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MOJIEKYIAPHO-TEHETUYECKAS 3KCIPECC-
WAEHTUOUKALIUA TYBEPKY/IE3A
WEI0 YCTOM4YMUBOCTU K AHTUBUOTUKAM
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C uenblo pa3paboTKM KOMIUieKca [AWarHOCTUYECKUX TecT-CUCTeM JAJis 6biCTpPOro BbisiBleHUS
MukobakTepun Tybepkynesa M onpegeneHUss UX YCTOMYUBBLIX K aHTU6MOTUKaM ¢opM co3gaH
MeXAyHapoAHbI KOHCOPLUYM, B KOTOpOM Poccuio npeactaBasioT KOMnaHus "LLeHTp nepcnekTUBHbIX
TexHonorni", MrY wm. M.B.JlomoHocoBa un LHWUWN Ty6epkynesa. lMnaHupyetrca paspabotatb
HEeCKOJIbKO TeCT-CUCTEM AJi1Sl KOMIJIEKCHOW ANarHOCTUKU C NPUMEHEHUEM MOJIEKY/IIPHO-TeHETUYECKUX
M UMMYHOJIOrM4Yecknx MeToA0B My/ibTUAHA/IM3a MUKO6aKTepui Ha Guoymnax.

In the international consortium for developing complex diagnostic test-systems for rapid detection
of tuberculosis mycobacteria and their antibiotic-resistant forms, Russia is represented by the
Advanced Technologies Center, Lomonosov Moscow State University and Central Research Institute
of Tuberculosis. It is planned to develop several test systems for integrated diagnosis using molecular-

genetic and immunologic methods of mycobacteria biochip-based multi-analysis.

ocnefHHe OeCATHI/IETHS BO MHOTHX CTpa-

HaX MHpa, He3aBMCHMO OT UX 3KOHOMHUYE-

CKOI'0 CTAaTyCca W YPOBHS KHU3HH HaceJleHHUH,
OTMevaeTCs HeyKJOHHBIN PocT 3abo/seBaeMoOCTH
Tybepkynesom (TB). [To3ToMy pa3paboTKa HOBBHIX
METOLOB NHUATHOCTUKHU U JedyeHus Tb mponmor-
>)KaeT 0CTaBaThCA aKTyanbHOHU. ITo maHHBIM BO3
(1, 2] coBeplleHCTBOBaHME 3THX METOJOB MI03BO-
MU0 NO6UTHCS CHUXKEHUSI CMePTHOCTH Ha 45%
3a epuon ¢ 1990 mo 2013 rogsl, 4TO B abCONMITHBIX
3HaYeHMAX COCTABJIAET AeCATKH MUJIJIMOHOB CIla~
CeHHBIX YeJioBeYeCKHUX XHU3Her. OJHAKO IMoKa3a-
TeJIH MO-IIPeKHEeMY YyIposkKalollye: 10 OLleHKaAM
BO3 B 2013 rogy 9 MyIH. 4enoBek 3abosenu Tybepky-
ne3oM, IpUUeM 0KOJI0 64% cinydaeB 3aboneBaHUS
OBLIM BBISBIEHBI BllepBble. CMepTHOCTD B 2013 rony
cocTtaBuaa 1,5 MaH. 4enoBeKk. Ocobylo 0IacHOCTh
IIpenCTaBIsAIOT coueTaHue Th- u BUY-uHPpeKIIHH,
KOTOpBIE CJIOKHEee NHATHOCTHPOBATh U JIEUUTH.
Oxoio 1,1 miH. (13%) Bcex T5-601bHBIX HHOUILIKPO-
BaHBI BUY.

CyuiecTBeHHOM Ipo6ieMOM SBASIETCS YCTOMYH-
BocTbh MuKobakTepunt T (M.tuberculosis) k meii-
CTBUIO aHTUOHMOTHKOB —~ OCHOBHOTO CPeJICTBA jIede-
HUs 3Toro 3aboneBaHus [3, 4]. B HacTosIIee BpeMs
BBIJE/ISIIOT CIelyIoUi e BUA bl yCTOMYHUBOCTH:

* MHOXXeCTBeHHYI JIeKapCTBeHHYI YCTOMYHM-
BocTh (MJIVY, aura. - multiple drug resistance,
MDR) - ycToruuBOCTb Bo36yauTenss Th K 0CHOB-
HBIM aHTHOHOTHKAM [IepBOro psafa (M30HUA3UT,
pudaMIUIIUH);

