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Pe3rome

JIeKTHHBI — IPYIIA YIJIEBOCBA3BIBAIOIINX BHICOKOCTIEIM(DHUYHBIX 0€JIKOB C IIHPOKHM CIEKTPOM JIeHCTBHS, y4aCTBYIO-
IIMX B TAaK Ha3bIBA€MOH «II€PBOH JIMHHM» 3ALIUTHI OPraHU3Ma. ITH YHHKAJIbHbIE GHOMOJIEKYJIbI IIPOABJIAIOT BEICOKYIO
crenUYHOCT K Pa3JTMYHBIM MOHO- M OJIUTOCAaXapH/iaM, B IIEPBYI0 oYepe/h, NINKOKOHBIOraTaM BHPYCOB H OaKTepHii.
JlekTHHBI IHaHOOAKTepHUi 3(h(DEeKTUBHBI IPOTHE 000/I0YEIHBIX BHPYCOB U ABJIAIOTCA IPUBJIEKaTeTbHOH AJIETePHATHBOKH
CYIIECTBYIOIIMM CHHTEeTHYECKHM JIEKapCTBeHHBIM Npenaparam. H3BecTHO IPaKTHYECKH IIOTHOE OTCYyTCTBHE (hOpMHPO-
BaHHUs Pe3UCTEHTHOCTH Y BUPYCOB K 3TUM coefuHeHH:AM. lles1b 0030pa — aHa/113, 00001eHHE ¥ 00CY K€ HHE Pe3YJIETaTOB
9KCIepPUMEHTAJIbHBIX HCCIIEA0BAHUM in Vivo U in vitro, AJTIOCTPUPYIOLINX MEXaHU3MBbI AeHCTBUA U IIPOTHBOBHPYCHEIE
3¢ eKThI IEKTHHOB, HOJTyYEeHHBIX U3 IHAHOOAKTEPHI, B OTHOIIIEHHH Han0oJIee OaCHBIX M COLMAIBLHO 3HAYHMBIX BUPY-
coB: SARS-Cov-2, BUY, BupycoB J6ouia, rpunmna u renaruta C. Kpome Toro, MbI pacCMOTPHM HEKOTOPbIE TPYAHOCTH, KOTO-
pble HeOGXOAMMO IPeoJ0JIeTh 1A MoTy4eHuA 3¢ heKTHBHBIX NPOTHBOBUPYCHBIX NPENapaTos B OyayIeM.
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Abstract

Lectins are a group of highly specific carbohydrate-binding proteins with a wide spectrum of action, involved in the so-called
«firstline» of body defense. These unique biomolecules show high specificity for various mono- and oligosaccharides, prima-
rily for viral and bacterial glycoconjugates. Cyanobacteria lectins are effective against enveloped viruses and are an appealing
alternative to existing synthetic drugs. Virtually complete absence of resistance formation in viruses to these compounds is
known. The purpose of this review is to analyze, summarize, and discuss the results of experimental studies in vivo and in
vitro, illustrating the mechanisms of action and antiviral effects of lectins obtained from cyanobacteria in relation to the most
dangerous and socially significant viruses: SARS-Cov-2, HIV, Ebola viruses, influenza, and hepatitis C. In addition, the article
outlines some of the challenges that must be overcome in order to obtain effective antiviral drugs in the future.
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Ilnanob0akTepun
M NX MeTa00JIUTHI

MuUKpOBOZOPOCIN IIPEACTABJIECHBI 3€JEHBIMU
(Chlorophyta), cune-senéunsiMu (Cyanobacteria),
skesiTo-3esieapiMu (Ochrophyta u Xantophyta), 3os10-
tuctbiMu (Ochrophyta u Chrysophita) Bogopocasimu
u nuatoMmoBbiMu (Bacillaryophyta) [1].CymiecTByet
6oJ1ee 50000 pa3IUYHBIX BUI0B MUKPOBOIOPOCIEH,
13 KOTOPbIX OXapaKTepU30BaHbI JIUIIb HEMHOTHE [2].
BoJibmioe BHUMaHMe YYE€HBIX B HACTOALIEE BpeMs
MIPUBJIEYEHO K IMAHOOAKTEPUSM (PaHbBIIIE UX HA3bI-
BaJIi CUHE-3€JIEHBIMU BOIOPOC/ISIMHA) B CBSA3U C BbI-
COKOY OH0JIOTNTYeCKOM aKTUBHOCTHIO X BTOPUYHBIX
MeTabOJIUTOB.

[Inano6axrepuu (115) MOSBUINCH OKOJIO 3 MJIPJL
JIeT HasaJ], I0JI0KUB Hauvajo Iepexony 3eMJId OT
AHOKCUTEHHBIX K OKCUT'€HHBbIM YCJIOBUSM IIOCPEI-
cTBOM (hoTocuHTe3a [3]. B TeueHme cBoeii aBoIIOINN
116 cTanu ogHUMU U3 caMbIX pa3HOOOpa3HbIX U IITHU-
POKO pacrIpoCTpaHEHHBIX TPOKAPUOT, 3AHIBIITUX
MHOKECTBO HUIII B HA3€MHBIX, IIJIAHKTOHHBIX 1 TOH-
HBIX MeCTOOOUTaHUsX. MiMelolnecs: B JUTepaType
CBEJIeHUA CBUIETEJIbCTBYIOT O TOM, 4TO I1b mcross-
30BaJ/IUCh Y€JIOBEKOM ITpuMepHO ¢ 1500 . 10 H. 3. 1714
JIe4eHUsI Iofarpbl, CBUIIEN 1 paKka [4].

JTO OTPOMHOE COOOIIECTBO IPAMOTPHUIIATEITE-
HBIX OaKTepUil MpeACcTaBJIsIET COO0I OMHY U3 APEB-
HeHIINX TPy OpraHu3MoB, IPEJKU IIJIACTHU]L BBIC-
MUX pacTeHuir [5], BKJAMYAIIYIO B Ccebs
OOJHOKJIETOYHBbIEC 1 HUTYATble BUIbI, CIIOCOOHBIE U
HecIlocoOHbIe K (DOTOCHMHTE3Y, CUMOUOTHUYECKIUE,
TOKCUTEHHBIE U XUIIHbIEe BUIbl. Pagdmepsl renoma LB
cocrtasssAioT oT 1 mo 10 M6 [6]. [lmanobOakTepun He
HUMEIOT s1Ipa 1 MeMOPaHOCBS3aHHBIX OPraHe LI ¥ MO-
I'yT CBA3BIBATh arMocdepHbIil a3oT. Hekoropble
Bunkwl LB, nanpumep, Choococcus sp., Pormidium sp.,
UMEIOT JOTOJHUTE/IbHBIE BHEIITHUE 000JI0YKH, KO-
TOpble MOSKHO OTHECTH K KallcyJaM, 000JI0uKaM,
cam3ucTomy ciioio [7]. ITo yHUKaIBHBIM METa00J N -
YEeCKUM XapaKTEPUCTUKAM 9TU MUKPOOPTaHU3MBI
CXO3KU C 9YKapUOTHYECKUMU BOJOPOC/ISIMU. BriTioue-
uue 1Ib B TakcoHOMUUYECKIEe CXeMbl OaKTepuil mpo-
M3O0IILJIO TOJIbKO B 1978 1. [8]. OgHako Jjiuinb B 1999 1.
1Ib 6b111 BRJIIOUEHBI B [IpaBuiia MekayHapogHOTO
KOMUTETA 10 CUCTeMaTu4ecKoi O0aKTepHuoJIOruu, 1
TAaKCOHOMUYECKOE TOJIOSKEHNE UX, 0COOEHHO HOBBIX
BUJIOB, /10 HACTOSIIIIET0 BPEMEHHU MPOJOJI3KAET OBITh
MIpeIMEeTOM IUCKyCcCHit [9].

OCHOBHBIMU UCTOYHHUKAMM BasKHBIX JJIAd Meaqu-
IIUHBI IIPUPOAHBIX COC,I[I/IHeHI/IIL/‘I ABJIAIOTCA IIPEUMY-
mecTBeHHO Mopckue LB orpsimoB Oscillatoriales,
Nostocales, Chroococcales. Vicnosib3oBaHue cOBpe-
MEHHBIX T€HOMHBIX U MeTabO0JIOMHBIX II0aX0a0B
(Macc-cniekrpomerpusa u AMP-crieKTpocKony) mos-
BOJIMJIO YCTAHOBUTB, 4YTO MOpCKUe 11b AB/iAoTCA He-
vcyepraeMbIM UCTOYHUKOM CTPYKTYPHO YHUKAJIb-
HBIX [IPUPOAHBIX IPOAYKTOB [10].
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Cyanobacteria
and Their Metabolites

Microalgae are represented by green (Chloro-
phyta), blue-green (Cyanobacteria), yellow-green
(Ochrophyta and Xanthophyta), golden (Ochrophyta
and Chrysophita) algae and diatoms (Bacillaryo-
phyta) [1]. There are over 50,000 different species of
microalgae, of which only a few have been charac-
terised [2]. Cyanobacteria (formerly known as blue-
green algae) are of particular interest to researchers
due to the high biological activity of their secondary
metabolites.

Cyanobacteria (CB) appeared about 3 billion
years ago, initiating the transition of the Earth from
anoxygenic to oxygenic conditions through photo-
synthesis [3]. During their evolution, CBs have be-
come one of the most diverse and widespread pro-
karyotes, occupying many niches in terrestrial,
planktonic, and benthic habitats. The information
available in the literature indicates that humans have
used CBs since about 1500 BC for the treatment of
gout, fistula and cancer [4].

This massive community of gram-negative bac-
teria is one of the oldest groups of organisms, the an-
cestors of the plastids of higher plants [5]. They include
unicellular and filamentous species, photosynthetic
and non-photosynthetic, symbiotic, toxigenic, and
predatory species. The size of the CB genome is from
1 to 10 Mb [6]. CBs do not have a nucleus and mem-
brane-bound organelles and can bind atmospheric
nitrogen. Some types of CB, for example, Chroococcus
sp., and Pormidium sp., have additional outer shells
(capsules, shells, mucous layer) [7]. By unique meta-
bolic characteristics, these microorganisms are similar
to eukaryotic algae. Their inclusion in the taxonomic
systematisation of bacteria occurred only in 1978 [8].
However, in 1999 they were recognised by the Inter-
national Committee on Systematic Bacteriology
(ICSB). Still, their taxonomic position, especially of
new species, continues to be the subject of discussion
today [9].

The primary sources of natural compounds im-
portant for medicine are mainly marine CBs of the
Oscillatoriales, Nostocales, and Chroococcales orders.
The use of modern genomics and metabolomics ap-
proaches (mass spectrometry and NMR spectroscopy)
made it possible to establish that marine CBs are an
inexhaustible source of structurally unique natural
products [10].

CBs produce a variety of metabolites (endo-
and exopolysaccharides, lectins, proteins, polyphe-
nols, etc.), including more than 2000 secondary
metabolites [11]. As it turned out, these cyanomet-
abolites have highly diverse biological activity (anti-
inflammatory, immunomodulatory, antitumor, an-
tioxidant, and others). However, their antiviral
activity has been studied to a lesser extent [12]. A
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[Tranob6akTepun TPOAYIIUPYIOT PA3HOOOPA3HbIE
MeTaboJIUTHI (IH/I0- 1 9K30II0JIMCaXapU/ibl, JIEKTHUHBI,
MIPOTENHBI, TOJIU(PEHOBI 1 Ap.). [To mocaeganM nan-
HBIM, 00HapyskeHo 60J1ee 2000 BTOpUYHBIX MeTab0JIH -
TOB ImaHobakTepwuii [11], IJIs1 KOTOPBIX OIPEIEIEHBI
14 pa3/IMYHBIX TUIIOB AKTUBHOCTY (IIPOTUBOBOCIIAJIN-
TeJIbHasA, UMMYHOMOY/IUPYIOIIasi, IIPOTHBOBOITYXO-
JieBasl, aHTUOKCHUaHTHasI 1 11p.). [ To cpaBHEHMIO € 1py-
FMMHM BUJIaMU aKTUBHOCTH I[MaHOMeTabO0JINTOB
IIPOTUBOBUPYCHBIE 3(h(HEKTHI UX N3yUeHbI B MEHBITIEH
crerieru [12]. JlocTaTo4HO OOJIBIIIOE YHCIIO UCCEN0-
BaHUM IIOCBSAIIEHO JiekThuHam 115 [13].

JlekTuHBI IMaHOOaKTepUil — MOHOMepHbIE TN
JUMepHble 0eJIKU C YHUKAJIbHBIMI aMUHOKHUCJIOT-
HBIMM T10CJIeJJ0OBAaTeIbHOCTAMY U Ype3BbIYaliHO BBI-
COKMM CPOZICTBOM U CITENIM(PUIHOCTHIO K YIJIEBOJIaM,
IIPENMYIIIeCTBEHHO K OJIMrOcaxapujiaM, B MeHbIIel
CTerleH! — K MOHOcaxapugaM. OTU COeJUHeHUs ITPo-
SIBJIAIOT aKTUBHOCTb B HAHOMOJISIDHOM JIMalla3oHe,
HO PA3JINYaIOTCs 10 YIJIEBOTHOU CIENTU(PUIHOCTA U
PacIio3HAIOT pa3Hble AMUTOIIBI Ha OJIMTOCaxapuiax ¢
BBICOKUM COJiepsKaHNeM MaHHO3bI [14]. O60J109KkU
MHOTMX BUPYCOB 00raThl MacCUBaMU CIEIUPIIECKIX
CaxapoB, CJI0KHBIMHU, TOBTOPSIONINMUCI MaHHO3-
HBIMM IVINKaHaMU, IPUKPENIeHHbIMU K IIOBEPXHO-
cru. Takoe cogepskaHne MaHHO3bI PEJIKO BCTPEYaeTCcs
B KJIETKaX MJIEKOITUTAIOIINX, B CBA3H C YeM JIEKTHUHBI
nraHo0aKTepUil ABJSIOTCS CeJeKTUBHBIMU aHTHU-
MHUKPOOHBIMH areHTaMM C BBICOKOH ah(pMHHOCTHIO,
HarlesieHbl Ha 000JI049eYHble BUPYChI, UMEIOT IITUPO-
KUH IPOTHBOBUPYCHBIN MOTEHIMAT, U, KaK Npej-
10J1araloT y4éHble, Bpsif Jiu OyAyT TOKCUYHBIMU JJIS
KJIETOK 4YesioBeKa [13, 15].

Jlektunsl 11b, umMemnive 3HayeHue JIJisi MeIu-
[IHBI, BKJIIO4atoT InaHoBUPUH-N (CVN), CHUTOBUPUH
(SVN), mukpoBupuH (MVN), siektuH Microcystis viridis
(MVL) u arrmotunnH Oscillatoria agardhii (OAA).

CV-N — JiekTHH, BblaejieHHbIH 13 1B Nostoc el-
lipsosporum, neficTByeT Kak ICeBIOAHTUTENO [16].
CVN umMmeer BBICOKOE CPOACTBO K anurony Manal —
2Man B (popme numanHosuna (Manal — 2Man) u -
HeliHoro TpuMmaHHo3ujga (Manal — 2Manal —
2Man), pacrioIO;KEHHBIX Ha KOHIIEBBIX OTBETBJIEHUSIX
N-cBs3aHHBIX 0JINTOCAXaPHIOB C BBICOKUM COflepsKa-
HHeM MaHHO3bI (Man-8 u Man-9) Ha IOBEPXHOCTHBIX
IJIMKONpoTenHax Bupyca. COCTOUT U3 MOJIUIENTH A
nauHoi 101 aa, BKJIIOYAIONIEro 4 ocTarka IIMCTENHA,
00pasyIolyX IBe BHYTpUIleNIOueyHble JUCY/IbMUI-
HbIE CBSI3U, CTAOMJIN3UPYIOIINE CTPYKTYPYy Oeska u
OTIpe/iesIAoNINe ero IPOTUBOBUPYCHYIO aKTUBHOCTD
[17]. IlmanoBupUH-N HpPOSBJSAET MOIIHYIO aKTUB-
HOCTb in vitrou in vivo nporus BUY u apyrux jeHTu-
BUPYCOB B HAHOMOJIAPHBIX KOHIIeHTpaIusax. VHru-
O6upyeT TaksKe BUPYC IIPOCTOTO repreca-6 u BUPYC
kopu in vitro [18]. CVN Mo)keT OBITh B TUMepHOU 1
MOHOMEpPHOH (hopMax, B TO BpeMs Kak JIpyrue JieK-
THUHBI IMaHOOaKTepnii — JIeKTUH Microcystis viridis n
criuroBupuH (SCV) — TOJIBKO B MOHOMEPHOH (hopMme.
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significant number of studies are devoted to CB
lectins [13].

CB lectins are monomeric or dimeric proteins
with unique amino acid sequences and high affinity
and specificity for carbohydrates, mainly for oligo-
saccharides and, to a lesser extent, for monosaccha-
rides. These metabolites are active in the nanomolar
range, specialising in recognising different epitopes
of high-mannose oligosaccharides [14]. The envelopes
of many viruses are rich in arrays of specific carbo-
hydrates and complex, repetitive mannose glycans at-
tached to the surface. This content of mannose is
rarely found in mammalian cells. Thus, CB lectins are
selective antiviral agents with high affinity. They have
broad antiviral potential but primarily target envel-
oped viruses and are unlikely to be toxic to human
cells [13, 15].

The group of CB lectins important for medicine
includes cyanovirin-N (CV-N), scytovirin (SVN), mi-
crovirin (MVN), Microcystis viridis lectin (MVL) and
agglutinin Oscillatoria agardhii (AOA).

CV-N is a lectin isolated from CB Nostoc ellip-
sosporum that acts as a pseudo-antibody [16]. CV-
N has a high affinity for the Mana1 — 2Man epitope
in the form of dimannosides (Manal — 2Man) and
linear trimannosides (Mana1 — 2Manal — 2Man)
located on the terminal branches of N-linked high
mannose oligosaccharides (Man-8 and Man-9) on
the surface glycoproteins of the virus. It consists of
a 101 amino acid-long polypeptide, including 4 cys-
teine residues, forming two intrachain disulfide
bonds that stabilise the protein structure and de-
termine its antiviral activity [17]. CV-N exhibits po-
tent in vitro and in vivo activity against HIV and
other lentiviruses at nanomolar concentrations. In
addition, this lectin also inhibits herpes simplex
virus-6 and measles virus in vitro [18]. CV-N can be
in dimeric and monomeric forms, while other CB
lectins — Microcystis viridis lectin and scytovirin
(SCV) — only in monomeric form.

