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BbiNosIHEHUE BbICOKOYYBCTBUTE/IbHbIX W CENEKTUMBHbIX U3MepeHu 6akTepuasibHbiX KIeToK
B peasibHOM BpeMeHM OCTaeTcs C/oXHoW 3apadent [1]. CtaHpapTHble MeToabl MaeHTUGUKaLUU
OpraHMsMoB, TakKue KaK TeCTbl AHTUTEeNO-aHTUreH, TecTbl Ha C-peaKTUBHbIM 6e10K Wan
NpOKa/IbLLUTOHUH O4YeHb YyBCTBUTE/IbHbI, HO B TO Xe BpeMs 1 A0BOJIbHO foporu. bonee gocTynHble
MeToAbl, TakMe KakK BblpallMBaHME Ha Yallke C arapomMm, MOryt o6ecneyutb Heo6X0A4UMYHO
YYBCTBUTE/IbBHOCTb, M36MpPaTe/IbHOCTb M HA[EXHOCTb, HO O6bIY4HO TPe6YT MUHUMYM 24 Y
01 MOJIyYeHUS OKOHYATEesIbHbIX Pe3y/ibTaTOB, YTO MOXET 6biTb KPUTUYECKUMM A/ HEKOTOPbIX
cnyyaeB 3abosieBaHui. CnepoBaTenbHO, A/ 60pb6bl C NOsIBAEHMEM YCTOMYMUBBLIX K JIeKapcTBam
wTaMMoB 6akTepuit He06XoAMMbI Hefoporue v MNpocTble MeToabl AN 6bICTPOro o6HapyXeHus
M nccnepoBaHus 6akTepun.

Highly sensitive and selective measurements of bacteria cells in real-time mode remain a complicated
task [1]. Standard methods for identifying the organisms, such as antibody antigen tests, tests on
C-reactive protein or procalcitonin are very sensitive, but still quite expensive yet. Readily available
methods, for example, growing in agar, can provide the necessary sensitivity, selectivity and reliability,
but usually require at least 24 hours for obtaining the results, which can be critical for some disease
cases. Hence, in order to exclude the advent of new drug-resistant strains of bacteria, it is necessary to
develop new simple and cheap methods for quickly detecting and studying bacteria.

BBEAEHUE

ATOMHO-CH/IOBAss MUKPOCKOIIUS - TPALHULIHOH-
HBIM MHCTPYMEHT IS UCCIeJOBAHUS MOPOOIOTHH
6aKkTepUaNbHBIX KIETOK, MTO3BOISAIONIUI LeTATIbHO
HM3y4YUTh CTPOEHHE U afiTe3HOHHYI0 CIIOCOOHOCTH
[IOBEPXHOCTHOU MeMOpaHBl KJIETKH, OLLEHUTH

afcopbuK0 HA Pa3THUYHBIX IMOATOKKAX U BO3-
IeMCTBHUE JIeKAPCTBEHHBIX IIpernapaToB. [IoMHUMO
3T0ro, ACM MOKeT BBICTYIIaTh B Ka4eCTBe CeHcopa
IJis orpeneneHUs MmeTabonu3mMma 6akTepUU B pas-
JIUYHBIX YCHOBI/IHX cpeAnl U IIOL BO3ILEI:ICTBI/IEM
peareHToB.
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Puc.1. KoHmpoabHoe u3mepeHue KonebaHul Nbe30Kepamu4eckozo OUCKd, XapakmepHbil dUanazoH 4acmom u3mMeHsiemcs 8 npede-
nax 0,06-0,08 klu. Mo ocu abcyucc — Koau4ecmao usmepeHull, o ocu 0pAUHAM — 3HA4YeHUst pe30HAHCHOL Yacmomel
Fig.1. Control measurement of the piezoceramic disk oscillations, the specific frequency range is 0.06-0.08 kHz. X axis - the number of