* IIHPOKYIO TeKapCTBEHHYI0 YCTOMUUBOCTS (LY,
aHrI. - extensively drug resistance, XDR) - coue-
TaHHYIO YCTOMYHUBOCTbh K aHTUOHMOTHKAM IIep-
BOT'O 1 BTOPOTO psifia (M30HUA3UI, pubaMIIULIKH,
GTOPXMHOMOHBl, aMUHOIIMKO3U B U JP.).
YCTOMYHUBOCTD CBSI3aHa C MyTallUIMHU B OIpe-

He/leHHBIX TeHaX MHUKOOAKTepUI, NPHUYEM KaK-

OB KOHKPEeTHBIN THII YCTOMYHUBOCTH 06yCIOBIIeH

Ha/IM4KeM HEeCKOJIbKHUX MyTallHMH.

HccnenoBaHHe B pa3HbIX perHMoHaX MHUpa obHa-
pykumno 6osee IMOTOBUHBL YCTOMYKBEIX BO30Yy-

1 MY um. M.B.JlomoHocoBa / Lomonosov Moscow State University

2 OFBHY "LleHTpanbHbI HAy4YHO-UCCNEL0BATENLCKUIA MHCTUTYT Ty6epkynesa” / Central Research Institute of Tuberculosis

3 LleHTp nepcnekTUBHbIX TexHonorunii / Advanced Technologies Center
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nutenen TH B Tpex cTpaHax: HHauH, KuTae u
Poccuu. HeamexkBaTHOe jJeYyeHHe MOXKeT BBI3BaTh
CeTeKTUBHBIN 0T6OP Pe3UCTeHTHHIX IITaMMOB.
C KJIMHHYEeCKOM TOYKH 3peHHUS NPUUYUHAMH BO3-
HUKHOBEHMUS PE3UCTEHTHBIX IITAMMOB SIBISIOTCS
O34 HSAS JUATHOCTHKA [IePBUYHOMU JIeKapCTBeH-
HOM yCTOMYMBOCTU B030OynHTeNsl, HeafleKBaTHOe
M1 He3aBeplleHHOe IIpeAblayee jedyeHue. Y
TB - Hauboee CIOXKHBIYU AJIS JIeUeHUS BULI pes3u-
CTeHTHOCTHU. PakTOpaMHM pHCKa pa3BuTud LY
SABJSIOTCS epBUYHAsg MJIY, pacnpoCcTpaHeHHBIH
OBYXCTOPOHHUH IIpoliecc B Jerkux, 6onee Tpex
KyPCOB XUMHOTepanuu TybepKyae3a B aHaMHe3e
Y IpUMeHeHHe IPOTUBOTYybepKy/le3HbIX Mpema-
PaToB pe3epBHOrO pAfa B INPeAbAYIIUX Kypcax
XUMHOTEPAIIKH.

Poccusi OTHOCUTCSI K CTPaHaM C BBICOKOH 3a60-
neBaemocTbio TH. CymecTBeHHON U Hauboiee
BaXHOM mnpobseMol B pa3sBUTUHU Tybepkyies-
HOMU 3MNHUJeMHUHU ABISI0TCSA PACIPOCTpaHAoIIHecs
Cpefy HaceJleHHS IMITAMMBI, YCTOMYHUBEIE K 60/Ib-
IIUHCTBY IPerapaToB, IPUMEHSIEeMBbIX B IIPOTH-
BOTybOepKyJle3HOH Tepamuu. Ocobylo OmacHOCTH
npencTaBiseT pocT fonu LY TE ¢ 4,9 mo 20% [1].
9THU MaLlMeHTHl NPeACTaBISIOT COO0N OMaCHBIM
"pesepByap" YyCTOMUYHUBHIX HHPEKIIMH, HAa KOTO-
pble He JNeHCTBYIOT H3BeCTHBle aHTHUOHMOTHUKH.
Bo3HMKaeT cepbe3Has yrpo3a HeKOHTPOJIHUDYe-
MOTO pPacIpoCTpaHeHUs HMTAMMOB MHUKobaKTe-
puii, obnamaroouux IIJIY. 3aboneBaHue nepefaeTcs

BO3/yIIHO-KaIleJIbHBIM IIyTeM, YTO CO3JaeT yIpo3y
ero pacrnpocTpaHeHHUS B KPYIIHBIX TOPOJaX C BBICO-
KOH IIJIOTHOCTBIO Hace/leHHUS U OONBIIUMHU IIOTO-
KaM{ MHUTPAaHTOB, 3HaUHTe/NbHAs YaCTh KOTOPBIX
He obcmemoBaHa. [103ToMy TaK Ba>kXHO BOCIIpe-
INSTCTBOBATh YBeJIHUYEHHUIO C/lydyaeB 3aboeBaHUs
TsKeJNBIMU dopMamu TB, KoTopble XapaKTepU3y-
IOTCSI BBICOKOI CMEPTHOCTBIO.

