 minutes, then 35 cycles at 95 °C — 10 seconds, 64 °C —
10 seconds and 72 °C — 20 seconds with final elongation at



ORIGINAL RESEARCH | LABORATORY DIAGNOSTICS

72 °C — 3 minutes. The presence of amplification product
of the required size was checked by electrophoresis in 6%
polyacrylamide gel with visualization of DNA fragments with
ethidium bromide using the UV irradiation. The sequence of
the PCR products was determined at the SB RAS Genomics
Core Facility using the sequencing reagents from the Big Dye
Terminator v3.1 Cycle Sequencing Kit (Life Technologies;
USA) and the capillary electrophoresis unit ABI 3130xI Genetic
Analyzer (Life Technologies; USA) according to manufacturer’s
instructions. Mutations were detected by comparing the
obtained nucleotide sequences with the rpoB gene of
M. tuberculosis (H37Rv) using the Unipro UGENE software
1.11.3 (Unipro; Russia).

Obtaining of standard plasmid samples
carrying frequent mutations

The 505 nucleotide pairs DNA fragment was obtained using
using amplification with oligonucleotide primers cl-rpobU and
cl-rpobR (Table 1) in the following conditions: the PCR reaction
mixture of 50 ul contained the buffer for Tagpolymerase (65 mmol
TrisHCI; pH 8,9; 16 mmol (NH,),SO,; 0,05% Tween-20; 3,5 mmol
MgCl,), 0,2 mmol of dNTPF, 10 ng of genome DNA from
Mycobacterium tuberculosis H37 Rv or DNA isolate with
a TCG/TTG (S450L) mutation in the rnpoB gene, one activity
unit of Tag-polymerase (Biosan; Russia). Amplification was
performed in the Tercyc amplifier (DNA-Technology; Russia)
according to the following program: 3 minutes at 95 °C for
initial denaturation, then 34 cycles: 10 seconds at 95 °C for
denaturation, 10 seconds at 60 °C for primer hybridization,
20 seconds at 72 °C for elongation. Amplification products
were hydrolyzed with restriction endonucleases Hind Il and
BamHI (Sibenzyme; Russia) ligated with the pBluescript Il SK

(+) vector that was hydrolyzed with the same endonucleases,
during 8 hours with 100 activity units of T4 DNA-ligase (Biosan;
Russia). Using the ligase mixture competent cells from E. coli
of the XL1Blue strain (Stratagene; USA) were transformed. In
plasmid clones selected from the results of restriction analysis,
to confirm the structure, the nucleotide sequence of the insert
was determined by Sanger sequencing. Sequencing was
performed in the ABI 3130XL GeneticAnalyzer automatic
sequencer (Applied Biosystems; USA) using the BigDye 3.1 kit
(SB RAS Genomics Core Facility; Russia). Plasmid recombinant
DNA pRPOB-M and pRPOB-W were isolated from 50 ml of
night culture in LB medium using the QIAGEN Plasmid Midi Kit
(QIAGEN; Germany) according to manufacturer’s instructions.

The concentration of the obtained standard plasmid DNA
was determined by spectrophotometry and fluorometry using
the Qubit™ BR kit (Invitrogen; USA). Then 2 pg of DNA were
subjected to hydrolysis by Hindlll restriction endonuclease for
linearization. The resulting linear standards were diluted to
concentration of 105 and further to concentration of 5 x 10?
plasmid DNA copies for 1 pl in sterile buffer, containing 10 mmol
of Tris HCI (pH 7,6) and 5 ng/ul of lambda phage DNA.

The DNA concentration in the obtained standards was
refined using digital PCR in the QX100™ Droplet Digital™
PCR System (Bio-Rad; USA) according to manufacturer’s
instructions. To do this, 20 pl of PCR mixture containing the test
DNA (about 10° per 20 pl), 1 x PCR mixture (Bio-Rad; USA),
300 nmol olygonicleotide primers Bla-U, Bla-R and 100 nmol
TagMan Bla-P probe for beta-lactamase gene amplifying (Table 1)
were prepared. To obtain microdroplets, 20 pl of the prepared
PCR mixture and 70 pl of oil needed to generate droplets were
placed in the corresponding wells of the DG8 cartridge. Then,
40 pl of the obtained microdroplets were transferred to a 96-
well PCR plate, sealed with foil and placed in an amplifier.

