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PaszpaboTka BblICOKO3pEPEKTUBHbLIX PEXMMOB 6bICTPOAENCTBYIOWLEIO CKAHMPYHOLWEro 30HA0BOro
MUKpPOCKOMNa, B MepBYIO oyepefb aTOMHO-CU/IOBOM U CKaHUPYIOLLEN KanwWWisipHOWM MUKPOCKONwW,
npepcTaB/sieT 0CobbIi UHTEpEC A/ YCNEeLHOro NpoBeAeHUs 6MOMeANLIMHCKUX UCCIeA0BaHUI: U3yYeHUs
6u1onormyecknx npoLeccos 1 Mmopdonorum 6MonoaNMepoB, onpeaeneHns aHTM6MOTUKOPE3UCTEHTHOCTU
6akTepuii, afpecHOW [O0CTAaBKU 6GMOMAKPOMOIEKY/l, CKPUHUHIY J1IeKapCTB, PaHHEMY OG6Hapy>XeHUIo
6uonornyeckmx areHToB (BMpYcoB 1 6aKTepuin) U T.4.

The development of highly efficient modes of a high-speed scanning probe microscope, primarily atomic
force and scanning capillary microscopy, is of particular interest for successful biomedical research:
studying biological processes and the morphology of biopolymers, determining antibiotic resistance of
bacteria, targeted delivery of biomacromolecules, drug screening, early detection agents (viruses and
bacteria), etc.

CTBeHHBIX CpellaX B IBKKEHUH C BBICOKOI pa3pe-

MIaloNel CII0COOHOCThIO, He Hapyllas UX yHK-
MM, - KpalHe CJI0XKHas 3afaya. HccnemoBaHUS
MOC/IeJHUX JIeT IIOATBEPXKAAI0T, YTO AUHAMUYeCcKas
CTPYKTypa 1 MOpdoorusi 6e1KoB U K/I€TOK, BbISIBI€H-
HBIe C [IOMOIIBI0 OBICTPOEHCTBYIOIIET0 CKAHH PYIOIIET0
30H/I0BOro MHKpockora (C3M), MOryT 1aTh yHUKa/IbHYIO

BI/I3yaHI/I3aL[I/IS{ 6UOIOrUYeCcKUX 06 BbeKTOB B ecTe-

MHPOPMALIHIO 0 TOM, KaK QyHKIIMOHUPYIOT pa3IUuYHEbIe
KJIeTOYHBbIE IIPOLIeCChl Ha MOJIEKY/ISPHOM yPOBHE.
bnaromaps C3M cTajio BO3MOXKHO Habiome-
HHe 33 TAKMMH IIpollecCaMi, KakK ABHKeHHe PHK-
ronumMepassl Boub JTHK, KoHGOpMaIIMOHHEIE U3Me-
HeHUsI MeMO6paHHBIX O6elKOB, JBHUKEHUE XPOMa-
THHA, POCT 6eIKOBBIX KPUCTAJIIOB U Ap. HecMoTps
Ha TO, YTO OBICTPOAEMCTBYIOMINN CKAHUPYIOM U
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30HJOBBIF MHKPOCKOII OTKPbIBaeT CylleCTBeHHbIe
[epCIeKTUBH A/ U3y4YeHHUSI HMOMaKPOMOIEKYI
M KJIeTOYHBIX IIPOLecCoB, caM IIo cebe OH IIPOAOII-
>KaeT 0CTaBaThCS YHUKAJIBHBIM IPUOOPOM, TOCTYII-
HBIM TOJIBKO CaMBbIM IlepeLOBbIM JIabopaToOpUsIM
MUKPOCKOIIMU B MUDe.

Llermo4YyKa CO3LAaHHBIX HaMu npubopor C3M
"Ckau-8" (1987), "®emrtoCrau" (1996), "®emroCraH X"
(2012) mommosTHMIIACH B HaCTOSIIee BpeMs COBMeIlleH-
HBIM aTOMHO-CHJIOBBIM M CKaHHPYIOIMIKUM KaIlHII-
JASIPHBIM MHKpockomoM "demToCkaH Xi" (2019).
BO3MOXHOCTH CKaHUpYyIOIeN KaNHU/IISIPHOHU
MHKPOCKOIIMH CYyIeCTBeHHO IIHpe, YeM IIPOCTO
HablloJeHHe TpexMepHOIo penbeda IIOBEPXHO-
CTH OMOIOTHYECKHX 00BbeKTOB C HU3KOH MeXaHHU-
YeCKOH >KeCTKOCThIO [1, 2]. Mcro/sb30BaHMe MHOTO-
KAaHaJIPHBIX KAIIUJUISPOB B KaueCTBe 30H0B I103BO-
7sileT NPOBOAUTH MY/IbTHIIAPAaMeTPUUYECKHUI aHa-
JIU3 KJIETOK. XUMHYeCKass MOTUPUKAIIHS OTHOIO
UK HeCKOJAbKHX KaHa/JIOB KaIllHUJsgpa IpeBpa-
IaeT 30H[ B 31eKTPOXHMMHUYECKUM HaHoceHCcop [3].
Kanunnaspel ¢ AByMS HJIH HECKOJAbBKHMMHM KaHa-
JIaMU AI0T BO3MOKHOCTB Peasn30BaTh HAIlpaBJIeH-
HBIM MaccoIlepeHOC BeIlecTB, 6MOMaKpPOMOJIEKY
(menTumoB, 6eJIKOB, HYKJI€HMHOBBIX KUC/IOT U IIp.)
Ha [TI0BEPXHOCTb OM006beKTa HJIN BHYTPb ero obbema