MOJIEKYNSAPHO-TEHETUYECKUWA AHANIU3
[TI0CKOJIBKY JIeKapCTBeHHAsI Pe3UCTEHTHOCTH 06y-
CJIOBJIeHA MYTAaLlUsIMU B TeHaxX MUKobakTepuil T,
MepCHeKTHBHBIM SIBJISIeTCSI IPUMEHeHHe MeTOL0B
MOJIeKY/ISIPHO-TeHeTUYeCKOI0 aHaJIu3a. B mocnen-
HHe TOJbl aKTHBHO Pa3BUBAIOTCS TeXHOJIOTUH CeK-
BEeHHPOBAHUS U MYJIbTHUIIJIEKCHOTO MOJIEKYJISIPHO-
reHeTHYeCKOI0 aHa/su3a: MyabTUIIIekcHas 1P,
IIIIP B pesxuMe peanbHoOro BpeMeHH, IIIIP ¢ manb-
HeHmed rubpupnsanuell Ha 6MOYUIIAX PaA3IHUY-
Horo Tumna [5-7]. CexkBeHHUpOBaHHEe B OCHOBHOM
KCII0JIb3yeTCsl B HAYYHBIX UCCIeJOBAHUAX, TaK KaK
JIJIsl IPAaKTUYeCKOro IPUMeHeHHU s B KIMHUYeCKUX
nabopaTopusixX 3Ta TEXHOJIOTHS CJIOKHA, XapakK-
TepHU3yeTCs BBICOKOKM CTOMMOCTBIO 060pyIOBaHU S
U UMeeT OTPAaHUYeHUs, CBSI3aHHBbIEe C BEPOSTHO-
CTBIO JIOKHBIX Pe3yJIbTaTOB.

PasHoob6pa3ue $popM yCTOMUYHUBOCTH U HAIHU-
Yyhe ITAaMMOB, Pe3UCTEHTHBIX OJHOBPEeMEHHO
K HEeCKOJIBKHUM IIpellapaTaM, TpebOyOT pa3BUTHUS
TeXHOJIOTUH MYJbTHAaHA/lHU3a MHKOOAKTepUHU

n the past decades, many coun-

tries, regardless of their economic

status and living standards, have
seen a steady rise in the tuberculosis
(TB) incidence. Therefore, developing
new methods of TB diagnosis and
treatment remains to be a vital task.
According to WHO [1, 2], improv-
ing these methods helped to reduce
the mortality by 45% between 1990
and 2013, which, in absolute terms,
amounts to dozens of millions of
saved human lives. However, the
figures remain alarming: accord-
ing to the estimates of WHO, 9 mil-
lion people were infected with TB
in 2013, and nearly 64% of the cases
were detected for the first time. The
mortality amounted to 1.5 million
people in 2013. Especially dangerous

is the combination of TB and HIV
infections, which are more difficult
to diagnose and treat. Nearly 1.1 mil-
lion (13%) of all TB patients are HIV
infected.

The essential problem is the resis-
tance of TB Mycobacteria (M. tuber-
culosis) to antibiotics used as the
main treatment of this disease [3, 4].
Currently, specialists distinguish
the following types of resistance:
 Multiple drug resistance (MDR) -

resistance to the main TB antibi-

otics of the first line (isoniazid,
rifampicin);

 Extensive drug resistance (XDR) -
combined resistance to the first
and second line antibiotics (iso-
niazid, rifampicin, fluoroquino-
lones, aminoglycosides, etc.).

Resistance is associated with
mutations in certain mycobacte-
ria genes, with each specific type of
resistance being due to the presence
of multiple mutations.

