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Tyidin

byn wmakanama, KpitalinplH oOpTajblk Kajuackl YXaHbAArbl MAalHUEHTTEPAE €pEKIe BHUPYCTHIK
MTHEBMOHHMSHBIH Maiiaa OONybIHAa OKeJiN COKTHIPATHIH aHa KOPOHABHPYCTHIH maina 6omysl COV-ThIH
(2019-nCoV) nencayiblkka Kayinrimiri Ttypamsl oxapusitaael. Kasipri COVID-19  maHmeMuschl
OapbICBIHAA, BUPYCKA Kapchl KONTETeH TaFraMJBIK KOCTAnap HETi3iHAe aypyMeH Kypecyre >KOHe ajlibIH
anyra Hazap ayaapbutyna. Jlaktogeppun (JID) - cyTKopeKTiiepaiH CyTiHAe Ke3AeceTiH TaOUFH TaFaMIbIK
KocIajapaelH Oipi KoHE TeMipAl OailTaHBICTBIPY KaOlJeTi MEH KONTETeH jKacylla PerenTOopiIaphbIMEeH
OaltTaHpICy HETi31HIe UMMYHOMOOYJISIIUSIIBIK KacueTTepre ue. JlakrodeppruHHIH BUPYCKa Kapchl KabiieTi
SARS-CoV-2-men (COVID-19 ko3apIprbiibl) ThFBI3 OaiinaneicTel SARS-CoV xone 6acka 1a BUpycTapra
Kapchbl Oarananapl. CoOHbIMEH KaTap, JlakToeppuH KaObIHyFa Kapchl THiIMALTIKKE ue. JlakTodepprHHiH
SARS-CoV-2-re xapchl MOTEHIMANBIHA apHAIFAH apHAMBl 3epTTEy >KYMBICTAPBIH XKYPri3y OTe KaxKer,
eiiTkeHi JlakToQeppuHHIH BHPYCKAa Kapchl WMMYHHTETKE KATBICTHI OHOJIOTHSUIBIK OeJICeHAUTIrine
OaiinaneicTel SARS-CoOV-2 xacymianapslH KYKTBIPYIbIH allAbIH alajbl HeMece Keaepri KenTipyi MYMKiH.
Jlakrodpeppunnin SARS-CoV-2-re kapcel (apmakonorusuiblk ocepin Oaramay OoifbiHIIA Keneci
3eprreynep oubiH COVID-19-nieH Kypecyeri pesiiH KepceTei Ien YMITTCHEMI3.

Kisrri ce3nep: naktodpeppun, SARS-CoV-2, COVID-19, uMMyHOMOIYISILIHSL.

Bupyc — reHeTuKanbsIK MaTepral MEH OipHeIIe aKybl3laH KypairaH JeHe. Tipi ar3ara eHy
apKpUIBI  Keberore Kabinerrti, aypy Tyabipymbsl areHt. KoponaBupyc (CoV) - Virus
naTiaasirelHbIH Coronaviridae TykKpIMIachlHA JKaTaThIH, corona (TaXx) xoHe Viridae (Bupyc)
ce3nepiHiH OipiryineH KypanraH Bupyc Typi. COV - amam, yi KaHapiiapel, KyC, >KapFaHar,
THIIIKAHHBIH KoHE 0acKa Jla KeITereH >kadaifbl xaHyapliapIblH THIHBIC ally KOJIapbIH, acKa3aH-
itrek, 6aysIp *KoHE OPTAJIBIK XKYHKE JKyieaepin 3aKpiMaan sl [ 1-3]. AybIp jkemen pecnupaTopIbiK
curapom (AXKPC) nemece SARS (SARS - Severe acute respiratory syndrome) >kyKnaiisl xoHe
eJIIMre OKellyl MYMKIH pecrnuparopiibik aypy. SARS - kopoHaBUpPYCTHIH HWHGEKIUSACHIHBIH
HOTHXecl, OHBI FanbiMaap SARS-men GaitnanbicTsl KopoHaBupyc (SARS-CoV) nem ataner. 2002-
2003 xbutmapel SARS nHemece AJKPC aypybl 5 KOHTHHEHTTET1 33 enre Tapajibil, HOTHXKECIHIE
8000-nan actam amam uH(EKIUs )KYKTHIPHI, 700 agam KaiTeic Oosrad [4-6], an 2012 xeutet Tasty
[IsireicTa pecriupatopiiblk cuaapomuad (MERS - Middle East respiratory syndrome) 2428-nen
acTaM ajiaM JKYKTHIpbII, 838 agaM KaiThIC 00BN, KaTaH OaKbUIayFa alblH/bl. ATallFaH 1HISTTIH
epinyi cekini, »kaHaaan naiaa 6osran COV-Ta xkaHyapiap/aaH - agaMra KOHE aJlaMHaH-alaMFa
KBUIIAM Tapajly MYMKIHJIIT1 JKaFbIHAH KaTepiii iHAeT OoJFaHIbIFbIH KopceTTi [7-8]. 2019 xbuibl,
JKEJITOKCAaH albIHBIH opTachiHAa opranslK KpiTaiia opHanackan Xy0si
MPOBUHIIMSACHIHA KIpETiH YXaHb KallaChIHBIH XyaHaHb jKaHyap MEH TeHi3 eHimuepi 0azapbiHia
OoJiFaH XaJbIK TYPFBIHAAPHI 0€Tici3 MTHEBMOHUSHBIH OpPITyl OYKUT oJIeMHIH Ha3apblH ay/lapTThI.
KpITaliaplH FEUTBIME 3epTXaHalapblHAa KaTaH PETTUIIK MEeH dTHOJIOTHSUIIBIK 3ePTTEYIep KYpPrizy
HOTIKECiIH/IE, OeNrici3 MHEBMOHUSHBIH KO3BIPFBIIIBI PETiHAE — aHa KopoHaBupyc (novel
coronavirus (nCoV)) ansikranst (http://virological.org/ sxone https://www.gisaid.org/). Ocbiian
keiin, KpiTali FansiMaapsl KOpOHaBUPYCTHIH JkaHa TypiH - SARS-CoV-2 nen artaasl. OHBIH
TCHETUKAIBIK KYPBUIBIMBI aybIp KITI pecHMpaTopibl CHHAPOMABI Ko3ablpaThiH SARS-CoV
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BupycbiHa 70% yKcaiTeiHbl aHbIKTamFaH. 2020 >xpuinbiH 12 KaHTapbiHAa JlyHHEKY3UTIK
JIEHCAYIIBIK CaKTay YHBIMBI YaKbITIIA jkaHa BUPYCTHI 2019 >kbuinbIH kaHa KopoHaBupychl (2019 -
nCoV) gen araznsl [9]. SARS-CoV-2-HiH Heri3ri Tapaiy >KO0Jbl 3aTTapbIH CHIPTKBI O€Ti apKbUIbI
Tapalybl MYMKIH, aTanm alTKaHaa, aypyabl KYKTBIPDFAH ajJaM >KeTeJNreHIe HeMece aypylbl
JKYKTBIPFaH aJaMJIbl YCTaraH JCHe MYIICHI30eH OeTiHI3/1, Ko3IepiHi3 i, MYPHBIHBI3IbI YKaIaFaH
corte xy3zere acanel [10]. Anmaiiga, BUPYCTBIH OJI XKepJiepAe KaHIa yakbIT eMip CYpPETIHIri
6enrici3. Oceplaiilia, BUpyC ar3ara eHil, keOeieni xoHe Oacka Mmyienepre tapaitansl. Herisri
3aKbIMJIAYIITBI HBICAHIAPHI: 11IeK, KOKOAyBIp )KOHE €H KayIITi ocep eTeTiH MyIec okme. Bupyctsl
KYKTBIPDFaH aJaMjapla Kyprak >KeTel, TeMmIepaTypaHbIH >KOFapbhUIaybl, €HTITY, €Ki KAKThI
MTHEBMOHMSI KoHE 0acka ja Oenrinep, COHbIH IIHAE, TaMaK aypybl, THapes MEH KYCYAbIH JKeHLT
KOHE ayblp KIMHHUKANBIK KepiHicrepi Oaiikamanel [10]. Ayblpran Haykactap HH(EKIHS
KYKTBIPFaH aJlaMJJapMEH >KOHE THIHBIC aly TaMILIbUIapbIMEH THIFBI3 OaillaHbicTa O0IYbl MYMKIH
[11]. Bupycka Kapchl KeNTereH eMey 91icTepl YChIHBUIFaH. AJaiia, ajamiapra CbIHaK KYprizy
Ke3eHl OlpHele aiifa Hemece O1p JKbUTFa co3bUTYhI MYMKIH [12]. [TanmeMusiMeH KypecyaiH Kazipri
OIici - OKIIAyJIaHy, )KeKe TUTHEHA Iapaiapbl )KOHE TYPhIC TAMAKTaHY.

CoV-ThIH >xaHa TYpJIEepiHIH Maiga 0oJybl MEH epIiyi, JCHCAyJIbIKKa KayinTi >kahaHIbIK
Karepili 1HAET OOJNbIN TaOBUIATHIHABIFEIH KepceTTi. bomamakra, KIMMar TEH SKOJOTHSHBIH
e3repyiHe )KoHE aJIaMHBIH KaHyapIapMeH KapbIM-KaThIHACHIHBIH KYIIICIO1HE OaliIaHbICThI KAyiNTi
1HAeT *aHamaH epiryi MyMkiH. Ocklnaiima, sxenen Tepanust MmeH CoV - Fa Kapchl BakIMHajIap
Kacay KaKeTTUTI TYBIHIAIbl. OJEMAIK TaHJAEMUSAFa alHAIIbIpFaH KOPOHABUPYCTHIK >KaHA
IHIETTIH aJBIH Ty )KOHE OJIaH KOpFaHyFa Makalaja KeITipireH MOJIMETTEp 03 CENTITiH THT13e11
JIeT YMITTEMI3.

