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Bupycbl — 3TO 06beKTbl MpUpPOAbl pasMepoM B [AEeCATKU-COTHU HaHOMETpoB. OHM 4acTo COCTOST
M3 MOJIeKY/1 BCEro JiMb ABYX TUMOB: HykAeuMHoBon Kkucnotbl, AHK wam PHK u 6enkoB. UHorpa
[06aBAATCA U IMNUAbl. BUpYCbl HE MOTYT CAMOCTOSITE/IbHO PA3MHOXATbCA, KaK, Hanpumep, 6aKkTepun.
Penankauuio BUpYCOB NPOBOAMT caMa MHGULUPOBAHHASA KJETKA, AJ1S Yero oHa HapabaTbiBaeT MHOIo
KOMUA HYK/IEMHOBbIX KUC/IOT U 6enKoB. B cTaTbe Mbl pacCMOTPUM B AeTassX C MOMOLbO aTOMHO-
CUI0BOr0 MUKPOCKOMNA pas/iMyHbie BUAbl BUPYCOB, YBUAUM UX CTPYKTYPHble OCO6@HHOCTU, KOTopble
AenaroT UX Heys3BMMbIMU, U Y3HAeM, MOXKET /I O4HA BUPYCHas YacTuLa Bbi3BaThb 3a6osieBaHMe.

Viruses are nature objects of tens or hundreds nanometers. They often consist of only two types
of molecules: nucleic acid, DNA or RNA, and proteins. Sometimes lipids are added. Viruses cannot
reproduce independently, like bacteria. Replication of viruses is carried out by the infected cell
itself by producing many copies of nucleic acids and proteins. In this paper we will study in details
various types of viruses with the help of an atomic force microscope to see their structural features
that make them invulnerable, and learn whether one viral particle can cause a disease.

upyc TabayHON MO3aHKHU

(BTM) - 3To mepBBIM BHPYC,

OTKPBITHN B 1898 rony
MapruHoM beHepHHKOM.
3a 1IecTs JIeT 0 3Toro B 1892 rogy
IMUTpUl MIBAaHOBCKHUI omybau-
KOBaJl CTaThlo 0 HeGaKTepUab-
HOM IIaTOTeHe pacTeHUM Tabaka,
OH MPeAIOIOKMII, YTO 3TO 1H60
s, Tubo HeKre CBepxXMaJible Cylle-
CTBa, KOTOPBHIX He BUJTHO B MHUKPO-
cxorl. CerofHs 3TOT BUPYC SIBJISIETCS
MO[Ie/IbHBIM 0O BEKTOM [I/ISI MHOTHUX Puc.1. M306paxceHus Nicotiana (mabaka) u eupyca maba4yHol Mo3auKu
HMCCIeOBAHUM U OOTHUM M3 CAMBIX Fig.1. Images of Nicotiana (tobacco) and tobacco mosaic virus
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M3y4YeHHBIX BUPYCcoB. BTM nMeer
aJI04K006pa3Hyo Gopmy, ZHAMETP
YaCTHUILIB — 18 HM, IJIMHY - 300 MKM.
Kax oH BBRIIVIAAUT B aTOMHO-CHJIO-
BOM MHKPOCKOIIe, [IOKa3aHO Ha
puc.1.

BUpyChl UMEIOT IIPOCTYIO FreoMe-
TpHUUeckyo GopMy — B OOIBIIMH-
CTBe CJIy4aeB, 3TO UKOCA3AP UIHU
LUMIAHAP (aIouKa).

HM306paskeHUSs BUpYCa MSTIHKA,
HITPHXOBOM MO33aHKH SUMEHS,
BHpYyCa MO3aMKH KOCTPa IIPeJCTaB-
JIeHBI Ha PUC.2.

H3o06paskeHre BHpyca MeHTro
IIpeICTaB/IeHO Ha PHC.3.