Research in different regions of
the world revealed that more than
a half of resistant TB pathogens are
found in three countries: India,
China and Russia. Inadequate treat-
ment may cause a certain selectivity
of resistant strains. From the clini-
cal perspective, the causes for emer-
gence of resistant strains are late
diagnosis of resistance to primary
drugs and inadequate or incomplete
prior treatment. The XDR TB resis-
tance is the hardest to treat. The risk
factors for XDR emergence are the
primary MDR, common two-way
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Puc.1. Obuwuli 8ud 96-AyHOUHO020 NAaGHWema
Fig.1. General view of the 96-cell tablet

TybepKy/e3a Ha OHOYHMIIAX JI/IsI yCKOPEeHHOro obHa-
Py>KeHH S BO3OYAUTe/IS U OIpefie/ieHU s ero YCTOM-
YUBOCTH K aHTUOHMOTHKAM KaK I1epBOTro, TaK U BTO-
poro pAfa B OJJHOM aHanu3e. MyJIbTHUI/IEKCHBIM
aHa/nu3 Ha 6MOYMIIaX II03BOJISIeT BHISIBUTH IeCSATKH,
COTHH U fa’Ke ThICSYHU BUAOCTIEIUPUUHBIX [eHeTH-
YeCKUX I10C/Ie/I0BaTeIbHOCTEH, a TaK)Ke TeHeTHUYe-
CKHX BapHal[Hi, ONpeensoIHX Pe3UCTeHTHOCTh
MHKOBaKTepuH K aHTH6aKTepHUaTbHOM TePAIlUH.

NPOEKT "MY/IbTU-TB"

Komnanus "LleHTp HNepCIeKTHUBHBIX TeXHOJIO-
run’, MI'Y um. M.B. JlomoHocoBa u LIHHUH Ty6ep-
Ky/Je3a y4acTBYIOT B MeX/YHapOoJHOM IIPOeKTe
"MynsTu-TB" mo co3manHui0 6HouMIa, IO3BO-
NAI0Mero UAeHTUPUIUPOBATH MHOXECTBO
reHOB U Ha/JM4He MYTallUl B HUX B OJHOM aHa-
nuse. MHOCTpaHHbIe IapTHEPHl IIpoeKTa Ipej-
CTaB/JIeHBl HeMeIKOM HAay4YHOU rpymnmou 6uo-
AHAJTUTUKH U buompoueccoB MHCTUTYTa Kie-
TOYHOHM TepalHMHU U HMMMYHOJOIHU obmecTBa
®payuxodpepa (Fraunhofer Institute for Cell
Therapy and Immunology, Branch Bioanalytics and
Bioprocesses) U HeMeIKoM KoMIlaHuHeHr LIONEX
Diagnostics & Therapeutics. 3agaden MexxAyHa-
POLHOIOo KOHCOPIIMyMa siBlsieTcs pa3paborTka
KOMIIJIeKCa JUArHOCTUYeCKUX TeCT-CHUCTeM JJIs
OpIcTpOro BEIsIBIeHUSI MUKobakTepui Th u onpene-
JeHHUS UX YCTOMYUBBIX K aHTUOHOTHKAM GOpM Ha
OCHOBe MOJIEKY/ISIPHO-TeHeTUUeCKON U KMMYHOJIO-
rM4ecKOoM JUArHOCTUKH. B paMKax IpoeKTa mpen-
I10JIaTaeTCsl CO3/IaTh HECKOJIBKO TUIIOB JHATHOCTH-
YeCKHUX CUCTEM.

Bce pa3paboTaHHBIe K HACTOSIIEMY BPpeMeHH U
3aperUCTpHUPOBAaHHBIE [/ IPAaKTHYeCKOro Ipume-
HeHM S MEeTOJbl UMEeIOT OTpaHHUYeHU s, CBSI3aHHBIe
C HeJJOCTaTOUHOM MY/IbTUIIIEKCHOCTBIO U/IH CJIOX-
HOCTBIO K BBICOKOM CTOMMOCTBIO aHa/IM3a. Hu oguH
13 MeTOJIOB He I103BOJISIET OJHOBPEMeHHO BBISIBISTH
MukobakTepuu TB U onpeiesIITh UX YCTOMYHUBOCTD K
IperapaTaMm KakK IIepBOro, TaK K BTOporo psiga. Kak
IIPaBUJIO, TEXHOIOTHH, 06ecIIeurBaION[He BBICOKYIO

lung processes, more than three
tuberculosis chemotherapy cycles
in a patient’s history, and use of the
second line anti-TB drugs the in the
prior chemotherapy courses.

