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O6ocHoBaHue. HecmoTpsi Ha O6LYyIO TEHOAEHLUNIO K CHUXKEHUIO 3a60/1€BaeMOCTY BrEePBbIE BbiSIB/EH-
HbIMY aKTUBHbIMU (hopMmamu Tybepkynesa, B Poccuiickor ®egepauum cutyaums ¢ pacrpocTpaHeHnem
3ab0/1eBaHNs OCTaeTCs Ype3BblHaiHO HarpsiXXeHHOU. [Ipy 3TOM guarHOCTUKa 3a4acTyro nMpoOBOAUTCS
o CTaH[apTHOM Cxeme, KoTopasi 3aHUMaeT ropsigka Mecsila, v eLe Mecsly 3aHUMaeT MnoCTaHOBKa Te-
CTOB Ha JIEKAPCTBEHHYK YYyBCTBUTE/IbHOCTb. TakuM 0b6pa3oM, aKTyaslbHbIM HarpaBieHUEM SIBIISIETCS
paspaboTka HOBbIX METOAOB ANarHOCTUKYU U TUMNPOBaHUS MUKOOaKTEPUN, a TakXKe BHEAPEHNE AaHHbIX
pas3paboTok B rpakTuky. bosbLune BO3SMOXHOCTY B 3TOM HarpaB/1eHUN OTKPbIBaOT COBPEMEHHbIE pa3-
paboTkm B 06/1aCT MUKPODIONAHBIX TEXHOOrMI 1 6e3MapkepHbiX buoceHcopos. Ljenb nccnegoBa-
HUs1 — paspaboTka MeToga ugeHTugukaymm v TunuposaHus Mycobacterium tuberculosis ¢ nomoLysto
MUKPOIoVgHOro 6eamapkepHoOro 6MoceHcopa Ha rMnoBEPXHOCTHbLIX ONMTUYECKUX BOJIHAX B O4HOMEDHOM
¢potoHHOM kpucTanne (MB®K). Metogsl. B kadectse [JHK-muLlueHer 015 TUNUpoBaHus BO30yanTess
Ty6epKynes3a rnogobpaHbl v CUHTE3UPOBaHbI OJIMIOHYKIEOTUAHbIE 30HAbI. s mogngukaumm paboyer
MoBEPXHOCTU BUOCEHCOPa NCMO/b30BasIM BOGHbIE pacTBOPbI (3-aMUHOMPOMNII)TPUITOKCUCHIaHAa, EKC-
TpaHoB Leuconostoc mesenteroides v 6b14€r0 CbIBOPOTOYHOIO aabbyMyHa. OKCrepUMEHTbI NPOBOAM-
s ¢ nomoLybto NMBOK-buoceHcopa. Pesynbratel. [logobpaHsl nocieq0oBaTesibHOCTY AETEKTUPYIOLNX
OJINFOHYKEOTUAHbLIX 30HAOB A/ crioaurotunupoBaHus M. tuberculosis Ha nnat¢opme NBOK-6uo-
ceHcopa. poBeneHa moguprkauyms nx 3'-KOHLOB C LieJIbi0 CO34aHus MPOTSIXXEHHbIX O4HOLENOYEYHbIX
y4acTKOB, HE MOABEPXEHHbIX 06pPa30BaHNI0 BTOPUYHbBIX CTPYKTYP v CrIOCOBOCTBYIOLUNX rmbpugmnsaLmm
¢ ogHouerno4e4yHon [JHK-muyiueHbto. [poBegeHbl 3KCepUMEHTbI M0 MOoAgnUKaLmn noBEepPXHOCTU O4-
HomepHoro ¢oToHHoro kpuctanna (O®K) gekctpaHamu L. mesenteroides ¢ pas3indyHbiMu yHKLMO-
HaJlbHbIMY rpyrnamMy ¢ AeTeKkUner pesynbtatoB Moangduxkaumy B peaibHoM BpemeHy. OgqHOBpeMeHHas
perucTpaynsi BeJIMYnHbI CJI0S51 rpupaLLeHnst 1 06beMHOro rnokasartesisi MpesIOMJIEHNS] CMECU UCKJII0YaeT
UCI0JIb30BaHNE IHENKY cpaBHeHUs. [TpoBeaeHbl SKCNepUMeEHTbI M0 AETEKLUNU CreLnpu4ecKoro cBs3bi-
BaHWs1 OBUOTUHWINPOBAHHbIX OJIMFOHYKIE€OTUAHbBIX 30HAOB C MOANMULIMPOBaHHOM noBepxHocTeio OPK.
3aknro4vyeHne. PaspabotaHa meToavka an3ariHa 30HAOB U rpeasioXKeHa MofesibHasi cuctemMa mn3 oJm-
rOHyK1€0TUAO0B A/151 AeTekyun ogHoyenodeyHou JHK ¢ nomouysto NBPK-buoceHcopa. AnpobrnpoBaH
meTog mogucmkaymm rnosepxHocT ODK ripy nomoLym gexkcTpaHoB L. mesenteroides, no3Bossitowmii
YBEMYUTb YYBCTBUTE/IbHOCTb AeTeKuyun OonroHykaeotuaoB [NB®K-6uoceHcopom. [aHHbii noaxos
MO3BOJINT PaCLLUMPUTL NaHesIb AnarHOCTUHECKNX 30HA0B, B TOM YUCJIE A4J151 BbISIBJIEHVSI MapKepOoB pPe3u-
CTEHTHOCTH.

