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B MeAULMHCKOW AMarHOCTUKE pacrno3HaBaHMe BUPYCOB MOXET BbIMOJIHATLCS B J1abopaTopusx C MOMOLLLbIO
nosvMMepasHoi LenHoim peakumu (MLP) U UMMyHOGEpMEeHTHOr0 aHasIM3a. XOTs 3TU TPAAMLMOHHbIE METOAbI
0671a4a10T Ype3Bbl4aHO BbICOKOW YYBCTBUTE/IbHOCTbIO U CENEeKTUBHOCTbIO, HEO6XOAMMOCTb NPUB/IEHEHUS
BbICOKOKBA/IMPULIMPOBAHHOIO MEPCOHasa, MUCMOJIb30BAHUE AOMOJIHATE/bHbIX METOK, AJINTe/IbHOe Bpemsi
Ha aHaIn3 AAHHbIX Y OFPOMHbIE BJIOXXEHUS B PeCYPCbl HacTo 3aTPYAHSOT AMArHOCTUKY. B HacTosLwee Bpems
CylLecTBYeT ocTpas NMoTpe6bHocTb B 3P(PEeKTUBHbIX AATUYUKAX, HEGO/bIUMX M MPOCTbIX B 3KCrUlyaTauuu,
6bICTPO MOKA3bIBAIOWMNX pe3y/ibTaT C BbICOKOW CneuuduUYHOCTbIO. B gaHHOM cTaTbe paccMaTpuBaloTcs
3NieKTpoMexaHu4eckme KaHTU1eBepHble AAaTYMKU, KOTOPble HaLWIM NpUMeHeHe B 06HapyXXeHUU BUPYCOB,
6aKkTepuii U MU3MEPEHUU MUX aHTUBMOTUKOPE3UCTEHTHOCTU. OCO6eHHOCTb AAHHOM0O MeToAa COCTOUT
B BbICOKOM NMOTEHLMA/IbHOM YyBCTBUTENIbHOCTU U CKOPOCTU TecTa 6e3 MCNo/Ib30BaHNS METOK.

Recognition of viruses in the medical diagnostics can be performed using a polymerase chain reaction
(PCR) and an enzyme-linked immunosorbent assay. Although these conventional methods have
extremely high sensitivity and selectivity, it is necessary to involve a highly qualified personnel, huge
investments, use additional labels and spend a long period of time to process data that often makes it
difficult to diagnose. Nowadays, effective and easy-to-use small sensors quickly indicating the result with
high specificity are absolutely necessary. In this paper the electromechanical cantilever sensors applied
for detection of viruses and bacteria, and measurements of their antibiotic resistance are considered. The
peculiarity of this method is in its high potential sensitivity and test speed without using labels.

BBEAEHUE IepHoJ, IPUBOAUT K TOMY, YTO AUATHO3 CTABUTCS
3Ha4YUTeIbHOE PACIPOCTPAHEHHe BUPYCHBIX U b6aK- HETOYHO, 60JbHBIE IPUHUMAKT AHTUOUOTUKU
TepUaJbHBIX 3a60/eBaHUN, 0CO6EHHO B 3UMHUH npu N06BIX MPHU3HAKAX IPOCTYAbI. [IOCTAaBUTH
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ONHO3HAUYHBIM JHAarHO3, BBI3BAHO 1K 3aboe-
BaHHe BHUPYCHOM MU b6aKTepHaabHOU HHPeEK-
LHel, II0 BHEITHUM CHMIITOMaM ObIBaeT CJIOKHO.
AleKBaTHOe JieueHHe MHPeKIIUU 3aBUCUT OT PaH-
Heu NUAarHOCTUKH, OJHAKO COBpeMeHHBbIe CTaH-
JapTHBIE MeTOAbl Ha OCHOBE KYJbTHUBHPOBAHHUSA
0711 o6Hapy>KeHHUsI 6aKTepUN U TeCTUPOBAHUS UyB-
CTBUTEJIBHOCTH K aHTUOMOTHKAM BK/IIOYAIOT MIPO-
JOJIKMTebHbIe BO BpeMEeHHU IIPOTOKOJIEL H IIOPOH
OBIBAIOT B 3HAUYHTEJIBHOM CTEIIeHH TPYA03aTPATHBI.
[ToBCeMeCTHOe HCII0/Ib30BAHHE AHTHOHMOTHUKOB IIPH-
BOAHUT K IOSIBJIEHHIO aHTUOMOTHKOPE3UCTEeHTHBIX
BaKTepHI, UTO YCIIOKHSIET TedueHHe. LHOEeKIHOHHbIe
3aboneBaHUs, BbI3bIBaeMble HaKTepHaJbHBIMU
MaTOreHaMHM, IIO-IIPeXHEMY CUHTAKTCS OJHOU
M3 CaMBIX Cepbe3HBIX YIpo3 Ii1o6aJTbHOMY 3L0PO-
BbIO. YCTOMYHBEIE K TIeKapCTBAM OAKTEPHUH e5KerOHO
BBI3BIBAIOT 700 ThIC. CMepTek BO BCeM MHUpe, U 3KC-
IIepThl IIPOrHO3UPYIOT, YTO K 2050 rogy 3TO YMCIO
MOSKeT BBIpAacTH 10 10 M/IH M3-3a IIOSABJIEHU S MaCcCOo-
BOM YCTOMYUBOCTH 6aKTepPHI K aHTHOHOTHKaM [1].