Russia is a country with a high
TB incidence. The most significant
and important problem related to
the TB epidemic is the widespread of
strains resistant to most drugs used
in an antituberculosis therapy. The
greatest danger is associated with an
increase in the XDR TB share from
4.9% to 20% [1]. These patients repre-
sent a dangerous “reservoir” of resis-
tant infections, which are not treat-
able by known antibiotics. There is
a serious risk of the uncontrolled
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spread of XDR Mycobacteria strains.
The disease is transmitted by air-
borne droplets, which create a threat
of their spreading in large cities with
high population density and large
flows of migrant, many of whom are
not examined. Therefore, it is impor-
tant to prevent the increasing inci-
dence of severe TB forms character-
ized by high mortality.

MOLECULAR GENETIC ANALYSIS

The methods of molecular genetic
analysis appear especially prom-
ising because drug resistance
is associated with mutations in
genes of TB Mycobacteria. In recent
years, sequencing technologies

and multiplex molecular-genetic
analyses have been rapidly devel-
oping with technologies such as
multiplex PCR, real-time PCR, PCR
with subsequent hybridization
on biochips of various types [5-7].
Sequencing is mostly used in sci-
entific research, because it is too
complex for practical application in
clinical laboratories, being charac-
terized by high equipment cost and
limitations associated with high
chances of obtaining false results.

The variety of resistance forms
and presence of strains resistant to
multiple drugs require developing
technology for tuberculosis myco-
bacteria analysis on biochips for
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Puc.2. Pesyabmam onpedeneHusl HyKAeUHOBbIX KUCAOM HA MUKPO-
yune 8 AyHKe nnaHwema

Fig.2. Result of the determination of nucleic acids on a microchip
in the cell of tablet

MYJIBTHUIIIEKCHOCTb, SIBIISIIOTCS TPYLOEMKHUMH, IJIH-
TeJIBHBIMU I10 BpeMeHHU U TPebyIOT LOPOroCTOSIIIHIX
KOMIIOHEHTOB U 060PyJOBaHMUSI, YTO OTPAHUYHMBAET UX
IIPLMeHeHHUe B peasIbHOM ITPaKTHKe.

B mpoekTe "Myneru-TB" ninanupyercs paspaboraTs
HEeCKO/IBKO JUATHOCTUYECKUX TeCT-CHCTeM, KOTOpbIe
II03BOJISIT IIPOBOAUTH KOMIIJIEKCHYIO JUATHOCTHUKY
B TPH 3Tama. [IepBBIH 3TAIl MpeAIIonaraeT 6bICTPhIE
aHAJIM3 MOKPOTHI, KOTOPBII II03BOTUT 0OHAPYKUTh

MHKOOAKTEpPHUHU B TeueHHEe HECKOJIBKHUX MUHYT C
KCIIO/Ib30BaHKEM CIIelMUYecKUX aHTHUTeNI, MeYeH-
HBIX HAHOYACTHUIIAMHU 30J10Ta. [|JIs1 IIOATBEPKIeHHUS
II0JIOKUTEIBHBIX Pe3y/IbTaToB byeT paspaboTaHa TecT-
CHCTeMa Ha OCHOBe OGHOYHII-KapTPHU/AKA, COUETAIOIIEr0
MYJIBTHAHAJIN3 Ha 6HounIie U GpIIOHIHbIe TEXHOIOTHH.
B KauecTBe crieliuGUIeCKUX PeareHTOB AJIs OIlpeferie-
HUS CreludUYECcKOro MaTTepPHA aHTUTEN HAllHeHTa
ByayT HUCIIOB30BaHbL 6eTKOBbIE MapKEPBI-aHTUT€HBI.
Ha 3T0T ke 6ri04mII 6yyT [0OABIATECS aHTHUTeHBI BUY
IJ1sl OHOBPeMEeHHOro obHapyskeHUs Ko-uHpekuu Th
v BUY. [I15 TpeThero sTara JUarHOCTUKHU OyayT pas-
paboTaHbl MOJIEKY/ISIPHO-TeHETHYeCKHe MeTo bl 06Ha-
PY’KeHHsI TeHeTUYeCKHUX MapKepOB JIeKapCTBEHHOMN
YCTOMYHMBOCTH MHUKOOAKTEPUIT HA OCHOBE MY/IbTHAHA-
JI13a Ha 6MOYMIIaX.