Knro4deBble cnoBa: 6uoceHcop,; Tybepkynes; Mycobacterium tuberculosis; MuKpogitongHble TEXHOJIO-
rmu; 5I/IOHI/II'IbI,' rNOBEPXHOCTHbIe OrNnTn4ecKne BOJIHbI, d)OTOHHbIl7] KpucTaJsij; rnepcoHaan3npoBaHHas Mme-
AuyuHa.

Ansa yntuposanuns: Muteko T.B., Lakypos P.W., LLUnpwukos ®.B., Cnsosa C.B., Anuesa E.B., Ko-
Honckui B.H., bacmanos [.B., Becnatbix K0.A. Co3paHne mukpodntongHoro 6uoceHcopa ons ana-
FHOCTMKK 1 TunupoBaHus Mycobacterium tuberculosis. KnnHundeckas npaktmka. 2021;12(2):14-20.
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DEVELOPMENT OF A MICROFLUIDIC BIOSENSOR FOR THE
DIAGNOSTICS AND TYPING OF MYCOBACTERIUM TUBERCULOSIS
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Background: Despite the general trend towards decreasing the incidence of newly diagnosed active
forms of tuberculosis, the situation with this disease spread in the Russian Federation remains ex-
tremely tense. At the same time, the diagnosis is performed according to the standard scheme, which
takes about a month; another month is spent on the drug sensitivity tests. Thus, the development of
new methods for the diagnostics and typing of mycobacteria, as well as their practical implementation
is an urgent problem. The modern approaches in the field of microfluidic technologies open great
opportunities in this direction. Aims: Development of a method for identification and typing of My-
cobacterium tuberculosis using a label-free biosensor based on surface waves in a one-dimensional
photonic crystal (PC SM biosensor). Methods: Oligonucleotide probes were selected and synthesized
as DNA targets for M. tuberculosis typing. The photonic crystal surface was modified with aqueous
solutions of (3-aminopropyl)triethoxysilane, Leuconostoc mesenteroides dextrans and bovine serum
albumin. The experiments were carried out using a PC SM biosensor. Results: The sequences of
detecting oligonucleotide probes were selected for spoligotyping of M. tuberculosis using the PC SM
biosensor. Their 3'-ends were modified in order to create extended single-stranded regions which
are not subjected to the formation of secondary structures and facilitate hybridization with a sin-
gle-stranded DNA target. Several series of experimental PC surface modifications were carried out
using L. mesenteroides dextrans with different functional groups (including real-time detection of the
modification results). The simultaneous registration of the increment layer size and volume refrac-
tive index of the mixture excludes the use of a reference cell. Besides, the experiments were carried
out to detect the specific binding of biotinylated oligonucleotide probes to the modified PC surface.
Conclusions: A technique for the design of probes has been developed and a model system of olig-
onucleotides for the detection of single-stranded DNA using a PC biosensor has been proposed. The
developed technique for the PC surface modification with dextrans from L. mesenteroides allows
increasing the sensitivity of oligonucleotides detection using the PC SM biosensor. This approach will
further expand the panel of diagnostic probes, including those used for the identification of resistance
markers.

Keywords: biosensor; tuberculosis; Mycobacterium tuberculosis; microfluidic technologies; biochips;
photonic crystal surface modes; photonic crystal; personalized medicine.
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Cnncok coKpaulieHumn

MB®K-6unoceHcop (PCSW-biosensor, Photonic Crys- | O®K (1D PC, One-Dimensional Photonic Crystal) —
tal Surface Waves Biosensor) — KOMMNIEKCHbIN NPU- | OGHOMEPHBIA (POTOHHBIA KpUCTann: creunanbHas
60p Ons geTekuun NpoLeccoB copbunn/oecopbunmn | CUHTETUYECKast MOBEPXHOCTb, NPeacTaBnsitoLlas co-
6uomonekyn Ha cneunryeckor 4YyBCTBUTENbHON | 6O MHOrOCNOMHYIO OUSEKTPUYECKYIO CMEKTpasib-
MOBEPXHOCTY HO-CEJIEKTUBHYIO CTPYKTYPY
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OBOCHOBAHME

