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YcnewHoe pa3BuTye TeXHO/IOrMiA HepeaKo Lo Mo MyTh
noapaXxaHus NpupogHbIM 06bekTam 1 npoLeccam,
noJly4ymBLIEro Ha3BaHNe 6MOMUMUKPUN. Cpean U3BECTHDIX
NpUMepOoB 3TOro NOAX0AA K Pa3BUTUIO TEXHOOT U —
COo3AaHMe CAaMOOUMLLAOLMNXCSA MOBEpXHOCTEN (MMUTaLms
NnoBepXHOCTM sIoToca), "nunyyku' (BocnpounsseaeHne
NOBEpPXHOCTU penefHNKa), aaresMBHOM JIeHTbl HA OCHOBE
MEXMOJIeKy/ISIPHOr0 B3auMOZeACTBUS NOBEpXHOCTEN,
nosiy4yeHHOM UMUTaLLMel MOBEpPXHOCTU Nanbl
ALLepULLbI-TeKKOHA, CKOPOCTHbIX 6eCLUYMHbIX

noesfoB C HOCOM, KaK Y 3MmMopogkKa. Pasymeercs,

M B HAHOTEXHOJIOrNSIX BUOMUMMUKPUS MMEET 60/bLLION
noteHuman. OgHUM us Hambonee NPocTbix (C TOUKU 3peHUs
CTPOEHMS1) NPUPOAHBIX 06EKTOB, pasMepbl KOTOPbIX
NieXkaT B HAHOMETPOBOM AuanasoHe, SBSKTCS BUPYCh.
Ha6niopeHue Bupyca TabauHoi Mo3avku (BTM) c noMoLLbio
ATOMHO-CMI0BOM MuKpockonun (ACM) aBnsieTcs Kak
yBNeKaTe/bHbIM, TaK 1 NO3HABaTe/IbHbIM MPOLLECCOM.

upyc (0T s1aT. virus - /1) - MUKPOCKOIIMYeCcKas

YacTHILa, CnocobHasi MHPUIIMPOBATh KIETKH

SKUBBIX OPTaHHU3MOB. BUPYCHI SIBISIOTCS 061H-
TaTHBIMM IIapa3UTaMHU — OHHU He CII0CO6HBI pa3MHO-
JKaThCsl BHE KJIeTKH. B HacToslee BpeMs U3BeCTHBI
BUPYCHI, Pa3MHOXaIOIIHecsl B KJIeTKaX pacTeHHUH,
SKHBOTHBIX, TPUO0OB 1 OaKTeprH (II0CTefHUX OOBIIHO
Ha3bIBaloT 6akTeprodparaMu). BUpycHble YaCTHUIIBI
(BUPHMOHBI) MpPeACTaBAsSIOT cobor 6elKOBYIO KaIl-
CyJly — KalCH[, COMePsKalllyI0 reHOM BHPYyCa, mpen-
CTaBJIeHHBIH OJHOU MJIM HeCKOJIbKHUMH MOJIeKYJIaMH
OHK wmnu PHK. Kamcup mocTpoeH U3 KarlCOMepoB —
6eTKOBBIX KOMIIJIEKCOB, COCTOSIIUX, B CBOIO OUepe/ib,
13 IIPOTOMEpPOB. HyKIeMHOBas KKUCJIOTA B KOMIIJIEKCe
c 6enkamMu 0603HAYaeTCS TEPMHUHOM HYKJICOKATICH,.
HekoTopble BUPYChl HMEIOT TaK>Ke BHELIHIOK JTHUIIK -
HYI0 060/10uKy. Pa3Mepbl pa3TUYHBIX BUPYCOB KoJle-
6mtorcst ot 20 o 500 u 6oee HAHOMETPOB. BUPHOHBI
YaCToO MMEIOT IIPaBUJIbHYIO TeOMeTPUYECKY0 GOpMy
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Successful development of the technologies was
often followed the path of imitation of natural
objects and processes, which called biomimicry.
Among the well-known examples of this approach
to technology development is creation of the self-
cleaning surfaces (imitation of the lotus surface),
"sticker" (imitation of the thistles surface), adhesive
tape based on the intermolecular interaction of
the surfaces obtained by simulation of surface of
the gecko lizard paw, creating of high-speed silent
trains with a nose like a kingfisher. Undoubtedly,
the biomimicry has a great potential also in the
nanotechnology. The viruses are ones of the
simplest (in terms of structure) natural objects,
whose dimensions are in the nanometer range.
Observation of the tobacco mosaic virus (TMV)
using atomic force microscopy (AFM) is both
fascinating and informative processes.

irus (from the Latin: Virus - poison) - a

microscopic particle that can infect the cells

of living organisms. The viruses are obligate
parasites - they cannot reproduce themselves outside
the cell. Today, the viruses reproduce themselves in
the cells of plants, animals, fungi and bacteria (the
latter usually called bacteriophages) are known.
The virus particles (virions) represent proteinaceous
capsule - capsid, containing the viral genome,
presented by one or more molecules of DNA or
RNA. The capsid is built of capsomeres - protein
complexes, in turn consisting of the protomers. The
nucleic acid in complex with proteins is denoted by
the term nucleocapsid. Some viruses also have an
outer lipid cover. The sizes of different viruses are
ranged from 20 to 500 nm and more. The virions
often have regular geometric shape (icosahedron,
cylinder), more complicated structures also occurs
(figs. 1-3).
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(MKocasAp, UUIKMHAP), BCTpEUaTCs TaKXe U bonee
CJIOKHBIe CTPYKTYPHL (prc.1-3).

