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BbiCTpbIA MpsIMOMA aHanM3 Bupyca rpunna A B XUAKOW Cpefe MOXeT BbIMOJIHATLCS C MOMOLLbIO
Nbe303/1IeKTPUYECKOro KaHTu/ieBepa € peLenTopomM, MoaUGULMPOBAHHbIM FIMKOMOJIMMEPOM, KOTOPbI
COAEpXUT cManoBble rpynnbl, cneunduyHbie K 6enky 060/104ku BUpyca. MNpu nomelleHMn KaHTUIeBepa
B PacTBOp BMpYCa B Q/UVIAHTOUCHOM >XMUAKOCTU Hab6A[ANCA MOJIOXUTENIbHbIA CABUI PE30HAHCHOM
4YacToTbl MPOAOJILHOM MOAbI KOJIe6aHM KaHTU/IeBepa. [0/10)KUTe/IbHbIN pe3y/ibTaT NPSMOro usMepeHus
6e3 ncnonb3oBaHMS MeToK 6bU1 JOCTUTHYT B TedyeHue 10 MUH 6e3 AuTeNbHOM Npo6onoAroToBKY, YTO
roBOpUT O NPOCTOTE MEeToAA.

Rapid direct analysis of influenza A virus in a liquid medium may be performed using a
piezoelectric cantilever with a glycopolymer-modified receptor containing sialic groups that
are specific to the protein of the viral envelope. When placing a cantilever in the solution
of a virus in allantoic fluid, a positive shift is observed in the resonance frequency of the
longitudinal vibrations of the cantilever. A directly measured positive result without any
lables was achieved within 10 min without a lengthy sample preparation, which indicates the

simplicity of the method.

COBpeMeHHBIM CEHCOPHBIM CHCTeMaM IIpeJb-

SIBJISIIOTCS 9KCTPeMaJIbHO BBICOKHe TpeboBa-

Hus. K UX KPUTHYECKHUM XapaKTepUCTHU-
KaM MOXXHO OTHECTH IIapaMeTp IIpemena UyB-
CTBHUTEJIBHOCTH, JMHEHHbIe pa3Meprl JaTUHUKa
U CKOPOCTBH aHanIm3a. Bo BceM MHoroobpasuu
OATYHMKOB MOKHO BBIJEJTMTh aKTHBHO pa3BHBa-
ION[UHCS MOAKIACC MUKPO3JIeKTpOoMeXaHHUUe-
ckux cucteM (MOMC) - pa3JIMyHOIO pofa peso-
HATOPOB, HAHOAMIIJIUTYHBle KojlebaHUS B KOTO-
PBIX BO36Y>KIAI0TCS IIOJ, JeMCTBUEM IlepeMeHHOr 0
371eKTPOMAarHUTHOrO I0asi. Pe30HAHC B TaKUX
CUCTeMaXx HANPSIMYIO 3aBHCHUT OT UX FeOMEeTPH-
4yecKOH Tomosoruu. Ilo ceoeir cytu MOMC - 3To
MAasSTHHUKH, IPY>KHUHBIL, CTPYHBI HJIK MeM6paHHI,
HMeloIHe COOCTBEHHBIe YACTOTH Ha PA3IHYHBIX
rapMOHHKAX.

[IppMepOM OPHUTHMHAJIBHOIO IPUMEeHEeHHU s A5
IOJIy4eHHU I HAyYHOTO pe3yIbTaTa XOPOIIo U3BeCT-
HOT'0 M3 YaCOBBIX MeXaHH3MOB pe30HaTopa KBap-
LIeBOM BHJIKM MOKeT 6bITh paboTa Iof pyKoBOA-
ctBoMm ®paHua ['m3ubina [1]. HaHokonebaHUs, BO3-
HUKAOIIMe B KBAapLeBOH BUJIKe, KOTOPAs CIYKUT

IJisl 3aJJaHUSI OTIOPHOM YaCTOTHI, OUEHb IIPUTO-
OUJIHCh COTPYAHUKAM YHHUBepcHUTeTa Ayrcbypra.
OHU IpenJoKUIN UCII0Nb30BATh BUJIKY B Kaue-
CTBe TYHHEJBHOTO MHUKPOCKOIIA, IPHUKPEIIUB Ha
ee KOHeIl Cpe3 IIJIATUHOBOM IIPOBOJIOKU. HMria u3
IIPOBOJIOKH C/Iy>KHJIA IIYIIOM IIOBEPXHOCTH MOHO-
KPHUCTAIJIN4Yeckoro KpeMHus (puc.l). biaromaps
BBICOKOH OOPOTHOCTH KBapIleBOr0 pe3oHaTopa
ATOMHYIO CTPYKTYpPy KpPeMHHS yAaJoCh paspe-
IIUTh C TOUHOCTBIO 10 HECKOJIBKHUX JIOJIeH aHT-
CTpeM.

