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CTPYKTYPHbIE BEJIKWU OENBTA-BAPUAHTA SARS COV-2:
romonorusa ¢ onnoPTYHUCTUYECKUMU BAKTEPUAMU
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Pe3stome. CnocobHocTb SARS CoV-2 yKknoHATLCS OT UMMYHHOIO 0TBETA MOXHO cYMTaTh 06LenpusHaHHoi. flomono-
rns 6enkoB KOpoOHaBMpyca 1 YenoBeka MOXeT 6bITb OAHUM 13 MEXaHM3MOB UMMYHHOIO YKNOHeHus. [lenbra-BapuaHT
0bs3aTeNbHO UMeeT CTPYKTYpPHble 0CO6EHHOCTH, KOTOPblE 06BACHSIOT ero cneyududeckue ceoinctea. Lienbio Hawero
nccnegoBaHus 6bino BbISCHUTL, U3MEHSIIOT I MyTaLuu, Npou3oLLe e B CTPYKTYPHbIX Genkax AenbTa-BapuaHTa,
ero romornoruio ¢ 6enkamu, NPUCYTCTBYOLMMU B OpraHn3mMe Yernoseka, To eCTb COBCTBEHHO YenoBeyecknmu, Hak-
TepuanbHbIMK W MULLeBbIMU. VIcnonb3ys MHCTPYMEHTbI GUOMHGOPMATIKKL, Mbl OBGHAPYXMNK FOMONOTUI0 Ha YPOBHE
renTamepoB Mexay CTPYKTYpHbIMW Genkamu genbra-BapuaHTa 1 6enkamm yenoseka, a Takxe benkamu HeKOTopbIX
YCMOBHO-NATOreHHbIX OaKTEPUI BEPXHUX OblXaTemNbHbIX MyTel, NErkuX v KuieyHuka. benku wunosbiii (S) n membpan-
HbIn (M) nenbTa-BapmaHTa MetoT 60MbLLOE KONNYEeCTBO CXOACTB (FOMOMOMMYHBIX COOTBETCTBMUI) C NEPEYNCTIEHHBIMM
Genkamu, npuyem HanbonbLuee KONM4YeCTBO — B crnyyvae Mytauumn S:A156,157;R158G. MpuymnHa, no koTopon gensra-
BapnaHT SARS CoV-2 obnagaet cneyndmnyecknmmn xapakTepucTukami, U Npexae BCEro NOBbILIEHHO NeTanbHOCTbIO,
cKopee BCEero, KpoeTcs B MyTaLuu B nonoxeHusx 156-158 wunosoro 6enka.

KnioueBble cnoBa: SARS CoV-2, fenbra-BapuaHT, WUNOBUAHbIA 6ok, ONnopTyHUCTUYECKME BaKkTepuu, rOMOnorus

SARS COV-2 DELTA VARIANT STRUCTURAL PROTEINS: HOMOLOGY
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Abstract. The capacity of SARS CoV-2 for immune evasion can be considered universally recognized. Coronavirus and
human protein homology may be one of the mechanisms of immune evasion. Delta variant necessarily has structural
features that explain its specific qualities. The aim of our study is to find out whether mutations in the structural proteins
of Delta variant change its homology with proteins present in the human body, i.e. human, bacterial and dietary. Using
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bioinformatics tools we detected homology on the heptamer level between Delta variant structural proteins and human
proteins as well as some opportunistic bacteria proteins of the upper respiratory tract, lung and gut. Delta variant spike
(S) and membrane (M) proteins have a large number of similarities (homologous correspondences) with the listed
proteins, with the S:A156,157;R158G mutation having the greatest amount. The reason why SARS CoV-2 Delta variant
has specific characteristics, most importantly increased lethality, is most likely to be found in a mutation at positions

156-158 of spike protein.

Keywords: SARS CoV-2, Delta variant, spike protein, opportunistic bacteria, homology

INTRODUCTION

After a series of brilliant discoveries from Pasteur to Fleming
and Waxman, mankind has learned to control most bacterial in-
fections. Humans were able to create megalopolises with huge
population densities. In response, nature had to put forward other
limiting mechanisms less humanly controllable. The COVID-19
pandemic has become and will remain one of humanity’s major
concerns for the near future. The very important question is why
and how this CoV could cause a pandemic [1]. Some mutation-in-
duced structural substitutions in the N-terminal domain (NTD) of
the SARS-CoV-2 S-protein lead to more efficient first contact and
interaction with the upper airway epithelium [2].

The extraordinary virulence of Omicron variant (B.1.1.529) is
now the main focus of researchers [3]. Nevertheless, it seems to
us that in order to understand the causes of SARS CoV-2 lethali-
ty, the peculiarities of Delta variant (B.1.617.2) must be studied.

Using 3D models, the researchers can determine how the
spike (S) protein binds to the ACE2 receptor [4]. The peculiarity of
our approach is that we seek an explanation for the properties of
coronavirus in the homology (commonality of short motifs) of virus
proteins with human proteins. Recently we described dozens of
homologous motifs in the primary structure of SARS CoV-2 and
human proteins including proteins of olfactory and taste receptors
[5]. Through mutations, the virus finds a way to avoid an immune
response [6].

Molecular mimicry is considered a strategy used by many
viruses to subvert and regulate antiviral immunity. For example,
human cytomegalovirus has hijacked or developed a number of
homologous sites that mimic immunomodulatory proteins enco-
ded by the human body. These homologues encoded by the virus
can contribute to the virus’ evasion of immune clearance [7].

Following Joshua Lederberg’s principle [8], we took into ac-
count not only proteins synthesized by the human body, but also
those that originate from other genotypes and are constantly
present in the macroorganism. These are the proteins of com-
mensal and opportunistic bacteria of the upper respiratory tract,
lung, oral cavity, and Gl tract. We also analyzed the most com-
mon dietary proteins that are almost constantly present in the gut,
namely those of the six world’s most important cereal crops, i.e.,
Asian rice Oryza sativa, common wheat Triticum aestivum, maize
Zea mays, common bean Phaseolus vulgaris, barley Hordeum
vulgare, and sorghum Sorghum bicolor. We believed that the ho-
mology of the virus proteins with those of the named bacteria and

cereals helps coronavirus to avoid or reduce the primary immune
response.

THE AIM OF OUR STUDY

The aim of our study is to find out whether mutations in the
structural proteins of SARS CoV-2 Delta variant change its homo-
logy with proteins present in the human body, i.e. human, bacterial
and dietary.