B cBs13u ¢ HEO6XOAUMOCTBIO ITPOBEIEHH I MACIITA6-
HbIX CKDUHHUHTOBBIX HUCCIeI0BAHUI PaCIPOCTPaHe-
HUsi Bo36ynuTeneil Th U ero aHTHOHOTHKOYCTOMYHBBIX
dopMm mpu BeIpabOTKe CTPATerMH OCHOBHOE BHUMAaHHe
BymeT yoeasThCsl IPOU3BOAUTENIbHOCTH TEXHONIOT U,
BPeMEeHH IPOBEIEHUS aHAIN3a U BO3MOXKHOCTH BHe-
IOpeHUs B AUATHOCTHUYECKUE Ta60paTOPUH Pa3TUIHOrO
YPOBHSL.

POCCUHCKUMHU MTapTHepamu 6ymet paspaboraHa gua-
THOCTHYECKAsl TECT-CUCTeMA MOJIEKY/IIpHO-TeHeTHYe-
CKOTO MYJIBTHAHATH3a AJIs1 yCKOPEHHOr0 06HAPY>KeHH
MuKobaxkTepu Th U oIpesieeHUs UX YCTOMUHUBOCTH K
IperiapataM Kak IIepBOro, TaK U BTOPOrO Psiia B OHOM
aHasu3e. TeXHONOTHYeCKoe pellleHHe 6yieT OCHOBaHO Ha
KOJIOPUMETPHUUYECKOH AETEKIIUHU, [IPEUMYIIeCTBA KOTO-
PO¥1 6BUTH TIOKA3aHBI [TPU UAEHTUGUKALUH YCTOMYHBO-

rapid detection of the pathogen and
detection of its resistance to anti-
biotics of both the first and second
lines within one analysis. Multiplex
analysis on biochips reveals doz-
ens, hundreds, or even thousands of
species-specific genetic sequences,
as well as genetic variations, that
determine the mycobacteria resis-
tance to antibacterial therapy.

MULTI-TB PROJECT

Advanced Technologies Center,
Lomonosov Moscow State University
and Central Research Institute
of Tuberculosis participate in the
international project Multi-TB on
the creation of biochips used for
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identification of genetic sets and
mutations within one analysis. The
project’s foreign partners are the
German Branch for Bioanalysis and
Bioprocesses of Fraunhofer Institute
for Cell Therapy and Immunology,
and the German company LIONEX
Diagnostics & Therapeutics. The
goal of the international consor-
tium is to develop a complex of
diagnostic test-systems for rapid
detection of TB Mycobacteria and
identification of their antibiotic-
resistant forms using molecular-
genetic and immunological diag-
nostics. The project is expected to
create several types of diagnostic
systems.

All the methods that have been
developed so far and registered for
practical application have limita-
tions associated with insufficient
multiplexity or complexity and high
analysis cost. None of the meth-
ods can simultaneously identify
M.Tuberculosis and determine its
resistance to both the first and sec-
ond line drugs. Usually, the pro-
cesses that provide high multiplex-
ity are hard to implement, time-con-
suming and require expensive com-
ponents and equipment, which lim-
its their use in real practice.