M3MC B KOHTPO/IE BAKTEPUI1 U BUPYCOB

Bce yame menarmTCs IMOOBITKU MCIIOJIB30BaTh
MOSMC B KaueCTBe OAaTUYHKOB Ha 6aKkTepUH
U BUPYCHL. [locsegHue JOCTATOYHO XOPOIIO Xapak-
TePHU3YIOTCS Pa3IMYHBIMU METOJAaMU MUKPOCKO-
ouu, I[P, a Tak>Ke paMaHOBCKHMMHU CIIEKTPOMe-
TPpaMH, OJHAKO IPUMEHATh STH METO/BI B IIOBCE/I-
HEeBHOM XH3HU U HHTETPHUPOBATH B OBITOBYIO
TeXHUKY HPaKTUYeCKHU HEeBO3MOXHO. Y M2OMC
B 3TOM OTHOIIEHHUH eCTh HeCpaBHEHHBbIe IIPeUMY-
IecTBa: UX pa3Mep, a TakXKe IpPoCcTasg CHUCTeMa
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CYHUTHIBAHHSA 3JI€KTpHUYE-
CKOTO CHUTHajJa C JaT4YuKa
C IpPUMEHEHHEM LIHPOKO
KCII0/Ib3YeMBIX 3JIEKTPOHHBIX
KOMIIOHEHTOB.

KparHe aKTyajlbHOe
HaIlpaBJjleHHe [J1s1 6BITOBOTO
IIPHMEHEHHUSI MUKpOMeXxa-
HHYECKHUX OJATYHKOB ~ KOH-
Tpoib 6aKTepHUH U BUPYCOB,
BHI3BIBAIOIIHX PacIpoCTpa-
HeHHBble 3a60/1eBaHU S, TaKHe
KaK FPHUIII U [IHEBMOHHU .

Ha maHHBIM MOMEHT TeX-
HOJIOTHHU II03BOJISIOT CO3-
gaBaTh MOMC, crocobHBbIe
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H3MepsSTh OTAEeIbHBIE BUPYC-
Hble YAaCTHIBl C YYBCTBHU-
TenbHOCThIO 10719 r/Th [2]
(puc.2a). B paborte [3] 651110
3KCIIepPUMEeHTa/lbHO IIPO-
NeMOHCTPUPOBAHO H3Mepe-

Puc.1. Keapuesas 8unka u3 Hapy4Hblx 4acoe ¢ npukaeeHHol nposonokoli (cresa) daem 803-
MOXHOCMb y8Udemb amoMHy0 CMPYKMypy MOHOKpUCMAAAd KpemHust (cnpasa)

Fig.1. Used in wristwatch quartz crystal resonator with glued wire (left) allows to see the
atomic structure of monocrystalline silicon (right)

HMe MacChl BUpPyca BaKIMHBI OCIIBl BeJIMUKHOM B
9,5 ¢r c Ucroab30BaHHEM pe30HATOPA KaHTHUJIe-
BEPHOI0 THIIA INIMPHUHOM 1,8 MKM U AIHUHOU 4 MKM
(puc.2b).

3a mocsieiHee OecCsATH/IeTHE IIPOX30IIe/ KPUTH-
YeCKHUM IPOPHIB B pa3paboTke MUKPOMeXaHHUe-
CKHUX CeHCOPHBIX CUCTeM C PeKOPAHBIMHU II0Ka3a-
Te/JIsIMH UYBCTBHUTEIBHOCTH I10 Macce (2] 1 Konu-
4eCTBY CBSI3aBIIET0Cs aHaIH3MPyeMOTIo BelllecTBa
[4]. MTaHHBIe CHCTeMBbl HCIONB3YIOT NPUHIHU-
IIMaJIBHO HOBBIM MeToJ Ipeobpa3oBaHUs OHOXHU-
MHYeCKHUX PeaKIHH B aHAJTUTHYECKHUU CUTHAJ
yepes cTaTHYecKHe JedopMallMH, BOSHHUKAIOLI e