HecMoTps Ha 60/bIIOE KOJIHMYECTBO UCCIEL0BA-
HUM, IOCBSIIEeHHBIX Pa3IMYHBIM MeTOJaM JHATHO-
cTukH, IIIP g0 CUX HOp 0CTAaeTCs CAaMBIM HaeXK-
HBIM METOJOM, HO TPebyIoIUM CIleljHaTu3upPOBaH-
HOIO IlepcoHaa, AOPOTOCTOsIIIero o6opyLoBaHUS
Y TPAHCIIOPTHUPOBKU P06kl o 1abopaTtopru. Bee 310
He I103BOJISeT peajqr30BaTh IPUHIKII IIPUKPOBAT-
HOU AHATCHOCTHUKH, KOIZla y4aCTKOBBIK Bpad MOXKeT
3a 10-15 MHH IIOCTaBUTH TOUHBIN OgHArHo3. TecT-
[I0JIOCKK YaCTHUUYHO PellaloT 3Ty npobiemy, Tak Kak
pe3ylbTaThl MOTYT OBITh JTOXKHOIIOOKUTEIbHBIMH,
IIPH 3TOM CTOMMOCTbH TAKOI'0 TeCTa OCTAETCS COIIOCTa~
BHIMOM C 1TaBOPaTOPHBIM aHAJIH30M.

TaxuM obpa3oM, B chepe MeIULIMHCKOMN AUATHO-
CTHUKH 0 CHX II0P HET IIPOCTOr0, TOYHOT0, KOMIIAKT-
Horo npubopa, KOTOPBIK MOT 6bI CITPAaBUTHCS C JaH-
HOM 3a/lauel. AJIbTePHAaTUBHBIM BBICOKOUYBCTBH-
TeJbHBIM K HeJJOPOI'UM pellleHHeM MOTYT CTaTh 3/1eK-
TpOMeXaHHUYeCKHe KaHTH/IeBepHble CEHCOPHL.

METO/AbI NCCIEAOBAHNA

CyIIecTBYIOT ABa OCHOBHBIX PeKHMa paboThl 3/1eK-
TPOMexaHH4YeCKHX KaHTHU/IeBepPHBIX CEHCOPOB — CTa-
THYeCKUH U JUHAMHAYecKHuH. O6HapyskeHHe I1aTO-
reHoB (BK/IIOYas U3MepeHHe CKOPOCTH HUX POCTa
Unu MeTabolKM4yeCKON aKTHUBHOCTH) IPOUCXOAUT
Ha [OBEPXHOCTH YyBCTBUTE/IbHOIO 3JIeMeHTa CeH-
copa, BBI3BIBAasl €ro OTKJOHeHHe (CTaTUu4YeCKHUM
PekuM) UM M3MeHeHHe Pe30HAHCHOM YacTOTH
KomebaHUH NATUKUKA (TUHAMHUYECKUH PEXKUM).