The Multi-TB project is planning
to develop several diagnostic test
systems, which for comprehensive
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cTu 6aKkTeprH K beTa-TakKTaMHBIM aHTHOHOTHKAM [8].
KavecTBeHHOEe M3MeHEeHMe I10 CPABHEHHIO C CYIeCTBY-
IOIIMMU B HACTOSIIee BpeMs MOJIEKY/TIAPHO-TeHeTHYe-
CKMMHU MeToflaMH 6yJeT 3aK/T04aThCs B IPUHIUITHATB
HOM pacIIMpeHUH Habopa reHeTUYeCKUX MapKePOB AJIS
HUJIeHTHOUKALMU TUIIA YCTOMYKMBOCTH O HOBPEMEHHO K
aHTHOHOTHKAM IIepBOro K BTOPOro psifia. KauecTBeHHOe
M3MeHeHHe TeXHOJIOTuH 61MouuIoB OymeT cOCTOATh
B BBIOOpe CI10c060B UX M3TOTOBIEHUS, IPOBeeHMUS
rubpUIM3aIIMOHHOrO aHAIN3a U IeTeKIH . |71 yIIpo-
IIeHHS METOAUMKH, COKpallleHHsI BpeMeHH aHaIu3a U
€ro aIallTallMH K BO3MOKHOCTSIM KJITMHUYEeCKHUX J1abo-
paTopuri 6uounIie! 6yIyT HaHeCeHbl MeTOIOM KOHTAKT-
HOM I1eYaTH B TIYHKH 96-1yHOUHBIX IUIAHIIeTOB (pHc.l),
pa3meneHHBIX Ha 8-TyHOYHBIE CTPUIIBI. ITO MO3BO-
JIUT YIPOCTUTD CTAAUHU TUOPUAU3AIIUH, feTeKIIUU U
OTMBIBKH, KOTOPBIe MOTYT OBITH BBIIIOMIHEHBI C UCIIONb-
30BaHHEM CTaHIAPTHOr0 060PyAOBAHUS /I UMMYHO-
depMeHTHOro aHaNIK3a, JOCTYIIHOrO 1151 1abopaTopuil
pasnu4HOro ypoBHs. bymeT mposefeHa ONTUMHU3ALIHS
YCJIOBHUE TMOPUIM3aIIMOHHOIO AaHAJIK3a C LIe/IbI0 COKPa-
IeHHs] BpeMeHH IIPU COXpPaHeHHH HeoOXOqUMBIX TyB-
CTBUTEJIbHOCTH U CIIeUPUYHOCTH. BO3MOKHOCTE aBTO-
MaTH3aIUH Pa3/IMYHBIX CTAAUI aHAJIK3a CII0COOCTBYeT
COKpallleHH0 061I1ero BpeMeHH aHaIK3a.
KomopuMeTpudeckas CHCTeMa AeTeKUHUH bymeT
OCHOBaHa Ha MCII0Jb30BAaHUU OMOTHHA B KaueCTBe
meTKH JHK U BRISB/IEHUH €r0 KOHBIOTAaTOM CTpeII-
TaBU/JMHA C pepMeHTOM MepoKCHAa30Hu. O moo-
SKUTeJIbHOM pe3yJbTaTe KOMIIJIeMeHTapHON THbpHU-
ou3aluu 6ymeT CBHUIeTelIbCTBOBATh OKPAIIKMBAHUE
30HBI 6moumumna (puc.2), perucTpUpyeMoe ONTHYe-

3000 HM

Puc.3. ACM-u306pasceHue nogepxHocmu JHK 6uo4una no-
cne npogedeHus 2ubpuduzauuu ¢ KomnaemeHmapHoimu JHK-
MULWEHSIMU, Me4eHbIMU HaHo4Yacmuuamu 30ao0ma. Pamep
U306pakeHusi 5 x 5 Mkm

Fig.3. AFM image of the surface of the DNA biochip after the
hybridization with complementary DNA target labeled with
gold nanoparticles. The image size is 5x5 pm

CKMM MeTOJOM. DTO I03BOJIUT pa3paborars bonee
JlelIeBYI0 CUCTEeMY JeTeKIHH 10 CPABHEHHUIO C YaCTO
HCII0/Ib3yeMOH B HacTosilllee BpeMs GayopecleHT-
HOH.

Il ONTHMHK3allUK TeXHOJIOIUHU MOJIEKYJISPHO-
reHeTUYeCKON HAeHTHOHUKAI UM Tybepkynesa

diagnosis in three stages. The first
stage involves a rapid sputum test
detecting mycobacteria in a few
minutes using specific antibodies
labelled with gold nanoparticles.
To confirm the positive results, the
project will develop a test-system
based on a biochip cartridge that
combines chip-based multi-analy-
sis and fluid technologies. As spe-
cific reagents to detect the specific
patterns of antibodies in a patient,
the project will use protein antigen
markers. The same biochip will be
supplemented with HIV antigens for
simultaneous detection of TB and
HIV co-infection. For the third stage
of diagnosis, the project will develop

molecular genetic methods to detect
genetic markers of mycobacteria
drug resistance using of biochip-
based multi-analysis.

In connection with the need for
large-scale screening studies of the
TB agent spread and its antibiotics-
resistant forms, the strategy will
be focused on technology perfor-
mance, analysis duration and fea-
sibility in different level diagnostic
laboratories.

