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30HAO0BAA MUKPOCKONUA B UCCNIEAOBAHUN BUPYCOB
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3oHpoBas MUKPOCKONMNA MNMo3BONIAET MNoJjiydaTb YHUKaAJIbHble AaHHble O JIOKaJibHbIX d)I/I3VIKO-MeX8HI/Il-IeCKI/1X
CBOWCTB BUPYCOB, Npn 3TOM npoueaypa noarotoBky B OT/iN4ME OT APYrnx MeToA0B ABNAETCA rIpOCTOVI n He Tpe-
6yeT AONOJIHNTENIbHbIX peareHToB. C nomolubto CKaHI/IpyPOLLLeI‘/'I 30HJ0BOW MUKPOCKOMNNUN BO3MOXXHO noJsiy4yeHune
BbICOKOro paspewleHna — BnNaoTb A0 1 aHrcTpema.

KnioueBble cno.a: CKaHMpyIOLLLI/IVI 30HA0BbIN MUKpPOCKON, BUPYC KnewieBoro 3HL|,eraJ1I/1Ta, npoceevyunBaroLan
ANEeKTPOHHaA MUKPOCKONUA.

C NoMoLLbio 30HA0BO MUKPOCKOMUM MOXXHO ONpPefenuTb MOBEPXHOCTHYHO CTPYKTYPY BUMPYCOB, BbIYMCIIUTD
KOHLIeHTpaLuto YyacTul, B o6pasLie, onpeaenuTb, Kak 0CeflaloT YacTuLbl Ha NOAMOXKKY, GOPMUPYIOT NI MIIEHKY
Unu arpervpytoT. [1o cuMx nop TOJIbKO C MOMOLLbI 30HLOBOIO MMUKPOCKOMA MOXHO MOSYYUTb YHUKANbHYIO WUH-
thopMaLuIo 0 crieflytoLLMX CBOMCTBAX BUPYCOB: ONPefennTb MeXaHUYECKYHo XeCTKOCTb, air€3MOHHbIE CBOMCTBA,
CuIly B3aMOZLENCTBUSA YacTull.

MeToabl MPOCBEYMBALOLLEN MUKPOCKOMMUM NO3BOMAIOT NOMyYaTb M306paXeHNs BUPYCHbIX YaCcTUL, B BaKyyMe,
YTO MPEKPACHO JOMOSHSET AaHHbIE, MONyYEHHbIE C MOMOLLbHO 30HA0BON MUKPOCKOMUU.

PucyHok 1. CneBa — npocBeumnBatoLLast 371eKTPOHHAsi MUKPOCKONMMS,
nocepeanHe — 30HA0Basi MMKPOCKOMMS, crpaBa — ceyeHne o6pasua, Mo faHHbIM CeYeHUs1 AnaMeTp OfHOM
BUPYCHOM YacTuLbl cocTaBnsieT 43 HaHOMeTpa.

WccnepoBaHue BbINONHEHO Npu GUHaHCOBOM Noaaepxxke Poccuiickoro doHaa pyHaamMmeHTanbHbIX Uccneso-
BaHuI, NpoekT N2 20-32-90036.

UDC 57.088 DOI 10.37747/2312-640X-2020-18-119-120
PROBE MICROSCOPY IN RESEARCH OF VIRUSES
Akhmetova A.l., Yaminsky I.V.

Lomonosov Moscow State University, Moscow, Russia
119991, Moscow, Leninskie gory, building 1
e-mail: akhmetova@nanoscopy.ru

Probe microscopy allows obtaining unique data on the viruses local physic-mechanical properties, while the
preparation procedure, unlike other methods, is simple and does not require additional reagents. With the help of
scanning probe microscopy, it is possible to obtain high resolution - up to 1 angstrom.
Key words: scanning probe microscope, tick-borne encephalitis virus, transmission electron microscopy.

Probe microscopy can be used to determine the surface structure of viruses, calculate the concentration of
particles in a sample, determine how particles settle onto a substrate, and determine whether they form a film or

aggregate. Until now, only with the help of a probe microscope it is possible to obtain unique information about the
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following properties of viruses: to determine the mechanical rigidity, adhesive properties, and the force of particle
interaction.