IlepBBII M3BECTHBIN BUPYC - BTM - ObLI BBILIe/IeH
PyCcCKHM HccaemoBaTeneM IMuTprueM NBaHOBCKUM
B 1882 rony u 60mee moapo6HO M3yUeH ro/IaHACKUM
y4eHbIM MapTuHycoM berkepruHKoM B 1898 rony.
B HacTosimee BpeMs omucaHo 6onee 5000 THUIIOB
BUPYCOB. BUPYCHI SIBJISIOTCS OLHOM M3 CAaMBIX pac-
IIPOCTPaHEHHBIX 110 YHUCJIIEHHOCTH GOPM CYIeCTBO~
BaHM S OPraHMYeCKOU MaTepHuH Ha IIJIaHeTe: BOJ b
MHPOBOI0 OKeaHa CoIepsKaT KOJIOCCA/IbHOe KoTHnYe-
CTBO 6a1<TepH0(1)ar0B (okos10 1011 yacTUIl HA MUJIIHU-
JIUTP BOLBL).

POJIb BUPYCOB B BUOJIOTUN

U UX UCNOJIb3OBAHUE YEJIOBEKOM

BUPyCBl KMEIOT TeHeTHYeCKHe CBSA3H C IIpeCTaBu-
TensaMHU ¢opbl U dpayHbl 3emin. COrjacHo IIocies-
HHUM MCC/IelOBAHHUSIM, TeHOM dUejoBeKa bHojee
4yeM Ha 30% COCTOMT M3 UHPOPMALUH, KOLHpYe-
MO¥ BHPYC-TIOLOOHBIMH 371eMeHTaMHU. C IIOMOIIBIO
BHPYCOB MOXET INPOHUCXOAHUTh TaK Ha3blBaeMBbIH
TOPH30HTAJNBHBIN [IePEeHOC [eHOB, T.e. Ilepegada
reHeTHU4eCKoM MHGOPMALIMHU He OT OTLA K CBIHY
U T.[., a MeXJy IBYyMS HepOoACTBeHHBIMHU (HIH
Jaske OTHOCSIIUMHUCS K Pa3HBIM BHZAM) 0COOSIMHU.
Braromaps 3ToMy CBOKMCTBY BUPYCHI BHOCST Cylie-
CTBEHHBIHM BKJIAJ B OHMOJOIHYECKYIO 3BOJIOLIHIO
IIJIAHEeTHI.

BUpYyCBl UCHOAB3YIOT B MOJEKYJIPHOM U KJle-
TOUHOM 6MOJIOTHH, TaK KaK C UX y4acTHeM MOXKHO
CO3/1aBaTh IIPOCThIE CUCTEMBI [JIS U3y4YeHUs QyHK-
LUH KJIeTOK. Hanmpumep, UCII0/Ib30BaHKeE BUPYCOB
IIOMOIJIO B IOHMMAaHHUH OCHOBHBIX MEXaHHU3MOB
MOJIeKYJISIPHOU FeHeTUKH KU KMMYHOJIOTHH. BUPYyCBI
IIMPOKO HCIIONb3YIOT KaK II€PEeHOCUYUKHU TeHOB
B TeHHOM HMH>XeHePHH, U B YaCTHOCTU IIPU CO3/1a-
HUU reHeTHYeCKH MOAUPHUIIMPOBAHHBIX OPraHM3-
MOB (HaIlpuMep, BUPYC MO3aHKH LIBETHOM Kally-
cThI). JleueHre UHOEKIIMOHHBIX H0IE3HEHN C TOMO-
mbio 6akTepuodaros - hparopas Tepamnus - aKTUBHO
pPas3BHBaeTCs B [IO0C/IeJHee BpeMs, I[IOCKOJIbKY SIBJIS-
eTCsl aJIbTePHATHBON aHTUOMOTHKAM, HMEIIHUM
nobounsle 3¢PeKTH U HU3KYI 30PEeKTHUBHOCTH
K3-3a IpUcnocabirBaeMoCTH 6AKTEPHUH K HUM.