SCV is a lectin that was first isolated from an
aqueous extract of CB Scytonema varium. It consists
of a polypeptide 95 amino acid-long containing 5 in-
trachain disulfide bonds. The molecular weight of the
lectin is 9.7 kDa.

Microvirin (MVN) is a lectin isolated from CB Mi-
crocystis aeruginosa PCC7806. The molecular weight
of the lectin is 14.3 kDa. CBs are attracted by the sim-
plicity of controlling the cultivation conditions and
obtaining a sufficient amount of metabolites, as well
as the possibility of their use in various fields of bio-
technology.

The purpose of this review is to analyse, sum-
marise and discuss the results of experimental studies
in vivo and in vitro, illustrating the regulatory mech-
anisms of the expression of CB lectins and the antiviral
effect of these compounds in relation to the most dan-
gerous and socially significant viruses: HIV, SARS-
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CrutoBupuH (SCV) — JIEKTHH, BbIIEJIEHHBIN U3
BOJTHOTO 3KCTpaKTa LuaHoOakTepum Scytonema
varium. COCTOUT U3 IOJIMIENTH A JJINHOM 95 aa, co-
JEPIKAIero 5 BHyTPHUIENOYEYHBIX JUCYIbMOUITHBIX
cBs3eil. MoJterysisipHast Macca jiektusa 9,7 k/la.

Mukposupur (MVN) — JIEeKTHH, BBIIEJIEH U3
nunanobakrepum Microcystis aeruginosa PCC7806. Mo-
JIERyJIsIpHasi Macca jJeKkTrHa 14,3 k/la.

[Tnano6akTepuy TPUBJIEKAIOT IPOCTOTON yIIpaB-
JIEHUSI YCJIOBUSMU KYJBTUBUPOBAHUS U ITOJTYYEHHS
JIOCTATOYHOI'0 KOJIMYeCTBA META00JIUTOB ITMaHO0aK-
Tepui, a Tak)ke BO3MOKHOCTBIO X UCIIOJIb30BaHUA
B Pa3HbIX 00J1aCTAX OMOTEXHOJIOT U H.

B HacrosmeM o0630pe IpejcTaBJeHBI MaTe-
pHaJIbI 10 IPOTHBOBUPYCHOMY AEHCTBUIO JIEKTHHOB,
IIOJTyYeHHBIX U3 [IMaHOOAKTepUH, 110 OTHOIIIEHHIO K
HanboJiee ONACHBIM M COIIAIbHO 3HAYMMBIM BUPY-
cam: BMY, SARS-COV-2,Bupycy 9d6oJa, BUpycam
rpunna, Bupycy renarura C.

[mobanbHBIE NMPOIECCHl — U3MEeHeHHe KJIH-
Mara, HeyJOBJIETBOPHUTENbHbIE CAHUTAPHBIE YCJIO-
BUISI )KU3HU B Pa3/IMYHBIX pETHOHAX 3eMHOTO I1apa,
MHUTPAIMOHHBIE IPOIECCH], TECHOE B3aWMOJEH-
CTBHE 4YeJIOBeKa C MPUPOJIOH M HaceAIINM eé
SKMBOTHBIM MUPOM, TIEPEHOC HACEKOMBIX-ITIEPEHOC-
YUKOB M3 OJHUX PETMOHOB B JPYrHe MOBBIIIAIOT
PUCK paclnpocTpaHeHUsA OIACHBIX AJIA yejOBeKa
BUPYCHBIX MH(pernuii [19-22]. Curyanuio ycyryo-
JIsieT OBICTpOE MOsIBJIEHHE HOBBIX MYTaHTOB BO3-
OynuTesieil, B KOPOTKHE CPOKHU PA3BUBAETCS PE3U-
CTEHTHOCTH K  HCIOJb3yeMBIM  areHTaM.
AccopTuMeHT 3¢ (HEeKTUBHBIX U JTOCTYIHBIX Jie-
KapCTB IIUPOKOTO CIIEKTPA AeUCTBUS AJIsI Ipodu-
JIAKTUKU U JIedeHUsI BUPYCHBIX UH(MEKIU o4eHb
OrpaHuYeH, B CBA3U C YeM y4éHbIe 0O6palaTcs K
[PUPOJHBIM HUCTOYHUKAM, B TOM YHCJIE, U K IUa-
HOOaKTepUusAM U ux MeTabosiutam [23].

s co3manusi BHICOKO3(h(PEKTUBHBIX HEJOPO-
T'UX [IpPeraparoB KkeJlaTe/IbHO UCII0JIb30BaTh COeIu-
HEHUs1, KOTOpbIe UMEIOT I0CTaTOYHO O0JIBIIIoN Habop
MUIIIeHEN Ha Pa3/IMYHBIX CTAAUsX Pa3BUTHUS BO3-
OynuTesiell Ha TPOTSKEHUHU BCEro MH(PEKIIMOHHOTO
rporuecca [24].

sKu3HEeHHbBIN ITHUKJI
000J104Y€YHBIX BUPYCOB

JKr3HeHHbIH ITUKJI BUPYCOB BKJIIOYAET CJIEYIO-
I[1e 3Talbl:

1. amcopbiuss BUPyCcOB HA MeMOpaHe KJIETKHU
(peuenius Bupyca);

2. caustHUe BUPYCHOHM U KJIETOYHOU MeMOpaH
(pysus) nnu popMUpOBaHUE IHIOCOMBI C TIOCHE-
nyrorei ysnett;

3. JenpoTeMHU3alNsA BUPYCHOTO reHOMa,;

4. yperposupycos (Ortervirales: Retroviridae) —
JIOIIOJTHUTEJIbHBIN cCUHTe3 npoBupycHoi JIHK Ha
Marpuue PHEK;
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COV-2, Ebola virus, influenza viruses, hepatitis C virus.
In addition, we will consider the difficulties that must
be overcome to develop effective drugs to prevent and
treat viral infections in the future.

Global processes — climate change, unsatisfac-
tory sanitary conditions of life in various regions of
the globe, migration processes, close interaction of
man with nature and the animal world inhabiting it,
the transfer of insect vectors from one area to another
increase the risk of the spread of viral infections dan-
gerous to humans [19-22]. The situation is aggravated
by the rapid emergence of new mutants of pathogens,
and resistance to the agents used develops in a short
time. The range of effective and affordable broad-
spectrum drugs for the prevention and treatment of
viral infections is minimal, and therefore scientists
are turning to natural sources, including CB and their
metabolites [23].

To create highly effective, inexpensive drugs, it is
desirable to use compounds with a sufficiently large
set of targets at various stages of pathogen devel-
opment throughout the entire infectious process [24].

Life Cycle of Enveloped Viruses

The life cycle of viruses includes the following
stages:

1 — adsorption of viruses on the cell membrane
(reception of the virus);

2 — fusion of viral and cell membranes (fusion)
or formation of an endosome followed by fusion;

3 — deproteinization of the viral genome;

4 —inretroviruses (Ortervirales: Retroviridae) —
additional synthesis of proviral DNA on an RNA
matrix;

5 — synthesis of virus components (viral nucleic
acids and viral structural proteins);

6 — formation (assembly) of mature daughter
virions;

7 — budding of daughter virions from the cell.

The fusion stage is mediated by a complex set
of protein interactions, the key point of which is the
release of a hydrophobic fragment of one or more
hydrophobic protein fragments (viral and / or cellu-
lar) — the so-called, fusion peptides — which anchor
in the opposite lipid membrane and form a fusion
pore; the latter gradually expands to a size that allows
the viral nucleocapsid to penetrate into the cytoplasm
of the target cell [25-27].

Interaction of Lectins
with Viruses

Algae and CB lectins can inhibit viral replication
at different stages of the life cycle, as well as enhance
the immune response of the host organism, and ex-
hibit anti-inflammatory and antioxidant properties,
i.e. influence different and different signalling path-
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5. CHHTEe3 KOMIIOHEHTOB BHUPYCOB (BUPYCHBIX
HYKJIEUHOBBIX KUCJOT U BUPYCHBIX CTPYKTYPHBIX
6eJIKOB);

6. dopmupoBaHue (CHOpKa) 3PETbIX JOUEPHUX
BUPUOHOB;

7. TIOYKOBaHUeE
KJIETKU.

Cranusa ¢ys3un onocpenyeTcsl CJI0KHBIM KOM-
IIJIEKCOM O€JIKOBBIX B3aUMOJEMCTBUM, KJIIOYEBbIM
MOMEHTOM KOTOPOTO SIBJIIETCS BBICBOOOMK/IEHNE
ruapogoOHOro hparMeHTa OTHOTO MJIN HECKOJbKIUX
ruipodoOHBIX 0€JIKOBBIX (pparMeHTOB (BUPYCHBIX
U/WJIA KIETOYHBIX) T. H. IENTUIOB CJIUAHUSA, KOTO-
pble 3aTKOPUBAIOTCSI B TPOTUBOIIOJIOKHON JTUTII] -
HOU MemMOpaHe U (hOPMUPYIOT NOPY CAUAHUSA; HO-
CJIeJTHsAA MOCTeNeHHO paclIupseTca 10 pa3Mepos,
IT03BOJIAIOMINX HYKJIEOKAICUAY BUPyca IPOHUKHYTh
B [JUTOILJIA3MY KJIETKU-MUIIIEHU [25-27].

JOYEpPHUX BHUPUOHOB U3

B3aumMogercTBHE JIEKTHHOB
C BUpycaMH

JlekTuHBI Boopocyeii u I1b MoryT uHru6mpo-
BaTh pEIJIUKAIWIO BUPYCOB Ha pPa3HBIX J9Talax
SKU3HEHHOT0 IMKJIA, a TaK)Ke YCUJIUBATh UMMYH-
HBII OTBET OpraHuaMa X03s1Ha, IPOABJIATH IIPO-
THUBOBOCIIAJNUTEJIbHbIE€ 1 aHTUOKCHUAHTHbIE CBOM-
CTBa, T. €. ):[CIZCTBOB&TB Ha pa3Hble MUIIEHU U
pasJinyHble CUTHaJbHbIE NyTH. [Ipu aTOM 000J10-
YE€YHbI€ BUPYChI boJiee YYBCTBUTEJIbHBI K ITIOJIN-
aHUWOHAM, YeM BUPYCHI 6e3 o0oJouku [27, 28]. OHn
B3aUMOJeHCTBYIOT C IOJIOKUTEJbHO 3apsisKeH-
HBIMH JOMeHaMH INIMKOIPOTENHOBOM 0060JIOUKHU
BHpYyCa U CO37al0T HeOOPaTUMBII KOMILJIEKC.

B cienylomniux pasjaesnax ImpejcTaBjieHbl Mare-
puasbl, KacaoIrecs NIPOTHBOBUPYCHOTO AeHCTBUSA
JeKTUHOB 1Ib 110 OTHOIIIeHHI0 K HauboJ1ee OITacHbIM
JIJIS1 4eJI0OBeKa BUPyCaM.

Koponasupycs! (Nidovirales: Coronaviridae), ko-
TOpBIE B IIPOIIJIOM BeKe He CUUTAJINUCh CePbE3HON
AMUAEMUYECKON TPOOJIEMOIi, B TEKYIIIEM CTOJIETUN
CTaJIM IPUYNHOHN MacIITa0HbBIX Ype3BbIYaHBIX CH-
Tyanuii B 00J1acTu 6M0J0TU4YeCcKOol 0e30I1aCHOCTH: B
2002 r. kpynmHasa sONUIEeMUsI, OXBAaTHUBIIAA I0MKHbIE
npoBuHIMY KuTas, Obla cBsI3aHa C KOPOHABUPYCOM
TAKEJIOT0 OCTPOr0 PecHUpaTopHOTO CHHJpOMa
(SARS-CoV — Severe acute respiratory syndrome co-
ronavirus) (Betacoronavirus, mogpon Sarbecovirus); B
2012 1. cTas n3BeCTeH KOPOHABUPYC OJIMKHEBOCTOY-
Horo pecunuparopHoro cungpoma (MERS-CoV —
Middle East respiratory syndrome coronavirus) (Be-
tacoronavirus, monpop, Merbecovirus) [29], npupog-
HbIe 0Yaru KOTOPOT'0 PacloJIosKeHbl Ha ApaBUIICKOM
II0JTyOCTPOBE, a 3aBO3HbIE CIy4an BCTPEUYaIOTCs 110
BceMy MuUpy (HauOoJiee KpyIHas anujgeMuyecKas
Bcnblka MERS-CoV B pesyserate 3aBO3HOIO CJIy-
yas npowusoliia B Mae-utoHe 2015 r. B Pecniy6s1mke
Kopes [30]); B 2019 1. 6bLT UaeHTUDUIUPOBAH KO-
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ways. Enveloped viruses are more sensitive to poly-
anions than non-enveloped viruses [27, 28]. Lectins
interact with the positively charged domains of the
viral glycoprotein envelope and form an irreversible
complex.

The following sections will present the materials
related to the antiviral action of CB lectins against the
most dangerous viruses for humans.

Coronaviruses (Nidovirales: Coronaviridae),
which were not considered a severe epidemic prob-
lem in the last century, have become the cause of
large-scale biosecurity emergencies in the current
century. In 2002, a major epidemic that swept the
southern provinces of China was associated with
severe acute respiratory syndrome coronavirus
(SARS-CoV — Severe Acute Respiratory Syndrome
Coronavirus, Betacoronavirus, subgenus Sarbecovi-
rus). In 2012, the Middle East Respiratory Syndrome
Coronavirus (MERS-CoV — Middle East Respiratory
Syndrome Coronavirus, Betacoronavirus, subgenus
Merbecovirus) became known [29]. Natural foci of
MERS-CoV are located on the Arabian Peninsula,
and imported cases occur all over the world (the
largest epidemic outbreak of MERS-CoV as a result
of an imported case occurred in May-June 2015 in
the Republic of Korea [30]. In 2019, severe acute
respiratory syndrome coronavirus type 2 (SARS-
CoV-2 — Severe Acute Respiratory Syndrome Coro-
navirus-2, Betacoronavirus, subgenus Sarbecovirus)
was identified as the etiological agent of coronavirus
disease (COVID-19 — Coronavirus disease 2019)
(26, 31, 32], which has become a pandemic [25].
Currently, there is an urgent need to find effective
treatments for COVID-19.

The main route of entry of coronaviruses into
the target cell is mediated by a glycosylated viral S-
protein, the trimers of which form characteristic
club-shaped peplometers on the surface of the vi-
rion [32]. The main cellular receptor for SARS-CoV
and SARS-CoV-2 is angiotensin-converting enzyme
type 2 (ACE2 — Angiotensin-converting enzyme 2)
[33]. The S protein consists of S1 and S2 subunits.
The S1 subunit includes a receptor-binding domain
(RBD), which directly interacts with the peptidase
domain (PD) of ACE2. Up to contact with the cellular
receptor, the S1 and S2 subunits of the spike protein
are covalently bound, but after attachment, they are
proteolytically cleaved by the cellular transmem-
brane protease serine type 2 (TMPRSS2). This con-
tributes to the exposure of the hydrophobic fusion
peptide in the S2 subunit (S2-FP), which induces
the fusion of the viral and cell membranes and the
penetration of the nucleocapsid into the cytoplasm
of the cell [26].

In case of viruses of the Sarbecovirus subgenus,
CD147 can act as an additional cell receptor [32]. The
genome of coronaviruses is represented by a single
segment of positive polarity virion genomic RNA.
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POHABUPYC TSAXKEIOT0 OCTPOT0 PECIUPATOPHOIO CHH-
Jpoma 2-ro tumna (SARS-CoV-2 — Severe acute respi-
ratory syndrome coronavirus 2) (Betacoronavirus,
nionpop Sarbecovirus) Kak aTUOJOTUYECKUH areHT KO-
poHaBupycHoro 3abosesanus (COVID-19 — Coro-
navirus disease 2019) [26, 31, 32], koTopoe TPHOOPETO
MaciTab mangeMui [25]. B HacTosiee Bpemsi cyiiie-
CTByeT OCTpasi HeOOXOAUMOCTB B IOUCKe 3 heKTUB-
HbIX MeTOn0B jeueHus1 COVID-19.

OCHOBHO ITyTh TPOHUKHOBEHMA KOPOHABHPYCOB
B KJIETKY-MHUIIIEHb OIIOCPeyeTCsl IJIMKO3U/IMPOBaH-
HBIM BUPYCHBIM S-0€JIKOM, TPUMEPHI KOTOPOTO (op-
MUPYIOT XapaKTepHble OyJlaBOBUIHBIE IeTJIOMephI Ha
IIOBEPXHOCTH BUPHOHA [32]. OCHOBHBIM KJIETOYHBIM
penenrropom a1t SARS-CoV u SARS-CoV-2 city»xkut as-
rUOTeH3UH-IIpeBpalaiuil pepmMeHT 2-ro TUna
(ACE2 — Angiotensin-converting enzyme 2) [33]. besiok S
cocrout u3 cyowenunun S1 u S2. Cybbenuuuria S1
BKJIIOYAET IOMEH CBA3bIBaHUA perenropa (RBD —re-
ceptor-binding domen), KOoTOpBbIil HeNOCPEACTBEHHO
B3aMMOJIENCTBYET C MEeNTUAa3HbIM JoMeHOM (PD —
peptidase domain) B coctaBe ACE2. Bijioth 10 KOH-
TaKTa C KJIETOYHBIM PeIeNTopoM cyObequHUIbI S1 1
S2 cnaiikoBoro 6eJ1Kka cBsi3aHbI KOBaJIEHTHO, HO TTOCTIe
IIPUKPeIJIEHUs ITPOTEOIUTUYECKU PACIIEIISTIOTCS
KJIETOYHOH TpaHCMeMOpaHHOY CepUHOBOI IIPOTea3oil
2-ro Tuma (TMPRSS2 — transmembrane protease serine 2),
YTO CIIOCOOCTBYET 9KCIIOHUPOBAHUIO TUAPOGOOHOTO
MenTuaa CINsTHUs B S2-cyopenunuiie (S2-FP — fusion
peptide in S2 subunit), KOTOPBII UHIYIIMPYET CAUAHIE
BUPYCHOH U KJIETOYHOH MeMOpaH 1 IPOHUKHOBEHNE
HYKJIEOKAIICH/1a B IUTOIIIa3My KJIETKU [26].

s BupycoB U3 moapoaa Sarbecovirus B kade-
CTBeE JIOTIOJIHUTEJIbHOTO KJIETOYHOTO PelernTopa Mo-
sKeT BbICTyIaTb CD147 [32].