Koponasupycmoty scacywaza eny convl. KopoHaBUPYCTBIH ajaM KacyllachlHa €HYI
KeJieciiel sTanTapiaH Typajsl. 1. ATaMHBIH MYpbIH, aybl3 HEMece Ko3 MYIIeIepiMeH KoMeriMeH
ar3ara eHI'€H BUPYC aHTHOTEeH3HMH KoHBepTeyii ¢pepmeHT 2 (ACE2) akysI3 — perientopbiHa Kapan
OarpiTTamanel  (cyper 1). ACE2 - wmeramtonentunaza, SARS-CoV-2 ymiiH  MaHBBABI
(GyHKIMOHANABI peuenTopiaapAbly Oipi. AHTMOTEH3MH KOHBepTeylli (epMeHT 2 pelenTopbl
Kebip MymienepiH KypaMblHa KIPETiH acymiajapablH OCTiHAe OopHajacaibl, aTam alTKaH#a,
aybI3 KybICBI MEH MYPBIHHBIH IIBIPHIINTH Ka0aThl, OKIE, acKa3aH, all iIIeK, TOK imek, JuMdpa
TYHIHIEpi, alpIpiia 0e3, cyilek Kemiri, 0ayslp, Kok Oayblp, OYHpeK >koHe MHUABIH KypaMbIHIa
OomareiH ckacymanapaa kesgeceai. ACE2  penentopbl eKme  anbBEOJIBIHBIH — AMHUTEIHN
JKacyIanapelHbIH OeTiHze oTe Kom 6omaasr [13].
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Cypert 1 - Koponasupyc xacymackl MmeH oHbIH ACE2 perentopsiMer
GaiiiaHsICcybl OeitHenenren [27]
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Bipinmi cyperre OeiiHeneHreHnel, KOPOHABUPYC BHUPYCHl AHTMOTEH3WH KOHBEPTEYII
dbepMeHT 2 pelenTopbiH Kacylia OCTIHeH TaHbIFAaHHAH KeWiH, aTtainrad peuentop MeH Crmaik
aKkyb3bl  (S) «kinT» MeH  «KyIelm»  cekinai  Oip-OipiMmen  Oepik  OaiiyaHbICalbI.
Kpucramnorpadgusnsik 3eprreynepae kepceTinrennen, kypambiaaa S1 cerment (318-510 amun
KBIIIKBIT KAJJBIKTAphl) AaHTUOTCH3WH KOHBEPTEYIIl (EPMEHT 2 perenTophbl YIIiH MaHbI3IbI
peuentopiapmen OaiinmanbicaTeiH aiiMak [13-15]. Bepik OaiinmaHbic ocepiHEeH KaH KbICHBIMBIH
perreyre katbicaTblH ACE2 pernentopbIHbIH KbI3MeTi Oy3blnaabl. HoTwkeciHne, aHTHOTEH3UH
KoHBepreymn (epmeHTt 2 perentopbl kemeriMmeH SARS-CoOV-2 Bupychl agaM ar3achIHBIH
*acymacsiHa eneni [16]. XKacya irriHe eHreHHEeH KeiiH, KOpOHABUPYC BUPYCHI CHIPTKbBI KOPIIAI
TypFaH OapJibIK KYpPBUIBIMIIBIK aKybl3 KaOaTeiHaH Oocaiiael [15]. JKorapeima KenTipiiareH
perriniknen, SARS-CoV-2 e3i nemece Tek reHoMasiKk PHK muromnasmara eneni. An, SARS-CoV
BupychiHbIH PHK reHomsr y3piaaeiFsel mamamed 30000 nykneotuari Kypaasl [17]. Bupyctein
KacyFa €HYIHIH Kelleci caThIChbIHJA, LUTOIMJIa3Mara eHreH Bupyc, PHK axybI3piHa jkayanTsl
aKybI3JIapblH TPaHCIIIUACH Ke3eHl Oactamanpl. [luTormmazmara enreH reHoMablK PHK
peruuKanys mporeci Herizinae eki eceneHy mpoueci xypeni. PHK pernnmukanusicbin xysere
aceipmac OypeiH SARS-CoV-2-ka PHK pennmukanusceia xKy3ere achIpaTblH MaHBI3bl aKybI3aap
KaxeT. ATtanraH akybizgapasl Bupyctblk PHK-HBI MaTepuan ke3i periHae maianaHbll TY31Tyi
TpaHcsus nen aranansl. Ocel mporiecTi kKysere aceipy mporeciaae SARS-CoV-2  Bupych
KO>KaibIH jKacyllIaHbl MTapa3uTTIK JKOJIMEH Maiaananaisl (Cyper 2).
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Cypert 2 - SARS-C0OV-2 BUPYCBIHBIH JKacylllara €HYy JKOJIBIHBIH cXeMachl [27]

Yurinmi cateicel, BupycTlH PHK perumkarnusicer xypeni. On, ekinmn kesekteri PHK
peTTMKANMAChIHA KayalThl aKybI3JapJbIH TY3UITeHIHEH KeiiH BupycThlKk PHK-nma permukarms
nporieci kymbic icreiiai. AtanraH, SARS-CoV-2 - mosutuBti PHK-nbI BHpycTap KarapbiHa
KaTazbl. Perumnkamus ke3eHl askTanraHHaH coH, mo3uTuBTi PHK-nan weratusti PHK Ty3ineni.
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Ocblman KeiiiH, TOPTIHIIl CaTbIChl BUPYCTBIH KYPBUIBIM OOIIIEKTepiHiH Ty3UI1yi OacTasiasbl.
SARS-CoV-2-uiyg HeratuBti PHK-man jkaHa BupycTapablH KYpPBUIBIM O6JIIEKTepl Ty3isie
Oacraiinel. HeratuBti PHK-HBI Marepman ke3i perinae naiinamanein, OipHeme MPHK-map
ty3ineni. Hotmxecinae, MPHK-nan BUpYCTBIH TIMKOMPOTENH S aKybI3bl, MeMOpaHa aKybi3sl (M),
kimkentaii akyel3 (E), Hykineokancua (N) cekinmi KypbUIBIMABIK aKyb3aap Tysineni. becinmii
CaTBICHIH/IA, KYPBUTBIMIBIK aKkybi3aap D11 T-npiH inriHae KypbUIFaHHaH KeiiH, akybizaap meH PHK
lonpmxu anmaparbiHa eTemi. [0JbIKM anmapaThlHBIH IMIHAEC KYPBUIBIMIABIK aKybI3gap MEH
no3utuBTi PHK TOnBIK BUpyC peTiHme Oipirim, BU3UKYJIA «KOIMPIIIKTEPIIHy 1IIIHE OpHAaIacaIbl.
ANTBIHIIBI CATBICHIH/IA, BU3HWKYJIAHBIH IMIHICTI TOJBIFRIMEH >KWHAKTAJIFaH BHUPYC SK30IMTO3
MpoIIeCi apKbUIBI JKACYIIaJaH ChIPTKA IIbIFa OacTaibl. TOJBIK IaMbIT JKETUITEH BUPYC, Oacka
xacymranapra malybut skacaiasl [ 19-28].

AF3aHBIH BUPYCKa TO3IMAUTITT AYPHIC TaMaKTaHy KYWECIMEH THIFBI3 OalIaHbICThI. TaOuFu
OmonorusuiblK ~ O€JCeHIi 3arTapMeH OaWbITBUIFAH TaraM eOHIMIEpiI aF3aFa  BUPYCTHIK
WH(}EKIMsIapAbIH KayliH a3aiTybl MyMKiH [29]. UMMyHHTETTI )KaKcapTyaa TaraM KypaMbIHaFbl
MyHJail komroHeHTTep B xone T sxacymanmapblH O€JICEHIUIIrH apTThIpaIbl JKOHE OJIApbIH
Ko0eroiHe, Tya OITKEH KOHE aJIallTUBTI IMMYH/IBIK JKayanThIH HHIYKIIUSICHl MEH MOAYJISIIASICHIHA
karbicanbl [30-31]. KenTipinreH MonmiMeTTep HETi3iHAE, OHTAMIB TaMaKTaHy WMMYHHTETTIH
COVID-19-ra xapcel TypyabiH O6ipaeH-01p TYpaKThl 9JIici.

TaraM eHIMIEpiHIH IIIHIE CYT )KOHE CYT OHIMAEPI KYpaMbIHIAFbI Oaraibl aKybI3JapbIMEeH
UMMYH/IBIK XYyHere maiaansl [32]. DnuaeMruonorusIbiK 3epTTeyiep CUbIp, Oue JKOHE TYHe CYTiH
TYpakThl TYTBIHY ajaamiapia OaKTepUSIIBIK KOHE BHUPYCTHIK WHQEKIHSIIAPAbIH TOMEH
TapanybiMeH cunartanFaH [33-34]. Cyrreri MaHb3AB KOMIIOHEHTTEPIHIH Oipi — JaKkTodheppHH
(JID), on TpancheppuHIep TYKBIMAACHIHA KiPETiH KoM ()YHKIMSIIBI aKybI3.

JlakToepprH aKybI3BIHBIH HMMYHOIIPOTEKTOPIIBIK JKOHE KaObIHyFa Kapchl KacHeTTepi
SARS-CoV-2 1opi3ai pecnupaTOpIIbIK BUPyCTapiaH KOprayabl KaMTaMachl3 €TeTiHIIr OipKkaTap
FRUTBIMH Makananapga kepcetrinreH [9;15;35]. JI®-win COVID-19-re kapchl MMMYHIBIK
KOpFayJarbl TMOTCHIMANBIH 3€PTTEy VIIH OHBIH OWOJOTHAICHIH, KYPBUIBIMBIH, OHBIMEH
OaillaHbICAaTBIH MEMOpaHaJbIK PEelenTOpJapblH, UMMYHOMOIYJISPIBIK KOHE BUPYCKa KapcChl
MeXaHU3MJEpiH, COHBIMEH KaTap Ke3JepiH OuTy KaxeT. ¥ ChIHBUIFaH MakKajaJa JakTo(heppruHHIH
BUpYCTapFa Kapchl MPO(HUIAKTUKAIIBIK, TEPANUSIIbIK, UIMMYHOIIPOTEKTOPJIBIK KOHE MEXaHU3MIH
KapacThIpbIn, JakTopeppuH akybi3biHBIH COVID-19 emaeyniH KochIMIIa ofici peTiHaeri pedi
TaJKbLJIAHFaH.

Jlakmogeppunniny Kypolivimol dHcone @usuka-xumuanvlk kKacuemi. JIO axybi3bpl -
tpancheppunaep (TP) ToObHA KaTaThIH TEMCI3 TeMip OailIaHBICTHIPFBINI TJIUKOIMPOTEHH.
Jlaktodeppun anram per 1939 xbuibl cublp cyTiHeH (cyper 3), am 1960 xbuibl aHa CyTiHEH
Oeminin anbiHabl. JIO-TiH aMUHKBIIKBUIABIK Ti30eri skanyapnapasiH 10 TypiHeH (agam, CHBIp,
THIIIKAH, JXBUIKBI, JOHBI3, CIIKi, KO, OyiiBON koHE Tyie) aHbIKTanFaH [36-37]. JI® akyw3bl
MOJIEKYJIAChIHBIH Y3BIHIBIFBl IIamMaMeH ~700 aMUHKBIIIKBUIBI KaJABIFbIHAH TY3UITeH Oip
HOJIUIETITUATIK Ti30€KTeH Typassl. Mosekynanslk canMarbl ~ 76-80 x/{a. Anam meH Thimkas JID
aKybI3bl OOMBIHINIA OIPIHII PETTIK KYPBUIBIMBIHBIH YKcacThiFbl 70%, agam MeH cubipaa — 69%,
CHBIp MeH ThIKaHaa - 63% [38]. Anam JID akybI3b1 OipiHIII PETTIK KYPBUIBIMBI a1aM capbicy T
JKOFapbl JeHrene yKcacThlkka ue (~ 59 %). AnbrepHatuBTi mpomotopiap - P1 xone P2 -
ocepineH JID reHiHiH TPaHCKPUIIHCH €Ki OHIMHIH Ty31nyine okenesni: MPHK JI® xone nenbra-
JIOD (A - JID) [39]. A-JID-ne N-COHFBI CUTHAIIBIK Ti30eri 0oiMay ceOeOiHeH OHBIH CIIKaHIai
KbI3MeTi JK0K [40]. Anam JID u3odnekTpiiik HykTeci opeduet ko3nepinae 8.0-8.5 [41]; 8.7 xxone
9.7 apanbIFblHIa ayBITKUABI [42].