C OMOIIBIO CTATUYECKOTO pexkuMa B pabote (2]
OBIIO MPOJLEMOHCTPUPOBAHO IpsiMoe 0bHapy-
>KeHHe BHpyca IPUINAa A B KOHLIEHTPaLlUIX
HHUKe 10° BUPDHOHOB/MJI C IOMOIIbIO IIbe30Kepa-
MHYECKOIo AUCKA, MOZUGUIIMPOBAHHOTO CHHTe-
THUYEeCKUMU CHAJTHUITIUKONOJIUMEPAMHU, KOTO-
pble 6rocrenudUUecKHU CBSI3bIBAIOT O€/IKU reMar-
IMIOTHHUHA. Takke 6bIJIO TOKAa3aHO, YTO CABUT
YaCTOTHl PONOPLHOHATEH H3MEeHEeHHUIO [T0BepX-
HOCTHOTO HAaIIPsIKeHH I, BBI3BAHHOI0 aJicopbiiner
BHUpYCa, 3 YyBCTBUTEIBHOCTb 0OPAaTHO MIPOIIOPILIHO-
HaJIbHA TOJLHHe pe3oHaTopa. CnemoBaTelbHO,
HCII0JIB3ysl 6oee TOHKYIO IIbe30KepaMUUYECKYIO
IJIACTUHKY, MOKHO JIeT'KO IIOBBICUTD UYBCTBUTE/Ib-
HOCTb B HECKOJIBKO pa3s.

B IMHaMHYeCKOM pekhMe Pe30HaHCHAs 4acToTa
[1be3037eKTPHUUYECKOr0 371eMeHTa (KaHTHUIeBepa)

INTRODUCTION

A wide spread of viral and bac-
terial diseases, especially in
winter, leads to incorrect diag-
nosis and patients take antibi-
otics at any signs of cold. It is
complicated to disclose a defin-
itive diagnosis inferred from
external symptoms if the dis-
ease is caused by a viral or bac-
terial infection. Adequate treat-
ment of an infection depends on
early detection of the disease,
however, the modern standard
methods based on cultivation of
bacteria and testing of bacterial

sensitivity to antibiotics include
long-time protocols and, some-
times, can be labour-consum-
ing. The widespread use of anti-
biotics leads to appearance of
antibiotic-resistant bacteria
and makes it difficult to treat
diseases. Infectious diseases
caused by bacterial pathogens
are still considered as one of the
most serious threats to global
health. Nowadays, pill-resistant
bacteria lead to 700,000 deaths
annually around the world, and
experts expect that by 2050 this
value can reach up to 10 million

because of the massive resis-
tance of bacteria to antibiotics
[1].

Despite the large number of
studies dealing with various
methods of diagnostics, PCR
still remains the most reliable
method, though requiring
specialized personnel, expensive
equipment and transportation
of samples to the laboratory.
All of that does not allow of
accomplishing the principle
of bedside diagnostics, when
the district doctor may disclose
an accurate diagnosis in
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Puc.1. a - nbe3oanexmpuyeckuli dUCK C AHMUMeAamMu U nocae
npucoeouHeHUs dHMuU2eHo8; b6 — 2paduk 3asucumocmu amnAu-
myObl Kone6aHul 80 8pemst 06HAPYKEHUS: CUHSS 00 C8513bi8a-
HUSI MULWEHU C pelenmopHbIM CA0eM HA NoeepxHoCcmu ducKkd,
KpacHas — nocAe NpucoeouHeHust MulieHu

Fig.1. a - Piezoelectric disk with antibodies and after attaching
antigens; b - Diagram showing the dependence of the amplitude
of the oscillations during the detection: blue before the binding of
the target with the receptor layer on the disk surface, red - after
the target attachment

HM3MeHSeTCsl B 3aBUCUMOCTH OT IPUKPeIIUBIIeHCs
MacCChl U U3MEHHBIIEHCS BCIEICTBHE 3TOTO KeCT-
KOCTH ITOBEPXHOCTHOTO C/I051. B 3TOM peskuMe KaH-
TueBep Bemet cebst, KaK TApDMOHHUYECKHUH OCLIUJI-
JIATOP, U ero 3¢ PeKTUBHOCTD 3aBHUCUT OT Pe30HAHC-
HOM 4acTOTHI f, ompeenseMo 5keCTKOCThIO CAMOTO
KaHTHJIeBepa, afcopbupoBaHHoro cios k u apdex-
THBHOM MaCCOH Im, a TakKe L06poTHOCTHIO Q.

