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MpepctaBneH 0630p MOC/eAHUX [OCTMIKEHUM CKAHUPYIOWEA 30HAOBOM MMKPOCKONMUAU B pelueHuun
npakTU4yeckux 3agay B obnactm 6uonorMm M MeauuuHbl. POAEMOHCTPUPOBAHbI  YHUKA/bHbIE
BO3MOXXHOCTU CKAHUpYIOLLEN KanuuisipHOM MUKPOCKOMUU NpY HabntogeHnn Mopgosiorum eauHUYHbIX
KNETOK U U3YyYeHMU MPOBOAMMOCTU MOHHbIX KaHAa/IOB MeM6paHbl kKneTok. Oco6oe BHUMaHue yaesieHo
OMNUCaHMIO NPUHLMNA MOJIEKY/IIPHOW MNe4yaTu C MOMOLLbIO TEeXHUKU CKaHUpYOWen KanuuisipHOn
MuKpockonuu. [MpuBeAeHbl [aHHble O CO34AaHUM KanuisipHbix 6uMoHaHoceHcopoB. [lpepcTaBfieHO
OpUrMHaJ/IbHOEe peLleHne MO CO3AAHMI0 Mbe30KepaMUYeCKUX KaHTW/eBepHbIX 6MOYMNOB /19 paHHero
o6Hapy>xeHusi Bupyca rpunna A.

The review of the latest achievements of scanning probe microscopy in solving practical problems in the
field of biology and medicine is presented. The unique capabilities of scanning capillary microscopy are
demonstrated in observing the morphology of single cells and studying the conductivity of the ion channels
of the cell membrane. Particular attention is paid to the description of the principle of molecular printing
using the technique of scanning capillary microscopy. Data on the creation of capillary biononosensors are
presented. An original solution for creating piezoceramic cantilever biochips for early detection of influenza

Avirus is presented.

pelH IepBoCTeIleHHbIX 3a7a4 OKMoMeUIIMHCKOMN
CKaHMPYIOILEH 30HI0BOK MUKPOCKOIIMK MOXKHO
OTMEeTHTb CJIe/IYIOI e HallpaB/IeHHU s

* paHHee obHapyKeHHe OHOTOTMYECKHX aTeHTOB
(BUpYCOB 1 6aKTEPHU ) U Pa3THYHBIX OHOIOTHUeCKUX
MHUIIIeHeH B BO3/IyXe 1 6HOI0rHuecKUX SKUIKOCTSX;

* ompeleneHHe MOP(OTIOTHH K Ka4ecTBa KJIeTOK Ueslo-
BeKa, pa3paboTKa KOJIMUYeCTBEHHOTO MeTo[a 3KC-
Ipecc-aHa/IK3a KJIeTOK;

 co3gaHHUe arnaca 6aKTepHaIbHBIX KIETOK I10 JaH-
HBIM CKaHHUPYIOIIEeH 30HJ0BOM MHUKDPOCKOIIMH JIJIS
OHarHOCTUYeCKUX LieTlel;

+ paspaboTka meTomoB obHapysxkeHus JHK Bupy-
COB M IIaTOTeHHBIX HaKTepHUIl MeTOAOM IIPSIMOIO
HabnofeHKs aKTOB TMOPHUIM3aIMK Ha IIOBEPXHO-
CTH OHMOYHIIOB C IIOMOIIBIO CKAHH PYIOIIEl 30HI0BOM
MHKPOCKOIIHH;

¢ CO3/aHHe MeTOIO0B 0OHApPYsKeHUS BUPYCOB U I1aTO-

FeHHBIX KJIETOK C IpHUMeHeHHeM apOUHHBIX

[IOBEPXHOCTEH.

