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CkaHupylolas 30HA0Basi MUKPOCKOMUSA CTAaHOBUTCS BaXXHbIM U UHPOPMATUBHbIM UHCTPYMEHTOM
B 6uomMepMUMHe U MeAULMHCKON AuarHoctuke 6naropaps paspabotke 3¢pPeKTUBHbIX a/iIrOPUTMOB
06paboTkn paHHbIX. MporpammMHoe ob6ecnevyeHue MO3BO/SET NMPOBOAUTb M3MEpPEHUSs pasMepoB,
06beMoB, MJiowaan 06beKToB, KOHTYPHbIX AJIUH, YI10B KPUCTANI/IMYECKUX CTPYKTYP, LUEPOXOBATOCTU
nosepxHocTu, ¢opmMm-pakTopa, Ko3PPULMEHTOB TPeHUs U YNpYyroctu, a TakXke BeSIMYUHbI
apresvn. B ctatbe NpuBeAeHbl JaHHble MO BU3yaausauum 6akTepuasbHbIX U KIeTOYHbIX CTPYKTYp
M pe3ynibTaTbl UX NOC/IeAYIOLLEeN KOJIMYeCTBEHHOM XapaKTepusaLuu.

The scanning probe microscopy is becoming an important and informative tool in biomedicine and
medical diagnostics due to the development of efficient data processing algorithms. The software
allows measuring sizes, volumes, object areas, contour lengths, angles of crystal structures,
surface roughness, form factor, friction and elasticity coefficients, and adhesion values. The data
on the imaging of bacterial and cellular structures and the results of their subsequent quantitative
description are presented in this paper.

BBEJEHUE

B 6roMeUIIMHCKOM CKAHHUPYIONIeH 30HI0BOM MUKPO-
CKOITHH IIOCTPOeHHe, 00paboTKa 1 aHAIN3 JAHHBIX SIBJIS-
eTCsI K/II0YeBbIM, OTBEeTCTBEHHBIM K BeCbMa TPYAOeM-
KHM IIPOLIeCCOM. BUPYyCHI, 6aKTepHUH, KIeTKH, SKUBas
MaTepus U Apyrue 6Hooruieckye o6pasisl SBISIOTCS
CJIIOKHBIMHU 00BeKTaMHU, Tpebylom MU GepeskHOTo

OTHOIIEHHSI Ha BCeX 3TaIlax IpoboIoAroTOBKH, U3Mepe-
HUM, KOJTMYeCTBEHHOI0 aHaIK3a, 0QOpPMIEHHU S [0y~
YEHHBIX Pe3y/IbTATOB, COCTABIEHUS OTUETOB, [IPUTO-
TOBJIEHUS [IPe3eHTAL[UH, CTaTel U APYTOro UTIOCTPa-
THUBHOIO MaTepHasa. 1o 3ToM IpUYKHe IIporpaMMHoOe
obecrieueHue, obnagas BceMU HeOOXOOUMBIMU QYHK-
LUSIMHU, JO/KHO UMeTh 6OTaThI, APy>KeCTBEHHBIM

1 MIY umeHu M.B.JToMOHOCOBA, GU3NYECKMIA U XUMUYeCKuniA hakynbTeTsl, Mockea, Poccus / Lomonosov Moscow State University, Physical and Chemical

departments, Moscow, Russia.

2 OO0 HMMN "LLeHTp nepcnekTMBHbLIX TexHonornin', Mockea, Poccus / Advanced Technologies Center, Moscow, Russia.
3 000 "3HeproacddeKTmBHbIe TexHonormmn", Mockaa, Poccusa / Energy Efficient Technologies, Moscow, Russia.

HAHO MHOVCTPHA Tom 14 Ne7-8 2021



NANOTECHNOLOGIES

12000

10000

8000 1

HM | nm

6000

4000

2000

-
4000

2000 6000 8000 10000 12000

HM | nm

Puc.1. N306paxxeHue ocmposkosoli KoAoOHUU 6akmepul
Escherichia coli. 110 "®emmoCkaH OHaauH"

Fig.1. Image of an islet colony of Escherichia coli bacteria.
FemtoScan Online software

Y UHTYHUTHUBHO IIOHSTHBIN HHTePENC /ISl TOT0, YTOObI
3THU JaHHBIe 6b11H 3P HeKTHBHO UCII0IB30BAHEI B pellle-
HUU 33724 6MOMeIHUIIMHCKOM JUATrHOCTHUKHU.