YyBCTBUTEIBHOCTD 3JIeKTPOMEXaHHUYeCKHUX AT~
YHKOB JJis 0OOHAPYy>KeHHU S OHOTOrH4YecKUX 06beK-
TOB 3aBHUCHUT OT Pa3IHUYHBIX IapaMeTpPOB, TAKHUX
Kak dopma, pa3mMeprl, MaTepHAJBl, PeXKUM
paboTsl, cxeMa obHapy>XKeHU S, OKPYyKaloIlas
cpela U CEHCOPHBIN CJI0M, KOTOPBIK HE0OX0quMO
nombupaTh B 3aBUCUMOCTH 0T 06Hapy>KuBaeMoOM
MHIIEHH.

MexaHHYeCKHe XapaKTepUCTUKH KaHTHIe-
Bepa - CTaTH4YeCKoe OTKJIOHEHHEe WM aMIIJIHUTyAa
PEe30HAHCHBIX KoJIeGaHUM — MOTYT BapbHUPOBATHCS
OT AaHICTPEMOB JI0 COTeH HAaHOMETPOB, UTO TpebyeT
MIPeLM3MOHHBIX MeTOLOB CUHUTHIBAHUS CUTHAIA
IJIsL TOYHOM KOJIMYeCTBEHHOM OLleHKH. Hauboiee
IIOITYJISIPHBIE CXeMBI — OIITHYeCcKasl, Ibe30Pe3UCTUB-
Has W Ibe303dJ]eKTpuYecKas. ONTHYecKas cxeMa
perucTpupyeT OTKJIOHEHH S JIa3epHOT0 Iyyda OT KOH-
YMKa KaHTHUJIeBepa. [Ipe30pe3rUCTUBHAS CXeMa
OCHOBAHA Ha U3MeHEHHH COIIPOTHUBIIEHHUS IIPOBO-
OHHUKA IIPU U3rube KaHTHIeBepa U, KaK IIPaBHUIIO,
KCII0JIb3yeT 3JIeKTPUUYECKYI0 CHCTEeMY perucrpa-
LIMK Ha OCHOBE MOCTa YUTCTOHA JJISl yMeHbIIeHHU
IepeKPeCcTHHIX IOMeX U Yl1y4lleHHs OTHOLUIeHUS
CUTHAJI/IIyM.

[Ipe303/IeKTpUYECKAS CXeMa PerUCTpHUPYeT
MeXaHHUYeCKHue KonebaHUS [0J NeHCTBHEM Iiepe-
MEeHHOIO0 HalpsiXkeHHs. Korga macca m yBenu-
YMBaeTCs KM3-3a IPUCOeJHHEHUS MOJIeKYJ, pe3o-
HaHCHas dacTtoTa f ymeHbmaeTcss. CEHCOPHBIH
cnon (Kak MpaBHJIO, aHTHUTeNa) 3aKpemias-
eTCs Ha IOBEPXHOCTHU OLHOILO M3 3JeKTPOLOB
[Ibe303/JeKTPUUYECKOr0 JaTUMKa. JJIeKTPOABI

10-15 minutes. Testing strips
partially solve this problem
because the results can be
false-positive while the cost of
such test is comparable to the
laboratory analysis.

Thus, in the field of medical
diagnostics there is still no
simple, accurate, compact
device that could cope with
this task. Electromechanical
cantilever sensors can present
the alternative highly sensitive
and inexpensive solution.