YToOBI BUPYC 3apa3ui KJIETKY,
OH IOJIXKeH pa3feThcsi, cOpocUTh
benKoByI0 060/104Ky U 06HAKUTh
mosiekyny PHK. ITocMOTpeTh, Kak
3TO IIPOUCXOAMT B 1abOPaTOPHBIX
YyCIOBHUSAX, MOXKHO C IIOMOIIBIO
AaTOMHO-CHUJIOBOI0O MHKPOCKOIIA,
IlomercTBOBa/IM Ha BTM nHMMeTHIT-
CyIbPOKCUIOM, U MBI YK€ BUIUM,
Kak K3 6e1KoBOM 060I0YKH OCBO-
6oskmaercs PHK.

Ha pmuc.4 mpescTaBaeHo H306pa-
JKeHHe paspylleHHoro X BUpyca
KapTodesns: 3gech U GparmMeHThI
obomouku, U BUpycHas PHK.
Kcratu, Habnromaemas BBICOTA
PHK - Bcero nuiub oguMH HaHO-
MeTp. ITo OBITIO CAeIaHO C IIOMO-
LB GOCHOPUTUPOBAHK S, 3AMEHBI
y 6esika 060/104KH aTOMa BOLOPOAA

he tobacco mosaic virus (TMV)

was the first virus discov-

ered by Martin Beierink in
1898. Six years before that, in 1892,
Dmitry Ivanovsky published an arti-
cle on a non-bacterial pathogen of
tobacco plants, he suggested that
this is either poison or certain dwarf
creatures that are not visible in the
microscope. Nowadays this virus is
a model object for many studies and
one of the most studied viruses. TMV
has a rod shape, a particle diame-
ter of 18 nm, length - 300 microns.
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Virus image in the atomic force
microscope is presented in Fig.1.

Usually viruses have a simple geo-
metric shape - in most cases, itisan
icosahedron or cylinder (rod).

Images of the virus of the poa
semilatent virus, barley stripe
mosaic, brome mosaic virus are pre-
sented in Fig.2.

The image of the Mengo virus is
represented in Fig.3.

In order for the virus to infect
the cell, it should undress, throw
down the protein shell and expose

ACM-u306pakeHus: a — NoAyAadmeHmHo20 supyca msmaukd; b - aupyca
LWMpUXxo80U M03auKuU SIYMeHS]; C — 8UPYca MO3auku Kocmpa

Fig.2. AFM Images: a - poa semilatent virus; b - barley stripe mosaic; ¢ — brome mosaic
virus

the RNA molecule. It is possible to
see how this happens in the labo-
ratory using an atomic force micro-
scope. Apply dimethyl sulfoxide on
TMYV, and we already see how RNA is
released from the protein shell.
Figure 4 shows the image of a
destroyed X virus of potatoes: here
are the fragments of the shell, and
viral RNA. By the way, the observed
RNA height is just one nanometer.
This was done by phosphorylation,
replacement of the hydrogen atom
in the shell protein for the residue
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Ha 0CTaTOK pOcPOPHOM KHUCIOThI. TaKOM ITPOLIeCC ITPOKIC-

XOIUT U B KUBOMU IIPUPOJE.

Y 6aKTepuH TOXe eCTb BUPYCH. DTO HaKTepHO-
daru. BsaumogericTBue bakTepruodara c 6aKTepUsMU

of phosphoric acid. Such a process
occurs in wildlife.

Bacteria also have viruses. These
are bacteriophages. Interaction of
a bacteriophage with Escherichia coli
bacteria is visualized by an atomic
force microscope in [3].

With the help of an atomic
force microscope, it is possible
not only to observe the shape of
the viruses in three dimensions,
but also to investigate mechani-
cal and physico-chemical prop-
erties of viruses, rigidity, coun-
teracting destruction, adhesive
and frictional properties, a ten-
dency to aggregation, the ability to
crystallize.