(HamprMep, LOCTABISATh AHTUOHMOTHUK K OaKTepUH).

JMeKTPOXUMHYECKHE 3JeKTPOLbl, BCTPOEHHBEIE

B KaITHJLJISIP, IIepCIIeKTUBHEL 1151 OITpe/ie/IeH I KOH-

LIeHTPAI[MH BelleCTB BOIM3H KJIeTOYHON MeMOpaHBbI.
BopIION IMOTeHIIMA KAIIUIASIPHON MHKPOCKO-

UM MOXeT ObITh Peann30BaH B bMOMeIUIIMHCKUX

MIPHUIOKEHU X, KIMHHUYeCKON JUAarHOCTHUKE, B TECTH-

POBaHMU JIeKAPCTBEHHBIX CPE/ICTB C UCIIOTIb30BAHUEM

He KYJIBTYPBI KJIeTOK, & BCero JIUIIb ONHON KJIeTKH.
TakuMm obpaszom, C3M B HacCTosIIIee BPeMsI SIBIISETCS

HUeaJIbHBIM U IIePeIOBBIM METOOM JIJISI XapaKTePU-

CTHUKHU AUHAMUKH CJIOKHOTO MOJIEKYJISIPHO-6H0IOrU-

YeCcKoro MexaHH3Ma B YCJIOBUSIX, O/TM3KUX in vivo.
Pa3BHTHE 30HLOBOM MUKPOCKOIIKHU UAET OJHOBpe-

MEHHO C pellleHHeM CJIOKHBIX PaJHOPU3UUeCKUX

3a/7a4:

e BpPeMeHHON CHHXPOHHU3ALIUHU H0JIBIIOro YHCIIa He3a-
BUCHMBIX IIPHEeMHBIX U yIIPaBISIOMUX CUTHAIOB
IJIS1 CHCTeM HeJIMHEeHNHOM 0OpaTHOM CBSI3H;

* AJANTHUBHBIX AJTOPUTMOB IUPPOBOM 06paboTKU
DAHHBIX C UCIIONTB30BAHKNEM CBEPXOBICTPOLEHCTBYIO-
mux [JIUC-koHTponepoB (FPGA);

* Pa3sBUTHS 31eMeHTOB UCKYCCTBEHHOI'O MHTeJI/IeKTa
1 UHGOPMALIMOHHOM 6a3bl JAHHBIX JJISI IPUHS-
THS pellleHU B CJIOKHBIX CHCTeMaX C HeJIMHeHHON
06paTHOM CBSI3bI0;

isualization of moving biolog-
ical objects in natural habitat
with high resolution with-
out disturbance of their function-
ality is an extremely complicated
task. Investigations of last years
confirm that dynamical structure
and morphology of proteins and
cells obtained by high-speed scan-
ning probe microscope (SPM) can
provide unique information about
functionality of various cellular
processes at the molecular level.
Because of SPM it has become
possible to observe such processes
as the movement of RNA poly-
merase along DNA, conformational
changes in membrane proteins,
chromatin movement, growth of
protein crystals, etc. Despite the
fact that a high-speed scanning
probe microscope opens up sig-
nificant prospects for studying
biomacromolecules and cellular

processes, it stays a unique instru-
ment available only for the most
advanced microscopy laboratories
of the world.

The chain of SPM devices we
created Scan-8 (1987), FemtoScan
(1996), FemtoScan X (2012) has
now been replenished with
a combined atomic force and
scanning capillary microscope
FemtoScan Xi (2019). Possibilities
of scanning capillary micros-
copy are much broader than sim-
ply observing 3D relief of biolog-
ical objects surfaces with low
mechanical strength [1, 2]. Use
of the multichannel capillar-
ies as probes makes it possible to
provide a multiparameter analy-
sis of cells. Chemical modifica-
tion of one or several channels of
capillary turns the probe into an
electrochemical nanosensor [3].
Capillaries with two or more

channels make it possible tto
accomplish directed mass trans-
fer of substances, biomacromole-
cules (peptides, proteins, nucleic
acids, etc.) to the surface of a bio-
logical object or inside its volume
(for example, to deliver an antibi-
otic to bacteria). Electrochemical
electrodes embedded in the cap-
illary are promising for deter-
mining the concentration of sub-
stances near the cell membrane.