RESULTS

Spike glycoprotein

Wuhan-Hu spike glycoprotein (S protein) molecule consists of
1273 amino acid residues. In Delta variant, as a result of two dele-
tions (E;s6A and F,¢;A), S protein consists of 1271 amino acid re-
sidues and contains seven substitutions in nine positions, namely
T1oR, Gi42D, RygeG, LygoR, Ty76K, PggqH, and DgsoN, numeration as
in Wuhan-Hu variant [9].

S protein Delta variant, 1271 aa

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYP
DKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGT
KRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQ
SLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMES
GVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREF
VFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINI
TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRT
FLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSN
FRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRIS
NCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSF
VIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLD
SKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSKPCNG
VEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPAT
VCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQF
GRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQ
VAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGC
LIGAEHVNNSYECDIPIGAGICASYQTQTNSRRRARSVAS
QSIHAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTK
TSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRS
FIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFN
GLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIG
KIQDSLSSTASALGKLQNVVNQNAQALNTLVKQLSS
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NFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSL
QTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDF
CGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAI
CHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKN
HTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNES
LIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCC
MTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Hereinafter, motifs homologous with human proteins [5]
are highlighted in red font. Amino acid residues substituted as
a result of mutations are highlighted in large letters. The N-

terminal domain (NTD,,45) is highlighted in green. Receptor-
binding domain (RBD4;;.55) is in gray italics. Receptor-binding
motif RBM,4.506 is underlined. Heptapeptide repeat sequence 1
(HR1g10.052) is highlighted in blue. As a result of the double
deletion A, 457, starting from G55, the numbering of positions
in Delta variant does not correspond to the numbering in
Wuhan-Hu.

Delta variant, as mentioned above, has a mutation S:PggH.
The S protein motif SPRRARS4, ¢ homologous with a human
protein has been replaced by a heptamer SHRRARS ;4 gg4, Which
has no homologues in mammals (Table 1).

Table 1
Homology of a SARS CoV-2 S protein to a human protein
Mutation Wuhan-Hu Delta
PesiH’ S protein heptamer | Species Homologous protein S protein heptamer Species Homologous
heptamer protein heptamer
SPRRARS 54,456 Homo | Hermansky-Pudlak syndrome SHRRARS, /5 ¢4 No homological heptamers
’ sapiens 1 proteinysg o6 ’ in commensal

*In Wuhan-Hu and Delta variants, the position numbering differs after position 156 as a result of the A156,157 deletions.

The heptamers of S protein that are homologous with the proteins of some commensal and opportunistic bacteria are listed in Table 2.

Table 2
The heptamers of S protein homologous with the proteins of some commensal and opportunistic bacteria
Wuhan-Hu Delta
Mutation S protein Species Homologous Localization S protein Species Homologous Localization
heptamer protein in the human heptamer protein heptamer in the hu-
heptamer body man body
T R VNLTTRT Escherichia coli Uncharacte- gut VNLRTRT Streptococcus Site-specific re- nasopha-
* 12 | BCEO11_MS-01 | rized protein, "2 1 mitis SK597 TnpX; | combinaseyse, | rynx, oral
Streptococcus cavity,
salivarius (strain throat
CCHSS3)
NLTTRTQ Enterococcus Helicase, gut NLRTRTQ Subdoligranulum Putative hydro- gut
1 faecalis RecD/TraA rE variabile lases, 40
family;ss 761
GyyD’ noPFLGv No homological heptamers in commensal noPrLDv Pasteurella Release factor lung
197148 or opportunistic bacteria B multocida subsp. glutamine methyl-
multocida str transferase,;
A156, EFRVYSS156_162 No homological hept.arpers in c.ommensal ESGVYSSWAGO Lachnospir'a- Unchargcterized gut
157; or opportunistic bacteria ceae bacterium protein,yg.13,
R158G 7_1_58FAA
Escherichia coli Valine-tRNA gut
UMEA 3609-1 ligasesyq.a06