BUPYCHI IBISIOTCS MHOT006emalom MM 06 beKTOM
IUISL Pa3BUTHS HAHOTEXHOJIOTHH (BIIpoUeM, IIPHUMe-
HeHU s, OIIMCAHHBIE BbIIIE, MOXKHO TaK>Xe OTHECTH
K 3TOMY BUy TeXHOJOTUM). C TOUKHU 3peHHUsI HayKHU
0 MaTepHajax BUPYCHL ABJSIOTCS OPraHUYeCKUMHU
HaHOYaCTUIIAMH, KOTOpPbIe YMeIOT IIPOHUKATh Yepes
CT@HKH KJIeTOK-X0351eB. Pa3Mepsl U $popma BUPYCOB,
a TaK’Ke KOJIMYeCTBO U IIPHUpPo/a QYyHKIHMOHAIbHBIX
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Puc.1. Cmpykmypbl 8upycos: a) UKocadpudeckas
CmMpyKmypa 8upyca xA0pomu4eckol Kpan4amocmu

8U2Hbl, NOAYHEHHAss Memoodamu peHmaeHo8cKol
duppakuuu (Shepherd et al., Nucleic Acids Res, 2006, 34,
D386); b) cmpykmypa 6akmepuodaza; c) cmpykmypa
gupyca ma6a4Holi mozauku (1 - PHK, 2 - kancomep, 3 -
kancud) (Y_tambe, Wikipedia)

Fig.1. Structure of the viruses: a) Icosahedral structure of
chlorotic cowpea mottle virus obtained by X-ray diffraction
(Shepherd et al., Nucleic Acids Res, 2006, 34, D386); b) The
structure of the bacteriophage; c) The structure of tobacco
mosaic virus (1 - RNA, 2 - capsomere, 3 - capsid) (Y_tambe,
Wikipedia)

The first known virus - TMV - was grown by
Russian researcher Dmitry Ivanovsky in 1882 and
studied in details by Dutch scientist Martinus
Beyzherink in 1898. Currently, over 5,000 types
viruses are described. The viruses are one of the
most common forms of existence of organic matter
in the world by the number: the ocean's contain
a colossal amount of bacteriophages (about 1011
particles per milliliter of water).

ROLE OF VIRUSES IN THE BIOLOGY

AND ITS USE BY THE HUMAN

The viruses have a genetic connection with the
flora and fauna of the Earth. According to the
recent studies, the human genome on more than
30% consists of the information encoded by the
virus-like elements. The so-called horizontal
gene transfer can occur with the help of viruses,
i.e. the transfer of genetic information not from
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KOHTPOJIb U U3BMEPEHUS

CPYHII Ha WX HOBEPXHOCTH TOYHO OIIpeleieHbl,
61aromapsi 4eMy BUPYChl MOSKHO HCIIOTb30BaTh KaK
ma6I0HBI A1 OPTaHU3AIL MK MaTepHasa Ha HaHO-
MacmrTabe. HampuMep, 4acTHIIBI BUpPyca Mo3a-
uKU BUTHBI (CPMV) 6bII1M IPHUMEeHEHBI AJIs YCHUIIe-
HUS cUTHasa buoceHcopa, ocHOBaHHOro Ha JHK-
MaTpule. B 3Tol paboTe BUPYCHBIMU YaCTULIAMU
paszmensinu ¢nyopecleHTHBIe KpacUTeaH, YTO6bI
IIPensATCTBOBATh BOSHUKHOBEHUIO HEe(IyOpeCLeHT-
HBIX JHUMEPOB, KOTOPble NEMCTBYIOT KaK TYIIH-
Tenu [1]. IpyTuM IpUMepOM SIB/IsIeTCs IPHMeHeHHe
CPMV B KauecTBe HAaHOMAaKeTa [JIsI MOJIeKY/IIPHOU
3JIeKTPOHUKHU [2]. [Ta/I04KOBUAHBIE BUPYCHI, IOKPbI-
Thle MeTa/I/IMYeCKMMU HaHOYACTUI[AMHU HJIH IIPO-
BOAAIIMMMU IIOJIMMEpPAMMU, HalpHUMep IIOJHaAHH-~
JTUHOM, HCIIONB3YIOT [JIsL CO3JaHM S HAHOIIPOBOLOB
Y HOBBIX IIPOBOASIIMX MAaT€PHUAJIOB.