JI® aKybI3BIHBIH MOJUNENTUATIK Ti30eri riao0ymsapibl eki romosortel C xoHe N
OemikTepaeH KypairaH (cypet 3). Exi 6emnikTeri aMuH KbIIIKBUIABIK KYPaMbIHBIH YKCACTBIFBI 37%
- Fa )KybIK. N Oeuiri, moaunenTuaTiK Ti30ekTiH N-coHbIH (1-332 aMuH KBIIKBLT KaaabIKTapsl), C
6euiri C-coHpH (345-691 amuH KbIIKbLUT) Kypaiabl. Onap Keicka anbga-cnupanbmen (333-344
aMUH KBIIIKBUIB) OalaHBICKAH, OCHl OaiilaHBIC MOJIEKYyJlara KOCBIMINA CEpPIIMIUIIK KacHueT
Gepeni [37]. Op 6ip Gemik IMIUICON MlIiHT, KelneMaepiHiH perTimiri 55%35%35 A. AkysI3
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MOJIEKYJIachbl CHMMETPHSLIIBI eMec, cebeb1 OemikTep Oip-Oipine ~150° Oypoimita OyphUIBIC KacaraH
xoHe 25A pirpicKan. Op6ip 6ok 03 Ke3eriHe eKiHIII PeTTiK KYPhUIBIMBI ©Te YKCAC eKi JOMEHHEH
Typansl [37; 43]. Monekyna =~ 43% o - cnupaibaaH xoHe = 27% [ - KaTnapaaH Typanbl. AKybI3
KYpBUIBIMBIHZIA 16 mucynbduarik OaimaHbic 6ap, OHBIH 6 KYOBI €Ki OeiiKkTe TEeH, ajl KajaFaH 4
xyOb1 C-Oeutirinzie opHanackad. Ipi Kapa nakTopeppHH aKybl3 MOJIEKYIACHIHBIH JKaJIbl CXEMECHI
YIIHII CypeTTe KeATIpiIreH.

C1 domain

Cyper 3 - Ipi kapa nakToheppuH aKybI3bl MOJICKYJIACHIHBIH CXEMAaChl
N1 xone N2 nomenzaepi colikeciHIe capbl )koHe KbI3FbUIT, all C1 xoHe C2 momeHmepi colKeciHIe
JKaChLI )KOHE KOK TYCTepMEH, al 0estikTep (J100) apachIHIarbl 63apa 0ailaHbICThI CIIUPAilb KbI3FBLIT Caphl
TYCTI, €Ki TeMip aTOMBbI KbI3bLI IIap TYPIH/E KOpCeTiIreH [44]

JI® exi Typai popMmasa ke3aecedi: arno (TeMipMeH KaHbIKITaFaH aKybI3) )KoHE X010 (0enceHal
opranbireiaaa Fe* 6ap) 6onanpr. JIP akysis monekynacsl Fe** exi nonsiMen kepi Gaiinansicyra
KabimerTi. Opoip Gemikreri momenaep (N1, N2 xone C1, C2) apanbIFbIHAAFB TEPEHIPEK aiiMaKTa
Temip - GailnaHBICTHIpYLIBI caifTTap Gap, onmapabiH kememi ~ 42 A kypaiinsr. Temipain op6ip
aTOMBI TOPT aKYBI3BIK JIUTAH/IEH Yilnectipiired: Tyr-92 sxone Tyr-192 denonsaT-uonmaapaarsi
(cotikecinmre Tyr - 435 xone Tyr - 528 C-coHpiHaa) €Ki oTTeri aroMaapeiMeH, His - 253 (His -
597) umupazonaarsl Ne2 a30T aroMbIMeH koHe Asp-60 (Asp-395) kapOOKcHiIbIEri OTTEriMEH.
Temipain opOip aTOMBIHBIH OKTa3APIiK OpTackl 0ap, I€reHMeH e, TOPT aKybl3 JUTaHIThI aJIThl
MO3UIIMSIHBIH TEK TOPTEYIH FaHa aJIbII KaTabl. 3ePTTEYJIEPre COMKeC KalFaH €Ki O3UIHsIa COs*
Hemece HCO3™ annongapsl opHanacazsi [37; 43].

JI®-1iH TemipMeH OaiaHbICy cxeMachl KepceTuireH (cypeT 4). Temip aToOMBbI KbI3bUT IIap
TypiHae OecitHenenren, an JID-TiH e3apa OpEeKETTECETiH aMUHKBIIIKBUIIAPBIHBIH KaJTABIKTAPhI
capsl Tycti. Kanapik canmap N-coHbIHA coiikec kemnefi, an C-COHBIHBIH THICTI aMUHKBIIITKBLUTBI
KaJIIBIKTAphI kKaKIllajga opHajgackaH [44].

AHHMOH TIENITHATIH OH 3apsAnraaraH  N-COHbIMEH koHe Arg-121 pagukambiMeH
Oaiinmanpicagpl. MyTareHe3 OoibIHINIA KacanFaH TaxipuOuesnepae, OCJICEHI OPTANBIKTAaFbl Ke3
KeNreH 4 KaJABIFBIHBIH alMacThIPBUTYBl TeMip[i OalNaHBICTBIPY KaOimeTiHiH OipaeH
HalapjayblHa ajblll KeNeTiHAIrl JonengeHreH. Arg-121 kanaplk OOWbIHIIA MyTanus Ja oI
OCBIHJIal ocepre ambin keneni [38; 43].

JI® axybi3bina Temip Oepik opi KaitteiMcbiz (Kg~102° M™) Gaiinansicansl. JI® akybisbl
TeMipai TinTi Oocekenec nuraHy (Mbicanbl, mUTpar) xoHe pH moni 3,0 OonFaH >xarmaiina ma
OaiinmanpicThipyra Kabinerti, an T® ToOBIHBIH Oacka axkyb3gapsl pH~5.5 OGonranma temipmi
6ocaranpl [37]. JI® men Td oprypni kacuerrepi JID-ro1 exi OemikTiH (JIOOTHIH) YHIIeciMIl
OaiinanpicbiMeH aHbIKTanansl [38]. JIO® C-Gemirine TemipaiH OaiimaHbicybl N-OeJIKTEr1 OHBIH
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(TeMipmiH aKybI3fa) OaillaHBICBIH aHAaFypibIM TypakTaHabipanasl. Mysga N-OestikneH
KaTbiHacaThlH C-COHBIHIAFBl  anb(da-coupasb MaHBI3ABI KbI3MET aTkKapagsl. Td-me ochl
KYObUTBICTBIH Oonmaysl JID-1i eki OemikTi OalaHBICTBIPATBIH MNENTHJ KYPBUIBIMBIHIAFBI
epeKIIemKIeH Tycinaipiieni. bapneik cumarranran JI® ocel mentu anbda-ciupainb Ty3€Il, al
Td-na oHBIH aMNCi3, TY3y, pEeTCi3 KYpbUIBIMBI Oonajabl. Ajb(a-COUpanbIiH MBIKTBUIBIFBl €Ki
OOJIIKTIH THIFBI3 OalIaHBICYBIH KaMmTamachl3 eTim, N-Oeiikke TeMipaiH OailaHbICybIH
TypakTaHaelpaabl. Hotmwxkecinae, temipaiyg Oocan mbirybiHa (JID-man) ocep erin pH MoHiH
TOMEHT1 IIEeKKe Kapai BIFBICThIpanbl. TA MonekynaceiHaa au3uHHIH — LYS-206 xone Lys-296 —
KaJIbIKTapbIHBIH 001ysl JI® sxone T KpI3MeTTepiHJeri aiblpMaIlbUIbIFbIHA ceOenii O0Iybl
MyMKiH. OCBI €Ki KaJIJIBIK epeKIle CyTeKTiK Oainanbic Ty3emi. Agam JI® akypi3sl Arg-210 xoHe
Lys-301 ochl xyIl KalaabIKTapMEH aaMacKaH. JlereHMeH, CHbIp, OYIBOJIb, )KBUIKbI JKoHe Tyite JID
akybI3biHAa TO-FpI MO3UIMAFA YKCAC TU3UHHIH €Ki KaablFsl 0omanbl — Lys-2010 sxone Lys-301.
Amnaiifa, ochl €Ki KaJIbIK apachIHia OaiIanbIc TY31IMEH 11, COUKECIHIIe aKybI3apAaH epeKIIerNiK
Oaiikanmaiisr [37-38].

Cyper 4 - JlaktoeppuHHIH TeMipi OaiIaHbICTBIPY cXeMachl [26]

Temipain akybsI30eH OaitnaHbICybl koHE Oocam MIbIFybl JI® akybI3bIHIA KYPBUIBIMJIBIK
esrepicrepre anbim keneni [37]. JI® akysI3pl amblK KYpbUIBIM JKarJaiblHAa TEeMipMEH
OailaHpicapl: €H alJbIMEH aHHMOHMEH OalIaHbBICBIN, HOTHXKECIHAE JUTaHATAPAbIH BIFBICYbIHA
anpin keneni. CocbiH, Temip JID akybI3pl MOJIEKYJIaCBIMEH TOJBIK OaiylaHbICHIN, apbl Kapail JID
OT€ BIKIIAM KYPBUIBIMJBIK TIIIIHTE, SFHU >KaObIK KYPBUIBIMIBIK IIIiHre aybicaasl. JID
aKyBI3BIHBIH armo-GpopMackl MeTaUIIapbH 0acka a MOHJapbIMEH OaillaHbica anmajibl, dEeTTE
OFapsl oH 3apanThl moHmap (Cr*, Co®*, Mn®*", AP, Ga3*, Cu?*, Zn?*, Cd?*, Ni?*, nanTaHOMITHI
noHnapsl) [37-38]. Aramran meramn uoHmapsl JI® akyemsbiHa Fe®' GaitnamsicaThlH amMuH
KBIIIKBUIIAp apKbuibl Oaiinmanbicanbl. CoHbIMEH Karap, JI® aKybI3BIHBIH TMENTHATI Ti30€KTIH
yuackenepi kemerimen 70 neitin Fe®* mommapein GaiimaHeICTBIpa aTaTBIHABIFEL 3epTTEYNEpIE
kepcetinren [45]. Hotwkecinae, JI® akyp3spl 15-16 MonexkymanapblHaH TYPAThIH 3aT TY3UIEi.
Ocpl 3aT HATHBTI aKybI3Fa KaparaH/a TYPaKThUIBIFBI ©T€ KOFaphl. TYPaKThUIBIKTHIH >KOFapIIaybl
ocBI 3aTTaFbl opTypii JID aKybI3sl MOJIEKy/IadapbIHBIH KypaMmbeiHaa 6onateiH Fed* sxome HCO™®
MOHJIAPBIHBIH apaChIHAFbl AJIEKTPOCTATUKAJIBIK OaliyaHbIcKa HerizaenreH [37].