3a mocienHee AecsATUJIeTHEe IIPOM30MIeN Kaye-
CTBEHHBIN CKA4YOK B Pa3BUTHUHU PSa METOJOB CKa-
HUpYyIOLleld 30HOOBOM MUKPOCKONHH, B TOM
Yuciie - CKAHUPYIOIeH KAaIlU/UISPHOM MHUKPOCKO-
nuu (1, 2]. 3aMedeHo, 4TO IIpH HabIIOJeHUH KUBBIX
KJeTOK KaIlMJIASIPHAs MHUKPOCKOIIMS II03BOJSIET
IOJIyYUTh 60jIee TOUHBIe HU306paskeHU s, IIOCKOIBKY
OTCYTCTBYeT CHJIOBOe B3aHMOMEHNCTBUE MeXY 30H-
oM (KaIIMJUISIpOM) ¥ MeM6PaHOM KJIeTKH [3]. BmecTe
C TeM, BBICOKOCKOPOCTHASI aTOMHO-CHUJIOBASI MUKPO-
CKOIIM S I103BOJIsIeT HabIoaaTh OMoIoruiecKue IIpo-
LleCChl Ha YPOBHe eJUHHUYHBIX OMOMaKpOMOJIEKYI
C BBICOKMMH Pa3pelleHHeM U CKOpPoCThio [4]. B riesrom
MO’XHO YBepeHHO KOHCTAaTHUPOBaTh, UYTO B YMeJIBIX
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CONTROL AND MEASUREMENT

Puc.1. 380atouus npubopos npoussodcmaa HIM "LieHmp nepcnekmugHbX mexHoAo2ull” (WWw.nanoscopy.ru, www.nanoscopy.net):
0m MyHHeAbH020 MUKpockona "CkaH-8" (1987 200, caesa) uepe3 ckaHupyouuil 30H008bIl mukpockon "®emmoCkaH" (1997 209,
8 UeHmpe) Kk 6bicmpodelicmaytoliemy CKaHupyrouemy 30H0080my mukpockony "®emmoCkaH X" (2013 209, cnpasa)

Fig.1. Evolution of devices manufactured by Advanced Technologies Center (Www.nanoscopy.ru, www.nanoscopy.net): from Scan-8
tunnel microscope (1987, left) through FemtoScan scanning probe microscope (1997, in center) to FemtoScan X high-speed scanning

probe microscope (2013, right)

PYKax coBpeMeHHBbIe MOJe/TH CKAaHUPYIOIIero KaIrmiI-
JISPHOTO U aTOMHO-CHJIOBOTO MUKPOCKOIIOB CTaHO-
BSITCSI Ype3BBIYANHO [10JIe3HBIMH UHCTPYMeHTaMHU
O pelleHHs 3aa4 6MOJOTUY U MeJULIUHBL. [/s
OHOMeIUITMHCKUX IIe/Iell HAMU pa3paboTaH 6eIcTpo-
JeHCTBYOI UK CKAHUPYOMHUIH 30HA0BBIM MHUKPO-
ckon "®emToCkaH X", B KOTOpOoM 0b6paTHas CBS3b
paboraeT Ha yactoTe 1 MI'Ly [5].

CKAHUPYIOLLAA KANUNNAPHAA MUKPOCKONNA

HoBble BO3MOKHOCTH /151 MEJHLIMHBI OTKPbIBAeT CKaHH-
pyIoIiasi HOH-TIPOBOASIASE MUKPOCKOIIMS MK CKaHU-
pyioIas KalH/UISPHAsi MUKPOCKONUSA. B fononHeHMe
K Hab/TI0/IeHHU 0 TOMOTrPadUH C BRICOKUM pas3pelleHHeM
CKaHUPYyOmas KalKIAIpHass MUKPOCKOIIHUS MOXKeT
BBITIOIHSITh MHOTOQYHKIIMOHA/IbHBIN aHAIH3 JKUBBIX
KJIeTOK, BKJIIO4Yasi HabaomeHHe MOPOIOrUYeCKUX

mong the paramount tasks

A(;f\ biomedical scanning probe

icroscopy, we can note the
following areas:

 early detection of biological
agents (viruses and bacteria) and
various biological targets in air
and biological fluids;