METHODS OF RESEARCH
There two main operating
modes of electro-mechanical

cantilever sensors - static and
dynamic. The detection of
pathogens (including growth
measurements or metabolic
activity) takes place on a sensi-
tive element surface and leads
to its deviation (static mode) or
to a resonant frequency shift of
the sensor oscillations (dynamic
mode).

With the aid of the
static mode in [2], a direct
detection of influenza virus
A in concentrations below 10°
virions/ml was demonstrated
using a piezoceramic disc,
synthetic syialyl glycopolymers,
which biospecifically bind
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gemagglutinin proteins. It was
also shown that the frequency
shift is proportional to the
change in the surface voltage
caused by virus adsorption,
and the sensitivity is inversely
proportional to the resonator
thickness. Therefore, using a
more subtle piezoceramic plate, it
is easy to increase the sensitivity
several times.

In the dynamic mode,
the resonant frequency of
the piezoelectric element
(cantilever) varies depending
on the attached mass and the
surface layer changed due to its
rigidity. In this mode, cantilever
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B036y K0T pPe30HAHC B [1be303JIeKTPUKe, a TAKXKe
CUUTBHIBAIOT CUTHAJ C JaTyuKa. Korma MUIIeHb
CBA3BIBAETCS C CEHCOPHBIM CJI0O€M, IIPOUCXOOUT
H3MeHeHHe MAcCChl AIM HA IIOBePXHOCTH 3JIeK-
Tpoza, YTO IIPUBOLHUT K 3aBUCAIIEMY OT BpeMeHHU
caBury dactotsl Af [3] (puc.1).

C moMoIIbl0 IIbe303JeKTPUYeCKOH IJIACTUHKU
(piezoelectric plate sensor, PEPS) B IPOTOYHOM KU/~
KOCTHOM sT4eriKe yaanock o6Hapyskuth Clostridium diffi-
cile B Teuenue 40 MuH 6e3 BeIe/IeHHS TeHOB, aMILIHU-
duxanuu u GayopecLieHTHBIX MeTOK [4]. B pabore [5]
ucnonb3oBaauck PEPS, moxkpriTeie JHK 30HIOOM,
0711 06Hapys>KeHU s JBOMHOK MYTallMK BUPYyca rema-
tuTa B. C momonipio 30HAa JHK, ©UMMOOMIM30BaH-
HOT0 Ha IoBepXHOCTH PEPS, peann3oBanu in situ o6Ha-
pykeHue IHK B peaqlbHOM BpeMeHH H C aTTOMOJISP-
HOM 4yBCTBUTE/ILHOCTEIO [6].

B pabore [7] mbe3o3neRTpUYeCKHe [IJIACTHHKH,
MOOUPHUIIMPOBAHHBIe AHTUTEIAaMH Ha MUKPO-
anbbyMHUH, HCIOJB30BAJIUCh /s HCCIefOBa-
HHS aKTUBHOCTHU KOHBIOTAaTOB aHTUTEJ, MeUYeHBbIX
II€POKCHUJA30k, UTO I103BOJIMJIO IPOBECTH KOHTPOJIb
C IIOMOIIBI0 UMMYHOQEPMEHTHOI0 aHa/iu3a. Takske
C IIOMOIIBIO IIbe30KepPAMHUYeCKHUX JATUHUKOB OBIIO
IpofeMOHCTpHUPOBaHO obHapykeHue [JHK [8].

C moMoOIIbIO Ibe3031eKTPHUYEeCKON IJIACTUHKH,
nokpeiTod JHK-30HgaMHU, 6BIJI0 ITIOKa3aHO obHa-
Py’KeHHe ONBOMHOM MYyTallMH BHPyCa remaTHTa
B Mode in situ [9]. [Ipe303/IeKTPUUYECKUN AATUUK
OBL/T MOKPBIT 30JI0TBIMHU 3/IeEKTPOAAMHU C IBYX CTO-
POH ¥ TOHKKM Cj10eM U30aa0Huu. CBa3biBaHue [THK
MHIIeHH K3 obpa3na 6HM0I0ru4ecKoN SKUIKOCTH
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Puc.2. i306paxkeHue muueauanbHoz2o 2puba Aspergillus niger,
NoAyYeHHOe C NOMOLWbI0 KOHMAKMHO020 pexxuma admomMHo-CuU-
A0800 MUKpocKkonuu