The great potential of capillary
microscopy can be realized in bio-
medical applications, clinical diag-
nostics, in drug testing using not a
cell culture, but just one cell.

Thus, SPM is currently an ideal
and advanced method for charac-
terizing the dynamics of a complex
molecular biological mechanism
under conditions close to in vivo.

The probe microscopy develop-
ment proceeds in parallel with
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Puc.1. Mpakmuy4eckoe 3aHsImue no ckaHupyrouiet 30H00800 MUKPOCKONUU Ha Xumudeckom pakyabmeme MIY. 3aHsmue npogodssm
npenodasamenu LUMWT "HanomexHonoz2uu" pu3uveckozo pakyabmema W.IMbines u T.NoH4aposa

Fig.1. Scanning probe microscopy class at the Chemical Department of MSU. Classes are conducted by lecturers of the YICC
"Nanotechnology" of the Physical Department I.Pylev and T.Goncharova

e CI)OPMI/IPOBQ.HI/IH u O6pa6OTKI/I CHUT'HAJIOB C MCIIOJIB30~ * MHHHMH3ALHUA TeMIIepaTypHOI'o ,ELPEI;I(I)a 3a Cc4eT

BaHHEM aHaHOI‘O‘LII/I(l)pOBbIX u I_II/I(l)pO‘AHaJIOFOBLIX
Hpeo6pa3OBaTene171 MerareprnoBoro v rurareproBoro
OHAaIIa30HOB.

B 06/1acTH HaHOMeXaHUKU YCIIeIHO peIllaroTCs Cl1e-

OyIOIIHe 3a/IauH:
* CBEPXTOYHOe IIO3HULIMOHHUPOBAHUE (C TOUHOCTHIO

solving of complicated radiophysi-
cal problems:

[0 COTBIX HOJIeM HaHOMETPOB) 30H[A Ha 6ONBLUIMX
IIO/IX pasMepoM 10 200 MKM;

time synchronization of a large  solved:

number of independent receiving

In the field of nanomechanics,
the following tasks are successfully

 probe precise positioning (with

KCITI0/Ib30BAHHUS BBICOKO CHMMETPUH MeXaHHUYeCKOH
KOHCTPYKIL MU 0 COTBIX ,LIOHEI:I HAaHOMETPOB B MUHYTY;
OIITHUMH3AITHU A Fa6aPI/ITHbIX Pa3MepoB CHCTEMBI
CKaHUPOBAHUSA 6naronapﬂ IIOMCKY HOBBIX peIle-
HHUU - JIEKTPOMATHUTHOTO CKAHUPOBAHU S, I1bE30-
KepaMHYeCKOTr'0 CKAHUPOBAHHS C UCIIOJIb30BaHHUEM
HOBBIX MaTe€pHAJIOB, TEPMOCKAHHPOBAHH S Ha OCHOBE
MHHUCKAHEPOB C HU3KOM TeIJI0eMKOCTBIO 1 APYrux

with low heat capacity and other
possible principles, selection and
justification of optimal modes of
movement;

and control signals for non-linear
feedback systems;

 adaptive digital data process-
ing algorithms using ultra-fast
FPCAs;

 development of artificial intelli-
gence elements and an informa-
tion database for decision-making
for complex systems with non-lin-
ear feedback;

 generation and processing sig-
nals using analog-to-digital and
digital-to-analog converters in the
megahertz and gigahertz ranges.

an accuracy of hundredths of a
nanometer) on large fields up to
200 microns in size;
temperature drift minimiza-
tion due to the use of high sym-
metrical mechanical structure -
up to hundredths of nm/min;
overall dimensions optimization
of the scanning system due
to the search of new solu-
tions - electromagnetic scan-
ning, piezoceramic scanning
using new materials, thermal
scanning based on miniscanners

HAHO MHOVCTPHA Tom 13 Ne3-4 (97) 2020

obtaining high-speed probes
with an operating frequency in
the range of 10-100 MHz;
scientific foundations
development of the nanometer
displacements metrology;

In the software field the relevant

tasks are the following:
« achieving sustainable adap-

tive feedback with self-learning
elements;

automatic generation of an
image database with storage in
an intelligent repository;
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BO3MOSKHBIX IIPHUHIIUIIOB, BEIOOP B 060CHOBaHUe

ONTHMaJIbHBIX PeXKHMOB IIepeMellleHHH;
¢ TIONydeHHe OBICTPOMEHCTBYIOUIMX 30HA0B C pabouern

YaCTOTOH B Auarra3oHe 10-100 MIr;

* paspaboTka HayIHBIX OCHOB METPOIIOTUH HAHOMETPO-
BBIX IIepeMellleHHH.