FRVYSS A No homological heptamers in commensal SGVYSSA Fusobacterium sp. Hep/Hag repeat oral cavity
157-163 or opportunistic bacteria "8 oral taxon 370 str. protein (Frag-
F0437 ment) ;.53
Rvyss AN s 150 Bifidobacterium Fibronectin- qut GVYSSAN% o Bacillus sp. NRRL | Methylmalonyl-CoA ?
’ animalis subsp. binding ] B-14911 mutasesgs sz
lactis CNCM proteing;_1g7
1-2494
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Endind of the table 2
Wuhan-Hu Delta
Mutation S protein Species Homologous Localization S protein Species Homologous Localization
heptamer protein in the human heptamer protein heptamer in the hu-
heptamer body man body
Lactobacillus far- | D-alanyl-D-alanine gut
raginis JCM 14108 carboxypepti-
dase;yg.155
Fusobacterium Uncharacterized oral cavity
nucleatum subsp. proteingsy o4
polymorphum
F0401
Prevotella saccha- Carbohydrate oral cav-
rolytica F0055 binding domain ity, upper
protein; 45721 respiratory
tract, gut
human gut metage- | Glycoside hydro- gut
nome lase, family 25
(Fragment)ygs_so1
LR No homological heptamers in commensal or opportunistic bacteria
TisK No homological heptamers in commensal or opportunistic bacteria
PesiH’ NSPRRAR No homological heptamers in commensal or op- NSHRRARG gut
679685 portunistic bacteria 7% Clostridium Uncharacterized
clostridioforme protein;g.12
DgsoN’ KLQDVVN Prevotella Peptidase M16 | oral cavity, KLQNWN Leptotrichia buc- GCN5-related oral cavity
M98 | salivae F0493 | inactive domain gut ST calis (strain ATCC N-acetyltrans-
proteingg.gps 14201/DSM 1135 ferase; 5.1
/JCM 12969 /
NCTC 10249)
DWNQN A No homological heptamers in commensal or op- NWNQN A, Prevotella Anaerobic oral cavity,
950-956 portunistic bacteria ¥ | multisaccharivorax ribonucleoside- gut
DSM 17128 triphosphate
reductase ;4.1
*The same mutation has occurred in Omicron variant.
The heptamers of S protein that are homologous with the most common cereal proteins are listed in Table 3.
Table 3
The heptamers of S protein homologous with the most common cereal proteins
Wuhan-Hu Delta
Mutation S protein heptamer Species Homologous protein S protein heptamer Species Homologous protein
heptamer heptamer
TR SQCVNLng Oryzasativa | Leucine Rich Repeat family SQCVNLng No most common cereal sample
protein, expressedsy.syg
Oryza sativa Uncharacterized No most common cereal sample
WNLTTRT,qz, BCE011_MS-01 proteiny, o WLRTRT,;
LTTRTQL13-24 Tntlgum Unchargctenzed LRTRTQLMA No most common cereal sample
aestivum proteinggs sos
LR LYRLFRK Oryza sativa Putative uncharacterized RyYRLFRK No most common cereal sample
452-458 subsp. indica protein,s; e 450-456
Zea mays Putative NAC domain tran-
scription factor superfamily
protein (Fragment),o.10
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Endind of the table 3
Wuhan-Hu Delta
Mutation S protein heptamer Species Homologous protein S protein heptamer Species Homologous protein
heptamer heptamer
TareK STPCNGV477_483 No most common cereal sample SKPCNGVMHN Phaseo{us Uncharalcterized
vulgaris proteinsg g5
sPRRrARS Oryza sativa 050290817400 protein sHRRrARS Oryza sativa Expressed protein,gg 30
se0-ese subsp. japonica (Fragment), ; oreess subsp. japonica
Zea mays Uncharacterized pro- Oryza sativa Uncharacterized
teingg g, subsp. japonica proteingg.620
Hordeum Predicted protein
vulgare (Fragment) 5.9,
PRRARSVW_GW Oryza‘ sat/vg Putative ungharactenzed HRRARSVm_GSS No most common cereal sample
subsp. japonica protein g4
Zea mays Uncharacterized proteing,_14,
DgsoN” i -
950N ALGKLQDW_gso Hordeum Ivu/gare Unchargctenzed pro ALGKLQN842_348 No most commoncereal sample
var. distichum tein 53109
LGKLQDV Hordeum vulgare | Uncharacterized proteingg.,o, LGKLQNV No most common cereal sample
945-951 var. distichum 843-849
Oryza sativa Uncharacterized pro-
subsp. indica tein,ug.05s
Zea mays Protein lap4,35 939
Golgi SNAP receptor com-
plex member 175 g
GKLQDVV Zea mays Uncharacterized pro- GKLQNVV No most common cereal sample
946-952 : 844-850
teinagg 304
*The same mutation has occurred in Omicron variant.
The heptamers of S protein that are homologous with some virus proteins are listed in Table 4.
Table 4
The heptamers of S protein homologous with some virus proteins
Wuhan-Hu Delta Comment
Mutation S protein Other virus Homologous protein S protein hep- Other viruses Homologous
heptamer heptamer tamer protein hep-
tamer
PegiH QTQTNSPg5.61 Human Protease (Fragment),., QTQTNSHg73.67 No virus proteins homology Homology with
immunodefi- HIV-1 has disap-
ciency virus 1 peared
DgsoN” LQDVVNQgy5.054 No virus proteins homology LQNVVNQg.05, Human im- Envelope Homology with HIV-1
munodeficiency glycoprotein has appeared
virus 1 (Fragment);.;;