Puc.3. AmomHo-cunosaa mukpockonus eu-
pyca MeHzo. Yacmuuya supyca moxkem
umemb 6 (KpacHoe 8bideneHue) uau 5 (cuHee
abldeneHue) 6AuXKaliwux cocedell. Smo yKa-
3bl8dem Ha UKocaIdpuyeckyto hopmy eupy-
ca MeHzo. [laHHble nonyveHsl A.CyLWKO C co-
asmopamu

Fig.3. Atomic force microscopy of the Mengo
virus. A virus particle may have 6 (red selec-
tion) or 5 (blue selection) of the near-
est neighbors. This indicates the icosahe-
dral form of the Mengo virus. The data was
obtained by A. Sushko et al.

Puc.4. N306paxkeHue PHK u ¢ppazmenmos
6eakosoli 060n04KU X supyca kapmogeas [2]
Fig.4. Image of RNA and protein coat of X
potato virus [2]

Escherichia coli Bu3yanu3upoBaHo
C IIOMOIIBI0 ATOMHO-CHJIOBOTO
MHKPOCKOIIa B pabore [3].

C IOMOIIbI0 aTOMHO-CHJIOBOIO
MHKPOCKOIIa MOXHO He TOJIBKO
HabmonaTe GopMy BHpYyCa B Tpex
H3MepeHHUSIX, HO 1 UCCIIeIOBATh ero
MeXaHHYeCcKHe U PU3HUKO-XUMH-
yecKHe CBOHCTBA, SKeCTKOCTb, ITPO-
THBOJEHCTBHE Pa3pylIeHHIo, afire-
3MBHBIE U QPUKIIMOHHBIE CBOKICTBA,
CKJIOHHOCTB K arperanuu, Crocob-
HOCTb KPHUCTaJUIM30BaThCSL.

HapgaBuUIKM KaHTHUIEeBepoOM
Ha yacTuly X BUpyca KapTodes
C Pa3HOM CHJIOH W 3aMEeTHIIH, UYTO
BBICOTA B PYCa M3MeHHU/1ach (PUC.5).
Terepb MBI MOKeM CYJHTh O >KeCT-
KOCTH BHPYyCa U Ja’Ke IOHSATB,
IIPU KaKOM CHJIe BO3JENCTBUS OH
paspyIuaeTcs.

C mOMOIIBI0 aTOMHO-CHU/IOBOM
MHKPOCKOIIUH IIPOBeIH Habmo-
JHeHHus KopoHaBupyca SARS-
CoV-2 Ha Bo3/yxe IIPU XUMUYECKOM
U TEIIJIOBOM BO3JIEHICTBUH, B pe3yJib-
TaTe KOTOPOro oH Iorubaer [5].

IIpy YMXaHUHU U Kalllsle 3abo-

JIeBIIEero 4YejioBeKa BUPYCHbBIE YaCTHUIIBI IIOIIA4A0T

B OKPY’KAIOUMH BO3AYX U TaKUM 06pa3omM MOIyT

If we press a cantilever on a par-
ticle of potato virus X with a dif-
ferent force, we can notice that the
height of the virus changes (Fig.5).
Now we can judge the rigidity of the
virus and even understand at what
applied force the virus is destroyed.

With the help of atomic force
microscopy coronavirus SARS-CoV-2
was studied in air under chemi-
cal and thermal exposure which
resulted in its destruction [5].

When a sick person sneezes and
coughs, viral particles enter the
surrounding air and can get into
another person. A sick person with
a strong cough or sneezing can
throw hundreds of thousands of
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IIOTIACTh K I PYTOMY desloBeKy. Bo/IbHOM Ye/loBeK IIpH
CHJIBHOM Kalll/le MM YUXaHUH MOXKeT BBIOPOCUTH

viral particles, with a fluid drop-
lets of about 4 pm, containing the
virus that can stay in air for sev-
eral hours. This means an air-drop
infection. Larger drops settle on
the surface - floor, tables or other
items. Therefore, when touching
such surfaces a man can also be
infected. Consequently, the use
of masks and gloves is a reason-
able protection measure against
coronavirus.