CTPOEHUE U COCTAB BTM

BTM - kyaccu4yecKUI 00BbeKT BHpyconoruu. OH
BBI3BIBAET MO3aHUYHYI0 60/e3Hb TabaKa, KoTopas
IIPOABASAETCS KaK MATHUCTOCTh JTUCTheB. Bupyc
IpeAcTaBisieT CO60M MaNToOuYKU AUAMeTpoM 18 HM
U garHou 300 HM (puc.l), cocTosmue u3 benka
u PHK [3]. Monekyna PHK anuHOM B 6390 HyKJI€o-
THUJHBIX OCHOBAHHUH MMeeT BUJ CIIHMPAJH C JJIMHOM
BUTKa 2,3 HM, a obosouKka copmupoBaHa u3 2130
6enKoBBIX Cy6bemHHUI. Benok 060104YKH camo-
OpPraHM3yeTCs B ITAJIOYKOBHUIHYIO CIIMPATbHYIO
CTPYKTypy (16,3 MoHOMepHOro 6eyika Ha OJJUH I0BO-
poT crnupanu) Bokpyr PHK, KoTopas pacronoxeHa
B LHMJIMHAPUYECKOM KOJIbLle PaJHyCOM OKOJIO 6 HM
Y HeJIOCTYIIHA /IS BO3/eHCTBUS KJIETOYHBIX SH3U-
MOB, €e pa3spyllalIiuX. JIeKTPOHHbIe MUKPOdO-
TOrpaduy IMOKA3bIBAIOT HAJIMYKe B BUPDUOHAX BHY-
TPeHHero KaHaja JuaMeTpoM oKkojyio 4 um. BTM
SIBJISIeTCSI TEPMOCTAOUIBHBIM BUPYCOM: OH MOXKeT
BRI EP>KUBATh TeMIepaTypsl 4o 500°C B TeuyeHHe
30 MmuH. CoBpeMeHHas BUPYCOTIOTus 06s3aHa 3TOMY
BHPYCY He TOJIbKO CBOMM POKJAeHHEM, HO M OCHOB-
HBIMH KOHLEMNUI MMM, KOTOPbIe CKJIaIbIBAIOTCS
[0 HaCTOsIero BpeMeHH, II03TOMY ero JajbHeH-
Ilee M3y4ueHHe, 0COOeHHO C IIOMOIIbIO HOBBIX MeTO-
I0B, aKTYaJIBHO 110 Cel JAeHb.

ANA YErO HEOBXOAUMA ATOMHO-CU/IOBAS
MUKPOCKOMNUA BUPYCHDBIX YACTULL?

I[Ipu ACM-uccnemsoBaHUU TONOTpadHU IOBepPX-
HOCTH BHUPYCOB B PeXHMMaxX IIOCTOSAHHOTO MU
IIPepPBIBUCTOr0 KOHTAKTa MOXHO H3y4YaTh ClIedy-
IOIIHe acIeKThl: MOP)OTOTUI0 YacTHUL, ocobeH-
HOCTH afCcopOLMK BUPYCHBIX YAaCTHI] Ha MOBEpX-
HOCTh (KMHETHUKY afcopbLHU, CTelleHb aiTe3UH,
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Puc.2. ACM-u306paxkeHus: a) ceMuAdmeHmHbil eupyc
mamauka (PSLV); b) supyc wmpuxogamol mMmo3auku
aumeHs (BSMV); c) supyc mabauHol moszauku (TMV);

d) u e) supyc mosauku kocmpa (BMV); f) supyc mo3auxu
nouepHbl (AMV) (Nanomedicine: Nanotechnology,

Biology and Medicine, vol.3(2), E.V.Dubrovin, Yu.F.Drygin,
V.K.Novikov, I.V.Yaminsky, "Atomic force microscopy as a
tool of inspection of viral infection”, pp.128-131, ©2007,
ony6AukosaHo c paspeuieHus Elsevier)

Fig.2. AFM images: a) semilatent bluegrass virus (PSLV); b) bar-
ley stripe mosaic virus (BSMV); ¢) tobacco mosaic virus (TMV), d)
and e) brome mosaic virus (BMV); f) alfaalfa mosaic virus (AMV)
(Reprinted from Nanomedicine: Nanotechnology, Biology and
Medicine, vol.3(2), E.V.Dubrovin, Yu.F.Drygin, V.K.Novikov,
I.V.Yaminsky, "Atomic force microscopy as a tool of inspection
of viral infection”, pp.128-131, ©2007, with permission from
Elsevier)

father to son and so on, but between two unrelated
individuals (or even belong to the different species).
Due to this property, the viruses significantly
contribute to the biological evolution of the planet.

The viruses are used in molecular and cellular
biology, as their participation can help to create
the simple systems for studying of the cell’s
functions. For example, the use of viruses has
helped in understanding the basic mechanisms of
molecular genetics and immunology. The viruses
are commonly used as gene vectors in genetic
engineering and, in particular, when creating the
genetically engineered organisms (for example,
cauliflower mosaic virus). Treatment of the
infectious diseases using bacteriophages - phage
therapy - is actively developed as an alternative
to the antibiotics, which have side effects and low
efficiency due to the adaptability of bacteria to
them.



