HAHOTEXHO/OrUU

MonyyeHo: 22.09.2023 1. | MpuHATO: 25.09.2023 1. | DOI: https://doi.org/10.22184/1993-8578.2023.16.6.338.344
HayuyHas cTaThs

3D-BU3YAJIU3ALNA U XAPAKTEPU3ALIUA BUPYCOB
PACTEHWA METOAAMMW BUOHAHOCKOMNUM

A.H.AxmeTtoBal, K.$.-M.H., MJI. Hay4. coTp., ORCID: 0000-0002-5115-8030

H.A .HukutHH?, 1.6.H., pod., ORCID: 0000-0001-9626-2336

M.B.ApxuneHKko?, k.6.H., CT. Hay4. cotp., ORCID: 0000-0002-5575-602X
0.B.Kapmnosa?, 1.6.H., mpod., 3aB. Kad., ORCID: 0000-0002-0605-9033
U.B.SImuHCckui!, 1.¢.-M.H., mpod., ORCID: 0000-0001-8731-3947 | yaminsky@nanoscopy.ru

AHHOTaI M. BUPyChl pacTeHUI He HMEIOT OOIIMX I1aTOreHOB C M/IEKOIIUTAIOIIUMU, B CBSI3U C UeM B IIOC/IeHUe
rofbl pa3paboTKy MeJUILIMHCKUX 1 BeTepUHaPHBIX OLOTeXHOOT U Ha KX OCHOBE II0/IyYKJIM aKTUBHOE Pa3BU-
THe. K TakKM pa3paboTkaM OTHOCUTCS CO3aHHUe IIJIATHOPM /151 QYHKILIMOHAIBHO-aKTUBHBIX MOJIEKYJI, CPeCTB
JOCTaBKU JIeKapCTBEHHBIX [TpeIapaToB U OOKOHTPACTHPYIOIIUX areHTOB. F3ydeHUe CTPYKTYPbl, MOPPOIOrUU
1 0c0beHHOCTe CTPOeHHU I IOBEePXHOCTH BUPYCHBIX YaCTUL] SIB/ISIeTCS BAXKHBIM HaIlpaBeHHeM, I103BO/ISIOI UM
pa3pabaTeiBaTh HOBbIE 3dPeKTHBHbIE METOABI 60PBOBI C BUPYCHBIMU MHPEKIHMSIMI 1 COMYTCTBYOIIHE HHCTPY-
MEeHTBI MOJIEKY/ISIPHOM MeHUIIMHEL. B 1aHHOM paboTe MeTomom ACM ObLIH HCC/IeJoBaHBI CTPYKTYpa U CBOKCTBA
YaCTHUI] BUpYyca TabauHOM MO3aHKHU B KaueCTBe MOZIe/IbHOro o6beKTa. [IpoJeMOHCTpHUPOBaHO, uTo MeTod ACM
SIB/ISIETCSI IOAXOAS MM HHCTPYMEHTOM JJISI U3yUeHHU sl BUPYCHBIX YaCTHII.
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Abstract. Plant viruses do not have common pathogens with mammals, and therefore in recent years the devel-
opment of medical and veterinary biotechnologies based on them has been actively developed. Such developments
include the creation of platforms for functionally active molecules, drug delivery vehicles and biocontrast agents.
The study of the structure, morphology and structural features of the surface of viral particles is an important
area that makes it possible to develop new effective methods for combating viral infections and related tools of
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molecular medicine. In this work, the structure and properties of tobacco mosaic virus particles as a model object
were studied using AFM. AFM has been demonstrated to be a suitable tool for studying viral particles.
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BBEJEHUE

