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LUudposBasa nnatpopmMa 6GMOHAHOCKOMUM MOXeT 6biTb WUCMOSIb30BaHA [AJ1S peLIeHMS LIMPOKOro
Kpyra 3agay 6uonorum u meguunHbl. Ee BOSMOXHOCTY NPUMEHUMbI A/ USYYEHUS OCTPO CTOSALMX
npo6semMm 6MONOrMN U MEeAULMHbI: PpaHHero o6Hapy>XeHWs BUPYCOB, Pe3UCTEHTHOCTU 6aKTepuii
K aHTU6MOTMKAM, BONPOCOB TOMOJIOFMU CETEN HEMPOHOB.

The digital bionanoscopy platform can be used to solve a wide range of problems in biology and
medicine. Its capabilities are applicable to study actual problems in biology and medicine, such as
early detection of viruses, bacterial resistance to antibiotics and topological issues of neuronal

networks.

Halllell Hay4HOM TpyIIle pa3pabaTbiBaeTCsl IKC-
IepUMeHTaJbHAs IIaTdopma 6GHOHAHOCKO-
U Ha 6a3e CKAHHPYIOLIEro 30H0BOTO0 MHUKPO-

CKOITAa ¥ MUKPOJIMH30BOU TeXHOJIOTHH, ITO3BOJISIOIIAS

[IPOBOAMTD:

* omnTHYecKkHe HabNIOfeHUs C pa3pelleHHeM BILIOTh
no 40-50 HM UM BpeMeHHBIM HHTepPBaJIOM B [0JIHU
MUJITACEKYH/IBI,

* PEerucTpaluio Tonorpaduu 6HoNOruyeckKHuX 06beKTOB
Y UX XapaKTePHOI'0 JBUKEHH A B SKUAKOCTH M Ha BO3~
Ayxe C paspelleHreM B I0/IM HAHOMeTpa C BpeMeHHbBIM
paspellleHHeM Ha ypOBHe JI0JIel MUJUICeKYH/IbI;

* JIOKa/bHOe BO3[leHMCTBHe XMMHUYECKUMHU peareH-
TaMU B 00/1aCTh HAHOMETPOBOI'O pa3Mepa ¢ KOHTPO-
JleM 3a JI030M IperapaTa, IIp1 3ToM 06eM I0oCTaB-
JN151eMO¥ JJ03Bl MOKeT JJOXOJUTb [0 YPOBHS 10715 MK
U MeHee;

 ompefe/leHHe KapTHUHBI pacIipeie/ieHus 3JIeKTpuyYe-

CKOTO ITOTeHIIKaJjia [10 I0BePXHOCTH 00beKTa;
 HabmoIeHNe IIPOXOKAEHHS MeKTPUUeCKUX CUIHA-

JIOB BJIO/Ib BEIOPAaHHBIX TPA€KTOPHH.

[Inatdpopma 6HOHAHOCKOMIUU JaeT BO3MOXKHOCTD
IIPOBOAUTD HCCIeIOBaHU S 610IOrHuecKUX 06BbeKTOB,
JeTeKTHPOBAaTh BUPYCHI, O pe/lesiTh aHTUOMOTHKO-
Pe3HCTeHTHOCTh 6aKTepHH.

CerozHs CyIIeCTBYIOT ILOO O4eHb YYBCTBUTEIbHBIE
(HMM)/HOQ)epmeHTHmI?I aHanu3, UPA unu nonumMe-
pasHas LenHas peakius, [1LP) uiu 6pICTPble METOABI
JOeTeKLIMHU (MMMYyHOXpOMaTorpaduyuecKue Moa0CKH).
Pa3speIB Me>KAy BEICOKOYYBCTBUTEIbHBIMH METOJAMHU
U 3KCITpecc-TeXHUKaMHU cocTaBjsieT 100-10 000-kpart-
HbIe Pa3THYHNs B IIpesiesie 0O6HAPY>KeHU s BUPYCOB [1-4].