B obnacTy mporpaMMHOIo obecriedyeHu s aKTyasb-
HBIMH 33J]la4aMH SIBJISIOTCS C/Iefly oI e:
¢ JOCTH>KEHHe YCTOMYHBOM afalTHBHON 06paTHOM

CBSI3U C 37IeMeHTaMH CaMOOOydeHH S,

e aBTOMaTuvyeckoe GopMHUPOBaHUe 6a3bl JAHHBIX
K306paskeHUN C XpaHeHHEM B UHTe/JIeKTYaIbHOM
Pero3UTapUHu;

* IIOCTPOEHHe CHCTeMBbI PACIIO3HABAHHUSI 00pa30B IHHA-
MHYeCKHX ITPOLIeCCOB B KU BOM IPHPOJE;

* CO3[aHMe HOBBIX AJIFOPUTMOB 06pabOTKH U BHU3yasIH-
3aLMK MHOTOMEPHBIX JAHHBIX, B TOM YHCJIe C IIpHMe-
HeHHeM pPesKHMOB BUPTYa/IbHON pPeaIbHOCTH K UCKYC-
CTBEHHOI'0 MHTEeJIIeKTa.

Cpeny BasKHBIX QyHIAMEHTaIbHBIX ITPO6IeM MOXKHO
Ha3BaTh 3a/la4y OlpeJie/ieHUsI PU3UKO-XHMMHUYIECKHUX
XapaKTePUCTHK M CBOMCTB OTAEIbHBIX MOJIEKYJI ITOJIH-
Mepa, TaKHUX KakK popmMa U KOHPopMaLKs II0TMMepa,
MOJIeKYJIIPHO-MaCCOBOe pacIIpelie/ieHHe, TUII BeTBJIe-
HUsI, MOOKJIBHOCTD, a/iTe3Msl, HHAYLIHPOBAHHbIE pa3-
JIUYHBIMHU GAaKTOPaMU KOHQOPMaLMOHHBIE U3MeHe-
HUsA. CTOUT IIOAYePKHYTh, YTO 3TH XapaKTePHUCTHUKH,
OTHOCSIIHECS K OTAe/NbHBIM MOJIeKy/laM (B OT/IHYHe
OT yCpeJHEeHHBIX XapaKTePUCTHUK I10 aHCaMbIII0), He
MOTYT 6BITh [10JTy e Hbl HUKAaKUMH APYTHMH MeTOIAMH,
KpoMe MeTofoB C3M. HeKkoTopsle 13 3THX CBOKCTB II0/TH-
MepOB, TaKHe KaK BHUJ, U CTeIleHb Pa3BeTBIeHHOCTHU

(HampuMep, y ITONHOIEePUHOB), SIBISIOTCS BaKHBIMHU
JUIS1 TEXHOJIOTHYeCKUX [IPUMEeHeHHU, ITI0CKOIbKY 3Ha-
YUTE/IbHO BIUAIOT Ha KJ/IIOYeBble dKCILIyaTallMOHHBIe
CBOMICTBA [TOJIMMEPHBIX MaTEPUAJIOB.

Eme ogHUM Ki1accoM GyHAAMEHTAIBHBIX ITpobiem
SIBJISIeTCSI BOIIPOC CAMOOPraHU3aL 1 OTAe/IbBHBIX MaKpPO-
MOJIEKYJI Ha Pa3/IMYHBIX IIOIJIOKKaX. Obpasyromirecs
B pe3yJibTaTe MOJIeKY/ISIPHbIE aPXUTEKTYPBI MOTYT ObITH
HCIIO/Ib30BAaHBI AJ151 AU3alHa QYHKIIHMOHAIBHBIX CTPYK-
TYP U IIa67I0HOB HA MUKPO- K HAHOMETPOBBIX MaCIITa-
6ax. Takue mabaoHbl, OTIMYAIOLIKeCS 10 CTeIleHHU
rUAPOGUIBHOCTH/TUAPOGOOHOCTH OIITUYECKOM AKTHUB-
HOCTBIO 1 3JIeKTPOMarHUTHBIMHU CBOHCTBAMH, MOTYT
IIPUMEHSTHCS B PA3/IMYHBIX HAHOOMOTEXHOOI KX
JIJIsL CO3LaHMS CEHCOPHBIX MaTepHaJioB, B HAHOIUTO-
rpaduu, /151 XpaHeHHU I JaHHBIX, B OITHYECKOM CBS3H,
B OHIOCEHCOPHUKE U T.[I.