IeHOM KOPOHaBUPYCOB NpeCcTaBJIeH OJUHOY-
HBIM CETMEHTOM BUPMOHHOMN reHoMHoi PHK no3su-
TUBHOU IIOJIIPHOCTH.

BHOBB cuHTe3upyeMble CTPYKTYpPHBIE U pery-
JIATOpHBIE 0eJIKM KOPOHABHUPYCOB HaKaIJIMBaIOTCS
B I[ICTepHax II1epOX0BaTOr0 9H/I0MIa3MaTUIECKOTO
peTukyayma. B ornuuue ot 0oJbIIMHCTBA 000J10-
YeYHBIX BUPYCOB, UCHOJb3YIOMIUX /151 GOPMUPO-
BaHUsI CBOEN OOOJIOYKHU IUTOIIA3MaTHUUYECKYIO
MeMOpaHy KJIeTKU-X035IMHa, KOPOHABUPYCHI UC-
M10JIB3YIOT MeMOpaHy 9HA0IJIa3MaTU4YeCKOro peTH-
KysayMma. PerynsaTtopHsble 6e/iku (B TOM 4mcie, obpa-
3yIoll[ie MOHHbIE KaHaJbl: IeHTaMephl E-Oesika u
TeTpaMmepsl rp3a-0eJika) BCTpanBaloTcsA B MeMOpaHy
IIUCTEPH U CO3/1AI0T MOJIEKYJIsIPHbIEe KOMIJIEKCHI,
MeHsIoIIe KOH(MUTYPaI[UIo COOTBETCTBYIOIINX y4a-
CTKOB MeMOpaH 9HJ0M/JIa3MaTUYeCKOr0 PeTUKY-
Jgyma. JJouepHue BUPUOHBI TPAHCIIOPTUPYIOTCS B
IpocBeT KoMIiekca [0b/IsKY U TOKUJAI0T X031 -
CKYIO KJIETKY IIyTEM UCII0JIb30BAHUA €€ CEKPETOP-
HBIX MEXaHH3MOB [26, 34].

BrIcokui ypoBeHb INTMKO3UINPOBaHUS S-0e/ika
MI03BOJIsSIET pacCMaTpUBaTh €ro B KauecTBe 3P dek-
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Newly synthesised structural and regulatory pro-
teins of coronaviruses accumulate in cisterns of the
rough endoplasmic reticulum. Unlike most enveloped
viruses, which use the host cell's cytoplasmic mem-
brane to form their envelope, coronaviruses use the
endoplasmic reticulum membrane. Regulatory pro-
teins (including those forming ion channels: E-protein
pentamers and rp3a-protein tetramers) are integrated
into the cisterna membrane and create molecular
complexes that change the configuration of the cor-
responding sections of the endoplasmic reticulum
membranes. Daughter virions are transported into
the lumen of the Golgi complex and leave the host
cell through its secretory mechanisms [26,34].

The high level of glycosylation of the S-protein
makes it possible to consider it an effective target for
mannose-specific lectins [35, 36]. However, this ap-
proach has received little attention. In the scientific
literature, there is perhaps the only serious attempt
to assess the binding affinity of CV-N and SVN to the
S-protein of SARS-CoV-2 using the methods of mo-
lecular mechanics and the solution of the Poisson—
Boltzmann equation (MM/PBSA — molecular me-
chanics/Poisson-Boltzmann surface area). She
showed the prospect of studying these lectins as new
drugs, dietary supplements and functional foods [37].

To illustrate the effectiveness of marine lectins'
action on coronavirus infection, we considered it
possible to show the impact of another lectin — grif-
fithsin (GRFT) from the red algae Griffithsia sp.
GRFT was active with equally low nanomolar sensi-
tivity against MERS-CoV and other coronaviruses
[38,39]. The broad spectrum of griffithsin-suscep-
tible coronaviruses is an essential characteristic of
the lectin, as new variants of these viruses can be
transmitted from animals to humans. GRFT has sev-
eral binding sites on the surface of the S protein,
and millimolar concentrations of mannose can in-
hibit the binding of griffithsin to the protein. Ho-
wever, GRFT does not inhibit the binding between
the SARS-CoV S protein and the cellular ACE2 re-
ceptor. Thus, the interaction between GRFT and S-
protein leads to the formation of a complex, which,
although capable of binding to ACE2, can prevent
subsequent events necessary for virus entry [40].

Millet et al. [39] studied the effectiveness of
GRFT on Huh-7 and Vero cell lines: even at the lo-
west concentration (0.125 pg/ml), GRFT resulted in
a decrease in the cytopathogenicity of MERS-CoV
by 44.7% and 63.2%, respectively; at a concentration
of 2 pg/ml, this figure was 90% in both cell lines. At
the same time, the lectin acted at the very early
stages of the MERS-CoV life cycle, probably by direct
interaction with the glycosylated part of the MERS-
CoV spike protein and inhibition of its binding to
the cellular receptor. Virus titers under the action
of GRFT also decreased after 24 h and 48 h in both
cell lines.
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TUBHOU MUINEHU IJisI MAaHHO30CHEIU(PUIECKUX
JIEKTUHOB [35, 36]. BmecTe ¢ TeM, aTOMy IOIXOAY
yressieTcsl HeJOCTaTOYHOe BHUMaHHe. B Hay4yHOI
JuTepaTrype uMeeTcs, MOMKaJyld, eIUHCTBEHHas
cepbé3Has MOIbITKA OI[eHUTh apPUHHOCTH CBA3BI-
Banusi CVN u SVN 1o oTHO1IeHHIO K S-0esky SARS-
CoV-2 ¢ moMoIIbi0 METOA0B MOJIEKYJISIPHOU Mexa-
HUKU U pelleHus ypasHeHus [lyaccona-boJsibiMana
(MM/PBSA — molecular mechanics/Poisson-Boltz-
mann surface area), koropas npogeMoHCTpUpoOBaa
NEPCHEKTUBHOCTb U3YUYEHUA 9TUX JIEKTUHOB B Ka-
YyeCcTBe HOBBIX jieKapcTB, BA/l u IpoayKToOB (PyHK-
MMOHAJIBHOTO ITUTaHus [37].

Hnsa unmoctpanuu 3P PeKTUBHOCTU TEHCTBUSA
JIEKTMHOB MOPCKOT0 ITPOUCXO3K/IeHNA Ha KOPOHABHU-
PYCHYIO MH(EKINIO MBI COYJIM BO3MOYKHBIM IIOKa-
3aTh JefCTBHe APYroro JieKTuHa — rpuddurcraa
(GRFT) u3 kpacHnoii Bogopocau Griffithsia sp. GRFT
OBLJI AKTUBEH C OMUHAKOBO HU3KOW HAHOMOJISIPHOMU
YYBCTBUTEJ/JIBHOCTHIO HE TOJIBKO II0 OTHOIIEHUIO K
MERS-CoV, Ho 1 IpOTUB IPYyTUX KOPOHABUPYCOB [38,
39]. Ilupokuil cuekTp KOPOHABUPYCOB, YYBCTBU-
TeJIbHBIX K TpU(MDUTCUHY, ABJIAETCA BasKHOU Xapak-
TEPUCTUKOM JIEKTHHA, ITOCKOJIbKY IOSABJISAIOTCS HO-
Bble BapMaHTBl 9TUX BHUPYCOB, CIOCOOHBIX
nepenaBarbCa OT SKUBOTHBIX K 4desoBeRy. GRFT
MMeeT HeCKOJIbKO CaliTOB CBSA3BIBAHMS Ha IOBEPX-
HOCTH S-0eJiKa, IPU 9TOM CBA3bIBaHHe IpUGUT-
CHHA C 0eJIKOM MO’KeT MHI'MOMPOBaThCS MUJIIIMMO-
JAPHBIMUA KOHIEHTpaUusAMMU MaHHO3bl. OJIHAKO
GRFT He uHruoupyer cB3bIBaHuEe MeKIY S-0eJTKOM
SARS-CoV u kiserounbiM penenropom ACE2. Takum
obpasom, B3anmoneticteue meskay GRFT u S-6e1kom
MNPUBOIUT K 00pPa30BaHUIO KOMIIJIEKCA, KOTOPBIA
X0TA U criocoOeH cBsA3bIBaThes ¢ ACE2, HO MoKeT
MIPEeIOTBPATUTD MTOCJIEAYIONINE COOBITHS, HEOOXOIU-
MBble JIJ1sI IPOHUKHOBEHU BUpyca [40].

J. K. Millet u coast. [39] uccienoBanu apdek-
tuBHOCTH GRFT Ha KieTounbx muHusax Huh-7 u Vero:
Ja’ke TIpU CcaMOM HHU3KOW KOHIIEHTpPaIuu
(0,125 mrr/mi) GRFT npuBOINII K CHUKEHUIO IIUTO-
naroreHHoctu MERS-CoV na 44,7 u 63,2%, COOTBET-
CTBEHHO; IIPX KOHIIEHTPAIUHU 2 MKI'/MJI 3TOT IIOKa-
3areJib ObLT paBeH 90% B 00€UX KJIeTOYHBIX JIMHUSIX.
HpI/I 9TOM JIEKTHUH ,I[efICTBOBaJI Ha OY€Hb PaHHUX CTa-
Iusx sKu3HeHHoro nukia MERS-CoV, BepoAaTHo, 11y-
TEM IPSMOr0 B3aUMOJIe¥CTBUA C NIMKO3UJINPOBaH-
HOHM d4acTpio cnaiikoBoro Oenka MERS-CoV u
I/IHFI/I6I/Ip0BaHI/IH €TI0 CBsA3bIBaHUA C RJIETOYHBIM pe-
nentopoM. Tutpsl Bupyca noj aedictsuem GRFT
TaK)Ke CHIDKAJINCh Kak yepes 24 4, Tak U yepes3 48 4
B 00eMX KJIETOUYHBIX JINHUSX.

Vcrio/1b3ys NICeBOBUPYCHBIE YaCTUIIbI, CHAO0-
skéHHble S-0esikoM MERS-CoV, J. K. Millet u coasr. [39]
ycranoBuayn, uro GRFT meficTByeT Ha craguu mpo-
HUKHOBEHUA BUPYyCa B KJIETKY-MUIIIE€Hb. ITOT JIEKTUH
I/IHI'I/I6I/IpOBa.H IMPOHVWKHOBEHUE IICEBJOBUPYCHBIX Ya-
CTHUI] B KJIETKU B TOH K€ CTETIEHH, YTO ¥ BUPUOHOB
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Using pseudoviral particles equipped with the
MERS-CoV S protein, Millet et al. [39] found that GRFT
acts at the stage of virus entry into the target cell. This
lectin inhibited the penetration of pseudoviral par-
ticles into cells to the same extent as that of MERS-
CoVvirions (IC;, = 323 nM), which allowed the authors
to conclude that the S-protein is the main target of
GRFT [41].

The activity of GRFT as a therapeutic agent
against SARS-CoV was successfully confirmed in a
model system on laboratory BALB/c mice infected
with a high dose of SARS-CoV adapted to them. GRFT
was administered intranasally at 5 mg/kg/day. The re-
sult was the protection of 100% of animals with a sur-
vival of 30% of mice in controls. Increased survival in
mice was accompanied by prevention of weight loss,
improvement in lung histopathology, and reduced
viral load in lung tissue [38]. These facts indicate that
GRFT and CB lectins deserve great attention as prom-
ising drugs for preventing and treating coronavirus
infections, in particular, COVID-19 [42].

Influenza A virus (IAV — Influenza A virus, Ar-
ticulavirales: Orthomyxoviridae, Alphainfluenzavirus)
is a dangerous pathogen of birds and mammals, in-
cluding humans, with pandemic potential [34, 43, 44].
The natural reservoir of this virus is wild birds of the
aquatic-semiaquatic ecological complex [45, 46]. Due
to the high level of environmental plasticity, IAV over-
comes interspecies barriers and penetrates pop-
ulations of other potential hosts [47, 48].

The enveloped IAV virion has a rounded (80-120
nm) pleomorphic shape and contains three types of
surface protein complexes: hemagglutinin trimers
(HA — hemagglutinin). The latter are involved in re-
ceptor binding to sialosides (polysaccharides ter-
minated by a sialic acid residue) on the target cell's
surface, as well as in the fusion of virion and endo-
some membranes; neuraminidase tetramers (NA —
neuraminidase). This enzyme cleaves off the terminal
sialic acid residue from the sialoside molecule; tet-
ramers of the M2 protein form ion channels that open
when the internal space of the endosome is acidified.
The IAV genome consists of 8 negative polarity RNA
segments. The sources of genetic variability of this
virus are genetic drift (as a result of the appearance
of point mutations) and reassortment (inclusion of
segments of different «parental» viral variants into
the daughter virion). Currently, 16 types of HA
(H1..16) and 9 types of neuraminidase NA (N1..9) are
known. Subtypes H17, H18, N10, and N11 have been
identified by molecular genetic methods in Central
American insectivorous bats, but the respective
strains have not been isolated [49, 50].

O'Keefe et al. [51] studied the effect of CV-N
against IAV and another orthomyxovirus, influenza B
virus (Betainfluenzavirus). It turned out that CV-N
and related homologs demonstrate high antiviral ac-
tivity against all strains of these viruses, including clin-
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MERS-CoV (IC5, = 323 HM), 4TO I103BOJINJIO aBTOPaM
c/ies1aTh BBIBOJL O TOM, YTO UMEHHO S-0€JI0K sIBJIAeTCs
ocHoBHou murienbo GRET [41].

AxtuHOCTE GRFT B KauecTBe TepaleBTUYe-
ckoro cpeactsa npotuB SARS-CoV ¢ ycriexom ObL1a
MIOATBEP KeHA B MOJIEIbHOU cucTeMe Ha jabopa-
TOPHBIX MblIax JUHUKU BALB/c, mHGUIMPOBaHHBIX
BBICOKOH 103011 amanTrupoBaHHoro k HuM SARS-CoV.
GRFT BBOAW/IM MHTPaHA3a/bHO B J03€ 5 MI'/KI/CYT.
Peaysbrarom Obl1a 3amuTa 100% SKMBOTHBIX ITPU BBI-
SKUBAeMOCTHU B KOHTPoJIe 30% MBbIIIel. YBeJIudeHne
BBI)KMBAEMOCTHU MBIIIell COMPOBOYKIAIOCH MIpe]-
OTBpallleHleM IIOTEPU MaCChI TeJIa, YIydIlleHreM I10-
KasareJjiel F’HCTONaTOJIOTMYeCKUX U3MeHeHNUH B JIET-
KUX, a TaK)Ke CHM)KeHHEeM BUPYCHOH Harpysku B
JIETOYHOH TKaHMU [38]

ITpuBenéHHbIe (PaKThI CBUJIETEIHCTBYIOT O TOM,
uro GRFT u, no-suauMomy, JieKTuHb! 13 11b saciysxu-
BaIOT OOJIHIIION0 BHUMAHMS B KAUeCTBe IIepCIeKTUBHbBIX
IIpernaparos A MPOMUIAKTUKY U JieyeHUus KOpOoHa-
BUPYCHBIX MH(pekrnuii, B yactHoctr COVID-19 [42].

Bupyc rpumnma A (IAV — Influenza A virus) (Artic-
ulavirales: Orthomyxoviridae, Alphainfluenzavirus) sis-
JISIeTCs OITACHBIM ITaTOT€HOM IITHUIl ¥ MJIEKONIUTAl0-
IIUX, BRJIIOYAs yeJoBeKa, o0Jtamaronnum
naHgeMHUYECKUM moTeHuaioM [34, 43, 44]. Ecre-
CTBEHHBIM pe3epByapoM aTOT0 BHUpYca ABJISIOTCA -
KHe ITUIbI BOJHO-OKOJIOBOZHOTO 9KOJIOTHYECKOTO
KOMILJIEKca [45, 46]. biiaromapsi BBICOKOMY YPOBHIO
9KOJIOTMYECKON IyTacTUYHOCTH, IAV npeoposieBaeT
MesKBU/IOBBIE Oapbephbl U IPOHUKAET B MOIMYJIAIINI
JPYI'UX IIOTeHIINAJIbHBIX X03s51€B [47, 48].

Ob6oso4yeunsblit BUpuoH IAV nmMeeT OKpyIIyIo
(80-120 uM) nmeiioMmopdHYIO GOPMY U COTEPIKUT
TPU THUIIA TIOBEPXHOCTHBIX O€/TKOBBIX KOMIIJIEKCa:
TpuMepsl remarriioruauaa (HA — hemagglutinin),
KOTOPBIE YUaCTBYIOT B PeI[eITOPHOM CBSA3BIBAHUU
c cuajo3ujamMu (moJimcaxapujgaMu, TEpMUHUPO-
BaHHBIMM OCTAaTKOM CHAJIOBOHM KUCJIOTHI) Ha IO-
BEPXHOCTH KJIETKU-MUIIIEHH, a TaKKe B CAUAHUU
MeMOpaH BUPHOHA U 9HA0COMBI; TeTpamMephl Hell-
pamuaugassl (NA — neuraminidase), koTopast oT-
IIeIJIsieT KOHIIEBOM OCTAaTOK CHAJIOBOM KUCJIOTHI
OT MOJIEKYJIBI CHAJI03U0B; TeTpaMmepsl Oenka M2,
¢opmupylomue MOHHBIE KaHaJIbl, OTKPbIBAIO-
H1ecs Npy 3aKUCJAeHUN BHyTPEeHHEro IpocTpaH-
cTBa 9aHAO0COMEI. 'eHom IAV cocTouT 3 8 cermeH-
ToB PHK HerarusHO osiApHOCTHU. VIcTOUHUKaMU
reHeTU4eCcKol BaprabebHOCTH 3TOTO BUpYyca SB-
JIAIOTCA TeHeTU4YecKUuil apeiid (B pesysbraTe IO-
SABJIEHUS TOYEeYHBIX MyTalluil) U peaccopTanus
(BKJIIOUEHME B JOUepPHUI BUPHOH CETMEHTOB pas3-
JIMYHBIX «POJIUTETbCKUX» BUPYCHBIX BAPUAHTOB).
B Hacrosamee BpeMsi, n3BeCTHbl 16 Tunos HA
(H1..16) m 9 tTunoB HelpamuHugassl NA (N1..9).
ontunsr H17, H18, N10 1 N11 661111 06HAPYSKEHBI
C IOMOIIIBI0 MOJIEKY/IAPHO-TeHEeTHUYEeCKUX METO/I0B
B HAaCEKOMOSHBIX JIETYUYHUX MbIIIax [leHTpanbHON
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ical isolates and a strain resistant to NA inhibitors (ICs,
from 0.004 to 0.04 pg/ml). In cases of treatment of
viral particles with CV-N, virus titers were significantly
reduced (more than 1000 times). It was concluded
that the target for the lectin was HA. CV-N exhibited
antiviral activity by binding to high mannose residues
(oligomannose-8 and oligomannose-9) on HA mole-
cules. However, two historical strains of IAV are in-
sensitive to CV-N even at 10 mg/ml: A/PR/8/34
(HIN1) and A/NWS/33 (HIN1).