CornacHo nocnegHuMm paHHbIM BcemupHoi op-
raHmsaumm sgpasooxpaHeHuns, B Poccuiickon depe-
pauun 3aboneBaeMoCTb TyOepKyne3oM MPOLo/KaeT
0OCTaBaTbCs Ha BbICOKOM YPOBHE, HECMOTPS Ha Ha-
METMBLUYIOCA TEHAEHUMO K cTabunusaumun. B 2019 r.
3aperncTpuposaHo 6onee 60 TbIC. HOBbIX ClyyaeB
3aboneBaHnsa 1 7536 netanbHbix ncxonos [1, 2]. Oco-
Oyl0 1 BecbMa 3HAYUTENBHYKD POSib B OOOCTPEHUM
cuTyaumm ¢ TyGepKyne3oM UrpaeT nosiBfieHne u Bce
bonbllee pacnpocTpaHeHre LWTaMMOB MUKOOakTe-
puiA, YCTOMYMBLIX K NEKapPCTBEHHbLIM npenapatam. [1o
HEKOTOPbIM [aHHbIM, B MUPE 0kono 4% cny4aes Ty-
6epKynesa Bbi3BaHbl LITAMMaMy C MHOXXECTBEHHO
nekapcTBeHHoN ycTonymsocTbto (MJTY), a cpenn paHee
NleYeHHbIX BOMbHbBIX YacToTa BbisiBNeHUs MI1Y-wtam-
mMoB pgocTturaeT 40%. B TO »xe Bpemsi Ha Tepputopun
Poccuiickon ®epepauun nokasarenn HocAaT ewe 60-
Nlee HeraTuBHbI XxapakTep. Tak, yncno MJ1Y-wrammos
Cpefau Bnepsble BbISBNEHHbIX cyvaes gocturaeTt 30%,
B TO BPEMS KaK Cpeau NieYeHbIX 6ONbHbIX NPeBbILLAET
B MHbIX pernoHax 60% [2, 3]. Takum obpasom, B Hepa-
Nekom byaylieM COBPeEMEHHas MeguuuHa, NreHHas
3(hEKTUBHBIX NPOTUBOTYOEPKYNE3HLIX NMPEnaparos,
MOXET okasaTbCs OeccusibHa nepeq Bo3pacTaloLLlen
Yrpo30i1 NOBCEMECTHOIO PacnpOCTPaHEHNS YCTONYN-
BbIX WTammoB Mycobacterium tuberculosis.

OueBnOHO, YTO B CNOXMBLUENCS CUTyaLMn BeECbMa
aKkTyasbHbl UCCe[OBaHWs, HanpaBfieHHbIE Ha peLue-
HMe npobnembl BbICTPOV OMArHOCTUKK 3aboneBaHus,
CBOEBPEMEHHOIO BbISAB/IEHNST YCTONYMBBIX K MPOTUBO-
Ty6epKynesHbIM npenaparam )opMm, a Tak>Xe afeKkBat-
Hble MPOTMBOAMNUOEMNYECKNE MEPOMNPUATUS, OPUEH-
TUPOBaHHbIE Ha NMpenynpexXaeHne pacnpoCcTpaHeHus
LUTAMMOB MUKOBaKTepUii (B TOM Y1CIIE U YCTONHUBbIX)
B 4enoBeveckon nonynaumun. bonbline nepcnekTu-
Bbl 1 BO3MOXXHOCTM B 9TOM HarnpasfieHN OTKPbIBAIOT
COBPEMEHHbIE [OCTUXXKEHNSI MOJIEKYNSPHON Bronorum
1 6nodnsnkn. B yacTHOCTW, MPUHLMNMANBHO HOBBIMU
SABNSIOTCS pa3paboTky B 061acTi MUKPOQIOMOHbIX
TEXHOMOIMIA 1 OMNTUYECKNX OGe3MapKepHbIX OUOCEH-
copoB. lcrnonb3oBaHne MuKpodongHoro 6eamap-
KepHOro 6roceHcopa Ha MOBEPXHOCTHbBIX ONTUYECKNX
BOJIHAX B OAHOMEpHOM (OTOHHOM Kpuctanne (MB-
OK-6uoceHcopa) No3BOASET 3HAYUTENBHO YNPOCTUTL
MONEKYNAPHYIO NAEHTU(UKALMIO NaTtoreHoB npu na-
6opaTopHOV AMarHOCTUKE WHAQEKLWA, B TOM 4ucne
Ty6epkynesa. NBOK-6roceHcop NO3BONSET aHaNU3N-
poBaTh LUMPOKUIA Ananas3oH B3aMMogencTBuiA: oT 0b-
pa3oBaHns pasnnyHbIX 6eoK-6eIKOBbIX KOMMIEKCOB
0O B3aMMOLENCTBUS OJIMTOHYKIEOTUAOB Pa3/INYHON

OPUTNHAJIbHBIE UCCNTEAOBAHUA

nocnepoBatenbHOCTU. OCHOBHbBIM  MPENMYLLECTBOM
TEXHOJIOTMUN SIBNSIETCS NMPOXOXAEHME peakuuii B N30-
JIMPOBAHHON 30HE MUHMMAanbHOro 06bemMa, 4YTO UC-
KJIIO4aeT KOHTaMmHaLmMio, COKpaLlaeT BPeMs aHanmaa,
genaet yoo6HbIM NpoLeaypy aHanmaa gas oneparopa.
Peructpauusa Takmx B3aMMOLENCTBMIA MNPOBOOUTCSH
B peasibHOM BPEMEHN 1 He TpebyeT NpeaBapuTENbHO-
ro MevyeHus Lenesbix buomonekyn [4]. B 2020 r. noka-
3aH MyNbTUMNEKCHbIN noTeHuman MNBOK-6uoceHcopa
C OBYMEPHbIM NMPOCTPAHCTBEHHbIM paspeLueHnem [5].
Takum o6pasomM, o4eBuaHa akTyaslbHOCTb UCMONbL30-
BaHWsl OaHHON TexHonoruu npu pabote ¢ Bo36you-
Tenem Tybepkynesa.