bosplioe BHUMaHMe yIeseTcss BOIIPOCY MCCIeNo-
BaHMHS MHOIOKOMIIOHE@HTHBIX IIOJIMMEPHBIX MaTe-
puanos ¢ moMoupo C3M. KOMIIO3UIITMOHHOE KapTH-
poBaHMe TaKKX MaTe€pPHUaAJIOB SBJISETCS CAMBIM BasK-
HBIM IIPUMEPOM IIPOMBIIIIEHHOIO IIpruMeHeHu s C3M.
MHOrOKOMIIOHEHTHBIe II0JIMMePHbIe MaTepUaJlbl pac-
IIPpOCTPaHeHbl BO MHOTMX CPepax IIPOMBIIIIEHHOCTH
U II03TOMY SIBJISIOTCS IIPeJIMETOM IIOCTOSHHOIO COBEpP-
IIeHCTBOBAHUSI, UTO TpebyeT M3yUeHHUS PA3TUUHBIX
aCTIeKTOB UX MOPGOTIOTrUH U CBOKCTB Ha HAHOMETPOBOM
MaciiTabe. Bo3HUKHOBEHHE B [TOC/IeTHUE OB HEPe30-
HAHCHOT'0 OCLIMJITHPYIOIIETo peKKMa paboTsl aTOMHO-
CHJIOBOI'O MHKPOCKOIIA OTKPBIBAET OOJbIILe IIepCIieK-
TUBBI /151 KOMIIO3ULIMOHHOI'O KAPTHPOBAHU S MaTepHa-
JI0B, O HAKO [IOHKMMaHMe B3aUMOJeNCTBH I KAaHTH/IeBepa

 building a pattern recognition
system for dynamic processes in
living nature;

 new algorithms creating for pro-
cessing and visualization of mul-
tidimensional data using virtual
reality and artificial intelligence
modes.

Among the fundamental prob-
lems are the task of determining
the physicochemical characteristics
and properties of individual poly-
mer molecules, such as polymer
shape and conformation, molecular
weight distribution, branching type,
mobility, adhesion, conformational
changes induced by various factors.
It is worth emphasizing that these

characteristics pertaining to indi-
vidual molecules (in contrast to the
ensemble averaged characteristics)
cannot be obtained by any meth-
ods other than SPM methods. Some
of these polymer properties, such as
the type and degree of branching (for
example, for polyolefins) are impor-
tant for technological applications,
since they significantly affect the
key performance properties of poly-
mer materials.

Another class of fundamental
problems is the self-organization of
individual macromolecules on vari-
ous substrates. The resulting molec-
ular architectures can be used to
design functional structures and

patterns at micro and nanometer
scales. Such patterns, differing in
the degree of hydrophilicity/hydro-
phobicity, optical activity and elec-
tromagnetic properties, can be used
in various nanobiotechnologies, for
creating sensor materials, in nano-
lithography, for storing data, in opti-
cal communication, in biosensorics,
etc.

Much attention is paid to the study
of multicomponent polymer materi-
als using SPM. Composite mapping
of such materials is the most impor-
tant example of industrial applica-
tions of SPM. Multicomponent poly-
meric materials are widespread in
many industries and therefore are
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Puc.2. CkaHupyrowul 30H008bil mukpockon "®emmoCkaH"
8 TexHonoz2u4eckom yHugepcumeme um. Wapuda. MizmepeHus
8 Kudkocmu

Fig.2. FemtoScan scanning probe microscope at the Sharif
University of Technology. Measurements in a liquid

€ 06pa3roM U HHTEpPIIPeTALIHs JAHHBIX B 3TOM PeXXHMe
B HaCTosi1Ilee BpeMsl HeIOCTATOYHO Pa3BUTHL.

B HacTosiee BpeMs K3-3a IIOCTOSIHHOIO YMeHbIIle-
HUS PasMepoB GYHKIHOHAIBHBIX CTPYKTYP U YCTPOMCTB
cymiecTByeT 6obIIasi IOTPeOHOCTh B KOTHYEeCTBEHHBIX
HM3MEpPEeHHUSIX JIOKATBHBIX MEXaHUYEeCKUX U JIeKTprye-
CKHX CBOFICTB IIOJIMMEPHBIX MATePHAJIOB. BOIBIIKHCTBO
CyIIeCTBYIONIIKX MeTOIOB AaHA/IM3a CHJIOBOI'0 B3 MOJIEH-
CTBHSI MaTepHaJIOB HCIIONb3yeT KOHCEPBAaTHBHbIE MOZETH
(mopmenu Tepua, CHexmoHa, JsKOHCOHA - KeHpanna -
Pobeprtca, [epsaruna - Miowiepa - ToporioBa), He YUUTHI-
BaIOIIIHe BA3KOYIIpyrye 3¢dpeKTsl. Kcronp3oBaHUe TAKUX
MoZieler 3HAUUTeIbHO OTPAaHUYKBaeT 0071aCTh UX [IPHU-
MEeHHMOCTH. [|JI5l IPe0fi0NIeH U SI STUX OTPAaHUYeHHUH BOC-
TpeboBaHa pa3paboTKa METOIOB KOIHUYECTBEHHOIO aHa-
JH3a HAHOMeXaHHUUYeCKUX JAaHHBIX C yU4eTOM BSI3KOYIIpY-
TOro [10BeJIeHH S U Pe3yJIbTaTOB 3/1eKTPUUECKUX PESKHMOB
pabotsr C3M.