A study of the effectiveness of CV-N in influenza
infection in mice and ferrets showed that the effect of
this lectin is dose-dependent, ranging from 0.0625 to
1 mg/kg per day intranasally administered twice a day
before infection of animals. In 66.67% of mice infected
with the IAV/H3N2 virus, life expectancy has in-
creased, the level of mRNA of viral proteins in the nu-
cleus has decreased, and the severity of pathological
changes in the lungs of mice has also decreased.

Although CV-N is a worthy candidate for devel-
oping anti-influenza agents, its immunogenicity and
toxicity are an obstacle. Its recombinant derivatives were
created [13]: linker-CV-N (LCV-N) with a flexible hydro-
philic polypeptide at the N-terminus. The 50% concen-
tration of this recombinant lectin was 0.43+0.11 pM for
IAV/HK/8/68(H3N2), which was significantly lower than
the ribavirin positive control (2.88+0.66x103 uM). Only
12.5 ym of pegylated LCV-N were needed to inactivate
the influenza virus in chick embryos. Thus, LCV-N ex-
hibits a pronounced strain-dependent antiviral activity
at nanomolar concentrations in vitro and at micromolar
concentrations in vivo, which indicates the prospects
for obtaining new derivatives of CB lectins that do not
have adverse side effects.

Filoviruses (Mononegavirales: Filoviridae) in-
clude causative agents of other higher primates (Pri-
mates: Simiiformes) deadly to humans, hemorrhagic
fevers with a lethality reaching up to 100% in some
cases [52, 53]. These include Zaire ebolavirus (ZEBOV),
Sudan ebolavirus (SUDV), Tai forest ebolavirus
(TAFV), Bundibugyo virus (BDBV), and Marburg mar-
burgvirus (MARV, Marburgvirus). Human pathogen-
icity of Bombali ebolavirus (BOMV — Bombali ebola-
virus), Reston ebolavirus (RESTV — Reston ebolavirus,
Ebolavirus) and Lloviu cuevavirus (LLOV — Lloviu
cuevavirus, Cuevavirus) remains unclear [52, 53]. The
most extensive ZEBOV-related epidemic occurred in
West Africa in 2014-2016 [54].

Filoviruses have flexible, filamentous, enveloped
virions, which are 600-800 nm long and 50-80 nm in
diameter. The lipid envelope contains a surface glyco-
sylated GP-complex consisting of two subunits (hy-
drophilic N-terminal GP1 and small hydrophobic
transmembrane C-terminal GP2, which are covalently
linked by disulfide bridges), as well as VP24 and VP40.
The GP complex forms the outer spikes of the virion.
A single-stranded RNA of negative polarity [52] repre-
sents the genome of filoviruses.
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AMepHKH, HO COOTBETCTBYIOIHE IITAaMMbI U30JI1-
poBaHbI He O6bLTH (49, 50].

B. R. O’Keefe u coasr. [51] ucciieqoBasiu IeliCcCTBIE
CVN nporus IAV u enié ogHOro OpTOMUKCOBUpPYyCa —
Bupyca rpumnmna B (Betainfluenzavirus). Okasanocs 4To
CVN u poacTBEHHBIE €My TOMOJIOTH IEMOHCTPUPYIOT
BBICOKYIO IPOTUBOBUPYCHYI aKTUBHOCTb IIPOTUB
BCEX IITAMMOB 9TUX BUPYCOB, BKJIIOYasI KIMHUYECKHAE
W30JIATHI U IIITaMM, YCTOMYMBBINA K UHTHOUTOpaM NA
(IC5,— ot 0,004 mo 0,04 mkr/mi). B cayyasx obpa-
60Tku BUpycHBIX yacTul] CVN, TUTPBI BUpyca 3HAYH-
TeJIbHO CHIKATHCH (OoJtee, ueM B 1000 pas). bewit ce-
JIaH BBIBOJ, O TOM, YTO MUIIEHBbIO JJIA JIEKTHHA
caysgnil HA. CVN nposBJIsI IPOTUBOBUPYCHYIO aK-
THUBHOCTB, CBSI3bIBASICH C OCTATKAMU C BBICOKUM CO-
JlepyKaHreM MAaHHO3bI (OJIMTOMAHHO3bI-8 U OJIUTO-
MaHHO3bI-9) Ha MoJekynax HA. OgHako ecTh 1Ba
HUCTOpHUYECKUX mramMma [AV, HedyBCTBUTEIbHBIX K
CVN pnaske nipu koH1IeHTpanuu 10 mr/mut: A/PR/8/34
(HIN1) u A/NWS/33 (HIN1).

Hccnenosanue appexruBHocTr CVN mipu rpur-
[I03HOU MH(EKIINN B 3KCIIepUMeEHTax Ha MBIIIax 1
XOpbKax II03BOJINJIO YCTAaHOBUTB, UTO JIeHCTBHE 3TOTO
JIEKTUHA 3aBUCUT OT 103kl — OT 0,0625 10 1 MI'/KT B
JleHb IIpU UHTPaHa3a/IbHOM BBEJEHUU [BA pa3a B
JIeHb 10 3apa’keHUs YJKUBOTHBIX. Y 66,67% MBbIIIel,
WHOUIUPOBaHHBIX BUpycoM IAV/H3N2, yBesnunBa-
Jlach CpegHAA NPOJOJLKUTEIbHOCTD KU3HU, CHU-
3uiicsa yposeHb MPHK BUpyCHBIX 0eJIKOB B fA/ipe U
YMEHBIIWJIACH BBIPAYKEHHOCTD I1aTOJIOTUYECKUX U3-
MEHEHUU B JIETKUX MBIIIIEN.

HecMmotpst Ha 10, uTo CVN SIBJIsIETCS JOCTOMHBIM
KaHIUJATOM /151 CO3aHUsA IPOTUBOTPUMIIO3HBIX
CPEeJICTB, IPENATCTBUEM ABJAETCS €r0 UMMYHOIEH-
HOCTB I TOKCHYHOCTb. B CBA3H € 9TUM OBI/IN CO37JaHbI
ero peKoMOMHaHTHBIE TPOU3BO/IHbBIE [13]: IMHKeD-
CVN (LCVN) ¢ rubkuM rugpopuIbHBIM HOJTUTIENTH-
oM Ha N-koH1ie. 50% KOHIIEHTpALUA 9TOTO PEKOM-
OMHAHTHOTO JIeKTHuHa coctaBuia 0,43+0,11 MkM 115
TAV/HK/8/68(H3N2), uT0O OBIJIO 3HAYUTEJIHLHO HIKE,
YyeM y IOJIOSKUTEJbHOT0 KOHTPOJISA pubaBUpHHA
(2,88+0,66x103 MkM). Jl;ma MHaAKTUBALM BUPYyCa
rpuIna B KYpHHBIX aMOpHOHaX ObLIO HEOOXOAMMO
Bcero 12,5 MM nerustnpoBanHoro LCVN. TakuM 06-
pasoM, LCVN nposBJisieT BbIpaskeHHYIO 3aBUCAIIYI0
OT LITaMMa IPOTUBOBUPYCHYIO AKTUBHOCTh B HAHO-
MOJISIpHBIX KOHIIeHTPAaUUAX in Vilro, a TAK)KE B MUK-
POMOJIAPHBIX KOHIIEHTPAUAX in Vivo, 4TO CBUJe-
TEJIbCTBYET O IIEPCIEKTUBHOCTU II0JIy4€HNU HOBBIX
MMPOM3BOIHBIX JeKTUHOB 1B, HEe nMeromux HebJ1a-
TONPUATHBIX ITOOOYHBIX 3(p(PeKTOoB.

dusmoBupycbl (Mononegavirales: Filoviridae)
BRKJIIOYAIOT BO30OyAUTE el CMepTe/IbHO OMTACHBIX JJIS
4yesJI0BeKa W JPYrux BbICIIUX pumaros (Primates:
Simiiformes) remopparnueckux JMXOpaaoK C JeTasb-
HOCTBIO, IOXOMISINIEN B HEKOTOPBIX cay4dasx 70 100%
[52, 53]: abosnaBupyc 3aup (ZEBOV — Zaire ebolavi-
rus), aboaasupyc Cygan (SUDV — Sudan ebolavirus),

AHTUBNOTUKN I XUMWOTEPATVIA, 2022, 67; 5-6

OB30PbI

The cellular receptors that the viral GP1 protein
binds to are specific lectins: DC-SIGN on the surface
of dendritic cells; L-SIGN — cells of the liver and
lymph nodes; hMGL (human macrophage C-type lec-
tin specific to galactose/N-acetylgalactosamine —
C-lectin of human macrophages specific to N-acetyl-
galactosamine) — macrophages [54, 55].

Barrientos et al. [57] studied the anti-ZEBOV ef-
fect of CV-N: after the addition of lectin to a virus-in-
fected cell culture, the cytopathogenic effect of the
pathogen was significantly inhibited. The authors ex-
plain the mechanism of CV-N activity by its ability to
bind to mannose-rich oligosaccharides of the surface
GP-complex. In in vivo experiments, CV-N reached
the systemic circulation and extended the lifespan of
ZEBOV-infected mice both when administered sub-
cutaneously and as inoculations with a mixture of lec-
tin and protein. 90% of mice treated daily with 30
mg/kg CV-N from the day of virus inoculation sur-
vived. Smaller doses of lectin (20 or 10 mg/kg/day)
determined the survival rate of 80% and 90% of ani-
mals, respectively. Despite the high degree of protec-
tion of mice from death during EBOV infection, the
negative point of its use is a short period of stay in the
bloodstream, which required the administration of
the drug every 6 h.

Barrientos et al. [57] studied the mechanism of
inhibition of CNV penetration into HeLa cells using
pseudoviral particles bearing GP belonging to ZEBOV
and MAV on their surface. To do this, the viruses were
treated with CV-N at various concentrations for
20 min at room temperature and then added to a
monolayer of HeLa cells.

Jurkat cells expressing DC-SIGN were also infected
with these recombinant viruses. Infectivity was meas-
ured 48 hours after infection. IC;, for CV-N in live virus
testing ranged from ~80-100 nmol/L. Experiments
have confirmed that the antiviral effect of lectin is as-
sociated with its interaction with carbohydrate frag-
ments of the GP virus. Studies with MbgVGP have
shown that cyanovirin is more effective against this
target (IC;, ~6-25 nmol/L) than against EboV-ZGP
(IG5, ~40-60 nmol/L). The authors attribute this fact to
anincreased presence of Man-8 and Man-9 on the Mar-
burgvirus GP than on the Ebolavirus Zaire GP (these
glycoproteins have 24 and 17 N-glycosylation sites, re-
spectively). It was demonstrated on Jurkat cell culture
that CV-N prevents the interaction between DC-SIGN
and Zaire ebolavirus (IC;,~40-110 nmol/l). Thus, CV-N
and DC-SIGN can compete for virus GP binding, pre-
sumably through steric interference.

SCV from CB Scytonema varius has proven effi-
cacy against SUDV [58]. In Vero-6 cell culture, lectin
at a concentration (IC,,) of 50 nM inhibited ZEBOV
replication with a 50% effect. With the same EC;,
values, it was active against MARV. 45 min after sub-
cutaneous administration to mice, lectin was detected
at a peak level in plasma (100 nM), but not present in
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abosasupyc jeca Tau (TAFV — Tai forest ebolavirus),
abosasupyc bynnuoyré (BDBV — Bundibugyo virus)
(Ebolavirus) u mapOypraupyc Map6ypr (MARV —
Marburg marburgvirus) (Marburgvirus). Ocraércs He-
SICHO! IIaTOreHHOCTH /I YyesoBeKa aboJsiaBupyca
Bomb6amu (BOMV — Bombali ebolavirus), abosasu-
pyca Pecton (RESTV — Reston ebolavirus) (Ebolavi-
rus) u KyaBasupyca Jlmosuy (LLOV — Lloviu cueva-
virus) (Cuevavirus) [52, 53]. Haubosee obmupHas
anuaemus, ceasanHas ¢ ZEBOV, mmesia MecTo Ha Tep-
puropuu 3ananHoi Abpuku B 2014-2016 rT. [54].

DUIOBUPYCHI UMEIOT THOKYE HUTEBUIHBIE 000-
JIOYeYHbIe BUPMOHBI AJnHOM 600-800 HM U qAUaMeT-
poMm 50-80 uM. JlunmaHass 060/I09Ka COTEPSKUT TI0-
BEPXHOCTHBIN IIMKO3UINPOBaHHBIN GP-KoMILIeKc,
COCTOAIMMI U3 ABYX CyObeIUHUI] (THIPOPUILHYIO
N-konresyio GP, 1 Maiyio ruipooOHYyI0 TPaHCMEM-
opaunyo C-rkoHneByioo GP,, KOTopble KOBaJEHTHO
CBsI3aHBI JUCYAb(PUIHBIMU MOCTUKAMU), a TaKKe
VP24 u VP40. GP-komIiuiekc oO0pas3yeT BHEIIHHE
«IIIUTBI» BUPHOHA. [eHOM (DUIOBUPYCOB MIPECTABIEH
onHorlernoueunoit PHK nerarusHo noJisipuocTu [52].

KieTounbiMu perienTopamMu, ¢ KOTOPBIMU CBSI-
3bIBaeTCs BUPYCHBIH Oesiok GP,, ABJAIOTCA cienu-
¢puueckue gextunsl: DC-SIGN Ha nMoBepXHOCTH
JEHIPUTHBIX KJIETOK; L-SIGN — KJIeTOK nedyeHu u
auMdarndeckux y3ja08; hMGL (human macrophage
C-type lectin specific to galactose/N-acetylgalactos-
amine — C-JIEKTHH 4YeJIOBeYeCKUX MaKpogaros,
cnenmupUIHBIN K N-alneTuarajakTo3aMUHy) —
Makpodaros [54, 55].

L. G. Barrientos u coaBT. [56] uccjieqoBaJI aHTH-
ZEBOV nericrBue CVN: mocsie m1o6aBJieHNs JIEKTUHA
B MH(UIIMPOBAHHYI0O BUPYCOM KYJIBTYPY KJIETOK
3HAYNTEJbHO MHTHUOUPOBANOCH ITUTOTATOTEHHOE
neticTBre BO30yauTesisi. Mexanuam akTuBHOCTH CVIN
ABTOPBI OOBSICHSIIOT €T0 CIIOCOOHOCTHIO CBSI3BIBATHCS
¢ 6orarbIM1 MaHHO30U OJIMTOCaXapuaaMU MOBEPX-
HocTHOro GP-koMmILiekca. B akcriepumenTax in vivo
CVN gocrturaji CiCTEMHOTI'O KPOBOTOKA U YBEJIMYNBAJ
MIPOJOJIKUTEIBHOCTD YKU3HU MBbIIIEN, UHPUITUPO-
Ba”HHBIX ZEBOV, Kak IIpy TOAKOKHOM BBEJIEHNUH, TaK
Y B BHUJie IPUBUBOK CMeChIO JIEKTHHA U Oesika. 90%
MBIIIIeH, ToJ/Ty4aBIInX B ieHb 30 Mr/kr CVN, HaunHas
CO JHsI MHOKYJISIIIUY BUPYCA, BBILKUBAIN. MeHbIINe
J103bl1 JIekTHHA (20 s 10 Mr/Kr/cyT) 00yc/I0B/IMBAIN
BBI)KIBAEMOCTb, COOTBeTCTBeHHO, 90 1 80% KHUBOT-
HbIX. HeCMOTpsT Ha BBICOKYIO CTEEeHb 3AIIUTHI MbI-
et ot rubesu npu EBOV-undexiuy, orpuriaress-
HBIM MOMEHTOM €ro TPUMEHEHUs SIBJSIETCS
KpaTKOBpeMeHHOe HaXOosKIeHHe B KPOBOTOKE, UTO
TpeOOBasIo BBe/IeHNs IIpernapara yepes3 Kaskible 6 4.

Barrientos 1 coaBT. [57] ¢ TOMOIIbIO IICEBIOBU-
PYCHBIX YaCTHII, HECYIITUX Ha CBOei moBepxHocTH GP,
npuHaaiexkamuit ZEBOV u MAV, ucciienoBanm Me-
XaHU3M HHruorposanusa CNV IpOHNKHOBEHUS UX B
kietku Hela. /]y atoro Bupycel o6padarbsiBain
MAaHOBUPUHOM-N B Pa3IUYHBIX KOHIIEHTPAIIUSX B
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the bloodstream after 4 h. When SCV at 30 mg/ kg/day
was administered subcutaneously to ZEBOV-infected
mice every 6 h from the day before infection, 9 out of
10 animals survived. All infected untreated mice died.
If treatment was started an hour or a day after infec-
tion, 70-90% of animals survived. In lectin-treated
mice, minor pathological changes were observed in
the liver and lungs. In untreated animals, extensive
necrosis and inflammation occurred, and a large
amount of viral antigen was recorded in hepatocytes
and Kupffer cells.

Despite the high activity and low toxicity, the short
half-life of SCV does not yet allow us to hope for its
development as a drug soon. However, it is expected
that the increase in the half-life of the lectin will be
overcome through various modifications [59, 60], and
the lectin will be used both for the prevention and
treatment of Ebola.