LUenb uccnepoBaHusi — paspaboTka MeTofa
noeHTndunkaumm n Tunuposanna M. tuberculosis ¢ no-
MoLpbto MukpodntongHoro NB®K-6uoceHcopa.

METO/bl

30HAabI

Konnekumio  MOSIHOrEHOMHbIX — MocfiefoBaTesb-
HocTen gna 5721 obpasua M. tuberculosis ncnonb-
3o0BanM pns nogbopa 30HOOB, 0b6ecneymBaroLLMX
CeMelCTBO-crneynduyeckoe TuUnMposaHne BO36yau-
Tens Tybepkynesa. ns cnonMroTunMpoBaHnus onpe-
OeneHbl  crneunduyeckne CrnencepHble nocneno-
BatenbHocTu DR-pervoHa (direct repeat) B reHome
M. tuberculosis wrtamma H37Rv (NCBI Reference
Sequence: NC_000962.3). OcHoBbiBasicb Ha ony6-
JIMKOBaHHbIX paHee AaHHbIX [6], onpepeneHbl nocne-
[0BaTeNbHOCTU 30HAOB, OGecneynBaroLLMX MepBuY-
Hoe TunuposaHve M. tuberculosis no 43 cnencepam
DR-pernoHa. B npepcrtaBneHHon paboTte Ha 3'-Ko-
Hey [OHK-30HOOB [06aBfeHbl HECKOSIbKO HYK1eoTU-
0O0B, MO3BONSAKWMX YBENNYUTb CanT rubpuamsauum
¢ ogHouenoyeyvHon OHK cneincepa go 20 nap ocHo-
BaHUin. TepMuHanbHbIN 3'-KOHLUEBON HyKeoTug, 30H-
ga mogmduumpoBaH GMOTUHOM A UMMOBMAN3aLUn
Ha cTpenTaBuguHe. HykneotugHas nocneposatesib-
HoCTb nonyveHHoro OHK-3oHga anga getekuun 43-ro
cnercepa: 5-GGAGGTGCAGCA-acgtatac-3'-Biotin.
KOHTpOMb BTOPUYHOM CTPYKTYPbl OOHOLENOYEYHOrO
[OHK-30H0a 1 ero notTeHymnansHON MULLEHN NPOBOOU-
€S C NOMOLLbIO NporpammMbl mFold [7].

BuoceHcop

Peructpauuto npouecca B3anmMogencTenii 6omo-
NeKyn Ha NOBEPXHOCTN MPOBOAWAN B peasibHOM Bpe-
MEHMN C MOMOLLbIO MUKPOMDOMAHOrO 6e3MapKeEPHOro
MB®K-6uocerHcopa «EVA 2.0» (Poccus) [4, 8]. Yys-
CTBUTENIbHON MOBEPXHOCTbIO BroceHcopa SBNSieTCS
3aBepLualoLMin CIO OKCuaa KPEMHUS OOHOMEPHO-
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ro ¢otoHHoro kpuctanna (O®K). Ons moandurkaumm
MOBEPXHOCTN (POTOHHOIO KpucTania MCnonb30Baam
BOAHblE PacTBOpbI (3-aMMHOMPONUI)TPUITOKCUCUNA-
Ha ([3-(Aminopropyl)triethoxysilane], APTES), nekcTtpa-
HoB Leuconostoc mesenteroides, 6bl4bero CbiBOPO-
TOYHOro anbbyMuHa, nonvanaunaMmmHa, ryTapoBoro
anbpernga, anuxnaoprugpriHa u cTpenTaBuanHa B Ha-
Tpuii-coctatHom 6ydepe (phosphate-buffered saline,
PBS).

PE3YJIbTATbI

PaspaboTaH gm3aiiH ONUFrOHYKNEOTUOHbIX 30H-
OB ANns netekuun Bo3byautens Tybepkynesa, nogo-
6paHa Mx onTMManbHasi AnuHa gns rmépuansauuun
¢ OHK-muweHbto. [ns NoBbIWEHNSA YYBCTBUTENBHO-
CTV OETEKLUN B 3KCNEPUMEHTAX C OIMFOHYKNEOTUL-
HbiMn OHK-muweHsMn n3HadanbHO TpeboBasiocb
YBENMNYNTL COPOLUMOHHYID EMKOCTb MOBEPXHOCTHU
(hOTOHHOroO KpucTanna, 4Y1o JOCTUranocb CO3LaHun-
€M Ha ero NoBepXHOCTN Pa3BETBJIEHHOW CTPYKTYpPbI
nonucaxapugos. B HacToswen paboTe ncnonb3osa-
nn gekctpaHd ¢ Mw 500 k[da, npegsapuTensHO XUMK-
4YeCcKN MOLMMULMPOBAHHLIN ANsi BBEAEHUS B NOMU-
MEPHYIO LeMb OOCTYMHbIX (PYHKLMOHANbHbLIX TPy
ONS CBA3bIBAHWS C CUNAHU3NPOBAHHON MOBEPXHO-
cTbio OOK.