Table 1. List of oligonucleotide primers and fluorescently labeled probes used in present study

Name Nucleotide sequence
AS-FIP design
1 450-F3 5'-CCAGAACAACCCGCTGTCG-3'
2 450-B3 5'-TGACCCGCACGTACACCGACA-3'
3 | 450a-FIP-M 5'-GGACCTCCAGCCCGGCACACCCACAAGCGCCGACTGCT-3'
4 | 450a-FIP-W 5'-GGACCTCCAGCCCGGCACACCCACAAGCGCCGACTGGC-3!
5 | 450a-FIP-rpoB 5'-GGACCTCCAGCCCGGCACACCCACAAGCGCCGACTG-3!
6 | 450a-BIP 5'-TGCACCCGTCGCACTACGGGCCGATCAGACCGATGTTGG-3'
7 | 450a-LF 5'-CCGATCGAAACCCCTGAGG-3'
8 | 450a-LB 5'-CACGTGACAGACCGCCG-3'
AS-F3 design
9 | 450b-F3m 5'-CCACAAGCGCCGACTGCT-3'

10 | 450b-F3w

5'-CCACAAGCGCCGACTGGC-3'

11 | 450b-FIP 5'-CACGTCGCGGACCTCCAG-GCGCTGGGGCCCGGC-3!
12 | 450b-BIP 5'-ACCCGTCGCACTACGGC-GATCAGACCGATGTTGGGC-3'
13 | 450b-B3 5'-CGTACACCGACAGCGAGC-3'

14 | 450b-531-LF

5'-CCGATCGAAACCCCTGAGG-3'

15 | 450b-LB 5'-CCCGGCACGCTCACGT-3'

16 | cl-rpobU 5'-GAAGGATCCACCATCGAATATCTGGTC-3'

17 | cl-rpobR 5'-AAGCTTCTCCTCGTCGGCGGTCAGGT-3'

18 | Bla-U 5'-CGTCGTTTGGTATGGCTTCATTC-3'

19 | Bla-R 5'-AGGACCGAAGGAGCTAACCG-3'

20 | Bla-P 5'-HEX-CGGTTCCCAACGATCAAGGCGAG-BHQ2-3'
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The following amplification program was used: 96 °C —
10 minutes, then 50 cycles 96 °C — 15 seconds, 60 °C —
40 seconds, with final warming up during 10 minutes at 98 °C.
After that, the droplets were read using the Droplet Reader
unit, the obtained data was processed using the QuantaSoft
software (Bio-Rad; USA).

Loop-mediated isothermal amplification

The reaction mixture with a volume of 20 pl contained 1x
reaction buffer (pH 8,0) for Bst-polymerase (New England
Biolabs; USA), 0,2 umol of each outer primer (F3/B3), 0,4 pmol
of each loop primer (LF/BF), 1,2 umol of each inner primer (FIP/
BIP), sequences of which are represented in Table 1, DNA matrix
(1000 plasmid copies or 0,5-2 ng of mycobacterial DNA isolate
for one reaction mixture), 2 activity units of Gss-polymerase from
Geobacillus sp. 777 [15]. In the case of using LAMP in the real
time mode the SYTO-9 intercalating dye bringing concentration
to 2 pymol was added [16]. The reaction was carried out in the
CFX 96 amplifier (Bio-Rad; USA). The program included the
following stages: primer annealing and elongation at 60 °C
for 80 minutes with recording of the fluorescence signal once
a minute on the FAM channel; determination of the melting
point of amplification products in the range of 75-95 °C after
amplification for specificity analysis. To evaluate the isothermal
amplification results the Tt (time-to-threshold — time needed
by the accumulation curve of the ampilification product to
intersect the threshold value) parameter was used. All LAMP
reactions were performed in three iterations, the table shows
the mean values together with standard deviations for them.