B pe3y/jbTaTe TeIlJIOBbIX, 3JIeKTPOCTATUYECKUX U
SHTPONHUHNHEIX 39 $eKTOB BHYTPH pelLielITOPHOTO
csost ¥ CTPYKTYp MOMC. IIpu MIKMPOKOM CIIeKTpe
OIepallMOHHBIX PeXUMOB (CTAaTHUYeCKHUI, JUHA-
MHYeCKHH, KOHTPOJb JOOPOTHOCTH M aMIJIU-
TYAbl AaHAJITUTHUYECKOTO CUTHana) MOMC gBISIOTCS
IIOTHOLEHHBIM [OMOJTHEeHHUEM 3JIeKTPOXUMHUYe-
CKHX, OLTUYECKHX U aKyCTUYECKUX NATUHKOB.
Kpome Toro, KOMOMHAIIUU Pa3IHYHBIX CXeM Peru-
CTpallM{ aHAJIUTUYECKOT0 CUTHAJIa IO3BOJISIOT
ONTHUMU3UPOBaTh paboTy MOMC mpaKTHUYeCKHU
B 1106011 cpene [5]: BaKyyMe, Ta30BBIX M KHUIKHX
dasax BemecTBa. MUKPOCKOIIHYECKHE pa3Mephl

odern sensor systems must

meet extremely high require-

ments. Their critical charac-
teristics include such parameters as
a detection threshold, linear size of
the sensor and speed of assays. In
all the variety of sensors, we make
a special note of the rapidly growing
subclass of microelectromechani-
cal systems (MEMS) with different
kinds of resonators, in which nano-
amplitude vibrations occur due to
the alternating electromagnetic
field. The resonance in such systems
directly depends on their geometric

topology. Essentially, MEMS are pen-
dulums, springs, strings or mem-
branes with their specific frequen-
cies at different harmonics.

A good example of special appli-
cation of the quartz resonator fork,
which is well-known from the clock
mechanisms, to obtain a scientific
result is the experiment carried out
under the guidance of Franz Giessibl
(1]. The nano-vibrations occurring
in a quartz fork, which were used
for setting a reference frequency,
appeared very useful for the employ-
ees of the University of Augsburg.

They proposed using the fork as a
tunneling microscope by attaching a
piece of platinum wire to its end. The
needle made from the wire served as
a probe of the surface of the mono-
crystal silicon (fig.1). Due to the high
quality factor of the quartz resona-
tor, the atomic structure of the sili-
con was determined with a precision
of a few fractions of an angstrom.

MEMS IN THE CONTROL

OF BACTERIA AND VIRUSES
Increasingly, attempts are being
made to use MEMS as sensors for
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Smallpox
vaccine virus

1 MKM

Puc.2. Cresa - MukpokaHmuaesepsl ¢ YUygecmaumenbHOCMbHO
usmepeHus maccel 10719 2/ry [3], cnpaea - kaHmuaesep, cno-
CO6HbIL U3Mepumsb maccy 0dHoll 8upycHol yacmuubl [2]

Fig.2. Left -microcantilever with the sensitivity of the mass mea-
surement 1071° g/Hz [3], right - cantilever, capable to measure the
mass of a single virus particle [2]

CEeHCOPHBIX YCTPOMCTB AAIOT BO3MOXKHOCTD ITOHHU-
3UTh IIpeJie/l UX YyBCTBUTEIBHOCTH 10 Pa3MepOB
OTHenbHBIX 6aKTepui [6] U BUPYCHBIX YACTHIL
(2, 3.

B 6onpuioMm uHcae NybJIHMKAaLlUH paccMaTpU-
BaeTCsl HMCIOJIb30BaHHe A NeTeKIUU BUPY-
COB Pe30HAHCHBIX JAaTYHUKOB Pa3/MYIHOIO THIIA.
CaMBIMH PacIIPOCTPaHEHHBIMHU U3 HUX SIBJISIOTCS
MHKPOBeCh Ha OCHOBe KBaplleBOro KpHcTaljla
[7, 8, 9], a Tak>Xe HAaTYHK Ha OCHOBe 3¢pPeKkTa
[IOBEPXHOCTHBIX aKYCTHUYECKHUX BOJH B IIb@30KPU-
ctasne [10]. B HOBBIX pa3paboTKax Takke Ipe-