KnHeTunKy B3anMOLeNCcTBUSA MOLENBHOIO 6en1ka Obl-
YbEro CbIBOPOTOYHOrO anbbyMuHa ¢ MOAMMULIMPOBaH-
HOW MOBEPXHOCTbI perucTpuposanm Ha MNBOK-6uo-
CeHCcope; ANs CpaBHEHWS MpuBefeHbl COPOLIMOHHbIE
KpvBble AN MOAUMUMPOBaHHON ABYMSI crnocobamu
nosepxHocTn OPK: cunanuzdaums APTES n mogudu-
Kauus nonnanaMnaMmmHOM 1 ryTapoBbIM aflbaerngom
[9] (puc. 1). Mo cpaBHeHUO ¢ noBepxHOCTbo ODK,
mMognduumposaHHon APTES, copbumoHHas eMKoCTb
NOBEPXHOCTU C nosmcaxapugom Bospocna Ha 20%,
YTO MOXKHO OOBACHUTL NOSABNEHNEM TPEXMEPHOI pas-
BETBJIEHHOW CTPYKTYpPbI Lienen aekcTpaHa.

Bbinv nogobpaHbl onTMasbHble YyCNOBUS Mogmgu-
kauwum noepxHocTn OPK gekcTpaHom, No3sonsoLme
JOCTVYb 60NbLUen COPOLMOHHON EMKOCTN MOBEPXHO-
ctn OOK ons nocnenytoLllein copbumm HA3KOMOEKY-
NIAPHbIX NuraHpos. Ha mukpodntongHom 6esamapkep-
HOM 6roceHcope Ha MNB®K nony4eHbl cOpOLMOHHbIE
KpuBble OeTeKuMn onuroHykneotugHbix OHK-muwe-
Hell, MOOENUPYIOLNX YHMKaSIbHble Y4acTKU reHoma
M. tuberculosis. YyBCTBUTENBHOCTb METOLAMKIN OMpe-
LENAETCSA COOTHOLLEHNEM CUMrHAN—-LLUYM Npu permctpa-
uuM npouecca CBA3bIBAHUSA OSIMFOHYKNEOTUAOB Ha
nosepxHocTb ODK 6uoceHcopa. lMonyyeHHble Hamu
pesynstaTbl AEMOHCTPUPYIOT YYBCTBUTENbHOCTb Ha
ypoBHe 0,7 nr/mm2,

Ad, oTH. eg.
N

0 g T

0 200

I
400 600

t,c

Puc. 1. IameHeHne TonwmHbl COpOLIMOHHOIO ¢nos (Ad) Npu CBA3bIBaHWM OblHbErO ChIBOPOTOYHOIO anbbyMuHa ¢ MOANdU-
LMPOBAHHOM MOBEPXHOCTHIO OOHOMEPHOrO POTOHHOIO KpucTanna.

Fig. 1. The change in the adsorbed layer thickness (Ad) upon bovine serum albumin binding to the modified PC surface.

Mpumeyarnmne. M — moonduLMpOBaHHbIA AekcTpaH; INAA — nonvannnnamuH; FA — rnyTaposbin anbpervg, APTES —

(8-aMMHOMPOMUA)TPUSTOKCUCUAAH.

Note. M[] — modified dextran; NMAA — polyallylamine; A — glutaraldehyde; APTES — 3-(Aminopropyl)triethoxysilane.
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Puc. 2. Pervctpauus nocnegoBaTenbHOM copbuum cTpenTaBuanHa n uotnHuposaHHoro JHK-3oHpa 5'-GGAGGTGCAGCA-
acgtatac-3'-Biotin Ha MOONMULIMPOBAHHYIO MOBEPXHOCTL (DOTOHHOIO KpucTasa.

Fig. 2. Registration of the sequential adsorption of streptavidin and a biotinylated DNA probe, 5'-GGAGGTGCAGCA-acgtatac-

3'-Biotin, on the modified PC surface.

lMpumeyanume. PBS (phosphate-buffered saline) — HaTpuin-gpoctaTHbin Bydep; BCA — BbHmii CbIBOPOTOHHBIN ans0yMUH.

Note. PBS — phosphate-buffered saline; BCA — bovine serum albumin.

Ons KoBaneHTHOro CBs3biBaHUSA OUOTUHWUANPO-
BaHHbIX ONUroHykneotTuaHbix [OHK-30HOOB B peanb-
HOM BpemeHn Ha noBepxHocTn OPK 1 nocnepytroLlen
perncrpaumm cneunu4eckoro B3anmMonencTems 30H-
OB Ha akTuBMpOBaHHYO noBepxHocTb OPK npeppa-
pUTENIbHO MMMOBUNIM30Bany cTpenTaBmanH. Hecneuu-
dmyeckne cantbl CBA3bIBaHWSA Ha noBepxHoCcTn OPK
6noknposanu 0,1 mMr/mn pactsopa 6bl4bEr0 ChbIBOPO-
TOYHOro anbbymmHa (puc. 2).