Human immunodeficiency virus (HIV, Ortervi-
rales: Retroviridae, Lentivirus) is an enveloped virus
with a virion diameter of 100-120 nm, equipped with
72 peplomers, each of which is a trimer of gp41 trans-
membrane glycoproteins and non-covalently bound
to it three molecules of the surface glycoprotein gp120.
Entry of HIV into the target cell begins with the inter-
action of gp120 with the cellular CD4 receptor, which
triggers conformational changes in gp120 and in-
creases its affinity for the chemokine receptors CXCR4
or CCR5. Binding to coreceptors, in turn, causes a
conformational change in gp41 and the release of its
hydrophobic fusion peptide, which pierces the lipid
membranes of the attacked cell. As a result of the fu-
sion of the viral and cell membranes, a fusion pore is
formed, which serves as a «gateway» for the penetra-
tion of the viral nucleocapsid into the cytoplasm. Two
copies of the positive polarity virion RNA serve as
templates for reverse transcription, resulting in the
formation of double-stranded proviral DNA, which is
transported to the nucleus and integrated into the
chromosomal DNA. As part of the chromosome, the
provirus undergoes transcription, followed by the syn-
thesis of viral proteins and replication with the for-
mation of new virion RNA, which are part of the
daughter virions [61-63]. HIV is classified into two
types: HIV-1 and HIV-2. 4 genetic groups of HIV-1 are
known (M, N, O, P); group M includes 10 subtypes (A,
B, C, D, F1, F2, G, H, ], K); subtype A is divided into 8
sub-subtypes (A1..8) [64-66].

Polysaccharides in the surface glycoproteins of
HIV play a certain role in the primary non-specific
binding of the virus to the surface of cells that have
glycan receptors — for example, DC-SIGN (CD209, in-
tercellular adhesion molecule of dendritic cells-trans-
membrane C-type lectin) on the surface of dendritic
cells (DC) and macrophages, which is a C-lectin [67].

The anti-HIV activity of CB lectins has been
known for a long time [68-69]. They can bind to the
glycans of the virus with high affinity and neutralise
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TeueHre 20 MIUH TpU KOMHATHOH TeMIlepaType U 3a-
TeM J00aBJIsIJIM B MOHOCJIOM Kj1eTok HeLa.

Knerku Jurkat, skcopeccupyitomue DC-SIGN,
Takke UHPUITUPOBATUA ITUMU PEKOMOMHAHTHBIMU
Bupycamu. IH(EKIMOHHOCTh U3MepAIn depes 48 u
nocJie 3apaskenus. [Cy, nyst CN-V ripu nccienoBasnm
SKUBOTO BHpyCca HaxoowJach B JUana3oHe
~80-100 HMOJIB/JI. DKCIIEPUMEHTHI ITOATBEPIUIIN, YTO
MIPOTUBOBUPYCHOE EUCTBUE JIEKTUHA CBSI3aHO C €T0
B3auMoyeicTBHEM C yIJIeBOTHbIMU (pparmeHTamu GP
Bupyca. MccnenoBanusi ¢ MbgVGP nokasasnu, 4To B
OTHOIIIEHUU 9TOT0 00'heKTa IMaHOBUPUH OoJjiee ad-
dextusen (IC;, ~6-25 HMOJIB/JI), YeEM B OTHOIIEHUN
EboV-ZGP (IC;, ~40-60 HMOJIB/JT). ABTOPBI CBSI3BIBAIOT
3TOT (PaKT € OOJIBIIINM KOJTUIecTBOM Man-8 u Man-9
Ha GP map6ypraupyca, ueM Ha GP aboJ1aBupyca 3aup
(9TH TVIMKOIIPOTENHBI UMEIOT 24 u 17 catitoB N-miu-
KO3WJIMPOBAaHMs1, COOTBETCTBEHHO).

Ha rierouHnoii kyasrype Jurkat mpogeMoHCTpH-
poBauo, uto CN-V IpensITCTBYeT B3auMOIEVCTBUIO
meskny DC-SIGN u abosmaBupyca 3aup (ICs,
~40-110 umoutb/ ). Takum obpasom, CN-V u DC-
SIGN MoryT KOHKypupOBarh 3a cBsA3biBaHue GP Bu-
pyca, IpeJIoJ0KUTEIbHO IOCPEACTBOM CTepUYe-
CKOI MHTepdepeHIni.

SVN u3 nnanobakrepuu Scytonema varius iMeeT
nIokasaHayio addexTuBHOCTD TpoTUB SUDV [58]. B
KJIETOYHOU KyJIBType Vero-6 JeKTUH B KOHIIEHTpa-
unu (IC;,) 50 HEM ¢ 50% acexTom mHrHOGMpPOBAII pe-
mmmkanuio ZEBOV. C takumu ke rokasareasamu ECy,
oH 6bL71 akTHBeH ITpoTuB MARV. Uepes 45 MuH nocsie
MOAKOKHOTO BBEIEHUS MbIIIIaM JIEKTUH 00HAPY KU -
BaJICA Ha IMKOBOM ypoBHe B I1asme (100 HM), ox-
HAaKo 4epes 4 4 ucye3as u3 KpoBOTOKA. B Tom ciryuae,
korga SCV B 1o3e 30 Mr/Kr/geHb BBOOUJIN IIOJTKOKHO
MbIaM, nHpuIposanubiM ZEBOV, kaskabie 6 4, Ha-
YyrHasd 3a JeHb J10 3apaskeHus1, JKUBBIMU OCTABAINCh
9 u3 10 )KUBOTHBIX. Bce MH(MUITMPOBAHHBIE HeJleYeH-
HbIE MBIITU norubanu. Eciiu jedenrie HAUMHAIN de-
pes 4ac WK 4epes CyTKU II0C/Ie 3apAKEeHUs, BBLKU-
Basn 70-90% >KUBOTHBIX. ¥ JIEYEHHBIX JIEKTUHOM
MbIIIIel HabJTIoMAICh HE3HAUNTETbHbIE TaToMOpPdo-
JIOTUUECKUEe M3MEHEHNsI B MIeUeHU U JIETKUX, B TO
BpeMsi KaK Y HeJIeYeHHbBIX KMBOTHBIX UMEJIN MECTO
OOIIMPHBINA HEKPO3 U BOCHajieHNue, PerucTprupoBa-
JIOCh HOJIBIIIOE KOJTUYECTBO BUPYCHOTO aHTUTEHA B
remaroruTax u kiaetkax Kymdepa.

HecmoTps Ha BBICOKYIO aKTUBHOCTh ¥ HE3HAYM -
TeJIbHYI0 TOKCUYHOCTD, KOPOTKUH TTePUO, TOTYBEI-
BegeHuss SCV a He MO3BOJISIET IIOKA HAAEATHCS HaA
ero pa3paboTKy B KAUeCTBe JIEKApPCTBA B OJIMsKaliIIee
BpeMs. OJHAKO MOKHO HaIeAThCA, UTO YBeJIMUeHNue
repuosia MoJysKU3HU JIEKTUHA Oy/leT IMPeoiosIeHo
yTEM pasInIHbIX MoguduKanuii [59, 60], 1 JJeKTUH
OyaeT UCII0JIb30BATHCS KaK A1 TPOPUIAKTUKH, TAK
U [AJI51 Teparnuu JUXopaaru J6oJa.

Bupyc ummyHogedunuTa yenoseka (BUY) (Or-
tervirales: Retroviridae, Lentivirus) siBiaseTcs o60J10-
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it at an IC;, < 30 pM. Polysaccharide residues in
gp41 and gp120 are called the «glycan shield», the
primary purpose of which is to protect conserved
regions from the action of proteases and to neutra-
lise antibodies [15, 70].

Researchers paid particular attention to CV-N,
which refers to microbicides — topical antiseptic
drugs that help directly or indirectly inhibit the pen-
etration of an infectious agent into the human body;,
thereby preventing the sexual transmission of HIV and
other sexually transmitted diseases [71]. Currently,
microbicides are not on the pharmaceutical market
worldwide, although their development is intensively
carried out. Hundreds of potential anti-HIV com-
pounds are in various stages of pharmacological test-
ing. Research in this area is just beginning and should
be promising [72]. CV-N binds to gp120 glycans and
prevents its further interaction with CD4 and chemo-
kines CCR5 and CXCR4 [63]. The resulting CV-N-gp120
complex is so stable that even detergents do not de-
stroy it [73]. Lectin also prevents the fusion of infected
and uninfected cells [63]. CV-N not only possesses a
direct local antiviral mechanism of action in sexual
transmission of HIV but also affects the components
of mucosal immunity and is effective as a topical agent
against rectal and vaginal transmission, which was
confirmed in experiments in vivo using the chimeric
virus SHIV-89.6 P adapted to macaques [74]. Female
cynomolgus monkeys (Macaca fascicularis) treated
topically with CV-N gel to prevent a sexually trans-
mitted disease were resistant to infection [75]. In ad-
dition, CV-N was effective in nanomolar amounts
against other lentiviruses: monkey immunodeficiency
virus (SIV— Simian immunodeficiency virus) and fe-
line immunodeficiency virus (FIV — Feline immu-
nodeficiency virus) [14].

Although experiments on macaques treated with
CV-N did not reveal any side effects, some risk (espe-
cially with long-term use of the microbicide) still ex-
ists [14]. Based on other scientists' experiments, the
authors note morphological changes in peripheral
blood mononuclear cells, increased mitogenicity, as
well as an increase in the level of chemokines and
toxicity to primary human keratinocytes as adverse
side effects [76-77]. However, CV-N derivatives have
a pronounced antiviral inhibitory effect and reduced
toxicity against the HaCaT keratinocyte cell line and
MT-4 T-lymphocyte cell lines [78, 79].

Other CB lectins can also be the potential anti-
HIV agents. Thus, MVN effectively binds to the car-
bohydrate structures of HIV at nanomolar concentra-
tions comparable to CV-N but with about 50 times
lower cytotoxicity (CCg, = 2-12 nM). Microvirin inhib-
ited a wide range of laboratory-adapted HIV-1 strains
and clinical isolates in peripheral blood mononuclear
cells. This lectin also suppressed syncytia formation
between persistently infected HIV-1 T cells and unin-
fected CD4+ T cells, as well as inhibited DC-SIGN-
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YeYHbIM BUPYCOM C 1uamMeTpoM BuproHa 100-120 uM,
CHAOKEHHBIM 72 TeTJIoMepaMu, KaKIbIN U3 KOTO-
PBIX TIPEICTABJISIET COOOM TpUMep TpaHCMeMOpaH-
HBIX NINKOIIPOTEUHOB gp41 1 HEKOBAJIEHTHO CBA3aH-
Hble C HHUM TPHU MOJIEKY/Ibl IOBEPXHOCTHOIO
rukonporenHa gpl20. [IponukHoBeHne BUY B
KJIETKYy-MHUIIIeHb HAaYNHAeTCs CO B3aUMOAENCTBUSA
gp120 ¢ kaeTouHbIM penenTtopoM CD4, koTopoe 3a-
IycKaeT KOH(OpMalMOHHbIe N3MeHeHus gpl20 u
yBeJIMYuBaeT ero apprHHOCTb K XeMOKWHOBBIM pe-
nenropaM CXCR4 uiu CCR5. CsasbiBaHUE C KOpe-
I[eTITOpaMH, B CBOIO OUepe/ib, BEI3bIBaeT KOH(popMa-
IIMOHHOE M3MeHeHHe B gp4l u BBICBOOOMKIEeHUE
BXOJISIIIIETO B €r0 COCTaB I'MAPO(OOHOro mentuaa
CJINAHUSA, KOTOPBIN BOH3AeTCsA B JINIIUHYIO MeM-
OpaHbl aTakyeMol KJIeTKU. B peaynsrare causHuA
BUPYCHOU U KJIETOYHOU MeMbpaH opmupyetcs Qy-
3WOHHAas [10Pa, CJIyyKalllasd «BOPOTAMU» AJIs1 IPOHUK-
HOBEHMsI BUPYCHOI'O HyKJ/JICOKAICU/IA B IUTOILIA3MY.
JIBe konmu BuproHHo# PHK no3uTnBHOI oJIsIpHO-
CTHU CJTy>KaT MaTPUIIaMHU JJIs1 00paTHOU TPaHCKPHII-
IIUY, B peayJisraTe yero opMHUpyeTcs ABylieroded-
Has nposupycHasa JIHK, koTopast TpaHCIIOpTUPYETCS
B AAPO U UHTErpupyercs B xpomocomuyto JTHK. ITpo-
BUPYC B COCTaB€ XpPOMOCOMBI IIOABEPraeTcsl TPaHC-
KPUIIIINH C TOCJIeYIOIINM CUHTE30M BUPYCHBIX OeJI-
KOB U pelJiMKanuu ¢ (GOopMHUpPOBaHHUEM HOBBIX
BUpUOHHBIX PHK, KOTOpbIE BXOIAT B COCTAaB J04Yep-
HUX BUPUOHOB [61-63]. BUY nmogpasnesnisieTca Ha ABa
tuna: BUY-1 u BUY-2. 113BeCcTHBI 4 TeHETUYECKUE
rpynnsl BUY-1 (M, N, O, P); rpynina M Brirouaer 10
cyorumnos (A, B, C, D, F1, F2, G, H, ], K); cyborumn A ne-
JIUTCsI Ha 8 toacyoTuron (Al..8) [64—66].

[Nosmucaxapuapl B COCTaBe NOBEPXHOCTHBIX LVIN-
KonporenHoB BIY urpator onpenesaéHHyo poJib B
IIepBUYHOM Heclelu(pryecKoM CBA3bIBAaHUM BHUpYyca
C IIOBEPXHOCTBIO KJIETOK, UMEOIINX ININKAHOBBIE pe-
nenropsl, HanpuMmep, DC-SIGN (CD209, moJiekysia
ME)XKJIEeTOYHOU aAre3uy IeHAPUTHBIX KJIETOK-
TpaHcMeMOpaHHBIH JeKTHH C-Tulla) Ha MOBEpPXHO-
CTH IEHIPUTHBIX KiIeTOK ([IK) u Mmakpodaros, pen-
cTaBJIgONINH co00i C-aeKkTuH [67].

AnTH-BNY akTUBHOCTB JIeKTUHOB 1Ib n3BecTHa
JOCTaTOYHO TaBHO [68, 69]. OHM MOI'YT C BBICOKUM
CPOJICTBOM CBSI3BIBATHCS C INITMKaHAMU BUpyca U Hell-
Tpanusosars ero npu IC;, < 30 nM. [losnmcaxapugHsle
OoCTarku B cocTaBe gp41 1 gpl20 Ha3bIBAIOT «IIMKa-
HOBBIM IIUTOM», [NIABHOE IIpeJJHa3HAYeHUe KOTO-
pOro — 3aiuTa KOHCepBaTUBHBIX YUaCTKOB OT Jeli-
CTBUA MPOTea3 ¥ HeUTpaIu3yIoluxX auTured [15, 70].

Ocoboe BHUMaHNE HccJienoBaTesied ObLIo 00-
parmieno Ha CVN, KOTOPBIA OTHOCUTCSI K MUKPOOU-
OUaaM — aHTHUCENTUYECKUM TOIIMYECKUM JIEKapCT-
BEHHBIM Cp€JICTBaM, CIIOCOOCTBYIOIIUM HAIPSIMYIO
WJIU OIOCPEJOBAHHO CAEP>KUBATh IPOHUKHOBEHUE
MH(MEKIIMOHHOI0 areHTa B OpraHu3M 4yeJjioBeKa, TeM
caMBbIM IIpeJoTBpalasl IoJIOBYIO Ilepejady Bupyca
“MMyHoneduITa yesaoseka (BMIY) u npyrux 3abo-
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mediated binding and transmission of HIV-1 to CD4+*
T cells. The authors proved that the mutant strain, ex-
posed to increasing concentrations of MVN for a long
time, remained sensitive to other lectins (CVN, GNA
and UDA). Unlike CV-N, microvirin did not increase
CD25, CD69, and HLA-DR activation markers in CD4+
T-lymphocytes; it did not enhance viral replication in
pretreated peripheral blood mononuclear cells. The
authors qualified microvirin as a potentially promising
lectin, a microbicide with strong antiviral activity, no
toxicity, and no stimulant properties [80].

Shahid et al. [81] developed a variant of micro-
virin — LUMSI, consisting of two domains with
100% sequence identity, which reduced chemical
heterogeneity — the main factor in the manifesta-
tion of immunogenicity. LUMS1 showed little cyto-
toxicity and did not activate Th cells. This variant
of microvirin may also be promising for developing
antiviral therapy.

SV-N also has a pronounced anti-HIV activity
against various HIV-1 isolates (IC;, = 0.3-22 nM) due
to interaction with gp120 and gp41. Lectin binds to
the Mana(1-2), Man«(1-6), Mana/(1-6)Man tetrasac-
charides of viral envelope glycoproteins, especially
gp120. SVN has two structural domains — SD1 and
SD2. Binding occurs in two domains at once, but the
SD1 domain has a higher affinity for oligosaccharides
compared to SD2. Lectin-pretreated CEM-SS cells re-
tained normal susceptibility to HIV infection. After
pretreatment and removal of SV-N, the virus retained
its virulence. Co-culture of non-infected cells and
chronically infected CEM-SS cells induced concen-
tration-dependent inhibition of cell fusion [14].

The genes encoding CB lectins can be inserted
into other microorganisms. For example, to enhance
the action of CB lectins against HIV, lactobacilli (Lac-
tobacillales: Lactobacillaceae, Lactobacillus) express-
ing CV-N were obtained. It is known that lactobacilli
are one of the main components of the normal mi-
croflora of the vagina. A gene producing the CV-N
protein is introduced into the genome of the lactoba-
cillus L.jensenii, which binds to the virus, envelops it
and prevents the pathogen from entering the vaginal
epithelium. Vaginal administration of CV-N-express-
ing lactobacilli to macaques reduced infection trans-
mission by 63% and proved to be a good preventive
measure during sexual intercourse [75]. At the same
time, there was no increased production of inflam-
matory markers and other side effects. The authors
believe that a more pronounced preventive effect can
be achieved in humans due to the higher (10 times
more) content of lactobacilli in the female vagina than
in macaques. In addition to the fact that such a mi-
crobicide based on live bacteria binds mannose resi-
dues on the surface of the virion, it also restores the
normal microflora of the vagina.