JI® akyb1361 T100yIIsApII6I THUMKONPOoTenH [39]. KemMipcey pparmenTi akypI30€H actiaparuHHIH
(Asn-137 xone Asn-490) amuaTi a30Thl apKbUIBI TIMKO3MATIK Oainaneic Ty3enmi. JID
KYpaMbIHAAFbl INIMKO3UATIK OalilaHbICTapIbIH CaHBI XKOHE OpPHAJIACYhI JKaHyapJap/blH TypiepiHe
OaiinmanpIcThl aybITKUABI [37; 39]. JID-HiH kenTereH (yHKUMSIApHl OHBIH OPKENKI TapalFaH
OeTTiK 3apsapIMeH aHbIKTandaabpl. OH 3apsaTanFaH yII ayMakThl Oediinn kepceTyre Oomaibl: N-
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conpia (1-5 xanmgeikrap), OipiHmi anmbga-cnupanbae (12-31 KaambIKTapbl) *oHE €Ki Oelik
apanbirpiaga. Agam JI®-niH N-conpiHmarbl GRRRR curnamasik Ti30eri ocbl aKybI3[bIH SIPOFa
eHyiH KamTamachI3 etefi. Ocbuiaiiiia, oJ TPaHCKPUIIIUSIIBIK (PaKTOp PETiHAE KbI3MET aTKapasbl.
JKorappiga KenTipireH CUTHAIBIK Ti30ek Tek afgam JID ToH, 6acka skaHyapsapaa 6oamMan sl [37].

Jlakmodgheppunnin Kezdecemin keo30epi. JI® aKkybI3bl OPTYPI CYTKOPEKTIIEPIiH
IIBIPBIIITE AMUTEINN KacymanapsiHaH Oemineni [46-50]. JI® akybI3bl OapibIK K30KPUH/II
Oe3ep cenaepineH: ko3 xkachiHaa (2 mr/mi [41; 46-50] vemece 0,4 mr/mn), cinekeid (0,013 mr/mo),
Ha3aJIb]li )koHe OpoHX, oT coemaepineH (0,0042 Mr/min), MaHKPEATUT COTIHEH, YPBIK CYWBIKTHIFbIHAH
(0,518 mr/mm), 39p (0,00005 mr/mi), tep (0,0025 mr/mun) anbsikTanrad. JIO ere kem Memnmepae
cyrre (1,28 wmr/mun) xone ybizna (7 mr/mn Hemece 3,2 mr/mun) ke3geceai [37; 51]. Cyrreri
Ka3eMHHEH KeHiHTi eH KeH TapairaH akybl3. Cublp cyringe JI® KOHIEHTpalusChl JaKTaIUs
Ke3eHiHe, CHBIP TYKbIMBIHA OaitmanbicTl 31,78 - 485,63 ng.mL1-re apansrsiama esrepeni [51],
aJI OHBIH YbI3/IaFbl KOHIIEHTpauuscel 1-5 mg/mL. ConbiMeH Kartap, Tyle CYTIHAET] JJaKTopeppuH
koruenTparmsicel 20-2100 pg.mL™? [52-53] kypaiins [30]. 3epTTeynep KepceTKeHeH, Tyiie
CyTiHiH naktodeppuHi KaiemTel cytre 0,02-men 7,28 pg.mL'-re neitin esrepemi, Gipak
nakToepPHHHIH MAaKCUMAJIBl MOJIIEpi TONJereHHEeH KeifiH mamameH 48 cararra 2,3 gLt
memmepai Kypaiasl [54]. Ipi kapa man meH agam JID-HiH OHONOTHSIBIK OelICceHAlTIr yKcac
OosFaHABIKTaH, JAKTOQEPPUH aKybI3BIHBIH KOJDKETIMII K31 peTiHAe KaHyapiap CYTiH
naiinananyra MyMkiaik 6epezi. Cyrt 6e3aepinae JIO akybI3bIHBIH 06J1iHYIH (TPaHCKPUIILIUS KIHE
TpaHCIALUSA) MPOJAKTUH OaKbUIaIbl, an KbIHbIC *ojaapeiHaa JI® aKybI3bl 3KCIPECCUSICHIH
CTEPOUITHI TOPMOH — 3CTporeH muaunypnenai. Kan tysiny sxyitecinge JI® muenouutrepain
MICIM-)KETITy CaThICHIHIA JAaMBIN KaTKaH HeuTpodwminepae dKcnpeccusiaHaabl (CHHTE3EeI1)
[37]. Heitrpodumnaepain eKiHIILTIK TYHIpUIKTepiHaAe Kopra KUHaKTagael. Onapaarbl aKybI3/IbIH
menmepi Heitpodunaepain 15 mxr/108 xypaiinsr [40]. Conbimen katap, JI® xannan (0,001
MT/MIT) J)koHE aMHHOH CYUBIKThIFbIHAH (0,006 Mr/Min) aHbiKTanFad. KaHaarel KaIbBIITBL MOJIIIEpl
mamameH | MKI/MJ1, JeTeHMeH KaObIHY Ke3iH1e OHBIH MeJepi 200 MKIr/MiI IeHiH )KeTyl MYMKIiH
[37].

JlakrodeppunHiH yuI Typii uzodopmacel oenrini, onapra anbda JIO (LF-a), 6era JIO (LF-
B) xone ramma JI® (LF-g) xaramel. LF-o Temipmi OaitmaHbICTBIpanbl, Oipak KaiaFaH €Ki
uzodopmanap LF-p xxone LF-g remipmen Oaiinanbicmaiias [55-57].

Jaxkmodgheppunniny  ummynomooynayuanvlk acepi. JI® aKybI3BIHBIH MEMOpaHAJBIK
penentopyiapMeH OailyIaHbICY MEXaHHW3Mi, OHBIH OMOJIOTHSUIBIK OenceHaunirin kepceredi. JID
Keneci perientopiapmer Oaitnanbicansl: TLR2, TLR4 [58], CD14 [59], uuTokuHai peuentopiaap
[60] >xone Intelectin-1 [61]. Bys penientopnapabiH 6apiabIFsl )Kacymaiap MEH TIHACP/IIH KONTEreH
TYpJEpiHIE, COHBIH IiIiHAEC JTUMQOIUTTEpAE SKOHE IIMIeK JHUTEIHH >KacyllazapblHIa
Ke3JeCeTIHIITT Typansl auTeutFan [62]. JI® aKybI3bIHBIH pelLienTopiiapMeH OaiinaHbicy KaOineTi
OHBIH BUPYCKAa KapChl MMMYHHUTETTI JKOFapbLIaTy MEH ar3aHblH KOPFAHBIC MEXaHW3Mi YIIiH
MaHbI3bl.  JI®  akybI3pl  ©31HIH HMMMYHOMOAYJSIUSIIBIK — OCICeHIUTITH  MH(EKIHUSITBIK
MOJIEKYJIaJlapMeH 09ceKeTe TYCY apKbLIbI )KY3€Te achIpajibl, OChUTANIIIA OOIIIEKTePiH KOCHUTYBIH
Texeini [63]. JID akybI3bIHBIH €pEeKIIeNiri, renapan cynbdarsl mpoteoriaukanaapsiMer (HSPGs)
Oaiinanbicansl, oHbl SARS-CoV xoHe anaMHBIH KOpoHaBHpYCTHIK NL63 skacymiara OexiTy koHe
eHrizy peuentopsl [6; 64]. SARS-CoV-2 e3iniH pyHkimoHanabl peuentopsl petinae ACE2-mi
KoJIJaHaabl, Oipak remapan-cyiab(artel npoteoriukannapmen (HSPG) OGaiinmaHpIiCybl MYMKiH,
eiiTkeHi SARS-CoV eki penenTopsl 1a OailIaHBICTHIPATHIHIBIFBI aHBIKTAIFaH, anaiga SARS-
CoV-2 ymin HSPG-ni Konnmany Typanbl 3epTTeyiiep TOJBIK JoenjeHOereH. Dnurtenuit
JKacyIrajgapbl 3USHIbBI 3aTTapAblH €HYIHE KeIepri KeNTIPeTiH ajFamKkbl (PU3UKAIBIK TOCKAYbLI
OO0JIBIN caHaNIaIbI J)KOHE Tya Maiiia 00JFaH UMMYHUTETTE MaHbI3/bI pOJI aTKapasl [65].

JI® akybI3b1 UMMYHIBIK KYHene KoHe WHQPEKIHUs MEH KaObIHYIbIH KOPFaHBIC KYHeciHe
MaHBB3ABl pen  arkapaasl [61]. OHBIH Keibip UMMYHOMOIYISALHUSIBIK  9cepiepi
munonionucaxapunri (LPS) kemennepre nerizaenre. JI® akybi3bl BupycreH Oainanbickan LPS-
neH OaillaHbICa/bl, OCBHUIAWINA BHUPYCTBIH JKacyllara €HyiHe ol Oepmeiini, Oipak BHpYC
JKacyliara eHreH 0oJica, OJI TPaHyJIOUUTTEp MEH Makpodartap CUSKTbI KWIUIEp jKacyluanapibl
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BIHTAJIAHABIPY apKbLIbl BUPYCTHIH KOOCI0iH Texeiai [65]. JI® aKybI3pl IUTOKUHACP/XUMOKHHIED
MEH TMEpPOKCUITEp OHIIpICIH perTeyre [66-67], MMMYHIBIK »Kacymiajgapjabl, aTanm aWTKaHaa
Makpodarrtapasl, HeWrpodunaepai, Oazoduuaepai, 303MHOMGUIAECPAI, MACTOIMUTTEPAl >KOHE
JNEHIPUTTIK Kacymajaapabpl OelICeHnipyre JkoHe mponudepanmsuiayra KaTbicambl [35].
XKacymanapapiy ¢paronurtik Kadiseti JIO akybI3bIHbIH Oenriii 6ip 6aiIaHbICTRIPYIIBI CAUTTAP B
TaHy apKbUIbl MOAYJIAIUsAIaHAbI [68].

Anpora xerkizinren JI® akys3pl JJHK-men Oaitnanbicanbl xoHE op TYpili CUTHaNI Oepy
xosmapeiH Oencenaipeni [41; 69]. JIO-HiH icik HEKpO3bI anb(da - (HaKTOphl )KOHE UHTEPIICHKUH
(IL) -1, IL-2 »xone IL-6 cuskThl KaObIHyFa KapChl IUTOKUHACPAlI TEXKEY OCICCHIUTITIH
uHTephepoOHraMMa apKbUIbl aHbIKTaNFaH. COHBIMEH KaTap, JKacymaniblK aceHrenne JIO KaHHBIH
noMUMOP(THI  SAAPOJIBIK JKAacylIadapblH KaObUTIAyqbl KYIICHTEAl MKOHE MHUEIOMOITUKAIBIK
nporecti bIHTANAaHAbIpansl [41]. Conpmaii-ak, co3puiManbl aypyiaapaa JI® mnepudepusiibik
kaHgarel Thl nurokun npoduiin xxorapsiiarans [70].