OBCYXOEHUE

Ha ceropgHsWHWI oeHb npobnema GbICTPON 1 paH-
Hell OMarHOCTUKK TybepKynesa akTyallbHa BO BCEM
Mupe. AKTVBHO BefyTcs paboTbl Mo BbisiBNEHNO 6en-
KOB MuUKobGakTepuii B KpoBu yenoseka [10]. OgHako
CUCTEMHbIN NOOX0A K U3y4YeHuto ocobeHHocTeln du-
310N0rMM MUKOBAKTEPUn NMokasan OrpaHU4eHHOCTb
Takux metonos [11]. HykneoTngHble nocnepnoBaTtesib-
HOCTW 30HO,0B, OTOOPaHHbIE B JAaHHOM UCCNefoBaHnm,
COOTBETCTBYIOT crencepam, pacrofioXXeHHbIM MeX-
gy npsambiMu nosTopamun (DR-pernoHamu) reHoma
M. tuberculosis, n o6ecneynsaloT 4OCTOBEPHOE TUMN-
pOBaHVe naTtoreHa no NPUHaANeXHOCTU K CEMENCTBY
[6]. PaHee 6bInO NokasaHo, YTO METOL, MYJILTUMJIEKC-

HOro BGMOCEHCUHIa Ha NMOBEPXHOCTHbIX BosHax O®K
C [OBYMEPHbIM MPOCTPAHCTBEHHbLIM pa3peLleHneM
B peajlbHOM BPEMEHUN MOXKET ObITb MCMOIb30BaH AJ1s
perncTpalmm npoLeccoB CBA3bIBAHUS aHTUreH—aH-
TUTENO C [OCTATOYHOM 4YyBCTBUTENBHOCTLIO [12],
B CBSI3N C YeM B [aHHOW paboTe MeTopd 6bin agan-
TUPOBaH AN TUMMPOBaHUS BO3OyaUTEns Tybepky-
nesa. lNpepnoxxeHHbI B AaHHOM paboTe cnocob Mo-
ondmkaumm ¢GOTOHHOro KpucTtanna obecnednBaeT
6ONbLIYI0 aACOPOLMOHHYIO EMKOCTb MOBEPXHOCTH,
4YeM M3BECTHbIE U3 NNTEPATYPHbIX AaHHbIX [9], 1 NO3-
BOJISET PEeWnTb NpPo6aeMy YyBCTBUTENBHOCTW, CBS-
3aHHYI0 C MalblM KONM4ecTBoM GakTepuii B 6G1ONo-
rmyeckom matepuane. Kpome Toro, noTeHumanbHbIM
peLUeHNeM OaHHOM Npob6nemMbl MOXET CTaTb MpoBe-
OeHNe onpefeneHHoro onTUManbHOro KOJMYecTBa
UMKNOB NONUMEPA3HOM LEnHOM peakuun nepeq ne-
Tekuuen Ha NMBOK-6rnoceHcope.

Takum obpa3om, Ha OCHOBaHWUWN MPOBELEHHOrO
nccnefoBaHns MOXXHO cAenaTtb BbIBOL O 60MbLLIOM
noTeHumnane ANarHoCTUYeCKON CUCTEMbI, OCHOBAH-
Hown Ha NB®K-6unoceHcope, oNs aKCnpeccHon ana-
FHOCTUKM N TUNUPOBaHMA BO30yanTens Tybepky-
nesa.
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3AKJTIOMEHUE

B xopme paboTbl BbINOMHEH aHanM3 moaunduka-
LN NOBEPXHOCTM (DOTOHHOrO KpucTania Ha OCHO-
BE B3aNMMOAENCTBUS aKTUBUPOBAHHOMW MOBEPX-
HOCTM C (YHKUMOHANMM3NPOBAHHBIM LEKCTPaHOM
L. mesenteroides. PaspaboTaH MeTo Au3aiiHa 30H-
0OB U NpeanoXxeHa MofenbHas cuctema nu3 onmro-
HYKNeOTNA0B ONS AeTekumn ogHouenoyevHon OHK
BO3OyauTena Tybepkynesa C MOMOLLbIO MUKPO-
dnongHoro [B®K-6uoceHcopa. [aHHbIn MeToq
Mogudukaumm n aktusaumm paboden NOBEPXHOCTN
(hOTOHHOro KpucTanna no3BONSET CBA3bIBATb ONU-
FOHYKNIeOTUAbl Pa3/IMYHON MOCNeAoBaTENIbHOCTU
ONns panbHenwero npumeHeHns NBOK-6noceHcopa
B OUarHocTuke.

MpeonoXXeHHbI Noaxon MO3BONUT B [alfibHeN-
LWeM pacLuMpuTb NaHesb OMarHOCTUYECKUX 30HAOB,
B TOM 4uMCne ANs BbISABNIEHNS MAPKEPOB PE3NCTEHT-
HoCcTM. B cBOW o4epenb, MCMOAb30BaHWE TakKOro
6uoceHcopa B QuarHocTuke Ty6epKyne3Hom nHek-
LMKM NO3BONUT 06ecnevnTb MakCumMasnabHO ObICTPYHO
NOCTAHOBKY OuarHo3a, onpefeneHne NeKapcTBeH-
HOMN YCTOMYMBOCTU LUTAMMOB U, COOTBETCTBEHHO,
Ha3Ha4YeHNE CXEMbl JIEYEHUS B MaKCUMaNbHO KO-
POTKINE CPOKMW.