A F3
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T
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RESULTS

We used two previously described [17, 18] schemes for the
design of allele-specific isothermal loop amplification (AS-
LAMP) (Fig. 1). According to the first scheme, the detection of
a mutation or a wild type allele is carried out using two allele-
specific FIP primers. In the second scheme, allele-specific
LAMP is initiated from a mutation-specific F3 primer. At the
initial stage, we used plasmids with a cloned wild type rpoB
fragment and a fragment containing the mutation as a matrix for
working out the conditions. To optimize the reaction pS450L-M
or pS450L-W with a concentration of 1000 copies per reaction
served as a matrix for AS-LAMP. All optimization reactions
were performed together with monitoring the accumulation of
isothermal amplification products in real time using the SYTO9
intercalating dye. As the main parameter for optimization, the
mutation discrimination index was used, which was defined as
the difference in Tt for wild-type DNA and for mutant DNA when
using the set of primers, including the allele-specific primer (AS-
FIP or AS-F3), for ampilification.

In model experiments with the plasmid DNA, we have
shown that the use of an analysis scheme using the allele-
specific primer FIP compared to F3 has the best mutation
discrimination index: the difference between the amplification
time of the mutation and the wild type allele was 22 + 2,4
versus 13 + 4,1 minutes (Fig. 2). Use of non-parametric U-test
(Mann-Whitney U-test) showed that the resulting discrimination
indexes demonstrate the statistically significant difference
(o = 0,0011). When using 100 DNA genomic equivalents a true
positive signal (amplification of the rpoB gene with a mutation

B2 B3

I Bic

B1

@ — Mutation

Fig. 1. Schematic illustration of the different principles of allele-specific isothermal loop amplification (AS-LAMP): allele-specific primer FIP (A), allele-specific primer F3 (B)

Amplification

RFU (10"3)

Cycles

Fig. 2. Fluorescence accumulation curves for AS-LAMP products. Curves marked by circles correspond to FIP-AS-LAMP, marked by crosses — to F3-AS-LAMP
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Fig. 3. Detection of TCG/TTG (S450L) mutation of the rpoB gene by AS-LAMP method with visualization of amplification products by adding the SYBR Green |
intercalating dye in natural light (A) and with the 280 nm UV illumination (B). Samples 1, 4, 5 contain a mutation, 2 and 3 — contain no mutation, they were amplified
with mutation-specific primer, tubes marked with «K» were amplified with norm-specific primer

Table 2. The range of rpoB gene mutations of the Mycobacterium tuberculosis isolates detected by Sanger sequencing and the results of a TCG/TTG (S450L) mutation

detection using AS-LAMP

Ne Mutation Sequencing AS-LAMP
1 No mutation 18 18
2 Ser450Leu (TCG->TTG) 20 20
3 His445Leu (CAC->CTC) 4 0
4 His445GIn (CAC->CAA) 1 0
5 Asp440Val (GAC->GTC) 3 0
6 Asp440Asn (GAC->AAC) 1 0
7 Asp440His (GAC->CAC) 1 0

when using the corresponding allele-specific primer) was detected
after 29,4 + 3,4 minutes.

We also made an attempt to improve the mutation
discrimination index by changing the concentration of betaine,
as well as by adding dimethylsulfoxide (DMSQO) which has the
ability to increase the standard PCR specificity 19]. The optimal
betaine concentration was 0,75 mol, adding DMSO did not
improve the discrimination and even slightly increased the
overall response time.