Transmission microscopy allows images acquisition of viral particles in a vacuum, which perfectly complements
the data obtained using probe microscopy.

Figure 1. On the left - transmission electron microscopy, in the middle - probe microscopy, on the right - sample
cross-section; according to the cross-sectional data, the diameter of one virus particle is 43 nanometers.

The research was carried out with the financial support of the Russian Foundation for Basic Research, project
No. 20-32-90036.
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3ﬂeKTpOMexaHquCKMe 6MOC€HCOpr No3BONAKOT AETEKTUPOBATb BUPYCbI C BbICOKOMN 4YyBCTBUTENIbHOCTbIO — A0
€[IMHUYHbIX BUPYCHbIX YacTtuu. B HacTosLLen pa60Te Aana o6Hapy>KeH|/m OGUONIOrMYECKMX areHToB NPUMEHEHDbI
ANeKTpoMexaHn4yeckme CUCTeMbl Ha OCHOBE KaHTUNeBepHbIX 6MOYMNOB.

KntoueBble cnosa: 6VIOC€HCOD, CKaHMpyI-OLLl,VIVI 30HA0BbIN MUKpPOCKON, Nbe30KepaMuka, MexaHu4yecKum Pe30HaHC.

Brounn cocTonT 13 ABYyX Nbe303NEMEHTHbIX AUCKOB, MO 60KaM KOTOPbIX NpunasHbl 3/1eKTpoabl. MOXXHO no-
JaBaTb CUrHan Kak Ha NepBblii, TaK U Ha BTOPOW KOHTAKT, MO3TOMY MPUEMHas CTOpPOHa - Nto6asn. CurHan Ha npu-
EMHOW CTOPOHE He cABUraeTcs No YacToTe OTHOCUTENIbHO YacTOTbl, 3alaBaeMOl CUHTe3aToOpoOM. MeHAeTCs TOSb-
KO amnantyga v ¢asa curHasna us-3a Toro, YTo MeHSIETCS 9/1eKTPUYECKOE COMPOTUBIIEHME BMOUYMNMNA B pE30OHAHCE
M aHTMpe3oHaHce. Bce namepeHunst pe3oHaHCHOM YacToTbl 6bIaIM NOYYeHbl NPU 3N1EKTPUYECKOM MoJse B Nbe3o-
KepamMuke B gnanasoHe oT 340 - 500 B/M. NogaBaemMoe HanpsixeHue Ha Nbe3okepaMunky coctasnsieT 34-50 MB.

B pa6oTe onpenensieTcsi CABUI Pe30HAHCHOM YaCcTOTbl 3@ CYET UBMEHEHUSA MacChbl NPY NPUKPENIEHUN MULLE-
HU K Mbe303sieMeHTY. [1111 3TOro cHayasia Heo6X0AMMO HaMTU Pe30HAHCHYH YacToTy (To ecTb HalTK AnanasoH
4acToT, B KOTOPbIX OHa pacrionaraetcs). B aToM AnanasoHe 4acTOT HaAo NofaTb CUrHa ¢ NOCTOAHHOM aMMn-
Tygov (Bpemsi npo6era Bcero AuanasoHa Ans npumepa 1 cekyHaa). Mocne npo6era Bcero Avana3oHa nonyyaem
1 pe3oHaHCHbIN NKK. 3aTeM CHOBa NPOXOAUM 3TOT AManasoHa U Tak nosydaem N pe3oHaHCHbIX MUKOB, KOTOpble
obpabaTbiBaeM B AanbHeiweM (MLLeM «LIeHTP Macc») M CTPOUM 3aBUCUMOCTb U3MEHEHUS 4YacTOoTbl pe30HaHCHO-
ro nvka ot BpeMeHu. 06paboTKoI aTUX AaHHbIX 3aHUMaeTcs M0 GeMmToCkaH OHnaitH [1].