* The same mutation has occurred in Omicron variant.

Membrane protein

There are four mutations known in the membrane (M) protein
Delta variant, namely A,S, FglL, VL, and Ig, T [10].

M protein Delta variant, 222 aa

MSDSNGTITVEELKKLLEQWNLVIGFLLLTWICLLQFAYANR
NRFLYIIKLIFLWLLWPVTLACFVLAALYRINWITGGIATAMACLY
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GLMWLSYFIASFRLFARTRSMWSFNPETNILLNVPLHGTILTRP

The heptamers of M protein that are homologous with the

LLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSY proteins of the commensal and opportunistic bacteria are listed

YKLGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ  in Table 5.
Table 5
The heptamers of M protein homologous with the proteins of the commensal and opportunistic bacteria
Wuhan-Hu Delta
Mutation M protein . Homologous lLocallzatlon M protein . Homologous protein lLocallzatlon
Species . in the human Species in the human
heptamer protein heptamer heptamer heptamer
body body
AS No homological heptamers in commensal or opportunistic bacteria No homological heptamers in commensal
MADSNGT1-7 MSDSNGT1-7 or opportunistic bacteria
Lachnospiraceae Uncharacterized gut
ADSNGTI” bacterium proteings,_,se SDSNGTIZ-B
7_1_58FAA
Foel Enterococcus Putative ferrichrome gut LVIGFLL,,. Eubacterium Putative K(+)-stimulated gut
® LVIGFL F22-25 faecalis R508 transport system ® ventriosum ATCC pyrophosphate-
permease protein 27560 energized sodium
UG203-206 PUMPs73 579
Enterococcus caccae | Uncharacterized protein gut
ATCC BAA-1240 10110
Faecalibacterium sp. Binding-protein- gut
CAG:74 dependent
transport systems
inner membrane
componentgg ¢
Prevotella histicola | Uncharacterized protein gut
Fo411 1521
Lachnospiraceae Uncharacterized gut
bacterium 2_1_58FAA proteings 74
Escherichia coliISC11 | Putative cell envelope gut
opacity-associated
protein Ay, 45
Enterococcus Uncharacterized gut Prevotella sp. oral Uncharacterized gut
VIGFLFLM" flavescens ATCC protein, pg.1s4 VIGFLLng taxon 472 str. F0295 protein,zg (a4
49996
Lachnospiraceae MATE efflux family gut Lactobacillus brevis Potassium uptake gut
bacterium COE1 protein112-118 ATCC 14869 =DSM protein, TrkH
20054 family,sq 045
Lactobacillus antri Transporter, major gut
DSM 16041 facilitator family
protein, 4o
Enterobacter cloacae Putative multidrug gut
subsp. cloacae (strain resistance protein
ATCC 13047/DSM D 5160
30054/ NBRC 13535/
NCDC 279-56)
Lachnospiraceae Uncharacterized gut
bacterium 28-4 proteing o4
Lachnospiraceae Transporter, gut Lactobacillus paracasei | Oligopeptide transport | oral cavity
lGFLFLTZ“—SO bacterium oA IGFLLLT24-30 subsp. paracasei system permease
CAG:215 Lpp126 protein oppByg 15
Eubacterium nodatum | TIGR02185 family oral cavity
ATCC 33099 protein,s 49
Bacteroides uniformis Uncharacterized gut
dnLKV2 protein;sz.z4s
Escherichia coli Uncharacterized gut
2845650 proteinys 1
Prevotella sp. Putative thiol:disulfide gut
CAG:1320 interchange protein
DsbDg 14
Enterococcus faecalis Putative gut
06-MB-DW-09 transmembrane
permease MsmF 5 5,
GFLFLTWZW No homological heptamers in commensal or opportunistic bacteria GFLLLTWM No homological heptamers in commensal or opportunistic bacteria
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Endind of the table 5
Wuhan-Hu Delta
Mutation M protein ! Homologous _Locallzatlon M protein ! Homologous protein .Locahzatlon
Species } in the human Species in the human
heptamer protein heptamer heptamer heptamer
body body
FLFLTWIMZ No homological heptamers in commensal or opportunistic bacteria FLLLTWIZW No homological heptamers in commensal or opportunistic bacteria
No homological heptamers in commensal or opportunistic bacteria Peptoniphilus sp. oral Na+/H+ antiporter gut
LFLTWIC27-33 LLLTW|CZ7-33 taxon 3%5 str. F0436 family protein; 5.
FLTWICLQ No homological heptamers in commensal or opportunistic bacteria LLTWICL No homological heptamers in commensal or opportunistic bacteria
8-34 28-34
VoL Enterobacter sp. Ag1 Formate ut No homological heptamers in commensal or opportunistic bacteria
I CFVLAAVWO P dehydrogenase-O subunit g CFVLAALWO ¢ P PP
9ammay, 5
No homological heptamers in commensal or opportunistic bacteria Bacteroides dorei HAD hydrolase, family qut
PV e, by, | B P
No homological heptamers in commensal or opportunistic bacteria Bifidobacterium Putative ABC ut
VLAAVYRW? ‘ VLAALYRWZ longum subsp. infantis | transporter permease g
(strain ATCC 15697 component; g s
/DSM 20088/ JCM
1222/NCTC 11817
/812)
Haemophilus ABC transporter, upper
parainfluenzae ATCC | permease protein,,,.,; | respiratory
33392 tract, lung
Lachnospiraceae Uncharacterized ut Acinetobacter sp. CIP Uncharacterized oral cavi
LAVYR 7 bacterium PrOteiN; 1 125 g LAAL YR 101966 proteiny 5, v
3_1_57FAA_CT1
Lautropia mirabilis Selenide, water oral cavity, Prevotella Hydrolase, NUDIX upper
AAVYRINGW ATC?C 51599 dikinases g, upperty AALYRINGW melanino%enica strain ¢ familys, ¢ resgiaratory
respiratory ATCC 25845/DSM ct
ct 7089/JCM 6325
/VIPI 2381/B282
GN=HMPREF0659_
Ab47
Lachnospiraceae Di(guan late cyclase qut Lactobacillus ruminis | Conserved hypothetical qut
bacterium JC7 (GGDEF) domain- (strain ATCC 27782 YitT family protein
containing S)rotein /RF3)
(Precursor) .15 - - -
Bacteroides nordii Uncharacterized gut
CL02T12C05 protein; 7o
AVYRINWS% No homological heptamers in commensal or opportunistic bacteria ALYRINWGM No homological heptamers in commensal or opportunistic bacteria
VYRINWIWS No homological heptamers in commensal or opportunistic bacteria LYRINWI70_76 No homological heptamers in commensal or opportunistic bacteria
lgp T Ruminococcus lon channel, ;. gut Enterococcus faecalis Dephospho-CoA gut
@ M6GAlee | oommAree s6i7s 1 LCCTY P kinase, .,
Bacteroides sp. Putative gut Clostriclium ABC transporter, gut
3119 uncharacterized asparagiforme DSM permease
protein,gg 164 15981 proteinygg o4
No homological heptamers in commensal or opportunistic Veillonella sp. oral PrpF protein,,. oral cavit
TGGAl A O actona PP TOOIAT Arvss | pavon 760 31t Foupa | P Protearzat Y
Enterobacteriaceae Uncharacterized gut No homological heptamers in commensal or opportunistic
GGIAlAM7&84 bacterium proteinyzg 76 GGIATAM?&S“ bacteria
9 2 54FAA
Eubacterium sulci | Peptidase, M20/M25/ gut
ATCC 35585 family 13614
Lactobacillus Transporter, major gut
brevis sybAs - facmttator family
ravesensis rotein,
g TS0k p 421427
Lachnospiraceae Uncharacterized gut Enterobacter Uncharacterized gut
GIAIAMAMS bacterium 10-1 protein 4g.154 GlATAMAMfS aerogenes UCI 48 proteingyg ss
| A| AMACq;.5 No homological heptametr)sé (i:rtleciz'i(;mmensal or opportunistic | AT AMACq; 5 No homological heptametr)sé (i:rtleciz'i(;mmensal or opportunistic
No homological heptamers in commensal or opportunistic Lactobacillus Class Il aldolase/ oral cavity,
AlAMACL81~37 bacteria ATAMACLW? paracasei subsp. adducin family gut
paracasei CNCM protein g;.107
1-4649
No homological heptamers in commensal or opportunistic No homological heptamers in commensal or opportunistic
lAMACLVﬂ?% ¢ bacteria TAMACLVSZ%S ¢ bacteria

*The same mutation has occurred in Omicron variant.
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Membrane protein

There are four mutations known in the membrane (M) protein
Delta variant, namely A,S, F gL, VoL, and Ig,T [10].

M protein Delta variant, 222 aa
MSDSNGTITVEELKKLLEQWNLVIGFLLLTWICLLQFAYANRN
RFLYIIKLIFLWLLWPVTLACFVLAALYRINWITGGIATAMACL
VGLMWLSYFIASFRLFARTRSMWSFNPETNILLNVPLHGTILT

RPLLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSR
TLSYYKLGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSD
NIALLVQ

The heptamers of M protein that are homologous with the
proteins of the commensal and opportunistic bacteria are listed
in Table 6.