Fig.2. An image of mycelial mushroom Aspergillus Niger obtained
in the contact mode of atomic the force microscopy

c JHK-30HZaMHU Ha IOBEPXHOCTHU IIPSIMOYTOJIbHON
Mbe303/IeKTPHUYeCKOM IIJIACTUHEL BBI3BIBAJIO CABUT
Pe30HAHCHOM YaCTOTHI, YTO yBeJIHUYKUBAJIO JJIHHY
Y IMIUPUHY JAaTYHKa. BbIIO IOKa3aHO, YTO YYBCTBHU-
TeJbHOCTb MeTOZa COCTaBsieT 60 KOMKUK/MI, IPHU
3TOM H3MepeHHe IIPOBOIUTCA 3a 30 MUH.,

B paborte [10] 06befMHUIN Ibe303/IeKTPUUECKHE
JaTuuKH ¢ [IIP 1151 ofHOBpPeMeHHOro o6Hapy>KeHHU st
Y TeHOTHUIIMPOBAHUSA 16 IITAMMOB BUPYyCa IMaIlHJI-
JIOMBI Yeji0BeKa B 06pa3ijax cockoboB ¢ IIOBEPXHO-
CTH IIeHMKH MATKH, [Ibe303/IeKTpUYeCKHe JaTYUKH
IIOKPBUIN CUHTETUYECKHUMU OJIMTOHYKI€OTHAAMHU
M BBIIIOJTHUJIM TeCTHI II0C/Ie aMIITuUKauuu TP
0e3 MCII0Ib30BAHU S METOK, pe3y/l1bTaThl IOKa3alHu

behaves like a harmonic
oscillator, and its efficiency
depends on the resonant
frequency f determined by the
rigidity of the cantilever proper,
the adsorbed layer k and the
effective mass m, as well as
Q-quality.

Sensitivity of the
electromechanical sensors
to detect biological objects
depends on various parameters,
such as shape, dimensions,
materials, operation mode,
detection scheme, environment
and sensory layer, which must
be selected depending on the
detectable target.

Mechanical characteristics
of the cantilever (static
deviation and amplitude of
resonant oscillations) can vary
from angstroms to hundreds
of manometers, which
requires a precision signal
reading methods for accurate
quantitative assessment. The
most popular schemes are
optical, piezoresistive and
piezoelectric. The optical
scheme records deviations of the
laser beam from the cantilever
tip. The piezoresistive scheme
is based on variation of the
conductor resistance at the bend
of the cantilever and, as a rule,

uses the Whitstone bridge-based
electrical system to reduce cross-
interference and improve the
signal-to-noise ratio.

The piezoelectric circuit
registers mechanical
oscillations under the action
of alternating voltage. When
m mass increases due to
attachment of molecules,
the resonant frequency f is
reduced. The sensory layer
(as a rule, antibodies) is fixed
on the surface of one of the
piezoelectric sensor electrodes.
The electrodes excite resonance
in the piezoelectric, and also
read the signal from the sensor.
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Puc.3. M306paxkeHue S. aureus, NoAy4eHHOe C NOMOWbH KOH-
MAKmMHOo20 pexxuma amomMHO-CUA0B0U MUKPOCKONUU

Fig.3. Image of S. Aureus obtained using a contact mode of the
atomic-power microscopy

BBICOKYIO CeJIeKTUBHOCTb U BOCIIPOM3BOLHMOCTD
MeTOofa, COIIOCTABMMOIO CO CTAHAAPTHBIM aHAJIH-
3oM. YeH u ap. [11] pazpaboranu mbe3osneKTpude-
CKHUM JaTUYMK U3 Hep>kaBewIllel CTaIH C MeTalaude-
CKUMH 3aKHUMaMHU 151 oOHapyskeHUs rU6puamn3a-
Luu IpoayKToB IIIP BUpyca MMallK/IJIOMBl Ye/IOBeKa
U PacCMOTpeJIH BIMUSIHHE U3MeHeHU S TeMIIepaTyphl
Ha CTabHJIBHOCTD Pe30HAHCHOM YaCTOTHL.