JI®-HiH nerpamanuschl HOTHKECIHIE allbIHFaH JIAKTOQEPPHUIIMH TENTHI, KaObIHY
nporieciniy 6actanysiH mekTei i, IL-10 enaipicin kymmelteni, ocbutaiiima Th2 (kaObiHyFa KapChl)
Topi3mi  OenceHaunirin - bIHTaNaHAbIpanel. JIO® wuHTepdepenmmscel  GuOpobdIacT TreHiHIH
HKCIPECCHUSCHI apKbUIBI MTaii1a 601a 11, aKybI3 OHIPICIH MOAYIISALUSIIANRIBI XKOHE JKACYIIaIaH THIC
MaTpHULIaHbl ©3repTe/l, OChUIANIIa UMMYHJBIK acyllalapAblH KO3FaJIFbIIITHIFIH apTThIpabl
[71].

JlakTodeppuH aKybI3bIHBIH BUPYCKa Kapchl ocepi. JID aKkybI3bl BUpYCKa KapChl KACUET1 aam
MeH kaHyapiapabl uH(pexkuusnaitein PHK  xone JIHK-BupycrapabiH kemmiijiirine Keaepri
kentipeni. JI® akyw3pl BUpycTapra Kapchl ocepiHiH €Ki Typi Oenrimi. bipiHmmigeH, KokabiH
KacyllaMeH BHPYCTBIH OalJlaHBICY CaThICBIH TeXeyl MYMKiH, MbICallbl repmec, B remarturi,
aJlaMHBIH LIUTOMETaJIOBUPYCHI, aICHO-, pOTa- ’K9HE MOJHOBHpYycTap. EKiHIIACH, 3aKbIMAAIFaH
xKacylanapaa BHPYCTBIH perumnkanus mporecin texeial (C xone G remaruti, KUTC).
3aKpIMIaTy TIPOLIECIHIH aJIFAIIKBI CATHICHIHAA aKybI3 BUPYCKa KapChl ocep KepceTe anassl [37].

JI® akybI3bl BUPYCTBIK HHQEKIUSHBI HHTHOMPICYl KOXKAWBIH KACYIIAMEH BHUPYCTHIH
OailmaHBICYBIHA KeIepri KeNTIpy ocepiMeH TyCiHAipiieai, 6omkamM OONBIHIIA, OFaH YKACYIIaHBIH
0eTKi JKarbIH/1a OpHAJIACKAH MOJIEKYJajap KaTbICybl MyMKiH. | TFOKO3aMUHTTIMKOHIAp, HET131HEH
renapad cyiab(darrap, CYTKOPEKTiJIep JKacyllajJapblHbIH OCTKI JKarblHIa OOJIaThIH ©T€ KYIITI
aHMoOHAap, cebell oyapra >KOFapbl Adpekene cyilbdarTaHy ToH. OTe Kem Meuiepae Tepic
3apsAATHIH ~ OOJMybl HOTIKECIHAE TJIIOKO3aMUHIJIMKOHZAp KAaTHOHAApMEH, aKybI3JapMeEH,
(depMeHTTepMEH, IUTOKUHICPMEH, XEMOKHMHICPMEH, JUIONPOTEHHJCPMEH, COHBIMEH KaTap
OPTYpIIi MATOTEHIEPMEH JKOHE BUpYCTapMeH OaiIaHbICYbIH KaMTaMachl3 eTell. KeHineH TapaiFan
opi 3epTTeNreH Mexanusmre caiikec, JIO akyb3bl remapan cynbdarneH OaiIaHbICHI, BUPYCTHIH
JKacyliaMeH ajFallKbl KaTbIHACYbIHA KeJAepri KeNTipe/l KoHEe OHBIH 3aKbIMIaHYbIHAH KOPFalbl
[41].

Kemnreren 3eprreynep, COHbIH immiHIe iN VItro sKypri3ijreH 3epTTey HOTHKECI KOPCETKEHIEH,
aJlaM KaHBIHJIAFbl J)KOHE CYTIHAETI 0apiblK aKyb3aapAbH iminae Tek JI® akyb3bl Fana XKUTC -
Ke KapcChl ocepi oTe ofapbl. byl KyOBUIBIC KOXKaMBIH JKacylla iIiHAe BHUPYC PEITUTHKAIIUSICHIH
uHTuOMprey kacuerrepine Herizgenren [37]. backa 3eprreynep HoTwxkeciHe coiikec, JID
aKYBI3bIHBIH aro-(hopMackl POTaBUPYCTHIH O6JIKTepiMEH OalIaHBICHIN, TeMaarTJIIOTUHAIMIFA
KOHE JKacyllla pPeLenTopJiapbIMeH BUPYCTBIH KaThIHACKa TYCyiHE Kenepri skacaiinel [68]. JID
aKYBI3bIHBIH OCBl aHTUBUPYCTBIK OCJICEH/IUIIT aKybI3IbIH Fed*, Fe? WOHJapMEH, COHBIMEH KaTap
Mg2+ xoHe Zn°" CHUSIKTBI eKi BAICHTTI METaJLT MOHIaphIMEH KaHBIFYbl apTKAH CalibIH TOMEH IS 1.
Conrbl 3eprreynep HoTmxkeciHe coiikec (2009), ameHOBUPYCTBHIH HeWTpanm3aiusicbiHa JID
BUpYCThIH KypbulbIMIBIK 111 xone Illa akysi3napbsiMeH Tikenei OaiiaHbICybl BIKHaN erefdi [69].
JI® akybI3bl COHBIMEH KaTap »acyllaJarbl HaKTbl Olp BHPYCTapAbIH HHTEPHAIN3ALUSCHIH
Oyrarraiinel. byran momuBupyc tun I, xkapanaiieim repriec tum I xone 116 nuromeramoBupyc
>kaTansl [36].

JI® akybI3bl KOKaWbIH JKaCYIIaHBIH KOPFAHBIC MOJIEKYJIAChl PETIHJE ©T€ MaHBI3IbI JKOHE
OHBIH (PM3UONOTHSIIBIK OCJICEHTITT KaObIHYyFa, OaKTepHsFa, BUPYCKa KapChl, aHTHOKCHUIAHTTHI,
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UMMYHOMOYJISIUSIIBIK, aHTU-KAPIMHOTEH[Il, aHTUIPOTO30aHbI KOHE CaHbIpayKyJIaKTapra
Kapchl [36]. 3eprreynepre coiikec JI® akybI3bIHBIH TEMIpAl ycTam Kajly KaOileTi MMMYHIIBIK
KacylalapAblH KO3FAJIFBIIITHIFBIH MOIYJSIUsIAYAa JKOHE MATOTeHII MUKPOOPTaHU3MIEPIiH
OCyiH Texeyae ne TaiMai [51].

KoponaBupyc xone mnakrodeppun. SARS-CoV wuHbekmmscel Ke3iHAe KOXKailblH
JKacyIIaHblH (aF3aHbIH) BUPYCKa KapCchl MMMYHJIBIK peaKIuschl OacTtananbl. Tya maiima Gonran
UMMYH/IBIK JKayanl BHUPYCTBHIK HHQEKIHMSIHBI TEXeyle MaHbI3Abl pen arkapaabl. SARS-CoV
BUPYChIHA Kapchl Tya maiiia OoiFaH MMMYHABIK >KayanTbl OeiceHaeHaipyre JI® axybI3bIHBIH
ocepi OomareabFbl aiTeuFan [11]. JI® akyeisel SARS-CoV unbekmmscel ke3inge NK
YKacCyIIajJapbIHBIH OCJICEHIUTITIH apTTHIPBIN, HEUTPOPMIIECPAIH arperauschl MEH aare3usiChIH
BIHTAJIAH/IBIPATHIHBIH KopceTkeH. Aunaiiga JID aKybI3pIHBIH OMOJOTHSIIBIK OEJCEHIUTITT TOJBIK
3epTTEeIMEreH.

A B

SARS-CoV SARS-CoV
— LF
HSPG ACE2 HSPG ACE2

Cypert 5 - SARS-CoV xacyiiara eHyinig mozei skane SARS-CoV nH(eKIMIChIHIAFbI JIAKTODEPPHUHHIH
KOPFaHBITI poi [15]

(A) XKacymara SARS-CoV eny nporuecinge HSPG-nep manpiznel pen atkapaasl. HSPG-
MeH Oainanbicy amaHmapsl SARS-CoV MeH KokalblH JKacylla apachIHAAFbl aJFalikbl
OaiinanpicybiHa MyMKiHAIK Oepeni. SARS-CoV Bupycet HSPG xone ACE2-men OaitnaHbICybl
apKBUIBI X)Kacyilia MeMOpaHacblHa OCKITLIII, aF3aFra HaKThI Kipy perentopaapsia (ACE2) i3aeiini,
ochunaiima xacymara eneni. (B) JI® axysi3et HSPG-men Oaiinanbicybl apkbuibl SARS-CoV
uHpexnusaceiH OnokTaiiapl. JI® akyw3sl xacymma oetinaeri HSPG-re opranacaasl xoHE BUPYC
IeH KOJKalbIH jKacyliajapbl apachlHAarbl aJlJbIH-ajla ©3apa OpEeKeTTecyre KoHe KeWiHT1 imIKi
nporiecrepre o oepmeiii [15].

Bupycrap onerre kacyma MeMOpaHachlH/Ia OpPTaK MOJIEKyJalap/asl jKacylanapra eHyiH
JKEHUIZCTY YIIH maimananansl. byn monekynanap, COHBIH IMIIHJAE TemapaH Cyib(GaThIHBIH
npoteoraukannapsl (HSPGs) xacyma OGeTiHzeri anramksl BUPYCIIEH OailaHbIcy aliMaKTapblH
KaMTaMachl3 €TIN KOXKaWbIH JKacylllara eHyre ajFallkbpl OaljaHbIC OopHaTyFa Kemekreceni [38].
JI® akybI3bl KemnTereH jkacymanapia OonarbiH HSPGs-mien OaitnaHbICTBIpY apKbUIbI KeiOip
BUPYCTap bl aF3aHBIH 1IIK1 JKacyIanapblHa €HyiHEe KeJepri KeNTipeTiHairi kepcetiirex [39].

JI® akypI3BIHBIH Oyl KacueTli KOXailblH JKacyllaHbl HEMeCe aF3aHbl BHUPYCTHIK
uHOeKsuapaan Kopraiiabl. Ocel TYKbIppIMAapFa cylieHe oTwIpbin, JID akysi3siHBIH SARS-
CoV-re kapchl Tarbl Oip ocepi OHBIH KOXKaWbIH KacymiajnapbliHaa keH Ttapanran HSPGs-
MoJIeKyJacbIMeH OailanbicybIMeH OoipkaHazbl. JKorapeina kenrtipinren moamimerrepae, SARS
MICEeBJIOBUPYCHIHBIH JKacymiara eHy mnpoueciaae sxacyma Oertiameri ACE2 men HSPGs
penenTopiapsl MaHbI3ABI POl aTKApaTbIHIBIFBIH kepcerenreH (cyper 5). JID akysisl SARS
ncesnoBupyc nHpeknumsicein ACE2 men HSPGs-nien GaiinaHbicy apKbUTbl OyFaTTail amajsl, Oy
SARS-CoV mabysliblHaH KOXKaWbIH KacylIaHBIH UIMMYH/IBIK )KYHECiHIe KOPFaHBIC POJIiH aTKapa
altanbl Aen OOJDKanabL.