Table 6
The heptamers of M protein homologous with the proteins of the commensal and opportunistic bacteria.
Wuhan-Hu Delta
Muta- . = . | Localiza-
tion M protein Species Homologous protein in the M protein Species Homologous protein tion in the
heptamer heptamer human heptamer heptamer human
body body
A,S No homological heptamers in commensal No homological heptamers in commensal
2 MADSNGT1-7 or%pporturr)wistic bacteria MSDSNGT1-7 or%pportu%istic bacteria
Lachnospira- Uncharacterized ut
ADSNGT|2-8 ceae bacterium protein,sy.osg g SDSNGTIZ-S
7_1_58FAA
Fol Enterococcus Putative ferrichrome ut Eubacterium ventriosum | Putative K(+)-stimulated ut
® LVIGFLFZHS faecalis R508 transport system g LVIGFLLZZ»ZS ATCC 27560 pyrophpsprgage-energized g
permease protein sodium pumps73.579
huGz03.26 Enterococcus caccae Uncharacterized gut
ATCC BAA-1240 protein ;o411
Faecalibacterium sp. Binding-protein-depen- gut
CAG:74 _dent transgort systems
inner membrane compo-
nentge oy
Prevotella histicola Uncharacterized protein gut
FO411 1521
Lachnospiraceae bacte- Uncharacterized qut
rium 2_1_58FAA proteings. 7
Escherichia coli ISC11 Putative cell envelope gut
opacity-associated pro-
tein Ayyug
Enterococcus Uncharacterized ut Prevotella sp. oral taxon Uncharacterized ut
VIGFLFL23-29 flavescens ATCC protein; g a4 g VIGFLLL23-29 472 str.pF0295 protein; ;g e, g
49996
Lachnospiraceae | MATE efflux family gut Lactobacillus brevis Potassium uptake gut
bacterium COE1 protein112-118 ATCC 14869 = DSM protein, TrkH
20054 family,so.045
Lactobacillus antri DSM Transg)or‘_rer, major facili- gut
16041 tator family protein,,_,,g
Enterobacter cloacae | Putative multidrug resis- gut
sub.g). cloacae (strain | tance protein MdiD g5 g
ATCC 13047 /DSM
30054/ NBRC 13535/
NCDC 279-56)
Lachnospiraceae bacte- |  Uncharacterized pro- gut
rium 28-4 teing.oy
Lachnospira- Transporter g ut[9 Lactobacillus paraca- Oligopeptide transport | oral cavit
IGFLFLT24-30 ceae bacterium soeane g IGFLLLT24-30 sei subsp. paracasei systgm permease protein Y
AG:215 Lpp126 0ppBy.5
Eubacterium nodatum TIGR02185 family oral cavity
ATCC 33099 protein,; 4
Bacteroides uniformis Uncharacterized gut
dnLKV2 protein;s; 743
Escherichia coli Uncharacterized gut
2845650 protein, 1
Prevotella sp. Putative thiol:disulfide gut
CAG:132 interchan%e protein
DsbDg 14
Enterococcus faecalis | Putative transmembrane gut
06-MB-DW-09 permease MsmF ¢ ,,
GFLFLTW25_31 No homological heprt]eils[{}grgaigtgﬁ;nmensal or opportu- GFLLLTWzW No homological heptamers in commensal or opportunistic bacteria
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Endind of the table 6
Wuhan-Hu Delta
Muta- Iilz-gtcign Localiza-
tion M protein Species Homologous protein in the M protein Species Homologous protein tion in the
heptamer P heptamer human heptamer P heptamer human
body body
No homological heptamers in commensal No homological heptamers in commensal or opportunistic bacteria
FLFLTWIZMZ or%pportu%istic bacteria FLLLTW'ZG-az ¢ P PP
No homological heptamers in commensal Peptoniphilus sp. oral | Na+/H+ antiporter family gut
LFLTW|CZ7'33 or opportunistic bacteria LLLTWIC”‘” taxon 375 str. F0436 protein gs.y
FLTWICL No homological heptamers in commensal LLTWICL No homological heptamers in commensal or opportunistic bacteria
2834 or opportunistic bacteria 28-34
Vool Enterobacter sp. Formate dehydro- gut No homological heptamers in commensal or opportunistic bacteria
" CFVLAAVG‘”O Ag1 genase-O subunit CFVLAALG””
gammay, 5
No homological heptamers in commensal Bacteroides dorei HAD hydrolase, family gut
FVLAAVY“‘” or opportunistic bacteria FVLAALYGS’” CL03T12C01 344350
VL AAVYR No homological heptamers in commensal VL AALYR Bifidobacterium longum | Putative ABC transporter gut
66-72 or opportunistic bacteria 66-72 subsp. infantis (strain permease
ATCC 15697 / DSM component, .41
20088/ JCM 1222/
NCTC 11817/ S12)
Haemophilus parainflu- ABC transporter, upper
enzae ATCC 33392 permease protein,.q,; | respiratory
tract, lung
Lachnospira- Uncharacterized gut Acinetobacter sp. CIP Uncharacterized oral cavity
LAAVYRI‘”‘” ceae bacterium protein ag.1a LAALYRI‘”‘” 101966 protein g
3_1_57FAA_CT1
Lautropia mirabilis Selenide, oral ca- Prevotella melaninogenica Hydrolase, NUDIX upper
AAVYRlNGB'” ATCC 51599 water dikinasesg, | Vity, upper AALYRINSS‘” (strain ATCC 25845/ familys, ¢ respiratory
respira- DSM 7089/ JCM 6325 tract
tory tract / VPl 2381/B282)
GN=HMPREF0659_
A647
Lachnospiraceae | Diguanylate cyclase gut Lactobacillus ruminis | Conserved hypothetical gut
bacterium JC7 (GGDEF) domain- (strain ATCC 27782/ YitT family protein
containing protein RF3)
(Precursor);yy. 1z Bacteroides nordii Uncharacterized qut
CL02T12C05 protein;o. 706
No homological heptamers in commensal No homological heptamers in commensal or opportunistic bacteria
AVYRINW59'75 or opportunistic bacteria ALYRlNW69'75
VYRINWI No homological heptamers in commensal LYRINWI No homological heptamers in commensal or opportunistic bacteria
7076 or opportunistic bacteria 7076
lgoT Ruminococcus lon channel,;. qut Enterococcus faecalis Dephospho-CoA gut
al | MGG, | et o TGGIAT s, kinase, .
29174
Bacteroides sp. | Putative uncharacte- gut Clostridium asparagi- ABC transporter, gut
rized protein,gg 164 forme DSM 15981 permease proteinygg o7,
No homological heptamers in commensal Veillonella sp. oral taxon PrpF protein,,. oral cavity
TGGlAlA"'“ or opportunistic bacteria TGGlATA"'“ 780 str. F0422 e
Enterobacte- Uncharacterized gut No homological heptamers in commensal
GGIAIAMM“ riaceae bacterium proteinyzg.oze GGIATAM”'S“ or opportunistic bacteria
9 2 54FAA
Eubacterium sulci | Peptidase, M20/M25/ gut
ATCC 35585 M40 family, 5514,
Lactobacillus Transporter, major gut
brevis subsp. facilitator family
graves;a;;(t)% ATCC proteinyq 457
Lachnospiraceae Uncharacterized gut Enterobacter aerogenes Uncharacterized gut
GlAlAMA79'85 bacterium 10-1 protein g s GlATAMA79'35 proteinsgg s
| A| AMAC No homological heptamers in commensal | AT AMAC No homological heptamers in commensal or opportunistic bacteria
80-85 or opportunistic bacteria 80-86
No homological heptamers in commensal Lactobacillus paracasei | Class |l aldolase/adducin | oral cavity,
AlAMACL&*'m or opportunistic bacteria ATAMACL“'” subsp. paracasei CNCM | family proteinyy;.1o7 gut
1-4649
|am ACLV 6 No homological heptamers in commensal Tam ACLVp No homological heptamers in commensal or opportunistic bacteria

or opportunistic bacteria
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Nucleocapsid protein

Two mutations are known in the Delta variant nucleocapsid

(N) protein, namely R,;M and DY [11].