B3aMMHYI0 OPHUEHTAlLlMI0 YaCTHUI[ Ha IOBepX-
HOCTHU [4-6]), 3aBUCUMOCTDb afcopbI UK OT BUAA
[IOBePXHOCTH (HampuMep, IPU MoAUPHUKALIUU
MOJ/IOKKH Pa3/MHYHBIMU XHUMHUUYECKUMU COeIH-
HeHHUsIMHU [5]), mpoLeccsl KPUCTA/JIKM3al MU BUPYC-
HBIX YaCTHIL Ha IIOBEPXHOCTH [7], MeXaHHUYeCKYI0
IIPOYHOCTb BUPUOHOB U OT/E/IbHBIX O€/TKOBBIX CY6'b-
eqUHUI (8], TOKaAM3aI[MI0 FeHOMa BHYTPH BUPHO-
HOB [9]. Tak>Ke MOTYT M3y4aThCsl TAaKHe IIPOLLeCCHI,
KaK ofleBaHHe-pa3fieBaHHe BUPYCHBIX YacTur [10],
BeicBob6okmeHue PHK (JJHK) 13 yacTull (4], B3auMoO-
IerCTBUE C KJIETKOM-X03IHHOM.

I[Ipumepsl ACM-u306paskeHUH IIeCTH THIIOB
BUPYCOB IIPHBeJleHEl Ha pHuc.2. Ha puc.3 mokasaHo
ACM-u3obpaskeHHe, Ha KOTOPOM BHAHA afcopb-
nus 6akTepruodaroB Ha MOBEPXHOCTh KJIETKHU
Escherichia coli. ACM mo3BonsieT Tak>Xe MaHHUIIY-
JTUPOBATh OTAEABHBIMHU BUPYCHBIMHU YaCTHLIAMU
C IOMOIIbI0 KaHTHIEeBepa U CO3[aBaTh 3aJaH-
HYI0 apXUTeKTypy B HaHomacmrTabe. Kpome Toro,
B peskuMaX ACM-CIIeKTPOCKOIUHU (CHSITHE CHJIOBBIX
KPHUBBIX, T.e. 3aBUCHMOCTH CHIIBI, AeHCTBYIOIeH
CO CTOPOHBI KaHTHIeBepa Ha obpaser], OT BEpTHU-
KaJIPHOI'O II0JIO’KeHU S Ibe30CKaHePa) MOSIBISIOTCS
IOIIOJIHHUTe/IbHbEIe BO3MOKHOCTH KOJTMUYeCTBEHHO
M3y4aTb CU/IYy B3aUMOJENCTBUS BUPHOHA C MOJ-
nokkou, PHK (IHK) c 6e1KoB0oI 000/104KOH, be1Ko-
BBIX CyOBeJUHUI] MeKIY CO60H.

ACM 1103BOJISeT II0JIy4YaTh YHUKAJIIBHYIO HHOOP-
Manuio ob ucciaegyemom obpasie. Ype3BbIUANHO
BaskHO, 4T0 B ACM MOKHO HCCJIeIOBaTh BUPYCHBIe
YacTHUIBL 6e3 JOMOTHUTEIbHOIO0 KOHTPACTUPOBA-
HUSI aTOMaMHU TSKeIbIX MeTaJlJIoB (Kak 3TO Heob-
XOAMMO, HallpUMep, A5 371eKTPOHHON MHUKPOCKO-
NKHK). MOKHO I10/1y4aTh TPeXMEPHYIO ToIlorpadrio
C BBICOKHM paspelleHHeM (TUIHYHOe pa3pelle-
HUe 151 MATKHUX 06BeKTOB: L0 HAHOMETPOB IS
JaTepanbHOTO U JOAH aHTCTPeM /ISl BePTUKA/Ib-
HOTO HallpaBJeHHUMH), U3y4aTh KHUBble 00beKTHl Ha
IIOBePXHOCTH, KaK B BO3JyIIHBIX, TaK U B BOAHBIX
cpemax. MHbopmanus, monydaemas C IIOMO-
mbio ACM, TpebyeTcs Kak A/t GyHIaMeHTaIbHOM
HayKH, TaK U [JIS1 PA3BUTHS HAHOTEXHOJIOTHIM.

BTM HeOOHOKPATHO HCCIeAOBa/lK C IIOMO-
mpio ACM [4, 5, 11-13]. B yacTHOCTH, ObI/Ia OTMe-
yeHa 60j1ee BpICOKas afiCOPOLIMOHHAS CIIOCOOHOCTD
BUPYCHBIX YaCTHI Ha IOBEPXHOCTH BBICOKOOPHEH-
TUPOBAHHOI'O MUPOJKUTHYecKoro rpaguta (BOIIT)
I10 CPAaBHEHUIO C IIOBEPXHOCTHIO CTIOABL [4], 4TO 06B-
SICHSIJIOCh TUAPOPOOHBIMU B3aUMOLEHNCTBUSIMU
YaCTHI] C OJJIOKKOH. B 3T0M paboTe mocie obpa-
60TKHU BUPHOHOB BTM JUMeTHUJICYTEPOKCHUIOM UITH
MOYeBHUHOM Habniomanu "passeBaHue” BUPYCHOHR
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The viruses are a promising target for the
development of nanotechnology (however, the
applications described above, can also be attributed
to this type of technology). From the point of view
of materials science, the viruses are the organic
nanoparticles, which are able to penetrate through the
walls of the host cells. The size and shape of viruses, as
well as the number and nature of functional groups
on their surface, are exactly defined, whereby the
viruses can be used as templates for organization of
the material on the nanoscale level. For example, the
particles of cowpea mosaic virus (CPMV) were used to
amplify the signal of the biosensor based on the DNA
matrix. In this study, the viral particles separated
the fluorescent dyes in order to prevent occurrence of
non-fluorescent dimers that act as quenchers [1]. An
another example is the use of CPMV as nanomodel
for molecular electronics [2]. The baculoviruses coated
with metal nanoparticles or conducting polymers such
as polyaniline, are used for creating of nanowires and
new conductive materials.