JlaraeTcs KMCII0Jb30BaTh € MKOCTHBIE MHUKPOMe-
XaHHUYeCKHe YIbTPa3ByKOBhIe Ipeobpa3oBaTenu
(11] 1 MmeMbpaHHBIe IBE30aKYCTUYECKHE pPe30Ha-
Topsl [12]. Bce 3Tu MeTonbl 3 PeKTUBHEL M, KaK
IIPaBHJIO, CBOAATCS K KOHTPOJIIO Pe30HAHCHOU
4acTOThl MOMC. B caMBbIX MPOCTHIX C/Iy4YadX OIS
M3MC cnpaBegianBa ¢opmysia TapMOHHYECKOIO
OCLIMJITISITOPA, M3 KOTOPOM C/lefyeT, 4YTO YMeHb-
ImeHHe COOCTBEHHOM YaCTOThI CHUCTEMBI IIPOIIOP-
IIMOHAJIbHO KOPHIO M3 NPHCOeJHHEHHOM MacCCHI.
OIHAKO B HEKOTOPBIX C/1y4aqdX 4yBCTBHUTEIbHOCTD
M3MC 3aBHCUT He TOJbKO OT 3pdeKTa Iprucoeu-
HEeHHOM MacChl, HO M OT HANpPsI>XeHU U, BOSHUKAIO-
KX B pellelITope JaTYKKa B pe3y/bTaTe IIpUCOe-
JUHeHU aHaauTa. HanpsskeHHUs BeyT K YBeJIU-
YeHHIO JKeCTKOCTHU CUCTEMBI U ABJISIOTCS aJbTep-
HaTHBOM NPHCOeJHHEHHUIO MACCHl /ISl perucTpa-
LIMU U3MeHeHHs pe30HAHCHOM 4YacToTHI [13].

AHANN3 BUPYCHbIX YACTUL, C NPUMEHEHUEM
NMbE3OKEPAMUYECKOIO KAHTUJIEBEPA
CoBMmecTHoOI n1abopatopuert LG Electronics u MI'Y
uM. M.B.JIomoHOCOBa Obly1a mpOBeAeHa IKCIIe-
puMeHTaabHas paboTa MO0 aHAIK3y BUPYCHBIX
YacTHUI B KUAKOH Cpefle IOCPefCTBOM I1be30Kepa-
MHYeCKOro KaHTHIeBepa (puc.3).

KaHTHIeBep pa3MepaMu 2x3 MM ObII BEIpe3aH
C IIOMOIIBIO AJIMA3HOIO JHMCKA M3 KOMIIO3UTHOH
MeMOpaHBI, COCTOSIIEN U3 60-MHUKPOHHOTIO CJIOS
JaTyHU U 50-MUKPOHHOTO cjosi PZT-KepaMUKH,
IIOKPBITOr0 cepeOpsiHOM IJIeHKOM. KaHTHIeBep
Ha JBe MUHYTBHI GBI IOMelIeH B pacTBOpP cep-

and amount of the attached ana-

bacteria and viruses. The latter
ones are quite well characterized
by various methods of microscopy,
PCR, and Raman spectrometers.
However, applying these meth-
ods in everyday life and integrat-
ing them into small appliances
is practically impossible. MEMS
in this regard have unsurpassed
advantages: they have a small
size and a simple system of read-
ing an electrical signal from the
sensor with ordinary electronic
components.

An extremely relevant use
of micromechanical sensors
could be controlling bacteria
and viruses that cause common
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diseases, such as influenza and
pneumonia.

The current technologies allow
the creation of MEMS that can
measure individual viral particles
with a sensitivity of 10-19 g/Hz [2]
(fig.2a). The study [3] experimen-
tally demonstrated the measure-
ment of a virus mass of the vac-
cinia virus with a weight of 9.5
femtograms using a cantile-
ver type resonator with a 1.8 pm
width and a 4 pm length (fig.2b).