AHA/IN3 U OBPABOTKA 3D-U30BPAXEHUMN
IIpy BH3yanu3auuu 6U006BEKTOB C IIOMO-
b0 ATOMHO-CHJIOBON MHUKpocKonuu (ACM),
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Puc.2. i306paxxeHue 3pumpouuma, noAy4eHHoe ¢ nomo-
Wb amoMHO-cuA080L MuKpockonuu u obpabomaxHoe 8 MO
"®emmoCkaH OHAAGUH"

Fig.2. Atomic force microscopy image of an erythrocyte pro-
cessed with FemtoScan Online software

Hanpumep, 6axkTtepun Escherichia coli (puc.1),
nmoMuMo 3D-u306paskeHHU s, OMHOBPEeMEHHO MOXHO
MOJYYUTHh OOJBIIONM MACCHB KOJHYECTBEHHBIX
NAHHBIX - pa3Mephl, o6beM, IJIOImaLb, KOHTYp-
HYIO AJIHHY, IIepOX0BaTOCTh, popM-paKTOp, KO3~
bGUIMeHTHl TPeHUS U YIPYTLOCTH, & TaKKe BeJIU-
4YHHY ajare3uu [1]. AHAJIOTHYHYIO0 MHOTOaKTOPHYIO

INTRODUCTION

In modern biomedical scanning
probe microscopy (SPM), con-
struction, processing and analy-
sis of data is the important, chal-
lenging and time-consuming
task. Viruses, bacteria, cells, liv-
ing matter and other biological
samples are complex objects that
require solicitude at all phases
of sample preparation, measure-
ment, quantification, results
reporting, presentations, papers
and other illustrative material. For
this reason, the software, with all
its necessary features, must have
arich, user-friendly and intuitive
interface iso that these data can

be effectively used in solving prob-
lems of biomedical diagnostics.

3D-IMAGES ANALYSIS AND
PROCESSING

When imaging biological objects
using atomic force microscopy
(AFM), e.g., such as Escherichia coli
bacteria (see Fig.1), a large amount
of quantitative data like size, vol-
ume, area, contour length, rough-
ness, form factor, friction and elas-
ticity coefficients, and adhesion
value can be obtained in addition to
3D-imaging [1]. Similar multifac-
torial information can be received
when studying viruses, blood cells
(see Fig.2), neuronal networks and

various tissues of living organisms.
Measurements can be carried out
both in liquid and in air, which also
gives an estimated degree of shrink-
age that biological objects undergo as
aresult of drying and dehydration.

During the measurements, a his-
togram can be plotted according to
the size of the particles. For example,
when measuring viral particles the
size scattering is not always related
to the measurement error, which is
not more than several nanometres,
but represents the real size variation
of the particles formed during cell
infection [2].

The modern 3D-imaging capa-
bilities of biomedical microscopy
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Puc.3. AmomMHO-CuA08As MUKpOCKoNUS supyca 2punnd. OpeoA 80Kpy2 8UPYCHBIX HaCMUL, COOMBemcmayem pacnoAoXeHU 2emaz-

2AMUHUHA: 3a — d8ymMepHbIli 8U0; 36 — mpexmepHbil 8ud

Fig.3. Atomic force microscopy of an influenza virus. The halo around the viral particles corresponds to the location of the haemagglu-

tinin: 3a - 2D view; 3b - 3D view

HHOOPMAIHUIO MOSKHO IIOTTYIUTh IIPU U3y4eHUH BUPY-
COB, KJIeTOK KPOBH (pHC.2), CeTell HeHPOHOB U Pa3/Ny-
HBIX TKaHel >KUBbIX OPTaHHU3MOB. F3MepeHH T MOXKHO
IPOBOAMTH Kak B SKUAKOCTH, TaK U Ha BO3JyXe, YTO
TaK>Ke /laeT OLleHKY CTeIleHU YCaJKH, KOTOPOH IOA-
BeprarTcs 6M006BeKTHl B Pe3y/IbTaTe BHICYIIMBAHMUS
1 00€3BOSKMBAHUSI.

B mpoliecce U3MepeHHUH, B COOTBETCTBHUH C pas-
MepaMHU YacTHIL], MOKHO IIOCTPOUTb THCTOTPaMMY.
HanpuMep, Ipu U3MepeHHUH BUPYCHBIX YaCTHLL pa3-
Opoc pa3mMepoB He BCerfa CBsI3aH C IIOIPEIIHOCTBIO

HM3MepeHHUH, KOTOopasi COCTaB/sieT He 60Iee HECKOJIb-
KHUX HAHOMEeTPOB, a IIPeJCTaBIseT cOb0N peanpHOe
HM3MeHeHHe pa3Mepa 4acTHll, 06pa3ymoInuXcs Ipu
UHOUIIMPOBAHUU KIIETKH [2].