measurements, Y axis - the resonance frequency values

JIaHHBIN MeTOJ OCHOBAH Ha TOM IIPHHIIHIIE,
YTO MOJIEKYJISIpHOE PacllO3HABAHHUe Ha IIOBEPXHO-
CTU MHUKPOMeXaHHUYeCKON CHCTeMBbI (HallpuMep,
KaHTHUJIeBepa) IPUBOAUT K MU3ruby (OTKIOHEHHUIO)
Ha HeCKOJIPKO HAaHOMeTPOB (CTAaTHUYeCKUH PesKHUM)
HJIM K U3MEHEeHUIO Pe30HAHCHOM YacTOTHI (IMHAMHU-
YeCKUH peskuM) [3-5]. ITu cucTeMsl 06/1aJaI0T YHH-
KaJIBHBIMH CBOMICTBAMH, IIOCKOJIBKY II03BOJISIIOT IIPO-
BOIHUTBH UCCIeJOBaHUe 6e3 MeTOK U HMEIOT BBICOKYIO
MOTeHIIMa/IbHYI0 YyBCTBUTEAbBHOCTh. BBIJIO MOKa-
3aHO, YTO HU3KOYaCTOTHBIe KonebaHUI KaHTUIIeBe-
POB aTOMHO-CHJIOBOK MHUKPOCKOIIMH MOXKHO HCIIOTb-
30BaTh /IS XapaKTePUCTUKU OaKTepu, 6bICTPOro
TeCTUPOBAHUS UX YYBCTBUTEIBPHOCTH K aHTUOHO-
THUKaM U OIpefie/leHUs yCTOMYHUBOCTH B TeYeHHUe

HeCKOJIBbKHX MUHYT [6, 7]. Ha mpakTuke 6aKkTepuu
[IOMeILAIOT Ha KAHTHUJIEBep U JeTeKTUPYIOT Koeba-
HHSI, KOTOpble HAaIlPSIMYI0 KOPpPeIupyIoT ¢ MeTabo-
JIN3MOM KJIeTOK. BBIJIO MPOJeMOHCTPHUPOBAHO, YTO
IBH>KeHHe KaHTHJIeBepa 00yCI0BIeHO ABUKEHUEM
MeMOpaH B KHMBBIX KIeTKaxX U MCUYe3aeT B CIydae
cmepTu 6aKTepuu [8]. XapaKkTepHBIN JHAIIA30H KoJle-
6aHui 6akTepraNbHBIX KIeTOoK E.coli 0,01-1 KTz [9].
MHorue 6uoJOruYecKyUe IPOLeCcChl, IIPOUC-
XOAsIIHe BHYTPH >KHUBBIX OaKTepHUH, 3aBHU-
CAT OT MeXaHHYeCKUX CBOMHCTB CaAaMOH MeM-
6paHbl. MccnenoBaHue ABUSKEHUS U OCLIHJIJISA-
LKUH MeMb6paHbl 6aKTepHaTbHBIX KJIETOK C IIOMO-
mbi0 ACM aBsSeTCsI HeMHBAa3UBHBIM U He 3aBU-
CHUT OT UCIIO/Ib30BAHUS XUMHUYECKHUX KpacHUTeNleH,

INTRODUCTION

Atomic force microscopy (AFM)
is a traditional instrument to
research the morphology of bac-
teria cells, allowing study in
detail the structure and adhe-
sive properties of the surface of
cell membrane, evaluation of
cell adsorption on different sub-
strates and the effect of drugs
on cell. Besides, AFM can be

used as a sensor to determine
metabolism of bacteria in var-
ious medium conditions and
under the influence of reagents.

This method is based on the
idea that molecular identifica-
tion on a micromechanical sys-
tem surface (for example, can-
tilever) leads to bending (dis-
placement) of of cantilever in
the range of several nanometers

(static mode) or changing of its
resonant frequency (dynamic
mode) [3-5]. These systems have
unique properties since they
allow of conducting a study
without markers and have a
high potential sensitivity. It
was shown, that low-frequency
oscillations of atomic-force
microscopy cantilevers can be
used to characterize bacteria,
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Puc.2. Ha nosepxHocmb nbe30Kkepamu4eckozo 6Uo4una HaHecAU AdK, 8CAeOCMBLE 4e20 U3MEHUAOCh NOBEPXHOCMHO20 HAMSKEHUE, 4Ymo
npuseno K yseAuyeHuro pe3oHaHcHoL Yacmombl konebaHull 6uo4unad. B npouecce usmepeHuli cAol AaKa 8bicbixdem, 4mo 8038pdaliaem
Kpusyto K UCX0OHbIM 3Ha4eHUsIM. 10 ocu abcuyuce — KoAu4ecmao usmepeHul, No 0cu 0pAUHAM — 3Ha4eHUsI pe30HAHCHOU Yacmombl