In the past decade, a critical
breakthrough was made in the
design of micromechanical sen-
sor systems with the highest lev-
els of sensitivity by the mass [2]

lyte [4]. These systems use a fun-
damentally new method of con-
verting biochemical reactions
into analytical signals through a
static deformation resulting from
thermal, electrostatic and entro-
pic effects inside the receptor
layer and the MEMS structures.
With a wide range of operating
modes (static, dynamic, control
of the Q-factor and amplitude of
the analytical signal), MEMS are
an excellent complement for elec-
trochemical, optical and acous-
tic sensors. Besides, the combi-
nations of various schemes for
recording the analytical signal
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Puc.3. Cnesa - nbe3okepamuyeckuli KaAHmMuAegep, cCNpasga — KaH-
muaAesep, NOMeLLeHHbIL 8 NPOMOYHYI0 XUOKOCMHYIO sHeliKy,
Komopas coe0UHeHa 3aMKHyMbIM KOHMYpom mpy6ok ¢ nepu-
CManbmuyeckUM Hacocom

Fig.3. Left - piezoceramic cantilever; right - cantilever, placed
in a flow-through liquid cell, which is connected through a
closed loop of tubing with a peristaltic pump

HOM KHCJIOTHL B 37% pacTBOpe IlepeKHCH BOJOpoAa
1:1, mpoMBIT B 98% 3TaHOJIe U B TedeHHe 16 yac,
HHKY6HpOBaJCs B pacTBOpe 4-aMHUHOTHOpeHOIa
103 M B 3TaHone. [Tocne HHKY6aLlMK U IOCTIe-
JOBaTeJIbHOU IPOMBIBKH B 3TaHOJIe U B BOJle OH
ObIT TIOMeleH B BOAHBIM PACTBOP CHAIOBOTO IIH-
KomonxuMepa Ha 12 yac. 3aTeM Ha IIOBEPXHOCTH
peuieniTopa 6sly1a cGopMHUpOBaHa IIJIEHKA, COLep-
>Kalasi IJIMKOIIOJIMMePHEIe TPYIIIEL, ClIeluPUY-
HBble TeMarrJIoTUHHUHY - 6eIKy 060/104KH BUpyca
rpunmna A A/Duck/Moscow/4182/2008 (MHCTUTYT
IIOJIMOMHME/IMTA U BUPYCHOIO 3HLedpanuta PAMH,
MockBa), KOTOPBIH HCIIONB30BaJICSl B JaHHOU
paborte.

Bupyc rpunma A 6bl71 IoayueH nyTeM 10-1HeB-
HOTO MHOUIIMPOBAHUS 5MOPHOHA IBIIIIEHKA B
KyPHUHOM SIHIIe C IIOC/IeAYIONI UM H3BJIedYeHHeM U3
AU aJIJIAHTOMCHOM KUAKOCTH. M3HadanpHas
KOHILIeHTPALK BUPYyCa B a/JJIAHTOMCHOM KU/ -
KOCTH COCTaBJIsgJa 0KoJo 11108 BUPHUOHOB/MII.
TecTOBBIM PacTBOp C KOHLleHTpanue 110 Bupuo-
HOB/MJI OBIJI IOATOTOBJIEH IIyTeM pa3BeJeHHSs
M3Ha4yaJbHOIO pacTBopa B 100 pa3 B HeMHPUIIHU-
POBAaHHOM a/I/IAHTOMCHOM KU KOCTH.

H3MepeHHS NPOBOAHJINCH Ha IIPOLONBHOU
Mome KonebaHUN KaHTHUIeBepa B aJITaHTOMC-
HOH XHUAKOCTH. [IpomonbpHasi MoJa, B OTAHYHe

mV. * * * * J[‘:II *
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Puc.4. AMnaumydHo-4acmomHas xapakmepucmuka KaHmuaesepa,
NoAYYeHHAs € UCN0Ab308AHUEM 3AeKMPOHUKU CKAHUPYHOLLE20 30H-
008020 muKpockona "demmockaH"

Fig.4. The amplitude-frequency characteristic of the cantilever
obtained using electronics of FemtoScan scanning probe microscope

sensor with the attachment of

help to optimize the performance
of MEMS in practically any envi-
ronment [5]: vacuum, gas and
liquid phases of a substance.
The microscopic size of sens-
ing devices allows lowering the
threshold of their sensitivity to
the size of an individual bacteria
[6] and a viral particle [2, 3].
Numerous publications
describe the use of various reso-
nant sensors for virus detection.
The most common sensors are
quartz crystal based microbal-
ances [7, 8, 9] and sensors based
on the effect of surface acous-
tic waves in a piezoelectric crys-
tal [10]. In new developments,

it is also proposed to use capac-
itive micromechanical ultra-
sonic transducers [11] and mem-
brane piezo-acoustic resonators
(12]. All these methods are effec-
tive and, as a rule, are related
to controlling the resonant fre-
quency of MEMS. In the simplest
case, MEMS follow the harmonic
oscillator formula, in which the
reduction of the system’s own
frequency is proportional to the
square root of the attached mass.
However, in some cases, the sen-
sitivity of the MEMS depends not
only on the effect of the attached
mass, but also on the strain
occurring in the receptor of the

the analyte. Strains result in
increasing stiffness of the sys-
tem and can be used alternatively
to attaching masses for recording
resonant frequency changes [13].