CoBpeMeHHBble BO3MOXHOCTH II0 ob6pa-
6oTke 3D-u306paskeHU N 6MOMeIHULIUHCKON MHKPO-
CKOIIMH JIETKO IIPOJIEMOHCTPHUPOBATH C IIOMOIIIBIO IIPO-
rpaMMHoro obecrieueHus "PemtoCraH Ounaniy" [4].

HemaBHO Ha ImpHMepe AAHHBIX aTOMHO-CHIIO-
BOM MHKPOCKOIIHMH 6eIKOBBIX HAHOYACTHUL MBI II0Ka-
3aJTH, YTO J/Is TOMCKA HAHOYACTHULI, Pa3Mephl KOTOPBIX

can easily be demonstrated using
FemtoScan Online software [4].

We have recently shown an exam-
ple, using atomic force microscopy
(AFM) data on protein nanoparticles,
that a neural network algorithm [5]
provides more accurate results for
finding nanoparticles whose size is
comparable to the noise level.

In biomedical microscopy mea-
surements are made on live bacte-
ria and cells in the natural environ-
ment. The initial stage of cell infec-
tion is of particular interest. In [6]
the receptor layer on the cell surface
was visualized in the process of virus
binding in the first milliseconds
of virus-cell contact with high

resolution (<50 nm). In the forse spec-
troscopy mode AFM shows interac-
tion of individual peptides, proteins
and living cells [7].

CONCLUSIONS

Force curves analysis provides data
on the mechanical properties of the
biological sample concerning adhe-
sion, rigidity, deformation, elas-
tic modulus and energy dissipa-
tion. The cantilever modification
allows detecting specific biochemi-
cal interactions [8].

Thus, biomedical scanning probe
microscopy remains a useful tool
in research, perfectly complement-
ing the alternative measurement
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methods and providing researchers
with unique information.
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CPaBHUMEBI C ypPOBHEM IiIyma, 60Jiee TOUHBIH pe3y/IbTaT
JlaeT AJITOPUTM C MCII0/Ib30BaHHEM HeHPOHHOU CeTH [5].

B 6roMeqUIIMHCKON MHKPOCKOIIUH H3MepeHHs
IIPOBOASTCS HA KUBBIX OAKTEPHUSX U KJIETKaX B ecTe-
CTBEHHOMU cpepie. IIpoliecc Ha4yaaAbHOTO 3Tana UHQU-
LUPOBAHUS KJIETKHU IIPe[CTaBJsieT 0COOBIN HHTe-
pec. B pabote [6] 6bL11 BH3yaIM3UPOBAH peLlelITOPHBII
CJI0M Ha [TOBEPXHOCTHU KJIETOK B IIPOLIeCCe CBSI3bIBAHUS
BHpYyca B IIepBble MUJUIMCEKYH Bl KOHTAKTa "BUPYC —
KJIeTKA" C BBICOKKM pa3pelieHHeM (<50 HM). B peskume
CHJIOBOM CIIeKTpockonuu ACM IOKa3pIBaeT B3aHMO-
HOEeHCTBUS OTHEeNbHBIX MeNTUO0B, 6€KOB M KHUBBIX
KJIETOK [7].

BbIBO/Lbl

AHAIHN3 CUJIOBBIX KPHUBBIX IIO3BOJIAET IIOJIYYHTH
AJaHHBIe 0 MeXaHHYeCKHUX CBOMCTBaX bUoIorHUYe-
cKoro obpasiia, KacamoIlnuecs afre3uH, >KeCTKO-
cTH, nedopMalLiMi, MOLYIIS YIIPYTOCTH U PacCesiHUS
SHepruu. MogudHuKanus KaHTHUIeBepa I103BO/IseT
obHapy>kKUBaTh CrenupUUecKHe GHOXUMHYECKUE
B3aMMOIeHUCcTBU 4 [8).

TakuMm obpasom, 6rOMeIUIIMHCKASI CKAHHUPYIOIAsI
30H[I0Basl MUKPOCKOITHSI OCTAeTCs II0JIe3HBIM HHCTPY-
MEHTOM B HCC/II0BAHHUSIX, IPEKPACHO JOIIOIHSISL a/lb-
TepHATHBHbIE METOIBl U3MEePeHHUS U IIPeIOoCTaBIsL
HCC/IeJOBaTe/ISIM YHUKATBHY0 HHPOPMAIIHIO.
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Jekaapauus o KoHAUKMe uHmepecos. Asmopbl 3a8Aat0m 06
OMCYMCmBUL KOHGAUKITOB UHIMEPeco8 UALL AUMHBIX OMHOUIEHUL, KOrmo-
pble mo2Au bl nosAUSMb Ha pabormy, npedcmaseHHyo 8 daHHoL cmarbe.
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