Bupyc TabauHoM Mo3auKu (BTM) SIBIISIeTCS STAIOHHBIM
06pasLiom 1l MHOTHUX UCCIIeOBAHUM, OH IIOpaskaeT
PaCcTeHHs CeMeMCTBa IIacIeHOBbIX, TaKKe Kak Tabak,
TOMaT WJIU IlepeLl, BbI3bIBasl XapaKTepHbIe MO3aUUHbIe
y30pHl, 0cODeHHO Ha pacTeHHUsX Tabaka, HO He3Bpe-
JeH 1 MJIeKonuTamInux. BTM npeacrasiseT coborn
BBITSIHYTYIO IIOJIYIO YaCTULY AJHUHOMN 300 HM, BBICO-
TOH 18 HM, B KOTOPOH KaIICHJ,, COCTOSIINUI U3 2130 cy6B-
enuHUIL 6enKa 06010uKH, 06pasyeT crimpasnb, BHYTPb
KOTOPOM 3aK/I04YeHa FeHOMHasl OfHOLlellodyeyHas
PHK [1]. Brarogaps npocToTe CTPyKTYyphl, 6e30macHo-
CTH [/ 4YesloBeKa, YCTOMUYMBOCTH U AOCTYIIHOCTH BTM
SIBJISIeTCS M3/1I00/IeHHBIM 00beKTOM HCCIeL0BaHU S
IUISI PAa3/IMYHBIX 00acTell HayKy, BK/IOYasl MOJIEKY-
JIIPHYIO BUPYCOIOTHIO, CTPYKTYPHYI0 6H0IOrHI0, 6110~
WH>KeHEPHIO U MHOTUX IPYTHX.

HM3ydeHHe B3aHMOCBSI3U MeXIy MeXaHUYeCKUMHU
CBOMCTBAMH, CTPYKTYypPOoUu U QYHKIUSIMHU BUPYCHBIX
YaCTHL OTKPBIBAET CIIOCOOBI X IPHMeHEeHH s B HOBOM
KayecTBe B OMOTeXHOJMOIUAX. Iloc/IeHMe UCCIeo-
BaHMS AEeMOHCTPUPYIOT BO3MOKHOCTD HCII0/Ib30Ba-
HHUS BTM B KauecTBe MUKPO3/IeKTPOHHBIX YCTPOKCTB,
KOMIIOHEHTOB BaKLIMH U CHCTeM JOCTaBKH JIeKapCTB
IIS1 TedeHHUS paka [2-6]. ATOMHO-CHJIOBasi MUKPO-
CKOIIH S SIBISIeTCSI XOPOIIMM HHCTPYMEHTOM, KOTO-
PBIH I103BOJISIET IOAy4aTh 3D-u306paskeHHe 06beKk-
TOB U BBITIOTHSIET PO/Ib KOHTPOJISI YMCTOTH U KauecTBa
mperaparta ajis Lenein 6uomesUIUHBL. C IIOMOIIBIO
ATOMHO-CHJIOBOM MUKPOCKOIIHMH HCCIe[0BaTUCh 0CO-
OeHHOCTH aire3UH BUPYyca TabauHOM MO3aHKH K CITIOe
U rpaduTy, B3aUMHas OpHeHTallHsI BUPYCHBIX YaCTHI]
Ha IIOJJIOKKe U ee BO3MOXKHOe BIIMSHHE Ha BUPYC, pac-
CMaTPHUBAJIMCh PA3/IMYHBIle BAPUAHTHI XUMHUYECKON
MOAHG(UKALINY [TOBEPXHOCTH CIIOABI A/ YCUIeHHUS
a[re3suy BUPYCHBIX YaCcTHUIIL [7].