N protein Delta variant 419 aa

MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQR
RPQGLPNNTASWFTALTQHGKEDLKFPRGQGVPINTNSSPDD
QIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAGLPYG
ANKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQGTTLPK

GFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSMGTSPARM
AGNGGDAALALLLLDRLNQLESKMSGKGQQQQGQTVTKKSAA
EASKKPRQKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQ
GTDYKHWPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAI
KLDDKDPNFKDQVILLNKHIDAYKTFPPTEPKKDKKKKAYETQA
LPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTQA

The heptamers of N protein homologous with the proteins of
some opportunistic bacteria and the most common cereals are
listed in Table 7.

Table 7
The heptamers of N protein homologous with the proteins of some opportunistic bacteria and the most common cereals
Wuhan-Hu Delta
Mutation . ) Localization . Localization
body man body
RypsM stPessR Prevotella NHL repeat oralcavity | stpgssiMl No bacterial or cereal sample
197203 buc?5li§ %TCC proteinygg s 197208
TPGSSRG No bacterial or cereal sample TPGSSM G Bacteroides Uncharacterized gut
198:204 1824\ uniformis CAG:3 protein; g 13
pessRaGT Zea mays Putative WRKY gut pessMeT Oryza sativa Putative gut
199205 DNA-binding domain 19205 1 subsp. indica uncharacterized
superfamily proteingsg ses
proteinyg g,
Sorghum bicolor | Putative unchar- gut
acterized protein
Sb079002490,; 5
GSS RGTS Sorghum bicolor Putative unchar- qut GSSMGTS Fusobacterium Permease family oral cavity
200-206 acterized protein 20020 sp. CM21 Proteinyg s
Sb08g014350, 764,
SSRGTSPZWW Hordeum Unchargcterized pro- gut SSMGTSPme No bacterial or cereal sample
vs{gﬁrg var. teinyg7.073
istichum
Oryza sativa Expressed pro- gut
subsp. japonica teiNyg.000
SRGTSPA, 105 No bacterial or cereal sample SMGTSPAL, s No bacterial or cereal sample
RGTSPARzoa.zog Olyza' sativg OsO6gQ523800 gut MGTSPARmm No bacterial or cereal sample
subsp. japonica protein,g.ip
Dy, Y DKKKKAD Prevotella sp. Pseudouridine oral cavity DKKKKAY Lachnospiraceae | Oligoendopeptidase gut
ST oral taxon 473 synthase, RIUA ST\ bacterium 3-1 Fiaouss
str. F0040 familygs.30¢
KKKKADE Prevotella sp. Pseudouridine oral cavity KKKKAYE Oryza sativa Putative gut
12317\ oral taxon 473 synthase, RIUA 281 subsp. indica uncharacterized
str. F0040 familyge.300 protein; geo.1a96
Enterococcus | Uncharacterized pro- gut
faecalis teiNyg6.40
KKKADET No significant sample KKKAYET Bacillus infantis GntR family ?
sres1e S131% | NRRL B-14911 | transcriptional regu-
lator, &
KKADETQ No bacterial or cereal sample KKAYETQ No bacterial or cereal sample
374-380 374-380
kaDETQ Ayrs 1 Homo sapiens Myopallading,.g ? KAYETQ Ays s No bacterial or cereal sample
ADET AL Oryza Uncharacterized gut AYET AL Lachnospiraceae | Uncharacterized gut
ALsrosnr glaberrima protein (Frag- ALsrosez bacterium M18-1 protein,y, s
Ment),7.450
DeTaaLp No bacterial or cereal sample YeTQALP Lachnospiraceae | Uncharacterized gut
877383 S8\ bacterium M18-1 proteinyys os:
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As shown above, some of the mutations that occurred in the
Delta variant increased the homology of its structural proteins with
those of the opportunistic and some other bacteria. These data
are summarized in Table 8.

Information about the effects that mutations in SARS CoV-2
Delta variant have on the homology between its structural proteins
and human opportunistic bacteria proteins are summarized in
Figure 1.

DISCUSSION

In Wunan-Hu variant, the S protein molecule contains dozens
of heptamers homologous to human proteins. Their total length is
169 amino acid residues, or 13.3% of the S protein molecule total
length [5]. For the sake of brevity, we suggest calling homologous
motifs homots. For example, a SARS CoV-2 S protein human
homot means a motif common for the S protein and any human
protein. The same way “in SARS CoV-2 S protein, the motif
SPRRARS is a human homot” means that motif SPRRARS is
present in the S protein of coronavirus as well as in some human
protein. The term mimics, proposed by Damoiseaux et al. [12], is
close in meaning but less specific.

We assumed that the reason for the special qualities of SARS
CoV-2 Delta variant should be sought in the greater homology of
its proteins with those of the human body. However, we did not
find any significant differences between Wuhan-Hu variant and
Delta variant in their homology to human proteins.

R203M T10R Fasl
D337Y Gi42D DoseN V7ol
Ais6,157 R158G Tg2T

1 1 1
HOMOLOGY WITH
( OPPORTUNISTIC)
BACTERIA

Bypassing the immunity?

Fig.1. The effect of mutations in SARS CoV-2 Delta variant

structural proteins S, M, and N on their homology with
human opportunistic bacteria. The most important
mutation, in our opinion, is highlighted in red font

Delta variant stays on the nasal mucosal surface significantly
longer than Wuhan-Hu variant (14 vs. 8 days) [13].