+ determination of morphology and
quality of human cells, develop-
ment of a quantitative method for
rapid cell analysis;

« creation of a bacterial cell atlas
for diagnostic purposes with the
use of scanning probe microscopy
data;

« development of methods for
detecting DNA of viruses and
pathogenic bacteria by direct
observation of hybridization on

the surface of biochips using

scanning probe microscopy;

« creation of methods for detection
of viruses and pathogenic cells
using affine surfaces.

Over the last decade, there has
been a qualitative leap in the devel-
opment of a number of methods of
scanning probe microscopy, includ-
ing scanning capillary micros-
copy [1, 2. It is noted that capillary
microscopy allows obtaining more
accurate images of living cells, since
there is no force interaction between
the probe (capillary) and the cell
membrane [3]. At the same time,
high-speed atomic force micros-
copy makes it possible to observe bio-
logical processes at the level of sin-
gle biomacromolecules with high

resolution and speed [4]. In general,
we can confidently state that mod-
ern models of scanning capillary
and atomic force microscopes in the
able hands are extremely useful tools
for solving the problems of biology
and medicine. For biomedical pur-
poses, we developed the FemtoScan
X high-speed scanning probe micro-
scope, in which the feedback oper-
ates at a frequency of 1 MHz [5].

SCANNING CAPILLARY MICROSCOPY

Scanning ion-conductance micros-
copy or scanning capillary micros-
copy opens new possibilities for
medicine. In addition to observing
high-resolution topography, scan-
ning capillary microscopy can per-
form multifunctional analysis of
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Puc.2. SKkcnepumeHmanbHas ycmaHoska 0As KkanuaasipHoll cmepeo-
AuUmozpaduu Ha 6ase CKAHUPYHOW,e20 KanuAAsIpHO20 MUKpockona
U UHB8EpMUPOB8AHH020 onmu4eckozo mukpockona Nikon Ti-U
Fig.2. Experimental system for capillary stereolithography based
on scanning capillary microscope and Nikon Ti-U inverted optical
microscope

TpaHcopMal UM, BBI3BAHHBIX QU3HOTIOTrHYe-
CKUMH BO3IEHCTBUSIMHU, UAEHTUOUKALUIO BHY-
TPUKJIETOUHBIX CUTHAJIBHBIX [IyTeH U ONpefiesieHHe

XapaKTePUCTUK MeXaHHUYeCKUX OTBETOB, YTO JeMOH-
CTPHpYeT YHHUBEPCATBHOCTh MeToa. HcIonbp30BaHMe
MHOIOKAaHA/TbHBIX HAaHOKAIHU/IISIPOB IO3BOISET
OCYIIeCTBIATD JTOKAJBHYIO JOCTAaBKY XUMHUUYECKHUX
BellecTB (MeUIIMHCKUX IIperapaToB) 0 HeIocpes-
CTBEHHOI'0 KOHTAaKTa C K/IeTKOH. TaKoM HaHOKAIIKJI-
TSP MOKeT TaK>Ke SIBJISITHCS 37TeKTPOXHUMHUUYECKHUM
30HJOM [JIs OIpefie/leHUsI PA3IHUYHBIX KH3HEHHO
Ba>KHBIX I1apaMeTpPOB, HANIPUMep, KOHLIeHTPaLlUuH
aKTUBHBIX GOPM KHCI0POAa BOIH3U MOBEPXHOCTH
SKUBOM KJIETKH, a TaK>Ke BHYTPHU Hee [6].