MATEPWAJIbI U METOAbI

Bupyc TabauHon mo3auku (BTM), mTamm Ul u3 xosn-
eI UH Kadenpsl BUPyconoruy MI'Y, Obls1 HaKOIIeH
B pacTeHusix Tabaka (Nicotiana tabacum L.) copra
Samsun. Pactenus N. tabacum BeipamuBamy 1o cTa-
OUU GOPMHUPOBAHHUS 5-6 OOIBIINX IUCTHEB B TEIUIHLIE

INTRODUCTION

Tobacco mosaic virus (TMV) is a reference model for many
studies, it infects plants of the solanaceae family, such as
tobacco, tomato or pepper, causing characteristic mosaic
patterns, especially on tobacco plants, but is harm-
less to mammals. TMV is an elongated hollow particle
300 nm long, 18 nm high, in which a capsid composed of
2130 capsid protein subunits forms a helix, inside which
genomic single-stranded RNA is enclosed [1]. Due to its
simple structure, safety for humans, stability, and acces-
sibility, TMV is a favorite object of study for various fields
of science, including molecular virology, structural biol-
ogy, bioengineering, and many others.

The study of the relationship between the mechani-
cal properties, structure, and functions of viral parti-
cles opens up ways to utilize them in a new capacity in
biotechnology. Recent studies demonstrate possibility
of using TMVs as microelectronic devices, vaccine com-
ponents, and drug delivery systems for cancer treatment
[2-6]. Atomic force microscopy is a good tool that allows
3D imaging of objects and serves as a purity and quality
control of the drug for biomedical purposes. Atomic force
microscopy has been used to study tobacco mosaic virus
adhesion to mica and graphite, the mutual orientation
of viral particles on the substrate and its possible effect
on the virus, and various variants of chemical modi-
fication of the mica surface to enhance viral particles
adhesion [7].

MATERIALS AND METHODS

Tobacco mosaic virus (TMV), strain Ul from the collection
of the Department of Virology of Moscow State University
was accumulated in tobacco plants (Nicotiana tabacum L.
cvSamsun). N. tabacum plants were grown to the stage
of 5-6 large leaves formation in a greenhouse with addi-
tional lighting (high-pressure sodium lamps) at 22-25 °C.
Plants were infected by mechanical inoculation. A sus-
pension of previously isolated and purified virus at a
concentration of 50 pg/mL was used as the infectious
material. In 1-2 weeks after infection, symptoms of sys-
temic plant damage developed: mosaic symptoms in the
form of alternating light-green and dark-green areas
were observed, often accompanied by the appearance
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Puc.1. DnekmpoHHas mukpopomozpadus supyca maba4Hol
Mo3auku. Ha u3obpakeHuu 06Hapy>Kusaromcs Kak camu 4a-
cmuubl, mak u 20S-0ucku. KoHmpacmuposaHue 2%-HblM ypa-
Huaauemamom

Fig.1. Electron micrograph of tobacco mosaic virus. Both the
particles themselves and 20S disks are detected in the image.
Contrasting was performed with 2% uranyl acetate

C IOIIOTHUTEIbHBIM OCBellleHHeM (HaTpHeBble TaMIIbI
BBICOKOTI'O JaBJeHMS) IPU TeMIlepaType 22-25°C.
PacTeHHs HHQUIIMPOBAIH MeTOAOM MeXaHHYeCKOU
MHOKY/IALIMH. B KauecTBe MHPEKIIMOHHOIO MaTepyaa
KCIIOb30Ba I CYCIIeH3HIO pPaHee BHIJEJIeHHOTO
U OYMIEeHHOI0 BUPYyCa B KOHLIeHTPAallMK 50 MKI/MJI.
Yepes 1-2 Hefie/Ix IIOCIIe 3apaskeHU sl pa3BUBAIOTCSA CUM-
IITOMBI CHCTEMHOTO IIOpaskeHHU s pacTeHHUs: Habio-
JAI0TCS MO3aHYHbIe CUMIITOMBI B BU/Ie Yepe YOI XCs
CBETJIO-3€/IHBIX M TeMHO-3eJIeHbIX YYaCTKOB, YacTO
COITPOBOKJaeMEle IIOSBJIeHHeM aHOMaJIMU B BHJe
JIOKa/TIBHBIX B3lyTHH, YeTKO HabaogaeMoe Ipy CpaB-
HeHUH C KOHTPOJIbHBIM 3[J0POBBIM pacTeHHeM. JIUCThs
3apaskeHHBIX PaCTeHHU I cobUpanu depes TpU Heflenu
T0C/Ie 3apaskeHusl, $acoBan U 3aMOpaskuBau (-18 °C).
BTM 65171 BBIZIE/IEH M OUHINEH C IIOMOIIBI0 METOLA AU~
depeHIIMaIPHOIO LIeHTPUPYTHPOBAHU S KaK OIIKCAHO
paee [8].