OONOJIHUTEJIbHAA NH®OPMALUA

Bknap aBTtopoB. bacmanHos [O.B., becns-
ToiXx FO.A. — KOHUEeNuus wuccnegoBaHusl, Hanuca-
Hne TekcTa pykonucu; Muteko T.B., LWakypos P.U.,
Wnpwwukos ®.B., Cusosa C.B., Annesa E.B., KoHon-
ckuii B.H. — nonyyeHne pgaHHbIX Ana aHanusa, aHa-
JIN3 MOJIYYEHHbIX OAHHbIX, HanucaHue TekcTa PyKo-
nucu, 063op nybavkaumii No Teme ctatbl. ABTOPDI
NOLTBEPXAAIOT COOTBETCTBME CBOEr0 aBTOPCTBA
MexgyHapogHeiM kKputepusam ICMJE (Bce aBTopbl
BHECJI CYLLECTBEHHbIN BKNag B pa3paboTKy KOHLenN-
uun, NPOBEAEHNE UCCNENOBAHNSA 1 MOLATOTOBKY CTa-
Tby, MPOYAN N 0J06pPUNN UHANBHYIO BEPCUIO Nepes
nyonukaumen).

Authors contribution. Basmanov D.V.,, Bes-
pyatykh J.A. — study concept, manuscript writin;
Mitko T.V., Shakurov R.l., Shirshikov F.V., Sizova S.V.,
Alieva E.V., Konopsky V.N. — data acquisition and
analysis, literature review, manuscript writing. The
authors made a substantial contribution to the con-
ception of the work, acquisition, analysis, interpre-
tation of data for the work, drafting and revising the
work, final approval of the version to be published
and agree to be accountable for all aspects of the
work.

UcTo4uHuK chbmHaHcupoBaHusi. PaboTa BbinosHeHa
npu nopgaep>xke rpaHta PH® Ne 20-75-10144.

Funding source. This work was supported by the
Research Foundation Flanders (grant 20-75-10144).

KoHbnukT uMHTEepecoB. ABTOpPbI OeKnapupytoT
OTCYTCTBUE SABHbIX U MOTEHLMAJIbHbIX KOH(JIMKTOB
WHTEPECOB, CBA3aAHHbIX C Nybnukaumnen HacTosLen
cTaTbu.

Competing interests. The authors declare that
they have no competing interests.

JINTEPATYPA / REFERENCES

1. Global tuberculosis report 2019. Geneva: World Health
Organization; 2019. Available from: https:/www.who.int/tb/
publications/global_report/en/

2. HevaeBa O.B. CocTosiHme 1 nepcrnekTVBbl MPOTUBOTY-
6epkynesHoin cnyx6bl Poccun B nepuog COVID-19 // Tybepkynes
n 6oneaHn nerkux. 2020. T. 98, Ne 12. C. 7-19. [Nechaeva OB. State
and prospects of the anti-tuberculosis service of Russia in the pe-
riod of COVID-19. Tuberculosis and Lung Diseases. 2020;98(12):7-
19. (In Russ).]

3. Global tuberculosis report 2020. Geneva: World Health Or-
ganization; 2020. Available from: https://www.who.int/tb/publica-
tions/global_report/en/

4. Konopsky VN, Karakouz T, Alieva EV, et al. Photonic crystal
biosensor based on optical surface waves. Sensors. 2013;13:2566-
2578. doi: 10.3390/s130202566

5. Konopsky VN, Mitko TV, Aldarov KG, et al. Photonic crystal
surface mode imaging for multiplexed and high-throughput label-
free biosensing. Biosensors and Bioelectronics. 2020;168:112575.
doi: 10.1016/j.bios.2020.112575

6. Bespyatykh JA, Zimenkov DV, Shitikov EA, et al. Spoligotyp-
ing of Mycobacterium tuberculosis complex isolates using hydrogel
oligonucleotide microarrays. Infect Genet Evol. 2014;26:41-46. doi:
10.1016/j.meegid.2014.04.024

7. Zuker M. Mfold web server for nucleic acid folding and hy-
bridization prediction. Nucleic Acids Res. 2003;31(13):3406-3415.
doi: 10.1093/nar/gkg595

8. Konopsky VN, Alieva EV. Photonic crystal surface waves
for optical biosensors. Anal Chem. 2007;79:4729-4735. doi:
10.1021/ac070275y

9. Morozova OV, Levchenko OA, Cherpakova ZA, et al. Sur-
face modification with polyallylamines for adhesion of biopolymers
and cells. Int J Adhesion Adhesives. 2019;92:125-132

10. Castro-Garza J, Garcia-Jacobo P, Rivera-Morales LG,
et al. Detection of anti-HspX antibodies and HspX protein in pa-
tient sera for the identification of recent latent infection by My-
cobacterium tuberculosis. PLoS One. 2017;12(8):1-13. doi:
10.1371/journal.pone.0181714

11. Bespyatykh JA, Shitikov EA, Bespyatykh DA, et al.
Metabolic changes of Mycobacterium tuberculosis during
the anti-tuberculosis therapy. Pathogens. 2020;9(2):131. doi:
10.3390/pathogens9020131