B HacTosilee BpeMs He ygaeTCs BU3YalH3HPO-
BaTh OHoOIOrHYecKue MpoLeccs (POCT KIeTOK BBIC-
IIHUX OPraHU3MOB, UHQUIIMPOBAHKE KIETOK BUPY-
coM, KOHQPOpMAILIMOHHBIE IIePeXOAbl B XPOMOCOMaX
U IIP.) B eCTECTBEHHBIX CPelax C BBICOKUM IIPOCTPAH-
CTBeHHBIM paspellleHHeM (Ha ypOBHe [oJell HaHOMe-
Tpa) ¥ HeobOXOIIMOM BpeMeHHO! JIeTa/Iu3all1el B eU-
HUIIBl MHJIJIMCeKYH], U MeHee. M3y4yeHHe CIIeKTPOB
KonebaHUH 6aKTepPUH U KJIETOK B IIMPOKOM JJUATIa30He
YaCcTOT IIPU OLHOBPeMEeHHOM H3MepeHHH UX Mopdoio-
THU OTKPBIBaeT HOBBle BO3MOXKHOCTHU B 0671aCTH CTPYK-
TYPHOM 6HOJIOTHMHU: HCCIeJoBaHMe CTabUIbHOCTH BUPY-
COB, B3AaMMOJEHCTBHE [IPeapaToB Ha HaKTepHaIbHbIe
KJIETKH U BUPYCHI, PellleHHe 3344 aIPeCHOM JOCTaBKHU

subject to continuous improvement,
that requires their morphology and
properties at a nanometer scale
study. The emergence in recent years
of a non-resonant oscillating mode
of atomic force microscope operation
opens up great prospects for com-
posite mapping of materials, how-
ever, understanding of the cantilever
interaction with a sample and inter-
pretation of data in this mode is cur-
rently underdeveloped.

Currently, due to the functional
structures and devices continu-
ous reduction in size, there is a
great need for quantitative mea-
surements of the polymer materials
local mechanical and electrical

properties. Most of the existing
methods for analyzing the materials
force interaction use conservative
models (models of Hertz, Sneddon,
Johnson-Kendall-Roberts, Deryagin-
Muller-Toropov) that do not take into
account viscoelastic effects. The use
of such models significantly limits
their applicability. To overcome these
limitations, it is required to develop
quantitative analysis methods of
nanomechanical data, taking into
account the viscoelastic behavior
and the results of the SPM electrical
operating conditions.

At present, it is not possible to
visualize biological processes (cell
growth of higher organisms, virus
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infection of cells, conformational
transitions in chromosomes, etc.)
in natural environments with
high spatial resolution (at the level
of fractions of a nanometer) and
the necessary temporal detail of a
few milliseconds or less. Studying
the bacteria and cells vibrational
spectra in a wide range of frequen-
cies while measuring their morphol-
ogy opens up new possibilities in the
structural biology field: studying
the stability of viruses, the interac-
tion of drugs on bacterial cells and
viruses, and solving the problems
of targeted biological substances
delivery into tissues. The structural
and dynamic characteristics of a



EQUIPMENT FOR NANOINDUSTRY

O1OIOrMYecKUX BellecTB B TKAaHU
U 1np. CTPyKTypHble U JHHAMH-
YyeCKHe XapaKTepUCTUKH ber-
KOBOM MOJIEKY/IBl MTPAIOT LeH-
TPalbHYI0 Posib B obecredeHUH
ux 6uosorndeckux QYHKIIHH.
BricTponelcTByMOmasg CKaHH-
pymoIas 30HA0BasE MUKPOCKOIIHSI
OTKPBIBAaeT IHPOKHe IepCclek-
THBBI U3y4eHUs OeIKOBBIX MaKpoO-
MOJIeKy/ B JMHaMKKe. OHa CTaHO-
BUTCS IIPAKTHYECKUM HHCTPYMeH-
TOM IIpH IIpoeKTHpoBaHKU JHK- 1
Oe/1KOBBIX OOUUIIOB, MT€PCIIEKTHUB-
HBIX JIJIS1 Aa/IbHEHUIIero MCII0Ib30-
BaHHUS B MeJUIIMHCKOH SHATHO-
CTHKe. [IpH 3TOM CTAaHOBHTCS BO3-
MOKHBIM LIKPOKOE UCII0/Ib30BaHMe
OHOCEeHCOPOB, IIOCTPOEHHBIX Ha OO~
cienudHUYeCKOM B3aHMMOJEHCTBUH
6e3 MCIIOTB30BAHUS KaKHX-THO0
MapKepoB.

BricokockopocTHOM C3M M03BO-
nseT HabaomaTh JUHAMUYECKHe
MOJIeKY/ISIPHble IIPOLIeCChI, IPOHC-

Puc.3. lMpoeedeHue usMepeHUl HA CKAHUpPYOWeEM 30HO080M MUKpockone
"“®emmoCKkaH" 8 TexHonozu4eckom yHusepcumeme um. LLlapuga
Fig.3. Taking measurements using a FemtoScan scanning probe microscope at the Sharif

University of Technology

XOZSIIIIMe Ha [TOBEPXHOCTSIX JKHBBIX OAKTEPHH U B 9yKa-
PHOTHYECKHX KJIeTKaX.