B skcmepuMeHTax 1o o6HAapy>KeHHIO BHUPYCa
rpumma A HaMH HMCIIOJb3yeTCs CeHCOpHasd
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IIOBEPXHOCTD € buocmenuUUecCKUM B3aUMOJEH-
CTBHEM Ha OCHOBe OIITMMaJIbHOIO 30H/a (AHTHUTeNa,
amnTaMephl, CAHTeTUYeCKHe PellelITOPbI) /15 UCII0Nb-
30BaHHUA B IPOTOYHOM KUAKOCTHOH siuerKe. IIpu
BpI6Ope 30H/a YYUTHIBAIOTCA Clefylolre mapame-
TPBI: UYBCTBUTE/IIBHOCTD, CIIELUPUUHOCTD, BpeMs
aHa/IM3a, KOHCTAHTA CBI3bIBAHM S, JIOSKHOIIOIOXKH-
TeJIbHbIe Y JIOKHOOTPHUILATe/IbHble Pe3y/IbTaThl, 4O
FOBEYHOCTh, BO3MOKHOCTD pereHepaniu. KoHTpoiab
3KCIIePUMEHTOB IIPOBOJHUTCS C IIOMOIIE0 KMMYHO-
bepMeHTHOro M KOJIOPUMeTPHUYECKOr0 aHaJ/IM30B,
[IIP-m¥arHOCTHKU. B 3KCIIepHMeHTaX pacCMaTpHU-
BaeTCs BO3MOKHOCTb MCIIO/Ib30BAHU S PejIeeBCKOI0
paccessHMSA CBeTA BUPYCHBIMHU YaCTHIIAMU KaK B IIPO-
Liecce JBU>KEHMS B IIOTOKe, TaK U IIPU 3aKpeIlJIeHUH
Ha CeHCOPHOM ITOBEPXHOCTH OHOYHIIA.

B skcmepuMeHTax ¢ 6aKTepHUSMHU HCIOAb3Y-
eTCsl MeTOJ eIMKAaTHOM UMMOOUIN3all UK KJIeTOK

Ha CEHCOPHOM WMIH MOLHQHUIIMPOBAHHON peareH-
TaMH (IIOJIMIM3KHOM, aHTHUTeIAMH) II0BEPXHOCTH.
ITpu 5TOM 3ajJauyel OITHUYECKOH U 30HI0BOHM MHKPO-
CKOITH U SIBJISIETCS CJIESKeHHe 32 CyOMUKPOHHBIMH KOJIe-
O6aHUSIMHU MeMOpaHBI KUBBIX OaKTepHATBHBIX KJIe-
TOK (MM OLUMHOYHON OAaKTEepHU) U UX HU3MeHeHH-
SIMH (3aTyxXaHHeM) I10[] BO3LeHCTBHeM aHTUOHOTHKOB.,
OrpeneneHre XapaKTepa BO3IeHMCTBUS aHTUOHOTHKA
Ha 6aKTepHaIBHYIO KJIETKY I10 CYIIeCTBEHHOMY YMeHb-
IMeHHI0 XapaKTepa OCLMUISIUN KJIeTOYHOH MeM-
6paHbI IT03BOJISIET 3HAUUTEJIBHO COKPATHUTD BpeMs IIPo-
BeZIeHH I TeCTa Ha aHTUOHOTHK I10 CPABHEHHIO € 00BIY-
HBIM TeCTOM I10 HabIIofeHUIO fieJIeHUsI KJIIETOK B PpOCTa
KOJIOHHH. MeTof perucTpalify OCLH/UISIUE KIeTKH
II03BOJISIET COKPATUTH 00Ilee BpeMsI TeCTUPOBAHHUS
0o 20 MUH U MeHee.

[InaTdpopma OMOHAHOCKOIIMHU HAIlPaB/IeHa Ha U3y~
YyeHHe JeTaJbHOHM CTPYKTYPHl CeTeH H3 SKHUBBIX

ur research group develops an

experimental bionanoscopy

platform on the base of a scan-
ning probe microscope and microlens
technology to provide the following:

- optical observations with a res-
olution up to 40-50 nm and a
time interval of a fraction of a
millisecond;

« registration of the biology objects
topography and their characteris-
tic movement in a liquid and air
with sub-nanometer resolution
and a time resolution of a fraction
of a millisecond;

 local exposure to chemical
reagents in the nanometer-sized
area with control over the dose of
the agent, while the volume of the
delivered dose can reach the level
of 1015 microlitres and less;

« detection of the electrical potential
distribution pattern over the sur-
face of the object;

« observation of electric signals flow
along the selected tracks.

The bionanoscopy platform makes
it possible to study biological objects,
detect viruses and the antibiotic
resistance of bacteria. Nowadays,
there exist either very sensitive

(enzyme-linked immunosorbent assay,
ELISA or polymerase chain reaction,
PCR) or rapid detection methods
(immunochromatographic strips).
The gap between the highly sensitive
methods and express techniques is
100-10,000 times the difference in the
virus detection limit [1-4].