Lagenaur et al. [82] described the effectiveness
of the biotherapeutic agent MucoCept for the preven-
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JIeBaHUH, epeaaloIIuxcs MOJIOBbIM IyTeM [71]. B
HacTosiIlee BpeMs MUKPOOUITUI0B Ha (hapMalieBTH-
YeCKOM pbIHKe HET BO BCEM MHUpe, XOTs pa3paboTka
WX UHTEHCUBHO MPOBOAUTCs. Ha pas3HbIX cTagusax
(pbapmakosiornuecKkrx NCHBITAHUI HAXOJATCSA COTHU
IMOTEeHIINAJbHLIX aHTU-BWY coequnenuii. @akTuye-
CKU HCCJIeJOBAaHUSA B 3TON 00J1aCTU TOJBKO HAYM-
HAIOTCSI ¥, TO-BUAUMOMY, TOJKHBI OBITH IEPCIIEK-
TUBHBIMU [72]. CVN CBA3BIBaETCA C NIMKaHaMu gp120
U NIPETIATCTBYET ero JajibHeleMy B3anMo/IeiCTBUIO
¢ CD4 n xemoknunamu CCR5 u CXCR4 [63]. O6pasyio-
muticst komriekc CVN-gp120 HaCTOJIBKO YCTONYUB,
4YTO €r0 He paspyuIaroT Jajke NeTepreHTsl [73].
JIeKTHH Takske NpeoTBpaliaeT CAUsHIE HHPU-
LIIMPOBAHHBIX U HEMH(PUIIMPOBAHHBIX KJIETOK [63].
CVN o0J/1ajiaeT He TOJIBKO MPSAMBIM MECTHBIM IIPO-
TUBOBHUPYCHBIM MEXaHU3MOM JeNCTBUS MPU MOJIO-
BO# mepenaue BMY, HO ¥ BiUsIET HA KOMIIOHEHTHI
MYKO03aJIbHOT'0 UMMYHHUTeTAa U OKa3aJsics appexTus-
HBIM B BHUJIE HAPYKHOTO CPEICTBA IPOTUB PEKTAJIb-
HOU M BarMHAJbHOU Mepeaun, 4To OBLJIO TOATBED-
SKJIEHO B 9KCIIEPUMEHTAX 71 ViV0 C UCIIOJIb30BAHUEM
xuMepHoro Bupyca SHIV-89.6P, agantupoBaHHOIO K
Makakawm [74]. CaMKu ssBaHCKUX Makak (Macaca fas-
cicularis), mosy4asmue reqb CVN MecTHO A1 Ipo-
(pumakTIKu 3a00sIE€BaHUs, IEPEABAEMOTO ITOJIOBBIM
yTéM, OBIJIN YCTOMYMBLI K 3apaskeHuio [75]. Kpome
toro, CVN okasaJicsi a(p(peKTUBEH B HAHOMOJISIPHBIX
KOJIMYECTBAX 110 OTHOIIIEHUIO K TPYTUM JIEHTUBUPY-
cam: uMmMyHOnepunnTa 00e3bsH (SIV — Simian im-
munodeficiency virus) u mMmyHOomedHUIIUTA KO-
mraubux (FIV — Feline immunodeficiency virus) [14].
XoT4 9KCIIepuMeHThl Ha MaKaKax, [10JTy4aBIIINX
CVN, He BbIABUJIN KaKUX-JI1U00 IT0O0YHBIX ABJICHUH,
HEKOTOPBIN pUCK (0COOEHHO NPU IJINTETHHOM IIPU-
MeHeHUN MUKpobuIra) cymiectsyer [14]. OCHOBBI-
BasICh HA 9KCIIEPUMEHTAX IPYTUX YIEHBIX, aBTOPHI OT-
MeyaloT B KayecTBe HeOJIaroNnpusTHBIX T000YHBIX
aperToB MOpdosIoTUIeCKre U3MEHEHNSI MOHOHYK-
JieapHbIX KJIETOK Iepudepruieckoil KpoBHY, YCUJIEHTE
MHUTOTEHHOCTU U YBEJTUYEHUE YPOBHS XEMOKMHOB,
TOKCUYHOCTb [IJIs1 IEPBUYHBIX KEPATUHOIINTOB YEJIO0-
BeKa [76, 77].0nHako nu3dBecTHbI IponsBoaHbIe CVN
C BBIPQYKEHHBIM TPOTUBOBUPYCHBIM HHTHOMPYIOIIIUM
3 (HeKTOM U CHUKEHHOU TOKCUYHOCTBHIO IO OTHO-
IIIEHUIO K KJIeTOUYHON TMHNU KeparuHoruToB HaCaT
U KJIeTOYHBIM JinHuAM T-tumdoruroB MT-4 [78, 79].
Ipyrue JeKTUHBI ITUAHOOAKTEPUI TOKe SB-
JISIIOTCSI TIOTeHIIMAJbHBIMHU CPEICTBAMHU IIPOTUB
BUY-undexnnu. Tak, MVN acekTuBHO CBSI3BIBA-
eTCsA C YWIeBOOHBIMU CTpyKTypamMu BMIY B HaHOMO-
JIIPHBIX KOHIEHTpaLUsX, cpaBHUMBIX ¢ CVN, HO ¢
npuMepHo 50 pa3 MeHbIIeH ITUTOTOKCUYHOCTBHIO
(CCsp= 2-12 HM). MUKPOBHUPUH UHTUOUPOBAJ IIIH-
pokuil crekTp JaaboparopHO-aTANTUPOBAHHBIX
mraMmMoB BUY-1 1 KIMHUYECKUX U30JISITOB B MOHO-
HYKJI€APHBIX KJIETKaX HepU(pepuIecKoil KPOBU. ITOT
JIEKTHH TaK)Ke I0/1aBJIsA] o0pa3oBaHNe CUHIUTUN
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tion of HIV infection in women. L.jensenii has been
modified with CV-N. The finished product was highly
soluble in vitro and was easy to use. Vaginal admin-
istration of tablets to macaques resulted in vaginal
colonization of MucoCept Lactobacillus in 66% after
14 days and in 83% after 21 days.

Based on CV-N studies in monkeys, Lofti et al.
[83] calculated that the use of 5 mg of lectin twice a
week would require the production of lectin about
5000 kg per year to meet the needs of 10 million
women. To provide microbicides to the world's poor,
itis vital to reduce the cost of these funds. Large-scale
production is possible only through the establishment
of recombinant CV-N production. For this, various
methods and materials are offered. These are pro- and
eukaryotic cells, bacteria, plants. The difficulty lies in
the fact that anti-HIV activity (CV-N-gp120 inter-
action) depends on the correct disulfide-bonding pat-
tern during scale-up production. Transgenic plants
demonstrated a high yield of lectin, while Madeira et
al. [84] increased the yield of CV-N using the hydro-
ponic method. Semi-purified CV-N was shown to
bind to gp120 in ELISA and neutralize HIV with an
IC;y = 6 nM. Thus, rhizosecretion is a practical and
inexpensive method for obtaining CV-N. Purified re-
combinant soybean CV-N has anti-HIV activity with
an IC;, of 0.82-2.7 nM (versus 0.45-1.8 nM for CV-N
produced by E.coli) [85].

Armario-Najera et al. [86] expressed the SD1 do-
main of CV-N in rice seeds as a potential large-scale
production platform, confirmed that such SD1 binds
HIV gp120 in vitro experiments, and neutralized the
virus in situ.

Hepatitis C virus (HCV — Hepatitis C virus,
Amarillovirales: Flaviviridae, Hepacivirus) is the etio-
logical agent of hepatitis C, one of the most pressing
health problems worldwide. HCV infection can be-
come chronic and lead to the development of liver
cirrhosis and fibrosis or hepatocellular carcinoma [87].
The genome of this virus, differentiated into 8 geno-
types and 67 subtypes, is a single-stranded RNA of
positive polarity, which is included in an enveloped
virion with a diameter of 30-50 nm, containing 2 main
surface proteins, E1 and E2 [88, 89].

El and E2 are envelope glycoproteins required
for virus attachment to its receptor/coreceptors and
subsequent internalisation into target cells via pH-
dependent and clathrin-mediated endocytosis [90].
The large terminal ectodomain anchors the virus to
its receptors, and the terminal transmembrane do-
main anchors each glycoprotein in the lipid bilayer.
The N-terminal domains are highly glycosylated, and
the structure is stabilised by disulfide bridges [91].
About 1/3 of the total molecular weight of E1-E2 het-
erodimers are N-glycans with a high content of man-
nose even after the release of viral particles from cells.

Drug-resistant HCV variants often appear, and
constant work is needed to design new drug variants
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MesKAy NMepPCUCTeHTHO UH(UIpoBaHHbIMU BMU-1
T-knerrkamu 1 HemHpUIMPoBaHHbIMU CD4*-T-KJ1eT-
Kamu, nHruompoBaJs onocpegosanaHoe DC-SIGN cBsi-
3pIBaHue u nepegady BUY-1 k CD4+-T-kaeTkam. AB-
TOPBI JOKA3aJ/I1, YTO MyTAHTHBIH IIITAMM, B TEUEHUE
JUITUTEJILbHOTO BPEMEHH ITOJBEPTaBIIUICS BO3/Iel-
ctBU0 MVN B Bo3pacTaroninux KOHIIEHTPausaXx I10-
MPEeKHEMY OCTAaBaJICA YYBCTBUTEJIBHBIM K IPYTUM
JektuHaMm (CVN, GNA u UDA). B ominuue or CVN
MHUKPOBUPUH He [OBBIIIAJ yDOBEHb MAPKEPOB aAK-
tuBaruu CD25, CD69 u HLA-DR B CD4+-T-nmumd@o-
OuTax, T. €. He YCUJIMBAJI PeIJIMKalUI0 BUpyca B
npeaBapuUTebHO 00paboTaHHBIX MOHOHYKJIEap-
HBIX KJeTKax nepudepuieckoil KpoBU. ABTOPEI
KBaJIU(pUIMPOBAJN MUKPOBUPUH KaK MOTEHIU-
aJbHO MEPCHEeKTUBHBIA JIEKTUH, MUKPOOUIIUT,
06J1a1al0 Kl CUJIbHONU IPOTUBOBUPYCHOMN aKTUB-
HOCTBIO, OTCYyTCTBHEM TOKCUYHOCTU U KaKUX-JI100
CTUMYIUPYIONIUX CBOUCTB [80].

M. Shahid u coasr. [81] pa3paboTanu BapuaHT
MukpoBuprHa — LUMS], cocTosimmii u3 AByX ToMe-
HOB c0 100% UIeHTUYHOCTHIO II0CJIEJ0BaTEeILHOCTEH,
4YTO YMEHBIIAIO0 XUMUYECKYI0 TeTePOreHHOCTb — OC-
HOBHOU (paKkTOp NpOABIEHUS UMMYHOI€HHOCTH.
LUMSI1 nokasaj He3HAYUTEJbHYI0 LIIUTOTOKCUY-
HOCTB, He akTuBUpoBasa Th-kiaerku. Takoit BapuaHT
MUKPOBUPUHA TaKKe MOKET ObITh ITepCIIeKTUBHBIM
JIJIs1 pa3pabOTKU IIPOTUBOBUPYCHOM Tepannu.

SVN Toske 00J1a1aeT BhIpakeHHO aHTH-BVY ak-
TUBHOCTBIO B OTHOILICHUU Pa3JIUYHBIX HU30JIATOB
BIU-1 (ICyy=0,3-22 aM) GJ1aromapst B3auMoJeHCTBUIO
cgpl20 m gp4l. JIeKTHH CBsI3BIBAETCA C TETpacaxapu-
Jamu Manca(1-2), Mana(1-6), Mana/(1-6)Man Bupyc-
HBIX 000J/I0U€YHBIX NIMKOIPOTENHOB, 0COOEHHO C
gp120. SVN umeer gBa CTpyKTypHBIX foMeHa — SD1 u
SD2. CBaA3bIBaHME IPOUCXOAUT CPasy B IBYX JOMeE-
Hax, HO ToMeH SD1 nMeeT 6oJiee BLICOKOE CPOACTBO
K oJiArocaxapupam Io cpasHeHuw c SD2. Ilpen-
BapuTeJbHO 0O0paboTaHHbIE JEKTUHOM KJIETKHU
CEM-SS coxpanaau HOpMaJIbHYIO BOCIPUUMYU-
BoCTb K BUY-undexnuu. [Tocse npenBaputeabHON
o0paboTku u ynajienusi SVN BUpPyC COXpaHsLJI HOP-
MaJbHYI0 HH(MEKIINOHHOCTh. COBMECTHOE KYJIBTH-
BHUPOBaHNE HEMH(PUIIMPOBAHHBIX KIETOK M XPOHHU-
YeCcKM WHQUIUIUPOBAHHBIX KjaeTok CEM-SS
BBI3BIBAJIO 3aBUCsIIEe OT KOHIleHTPAIlUU UHTUOU-
pOBaHMeE CIUAHUS KJIETOK [14].

lenn1, kogupylomye JeKTUHbBI 115, MOTyT OBITH
BCTPOEHBI B pyrrue MUKpPOOpraHusMel. Hanmpumep,
IUIsT yCUJIeHUsI TeficTBUs JeKTuHOB 1B mporus BUY
noJrydeHsl jJakrobakrepum (Lactobacillales: Lacto-
bacillaceae, Lactobacillus), sxkcipeccupyroriue CVN.
V3BecTHO, 4TO JJaKTOOAKTepUH SABJISIOTCA OTHUM U3
OCHOBHBIX KOMIIOHEHTOB HOpPMaJjIbHOH MUKPO-
¢uopsl Baramuina. B renom smakrobakrepun Lac-
tobacillus jensenii BBOEAT T'eH, IPOAYLIUPYIOIINii Oe-
Jgok CVN, KOTOpBIH CBSI3BIBAETCS C BUPYCOM,
00BOJIaKMBAET €ro U NpensaTCTBYeT NPOHUKHOBE-
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and search for new targets for them. Lectins from algae
and cyanobacteria effectively inhibit HCV, but the
toxic and immunogenic effects of these compounds
do not allow presenting them as drugs so far. However,
the HCV life cycle is highly conserved and may be a
suitable target for antiviral therapy [92].

Progress in the development of a laboratory
model of HCV cell culture (HCVcc) and pseudoviral
particles bearing E1 and E2 glycoproteins on their sur-
face allows the identification of potential molecules
that inhibit the entry of HCV into the host cell [14].

Kachko et al. [93] showed that cyanobacterial lec-
tins inhibit HCV infection through various mech-
anisms. CV-N and MLV appear to function by binding
to both viral N-glycans and cell surface proteins, which
play an essential role in cell survival and proliferation.
MLV and CV-N bind to Huh7.5 target cells, and only
this binding leads to infection inhibition in HCVcc.
Thus, these lectins target uninfected Huh7.5 cells that
have high-mannose glycoproteins on their surface
and bind to the envelope of recombinant HCVE1E2,
albeit with lower affinity. The authors believe that the
binding of the lectin to the cell may be the cause of its
toxicity. This position proves the absence of toxicity
in the lectin obtained from Galanthus nivalis (GNA),
which does not bind to cells. Other lectins can only
bind to viral particles. These differences must be taken
into account when developing new lectins.

Because microvirin is a known effective lectin
against HIV, and is less toxic than known CV-N, it has
also been tested as an inhibitor of HCV. The lectin
consists of two structural domains, only one of which
isinvolved in binding to glycan epitopes on the virus's
surface. Size and chemical heterogeneity are signifi-
cant factors influencing the immunogenicity of a pro-
tein. Therefore, Shahid et al. [81] constructed two types
of microvirin, one consisting only of a carbohydrate-
binding domain almost half the size of the original
protein. The second type included two domains with
an identical amino acid sequence. As a result of nu-
merous experiments, the authors developed a variant
of microvirin (LUMS1), which was highly influential
in suppressing the virulence of the virus but was less
toxic and immunogenic. This lectin variant had the
same effect on HIV, especially when combined infec-
tions. The structure of the new lectin construct was
similar to the previous one. Still, in contrast, each of
the structural domains of LUMSI contained a putative
carbohydrate-binding site and two potential disulfide
bonds. To confirm that LUMSI prevents HCV entry
mediated by HCV E1/E2, the HCV pseudoparticle
(HCVpp) system was used, which found that the novel
microvirin variant LUMS]1 specifically inhibits HCVpp
with an EC;, of 142+23 nM.

The activation of Th-T-lymphocytes is considered
an important marker of immunogenicity [94]. The au-
thors found that both LUMSI and microvirin did not
increase the population of CD4+ and CD25* cells. As a
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HUIO IaToreHa B 9IUTEJUN BJIaraJiviIaa. HpI/I Baru-
HaJIbHOM BBEJEHNU MaKakaM JIaKTOOaKTepui, 9KC-
npeccupytomiux CVN, nepenaya nHGERINN CHIKA-
Jacb Ha 63%, M 9TO OKasajJoCh HEIJO0XON
npodUIaKTUYECKON Mepol MPH MO0JIOBBIX KOHTaK-
tax [75]. [Ipu aToM He HaOJI0aI0Ch TOBBIIIIEHHON
MPOAYKIINY MapKePOB BOCIIAJIEHUsI U IPYTUX T060Y-
HBIX 3()(peKTOB. ABTOPBI CYMTAIOT, UTO B CBSA3U € 00-
Jee BbICOKUM (B 10 pas 60J1blIIe) comepskaHmeM JaK-
TOOAIUIITT B KEHCKOM BJIarajullle, 4YeM y Makak, y
JIIofiel MOSKHO Oy/ieT IOJIy4YUTh 60Jiee BEIpasKeHHbIN
npodunaktudecknii a¢ppert. Kpome toro, 4yro ta-
KOU MUKPOOUIIN Ha OCHOBE KUBBIX OAKTEPUl CBSI-
3bIBA€T MAHHO3HBIEC OCTAaTKM HAa IMMOBEPXHOCTU BU-
pUOHa, OH ellé BOCCTaHaBJIMBAaeT HOPMAaJIbHYIO
MUKPO(DJIOPY Barajuima.