ANALYSIS OF VIRAL PARTICLES
USING A PIEZOELECTRIC CANTILEVER
The joint laboratory of LG
Electronics and Lomonosov
Moscow State University carried
out experiments for analysis of
viral particles in a liquid medium
by means of a piezoelectric canti-
lever (fig.3).

A 2x3 mm cantilever was cut
out with the help of a diamond
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ANNAHTOUCHAS KMAKOCTb
Allantoic fluid

Burpyc (10° BUPUOH/MN) B aNNIaHTOUCHOM XUAKOCTU
25 . Virus (10° virion/ml) in allantoic fluid
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Puc.5. Vi3meHeHue pe3oHaHCHol Yacmombl NpodoAbHOU MOObl KaH-
munesepa 80 8pemeHu. 3eneHasl Kpuadsl coomeemcmayem cucmeme,
8 Komopyto 6bin dobasneH sUpyC, OPaHXKe8as Kpueas — Hynegol npobe
Fig.5. The change in resonant frequency of the longitudinal mode
of a cantilever in time. The green curve corresponds to the system
infected with virus, the orange curve corresponds to the zero sample

OT Mofbl u3ruba, uMeeT OOIBIIYIO JOOGPOTHOCTH
B JKM/IKOCTH BCJe[CTBHe MHUHHMAaJbHOILO Tpe-
HU S KaHTHUJIeBepa B cpefe. YacToTa IIPOLOIBHON
Mozel (puc.4) ompepensiiack C IIOMOIIBIO 3JIeK-
TPOHHOrO0 6JI0Ka aTOMHO-CHJIOBOIO0 MHKPOCKOIIA
"®emtockaH" (HIIII "LleHTp MepCIeKTUBHBIX TeX-
HOJOTUM", MOCKBa, WWW.Nanoscopy.ru).

[lepen u3MepeHHEeM KaHTHUJIeBep HHKYb6HUpoO-
BaJICSI B He COAep’Kalllel BUPYCa a/lNIAaHTOUCHOM

KU KOCTHU B yCJIOBUSIX IOTOKA. Ilocsie Toro Kak
cpepHu npend (Af/f) ycraHaBnuBancs Ha ypoBHe
0,51073, B cucTeMy 106aBIIsIICS PACTBOP BUPYCHBIX
YaCTHI C KOHLIeHTpaluuel 1'110° BUPHOHOB/MII.

Mi3BecTHO, UTO B3aHMOJEHUCTBHUE MeXAY BUPY-
COM U peLlelITOPHBIM C/IoeM Ha II0BepPXHOCTH JaT-
YHMKa 00yc/aBIKBaeT JOMOJTHUTEe/IbHbIE HAIIPSIsKe-
HUS B IIJIeHKe [14] unu moBeimeHHe 30 GeKTHBHOHU
SKeCTKOCTH CHUCTeMBI B 11ejioM [13]. 3To Kak pasu
IIPHUBOJMT K YBe/IMYEeHHIO Pe30HAHCHOU YaCcTOTHI.
Ha naHHBIF MOMEHT MBI II0JIYUHU/IH IIOJOKHUTENb-
HOe H3MeHeHHe Pe30HaHCHOM YacTOThl KaHTHIIe-
Bepa IIpH copbLIMHU Ha ero I0OBepPXHOCTh BUPYCHBIX
YaCTHI U3 KOHLleHTpaluu 10° BupuoH/mi (puc.5).
CooTHOIIeHHE CUTHAJI/IIYyM IIPH 3TOM COCTaBHJIO
5:1, 94TO TOBOPHUT O MePCHEeKTUBHOCTH HCIIOJIb-
30BaHMS IIbe30KepaMUUYeCKHUX KaHTHUIeBEPOB B
IMOLO06HBIX TPUIOSKEHUSIX.