THE STRUCTURE AND COMPOSITION OF TMV

TMV is a classic object of virology. It causes tobacco
mosaic disease, which manifests itself as spots on
the leaves. The virus represents the rods with the
diameter of 18 nm and the length of 300 nm (fig.1)
consisting of RNA and protein [3]. The RNA molecule
of the nucleotide with the length of 6390 bases has the
form of a spiral coil with a length of 2.3 nm, while the
shell is formed of 2130 protein subunits. The protein of
the cover is self-organizing in a rod-helical structure
(16.3 monomeric protein on one turn of the spiral)
around the RNA, which is located in a cylindrical
ring with the radius of about 6 nm, which could not
be affected by the cellular enzymes, destroying it. The
electron micrographs show the presence of virions
in the internal channel with the diameter of about 4
nm. TMV is a thermostable virus: it can withstand the
temperatures of up to 50°C for 30 minutes. The modern
virology owes not only its birth to this virus, but also
the basic concepts that add up to the present time, so
its further study, especially with new techniques, is
relevant to this day.

WHICH THE ATOMIC FORCE MICROSCOPY OF VIRAL
PARTICLES IS REQUIRED FOR?

At the AFM study of the viruses surface topography
in continuous or intermittent contact, the following
issues can be studied: the particle’s morphology,
especially the adsorption of viral particles to the
surface (adsorption kinetics, the degree of adhesion,
the relative orientation of the particles on the surface
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50 KOHTPOJIb U UBSMEPEHUSA

YaCTHILBl U BBIXOM M3 Hee MoJieKkyabl PHK. Boiee
nonpobuoe u3yueHue azcopbumu vactung BTM
Ha IIOBePXHOCTAX, MOOUPUIIMPOBAHHBIX pa3aInuy-
HBIMH XUMUYECKUMHU COeAUHEHUSI MU, [TOKA3aJo
BBICOKYIO YYBCTBHUTEIBHOCTD ITPOLiecca afcopoLuu
K npupoge mogudukaropa [5]. Hanpumep, moau-
buKranus caoapl 6POMHUCTBIM LeTHITPHMETHIIAM-
MOHHEM IIOBbICHIJIA aATre3uio BTM Ha ciaony 6oiee
gyeM B 10 pas. Cienyer OTMeTHTH, YTO IIPH H3y4ye-
HUU BTM Ha TakHUX IOAJOXKaX, KaK CJ0Oga UIU
rpaduT, MBIl UMeeM fesio ¢ GU3UUeCKON amcopb-
LIMell BUDUOHOB Ha [TOBePXHOCTH, T.e. afcopbiiuen
IIpe>xKJe BCero 3a C4eT BaH-IepP-Baa/IbCOBLIX B3aU-
MOJEeHNCTBUH (M rUAPOPOOHBIX /11 IIOBEPXHOCTH
rpaduTa).

MPUrOTOBJIEHUE OBPA3LIOB BTM A1 ACM
Tunu4dHas npouenypa IPUTOTOBIeHHUS obpasma
BTM a1st viccimemoBaHUS ¢ momolnbio ACM ommuMcaHa
B [5].

[lepens HaHeCeHHMeM Ha IMOAJIOXKH ansi ACM
AJIMKBOTY pPacTBOpa BUPYyCa LeHTPUPYIrHPOBaIHU
npu 13000 06./MuH Ha HeHTpudyre Eppendorf
5415C, passonunu docdarHbM bydpepom (5 MM
docdara Hatpusg, pH 7.3, 150 MM NacCl) mo koL eH-
Tpalnuu 1,3 MI/MJI A1l CIOAB UIu A0 0,325 Mr/Mn
st rpaduTa. [1STh MUKPOIUTPOB 0b6pasiia HaHO-
CHUJIN Ha CBeKUHU CKOJI cIoabl uau BOIIT u BBIIEP-
SKHBaJIA BO BJIA’KHOU KaMmepe B TedeHHe 30 MUH Ha
cniome Uiy 15 MUH - Ha rpadute. CopbupoBaHHEBIE
obpa3ubl BHpyca 2-3 pa3a NPOMBIBAJIH TPU-
OUCTUNTUPOBAHHON BONOM M BBICYHNIHBAaIHU
B BAaKYyM-3KCHKaTOpe.