Fig.2. The biochip piezoceramic surface was coated with varnish, and, accordingly, the surface tension has changed which has led to a greater
resonant frequency of the biochip oscillations. While measuring, the varnish layer dries up, and the curve returns to the initial values. X axis -

the number of measurements, Y axis - the resonance frequency values

Q)HYOPQCLIQHTHHX MapKepoB HJ/TIHM KBAHTOBBIX
TOo4YeKk. CKOPOCTI: H aMIIVINTYOa OABHUJKEHHS OTpa-
KAaIOT aKTHBHBIe MeTabolinuecKkue IIpoLieCChI,
POCT, IOABHU>KHOCTD.

METO/Abl UCC/IEAOBAHUA
B maHHOM paboTe MBI UCCIelyeM XapaKTepHOe ABH-
SKeHHe M OCLMJUISINUKM MeMOpaHBbl OaKTepHalbHBIX

KJIETOK C IIOMOIIbIO U3MePUTEeIbHOM CXeMBbl 30H/10-
BOro MuKpockomna "®emtoCkaH". IIpy U3MeHEHU X
Ha MOBEPXHOCTHOM CJIOe BC/IeACTBHE afcopOLuu
JacTul (B caydae obHApy>kKeHHUsI) UIH IIPH U3MeHe-
HUU [I0BEPXHOCTHOIO HATSKeHU S U3MeHSIeTCs pe3o-
HaHCHas 4acToTa KosebaHUM IIbe30KepaMHUeCKOro
OHOYHMIIa, YTO MOKET ObITh 3aPeTUCTPUPOBAHO CXe-
MO U I1peobpa3oBaHO B KOJTHUYECTBEHHBIH pe3yIbTaT

rapidly test their sensitivity sen-
sitivity to antibiotics and deter-
mine stability within a few
minutes [6, 7]. Practically, bac-
teria are placed onto the canti-
lever and their oscillations are
detected that directly correlate
with cell metabolism. It was
demonstrated, that the canti-
lever movement is due to mem-
brane oscillations in living cells
and disappears in case of the
death of the bacterium [8].

Specific region of the E.coli
bacteria cell oscillations is
0.01-1 kHz [9].

There are a number of biologi-
cal processes occurring within

living bacteria dependent on the
mechanical properties of the
membrane itself. The study of
the oscillations and movement of
the bacteria cell membranes by
AFM is non-invasive and does not
depend on chemical dyers, fluo-
rescent markers or quantum dots.
The speed and amplitude of the
movement reflect active metabolic
processes, growth, and mobility.

RESEARCH METHODS

In this work, we study the spe-
cific movement and oscillations
of the bacteria cell membrane
using the FemtoScan scanning
probe microscope measuring
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system. When the surface layer
changes due to adsorption of
particles (if detected) or when
the surface tension changes, a
resonant frequency of piezoc-
eramic biochip, which can be
detected by the measuring cir-
cuit and transformed into the
quantitative result using by
FemtoScan Online software.
Control measurement of the bio-
chip oscillations is shown in
Fig.1.

In parallel with the study
of bacteria using atomic force
microscope for visualization,
it is possible to use the micro-
lens microscopy method [10, 11].
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¢ nomoreio I10 "®PemtoCKaH OHNMANH". KOHTpOIBHOE
H3MepeHHe KoJebaHUM OHOYHIIA NpPeACTaBICHO
Ha puc.l.

[lTapannensHo ¢ HabnogeHueM 6akTepHH
B AaTOMHO-CHJIOBOM MHKPOCKOII A/l KX BU3yaJIH-
3allMM MOYXHO MCII0/1b30BaTh MeTOJ, MUKPOJIUH30-
BOM MHKpockonuu [10, 11]. OnThu4decKkass MUKPO-
CKOIIMS OrpaHHYeHa OHMPPAKLHMOHHBIM IIpefe-
70M, KOTOPBIM yAaeTcs IpeoxmoseTh 6aarogaps
KMCIIOJIb30BAHHIO JTUH3 MHKPOHHOIO JHaMeTpa.
Ha puc.4 nmpencraBiaeHo u3obpaskeHue Kanubpo-
BOYHOro obpasia - MOBEPXHOCTH MHUKPOCXEMHI,
[10/Iy4eHHOe C IIOMOIIBIO OIITHUYEeCKOr0 MUKPOCKOIIA
Axio Scope 40 Carl Zeiss © MUKPOJTHH3BL JHAME-
Tpom 20 MKM M3 TUTaHaTa 6apusi, pacroaokeHHOH
Ha ITOBePXHOCTHU obpasia.