The Russian partners develop a
diagnostic test system to conduct
molecular-genetic multi-analysis
for rapid detection of TB mycobac-
teria and drug resistance of both
the first and second lines in one

analysis. The technological solution
is based on colorimetric detection,
the advantages of which were dem-
onstrated during the identifica-
tion of bacterial resistance to beta-
lactam antibiotics [8]. The qualita-
tive distinction from the current
molecular genetic techniques will
be in fundamental expansion of the
genetic markers range used to iden-
tify the resistance type to antibiot-
ics of both the first and second line.
The qualitative distinction of bio-
chip technology will consist in the
selection of their production meth-
ods, hybridization analysis and
detection. To simplify the method,
reduce the analysis duration and

#8 /62 /2015 NANO INDUSTRY



HAHOTEXHONOrMu. buonorna u MEAULUHA

Puc.4. beicmpodeticmayrouull CKaHupyrouu 30H008bIU MUKPO-
ckon FemtoScanX ¢ npomouyHou sivelikol 0As aHaAu3a buoyuna
Fig.4. High-speed scanning probe microscope FemtoScanX with flow
cell for analyzing of the biochip

3¢ PeKTHBHBIM HHCTPYMEHTOM SIBJISIETCS CKAHHUPY-
IOIasl 30HJ0Bas MUKPOCKOIMS, KOTOpasi II03BOJIsSeT
npsiMbIM 06pa3oM HabMOAATH COCTOSIHHE IIOBEpX-
HOCTH 6HOYMIIa KaK IIPU ero MNpoU3BOACTBe, TakK U
B IIpolLiecce ero UCI0Ab30BaHUS ISl JUATHOCTUKU
(puc.3, 4). B paborax [9, 10] mpencTaBiaeH KPaTKUM
0630p NpUMeHeHH I aTOMHO-CHJIOBOM MHUKPOCKOIIUH

(ACM) st U3y4eHHUs ITOBEPXHOCTH MHUKPOUHIIOB C
MMMOOHUTH30BAaHHBIMH OJIUTOHYKJIEOTHUHBIMH 30H-
JaMHM U aHaJIM3a pe3ynbTaToB rubpuausanuu JHK-
MHUIINEHH; Pa3BUTHI IIOAXOABI [/ OCHOBAHHOIO Ha
ACM KonuyecTBeHHOro aHasn3a JJHK Ha MUKpOYHIIaX
C UCIT0/Ib30BaHMEM TaKHX [IapaMeTPOB KakK BHICOTA,
Ionanb U 06seM 06bekT0B Ha ACM-U306paskeHHSIX;
paccMoTpeHBl pe3ynbTaThl ACM-HCCIeL0BaHHU
1oBepxHOCTH JJHK-MUKPOYHIIOB [I0 U I10C/Ie THOpU Y-
3allMH, a TAK>Ke 10 JeTeKTUpoBaHMI0 JJHK ¢ HMcmo/b30-
BaHHEM 30JI0THIX HAHOYACTHI] B KaYeCTBe METKH.
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adapt it to the potential of clini-
cal laboratories, the biochips will
be created with the help of contact
printing in the cells of 96-cell plates
(fig. 1) divided into 8-cell strips. This
will simplify the stages of hybrid-
ization, detection and washing,
which can be performed using stan-
dard equipment for enzyme immu-
noassay available in laboratories of
different levels. Hybridization anal-
ysis conditions will be optimized
with the aim of reducing duration
while maintaining the required
sensitivity and specificity. The auto-
mation capacity of various analysis
stages will reduce the overall analy-
sis duration.
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The colorimetric detection sys-
tem will be based on using biotin as
a DNA label and on detection of its
streptavidin conjugate with peroxi-
dase enzyme. The positive results of
complementary hybridization will
be shown by biochip staining (fig. 2)
registered using optical equipment.
This will help to develop a cheaper
detection system as compared to the
current commonly used fluorescent
detection.

The effective tool for optimizing
the molecular-genetic tuberculosis
detection technology is scanning
probe microscopy, which is used
as a direct way to observe the bio-
chip surface during its production

and use for diagnosis (fig. 3, 4).
Papers [9,10] present a brief over-
view of atomic force microscopy
(AFM) used to examine the micro-
chip surface with immobilized oli-
gonucleotide probes and to ana-
lyze the hybridization of DNA-
targets; there are well-developed
approaches to AFM-based quanti-
tative analysis of DNA on micro-
chips using such parameters as
the height, area and volume of the
items in AFM images; the results
of AFM examination of DNA micro-
chip surface were reviewed before
and after hybridization and DNA
detection using gold nanoparticles
as markers. [