PAHHEE OBHAPY)XXEHWUE BUPYCA I'PUMMA C MOMOLLbIO
CKAHUPYIOLLEE/ 30H10BOW MUKPOCKOMMUM
PaHHee obHapyskeHHe BUPYCOB U OaKTepUIl B SKUJ-
KOCTHM IO3BOJISIET CYIIeCTBEHHO CHH3MTb PHCK
MHQeKIIMOHHHBIX 3a60seBaHUN. ITa aKTyaabHAS
Y COLIMAJIbHO 3HAYMMas 3a/laua IBJISIeTCS JOCTaTOYHO
C/IO>KHOM U TpebyeT MHHOBAI[HOHHBIX PeIleHUH.
Hamu ocymiecTBieHa pa3paboTka KOMIIAKTHOTO
U Hegopororo 6roceHcopa A1 0OHAPYKeHHS pa3Iuy-
HBIX 6HMOTOTMYeCKHUX MHUIIEHel ~ BUpyca TPHUIINA A,
MHKpOaabbyMHHA, IIPOCTAT-CIIeUPHUIECKOT0 AHTH-
reHa u np. KnwoueBbIM 31eMeHTOM buoceHcopa
SIBJISIeTCSI KAHTHUJIeBEPHBIE GHOUUII - IIbe30KepaMU e~
CKHI JUCK, II0BEPXHOCTh KOTOPOI0O IIOKPBITA OHocIIe-
IUUUYECKUMU CEHCOPHBIMHU C/IOAMH. CBSA3BIBAHHE
MHUIIEHH C IIOBEPXHOCTHIO OHMOUMIIA OIIpefensieTcs
10 M3MEeHeHHIO Pe30HAHCHOH YaCTOThI Ibe30KepaMHU-
4eCKOro JMCKa. B pe3ynbraTte B3aUMOLEUCTBUA [1ATO-
TeHOB C PeLlelITOPHBIM c/loeM OrounIa 3¢dekTHBHAS
Macca U >KeCTKOCTb IocjefHero 6ynyT U3MeHSThCS,

living cells, including the observa-
tion of morphological transforma-
tions caused by physiological effects,
the identification of intracellular
signaling pathways and the charac-
terization of mechanical responses,
which demonstrates the versatil-
ity of the method. The use of mul-
tichannel nano-capillaries allows
local delivery of chemicals (medical
preparations) prior to direct contact
with the cell. Such a nano-capillary
can also be an electrochemical probe
for determining various important
parameters, for example, the con-
centration of reactive oxygen species
near the surface of a living cell, and
alsoinside it [6].

EARLY DETECTION OF INFLUENZA
VIRUS BY SCANNING PROBE
MICROSCOPY

Early detection of viruses and bac-
teria in the fluid can significantly
reduce the risk of infectious dis-
eases. This urgent and socially sig-
nificant task is quite complex and
requires innovative solutions.

We have developed a compact and
inexpensive biosensor for detecting
various biological targets - influenza
Avirus, microalbumin, prostate-spe-
cific antigen, etc. The key element of
the biosensor is the cantilever bio-
chip - piezoceramic disk, the surface
of which is covered with biospecific
sensory layers. The binding of the
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target to the surface of the biochip is
determined from the change in the
resonance frequency of the piezoc-
eramic disk. As a result of the inter-
action of pathogens with the biochip
receptor layer, the effective mass and
rigidity of the latter will vary, which
can be estimated from the shift of
the cantilever resonant frequency:

Ak Am

k m

Af=1f
2

’

where Af, Ak, Am are the changes
in the resonance frequency, rigidity
and mass of the biochip, and £, k
and m are the initial values of these
parameters.
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YTO MOSKET OBITh 34aperucTpupoOBaHO I10 CABUTY pe30-
HaHCHOM YaCTOTHI KaHTHJIeBepa:

af=L, [A—k-A—m}
2%k m
roe Af, Ak, Am - u3sMeHeHus Pe30HaHCHOM YacTOTHI,
SKeCTKOCTH U Macchl 6uoumnma, a f,, k u m - mepsona-
YaJ/IbHble 3HaYeHH s 3THUX [1apaMeTPOB.