Our experiments in detection of
the influenza A virus we use a sensor
surface with biospecific interaction
based on an optimal probe (antibodies,
aptamers, synthetic receptors)
intended for use in a flow-through
liquid cell. When choosing a probe,
the following parameters are taken
into account: sensitivity, specificity,
analysis time, binding constant,
false positive and false negative
results, durability, and a possibility
of regeneration. The experiments are
controlled with the aid of enzyme
immunoassay and colorimetric
analyses and PCR diagnostics. In the
experiments, a possibility of using
Rayleigh light scattering by viral
particles both in the flow and when
attached to the sensor surface of the
biochip is considered.

In experiments with bacteria,
a method of cells delicate

immobilization on a sensor surface

or a surface modified with reagents

(polylysine, antibodies) is used. In

this case the task of optical and probe

microscopy is to monitor submicron
vibrations of the living bacterial cell
membrane (or a single bacterium) and
their changes (attenuation) under the
influence of antibiotics. Determining

the nature of the antibiotic effect on a

bacterial cell by a significant decrease

in the nature of oscillations of the
cell membrane can significantly
reduce the time of the antibiotic
test compared to a conventional test
used for observing cell division and
colony growth. The method to record
cell oscillations can reduce the total
testing time to 20 minutes or less.

The bionanoscopy platform aims to
study the detailed structure of living
neurons networks. Here we propose
the following approaches:

« the first is the geometric align-
ment of the microlens array [5]
with the area of neurons;

+ the second is to provide condi-
tions for the full functioning and
growth of the neural network;

+ the third is the initiation of
signal transmission using
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YecmaHoeka 0451 30H00800 MUKPOCKONUU HA 6a3e onmu4ecko20
UHeepmuposaHHoz2o mukpockona Nikon Ti-U

Probe microscopy unit based on Nikon Ti-U optical inverted
microscope

HeHMPOHOB. 3/1eCh HAMH IIPe/IJIaraloTCs CleyIouiHe

IO/IXOJIBI:

* reoMeTpHuecKkoe COBMellleHHe MacCHBa MHKPO-
nHH3 [5] ¢ 0671aCTHIO PACIIONOSKeHH ST HeHPOHOB,;

* obecrieyeHHe YCIOBUH 1151 IOTHOLIEHHOT0 QYHKIIHO-
HHMPOBAaHHSI U pOCTa HEPOHHOM CeTH;

* WHUIMHPOBaHUeE Ilepefladl CUTHAJIOB C IIOMOIIBIO
CKAaHUPYIOUeN KAIU/ISIPHOM MHUKPOCKOIUHU [6]
B pe3y/IbTaTe JIOKa/IbHOI'0 XM MHUUeCKOI0 BO3JIeHICTBU S
Me[HaTOPOM H/H/IH BHEIIHUM UMIIY/IbCOM (3/1eKTPH-
YeCKHUM, 3JIeKTPOXUMHUYECKHUM, MeXaHHUYeCKUM).
Ocoboe BHUMaHHe yJensieTcsl KapTHHe GOPMUPO-

BaHM S KOHTAaKTOB MeXXJY AeHJPHUTaMHU, B3aHMOJeH-

CTBUIO MeXIY CHHAIICaM{, OPMUPOBAHHUIO U IIPO-

XOXKJI@eHHIO HEPBHBIX KMITYJIbCOB I10 HEHPOHHOMU CeTH.

MacmrabHoe HabmofeHe HEHPOHHOM CEeTH OCYILeCT-

BJISIeTCSI C IIOMOILBIO MacCHBA MHUKPOJIMH3 B TO BpeMs,

KaK [leTaJIbHasI XapaKTepH3all ksl TOIorpadrU TeHIpH-

TOB 1 aKCOHOB, KapTHHA ITPOXOKIeHH I CUTHAIOB 6yyT

IIPOBOAMTECS C IIOMOILBIO AaTOMHO-CHJIOBOH, KaIIHU/IISP-

HOM U 37IeKTPOXHMUYeCKOKN MUKPOCKOIIUH. B cityuae

KaIlKWISIPHOM MUKPOCKOIIMU HCII0/Ib3YIOTCSI MHOIO-

KaHaJbHble KaIlW/ISIPBI-30HbI /11 ONHOBPeMeHHOU

PperucTpaluy TONOrpaduu, H3MepeHHUs JIeKTpUde-

CKOrO IIOTeHIMaJla M JIOKaJIbHOM JOCTaBKU PeareHTOB.
Pa3paboraHHas mnatdbopMa 6MOHAHOCKOIUY HAET

BO3MOXKHOCTb OIIpe/IeNIUTh!