NONAYYEHUE U OBPABOTKA

ACM-U30BPAXXEHWI OBPA3LIA BTM

[lonyuutbh wu30b6paxxeHue obpasna
BTM MOXHO B Ppe30HAaHCHOM pexXuMe.
B mpakTHKyMe CKaHHpYIOIlel 30HIOBOH
MUKpockonuu MIY mm. M.B.JlomoHOCOBa
MBI MCIIOJIB3yeM ATOMHO-CHJIOBBIE MHUKPO-
ckonsl "®emToCkaH". [ns ob6paboTku maH-
HBIX MCIIONIb3yeTCsl MporpaMMHoe obecmeue-
Hue "PemToCKaH OHNIanH" [14, 15]. [IporpaMMHoOe
obecreyeHHe CO CPOKOM JeHCTBHUS B 1 Mecsll
MO’KHO CKadaTh Ha CalTaXx WWW.Nanoscopy.ru u
www.nanoscopy.net [15].

B s3Tom IIO KoMaHIoM Distance KOHTEKCTHOTO
MeHI0 IIPOBOJUTCS M3MepeHHe JJIHUH BHPYCHBIX
YaCTHIL U [IOCTPOeHHe TUCTOTPaMMBI pacmpefese-
HUS 0 JJIHHAM. M3MepeHHBbIe YaCTHIIB yI06HO
ImoMe4aTh MapKepaMH, HCIOJb3ysl KOMAaHAy KOH-
TeKCTHOro MeHIo Marks. [Tpu aHamu3e U306 paskeHU N
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[4-6]), dependence of the adsorption on the surface
form (e.g., at modification of the substrate with the
various chemical compounds [5]), crystallization
processes at the surface of the viral particles [7],
mechanical strength and individual virion protein
subunits [8], localization of the genome inside of the
virions [9]. Such processes can also be studied, as:
dressing-undressing of viral particles [10], release of
RNA (DNA) from the particles [4], the interaction with
the host cell.

Puc.3. ACM-u306pasxeHus: a) bakmepuogadza K

Escherichia coli (mpexmepHoe uzo6pakeHue, pazmep

Kadpa npubausumenbHo 1x1x0,06 MKkm); b) — knemxku
Escherichia coli, unky6uposaHHol ¢ bakmepuopazom 8
meyeHue 30 MuH. npu 37°C (ony6AUKOBAHO C paspelleHUs
Langmuir, vol. 24, E.VV.Dubrovin, A.G.Voloshin,
S.V.Kraevsky, T.E.Ignatyuk, S.S.Abramchuk, 1.V.Yaminsky,
S.G.Ignatov. "Atomic force microscopy investigation of
phage infection of bacteria”, pp.13068-13074. ©2008
American Chemical Society)

Fig.3. AFM images of : a) bacteriophage to Escherichia coli
(three-dimensional image, the frame size is approximately
1x1x0.06 pm); b) - Escherichia coli cells, incubated with bacte-
riophage for 30 minutes at 37°C (Adapted with permission from
Langmuir, Vol. 24, EV.Dubrovin, A.G.Voloshin, S.V.Kraevsky,
T.E.Ignatyuk, S.S.Abramchuk, I.V.Yaminsky, S.G.Ignatov.
"Atomic force microscopy investigation of phage infection of bac-
teria", pp.13068-13074. ©2008 American Chemical Society)

The examples of AFM images of six types of viruses
are shown in fig. 2. Fig. 3 shows the AFM image,
which shows the adsorption of the bacteriophages
on the Escherichia coli cells’ surface. AFM can also
manipulate the individual viral particles using
cantilever and create a given architecture in the
nanoscale level. In addition, the modes of AFM
spectroscopy (removal of power curves, i.e. the
dependence of the force, exerted from the side of the
cantilever on the sample from the vertical position



MOXHO HaHTHU Haubosiee BeposiTHOe 3HaueHUe
OAUHBI BUPYCHBIX YaCTHUI] U OLLEHUTH AUCIIEPCUIO
10Ty UM BIIET0Cs Paclpee/leHHUsI.

PaboTa ydamerocs mpakKTHKyMa CKaHHUPYOLIeH
30H/J0BOM MUKPOCKOITMH ITOMOraeT eMy OCBOUTh KaK
TeopeTHYeCKHUI MaTepHall, TaK U aleKBAaTHO UHTep-
[IpeTHUPOBATH [I0JIyUeHHBIE Pe3yIbTaThI [16].
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of the piezoscanner), the additional opportunities
occur to quantitatively study the strength of
interaction of the virion with the substrate, RNA
(DNA) with a protein cover, the protein subunits
between each other.