B 6710Ke yIpaBieHHs1 610CEHCOPa UCIIONB3YIOTCS 3/IeK-
TPOHHBIE IJIaThl CKAHHPYIOIIEro 30H/J0BOI0 MUKPO-
CKOIla, B TOM 4HC/Ie LUPPOBOM CUHTE3aTOP YaCTOTHI,
NpellU3UOHHBI YCUIKTe/Ib BXOLHOIO CUTHAJIA, UHTep-
deric 11st CBSI3U C KOMIIBIOTEPHBIM 0/I0KOM, TE€PMOCTAT
[IPOTOYHOM KUIKOCTHOM siuerky, LIAIT-ALIII, cTabu-
TU3HMPOBaHHOE IIMTaHHe, IIUPPOBOL CUTHATBHBIM ITPO-
Leccop. Psij; TeXHOMOTMYeCKUX pellleHH  ~ CHMMeTpHS
KOHCTPYKLMH 6HOYHUIIA U 37IeKTPOHHOI CXeMBI IIOAAYH
Y CHSITHSI CUTHaJIa [T03BO/IMJIH CyLleCTBEHHO IIOBBICUTh
TOYHOCTB U IOCTOBEPHOCTH U3MePeHHUH [7].

B mpoBefileHHBIX 3KCIIEPUMEHTAX JOCTUTHYTA YyB-
CTBUTEJIPHOCTB I10 06HApy>KeHUIO BUPYyca TPHUIINA A Ha
ypoBHe 10° es1. B M1 [8]. ITpofie MOHCTPUPOBaHA BO3MOXK-
HOCTb BBISIBJIEHH I HU3KHUX KOHIIEHTPALMH MUKPOAJIb-
OyMHHa B 6HMOTOrMYeCKUX SKUIKOCTSIX C [IOMOLIIBIO IIbe-
30KepaMHUyueckoro 6Mo4YHIIa C CEHCOPHBIMU C/IOSIMU
Ha OCHOBe MOHOK/IOHAJIPHBIX aHTHTeJ [9].

Hcnonb30BaHHe OPUTHHAIBHOM KOHCTPYKIIUH IIPO-
TOYHOM >KHMJKOCTHOU STYeHKHU H IIbe30KepaMHUeCKOro
OHoYMIIa B KAUeCTBe IIO/I/IOKKH B COCTAaBe CKAHH PYIOIIEro
30HJJ0BOI'0 MHKPOCKOIIA [103BOJIsIeT B PeaIbHOM BpeMeHU
Hab/no#aTh afcCOpOLIUIO OTeIbHBIX BUPYCHBIX YaCTHI]
C OIHOBPeMeHHOM PerucTpalikerl CBUIa pe30HaHCHOM

YaCTOTHI MeXaHUYeCKUX KonebaHu 6uounmna. C Iomo-
IIBI0 TAKUX U3MEePEeHUN MOKHO OCYIIEeCTBIISITh KalH-
6poBKy broUMIIa, YTO HEOOXOMKMO J/IsI TPAKTHYECKHX
IIpYMeHeHUH B MeIMLIMHe. To4HOe h3MepeHHe pa3MepoB
BUPYCHBIX YaCTHI] MOKHO BBIIIOJTHSTD C IIOMOIIIBIO Pa3pa-
OOTaHHOrO paHee 3TajJIoHa HaHOMeTpa [10].