BupycHmHU ocajgok pactsopanau B 0,01 M
Tpuc-HC1 pH 7.8. PacTBop BTM 0CBET/ISI/IN IIPU ITIOMOIIU
HH3KOCKOPOCTHOTO LeHTPUPYITHUPOBAHHUSL
npu 10000 g 15 muH. IIpoBoaunu otbop mpober ob6be-
moM 0,05 M1 15 ompefe/ieHusl KOHLleHTpauuu BTM
Y YHCTOTEI IIPerapara.

KauecTBo BbIJe/IeHHOI0 Ipenaparta BTM (Hanu-
yle IpUMecer, MOpdOJIOTHs KM pa3Mepsl YacTHI)
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of abnormalities in the form of local swellings, clearly
observed when compared with a control healthy plant.
Leaves of infected plants were collected three weeks after
infection, packed and frozen (-18 °C). TMV was isolated
and purified by differential centrifugation as described
previously [8].

Viral precipitate was dissolved in 0.01 M Tris-HCl1
pH 7.8. The TMV solution was clarified by low-speed cen-
trifugation at 10000 g for 15 minutes. A 0.05 mL sample
was taken to determine the concentration of TMV and
preparation purity.

Quality of TMV isolated preparation (presence of impu-
rities, morphology and particle size) was controlled by
spectrophotometry, electrophoretic analysis and trans-
mission electron microscopy (TEM). For analysis by
transmission electron microscopy, TMV preparation was
sorbed on copper grids for electron microscopy coated
with collodion film additionally stabilized by carbon
sputtering, negatively contrasted with 2 % uranyl acetate
solution, and analyzed using a JEM-1011 electron micro-
scope (JEOL, Japan). Size analysis was performed using
Image] software (NIH, USA).

3D morphology of viral particles was studied using
FemtoScan SPM in air on graphite and mica substrates in
resonance mode, NSG10 cantilever, and image processing
was performed in FemtoScan Online software [9].

RESULTS

Careful sample preparation is very important in the study
of TMV by AFM. It is necessary to immobilize particles on
the substrate correctly, and it is often necessary to repeat-
edly wash the sample, which leads to a possible change
in particle geometry and its size ratio due to virus-sub-
strate interactions [10, 11].

TEM analysis of the TMV preparation confirmed bacil-
liform particles presence with an average length of about
300 nm and a diameter of about 18 nm (Fig.1). No contam-
ination of the preparation with plant or viral material of
other nature was detected.

TMV concentration in purified preparation was
determined using the extinction coefficient: E 260 nm
0.1 %=3.0. The A260/A280 ratio was 1.2, which character-
izes highly purified preparations of TMV and indicates
that preparation consists of 95% protein and 5% RNA.

In the analysis of TMV by electrophoresis in a dena-
turing gradient polyacrylamide gel, one protein band
corresponding to electrophoretic mobility of the TMV
In the analysis of TMV by electrophoresis in a dena-
turing gradient polyacrylamide gel, one protein band
corresponding to electrophoretic mobility of the TMV
envelope protein was detected (Fig.2, track 2). No
other protein bands were detected in gel stained with
Coomassie G-250.