COVID-19 nannemusiCBIMEH Kypecy oicTepi IIEeKTey MEH TUTHEHAIBIK MIapaiap/bl
CaKTayMeH KaTap, BUpyCKa KapcChl Ipenaparrap MEH BaKLMHajdap TaObUIFaHBIMEH, dJ1 Je JKaH-
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KaKTHI 3epTTeyal KaxeT erefi. JIO akybI3bl TaFaMJIbIK KOCIIA PETIHAEC BUPYCTAapFa, COHBIH 1IIIHIE,
SARS CoV-ra koca amraHaa, KeH ayKbIMJIbl BUpYCTapFa Kapchl NaijalaHy MYMKIHIIUIIT
3epTTeireH. ATalFaH 3epTTey JKyYMbICTapbl Oip Tybicka xatatelH SARS CoV-2-re jkakbH
6onybiMeH KbIBBIKTHI [9; 15]. SARS-CoV xone SARS-CoV-2 Ti3bektepiHiH yKcacTbiFbl 79%
Kypaiapl ’KOHE OJIapIbIH pElenTopiapMeH OaillaHbICaThIH JOMEH KYPBUIBIMBI Jla ©T€ YKcac.
ConbiMeH Katap, JI® axybI3bl ThHINIKAaH-KOPOHABUPYCHIHJAFbl JKacylla OeTiHJeri renapaH
cynbdarsl npoteornukanaapsiMer (HSPGs), anamubiy koponasupycsl hCOV-NL63 [64] xone
SARS-CoV [15] Gaitmanbicysl BUpYCTHIH OenceHaitiri Texeini. bipak, SARS-CoV-2 koxaitbin
*acymanapsiHa eHyiHne JI® aKybI3bIHbIH 9cepi Typajibl JJIENICHIeH 3epTTeyep Kok [65]. Keitbip
Haykactapaa COVID-19 enimi Tek BUPYCTHIK MH(DEKIMsAFa OaiIaHBICTBI €MeC, TUTIEp KaObIHY
KOHE LIUTOKUHJIIK aypy CHHIPOMBIMEH Jie OaillaHBICTBI, OYJT JKEIeN PeCIIupaToOpIIbIK KyH3emicke
JKOHE oflaH KeiiH emimre okeneni [72]. COVID-19 ayvbip xarmaiyapblHIa ITUTOKWHIEDP MEH
uHTepieiikun 1L-6, icik Hekpo3sl (akTtopsl (TNFa) xone Gepputun neHreiliHiH KOFapbUIaybl
Oaitkanmaner [65]. JI® akybI3pl BHPYCTHIK WH(EKIMSIFa KapChl HMMYHJIBIK JKOHE KaOBIHY
PEaKIMsCHIH MOYISIIUsATIaYbl MyMKiH, cOHABIKTaH JI® akysi3sl COVID-19 aybip xarnaitnapbia
KOCBHIMIIIa eMJIeyTe HeTi3 00J1a anajbl.

KopbITbIHABI

Cytrig JI® akybI3bl MaHbI3IbI TaFaMIBIK KOCIA PETIHJE BUPYCTHIK MIA0YBIIIApFa KapChl
THIMJII, KOTITETeH BUPYCTHIK OOIIEKTEPMEH HEMECE BUPYCTHIK PEIenTOpIapMeH OailJIaHbBICHITI,
UMMYHJIBIK KYHEHI JKakcapTyra Kemekrtecemi. COHBIMEH Karap, HMMMYHOMOMYJISITUSIIBIK,
KaOBIHYyFa YKOHE BUPYCKA KapChl epekie KacueTtepi 6ap makrodeppus akys3bl COVID-19 ymrin
npopMIAKTUKAIBIK, aJIBIH-ATy JKOHE KOCBIMIIA e€MJIeY 9JICi peTiHAe KYH[Ibl MOTCHIMAIFa He
00JTyBl MYMKIiH, ce0e01 0J1 BUPYCTHIK MH(EKIUSHBI Ja, KOKAWBIH JKaCYIIaHBIHBIH MMMYH/IBIK
peakiusicbiH 1a KamTuabl. Anaiina, SAR-CoV-2 Bupycsl 6oiibiHIIa JaKTO()EppUH aKybI3bIHBIH
TaraMbIK KOCTIAChl TYPaJIbl KOCBIMIIIA 3€PTTEYJICP MEH d31piieMeNiep/Ii KaKeT eTeIl.
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OIMCAHUE CBOVCTBA JJAKTO®EPPUHA MOJIOKA KAK
NMMYHOMOAYJATOPA ITPOTUB BO3BYJIUTEJISA KOPOHOBUPYCA

AHHOTAIUSA

Henasuee nosieiieane HoBoro kopoHasupyca (2019 - nCoV), KOTOpHIiA BBI3BAJ BCIBIINIKY HEOOBITHOMN
BUPYCHOW THEBMOHHWH y TAIMEHTOB B YXaHe, IIEHTpaJbHOM Topoae Kwutas, sBigercs eme OIHUM
npeaynpexaeaueM o pucke COV mist 3m0poBbs Hacenenus. B ycnoBusix ueinemHei nanaemun COVID-
19, Bce Oosblne BHUMaHHs yaenseTca OopbOe W MpoduiIakTHKe 3a00NeBaHHil Ha OCHOBE MHOTHUX
NPOTUBOBUPYCHBIX THINEBBIX J100aBOK. JlakTodeppuH SBISETCS OJHOH W3 €CTECTBEHHBIX ITHIIECBBIX
00aBOK, COAEpP)KAIIUXCS B MOJIOKE [OMAITHUX JKABOTHBIX, W O0JIaZlaeT HUMMYHOMOIYJIHPYIOIINM
CBOWCTBOM H3-3a €r0 CIHOCOOHOCTH YIEpXKHBATh JKEIE30 M CIIOCOOHOCTH CBSI3BIBATHCA C MHOKECTBOM
KJIETOYHBIX perentopoB. [IpoTHBOBUpPYCHAs CITOCOOHOCTH JakToepprHa OblIa OlleHEHa B OTHOIICHHH
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MHOTUX BUpYcOB, BKitouass SARS-CoV, kotopsrii TecHo cBsizan ¢ SARS-CoV-2 (Bo3oyaurens COVID-
19). HeobxomuMo MpPOBECTH CIIEIHAIbHBIE HccaemoBanus morenrmaia LF mporuB SARS-CoV-2,
MOCKOJIBKY OH MOJKET MpEeAOTBpaliaTh WM IMPEMITCTBOBATh 3apakeHuio KiaeTok SARS-CoV-2 wu3-3a
Ouooruueckoi akTuBHOCTH LF B OTHOIIEHMM MPOTHBOBUPYCHOTO WMMYyHHTETa. MBI Haaeemcs, 4TO
JANBHEHIINE UCCIICIOBAHUS MO OIleHKe (apmakonornueckoro sddekra nakrodheppura npotus SARS-
CoV-2 noareepasr ero posb B 6opsde ¢ COVID-19.

Kurouesrble ciioBa: nakropeppus, SARS-CoV-2, COVID-19, uMMyHOMO Ty SIS,
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Abstract

A recent of a novel coronavirus due to the emergence of a new coronavirus (2019-nCoV) in the
Wuhan, central China caused by the development of specific viral pneumonia in patients was a significant
public health concern. During the current COVID-19 pandemic, much attention is being paid to the fight
and prevention of the disease on the basis of many dietary supplements. Lactoferrin is one of the natural
nutritional supplement found in mammalian milk and has immunomodulatory properties based on its ability
to bind iron and bind to many cell receptors. lactoferrin has been showed the antiviral activity against
SARS-CoV and other SARS-CoV-2 related viruses (the causative agent of CoVID-19). A special research
is needed to study the anti-SARS-CoV-2 ability of lactoferrin. Since lactoferrin possesses biological activity
against antiviral immunity, lactoferrin may inhibit SARS-CoV-2 cell infection in the host cells. We are
optimistic that further studies assessing the pharmacological effects of lactoferrin against SARS-CoV-2
will amplify its role in combating COVID-19.

Keywords: lactoferrin, SARS-CoV-2, COVID-19, immunomodulation.

A virus is a body consisting of genetic material and several proteins. A pathogen capable of
reproduction by penetration into a living organism. Coronavirus (CoV) is a type of virus belonging
to the Coronaviridae family of the Kingdom of Virus, formed by a combination of the words
corona (crown) and viridae (virus). CoV-affects the respiratory tract, gastrointestinal tract, liver
and central nervous system of humans, domestic animals, birds, bats, mice and many other wild
animals [1-3]. Severe Acute Respiratory Syndrome (SARS) - is an infectious and potentially fatal
respiratory disease. SARS is the result of infection with a coronavirus, which scientists have called
the SARS-related coronavirus (SARS-CoV). In 2002-2003, SARS spread to 33 countries on 5
continents, as a result of which more than 8000 people became infected and 700 died [4-6], and in
2012 more than 2,428 people became infected with respiratory syndrome (MERS-Middle East
respiratory syndrome) in the Middle East, 838 people died and were under strict control. Like the
outbreak of this epidemic, the newly emerged CoV showed the presence of a malignant epidemic
in terms of the possibility of rapid transmission from animals to humans and from human to human
[7-8]. In 2019, an outbreak of pneumonia, unknown to the population, which occurred in mid-
December at the Huanan Animal and seafood market in Wuhan, which is part of Hubei Province,
located in central China, attracted the attention of the whole world. As a result of a strict sequence
and etiological studies in Chinese scientific laboratories, a new coronavirus (novel coronavirus
(nCoV)) was identified as the causative agent of unknown pneumonia (http://virological.org/ and
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https://www.gisaid.org/). After that, Chinese scientists named a new type of coronavirus-SARS-
CoV-2. It was found that its genetic structure is 70% similar to the SARS-CoV virus, which causes
severe acute respiratory syndrome. On January 12, 2020, the World Health Organization
temporarily named the new virus the 2019 new coronavirus (2019 - nCoV) [9]. The main route of
transmission of SARS-CoV-2 can occur through the external surface of objects, in particular, at
the moment when an infected person coughs or massages the face, eyes, nose with the part of the
body that the infected person touches [10]. However, it is unknown how long the virus will live in
these places. Thus, the virus enters the body, multiplies and spreads to other organs. The main
damaging forms are the intestine, spleen and the most dangerous damaging organ of the lungs.
People infected with the virus have mild and severe clinical manifestations of dry cough, fever,
shortness of breath, bilateral pneumonia and other symptoms, including sore throat, diarrhea and
vomiting [10]. Sick patients may be in close contact with infected people and respiratory droplets
[11]. A variety of antiviral treatments are offered. However, the human testing period may last for
months or a year [12]. The current method of combating the pandemic is isolation, personal
hygiene measures and a healthy diet.

The emergence and outbreaks of new CoV species have shown that this is a global malignant
epidemic that is dangerous to health. In the future, due to climate change and ecology, as well as
the strengthening of human relations with animals, a dangerous epidemic may flare up again. Thus,
there was a need for immediate therapy and the development of vaccines against CoV. We hope
that the data provided in the article will contribute to the prevention and protection from the new
coronavirus epidemic, which has turned it into a global pandemic.