TakuM 06pa3oM, MOKHO 3aK/IIOUYHUTh, 4TO 6yAy-
Ilee pa3BUTHe HAHOTEXHOJOTHUUYeCKUX 6HOCeH-
COpOB, CIIOCOGHBIX M3MePSITh MacCy OTAeIbHBIX
BUPYCHBIX YaCTHII, a TakXe clabble H3MeHeHU S
HaIpsS’KeHHUU B MOJIeKYJSPHBIX IIJIeHKax, MOXeT
OBITH OCHOBAHO Ha MHUKPO3JIeKTPOMeXaHUUEeCKUX
CHUCTeMaX, KOTOphIe yKe NeMOHCTPUPYIOT XOPO-
Y0 YyBCTBUTEIbHOCTh, KOMIIAaKTHOCTb U IIPO-
CTOTY IIPSIMOIO aHAJIM3a.

Paboma nposedena 8 cosmecmuoll aabopamopuu LG
Electronics u MT'Y umexu M.B.JlomoHocosa 8 pamrax 0020~
sopos Ne JM-02/2014 u Ne JY-01/2014. Asmopsi 8bipaskatom
6aazodaprocme compydHukam uncmumyma Iloauomueauma

disc of a composite membrane
consisting of a 60-micron layer
of brass and 50-micron layer of
PZT-ceramics covered with silver
foil. The cantilever was placed
for two minutes in a solution of
sulfuric acid in a 37% solution of
hydrogen peroxide 1:1, washed
in 98% ethanol and was incu-
bated for 16 hours in a solution
of 4-aminothiophenol 103 M in
ethanol. After the incubation
and sequential rinsing in etha-
nol and in water, it was placed
into an aqueous solution of
sialic glycopolymer for 12 hours.
Then, the surface of the recep-
tor developed a film containing
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glycopolymers groups that are
specific to the hemagglutinin,
i.e. the protein of the influ-
enza A viral envelope A/Duck/
Moscow/4182/2008 (Chumakov
Institute of Poliomyelitis and
Viral Encephalitides of RAMS,
Moscow), which was used in
this work.

The influenza A virus was
obtained by a 10-day infection
of a chicken embryo in the egg
with further extraction of allan-
toic fluid from the egg. The ini-
tial concentration of the virus
in the allantoic fluid was about
1108 virions/ml. The test solu-
tion with a concentration of

1-10° virions/ml was prepared by
100-fold diluting of the original
solution in an uninfected allan-
toic fluid.

The measurements were car-
ried out in a longitudinal vibra-
tion mode of the cantilever in
allantoic fluid. The longitu-
dinal mode, in contrast to the
bending mode, has a high qual-
ity factor in a liquid due to the
minimal friction of the canti-
lever in the medium. The fre-
quency of the longitudinal
mode (fig.4) was determined
using an electronic unit of the
FemtoScan atomic force micro-
scope (Advanced Technologies
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Before measurement, the can-
tilever was incubated in a flow-
ing virus free allantoic fluid.
After the mean drift (Af/f) was
set at 0.5-1073, the system was
injected a solution of viral parti-
cles with a concentration of 1.10°
virions/ml.

It is known that the interac-
tion between the virus and the
receptor layer on the sensor sur-
face causes additional strain
in the film [14] or an increased
effective stiffness of the whole
system [13]. This results in an
increased resonance frequency.

By the moment, we have
received a positive change in the
resonant frequency of the canti-
lever during the sorption of viral
particles on its surface from the
solution with a concentration
of 106 virion/ml (fig.5). The sig-
nal/noise ratio was 5:1, which
means high prospects of using
piezoelectric cantilevers in such
applications.

Thus, we can conclude that the
future development of nanotech-
nological biosensors measuring
masses of individual virus parti-
cles and the small stress changes
in molecular films can be based on
microelectromechanical systems

that already demonstrate good sen-
sitivity, compactness and simplic-
ity of the direct analysis. [ |

The study was conducted in the
joint laboratory of LG Electronics and
Lomonosov Moscow State University
in the framework of agreements No.
JM-02/2014 and No. JY-01/2014. The
authors thank the employees of the
Chumakov Institute of Poliomyelitis
and Viral Encephalitides of RAMS,
A.Ghambaryan and A.Tuzikov, as well
as N.Bovin (IBCh of RAS), for the prep-
aration of the virus and the synthe-
sis of glycopolymer. Additionally, the
authors thank K.Kvak and I.Borodina
(LG Electronics).

#4 /58 /2015 NANO INDUSTRY