How many viruses are required
for a person to get infected? Under
laboratory conditions on the cell
culture, it is shown that it is
enough even one virus. One virus
gets into a cell, the cell reproduces
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Puc.5. a - u3obpaskeHue supyca npu npukaadeigaemoli cune 8 5 HH, 3HaueHue 8bicomsl 10,6 HM; b - u306parkeHue X gupyca Kapmo-
dens npu npuknadbieaemoli cune 8 25 HH, 3HaueHue ebicombl 8,6 HM; € = 2pa@uk 3asucumocmu Habaodaemoll 8bicombl Yyacmuu, X

gupyca kapmodeAs om npuaoxkeHHol cunbl [4]

Fig.5. a - an image of the potato virus X with the applied force in 5 nN, of the its height is 10.6 nm; b - an image of the virus with the
applied force in 25 nN, its height is 8.6 nm; c - a graph of the observed height of potato virus X particles versus the applied force [4]

COTHMU ThICSIY BUPYCHBIX YaCTHLI, IPU 3TOM KaIleJIbKU
SKUIKOCTH, Pa3MepoM OKOJIO0 4 MKM, colepsKkaliue
BUPYC, MOT'YT HaXOAHUTBHCS B BO3JyXe B TeueHHUe
HeCKOJIbKMX 4acoB. [Tony4daeTcs BO3/AYHIHO-Kalleslb-
Hoe 3apakeHHe. Kammu 6ombrero pasmepa oce1aioT
Ha [OBEPXHOCTU - I10JI, CTOJIBl MK APyrHe Ipef-
MeThl. [I03TOMY IIPU KaCaHHUHU TaKHUX [IOBEPXHOCTEH
TO’Ke MOKHO 3apa3uThcsi. C/iefloBaTe/IbHO, IPHUMeHe-
HMe MaCcOK 1 [1epyaToK - 3TO pa3yMHasi Mepa 3aIlUThI
OT KOPOHaBHpYyCa.

CKOJIBKO BUPYCOB HaJI0, 4TO6BI 3apa3uThcsi? B mabo-
PaTOPHBIX YCIOBUSIX Ha KyJIbType K/JIeTOK II0Ka3aHo,
4TO O6BIBAET JOCTATOYHO U OAHOr0 BUpyca. OLUH BUPYC
momazaeT B KJIETKY, KJIeTKa HapabaTslBaeT HOBBIE
BHPYCBI, OHU IIOIIaIAI0T B IPyTHe KJIETKH U T. [. A KaK

IIPOHUCXOLUT B pearbHOM KU3HHU? [Ioxoke Ha UTPY
B PYJIETKY, TOJIBKO ITO{YAC KCXOM, ObIBAET CMEPTEIBHBIM.

Kto mobenut? KoHe4uHO, 4eloBeK Pa3yMHBbIN. U B
IIPUPOJie MOY4YaeTCs TaK, YTO BUPYC IIOTHOCTBIO He
ybHBaeT Bcex CBOMX HOCHTese: 6yb To 6akTepuH, pac-
TeHH I, SKUBOTHBIEe MJIHM JIIOAHU. Beapb ecnu morubaror
HOCHUTe/IH, TO U IOJTHOCThIO Iorubaet Bupyc. Kcraru,
pasobILeHe CUIBHO MPeIsTCTBYeT PaclIpoCTpaHEHUIO
BHpYCa, YTO KaK pa3 U JeNaloT JIOKAAYH, CAMOH30JIs-
LU, yoaleHHas paboTa U mp.