L. A. Lagenaur u coaBr. [82] ontmcaiu aheKTuB-
HOCTb OMOTepareBTUYecKoro cpeacrsa MucoCept
I nmpodunakTuku BUY-uHpeknun y sKeHIInH.
Lactobacillus jensenii 6b1s1a MoguguiinpoBana CVN.
ToroBoe cpejcTBO OBLJIO XOPOIIO PAaCTBOPUMO in
vitro, 610 MPOCTHIM B yoTpedJieHnU. BarnaaibHoe
BBeJleHUe TabJ/IeTOK MaKkaKaM IIPUBOINIIO K KOJIOHU-
3ammu MucoCept Lactobacillus Bnarammimay 66% de-
pes 14 nueit, uy 83% — depes 21 1eHb.

Ha ocuoBanuu ucciegoBanuii CVN Ha MaKaKax
H. Lofti u coasr. [83] paccunTasnu, 4To IpUMeHeHHE
5 MI JIeKTHHA 2 pasa B HeJleJsIio ToTpedyeT MPOoaAyK-
AU JIEKTUHA 0K0J10 5000 KT B ToJ, [IJIsI 00ecedyeHust
norpebHOCTEM 10 MITH SKEHIINH. UTOOBI 00eCIEYUTh
MUKpobunugamMu OenHble palioHbl 3EMHOTO IIapa
JKN3HEHHO BaXHO CHH3MTb CTOHMOCTB 3JTHUX
cpencTB. MacmTabHOe IPOU3BOICTBO BO3MOYKHO
TOJIBKO TYTEM CO3[IaHUsI TPOU3BOJCTB PEKOMOU-
Ha"THOTO CVN. JIy1 9TOTO IIpeiaraoT pasjinyHble
CIIOCOOBI U MaTEPHUAJIBLI. ITO MPO- U dYyKAPUOTHUe-
CKUe KJIeTKHY, 0aKkTepuH, pacTeHus. CJI0KHOCTD 3a-
KJII0YaeTCs B TOM, YTO aHTU-BNY aKTUBHOCTS (B3au-
MozneticrBre CVN-gp120) 3aBUCHUT OT IPaBUJIBLHOTO
XapakTepa o0pa3oBaHUsI JUCYIb(PUIHBIX CBSI3EH BO
BpeMsi MacmTabHOTO IPOU3BOICTBA. BHICOKUI BBI-
X0 JIeKTHUHA TPOJAEMOHCTPUPOBAIN TPAHCTEHHbBIE
pacrenus, a L. M. Madeira u coasr. [84] yBeuunan
BbIxoj, CVN npu Mcnosab30BaHUM THAPONOHHOIO
MeTona. bblIo MponeMOHCTPUPOBAHO, UTO II0JIYOUU -
meHHbIH CVN cBa3biBaeTcs ¢ gpl20 B ELISA u Heit-
tpanuayeT BUY c IC;, = 6 HM. Takum oOpa3om, pu-
30CEeKpeIus ABJsIETCS MPAKTUYHBIM U HEJTOPOTUM
MeTonoM nosrydeHust CVN.

OuwnieHHbIit pekoMOuHaHTHBIN CVN u3 cou
obutamaet antu-B1UY aktuBHOCTHIO C IC;, = 0,82-2,7 HM
(mo cpaBHeHumw c 0,45-1,8 HM g CVN, nponynu-
pyemoro E.coli) [85].

V. Armario-Najera u coaBT. [86] akcnpeccupo-
Banu SD1-nmomen CVN B ceMeHax puca, KOTOpbIe UC-
MOJIb30BAJIN B KAUYECTBE MOTEHIIUAILHON KPYITHO-
MacIITabHOM NPOM3BOACTBEHHON NJIaT(OpPMBI U
MIOATBEPIUJIN, UTO Takol SD1 cBa3bIBas gp120 BMY
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comparison drug, CV-N showed high cell activation
in this case. LUMSI, when treated with lymphocytes
at the concentrations up to 4 uM, did not significantly
increase in the CD20+ population. In contrast, MVN
values, even at a concentration of 2 uM, were sub-
stantially higher. The new drug had low toxicity against
HepG2, Huh7.5 and PBMC cells at 10 pM. The selec-
tivity index for LUMS1 was 108, indicating a favourable
safety profile for the compound. All this allowed the
authors to position LUMSI as an attractive potential
candidate acting against HCV and HIV; since it inhibits
both viruses, is almost non-toxic (non-toxic at con-
centrations acting on the virus), and only slightly ac-
tivates B-lymphocytes and Th-cells.

Other authors [95] have shown that microvirin
oligomers are more effective at inhibiting HCV than
monomers. At the same time, lectin tri- and tetramers
had higher activity than monomers and dimers. Al-
most complete neutralisation of the virus was ob-
served at 650 ng/ml. Thus, the authors achieved virus
neutralisation at a lower lectin concentration by in-
creasing the degree of oligomerisation and the length
of the oligopeptide linker.

SCV is also an inhibitor of HCV and a new drug
for treating infections caused by pathogens with a high
content of mannose [85]. The author recommends this
lectin as a powerful tool for systemic and topical use.
SCV inhibits both HCV and pseudoparticles in cell cul-
tures at pico- and nanomolar concentrations and tar-
gets E1 and E2 envelope glycoproteins [96].

The selectivity index is SI > 1400. SCV inhibited
virus entry in the range of 3.2-96 nM. The authors at-
tribute the effectiveness of the lectin to its targeting
of high-mannose oligosaccharides at either E1 or E2.
CV-N binds to HCV envelope glycoproteins and blocks
the interaction between the E2 envelope protein and
CDa1, a cell surface molecule involved in the entry of
the virus into the body [97].

Izquierdo et al. [98] published exciting material
on developing HCV resistance to carbohydrate-bind-
ing lectins. The authors cultivated the hepatitis C
virus for more than 8 weeks in solutions with in-
creasing concentrations of various lectins, including
CV-N, after which they sequenced the genome of
the isolated strains and identified resistance muta-
tions in the E1E2 envelope glycoproteins. It was
found that mutations do not directly transmit HCV
resistance to lectins in the E1E2 envelope protein
genes. It may arise through an indirect mechanism,
including mutation in other viral proteins, which
must be further differentiated.

The above materials show that CB lectins can be
efficient components of hepatitis C therapy as patho-
gen entry inhibitors, which can and should be im-
proved in reducing toxicity and immunogenicity, in-
creasing their anti-infective properties and methods
of delivery. However, there are still many unanswered
questions.
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B 9KCIIepUMEHTaX in vitro, a Takske HeHTpaInu30Bas
BUPYC in Situ.

Bupyc renarura C (HCV — Hepatitis C virus)
(Amarillovirales: Flaviviridae, Hepacivirus) siasiercst
9THOJIOTUYECKUM areHToM renaruta C, KOTOpbIN sB-
JisieTcsl OfHOU U3 HamboJlee aKTyaJbHbIX Ipo6JeM
3JIpaBooxpaHeHus Bo BcéM mupe. VHbekus HCV
MOYKeT XpOHU3UPOBAThCA U IPUBOJIUTH K Pa3BUTHIO
1uppo3a u (prdpoasa rnevyeHu UK rernarolesIrosp-
HOU KapIHOMBI [87]. [eHOM aToro Bupyca, nudde-
peHIMpyeMblii Ha 8 FTeHOTUIIOB U 67 ITOJITUTIOB, IIpe/I-
craBJisieT co00i ogHonenoueunyo PHK mosutusHOM
MIOJITIPHOCTH, KOTOPasi BKJIIOYAeTCs B 000JI04€UHbIH
BUPHOH 1rameTpoM 30-50 HM, KOTOPBIHA COEPsKUT
2 OCHOBHBIX MOBEPXHOCTHBIX Oesrka E1 u E2 [88, 89].

El u E2 — mmkonpoTrenHsl 000/1049KH, HEO6X0-
IUMBble [AJs TpUKpeIIeHUs BHUpPyca K €ero
pelienTopy/KopelentopaM u Moc/eayolieid nurep-
Ha/IN3allu1 B KJIETKU-MUIIIEHH ITocpeacTBoM pH-3a-
BHCHMOTO U OIIOCPEJOBAaHHOTO KJIATPUHOM 9HJIOITH-
T0o3a [90]. BoabII10#1 KOHIIEBOW 9KTOIOMEH CJIYKUT
JIJI IPUKPEIJIEHN s BUpyca K ero pelenropam, a KoH-
11eBOM TpaHCMeMOpaHHBIN JOMEH 3aKpensdeT Kak-
JIBIA TJIMKONIPOTEUH B JIUIUJIHOM Oucsjoe. N-KoH-
IleBble JOMEHBl CHJIbHO IVINKO3WJMUPOBAHBI, a
CTPYKTypa CTabUIN3UpOBaHa JUCYIbOUIHBIMU MO-
crukamu [91]. OkoJio 1/3 o0IIelt MOJEKYJISIPHOMN
Maccel rerepoguMepos E1-E2 asiisaercs N-mukanaMu
¢ 60JIBIIINM CcOfiepsKaHeM MaHHO3bI JJaKe MTOCJIe BhI-
XO0J1a BUPYCHBIX YaCTUI] U3 KJIETOK.

JlocTaToyHO YacTO MOABJISIOTCA JIeKapCTBEHHO-
ycToiiunBble BapuaHThl HCV 1 HeoOxoquma nocTo-
sIHHas1 paboTa 110 KOHCTPYNPOBAHUIO HOBBIX Bapu-
AQHTOB JIEKApCTB U MOMCKY HOBBIX MUIIEHEN NI
HUX. JIEeKTUHBI U3 BOAOpOC/el 1 InaHoOaKTepuil
nJoctaroyHo addexktuBHo nuurubupytor HCV, ofn-
HaKO TOKCUYeCKOe U UMMYHOTeHHOe JJefiCTBUE 9TUX
CoeIMHEeHUH 10 HACTOsAINIero BpeMeH! He M03BO-
JIAIOT IIPEJICTaBUTh UX B KaueCTBe JIeKapCTBEHHBIX
cpenctB. BmecTe ¢ Tem skuaHeHHBIN nmuka HCV ot-
JIT4aeTcsl BLICOKOY KOHCEPBAaTUBHOCTBHIO U MOKET
OBITH TTOAXOJSIIEN MUIIIEHBIO MIJISI IPOTUBOBUPYC-
HOU Tepanuu [92].

[Iporpecc B pa3paboTke 1abopaTOpHON MO
HCV (knerounoii kyasTypsl HCVec) u niceBpoBupyc-
HBIX YaCTHI], HeCyIINX Ha CBOel MOBEPXHOCTH IJIH-
romporenHsbl E1 1 E2, TO3BOJISIIOT MOeHTU(DUIIUPO-
BaTh IOTEHIIMAbHbIe MOJIEKY/IbI, MHTHOUPYIOIINe
nponnkHoseHne HCV B kileTKy-x03s1Ha [14].

A. Kachko u coaBr. [93] mokasa/u, 4TO JE€KTUHBI
1rnaHobakTepuii Hruo6Mpylor nHekmuo HCV ¢ rmo-
MOIIBI0 pa3JauYHbIX MexaHusmMoB. CVN u MLV
(PYHKIITMOHUPYIOT, TO-BUANMOMY, IYyTEM CBA3bIBaA-
HUA Kak ¢ N-IVINKaHaM{ BUPYCHOTO 0eJIKka, Tak U €
OesIkaMU KJIETOYHOH IIOBEPXHOCTHU, KOTOPbIE UT-
paioT BaKHYIO poJIb B BRI)KUBAHUU U IpoJsudepa-
oy kieTok. MLV u CVN CBA3BIBaIOTCS C KJIETKAMU-
mumedsamu Huh7.5, ¥ TOJIBKO 3TO CBsI3bIBAaHUE
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Conclusion

The carbohydrate code underlies the critical bio-
logical pathway of information transmission, through
which intercellular interactions and cell signalling are
organised. Receptors for glycans (lectins) are endowed
with the ability to target various counter receptors in
terms of their structure and topological mode of pres-
entation [99]. However, lectins can play a vital role in
regulating biological processes such as cell growth
and immune response, as well as serve as tools for
studying the structural aspects of glycobiology [100].

The effective mechanism of action of mannose-
binding lectins from cyanobacteria on enveloped vi-
ruses has stimulated the development of these mole-
cules as therapeutic and prophylactic agents. Lectins
are highly specific compounds with a broad spectrum
of activity. Attention is drawn to the possibility of their
local application and the almost complete absence of
virus resistance formation.

At this study stage, antiviral lectins are being in-
vestigated as agents acting against, primarily, HIV [59].
It should be borne in mind that the study of CB lectins
is only an emerging field that poses many questions
for researchers.

Many researchers point out that, despite excel-
lent in vitro antiviral results and reasonably promising,
but not numerous, results from in vivo experiments,
the promotion of CB lectins in the clinic faces signifi-
cant challenges, including cytotoxicity immunogen-
icity, antigen specificity, and limited stability.

First of all, the question of the bioavailability of
these compounds arises. They cannot be taken orally
without special modifications or protections, as di-
gestive enzymes break them down. CV-N was available
for testing antiviral activity against the Ebola virus
after subcutaneous injection in mice. At the same
time, he increased the average life span of animals,
i.e. lectin was bioavailable and retained activity after
subcutaneous injection.

CB lectins, in some cases, are toxic, antigenic, and
act on immune cells. However, many adverse side ef-
fects can be avoided if recombinant compounds with
new properties are obtained [101]. Thus, CV-N has
been modified by site-specific conjugation with poly-
ethylene glycol in a pegylation reaction to improve
the lectin's therapeutic properties. When administered
intravenously, pegylated CV-N was significantly less
immunogenic than parental CV-N.

Lectin-induced mitogenicity can be overcome
using glycoengineering techniques such as Banhac,
which was developed to eliminate the mitogenicity of
lectins from other sources [102]. At the same time, there
was no damage to antiviral activity to Ebola and in-
fluenza viruses [103, 104]. Future studies on the effec-
tiveness of CB lectins should be associated with search-
ing for new strategies for delivering these very
interesting and promising compounds to avoid the ex-
isting difficulties and accelerate progress in the clinic.
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NPUBOJUT K MHrubuposanuio nHdexuu B HCVcec.
T. e. aTu JIeKTUHBI HalleJeHbl HA HeMH(MUIIUPOBaH-
HbIe KJIeTku Huh7.5, Ha MOBEepXHOCTU KOTOPBIX ITPU-
CYTCTBYIOT INIMKOIIPOTEUHBI C BBICOKUM COfiepsKa-
HUeM MaHHO3bl, a TaKKe CBA3BIBAIOTCA C
o6osoukoii pekombuaanTuoro HCVE1E2, xoTs1 u ¢
6oJiee HU3KOM a(PUHHOCTHIO. ABTOPHI MOJIATAIOT,
YTO CBA3BIBaHME JIEKTHHA C KJIETKON MOKeT ObITh
NIPUYNHON ero TOKCUYHOCTH. /loKka3arejbCTBOM
3TOTO MOJIOYKEHUS SABJISIETCS OTCYTCTBUE TOKCUYHO-
CTU y JIEKTUHA, NToJlydeHHoro us Galanthus nivalis
(GNA), He CBA3BIBAIOIIETOCH C KJeTKaMu. /Ipyrue
JIEKTUHBI MOTYT CBA3bIBATHCA TOJIBKO C BUPYCHBIMU
YacTUIIaMU. ITU PA3IUYNs He0OX0JUMO YUUTHIBATh
IIpu pa3paboTKe HOBBIX JIEKTHUHOB.

[TockoOJIbKY MUKPOBUPHUH TIPEACTABIsIET COO0M
M3BeCTHBIN a(ppekTuBHBIN eKkTuH npotus BUY, u
MeHee TOKCUYEH I10 CPaBHEHMIO ¢ u3BeCTHbIM CVN,
OH OBLT UCHBITaH U B KauecTBe uarmouropa HCV.
JIeKTUH COCTOUT U3 JBYX CTPYKTYPHBIX JIOMEHOB,
TOJIBKO OfIH 113 KOTOPBIX YYaCTBYET B CBA3BIBAHUY C
[VINKAaHOBBIMU 3IIUTOIIAMU Ha IIOBEPXHOCTH BUpYCa.
Y4uTBIBasdA, 4TO pa3Mep U XUMHUYecKasi FeTepOreHHOCTh
SIBJIAIOTCS] OCHOBHBIMU (paKTOpaMu, BJAUAIONINME Ha
MUMMYHOTeHHOCTh Oesika, M. Shahid u coast. [81]
CKOHCTPYMPOBAJIU JIBa TUIIa MUKPOBUPUHA, OUH U3
KOTOPBIX COCTOUT TOJIBKO U3 YIJIEBOJICBA3BIBAIOIIIETO
JloMeHa pa3MepoM IIOUTH B JIBa pa3a MeHbIIle UCXO/I-
HOrO 6eJiKa, a BTOPOU BKJIIOYAET /IBA TOMEHa C UJIeH-
TUYHON aMUHOKUCJIOTHOH ITOCJIE0BATEIbHOCTEIO. B
pesy/srare MHOIOYHC/IEHHBIX 9KCIIEPUMEHTOB aBTO-
paM ynasoch pa3dpaboTarb BapuaHT MHUKPOBHpPUHA
(LUMS]1), koTOpBIH 66171 BEICOK03((HDEKTUBHBIM B I10-
JlaBJIeHUU NH(MEKITMOHHOCTHU BUPYCa, HO MeHee TOK-
cu4eH U UMMYyHoreHeH. Takoe ke elicTBUe 9TOT Ba-
pUaHT JeKTHUHa oka3dbiBaj Ha BIY, ocobenno npu
coueTaHUM 3TUX NHPeKIui. CTpyKTypa HOBOM KOH-
CTPYKIIUH JIEKTHHA OblJIa aHAJIOTUYHA IIpesKHel, HO
B OT/INYUeE OT Heé KaXKIbIN U3 CTPYKTYPHBIX JOMEHOB
LUMSI conepsxaJi mpe/noiaraeMblil CAaliT CBS3bIBAHUS
YIJIEBOOB U JBe IOTEeHI[Ma/IbHble AUCYIb(UIHbIE
cBsaA3U. [ly1a nogrBepskaeHus Toro, uro LUMSI npe-
nATCTBYeT npoHuKHOBeHUI0 HCV, 06yc/ioBIeHHOMY
E1/E2 HCV, 6b11a HCIIOJIb30BaHa ccTeMa IIceBgo4a-
crury HCV (HCVpp), npu UCHo/Ib30BaHUN KOTOPOM
OBII0 YCTAHOBJIEHO, YTO HOBBIM BapuaHT MUKPOBU-
puna LUMSI cnenndudeckn narudoupyer HCVpp c
EC,, 142423 HM.