KAMUNNSAPHAS CTEPEO/IUTOIPAOKSA

C MOMeHTa CBO€ro M0sIBJIeHH S aTOMHO-CHJI0BasI MUKPO-
CKOIIMS NPUMeHSeTCsa [/s peaqH3allUu pas3aud-
HBIX PeSKMMOB HAHOJTHUTOIPA®UH C IIOMOILIBIO CHJIO-
BOT'0, TEILJIOBOT'O MJIU 3JIEKTPUYECKOTO BO3IEeHCTBUS.
CKaHUpyoIass KalWIspHas MUKPOCKOIUS CTala
3$PeKTUBHBIM UHCTPYMEHTOM HaIlpaB/IeHHOI0 Macco-
IepeHoCa OTAeNbHBIX 6HOMaKPOMOJIeKYI, HAHOYACTHI]
u np. [11]. MHOrokaHabHbIe 30H/bl MOKHO HCII0/Ib30-
BaTh /151 3D-TIeYaTH 33IaHHBIX MOJIEKYISIPHBIX KOHQHU-
rypanui. [loqaua MakpoMosIeKyI Yepes KaIli/UISp IIpo-
BOIUTCS Pa3/TMYHBIMU CII0cO6aMU, HallpUMep, C IIOMO-
IIbIO 3/IeKTPOdOpe3a U/ IIyTeM CO3AAHHUS B KAITUI/ISIpe
M36bITOYHOrO aB/IeHH .

JIByMepHas nuTorpadus ¢pryopecleHTHEIMHU ber-
KaMU 6bl/Ia YCIIENTHO BBIIIOJIHEHA HA CKAHHUPYIOIEM
HOH-TIPOBOJSIIIEM MUKPOCKOIIE C IPUMeHeHHeM JIByX-
KaHaJIBHOTO KanwuIispa B pabore [11]. TakuM criocobom
ObL/1a cO3ZlaHa LIBeTHASI MUHHATIOPHAS! KOIIK S KapTHUHBI
Jlera "TaHIOBIIUIIB". Pa3Mep MHHHATIOPbI COOTBETCTBO-
BaJI [UAMeTPy Bojioca (0K010 50 MKM).

CraHUpyoIas KaOU/UISpHas CTepeoauTorpadus
HMeeT OIlpe/ie/IeHHbIe IPeUMYILEeCcTBA [10 CPABHEHUIO
C JIa3epHO cTepeonUTOrpadrerl, IpoCTPAHCTBEHHOe
paspelleHre KOTOPOH OrpaHUYeHO AUPPaKIIHMOHHBIM

In the biosensor control unit,
the electronic boards of the scan-
ning probe microscope are used,
including a digital frequency syn-
thesizer, a precision amplifier of the
input signal, an interface for com-
munication with a computer unit,
a thermostat of the flowing liquid
cell, a DAC-ADC, a stabilized power
supply, and a digital signal proces-
sor. A number of technical solu-
tions including the symmetry of
the design of the biochip and of the
electronic circuit for supplying and
removing the signal have made it
possible to significantly improve the
accuracy and reliability of measure-
ments [7].

In the conducted experiments the
sensitivity for detection of the influ-
enza A virus at the level of 10° units
in ml. was achieved [8]. The possibil-
ity of detecting low concentrations
of microalbumin in biological fluids
using a piezoceramic biochip with
sensory layers based on monoclonal
antibodies was demonstrated [9].

The use of the original design of
a flowing liquid cell and a piezoc-
eramic biochip as a substrate in the
scanning probe microscope allows
real-time observation of adsorp-
tion of individual virus particles
with simultaneous registration of
the shift of the resonant frequency
of mechanical oscillations of the

biochip. With the help of such mea-
surements it is possible to calibrate
the biochip, which is necessary for
practical applications in medicine.
Accurate measurement of the size
of virus particles can be performed
using the previously developed
nanometer gauge [10].