Three-dimensional images of viruses in air on
graphite and on mica samples at concentration of
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KOHTPOJIMPOBAJIM MeTOLAMHU CIIeKTPOYOTOMETPHH,
371eKTPOoYOpeTHUeCKOro aHaAN3a U TPAHCMHUCCHOH-
HOH 37IeKTPOHHOM MUKpocKkormuu (TOM). [l aHanmusa
MeTOIOM TPaHCMHCCHOHHOM 37IeKTPOHHOM MHKPOCKO-
nuu (TOM) npenapat BTM copbupoBany Ha MeLHBIX
CeTKax JJIs 3/1eKTPOHHOM MUKPOCKOIIMH, IIOKPBITHIX
KOJIJIOHeBOK IIIEHKOH, IOMIOJTHUTEIBHO CTAaOIIU3HPO-
BaHHOM HaIlbl/IEHUEM YyIJIepofa, IIPOBOLK/IH HeraTHB-
HOe KOHTPAaCTHPOBAaHHe 2%-HBIM PaCTBOPOM ypPaHHIIa-
LleTaTa ¥ aHAJIM3HUPOBA/IH C IIOMOIIBIO 37IeKTPOHHOTO
MHKpockora JEM-1011 (JEOL, SImoHust). AHanu3 pasme-
POB ITPOBOJIM/IH C IIOMOII[BIO ITPOrPAMMHOr0 obecrieye-
Hus Image] (NIH, CIIIA).

3D-MopdoI0rHs BUPYCHBIX YACTHI] UCC/IE0BAIACH
¢ momoInpio C3M "PemToCKaH" Ha BO3yXe Ha ITOJIOK-
Kax U3 rpaduTa U CIFO/IBI B Pe30HAHCHOM PesKHMe, KaH-
TuneBep NSC10, 06paboTka n306paskeHU I OCYILeCTBIIS-
nace BIIO "®emrToCkaH OHmanH" [9].

PE3Y/IbTATDI

[Ipu uccnegosanuu BTM metomom ACM odeHb BaskKHa
TIIaTebHAS IIpoborroaroToBKa. TpebyeTcs IIpaBUIbHO
MMMOOM/IN30BaTh YaCTUILB Ha IIO/IJIOKKE, 3a4acTYyIO
HeoOX0LMMa HEOLHOKPATHAsl OTMbIBKA 0bpasiia, 4To
IIPUBOOUT K BO3SMOKHOMY HM3MeHEHHIO TeOMeTpPUH
YaCTHLBl U U3MEHEeHUI0 COOTHOLICHMS ee pa3MepoB
M3-32 B3aHMOJeHCTBUI BUpPYyC-TIoAIoKKa (10, 11].

AHanu3s npemnapara BTM metogom TOM moaTsep-
[T HaJIMYHe YaCTHL] TaJIOUKOBUAHON GOPMEL CO Cpefi-
HeH JJIMHOM 0Ko1o 300 HM M IMaMeTPoM OKoJIo 18 HMm
(puc.l). Kakon-1ubo KOHTAMHHALIMY IIperapara pac-
THUTEJbHBIM U1K BUPYCHBIM MaTepHaoM Jpyrou Ipu-
POZBI He 06HaPysKeHO.

KonueHTpanuio BTM B OUHIeHHOM IIpellapare
OIIpeiesIsyiv, UCIIOIb3Ys KOIPOUIIHMEHT SKCTUHKIIHH:
E 260 uM 0.1% =3.0. CooTHomeHue A260/A280 cocTa-
BMJIO 1,2, UTO XapaKTepU3yeT BLICOKOOUHIIeHHEIe IIpe-
rapatel BTM U CBUIETeIbCTBYET O TOM, YTO IIperapar
COCTOMT U3 95 %-Horo benka u 5%-Horo PHK.

ITpu aHanu3e BTM MeTofoM s1eKTpodopesa B feHa-
TYpUpYOIIeM IpafHeHTHOM IIOJIHaKPUIAMUIHOM
rejle JeTeKTHPOBajach ofHa besikoBas 110/10Ca, COOT-
BeTCTBYIOILAS I10 3/1IeKTPOGOpeTHYeCKOH IOABHUKHOCTH
6enky obomouku BTM (puc.2, nopoxkka 2). Ipyrux besn-
KOBBIX 30H B rese, okpameHHoM Kymaccu G250, obHa-
PY’KeHo He 6BLIIO.