Axtusarnus Th-T-muMdonuToB cunTaercs: Bask-
HBIM MapKepoOM MMMYHOIeHHOCTH [94]. ABTOpamMu
6B1710 ycTaHOBJEHO, uTo Kak LUMSI, Tak 1 MUKpO-
BUPHUH He yBenuyuBaau nonynanuo CD4+ u CD25¢
KJIETOK. B3AThIN B KauecTBe Ipenapara CpaBHeHUs
CVN B 3TOM cjIyyae JeMOHCTPUPOBAJI BBICOKYIO aK-
tuBanuio kiaerok. LUMS1 mpu o6pabotke mumdo-
IIUTOB B KOHIIEHTpanuu 10 4 MKM He IPUBOIUJ K
3HAYUTEJILHOMY yBeandeHuIo nonynauuu CD20%, B
TO BpeMms Kak ITokasarean MVN naske mpu KOHIEHT-
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A significant number of registered patents indi-
cates the interest of several developed powers [74].
Until now, the primary research in this area has been
directed to searching for new active compounds for
medical use. However, lectins from algae and CB can
be widely used in agriculture, industrial mariculture,
and animal husbandry.

Thus, it is necessary to continue work on these
most exciting and promising compounds from cya-
nobacteria since the expression of lectins in hetero-
logous systems can significantly impact pharmaceu-
ticals. Heterologous systems provide higher yields
than conventional purification and reduce costs and
production time.

One cannot ignore the fact that CB lectins, like
lectins from other natural objects, seem to have anti-
inflammatory [18, 105], antioxidant and immunomod-
ulatory properties [106, 107], which cannot but affect
the course and outcome of infectious processes
caused by viruses. Summing up the above materials,
it should be said that CB lectins have disadvantages.
However, these compounds are still promising poten-
tial candidates for developing antiviral agents with
new mechanisms of action.
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paunu 2 MKM OBLIU 3HAYUTEJHHO BbIIIe. HOBBIHN
npenapar o6J1agas ciradboi TOKCUHYHOCTHIO IO OTHO-
meHuIo K kietkam HepG2, Huh7.5 u PBMC nipu koH-
neHTpanyu 10 10 MKM. HIEeKC CeJIEKTUBHOCTH 171
LUMSI cocraBisa 108, 4yTo cBUIETEIHECTBOBAJIO O
OsaronpusTHOM Opoduse 6€30IMaCHOCTH COeHe-
HUs1. BCé 9T0 1103B0JIIIIO aBTOPaM O3UIIMOHNPOBATh
LUMSI1 kak mpuBJ/ieKaTeJSbHBIN MOTEHIIUATLHBIN
ragauaar nporus HCV u BUY, NOCKOJIBbKY OH UHTU-
Ooupyet o0a BUpyca, MOYTU HETOKCHYEH (HETOKCUYEH
pu JeHCTBYIOINX Ha BUPYC KOHI[EHTPAIUAX) U
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JINIITb He3HAaYNUTeJbHO aKTUBUPYeT B-1ruMponuThl
u Th-kneTku.

[pyrue aBTopsl [95] TOKa3anu, YTO OJIMTOMEPDI
MUKPOBHpPUHA C 60J1bIIIeH 3(p(hpeKTUBHOCTHIO UHTH-
oupytor HCV, ueM moHoMmepsl. [Ipu aTOM Tpu- U TET-
pamepsbl JIeKTHHA 00J1a1aau 60s1ee BBICOKOH aKTUB-
HOCTBIO, YeM MOHOMepHI U TUMepkI. [louTn nosHas
HeWTpaama3auusi BuUpyca HaOJIogasack mOpu
650 Hr/mJ1. Takum 06pa3oM, aBTOPHI JOOUINCH Hell-
TpasIu3anuy BUpyca npu 6osee HU3KOHM KOHIIEHTpa-
IIUY JIEKTUHA Iy TéM YBeJINYeHUs CTelleH! OJIuroMe-
pHU3aIyy U JIMHBI OJIUTONENITUIHOTO JIMHKepa.

SCV rakske sBissercsa uHruomuropom HCV, a
TaK;Ke HOBBIM IIpernaparToM JJ1s1 JedeHUsT HH(EeKITNH,
BO30yIHTe/ I KOTOPBIX UMEIOT BEICOKOE COJlepyKaHIe
MaHHO3BI [85]. ABTOp pEKOMEHAYET 9TOT JIEKTUH KaK
MOIITHOE CPEeJICTBO JJI CUCTEMHOTO U MECTHOTO IPH-
MeHeHus. SCV nuarubupyet kak HCV, Tak u riceBjo-
YaCTUIIBI B KJIETOYHBIX KYJIBTYpax IIpU IMUKO- U Ha-
HOMOJISIDHBIX KOHIIEHTpAIlUAX W HalejleH Ha
INKOTPOTENHBI 00009ky E1 u E2 [96].

Munekc ceaeKTUBHOCTU cocTasJjsieT SI > 1400.
SCV uarubmposas NpoOHUKHOBEHNE BUpyca B Ha-
nasoHe 3,2-96 HM. ABTOpbI 00BACHAIOT 3(ppeKTUB-
HOCTb JIEKTHHA ero HalleJJeHHOCThIO Ha oJIUrocaxa-
PUJIBI C BBICOKUM COJiepsKaHieM MaHHO3bI JIM00 Ha
E1l, 6o Ha E2.

CVN cBs3BIBaeTCsA C NIUKOIPOTEUHAMH 000-
gouku HCV u GJI0KUpyeT B3aUMOIENCTBUE MEKIY
beskom o6os0ukn E2 u CD81, MoJeKy/Ioi KIeTod-
HOH ITOBEPXHOCTH, YYaCTBYIOIell B MPOHUKHOBEHUH
BUpYycCa B opranusm [97].

HHTepecHble MaTepuasbl 10 GOPMUPOBAHUIO
ycroriumBocTty HCV K yI1eBOACBSA3BIBAIONINM JIEK-
THUHaM onyOJsimKkoBaHbI L. Izquierdo u coast. [98].
ABTOpPBI KYJILTUBUPOBAJIX BUpYycC remarura C B Teue-
Hue OoJiee 8 Hel B PACTBOpPAX C IMOBBIIIAIOIIENCS
KOHIleHTpalueil pas/iMuHBIX JIEKTUHOB, B TOM
yucsae CVN, mociie 4ero CEeKBeHUpoBaJIu FeHOM BbI-
JleJIEHHBIX IIITAMMOB U UJeHTU(DUITNPOBATIU MyTa-
IIUYM PE3NUCTEHTHOCTHU B [NINKOIIPOTENHAX 000JI0UKHI
E1E2. Bely10 ycTaHOBJIEHO, UTO ycToYnBOCTH HCV
K JIEKTMHaM He IlepeiaeTcs HallpsAIMYIO MyTaliusiMU
B reHax 0eska obosiouku E1E2, a, mo-BuauMomy, Mo-
sKeT BO3HUKATh IIOCPeJCTBOM KOCBEHHOI'O MeXa-
HM3Ma, BKJIIOYAIOIIEro MyTaliio B APYTUX BUPYC-
HBIX OeJIkaX, KOTOPbIE B JaJbHeHIlIeM He0O6X0quMOo
nuddepeHINPOBATh.

ITpuBenéHHbBIE BBIIIIE MaTepHasIbl TOKa3bIBAIOT,
YTO JIEKTUHBI I[MaHOOAKTEePUIl MOTYT OBITH OYEHb
a(pperTUBHBIMU KOMIIOHEHTAMU Teparnud remarura C
B KauyeCcTBe UWHTMOUTOPOB MPOHUKHOBEHUS BO3-
OynuTesiss, KOTOpble MOYKHO U HE0OX0JIMO COBep-
IIIeHCTBOBATh B HAIpaBJIEHUN yMEHBIIEHUs TOK-
CUYHOCTH, WMMYHOT€HHOCTH, IOBBIIIEHUA WUX
AHTUUH(PEKIIMOHHBIX CBOUCTB W COOCOOOB [O-
craBku. OJIHaKO HEPeIIEHHBIX BOIIPOCOB e111¢ OueHb
MHOTO.
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VYIJIEBOOHBIN KOJ JIESKUT B OCHOBE KJIIOUYEBOTO
OMOJIOTUYECKOT0 MyTU Tepeaaun nHdopmamnuu, ¢
IIOMOIIIHI0 KOTOPOTO OPTaHU3YIOTCS MEYKKJIETOUHbBIE
B3aUMOJIENCTBUS U KJIETOUYHAsI CUTHA/IM3anusi. Pe-
LIENITOPBI I WIMKAHOB (JIEKTUHBI) HalleJIEHbI CII0-
COOHOCTBHIO HAIEJIMBATHCS HA PA3JIMUYHBIE KOHTP-
pEeIenTophl M0 UX CTPYKTYPE U TOTOJOTHIECKOMY
criocoOy npeacrtasaenus [99]. [Ipu aTOM JTE€KTUHBI
MOTYT UT'PaTh JKU3HEHHO BasKHYIO POJIb B PETYJINPO-
BaHUU OMOJIOTUYECKUX IIPOIIECCOB, TAKUX KAK POCT
KJIETOK 1 UMMYHHBIH OTBET, a TaK)Ke CJIYKUTb UH-
CTPYMEHTaMU /151 U3YUeHUsI CTPYKTYPHBIX aCITIEKTOB
wmko6mosiorun [100].

9ddEeKTUBHBIN MeXaHN3M JIefICTBUA MaHHO30-
CBsI3BIBAIOIINX JIEKTUHOB U3 ITUAaHOOAKTepUi Ha
0060J109€YHbIE BUPYCHI CTUMYJIUPOBAJ Pa3paboTKy
9TUX MOJIEKYJI B KauecTBe Jie4e0HbIX U MPOoUIaK-
TUYECKUX CPENICTB. JIEKTUHBI SIBJISTIOTCSI BLICOKOCIIE-
IU(PUIECKUMI COETNHEHUSIMU IITUPOKOTO CIEKTPpa
netictBusi. Obpariraet Ha ce0s1 BHUMaHUE BO3MOSK-
HOCTbB UX JIOKAJIHOTO TPUMEHEHUS 1 ITIOUTH ITOJTHOE
oTcyTcTBUE (DOPMUPOBAHUS YCTOMUYUBOCTA K HUM
BUPYCOB.

Ha nanHoM aTarie CBOero n3y4eHusi IpOTUBOBU-
PYCHBIE JIEKTUHBI UCCJIEIYIOTCS KaK CPeicTBA IIPO-
TUB, B IIepBYyI0 ouepens, BUY [59]. Cienyer uMeTh B
BUMY, YTO UCCJEN0BAaHUA JEKTUHOB [Ib — TOJBKO
3aposKaaroIascss 06JacTb, KOTOpasi CTABUT Tepes
KCCJIeIOBATEJISIMA MacCy BOIIPOCOB.

Bce yuénble oOpamialor BHUMaH#e Ha TO, YTO,
HECMOTPS Ha OTJUYHBIE Pe3yJIbTaThl IPOTUBOBU-
PYCHOTO IEeNCTBUSA in vitro U OCTATOYHO MepCIek-
THUBHBIE, HO HEMHOTOYMCJIE€HHbIE PE3YJIbTAaThl 9KC-
IIEpUMEHTOB in Vivo, IPOABUKEeHNe JIEKTUHOB 1B
B KJIMHUKY CTAJKUBAETCSA C OOJBIIUMU mpobJie-
MaMH, BRJII0Yasi MUTOTOKCUYHOCTH, UMMYHOT€EH-
HOCTb, QaHTUTEHHYIO CIIEIU(PUIHOCTH U OTPAHUYEH-
HYIO CTa0UJIBHOCTb.

[Tpesxe Bcero, BOBHMKAET BOIPOC OMOIOCTYII-
HOCTH 9THX coeAnHeHui. be3 crernuaabHbIX MOIH-
(puraruii nIM CpeiCTB 3AMTUTHI UX HEJIL351 yIIOTPED-
JISITh TIEPOPAIHLHO, TOCKOJIbKY OHU MOABEPTAIOTCS
pacIeneHnio MUIeBAPUTETHbHBIMUA (DEPMEHTAMM.
CVN ObLJI OCTYIIEH JJIs1 UCCJIeIOBAHMS IPOTUBOBU-
PYCHOTO OeWCTBUS 10 OTHOIIIEHUIO K BUPYyCYy JboJia
OCJIe TOIKOKHOTO BBeIeHUsI MbItaMm. [Ipu aTom oH
YBEJTUUUBAJ CPETHIOI0 IPOAOIKUTETbHOCTD KU3HU
SKUBOTHBIX, T. €. JIEKTUH ObLI OMOJOCTYIIEH U COXpa-
HS1JT1 aKTUBHOCTB IIOCJI€ TOJKOKHON NH'BEKITNU.

JlekTHUHBI ITMaHOOAKTEPUIL B psifie c/TydaeB 0bJ1a-
JIAI0T TOKCUYHOCTHIO, aHTUTEHHOCTHIO, TEICTBUEM
HA UMMYyHHBIE KJIeTKU. OTHAKO MHOTUX HEOJIaronpu-
SITHBIX TOOOYHBIX 3(p(PeKTOB MOKHO N36€KaTh, eCIN
MIOJIYIUTh PEKOMOMHAHTHBIE COETMHEHNSI C HOBBIMU
ceorictBamu [101]. Tak, CVN 65171 MoagupuIpoBaH
calT-crienu(pUIeCKUM KOHBIOTUPOBAHUEM C TIOJIU-
STUJIEHIVIMKOJIEM B PEAKIINY, Ha3bIBA€MOU IMETUJIN -
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poBaHUWeM, IJIsI VAYYIIEeHUsI TepalmeBTUYEeCKUX
CBOHCTB JieKTHUHA. [Ipy BHyTPUBEHHOM BBEJIEHUU T1€-
runmpoBaHHbId CVN ObLI 3HAUMTESTHLHO MEHEE UM-
MyHOTeHeH, 4yeM ncxonHbIii CVN.

Bri3BaHHAS JIEKTUHOM MHUTOT€HHOCTH MOSKET
OBIT MPEO0JIeHA C TOMOIIILI0 METOJ0B NIMKOWHKE-
HepuH, Takux Kak Banhac, koTopslii ObL1 pa3paboran
[IJIs1 yCTPpaHEHU I MUTOT€HHOCTH JIEKTUHOB U3 IPYTUX
nctouyHuKoB [102]. [Tpu aToM He OBLIO yiiepOa aas
MIPOTUBOBUPYCHOM aKTUBHOCTH 10 OTHOIIIEHUIO K BU-
pycam d6osia u rpunmna [103, 104]. Bymymue uccie-
noBaHusA 9(PpPEKTUBHOCTHU JIEKTUHOB 1B MOJIKHBI
OBITH CBSI3aHBI C ITOMCKOM HOBBIX CTpPATErdil M0-
CTaBKH 3TUX BECbMa UHTEPECHBIX U EPCIEKTUBHBIX
coelMHeHNH, YTOOBI 130eKaTh UMEIOIIUXCS TPYIHO-
cTell ¥ yCKOPUTD IPOJBUSKEHNE B KITUHUKY.

3HAYUTETbHOE KOJTNYECTBO 3aPETUCTPUPOBAH-
HBIX [TATEHTOB CBUJETEJTLCTBYeT 00 MHTEpece psiia
JlepskaB K 9ToM mpobJsieme [74]. JIo cux TOp OCHOBHbBIE
KCCJIeJOBAaHUS B 9TOM 0oOJsacTy OBLIN HAIMPaBJIE€HBI
Ha MMOUCK HOBBIX aKTUBHBIX COEIMHEHUH JIJIsT METH-
IUHCKOT0 TpuMeHeHus1. OqHAKO JeKTUHbBI U3 BOJO-
pociel u uaHo0aKTePUl MOTYT HANUTHU MIMPOKOE
MIpUMeHEeHNe B CeTbCKOM XO35IHCTBE, IPOMBIIIIJIEH-
HOU aKBaKyJIBTYpe, a TaKKe B 3KUBOTHOBOJICTBE.

Takum 06pasom, HEOOXOTUMO MTPOAOKATE pa-
60Ty HaJ| 9TUMHU MHTEpPEeCHENIIINMH U IepPCIeKTHB-
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OB30PbI

HBIMU COeJUHEHUsIMU U3 [HaHOOaKTepuii, Imo-
CKOJIBKY 3KCIIpeCCUsI JIEKTUHOB B reTepoJIOrMYHBIX
CHCTEMax MOYKET JaThb OTPOMHBIH aheKT i1 pap-
MaleBTUKU. [eTeposioruyHble CUCTEMBI 00ecIeqn-
BaloT 6oJjiee BBICOKHME BBIXOJBI 110 CPAaBHEHUIO C
O0OBIYHOM OYMCTKON M CHU’KAIOT 3aTpaTrhl U BpeMsd
IIPOU3BOJICTBA.

Hesib3s He yUUTBIBATh TOT (hAKT, YTO JIEKTUHBI
nuaHob6aKTepuil, Kak v JIEKTUHBI U3 TPYTUX IPUPOI-
HBIX 00BEKTOB, MMO-BUANMOMY, 00/1a7]al0T ITPOTHUBO-
BOCHaJIUTEAbHBIMU [18, 105], aHTHUOKCUIAHTHLIMU 1
UMMYHOMOJYJINPYIOIMIUMH cBo¥icTBaMu [106, 107],
YTO He MO’KeT He BJIUATH Ha TeueHHe M MCXOJ UH-
(peKITMOHHBIX NPOIECCOB, BEI3BBAHHBIX BUPYCaAMMU.
ITonBOAA WTOT BBINIEN3JI0KEHHBIM MaTepuaJsiaMm,
cJIeIyeT CKa3aTh, YTO Y JIEKTUHOB ITMaHOOAKTEPUl
eCTb HeJjocTaTKu. OJTHAKO 3TH COeTMHEHU I10-TIPesk-
HeMy SBJIAIOTCA IMePCIeKTUBHBIMHU IOTEHI[HA/b-
HBIMHU KaHJWJaTaMu /I pa3pab0OTKU MPOTUBOBU-
PYCHBIX CPEJICTB C HOBBIMU MeXaHN3MaMH JIeHCTBUS.
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