The path of penetration of the coronavirus into the cell. The penetration of coronavirus into
a human cell consists of the following stages. 1. A virus that has entered the body with the help of
the organs of the nose, mouth or eyes of a person is directed to the protein receptor of angiotensin
converting enzyme 2 (ACE2) (Figure 1). ACE2 is a metallopeptidase, one of the important
functional receptors of SARS-CoV-2. The angiotensin converting enzyme receptor 2 is located on
the surface of cells that make up some organs, in particular, the mucous membrane of the mouth
and nose, lungs, stomach, small intestine, colon, lymph nodes, thymus gland, bone marrow, liver,
spleen, kidneys and brain. The ACE2 receptor is very often found on the surface of the epithelial
cells of the lung alveoli [13].

Binding of Spike protein (S) in
the body of SARS-CoV-2 to the
ACE2 protein receptor

| Spike Glycoprotein (S) |

A small protein m the
A:.-' membrane layer (E)
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Figure 1 - The binding of a coronavirus cell and its binding to the ACE 2 receptor is shown [27]

As shown in the first figure, after the coronavirus virus recognizes the angiotensin converting
enzyme receptor 2 from the cell surface, the specified receptor and the Spike protein (S) firmly
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bind to each other as a "key" and "lock". As shown in crystallographic studies, the S1 segment
(318-510 amino acid residues) is a region that binds to receptors important for the angiotensin
converting enzyme receptor 2 [13-15]. Under the influence of a strong bond, the function of the
ACE 2 receptor involved in the regulation of blood pressure is disrupted. As a result, with the help
of the angiotensin converting enzyme receptor 2, the SARS-CoV-2 virus penetrates into the cell
of the human body [16]. Once inside the cell, the coronavirus virus releases the entire structural
protein layer surrounding it from the outside [15].

In the above sequence, SARS-CoV-2 itself or only genomic RNA enters the cytoplasm.
Meanwhile, the RNA genome of the SARS-CoV virus has a length of about 30,000 nucleotides
[17]. At the next stage of virus penetration into the cytoplasm, the stage of translation of the
proteins responsible for the virus, RNA-a protein that has penetrated into the cytoplasm, begins.
The process of doubling occurs based on the process of replication of genomic RNA penetrating
the cytoplasm. Before replicating RNA, SARS-CoV-2 needs important proteins that replicate
RNA. The formation of these proteins using viral RNA as a source of material is called translation.
During the implementation of this process, the SARS-CoV-2 virus parasitizes the host cell (Figure
2).
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Figure 2 - Diagram of the pathway of the SARS-CoV-2 virus into the cell [27]

The third stage is the replication of the virus RNA. It works in the process of viral RNA
replication after the formation of proteins responsible for the replication of secondary RNA.
Mentioned, SARS-CoV-2-positive RNAs are among the viruses. After the replication stage is
completed, negative RNA is formed from positive RNA. After that, at the fourth stage, the
formation of structural particles of the virus begins. Particles of the structure of new viruses begin
to form from the negative RNA of SARS-CoV-2. Using negative RNA as a source of material,
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several MRNAs are formed. As a result, structural proteins of the virus are formed from mRNA,
such as glycoprotein s-protein, membrane protein (M), small protein (E), nucleocapsid (N). At the
fifth stage, after structural proteins are formed inside the EPT, proteins and RNA pass into the
Golgi apparatus. Inside the Golgi apparatus, structural proteins and positive RNA are combined
into a complete virus, and the visicle is placed inside the "bubbles”. At the sixth stage, the fully
accumulated virus inside the vesicle begins to exit the cell during exocytosis. A fully developed
virus attacks other cells [19-28].

The body's resistance to the virus is closely related to the system of healthy nutrition. Foods
enriched with natural biologically active substances can reduce the risk of viral infections in the
body [29]. In improving immunity, such components in food increase the activity of ViT cells and
participate in their proliferation, induction and modulation of the innate and adaptive immune
response [30-31]. Based on the above data, optimal nutrition is the only sustainable way for the
Immune system to resist COVID-19.

Among food products, milk and dairy products are useful for the immune system with their
valuable proteins [32]. Epidemiological studies have shown that regular consumption of cow, mare
and camel milk is characterized by a low prevalence of bacterial and viral infections in humans
[33-34]. One of the important components of milk is lactoferrin (LF), a multifunctional protein
belonging to the genus of transferrins.

The immunoprotective and anti-inflammatory properties of the lactoferrin protein, which
provide protection against respiratory viruses such as SARS-CoV-2, have been shown in a number
of scientific articles [9;15;35]. To study the potential of LF in immune protection against COVID-
19, it is necessary to know its biology, structure, binding of membrane receptors,
immunomodulatory and antiviral mechanisms, as well as its sources. The article discusses the
preventive, therapeutic, immunoprotective and mechanism of action of lactoferrin against viruses,
and also discusses the role of lactoferrin protein as an additional method of treatment of COVID-
19.

Structure and physico-chemical properties of lactoferrin. The LF protein is a heme-free iron-
binding glycoprotein belonging to the transferrin (TF) group. It was first isolated from cow's milk
in 1939, and from mother's milk in 1960. The amino acid sequence of LF was determined in 10
animal species (human, cow, mouse, horse, pig, goat, sheep, buffalo and camel) [36-37]. The LF
protein molecule consists of a single polypeptide chain consisting of approximately 700 amino
acid residues. The molecular weight is ~ 76-80 kDa. The similarity of the primary structure of the
human and mouse LF protein is 70%, human and cow — 69%, cow and mouse — 63% [38]. The
primary structure of human LF protein has a high degree of similarity (~ 59%) with human serum
TF. Transcription of the LF gene under the influence of alternative promoters - P1 and P2 - leads
to the formation of two products: LF mRNA and delta-LF (A - LF) [39]. A-LF does not perform
functions due to the absence of an N-terminal signal sequence [40]. The isoelectric point of the
human LF in the literature is 8.0-8.5 [41]; ranges from 8.7 to 9.7 [42].

The polypeptide chain of the DA protein consists of two homologous globular fractions C
and T. The similarity of the amino acid composition in the two fractions is about 37%. Fraction N
forms the N-end of the polypeptide chain (1-332 amino acid residues), fraction C forms the C-end
(345-691 amino acid residues). They are connected by a short alpha helix (amino acid 333-344),
this compound gives the molecule an additional elastic property [37]. Each lobe has an ellipsoidal
shape with dimensions of the order of 55x35x35 A. The protein molecule is not symmetrical, since
its parts are rotated at an angle of ~ 150° to each other and shifted by 25 A. Each lobe, in turn,
consists of two domains with a very similar secondary structure [37; 43]. The molecule consists
of = 43% a-helix and = 27% B-helix. The protein structure has 16 disulfide bonds, 6 pairs of which
are equal in both lobes, and the remaining 4 pairs are located in the C-lobes. The general scheme
of the bovine lactoferrin protein molecule is shown in the third figure.
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Figure 3 - Diagram of the bovine lactoferrin protein molecule
Domains N1 and N2 are marked in yellow and pink, respectively, and domains C1 and C2 are green and
blue, respectively, and the interconnected spiral between the petals is orange, and two iron atoms are
shown by red spheres [44]

LF exists in two different forms: apo (an iron-unsaturated protein) and holo (with Fe** in the
active center). The LF protein molecule is able to reversibly bind to two Fe®* ions. The deeper
region between the domains (N1, N2 and C1, C2) in each lobe contains iron binding sites of ~42
A in size. Each iron atom is coordinated with four protein ligands: Tyr-92 and Tyr-192 with two
oxygen atoms in phenolate ions (Tyr - 435 and Tyr-528 at the C-terminus, respectively), His - 253
(His - 597) with a nitrogen atom N2 in imidazole and Asp-60 (Asp-395) with carboxylic oxygen.
Each iron atom has an octahedral environment, but four protein ligands occupy only four positions
out of six. According to studies, the remaining two positions contain COs?> or HCOs™ anions [37;
43].

The scheme of binding of LF to iron is shown (Figure 4). The iron atom is represented by a
red sphere, and the interacting amino acid residues of LF are yellow. The residue numbers
correspond to the N-terminus, and the amino acid residues corresponding to the C-terminus are
indicated in parentheses [44].

The anion binds to the positively charged N-terminal of the peptide and the Arg121 radical.
In mutagenesis experiments, it has been proven that the replacement of any 4 residues in the active
center leads to an immediate deterioration in the ability of iron binding. Mutation of the Arg-121
residue leads to the same effect [38; 43].

Iron binds strongly and irreversibly (Kd~102° M) to the LF protein. The LF protein is able
to bind iron even with a competing ligand (for example, citrate) at pH 3.0, while other TF proteins
secrete iron at pH ~5.5 [37]. The different properties of LF and TF are determined by the
harmonious union of the two lobes of LF [38]. Binding of iron to the C-fraction of DA additionally
stabilizes its binding (iron to protein) in the T-fraction. An important role here is played by the
alpha helix at the C-end, which interacts with the N-lobe. The absence of this phenomenon in TV
is explained by the peculiarity of the structure of the peptide connecting the two lobes of LF. In all
described LFS, this peptide forms an alpha helix, whereas in TF it has a weak, straight, disordered
structure. The strength of the alpha helix ensures tight binding of the two lobes and stabilizes the
binding of iron to the N-lobe. As a result, this affects the release of iron (from the LF) and shifts
the pH value towards the lower limit. The presence of lysine residues - Lys-206 and Lys-296 - in
the ATP molecule may be the reason for the difference in the functions of LF and TF. These two
residues form a unique hydrogen bond. Arg-210 and Lys-301 of the human DA protein are
replaced by this pair of residues. However, the proteins of cows, buffaloes, horses and camels
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contain two lysine residues similar to the position in NA - Lis-2010 and Ls-301. However, no
connection is formed between these two residues and, accordingly, protein specificity is not
observed [37-38].

Figure 4 - Scheme of iron binding by lactoferrin [26]

The binding and release of iron with protein leads to structural changes in the LF protein
[37]. The LF protein binds to iron in an open structure: first of all, it binds to the anion, which
leads to the displacement of ligands. Then iron completely binds to the LF protein molecule, and
then LF passes into a very compact structural form, that is, a closed structural form. The apo form
of the LF protein can bind to other metal ions, usually with strongly positively charged ion nongap
(Cr¥*, Co*, Mn*", A", Ga*", Cu?", Zn?*, Cd?*, Ni?*, lanthanide ions) [37-38]. The mentioned
metal ions bind to the LF protein through amino acids that bind Fe**. In addition, it has been shown
that the LF protein can bind up to 70 Fe3* ions using sections of the peptide chain [45]. As a result,
a substance consisting of 15-16 LF protein molecules is formed. This substance has a very high
stability compared to the native protein. The stability increase is based on the electrostatic coupling
between Fe**and HCO'; ions present in the composition of various LF protein molecules in this
substance [37].

The LF protein is a globular glycoprotein [39]. The carbohydrate fragment forms a
glycosidic bond with the protein via asparagine amide nitrogen (Asn-137 and Asn-490). The
number and location of glycoside bonds in the LF varies depending on the type of animal [37; 39].
Many LF functions are determined by its unevenly distributed surface charge. Three positively
charged regions can be distinguished: N-at the end (residues 1-5), in the first alpha helix (residues
12-31) and between the two lobes. The GRRRR signal sequence at the N-end of the human LF
ensures the penetration of this protein into the nucleus. Thus, it acts as a transcription factor. The
above signal scheme is characteristic only for human LF, it is absent in other animals [37].