Metomom ACM moyiyuyeHBl TpeXMepHBIe M30-
OpaskeHHMH BHUPYCOB Ha BO3AyXe Ha rpadure
M Ha caofe obpasua B KoHUeHTpauuu 0,1 Mr/mi
(puc.3 u 4). [Ins MoNy4eHHs] XOPOIIKNX H3006paskeHH i
notpeboBasack HeOAHOKPATHAS IIPOMBIBKA, XapaKTep
KOTOPOM 3HAYMUTe/IbHO BIHSeT Ha KOJIM4YeCTBO BHUPYC-
HBIX YaCTHII, aICOPOHPOBAaHHBIX HA IIOBEPXHOCTH.

BbICOTa BUPYCHBIX YaCTHL] Ha CJIIOJIe U Ha rpadure
cocTaBisieT B cpeaHeM 16 HM +0,8. [I/IMHA BUPYCHBIX

Mapkepbi | Labels BTM, 1 mkr | TMV, ug

45

35

1 b

25

14,4

Puc.2. AHanu3 ebideneHH020 npenapama BTM u3 3eneH020 ma-
mepuaaa, UHPUUUPOB8AHH020 BTM, memodom 3nekmpogo-
pe3a 6 deHamypupyrouwem MAAT. Cocmas npob: mapKkepHebie
6eaku (1), sbldeaeHHbIll npenapam BTM (2). leAb oKpawugaiu
Kymaccu G-250 6 meyeHue 20 MuH, ommbiéanu u ¢omozpacdu-
posanu

Fig.2. Analysis of isolated preparation of TMV from green mate-
rial infected with TMV by electrophoresis in denaturing poly-
acrylamide gel. Sample composition: marker proteins (1), isolated
preparation of TMV (2). The gel was stained with Coomassie
G-250 for 20 min, washed and photographed

0.1 mg/mL were obtained by the AFM method (Fig.3
and Fig.4). Repeated washing was required to obtain
good images, and its nature significantly affects the
number of virus particles adsorbed on the surface.

The height of viral particles on mica and on graphite
averages 16 nm +0.8. The length of the viral particles var-
ies from 200 nm to 2 pm because these particles can break
during sample preparation and line up butt to each other.

The graphite images show not only the virus itself but
also segments of destroyed viral particles, the height of
the segments varying from 0.8 - 2.8+0.3 nm, and radius
22-36+3 nm (Fig.3).
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YacTHUL BapbupyoTcsa oT 200 HM 10 2 MKM, TaK Kak
YaCTHULBL MOT'YT JIOMAThCS B IIpoliecce mpoboroaro-
TOBKH U BBICTPAMBAIOTCS BCTHIK APYT APYIY.

Ha n3obpaskeHHsX Ha ITpadUTe BULEH He TOJbKO
caM BHPYC, HO ¥ CeTMEHTHI pa3pyIlleHHbIX BUPYCHBIX
YaCTHIL, BBICOTA CeIMEHTOB Bapbupyetcs 0,8-2,8 HM,
paznuyc 22-36 HM (puc.3).

H3BecTHO, 4YTO IIpH BbIAEJIeHHH U 0UYUCTKe BTM
BUPYCHBIe YAaCTHUIBI MOT'YT pa3pymiaThcs ¢ obpaso-
BaHHUeM bojslee KOPOTKHX GparMeHTOB CIIHpaH,
BILJIOTB /10 MOHOMePOB 6esika 060/104KH. B 0TCyTCTBHe
HYKJIEMHOBOM KHCJIOTHl OCHOBHBIM THUIIOM arpera-
TOB, obpasyomuxcs u3 benka o6omo0uky BTM B yci1o-
BUSIX HU3KOM MOHHOM CHJIBI PaCTBOPA U HEUTPaJIb-
HOro 3HaueHUs pH, saBasitoTcsa 20S-IUCKU (KOPOTKHe
IBYXCJIOMHBIE PaTMeHTHI CIIMPan) U3 34 cybpenu-
Hu1 6enka 06os0uky [12]. BeposiTHO, JAHHBIN THUII
YJaCcTHUI ¥ HabnomaeTcs B nose 3peHust ACM, IOMHMO
BUPYCHBIX YacTUL, BTM, IIOCKOJIbKY OHHU pacIiojara-
IOTCSI Ha IIOBePXHOCTH TOPLIeBON YaCTH CIIMPAIbHOU
CTPYKTYPBHI.