[nsa onpefeneHns pe3oHaHCHOM YacToTbl KonebaHui KaHTuneBepa AMamMeTpoM | Mbl ncnonbayem Gopmyiny
[N Nbe3oKepamMuyeckoro aucka [2]

n Y

f=55

Y =0,7x10" — mopynb tOHra gnsa LUTC 19, p = 7,5x10° — nnoTHocTb ans LITC 19, n — HOMep rapMOHUKM.
[ns gucka avameTpoMm 3 MM pe30HaHCHbIM MUK JOMKeH 6biTb Ha YacToTe 510 klu. [na npoBepku nony-
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YeHHbIX AaHHbIX COBMPaeM YCTaHOBKY Ha OCHOBE 3/IEKTPOHHOI CXeMbl 30HA0BOIr0 MUKPOCKoMa. B ganbHelwem
6yneT paspaboTaHa aNeKTPOHHAas cxeMa AJ/is yrnpaB/ieHnss GBUOCEHCOPOM, BKJIOYatoLwas nnatbl UMbpoBOro CuH-
Te3aTopa 4acToT, NPeLU3NOHHOr0 YCUIMTENss BXOAHOMO curHana, uHTepderica, LLAM-ALIM, cTabunmampoBaHHOMoO
nuTaHus. Huxe npeacTaBfieHbl pe3ynbTaTbhl ONpeaesieHnst pe30HaHCHOro Nuka Ans Aucka AuamMeTpom 3 MMm.
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PucyHok 1. lNony4yeHHble KpUBbIe NO onpeaeneHnto pe3oHaHCHOro nuka:
BEPXHWUI rpadnK aMmnaunTyaa konebaHui, HWKHUIA rpadumk — dasa

MoaTBEPXAEHO, YTO HaMboNbLUMIA BKNAA B U3MEHeHWe pe30HaHCHOW YacTOTbl BHOCUT UMEHHO M3MEHeHue
YKECTKOCTM MNEHKN Ha NOBEPXHOCTM 61MoYMNa, a He MPUKPEnsieHHas Macca.

WccnepoBaHune BbINOMHEHO Npy GUHAHCOBOW Noaaepxke Poccuiickoro doHaa pyHaamMeHTanbHbIX uccneso-
BaHui, npoekT N2 20-32-90036
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Electromechanical biosensors allow detecting viruses with high sensitivity — up to single viral particles. In this work,
electromechanical systems based on cantilever biochips are used to detect biological agents.

Key words: biosensor, scanning probe microscope, piezoceramics, mechanical resonance.
The biochip consists of two piezoelectric disks, on the sides of which electrodes are soldered. A signal can be
applied to both the first and the second contact, so the receiving side is any. The signal on the receiving side is not

frequency shifted relative to the frequency set by the synthesizer. Only the amplitude and phase of the signal change
due to the change in the electrical resistance of the biochip in resonance and antiresonance. All measurements of the
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resonant frequency were obtained with an electric field in piezoelectric ceramics in the range from 340 - 500 V/m. The
applied voltage to the piezoceramic is 34-50 mV.

The work determines the shift of the resonance frequency due to the change in mass when the target is attached
to the piezoelectric element. To do this, you first need to find the resonant frequency (that is, find the frequency
range in which it is located). In this frequency range, a signal with a constant amplitude must be applied (the travel
time of the entire range, for example, is 1 second). After running the entire range, we get 1 resonance peak. Then we
go through this range again and so we get N resonance peaks, which we process in the future (we are looking for the
"center of mass") and build the dependence of the change in the frequency of the resonance peak on time. This data
is processed by FemtoScan Online software [1]. To determine the resonant vibration frequency of the cantilever with
a diameter |, we use the formula for a piezoceramic disk [2]:

Y =0.7x10" - Young's modulus for PZT 19,

p = 7.5x10% - density for PZT 19, n - harmonic number.

For a 3 mm disc, the resonance peak should be at 510 kHz. To check the data obtained, we assemble the
installation based on the electronic circuit of the probe microscope. In the future, an electronic circuit will be
developed for controlling the biosensor, including boards for a digital frequency synthesizer, a precision amplifier
for an input signal, an interface, a DAC-ADC, and a stabilized power supply. Below are the results of determining the
resonance peak for a disk with a diameter of 3 mm.
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Figure 1. Obtained curves for determining the resonance peak:
the upper graph is the vibration amplitude, the lower graph is the phase

It was confirmed that it is the change in the film rigidity on the biochip surface, and not the attached mass, that
makes the greatest contribution to the change in the resonance frequency.

The study was carried out with the financial support of the Russian Foundation for Basic Research, project No.
20-32-90036
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