A GBIBaeT M TaK, YTO KTO-TO BOObIIe SKUBeT 6e3 BUPY-
coB? OKa3bIBaeTCs, YTO A. YueHbIe 10 CHUX I10p He obHa-
PY’KHJIM HU OJTHOTO BUPYCA Y €11 06bIKHOBEHHO.

B Harlle BpeMsi BUPYCBI UCIIONIB3YIOT [171sE GOPBOBI C BUPY-
camu. TakuM obpaszom ycremHo paboTaeT BaKIHHA

new viruses they get into other
cells and so on. What happens in
real life? It looks like a game of rou-
lette, only sometimes the outcome
is fatal.

Who will win? Of course, a
homo sapience. It turns out in
nature that the virus does not
completely kill all its carriers: be
it bacteria, plants, animals or peo-
ple. After all, if the carriers die,
the virus dies completely as well.
By the way, separation greatly
impedes a spread of viruses, which
is what lockdown, self-isolation,
distance work, etc. do.

Does it happen that someone
generally lives without viruses?

It turns out yes. Scientists have
not yet found a single virus in
European Spruce.

Nowadays, viruses are used to
combat viruses. Thus, a vaccine
Sputnik V against coronavirus,
created on the basis of modified
adenoviruses, is working success-
fully. In the first and second vacci-
nations different adenoviruses are
used.

Take care of yourself. Soon, on
the YouTube channel, we will talk
about the atomic force microscopy
of viruses. One can know more
about the basics of the atomic force
microscopy on the channel now:
https://youtu.be/rhigjSeylsg.
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BAJINAALWNOHHASA JIABOPATOPUA

ACETITUKA

OBCY)XXAEHVE HOBbIX MTPO®ECCUN
B HAHOJJIEKTPOHWUKE

MpodeccoHanbHble CTaHAPTbl B HAHOMHAYCTPUMA 0BCYAAT HA BCTpeue
TexHoKnyba 033 "TexHonomc "Mocksa', KoTopas COCTOUTCA 24 Mast B paMKax
[0/ HayKV 1 TEXHONOT .

‘B 033 cToMMubl CO3[aH KNacTep MUKPONEKTPOHUKA C y4acTiiem
MPOV3BOACTB, V4eOHbIX W HAy4HbIX 3aBEOEHUH, ABASIOWMXCS (narma-
Hami OTPaCW, 33ZAIOLLMMM BbICOKYIO MIaHKY B MOATOTOBKE W Pa3BATUN
kanpos. B TexHoKnybe 3KcnepTbl paccMOTPST OCHOBHbIE aCMeKTbl PasBuTIS
HauyoHanbHo! cucTembl KBMuKaLMiA Kak 6asbl Anst GopMUpoBaHIS
PbIHKA TPyAA B BbICOKOTEXHOMOMMYHOM CeKTope, 0BCyaST NpodCTaHAapTbI
B HAHOMHAYCTPUM 11 MPE3EHTYHOT MPOEKTbI HOBbIX MPOQCTAHZAPTOB M0 Py
CreLyabHOCTeN MUKPONIEKTPOHWKK', — 32511 FeHep/IbHbI AUPEKTop CTo-
JM4HON 033 leHHawiA [lerTes.

10 UTOram OHAAH-06CY)KAEHIS MPOEKTbI MPELJIONEHMV N0 U3MEHEHVSIM
npodcTaHaapToB GyayT nepeaHbl B MUHUCTEPCTBO TPyAA U COLMAILHON
3aWMTbl PO. O3HAKOMUTLCA C NPOEKTaMM MOXHO Ha caiATe LIOK https://cok-
niime.ru.

TexHoKnyb MpumaLaeT K AMCKYCCvn paspaboTyvkoB v Mpov3BOaMTENeN
C v nonynpoBOAHMKOBLIX NPMGOPOB, 3KCNEPTOB B 06AACTY MPOEKTUPOBAHIS
11 MPOV3BOZACTBA M3AEMNIA MAKDOINEKTPOHUKY.
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