BbIBO/Lbl

B HamuMX McC/IeJ0OBAaHUAX MUKPOJIHH30Basi MUKPO-
CKOITH S IT03BOJISIeT UCCIeoBaTh 06pa3Lbl 6aKTepUi
IapasienbHO C 30HAOBOM MHUKPOCKOIIHEH 3a CUeT
HCII0/Ib30BAHHU S YCTAHOBKH [/11 COBMeIleHHOM 30H-
JIOBOM, ONTHUYECKOHM U MHUKPOIHUH30BOM MHKPO-
CKOIKHU. IIpU 3TOM MHKPOJHH30Basi MUKPOCKO-
IHs CyllecTBEHHO cokpamiaeT Tpebyemoe BpeMs
Ha MOMCK OaKTepHil Ha MOAJIOXKKe [/l IIoCaeLyo-
KX AeTaAbHbIX H3MePeHHUH MeTOJaMH CKaHHUPYIo-
Ier 30H,0BOM MUKPOCKOIIHH.
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Puc.3. M306paxkeHue Kuwe4Hol nanoyku. XXueble uau Hem?
Fig.3. E.coli bacterium image. Alive or not?

YJacTo /sl OLleHKHU COCTOSIHUS GaKTepHUabHOH
KJIETKH CTaTHYeCKOro M306paskeHUs HeJIOCTaTOYHO.
TpebyeTcst IpPOBOAUTH KOMIIIEKCHOE HabIoleHHe BO
BpeMeHHU C IpUMeHeHreM Habopa MeTo0B. [IJ1s1 3TOro
yBEPEHHO IIOAXO/SIT ATOMHO-CHJIOBAsI MUKPOCKOITH S,
MUKPOJIMH30Bast MUKPOCKOITHS U PETUCTPALIUsl Kosle-
6aHME MeMOPaHbI KIETKHU C [IOMOIIBI0 MUKPOMEXaHHU-
YeCKOHM CUCTeMBI MEeTO/IaM pe30HaHCa.
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Puc.4. a - u3obpasceHue n08epxHOCMU MUKPOCXeMbl; 6 — y8enu4HeHHoe u306paskeHue ck603b MUKPOAUH3Y N0380Asiem 8U3ydAu3upo-
8amMb NaMmMepH, paccmosiHue mexxdy memkamu cocmasasiem 150 Hm. O6pabomaro 6 M0 "®emmoCkaH OHAalUH"

Fig.4. a - chip surface image; b - the enlarged image obtained through the microlens allows of visualization of the pattern. The distance
between the markers is 150 nm. Image processed using FemtoScan Online software
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Jekaapauus o KoH$AuKme uHmepecos. Asmops 3a98A40M
06 omcymcmauu KOHQAUKIMOB UHMePecos UAU AUMHBLX OMHOuLe-
HUL, Komopble Mo2Au bbl nosAULMb HA pabomy, npedcmasAeHHyto
8 daHHoll cmaroe.

Optical microscopy is limited by
a diffraction limit, which can
be overcome through the use of
the lens of micrometer diam-
eter. Fig.4 demonstrates the
image of the calibration sam-
ple - chip surface obtained by an
Axio Scope 40 Carl Zeiss optical
microscope and microlens dia.
20 pm made of barium titanate
placed on the sample surface.

CONCLUSIONS

In our research the microlens
microscopy makes it possible to
study bacteria samples in par-
allel with the probe microscopy
due to use of the combined device

HAHO MHOVCTPHA Tom 14 Ne6 2021

for probe, optical and microlens
microscopy. In this case, the
microlens microscopy signifi-
cantly reduces the time necessary
to find bacteria on a substrate for
subsequent detailed measure-
ments performed by the methods
of scanning probe microscopy.
Quite often, in order to assess
a bacterial cell condition, it is
not sufficient to have its static
image. It is necessary to conduct
a comprehensive observation
over time using a set of meth-
ods. To solve the problem, the
atomic force microscopy, micro-
lens microscopy and registration
of the bacteria cell membrane

oscillations using a microme-
chanical system of resonance
method are confidently suitable.
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