ACM mo3BosiseT UOeHTUPUIHPOBATH BUPYCHBIE
YaCTHUILBI Ha ITOBEPXHOCTH IIOAJIOXKEK B BHE TPex-
MepHBIX H306paskeHUI. BmecTe c TeM, c/emyeT 3ame-
TUTH, YTO Habmomaemsle B ACM pa3Mepsl IIpeTepIie-
BAIOT M3MeHeHHs. F3-3a B3aUMOZeNCTBUS BUPYCHOU
YaCTHUIIBI C ITOAJIOKKOM U 30HI0M ACM flaeT HeCKOJIBKO
3aHMKeHHOE 3Ha4yeHMe BBICOTHI YaCTHIIbL. [Ipyu 3TOM
HabniomaemMasi IIMPHHA BUPYCHOM YaCTHIIBI [10 STUM
’Ke IIPUYHHAM SIBJISIeTCS 3aBBIIIEeHHOM.

BbIBO/bl

B paMKax JaHHOM PaboThl 6bLI MONyUYeH MpernapaT
BTM u oxapaKTepH30BaH Pa3/IUYHBIMH METOLAMHU.
Ha nmpumMepe MozieIbHOr0 GUTOBHPYCA — BUPYyca Tabau-
HOHN MO3aHKH - [IPOfeMOHCTPHUPOBaHA BO3MOKHOCTb
MIpUMeHeHHUsI MeTo/la aTOMHO-CH/I0BOK MHKPOCKOIIMH
JLJISL ICCIIeIOBAH M S BUPYCHBIX YaCTHII.

Metomom ACM 6bLIH I0JIy4YeHBl TPeXMepPHbIe K30~
OpaskeHHU s BUPYCHBIX YacTHI] BTM Ha MOAJIOKKaX Irpa-
¢uTa U CJIIOAL B Pe30HAHCHOM PeKMMe, I10yYeHbl
pa3Mepel U XapaKTep aJcopbLIMY YacTHLI, a TakKe Cer-
MEeHTOB BHpyca. B paboTe olleHMIN YUCTOTY 06paslia,
XapaKTepHble TeoMeTpHUYeCKHe pa3sMephl YaCTHIIL,
CKJIOHHOCTb YaCTHUIL K Pa3spylIeHHIO B 3aBUCHUMOCTH
OT HCII0/Ib3yeMOM ITO/IJIOKKH.

[Toka3aHoO, YTO Ha rpaduTe 4acTHIE Hosblre
CKJIOHHBI K pa3pyIleHH0. XapaKTep aIcopOLIMH YacTHI]
M Ka4eCTBO M3006pasKeHH s CHJIBHO 3aBUCST OT ITpoliecca
OTMBIBKH.

B panpHermemM MeTofoM ACM MIaHHUPYyeTCs MPo-
BeCTH [leTaJIbHBIM aHa/IM3 CTPYKTYPHl IOBEPXHOCTH
BHUPYCHBIX YaCTHIL] Pa3/IMYHOU IPUPOABI U K3MepeHHe
COBOKYITHOCTH QH3MKO-XMMHUYECKHX CBOMCTB YaCTHII,
OIpe/ie/IeHHbIX C HAHOMETPOBBIM ITPOCTPAHCTBEHHBIM
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Puc.3. 2D- u 3D-u306paxceHue BTM Ha nodaoxke u3 2pagu-
ma Ha 8030yxe, 8bICOMA YACMULbl N0 OAHHBIM ceYerust 16,7 Hm
Fig.3. 2D and 3D image of TMV on graphite substrate in air, par-
ticle height based on cross-sectional data is 16.7 nm