As has been already mentioned, we considered the human
proteome in general as a set of proteins synthesized by the

Table 8

Mutational changes of homology SARS CoV-2 structural proteins with proteins of opportunistic bacteria
and some other functionally significant proteins

Increases homology with proteins Increases homology with proteins
Protein Mutation of commensal or opportunistic bacteria, | of gut commensal or opportunistic Increases homology
inhabitants of the oral cavity, upper bacteria and/or the most with some other proteins
respiratory tract or lung common cereals

S (Table 2) TR + +
GiyD' + -

Dis6157. RissG i+t o+t Homology with a protein of Bacillus

sp. NRRL B-14911 that can provoke

autoimmune damage to the heart

LisR - -
Ty - -
PegiH - -

DgsoN’ + + Homology with a protein of Human

immunodeficiency virus 1 (Table 4)
M (Table 6) AS - -
Foel + ++
Vol ++ ++
lgo T + -
N (Table 7) RyesM - -
Da7Y - +

*The same mutation has occurred in Omicron variant.

& POCCHIICKHE BHOMETUIIMHCKIE HCCTEIOBAHUSA

TOMY9 No2

2024

eISSN 2658-6576




16

ORIGINAL PAPERS

macroorganism itself, proteins of commensal and opportunis-
tic bacteria, and the most common digestive proteins, therefore
studying the homology of SARS CoV-2 Delta variant with all the
listed types of proteins.

In S protein, mutations at the positions 19, 142, 156-158,
and 950 created a humber of heptamers homologous to proteins
of bacteria, that are always present in the human nasopharynx,
mouth, throat, upper respiratory tract, and lung (Table 2). It is pos-
sible that the presence of such homologous motifs allows Delta to
bypass the innate immunity protection more successfully.

Mutations S:G,,,D and S:DgsN are also found in Omicron
variant, while the mutations S:T,gR and S:A ;s 157,.R5G are only
present in Delta variant. These exclusive Delta variant mutations
especially the ones at the positions 156-158 may be the reason
for its specific qualities.

The L,5,R and T,;¢K mutations did not affect the homology of
S protein with proteins of opportunistic bacteria (Table 2).

In Delta variant, the positions where the most significant in-
crease in homology occurred — S:A;54 457:R 153G — are located
in the N-terminus domain (NTD,,q3). So far, researchers have
paid less attention to this domain than to the Receptor-binding
domain (RBD,,.s54 ). It is logically consistent to assume that in the
S protein molecule one domain is responsible for binding to the
receptor and other for structural mimicry and evasion.

The delta variant differs from the other SARS COV-2 variants
in 14 positions. According to our data (Fig. 1), six of these alte-
rations involved in the increase in the homology of coronavirus
proteins with those of opportunistic bacteria. None of these six
alterations are common to the Delta and non-VOC variants. This
suggests that the increase in homology with proteins of opportu-
nistic infections is specific to the Delta variant.

We are not yet able to analyze homology data for SARS CoV-2
S protein and the HIV-1 C protein (Table 4).

In M protein, the Fyl, V,,L, and Ig,T mutations resulted in
the emergence of heptamers homologous to proteins of numerous
commensal and opportunistic upper respiratory and gut bacteria
(Table 6). M protein is located on the outer side of the virion enve-
lope [5], and these heptamers can participate in immune evasion.

In N protein (Table 7), the mutation N:R,j;M resulted in the
motif GSSMGTS,,.,05 Which is homologous to the Permease
family protein,g, 40 Of Fusobacterium nucleatum, an opportunistic
periodontal pathogen of the oral cavity [14]. The mutation M:D,,,Y
caused the following effects: (a) disappearance of the heptamer
KADETQAg75.35;, homologous to the human protein Myopalladin
(MYPNgq_g6), which is involved in communication between the sar-
comere and the nucleus in cardiac and skeletal muscles [15]; and
(b) emergence of KKKAYET,;, 57, homologous to the heptamer
GntR family transcriptional regulator,.q Bacillus infantis, which is
involved in the provocation of immune myocardial disorder [16].

A recent review of the available evidence for immune mecha-
nisms of cardiovascular damage COVID-19 has been presented
[17]. N protein, located inside of the virion, should act at the later
stages of the infectious process, for example, provoking an auto-
immune response.

Of all the Delta variant mutations we studied, none caused
an increase in the homology of the SARS CoV-2 S protein with
proteins with the most common cereals (Table 3).

Natural selection fixes some substitutions in the primary struc-
ture of the protein molecules of viruses and eliminates others.
One of the “aims” of selection might be immune evasion. A virus
can achieve this by making the most functionally important parts
of the protein molecule as similar as possible to the proteins per-
manently present in the host. Microorganisms, due to their genetic
diversity and the huge size of their combined genome, provide
more opportunities for viral mimicry than the macroorganism it-
self. Delta variant has increased homology of S and M proteins
with proteins already familiar to human immunity, namely with op-
portunistic bacteria proteins.

The capacity of SARS CoV-2 for immune evasion can be
considered universally acknowledged [3]. Coronavirus and hu-
man protein homology may be one of the mechanisms of immune
evasion [5]. Delta variant necessarily has structural features that
explain its specific qualities. Perhaps the reason is the homology
of its proteins with those of commensal bacteria and opportunistic
infections of the upper respiratory tract and lung. In this case, the
S:A56157:R45G mutation deserves special attention. The reason
why SARS CoV-2 Delta variant has these specific qualities, most
importantly increased lethality, is most likely to be found in a mu-
tation at positions 156-158 of spike protein. It has not yet been
concluded whether the homology of Delta variant proteins with gut
bacteria proteins and dietary protein is of any significance.

We hope that this preliminary study will open the door to fur-
ther research into the immunology and bioinformatics.

METHODS

We used our original way of presenting the text search. The
data were obtained from the Uniprot open-access protein data-
base, in which the amino acid sequences of proteins are encoded
by a one-letter code. We cut the primary structures of the coro-
navirus proteins into heptamers using the frameshift method and
searched a separate database of 75777 molecules of human pro-
teins [18]. This number is about three times the real number of
all human proteins because of repetition and minor differences in
the records. We looked for a full match of the 7-mer amino acid
sequences in SARS CoV-2 proteins [19] with proteins of other
organisms throughout the taxonomic range of evolution from bac-
teria and plants to humans. Heptamers were chosen as a criterion
for homology because of the lack of matches in octamers and
tens of thousands of matches in hexamers. In the case of matching
heptamers, an alignment was performed on the matching site.

AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTopoB. A.T. MapbsHosuy 1 [1.K. Kopmuney Hanuca-
nn ocHoBHoW TekeT pykonuen. A.T. MapbsHosuy u [1.K. Kopmune
MOArOTOBMIM aHanu3 AaHHbIX. ABTOpbI Npoynu 1 ogobpunu du-
HamnbHYt0 Bepcuto nepes nybnukavmei.
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KoHdpnukt uHTepecoB. ABTOpbI AeKNapupylT OTCYTCTBUE
SIBHBIX W MOTEHLMamNbHbIX KOH(MINKTOB UHTEPECOB, CBA3AHHbIX C
ny6nmkaLmen HacTosLLEN CTaTbMm.