CAPILLARY STEREOLITHOGRAPHY

Since its development, atomic
force microscopy has been used
to implement various modes of
nanolithography with the help of
power, heat, or electrical impact.
Scanning capillary microscopy
has become an effective tool for
directed mass transfer of individual
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IpesiesioM, COCTAB/SIOMIUM OKOJIO IIOJIOBUHBI AJIHHEI
BOJIHBI JIA3€PHOI0 M3/1yYeHHs. B KallM/IIpPHOM MUKPO-
CKOIIMH JOCTUTAeTCsl HAHOMETPOBas U CybHaHOMeTpo-
Basi TOYHOCTh [IO3ULIMOHHMPOBAHHU . [IJHaMeTp BBIXO[JHOIO
KaITHJIIS1pa MOKeT BaPbUPOBAThCA B IUAIIa30He OT e/lH-
HUII I0 COTeH HAHOMETPOB, YTO OTKPbIBaeT BO3MOKHOCTh
CO3/IaHMS MOJIEKY/ISIPHOIO 3D-IIpUHTepa.

[Ip1 U3roTOBAEHUH OJHOKAHA/IbHBIX UJIM MHOIOKa-
HaJIbHBIX HaHOKAIMJ/ISIPOB JJIs CTepeouTorpadpuu
HCIIONIB3YIOTCS CTEK/ISTHHBIE MUKPOTPYOOUKH M3 KBapLa
MM 60POCHIMKATHOIO CTeK/IA, ITHPOKO ITPUMeHsieMble
JJ151 pellieHu s 37IeKTPOPHU3HO0IOrMUeCKHX 3a/1a4.

3AK/IIOMEHME

MOo>XHO MPOrHO3MPOBATh AajbHeMHIIee PacuIipeHue
WCIIO/Ib30BaHU S CKAHHUPYIOIEro Kallk/UISIPHOTO MUKPO-
CKorla B 6OMeAUIIMHCKUX ITPU/IOKEHUSIX U TeCTUPOBA-
HHU JIeKapCTBEHHBIX CPeJICTB C UCII0Ib30BAHHEM BCETO
JUIIb ONHON KJIETKH, a He UX KyAbTyphl [12]. Takke
OBICTPO U YCIIEIIHO Pa3BUBAIOTCS MPaKTHUUYeCKUe IIPU-
MeHeHU s CKaHUPYIOUel 30HJ0BOM MHUKDPOCKOIHHU
IJ1S1 33/1a4 MOJIeKY/ISPHOM MeIHLIMHBI, B YaCTHOCTH,
paHHero obHapy>KeHHS BUPYCOB B BO3AYIIHBIX CPeax
U KUIKOCTSIX.

HccaedosaHue 8blnonreHo npu ¢purarcosoil noddepskke POPU
(npoexmbt 17-52-560001 u 16-29-06290).
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are widely used to solve electrophysi-

etc. [11]. Multi-channel probes can
be used for 3D printing of specified
molecular configurations. The sup-
ply of macromolecules through the
capillary is carried out in various
ways, for example, by electrophore-
sis or by creating excess pressure in
the capillary.

Two-dimensional lithography
with fluorescent proteins was suc-
cessfully performed on a scanning
ion-conductance microscope with
the use of a two-channel capillary
in [11]. In this way, a color miniature
copy of the Degas "Dancers" was cre-
ated. The size of the miniature cor-
responded to the diameter of the
hair (@about 50 microns).

Scanning capillary stereolithog-
raphy has certain advantages over
laser stereolithography, the spatial
resolution of which is limited by
the diffraction limit that is about
half the wavelength of the laser
radiation. Capillary microscopy
achieves nanometer and subnano-
meter positioning accuracy. The
diameter of the output capillary
can vary from a few to hundreds of
nanometers, which opens the pos-
sibility of creating a molecular 3D
printer.

When manufacturing single-
channel or multichannel nano-cap-
illaries for stereolithography, glass
microtubules made of quartz or
borosilicate glass are used, which
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ological problems.

CONCLUSION
It is possible to predict further
expansion of the use of a scanning
capillary microscope in biomedical
applications and testing of drugs
using only one cell, rather than
their culture [12]. Practical applica-
tions of scanning probe microscopy
for molecular medicine problems, in
particular, early detection of viruses
in air and liquid media, are also rap-
idly and successfully developed. ®
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