AKTYa/lIpHOCTb HIMPOKOIO BHEJPEHHUS B HAyUHYIO
NPaKTUKY METO[0B BBICOKOCKOPOCTHOM CKaHHUPYIO-
I11eH 30H0BOM MUKpocKortuu (BC3M), Briodas agpec-
HYIO JIOCTaBKYy peareHToB, 0bycoBeHa TpebOBaHUSIMU
COBpeMeHHOI MeJHIIMHBI, B TOM YHCJIe 3aJa4aMU

MOJIEKY/ISIPHOU AHUArHOCTUKH U [Ie€PCOHATN3UPOBaH-
HOM MeIHITHUHEI.

IIpu cosmaHuM anmnapatypsl BC3M U mosBIeHUU
ee Ha PBIHKE BBICOKHMX T@XHOJIOTHMH ITOSIBUTCSI HOBAas
0671aCcTh MOJIEKY/ISIPHON MeAULIMHBL C K POKUM CIIeK-
TPOM IIPUMeHEeHHUS U BO3MOYKHOCTek, MHOTHe 13 KOTO-
PBIX celyuac MpefcKa3aTh He yIacTcs. [lepcrieKTHBHbIe

protein molecule play a central role
in ensuring their biological func-
tions. High-speed scanning probe
microscopy opens up broad prospects
for a study of protein macromole-
cules in dynamics. It becomes a prac-
tical tool in the design of protein and
DNA biochips that are promising for
further use in medical diagnostics.
At the same time, widespread use
of biosensors based on biospecific
interaction without the use of any
markers becomes possible.

High-speed SPM makes it possi-
ble to observe dynamic molecular
processes occurring on the surfaces
of living bacteria and in eukaryotic
cells.

Relevance of the widespread intro-
duction into scientific practice of
high-speed scanning probe micros-
copy (HS SPM) methods, including
targeted delivery of reagents, is due
to the requirements of modern med-
icine, including the tasks of molec-
ular diagnostics and personalized
medicine.

With the creation of the HSSPM
equipment and its emergence on
the high-tech market, a new field
of molecular medicine will appear
with a wide range of applications
and capabilities, many of which
cannot be predicted now. Promising
areas are the clinical diagnosis of
infectious diseases, drug screening,

targeted delivery of substances to tis-
sues, etc. In the field of fundamen-
tal applications, there is a unique
opportunity for experimental obser-
vation of processes in living nature
in their temporary development in
liquid.

Scanning capillary micros-
copy is necessary in physical basics
development of 2D and 3D printing
processes with polymers, biomacro-
molecules, viral and virus-like par-
ticles to solve the problems of molec-
ular and cellular medicine, and
design biosensors. 2D and 3D print-
ing using capillary microscopy can
be carried out with biomacromol-
ecules and biological objects: DNA,
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OBOPYAOBAHMUE A/19 HAHOUHAYCTPUM

00/1aCTH - KIIMHHYeCKast TUArHOCTHKA HHPEKIIMOHHBIX
3abosieBaHUM, CKPUHUHT JIeKapCTB, aJlpecHasi J0CTaBKa
BeIlleCTB B TKAHH U IIp. B ob61acTu dyHAAMEHTAIBHBIX
MIPUMeHeHUH IMOSBJISeTCSI YHUKA/IbHAS BO3MOKHOCTD
3KCIIEPUMEHTAIBHbIX HAOIIOIEH U TPOLIECCOB B SKUBOK
[IPUPOZE B UX BPeMEHHOM Pa3BUTUH B KUIKHUX Cpefiax.

CKaHHUpYIOLIas KallWISPHAsi MUKPOCKOIUS Heob-
XOAKMa IpH pa3paboTke PpU3HUECKUX OCHOB IIPOLIEC-
coB 2D- u 3D-meyaTH MONHUMepaMH, 6OMaKpOMOIEKy-
JTaMH, BUPYCHBIMH M BHPYCOIIOLOOHBIMHU YaCTHLIAMHU
IU1S1 pellleHH 51 3aJja4 MOJIEKY/IIPHOM M K/IETOUHOM MeJy-
LIMHbI, KOHCTPyHPOBaHH S OH0ceHCOPOB. 2D- 1 3D-Tleyath
C [IOMOIIIBIO KAIIM/UISIPHOM MUKPOCKOIIKH MOXKET ITPOBO-
IOUTbCSl BlOMaKkpoMosiekyIaMU K 6roobbvekTamu: JHK,
PHK, 6enkamu, TUIITUAAMHU, BUPYCAMH U BUPYCOITOR06-
HBIMHU YaCTHLIAMHU. Bu3yanusanus CTPYKTYyP MOXKET
OCYIIeCTBSATBCS KaK aTOMHO-CHJIOBOM, TaK M CKAaHHPY-
IOIel KAIlHU/UISIPHOK MHUKPOCKOITHEH.