WUcTouHuk puHancmpoBaHms. [laHHOe uccnefoBaHue npeg-
CTaBnsieT coboil MHULMATUBHBIA NPOEKT aBTOPOB, PUHAHCUpYe-
MBI UCKIIOYUTENBHO N3 UX NIUYHBIX UCTOYHMKOB.

3asBneHne 0 AOCTYMHOCTM AaHHbIX. McToyHMkoM 6asbl
JaHHbIX No 75 777 ctpokam GenkoB 4enoeeka sensetcs [18].
McToYHMK Ba3bl JaHHbIX 06beMoM oK. 33 MIH HUTEN BCEX BUAOB
Benkos [19].

UnniocTtpaumu. [Insg co3gaHus HalWMX UAMOCTPaLMiA Mbl WC-
nonb3oBanu GIMP (Bepcus 2.10.22). PucyHOK MOMHOCTLIO OpUri-
HanbHbIN 1 HUTAe He MybnukoBancs.

ADDITIONAL INFORMATION

Author contributions. A.T. Maryanovich and D.Yu. Kormi-
lets wrote the main manuscript text. A.T. Maryanovich and
D.Yu. Kormilets prepared data analysis. The authors read and
approved the final version before publication.

Competing interests. The authors declare that they have no
competing interests.

Funding: This research is an authors’ initiative project funded
exclusively from their personal sources.

Funding source. This study was not supported by any exter-
nal sources of funding.

Data Availability Statement: The source of database of
75777 strings of human proteins is [18]. The source of database
of approx. 33 min strings of all species proteins is [19].

Artwork. We used GIMP (Version 2.10.22) to create our art-
work. The figure is completely original and have not been pub-
lished anywhere.

NUTEPATYPA | REFERENCES

1. Elrashdy F., Redwan E.M. & Uversky V.N. Why COVID-19 Trans-
mission Is More Efficient and Aggressive Than Viral Transmission
in Previous Coronavirus Epidemics? Biomolecules. 2020;10:1312.
DOI: 10.3390/biom10091312.

2. Seyran M. et al. The structural basis of accelerated host cell entry by
SARS-CoV-2. FEBS J. 2021;288:5010-5020. DOI: 10.1111/febs.15651.

3. Fang FF. & Shi PY. Omicron a drug developer’s pers-
pective. Emerg Microbes Infect. 2022;11:208-211. DOI:
10.1080/22221751.2021.2023330.

4. Beaudoin C.A. et al. Predicted structural mimicry of spike receptor-bin-
ding motifs from highly pathogenic human coronaviruses. Comput Struct
Biotechnol. J. 2021;19:3938-3953. DOI: 10.1016/}.csbj.2021.06.041.

5. Khavinson V. et al. Homology between SARS CoV-2 and human pro-
teins. Sci Rep. 2021;11:17199. DOI: 10.1038/s41598-021-96233-7.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Kwarteng A. et al. Molecular characterization of interactions be-
tween the D614G variant of SARS-CoV-2 S-protein and neutra-
lizing antibodies, A computational approach. Infect. Genet Evol.
2021;91:104815. DOI: 10.1016/j.meegid.2021.104815.

McSharry B.P., Avdic S. & Slobedman B. Human cytomegalovirus
encoded homologs of cytokines, chemokines and their receptors,
roles in immunomodulation. Viruses. 2012;4:2448-2470. DOI:
10.3390/v4112448.

Lederberg J. Infectious history. Science. 2000;288:287-293.
Planas D. et al. Reduced sensitivity of SARS-CoV-2 variant Delta to
antibody neutralization. Nature. 2021;596:276-280. DOI: 10.1038/
s41586-021-03777-9.

Shen L. et al. Emerging variants of concern in SARS-CoV-2 mem-
brane protein, a highly conserved target with potential pathological
and therapeutic implications. Emerg Microbes Infect. 2021;10:885-
893. DOI: 10.1080/22221751.2021.1922097.

Perez-Gomez R. The Development of SARS-CoV-2 Variants, The
Gene Makes the Disease. J Dev Biol. 2021;9:58. DOI: 10.3390/
jdb9040058.

Damoiseaux J. et al. Autoantibodies and SARS-CoV2 infection,
The spectrum from association to clinical implication, Report of
the 15th Dresden Symposium on Autoantibodies. Autoimmun Rev.
2021;21:103012. DOI: j.autrev.2021.103012.

Wang Y. et al. Transmission, viral kinetics and clinical charac-
teristics of the emergent SARS-CoV-2 Delta VOC in Guang-
zhou. China Eclinical Medicine. 2021;40:101129. DOI: 10.1016/.
eclinm.2021.101129.

Dessi A., Bosco A., Pintus R., Orru G. & Fanos V. Fusobacte-
rium nucleatum and alteration of the oral microbiome, from preg-
nancy to SARS-COV-2 infection. Eur Rev Med Pharmacol Sci.
2021;25:4579-4596. DOI: 10.26355/eurrev_202107_26251.
Filomena M. C. et al. Myopalladin knockout mice develop cardiac
dilation and show a maladaptive response to mechanical pressure
overload. Elife. 2021;24:¢58313. DOI: 10.7554/eLife.58313.
Massilamany C. et al. Whole genomic sequence analysis of, de-
fining the genetic blueprint of strain NRRL B-14911, an emerging
cardiopathogenic microbe. BMC Genomics. 2016;17(Suppl 7):511.
DOI: 10.1186/s12864-016-2900-2.

Laino M. E. et al. Advanced Imaging Supports the Mechanistic
Role of Autoimmunity and Plaque Rupture in COVID-19 Heart In-
volvement. Clin Rev Allergy Immunol. 2022;28:1-15. DOI: 10.1007/
§12016-022-08925-1.

Proteomes — Homo sapiens (Human). URL: https //www.uniprot.
org/proteomes/UP000005640 Homo sapiens, last change, 03 Sept
2020. (access: 24.04.2024)

Proteomes — Severe acute respiratory syndrome coronavirus 2
(2019-nCoV) (SARS-CoV-2). URL: https//www.uniprot.org/pro-
teomes/UP000464024 SARS-COV-2, last change, 20 Aug 2020.
(access: 24.04.2024)

& POCCHIICKIE BUOMETMIIMHCKUE HCCTEIOBAHIAL  TOM 9 No2 2024

eISSN 2658-6576