Sources of lactoferrin. The LF protein is secreted by epithelial cells of the mucous membrane
of various mammals [46-50]. LF protein comes from all exocrine iron juices: lacrimal (2 mg/ml
[41; 46-50] or 0.4 mg/ml), saliva (0.013 mg/ml), nasal and bronchial, bile juices (0.0042 mg/ml),
pancreatitis juices, seminal fluid (0.518 mg/ml), urine (0.00005 mg/ml), sweat (0.0025 mg/ml).
LF is contained in very large quantities in milk (1.28 mg/ml) and colostrum (7 mg/ml or 3.2 mg/ml)
[37; 51]. The most common protein after casein in milk. The concentration of LF in cow's milk
varies from 31.78 to 485.63 ng. mL™ depending on the lactation period, the breed of cows [51],
and its concentration in colostrum is 1-5 mg / ml. In addition, the concentration of lactoferrin in
camel milk is 20-2100 pg. mL* [52-53] [30]. Studies show that camel milk lactoferrin varies from
0.02 to 7.28 ug. mL? in regular milk, but the maximum amount of lactoferrin is 2.3 g.L*
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approximately 48 hours after calving. is the value [54]. Since the biological activity of bovine and
human LF is similar, this allows the use of animal milk as an available source of lactoferrin protein.
In the mammary glands, the secretion of LF protein (transcription and translation) is controlled by
prolactin, and the expression of LF protein in the genital tract is induced by the steroid hormone
estrogen. In the hematopoietic system, LF is expressed (synthesized) in neutrophils that develop
at the stage of maturation of myelocytes [37]. Accumulates in secondary neutrophil granules. The
protein content in them is 15 15 mcg/10° [40]. In addition, LF was detected in blood (0.001 mg/ml)
and amniotic fluid (0.006 mg/ml). The normal amount in the blood is about 1 mcg/ml, although
with inflammation its amount can reach 200 mcg/ml [37].

Three different isoforms of lactoferrin are known, which include alpha-LF (LF-a), beta-LF
(LF-B) and gamma-LF (LF-g). LF-a binds iron, but the other two isoforms, LF-f and LF-g, do not
bind to iron [55-57].

Immunomodulatory effect of lactoferrin. The mechanism of binding of the LF protein to
membrane receptors indicates its biological activity. LF binds to the following receptors: TLR2,
TLR4 [58], CD14 [59], cytokine receptors [60] and Intelectin-1 [61]. It has been suggested that all
these receptors are found in many types of cells and tissues, including lymphocytes and intestinal
epithelial cells [62]. The ability of the LF protein to bind to receptors is important for increasing
its antiviral immunity and the body's defense mechanism. The LF protein performs its
immunomodulatory activity by competing with infectious molecules, thereby suppressing particle
fusion [63]. The specificity of the LF protein lies in the fact that heparan sulfate binds to
proteoglycans (HSPGs), the receptor for attachment and introduction of SARS-CoV and human
coronavirus NL63 into the cell [6; 64]. SARS-CoV-2 uses ACE?2 as its functional receptor, but can
bind to heparan sulfate proteoglycans (HSPG), since SARS-CoV has been found to bind both
receptors, however, studies of the use of HSPG for SARS-CoV-2 have not been fully proven.
Epithelial cells are considered the first physical barrier preventing the penetration of harmful
substances, and play an important role in innate immunity [65].

The LF protein plays an important role in the immune system and the defense system of
infection and inflammation [61]. Some of its immunomodulatory effects are based on
lipopolysaccharide complexes (LPS). The LF protein binds to the LPS associated with the virus,
thereby preventing the virus from entering the cell, but when the virus enters the cell, it suppresses
the reproduction of the virus, stimulating killer cells such as granulocytes and macrophages [65].
The LF protein participates in the regulation of cytokine/chemokine and peroxide production [66-
67], activation and proliferation of immune cells, in particular macrophages, neutrophils,
basophils, eosinophils, mastocytes and dendritic cells [35]. The phagocytic capacity of cells is
modulated by the recognition of certain LF protein binding sites [68].

The LF protein delivered to the nucleus binds to DNA and activates various signaling
pathways [41; 69]. Tumor necrosis of LF was detected using interferongamma, Alpha factor and
inhibitory activity of proinflammatory cytokines such as interleukin (IL) -1, IL-2 and IL-6. In
addition, at the cellular level, LF enhances the absorption of polymorphic nuclear blood cells and
stimulates the myelopoietic process [41]. Also, in chronic diseases, LF increases the profile of Thl
cytokines in peripheral blood [70].

The lactoferricin peptide obtained as a result of the degradation of LF limits the onset of the
inflammatory process, increases the production of IL-10, thereby stimulating Th2 (anti-
inflammatory) activity. LF interference occurs as a result of the expression of the fibroblast gene,
modulates protein production and changes the extracellular matrix, thereby increasing the mobility
of immune cells [71].

Antiviral effect of lactoferrin protein. The LF protein has antiviral properties that suppress
most RNA and DNA viruses infecting humans and animals. There are two types of antiviral action
of the LF protein. Firstly, it can inhibit the binding stage of the virus to the host cell, such as herpes,
hepatitis B, human cytomegalovirus, adeno-, rota- and polioviruses. Secondly, it suppresses the
process of virus replication in affected cells (hepatitis C and G, AIDS). In the early stages of the
damage process, the protein can have an antiviral effect [37].
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The inhibition of the LF protein of viral infection is explained by the effect that prevents the
binding of the virus to the host cell, presumably because molecules located on the cell surface can
participate in it. Glucosaminglycones, mainly heparan sulfates, are very strong anions present on
the surface of mammalian cells because they are characterized by a high degree of sulfation. As a
result of the presence of a very large amount of negative charge, glucosamine glycones provide
binding to cations, proteins, enzymes, cytokines, chemokines, lipoproteins, as well as to various
pathogens and viruses. According to a widespread and studied mechanism, the LF protein binds
to heparan sulfate, preventing the primary interaction of the virus with the cell and protecting it
from damage [41].

Numerous studies, including an in vitro study, have shown that of all the proteins in human
blood and milk, only LF protein has a very high effect against AIDS. This phenomenon is based
on the properties of inhibiting virus replication inside the host cell [37]. According to the results
of other studies, the apo-form of the LF protein binds to parts of the rotavirus, preventing
hemaagglutination and interaction of the virus with cellular receptors [68]. This antiviral activity
of the LF protein decreases with increasing saturation of the protein with Fe3+, Fe2+ ions, as well
as divalent metal ions such as Mg2+ and Zn2+. According to the results of recent studies (2009),
direct binding of LF to structural proteins I11 and I11 A of the virus contributes to the neutralization
of adenovirus [69]. The LF protein also blocks the internalization of certain viruses in the cell.
This includes type | polyvirus, type I herpes simplex and ATC cytomegalovirus [36].

The LF protein is very important as a protective molecule of the host cell, and its
physiological activity can be anti-inflammatory, antibacterial, antiviral, antioxidant,
immunomodulatory, anticarcinogenic, antiprotozoal and antifungal [36]. According to studies, the
ability of the LF protein to retain iron is also effective for modulating the mobility of immune cells
and suppressing the growth of pathogenic microorganisms [51].

Coronavirus and lactoferrin

During SARS-CoV infection, the immune response of the host cell (organism) against the
virus begins. The innate immune response plays an important role in suppressing viral infection.
It has been suggested that the LF protein has an effect on the activation of the innate immune
response against the SARS-CoV virus [11]. LF protein has been shown to increase NK cell activity
during SARS-CoV infection and stimulate neutrophil aggregation and adhesion. However, the
biological activity of the LF protein has not been fully studied.

A B

SARS-CoV SARS-CoV
- LF
HSPG ACE2 HSPG ACE2

Figure 5 - Model of SARS-CoV cell penetration and the protective role of lactoferrin in SARS-CoV
infection [15]

(A) HSPGs play an important role in the process of SARS-CoV penetration into the cell.
HSPG binding sites allow primary binding between SARS-CoV and the host cell. The SARS-CoV
virus attaches to the cell membrane by binding to HSPG and ACEZ2, looking for specific entry
receptors (ACE2), thereby penetrating into the cell. (B) The LF protein blocks SARS-CoV
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infection by binding to HSPG. The LF protein is deposited in hspg on the cell surface and prevents
preliminary interaction and subsequent internal processes between the virus and host cells [15]

Viruses typically use common molecules on the cell membrane to facilitate entry into cells.
These molecules, including heparan sulfate proteoglycans (HSPGSs), help establish the first contact
for penetration into the host cell by providing binding sites to the first virus on the cell surface
[38]. It has been shown that the LF protein prevents the penetration of some viruses into the
internal cells of the body by binding to HSPGs present in many cells [39].

This property of the LF protein protects the host cell or organism from viral infections. Based
on these findings, another effect of the LF protein against SARS-CoV is predicted by its binding
to the HSPGs -molecule, which is widespread in host cells. The above data show that during the
penetration of the SARS pseudovirus into the cell, the ACE2 and HSPGs receptors on the cell
surface play an important role (Figure 5). The LF protein can block SARS pseudovirus infection
by binding to ASE2 and HSPGs, suggesting that it may play a protective role in the host cell's
immune system against SARS-CoV attack.

Methods of combating the COVID-19 pandemic, in addition to compliance with restrictions
and hygiene measures, still require comprehensive study, although antiviral drugs and vaccines
have been discovered. The possibility of using LF protein as a dietary supplement against a wide
range of viruses, including SARS CoV, has been studied. These research papers are interesting
because they are close to SARS CoV-2, belonging to the same relative [9; 15]. The similarity of
the SARS-CoV and SARS-CoV-2 sequences is 79%, and their receptor-binding domain structure
is also very similar. In addition, the binding of LF protein to heparan sulfate proteoglycans on the
cell surface (HSPGs) in mouse coronavirus, human coronavirus HCoV-NL63 [64] and SARS-CoV
[15] suppresses the activity of the virus. But there are no proven studies of the effect of the LF
protein on the penetration of SARS-CoV-2 into host cells [65]. In some patients, death from
COVID-19 is associated not only with viral infection, but also with hyperinflammatory and
cytokine disease syndrome, which leads to acute respiratory distress and subsequent death [72].
In severe cases of COVID-19, an increase in the level of cytokines and interleukin IL-6, tumor
necrosis factor (TNFa) and ferritin is observed [65]. The LF protein can modulate the immune and
inflammatory response against viral infection, so the LF protein can serve as a basis for further
treatment of severe cases of COVID-19.

Conclusion

The LF protein in milk is effective against viral attacks as an important dietary supplement,
binds to many viral particles or viral receptors and helps strengthen the immune system. In
addition, the lactoferrin protein, which has special immunomodulatory, anti-inflammatory and
antiviral properties, may have valuable potential as a preventive, preventive and complementary
treatment for COVID-19, since it includes both viral infection and the immune response of the
host cell. However, more research and development is needed regarding the lactoferrin protein
dietary supplement for the SARS-CoV-2 virus.
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