The AFM provides unique information about the
sample. It is extremely important that the AFM
helps to study the viral particles without additional
contrasting by the atoms of heavy metals (as it is
needed, for example, in electron microscopy). You
can get a three-dimensional topography with high
resolution (the ultimate solution for soft objects: the
fractions of nanometers for lateral and the fractions
of angstroms for vertical directions), to study the
living objects on the surface, as in the air, and
aquatic environments. The information obtained
by AFM is required both for basic science and for
development of the nanotechnology.

The TMV were repeatedly investigated by AFM
(4,5,11-13]. In particular, a higher adsorption
capacity of virus particles on the surface of highly
oriented pyrolytic graphite (HOPG) as compared
with the surface of mica [4] was noted, which
was explained by hydrophobic interactions of the
particles with the substrate. In this work, the
"undressing" of the virus particle and extraction
of the RNA molecule after treatment of the TMV
virions with dimethyl sulfoxide or the urea were
observed. A more detailed study of the adsorption
of TMV particles on surfaces modified by various
chemical compounds showed high sensitivity
to the nature of the modifier of the adsorption
process [5]. For example, modification of the mica
by cetyltrimethylammonium bromide increased
adhesion of TMV to the mica in more than 10
times. It should be noted that in the study of the
TMV on such substrates as mica or graphite, we
face with the physical adsorption of the virions on
the surface, i.e. adsorption primarily due to van
der Waals interactions (and the hydrophobic for
graphite surface).

TMV SAMPLES PREPARATION FOR AFM
A typical procedure of TMV sample preparation for
the study by AFM is described in [5].

Before application to the substrate for AFM, the
aliquot of virus solution was centrifuged at 13,000
rpm on the Eppendorf centrifuge 5415S, diluted with
phosphate buffer (5 mM sodium phosphate, pH 7.3,
150 mM Nacl) to a concentration of 1.3 mg/ml for the
mica or up to 0.325 mg/ml for the graphite. 5 mcl of
the sample were applied to a fresh chip of the mica
or HOPG and were incubated in a humid chamber

#2 /43 /2014 NANO




52

KOHTPOJIb U U3BMEPEHUS

Manipulation of individual viruses: Friction and for 30 min on mica or 15 min on the graphite. The
mechanical properties. - Biophys. J., 1997, 72, sorbed virus samples were washed for 2-3 times in
1396-1403. tridistilled water and dried in a vacuum desiccator.
12. Britt D.W., Buijs J., Hlady V. Tobacco mosaic
virus adsorption on self-assembled and Langmuir- || PREPARATION AND PROCESSING
Blodgett monolayers studied by TIRF and SEM. - OF AFM IMAGES OF THE TMV SAMPLE
Thin Solid Films, 1998, 327-329, 824-828. An image of the TMV sample can be get in a resonant
13. Maeda H. An atomic force microscopy study for mode. The atomic force microscopes "FemtoScan"
the assembly structures of tobacco mosaic virus are used in the laboratory course of scanning probe
and their size evaluation. - Langmuir, 1997, 13, microscopy in the Moscow State University. Data
4150-4161. processing software "FemtoScan" is used [14, 15].
14. PyKkoBOACTBO I10/1b30BaTe/Is [1aKeTa POTrpaMM- Software with the one month test period can be
Horo obecIieueHHUs 115 YIIPaB/IeHUS CKAHUPY- downloaded from websites www.nanoscopy.ru and
IOITMM 30H/IOBBIM MHKPOCKOIIOM K 06paboTKH www.nanoscopy.net [15].
n3obpaskeHun. http://www.rusnanonet.ru/ The command “Distance” of the software’s context
download/equipment/fsonline_manual.pdf. menu measures the lengths of viral particles and
15. ®emroCkaH OHJIANH, constructs the histogram of length distribution.
http://www.nanoscopy.net/en/femtoscan-d.php. || The measured particle is convenient to tag with the
16. Ny6poBuH E.B., MemKkoB I'.b., IMuHCKHI H.B. markers using the context menu command “Marks”.
CKaHUPYyOIIas 30HI0Basi MUKPOCKOIIHS: IIOJTY- The most probable value of the length of the particles
yeHHe TPpeXMepHbIX U306paskeHHI1. HauanbHoe virus can be found and the variance of the resulting
3HAKOMCTBO C METOJIOM HCC/IeJOBAHHUSI [I0BEPX- distribution can be estimated at the image analysis.
HOCTH MaTepHaJIOB U HAaHO0OBeKTOB. YuebHoe The training of a student in the laboratory course
rocobue. OnucaHue 3aJauu 1a60paTOpHOro of scanning probe microscopy helps him to learn the
NpakTHUKyMa. - M.: MI'Y um. M.B.JloMOHOCOBa, theoretical material and to adequately interpret the
2009. received results [16]. |
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