JneKTpoMexaHHYecKHe 6roceHCOPHI, paboTalo-
IH1e B JTMHAMHUUYeCKOM PekKHMe, CIIOCOOHBI B3BeCHTh
MacCy IPUKPEeINHBIIeNCS MUIIEHH C BBICOKOHU UYB-
CTBHTE/JIPHOCTBIO: HAa YPOBHe IIUKOTPAaMM H Ja’Ke
demrtorpamm [12]. Kpome TOrO, C IOMOILBIO 6HOCEH-
copa MOKHO IIPOBOAUTH U3MepeHHe MacChl DaKTepUH
B Cpelie U UCII0/Ib30BaTh 3TH JaHHbIe KaK UHAKKATOP
CKOPOCTH pocTa bakTepuit [13].

MUKPOKaHTHJIeBePHl, TOKPHIThIe IUTAaTe/TbHEIMHU
CJIOSIMH, HAaII[PUMEDP, arapo3ou, 6p11H criocobHbI 06Ha-
PY’KHBaTh aKTHBHBIH PocT E. coli B TeueHMe 19 B yc/0-
BUSIX KOHTPOJHPYeMOI TeMIIepaTyphl U BIaKHO-
cTu [14]. PacueTHast YyBCTBUTE/IBHOCTD I10 POCTY 6aK-
TepuH cocTaBasiaa ~ 140 nr/TL, 9YTO COOTBETCTBYeT
npuMepHO 200 ki1eTKaM E. coli. PocT ©MMOOHTH30BaH-
HOTO MHUILeNIHanbHoro rpuba Aspergillus niger v omHoO-
KJIETOYHBIX IPOK>KeH S. cerevisiae IPUBOAKII K CABUTY
PEe30HAHCHOM YacTOTHI B Te4YeHHe HeCKOIIbKUX 4acoB,
perucTpaLus pocTa IpH UCII0Ab30BaHUHK TPagHULIU-
OHHBIX MeTOJIOB KY/JIbTUBHPOBAHU S 3aHHMaeT 60JIb-
mee Bpem4 [15].

BbIBO/Lbl

MeTabonu3sm 6aKTeprUil MOXKHO OTCAELUTH I10 KoJle-
OaHHSIM KaHTHJIeBepa B KBa3UCTaTHUECKOM peXKHMe
H3MepeHHH B BOAHOM cpejle, a TaKXe IIPH 3TOM
IapajjeJbHO IIPOBECTH TeCT Ha Pe3UCTeHTHOCTh
K aHTUOHOTHKaM. B pabore [16] u3Mepsiiock He CTa-
THYeCcKoe OTKJIOHeHHe KaHTH/IeBepa U/IU U3MeHe-
HUe eT0 pe30HaHCHOM YacCTOThl, a aHAJIM3UPOBA/IHUCh
dnykryanuu (GoHOBBIN MYM) KoJlebaHUN KaHTHIIe-
Bepa B 3aBUCHUMOCTH OT BpeMeHH. JKuBble 6akTepunu

When the target binds to the
sensory layer, there occurs a
change in the mass Am on the
electrode surface, which leads to
the time-dependent frequency
shift Af [3] (Fig.1).

With the aid of a piezoelectric
plate (Piezoelectric Plate
Sensor, PEPS) in the flow fluid
cell, it was possible to detect
Clostridium difficile for 40 minutes
without selection of genes,
amplification and fluorescent
labels [4]. In [5], PEPS covered
with DNA probe were used to
detect the double mutation
of the hepatitis B virus. With
the DNA probe immobilized

on the PEPS surface, the DNA
detection was implemented in
situ and with atomic sensitivity
[6].

In [7], the piezoelectric plates
modified with antibodies to
microalbumin were used to
study the activity of antibodies
conjugates labeled with
peroxidase, which made it
possible to control using an
enzyme immunoassay analysis.
Also, using piezoceramic
sensors, DNA detection was
demonstrated [8].