12. bacmarnos [.B., Mwutbko T.B., LUakypos P.W., Becns-
Tbix t0.A. Co3paHue HOBbIX MUKPOMIIONAHBIX 6UOCEHCOPOB AN
MYNBTUMIEKCHON [ETEKLMI NpoLecca CBA3bIBAHUS IMraHAoB B pe-
anbHOM BpeMeHu // AkTyanbHble Npobnembl 6uoMeanLmnHbI-2021:
Matepuanbl XXVII Bcepoccninckomn KoHepeHLm MONOAbIX YHEHbIX
C MexgyHapogHbiM yyacTuem. CankT-lNetepbypr, 2021. C. 296-
297. [Basmanov DV, Mitko TV, Shakurov RI, Bespyatykh YuA. Cre-
ation of new microfluidic biosensors for multiplex detection of the
ligand binding process in real time. In: Actual problems of biomed-
icine-2021: Materials of the XXVII All-Russian Conference of Young
Scientists with International participation. Saint Petersburg; 2021.
P. 296-297. (In Russ).]

www.clinpractice.ru 19

2021

Tom 12 v2



OB ABTOPAX

ABTOpP, OTBETCTBEHHbI 3a MEePENUCKY:

MuTtbko TaTbsiHa BnagumupoBHa, acnupaHT, nabopaHT-
uccnepgosarenb; agpec: Poccuiickas degepauus,
119435, MockBa, yn. Manas Nuporosckas, a. 1A;

e-mail: mitko@phystech.edu;

ORCID: https://orcid.org/0000-0002-0107-1906

CoasTopbl:

LWakypos Pycnan UnbgapoBu4, M.H.C.;
e-mail: ruslan.shakurov@rcpcm.org;

eLibrary SPIN: 9576-8093;

ORCID: https://orcid.org/0000-0002-5986-0676

Wupwnkos ®énop BnagummpoBuy, M.H.C.;
e-mail: shirshikov@rcpcm.org; eLibrary SPIN: 9872-2123;
ORCID: https://orcid.org/0000-0001-6452-1874

CusoBa CBetnaHa BUKTOpOBHa, K.X.H.;
e-mail: sv.sizova@gmail.com; eLibrary SPIN: 4322-1945;
ORCID: https://orcid.org/0000-0003-0846-4670

AnveBa EneHa BnagumupoBHa, K.(p13.-MaT.H., C.H.C.;
e-mail: alieva@isan.troitsk.ru;
ORCID: https://orcid.org/0000-0002-5251-7365

KoHonckuin Banepuin Hukonaesuu, K.ou3.-mat.H., C.H.C.;
e-mail: konopsky@gmail.com; eLibrary SPIN: 3937-8350;
ORCID: https://orcid.org/0000-0001-6114-5172

BacmaHoBs imutpuit Buktoposuu, H.c.,
e-mail: dmitry.basmanov@rcpcm.org;

eLibrary SPIN: 1801-6408;

ORCID: https://orcid.org/0000-0001-6620-7360

BecnsaTtbix FOnua AHgpeeBHa, K.6.H., C.H.C.,
e-mail: JuliaBes@rcpcm.org; eLibrary SPIN: 6003-9246;
ORCID: https://orcid.org/0000-0002-4408-503X

OPUTNHAJIbHBIE UCCNTEAOBAHUA

AUTHORS INFO

The author responsible for the correspondence:

Tatyana V. Mitko, Graduate Student, laboratory assistant;
address: 1a, Malaya Pirogovskaya street,

Moscow, 119435, Russia;

e-mail: mitko@phystech.edu;

ORCID: https://orcid.org/0000-0002-0107-1906

Co-authors:

Ruslan I. Shakurov, Junior Research Associate;
e-mail: ruslan.shakurov@rcpcm.org;

elLibrary SPIN: 9576-8093;

ORCID: https://orcid.org/0000-0002-5986-0676

Fedor V. Shirshikov, Junior Research Associate;
e-mail: shirshikov@rcpcm.org; eLibrary SPIN: 9872-2123;
ORCID: https://orcid.org/0000-0001-6452-1874

Svetlana V. Sizova, Cand. Sci. (chem.),
e-mail: sv.sizova@gmail.com; eLibrary SPIN: 4322-1945;
ORCID: https://orcid.org/ 0000-0003-0846-4670

Elena V. Alieva, PhD;
e-mail: alieva@isan.troitsk.ru;
ORCID: https://orcid.org/0000-0002-5251-7365

Valery N. Konopsky, PhD;
e-mail: konopsky@gmail.com; eLibrary SPIN: 3937-8350;
ORCID: https://orcid.org/0000-0001-6114-5172

Dmitriy V. Basmanov, Research Associate;
e-mail: dmitry.basmanov@rcpcm.org;

elLibrary SPIN: 1801-6408;

ORCID: https://orcid.org/0000-0001-6620-7360

Julia A. Bespyatykh, PhD;
e-mail: JuliaBes@rcpcm.org; eLibrary SPIN: 6003-9246;
ORCID: https://orcid.org/0000-0002-4408-503X

20 https://doi.org/10.17816/clinpract71815