ITocnemoBaTenbHOCTh JHK MrpaeT BaskHYIO pojib
B cbopKe HyKJeocoM. M xoTst MoTHBEL JTHK € BBICOKOI
crenMGHUUHOCTBIO K HYK/IeocoMaM ObLIH OIlpefie/ieHsl,
OCTAIOTCSI HeSICHBIMH TaKHe BasKHbIe BOIIPOCHI: "Kak
rocienosatenbHOCTh JHK MeHseT ee KOHPOPMAIIUIO
Y KaK I1oc/IeioBaTenbHOCTh [IHK criocobcTByeT B3aruMo-
JEeUCTBUIO MKy HyKJIe0COMaMu?"

OTBeTHI Ha 3TH BOIIPOCHI MOXKHO IT0JIYYHMTh C IIOMO-
IIBI0 30H0BOM MHUKPOCKOIIMH. BBEICOKOCKOPOCTHAS
CKaHHUPYIOIIAs 30HA0Bas MHUKPOCKOIIM A UCITO/Ib3yeTCs
I TPSIMOM BH3yaJM3allMH CTPYKTYyphl U OHHA-
muku JHK. BO3MOXHOCTH BBICOKOTO BPeMEHHOTIO
U [IPOCTPaHCTBEHHOTO paspeineHus BC3M npuseayt
K HOBBIM MOJEJISIM H ONHMCAHUAM QYHKIMOHATBHBIX

MeXaHM3MOB 3THUX OMOIOrHyecKux cucteM. BC3M crio-
cobHa HeIloCcpeICTBEHHO BH3yaJIU3UPOBATh JUHAMUKY
KoHpopManuu JIHK, KOMIIJIeKCOB 6enok-ITHK u 6eko-
BBIX OJTUTOMEPOB C BpeMEHHbBIM HHTEePBajIoM cbopa AaH-
HBIX B @ TUHHUIIBI MUKPOCEKYHT,.

Peanun3yeMBblH C IOMOLIBIO KAIIUJIISIPHOTO MHUKPO-
CKoma MeTof, 2D-mevyaTH CyIieCTBeHHO OTAHYaeTCs
0T MeTofa IJIaHapHOM AuTorpaduu. CKaHHUPYIOI NN
KaIlMJIISIPHBIM MHUKPOCKOII I103BOJISIeT OTCIeKUBATh
penbed HEPOBHOM M IIePOXOBATOM MOBEPXHOCTH H,
COOTBETCTBEHHO, Pealn30BbIBATh 2D-TleyaTh Ha 3TOU
IIOBEPXHOCTH. B 3TOM CMBIC/Ie JaHHBIN MeTof, paKTHUYe-
CKHU SIBJISIeTCS PA3HOBHUAHOCTBIO 3D-T1eyaTH.

B HacTosIleM KpaTKOM O4YepKe YA4aaoCh PaCKphITh
TOJIBKO YaCTh TOI'0 YAMBUTEIBHOIO U YBJIeKATeJIBEHOIO
HaIlpaBJIeHHUsI, KOTOPBIM SIBJISETCS OBICTPOAENCTBYIO-
asi ¥ COBMeIlleHHasl aTOMHO-CHJIOBAs U CKaHUPYIO-
as KalnuUIspHasi MUKPOCKOIM . MHOr1e JOCTHKe-
HUS M OTKPBITHS ellle BIIepeH.

HccnedosaHue 8binoaHero npu ¢puHarcosoil noddepskke PODU
8 pamKax Hay4Ho20 npoekima Ne 17-52-560001.
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RNA, proteins, lipids, viruses and
virus-like particles. Visualization of
structures can be carried out both by
atomic force and scanning capillary
microscopy.

The DNA sequence plays an impor-
tant role in the assembly of nucleo-
somes. Although DNA motifs with
high specificity for nucleosomes
have been identified, such impor-
tant issues as the DNA sequence
changes its conformation and how
the DNA sequence facilitates the
interaction between nucleosomes
remain unclear.

Answers to these questions can
be obtained using probe micros-
copy. High-speed scanning probe

microscopy is used to directly visu-
alize the structure and dynamics
of DNA. Possibilities of high tem-
poral and spatial resolution of the
HS SPM will lead to new models
and descriptions of the biological
systems functional mechanisms.
HS SPM is able to directly visu-
alize the dynamics of DNA
conformation, protein-DNA com-
plexes and protein oligomers with
a time interval of data collection in
units of milliseconds.

The 2D printing method imple-
mented with the aid of a capillary
microscope differs significantly from
the planar lithography method.
A scanning capillary microscope
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allows you to track the relief of an
uneven and rough surface and,
accordingly, implement 2D print-
ing on this surface. In this sense,
this method is actually a form of 3D
printing.

In this short essay, we managed to
reveal only part of that amazing and
fascinating direction, which is high-
speed and combined atomic force
and scanning capillary microscopy.
Many achievements and discoveries
are yet to come. |

The study was carried out with the finan-
cial support of the Russian Foundation for
Basic Research in the framework of the sci-
entific project No. 17-52-560001.
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