It is known, that during isolation and purification
of TMV, viral particles can break down to form shorter
helix fragments, up to monomers of the envelope pro-
tein. In the absence of nucleic acid, the main type of
aggregates formed from the envelope protein of TMV



pa3pellleHHEM C LieJIbI0 BBISIBJIeHHUSI BO3MOKHOCTH
HCIIOTB30BAHU S BUPYCHBIX YaCTHI] [IPH CO3LAHUHU 6HO0-
TeXHOJIOTHH: HOCHUTeNH, KOHTeHHePhl I QYHKIIHO-
HQJIBHO aKTUBHBIX MOJIEKYJI, BAKLIHBI.

BJIATOAAPHOCTH

PaboTa BBIIIO/IHEHA NIPH MoAepskKe [IporpaMMBbI pas-
BUTHS MI'Y, mpoekT Ne 23-11104-04

NHOOPMALUSA O PELLEH3UPOBAHUK

Pepmakuus 61arogapUT aHOHHMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/IaJ, B PelleH3MpPOBaHKUe 3TOM
paboTbl, a TaK>Ke 33 pa3MellleHHe CTaTel Ha calTe Kyp-
HaJjla Y [Iepefaydy UX B 3JIeKTPOHHOM BHe B HIb eLl-
BRARY.RU.

Jekaapauus o KoH(pAuKMe uHmepecos. Asmopbl 3a8842t0m 06
omcymcmauL KOHPAUKITIOB UHIMEPecos UAL AUYHBLX OMHOLWEHLUL,
Komopble mMo2Au bbl N08AUSML HA paBomy, npedcmasAeHHyH0 8 daH-
Holl cmarmbe.
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Puc.4. 2D-8u3yanuzauus u ceyeHue, BTM Ha 8030dyxe Ha catode.
Bbicoma yacmuubl N0 OaHHbIM ceyeHus 16,5 Hm
Fig.4. 2D visualization and cross section, TMV on air on mica.
Particle height from cross section data is 16.5 nm
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under conditions of low ionic strength of solution
and neutral pH value are 20S disks (short bilayer helix
fragments) of 34 subunits of the envelope protein [12].
Probably, this type of particles is observed in the AFM
field of view in addition to TMV viral particles, because
they are located on the surface by the end part of the
helical structure.

AFM allows to identify the virus particles on sub-
strates surface in the form of three-dimensional images.
At the same time, it should be noted that the dimen-
sions observed in AFM undergo changes. Due to interac-
tion of the viral particle with the substrate and probe, the
AFM gives a slightly underestimated value of the particle
height. At the same time, the observed width of the virus
particle is overestimated for the same reasons.

CONCLUSIONS

Within the framework of this work, a preparation of TMV
was obtained and characterized by various methods. On
the example of a model phytovirus, tobacco mosaic virus,
possibility of using atomic force microscopy to study viral
particles was demonstrated.

Three-dimensional images of TMV virus particles on
graphite and mica substrates in the resonance mode were
obtained by the AFM method, the sizes and character of
particles adsorption and virus segments were obtained.
The sample purity, characteristic geometric dimensions
of particles, and propensity of particles to destruction
depending on the substrate used were evaluated in this
work.

It is shown, that particles on graphite are more prone
to destruction. Nature of particle adsorption and image
quality strongly depend on the washing process.

In future it is planned to carry out a detailed analy-
sis of the surface structure of viral particles of different
nature by the AFM method and to measure totality of
physical and chemical properties of particles determined
with nanometer spatial resolution in order to identify
possibility of using viral particles in biotechnologies
development: carriers, containers for functionally active
molecules, vaccines.
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