With the aid of a
piezoelectric plate coated with
DNA probes, a double mutation
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of the hepatitis virus in the
urine in situ was shown [9].
The piezoelectric sensor was
covered with gold electrodes
on both sides and a thin layer
of isolation. The target DNA
binding from the sample of
a biological fluid with DNA
probes on the surface of the
rectangular piezoelectric plate
caused a resonant frequency
shift, which increased the
length and width of the
sensor. It was shown that
the sensitivity of the method
is 60 copies/ml, while the
measurement is carried out in
30 minutes.



EQUIPMENT FOR NANOINDUSTRY

OBIIM KOBAaJIEHTHO IMPHUIIMTH K 06€MM CTOPOHAM
KpeMHHeBBIX V-00pa3sHbIX KAaHTHU/IEBEPOB C UCIIO/Ib-
30BaHHEM aMHUHOIIPONUITPUITOKCUCHIaHA (APTES)
B Ka4eCTBe TUHKEePHOI MOJIEKYIIBI C XOpoLIer 61ocoB-
MeCTHUMOCTbI0. MeTabonuyeckast akTUBHOCTD IIPH-
kperieHHBIX E. coli u S. aureus BpI3BIBaIa HU3KOYA-
CTOTHBIE OTK/IOHEeHH I KaHTHJIeBepa. B pucyTcTBUU
AaHTUOHMOTUKOB aMIHUIM/IANHA U KaHAMHUIIMHA
Ko/ebaHU s pe3Ko YMeHBbIIHIHCh H3-3a BO3/I€HCTBUS
Ha 6aKTepHUHU JIeKapCTBAMH, YTO II03BOIHIIO OBICTPO
[IOATBEPAUTD AHTHUOAKTEPHAIBHBIH ) PeKT.

Kpowme Toro, B pabore [17] 651710 ITOKa3aHO, 4TO 50
KJIETOK CIIOCOOHBI FeHepHUPOBATh U3MepHMBbIe Kojle-
6aHus. TakuM 06pa3oM, KaHTHJIeBePHble CEHCOPEHI
BIIOJIHE IIPUTOAHBI /I IPOBeNEeHUS MeHee YeM
33 OUH Yac TeCTa Ha aHTUOHMOTHUKOPE3UCTEeHTHOCTh
Heb0JIBIIOro YKC/Ia 6aKTepHH.

BNATOAAPHOCTHU

HccnenoBaHMe BBIIIOJIHEHO NPU QMHAHCOBOM IIOA-
gepxke POOH u JIoHOOHCKOro KopoJieBCKOTO
ObuecTBa Ne 21-58-10005, PH®, mpoexT Ne 20-12-00389,
POOH, mpoekT Ne 20-32-90036.
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Hekaapauusa o KoHpAuKme uHmMepecos. Asmopol 3096-
Asirom 06 omcymcemeuu KoHPAUKMOB UHMepecos UAU AUMHbLLX
0mHOWeHuil, Komopble Mo2Au bblL no8AuAMb Ha pabomy, nped-
cmasAexHyto 8 daHHo(l cmambe.

CONCLUSIONS

The metabolism of bacteria can
be traced by vibrations of the
cantilever in the quasistatic
measurement mode in the aquatic
environment, and also, in paral-
lel, it is possible to carry out a test
for antibiotics resistance. In [16],
measured were not the static devia-
tion of the cantilever or the change
in its resonant frequency but anal-
ysed were the time-dependent fluc-
tuations (background noise) of the
cantilever oscillations. Live bacte-
ria were covalently sewn to both
sides of silicon V-shaped cantilevers
using aminopropyltriethoxysilane
(APTES) as a linker molecule with

good biocompatibility. Metabolic
activity of the attached E. coli and
S. aureus caused low-frequency can-
tilever deviations. In the presence
of ampicillin and kanamycin anti-
biotics the channel oscillations
decreased sharply due to the effects
of drugs on the bacteria which
made it possible to quickly confirm
the antibacterial effect.

In addition, it was shown in [17]
that 50 cells are able to generate
measurable oscillations. Thus,
the cantilever sensors are quite
suitable for carrying out the test on
the antibiotic resistance of a small
number of bacteria in less than one
hour.
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