A positive signal was reliably visualized after adding SYBR
Green | (at a concentration of 1: 1000 of commercial dye) to the
reaction, both when illuminated with daylight and when using
a UV transilluminator (Fig. 3). For further diagnostic validation,
two reactions were performed for each test sample: the first
one was AS-LAMP using the 531-FIP-M primer for mutation
detection, the other one was using the 531-FIP-rpoB primer for
Mycobacterium tuberculosis DNA detection. Reactions were
performed either in a thermostat at 65 °C for 40 minutes with
visualization of the reaction result using SYBR Green | or in real
time (see the “Metods” chapter).

Using the developed method the DNA sample of 20 RIFR
isolates from Mycobacterium tuberculosis was analyzed
containing the Ser450Leu mutation in the rpoB gene, 10 RIF®
isolates containing other mutations in the rpoB gene (especially
in His445 and Asp440 codons) as well as 18 RIF® isolates
without any mutations; the presence of mutations in the
samples was determined using Sanger sequencing (Table 2).
All tested samples were identified correctly, sensitivity and
specificity of LAMP for detecting a Ser450Leu mutation in the
rpoB gene was 100%.

The use of AS-LAMP on a small sample of 11 DNA samples
from the sputum of patients with active bacteria excretion

showed complete concordance with the Sanger sequencing
results (4 samples containing a mutation and 7 samples with
no mutation).

Using human DNA as a matrix did not produce a sinificant
signal.

[t has been shown that analysis can be performed on
crude lysates of bacterial cells. In this case, the total time of
the analysis, starting from a biological sample, may not exceed
1,5 hour, given the fact that obtaining of crude mycobacterial
lysates takes no more than 15-30 minutes.

DISCUSSION

In the past few years, several approaches have been proposed
to identify single nucleotide DNA replacements using the
LAMP method. All of them use allele-specific hybridization
with amplification products [20, 21], allele-specific primers
[22, 23] as well as the oligonucleotides selectively blocking the
amplification of the studied structural variants [24].

Allele-specific polymerase chain reaction (AS-PCR) is
one of the most widely used methods for DNA mutations
detection [25]. Classical AS-PCR variant implies the use of two
allele-specific primers, in which the 3'- terminal nucleotide is
complementary to the polymorphic nucleotide, and the third
common primer. The method is based on the difference in
the efficiency of paired and unpaired 3'-nucleotide elongation
by DNA polymerase. Under ideal conditions (with complete
elongation inhibition), this should lead to the absence of the
amplification product in reaction with the primer to a mutation
on the wild type DNA matrix.

To improve discrimination of products with “mutant” and
“normal” DNA, the use of additional unpaired nucleotides at the
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3'-end of the primer (at the -2, -3 or -4 position) is widely used
for further destabilization of the duplex in order to reduce the
efficiency of DNA polymerase elongation. We suggested that
when elongating allele-specific primers with a chain-displacing
DNA polymerase, a similar principle can be used. For the
design of allele-specific primers, we chose the approach that
was described in 2004. [26]. The authors proposed to increase
the discrimination of the mutant allele by introduction of the
second unpaired nucleotide at the -2 position of the allele-
specific primer, as well as a simple set of rules for choosing
the type of this base to achieve the maximum effect. Using
these recommendations, we synthesized two fundamentally
different sets of AS primers for isothermal loop amplification:
the first one corresponds to FIP primer, the other one — to
F3 primer.

Optimization of the detection of the TCG/TTG mutation
(S450L) in the oB gene of Mycobacterium tuberculosis using
the plasmid control DNA showed the preference of AS-FIP.
Using it, we were able to classify all analyzed DNA samples
of Mycobacterium tuberculosis isolates correctly, including
the negative for TCG/TTG replacement (S450L) DNA samples
carrying mutations in codons 445 and 440, by visual analysis of
the results of isothermal amplification in a standard thermostat
that maintains temperature of 65 °C. AS-LAMP was also
effective in detecting the Ser450Leu mutation of the rpoB gene
in DNA from sputum of patients with known rpoB gene mutation
status. We managed to classify 4 samples with the Ser450Leu
mutation and 7 samples without this mutation correctly. The
proposed approach showed high specificity and sensitivity
to identify the most common Mycobacterium tuberculosis
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