* 30PeKTUBHOCTh KOHCTPYHUPYEMBIX PeLelITOPHBIX
MOBEePXHOCTell K KOHKPEeTHOMY IITaMMy BHpYyCa.
JleMOHCTpaLKsl BO3MOXKHOCTeH byneT mpoBefeHa
Ha BUPYyCe IPUIINA A U Pa3JIMYHBIX MOJE/IbHBIX Pac-
THUTeJBHBIX BHPYyCax (BUPyca TabauHOM MO3aUKH,
BHPpYyca KapTodesisi U IIp.);

* YCTOMUYMBOCTb OaKTepUI K aHTUOHOTHUKY 3a BpeMs
NnpoBeJleHUs TeCTa AJUTENbHOCTbIO He 6oiee
20 MHH;

scanning capillary micros-

copy [6] as a result of local

chemical action by a mediator
and / or an external impulse

(electrical, electrochemical,

mechanical).

Particular attention is paid
to the formation pattern of the
contacts between dendrites, the
interaction between synapses
and the formation and passage of
nerve impulses through the neural
network. Large-scale observation
of the neural network is carried
out using an array of microlenses
while a detailed characterization
of the topography of dendrites
and axons the picture of signal

passage will be carried out using
atomic force, capillary and
electrochemical microscopy. In
the case of capillary microscopy,
multichannel capillary probes are
used to simultaneous recording of
topography, measurement of the
electric potential and local delivery
of reagents.

The developed bionanoscopy
platform makes it possible to
determine:

« the effectiveness of the
designed receptor surfaces to

a specific strain of the virus.

Demonstration of the possibil-

ities will be carried out on the

influenza A virus and various
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model plant viruses (tobacco
mosaic virus, potato virus,
etc.);

« bacterial resistance to antibiot-
ics during the test duration of
no more than 20 minutes;

« the role of the dendritic pro-
cesses of the neuron in the for-
mation of nerve impulses of
the neural network and the
relationship of their topology
with the functions of neural
networks. |

This work was supported by the Russian
Science Foundation, project No. 20-12-
00389, and the Russian Foundation for Basic
Research, project No. 20-32-90036.
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* POJb JeHJPUTHBIX OTPOCTKOB HEHPOHA B opmHpoBa- 3.
HUH HePBHBIX UMITy/IbCOB HEHIPOHHOM CeTH, CBS3b UX
TOIIOJIOTUH € QyHKIHUSIMU HEHPOHHBIX CeTek.

Paboma evinoaHera npu purancosoil noddepskre Pocculickozo
HayHo20 porda, npoekm Ne 20-12-00389, u Poccutickozo porda pyr-
damenmanbHbix uccaedosaruil, npoexm Ne 20-32-90036.
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YUCNEHHDBIE METO/ADI

UHTETPUPOBAHUA ISBN 978-5-04836-597-8
ANOOEPEHLUANDHDbIX
YPABHEHUN
Fapudpynnux M.0.
LleHa 583 py6. PaccMOTpeHbl BOMPOCHI MHTErpupoBaHUst MO BpeMeHn AudepeHLManbHbIX YpaBHEHWA, UCMONb-

3yeMblX MPY MOAENMPOBAHMM HECTALMOHAPHDLIX SBAEHWNA. [pUBEdEHbI YCAEHHbIE METOAbI, KOTO-
pble HaLM MPUMEHEHINE NPV PeLeHU P3NIAYHBIX HAYYHBIX 1 TEXHUYECKMX 3[4, UCCNEN0BAHNAX
TEXHOMOMMYECKMX MPOLIECCOB. MpeACTaBNeHbl Pa3iNyHble BAPUAHTbI YNCIEHHbIX METOAO0B NMPSMOT0
VHTErpupOBaHMS yYPaBHEHHIA NEPBOTO U BTOPOrO MOPAAKOB LuaraMu Mo BpeMeHN (SBHble U HesBHbIE,
OZHOLLIAroBble M MHOTOLLArOBbIE). [PUBEEHbI TEKCTbI Peani3yioliLx NPOrpaMm C NOAPOBHLIMU KOM-
MeHTapuAMK. Ha MpocTbiX NpUMepax MpoAeMOHCTPUPOBAHbI BOMOXHOCTM W CBOMCTBA METOZOB.
YIieneHo BHIUMaHWe BOMpoCaM TeCTUPOBAHMS NPOrPaMM 1 BbI6Opa paLMOHaNbHOrO METOAA UHTETpU-
POBAHMS, YA0BNETBOPSIOLLETO TPEOOBAHIUSM MO TOYHOCTI U YCTOWYMBOCTI BLIYMCTEHHIA.

MpefHA3HAYEHO A1S CNELMANNCTOB, 3aHSATLIX PELUEHMEM HECTALMOHAPHDIX 33434, a TaKKe Npeno-
[\aBaTeNeld, CTYAEHTOB 1 aCMMUPAHTOB TEXHUYECKMX BY30B.
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