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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 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.
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Pe3tome. CnocobHocTb SARS CoV-2 yKnoHATLCS OT UMMYHHOTO 0TBETa MOXHO cYuTaTh 06LenpusHaHHol. fomono-
rns 6enkoB KOpOHaBMpYCa W YerioBeka MOXeT ObITb O4HUM U3 MEXAHW3MOB UMMYHHOIO YKNOHEHUs. [lensTa-BapuaHT
06s3aTenbHO UMEET CTPYKTYPHBLIE 0COBEHHOCTH, KOTOPbIe OBBACHSAIOT ero cnelmnduyeckme cBoncTBa. Lienbto Hawero
nccnepoBaHus BbI10 BbIICHUTL, U3MEHSAIOT N MyTaLuK, NPOU3OLLEALLNE B CTPYKTYPHbIX 6enkax fensTa-BapuaHTa,
ero romosioruio ¢ 6enkamu, NpUCyTCTBYIOLWMMI B OPraHU3mMe YenoBeka, To ecTb COOCTBEHHO YenoBeyeckumm, bak-
TepuanbHbIMU U NULLEBLIMUA. Mcnonb3ys MHCTPYMEHTLI BUOMHGOPMATHKK, Mbl OBHAPYKUMU TOMOMNOTMI0 Ha YPOBHE
rentamepoB Mexay CTPYKTYpHbIMK Genkamn aenbra-BapuaHTa u benkamm yenoseka, a Takxe 6enkamm HEKOTOPbIX
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YCIOBHO-NATOrEeHHbIX 6aKTepuin BEpXHUX AbIXaTemNbHbIX MyTe, Nerkux u kKuweyHuka. benku wunosbin (S) n Membpan-
HbI (M) oenbra-BapuaHTa uMetoT BorbLIOe KOMMYECTBO CXOACTB (FOMOSTOTMYHbBIX COOTBETCTBMUM) C NEPEYNCIEHHBIMM
Benkamu, npuyem HanbonbLLee KonnyecTso — B cryyae MyTauum S:A156,157;R158G. MNMpuumnHa, no koTopon AensTa-
BapuaHT SARS CoV-2 obnagaet cneunduyecknmi xapakTepucTkami, 1 npexae BCEro NOBbILEHHON NeTanbHOCTbHO,
ckopee BCero, kpoeTcs B MyTaLuu B nonoxeHusx 156—158 wunosoro 6enka.

KntoueBble cnoBa: SARS CoV-2, fenbTta-BapuaHT, LWMNOBUAHBIA BENoK, ONNopTyHUCTMYeckue bakTepui, roMonorus

INTRODUCTION

After a series of brilliant discoveries from Pasteur to
Fleming and Waxman, mankind has learned to control most
bacterial infections. Humans were able to create megalo-
polises 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 fu-
ture. The very important question is why and how this CoV
could cause a pandemic [1]. Some mutation-induced struc-
tural 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]. Ne-
vertheless, it seems to us that in order to understand the
causes of SARS CoV-2 lethality, 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 pecu-
liarity 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 pro-
teins 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 de-
veloped a number of homologous sites that mimic immu-
nomodulatory proteins encoded by the human body. These
homologues encoded by the virus can contribute to the vi-
rus’ evasion of immune clearance [7].

Following Joshua Lederberg’s principle [8], we took into
account not only proteins synthesized by the human body, but
also those that originate from other genotypes and are con-
stantly present in the macroorganism. These are the proteins
of commensal and opportunistic bacteria of the upper respi-
ratory tract, lung, oral cavity, and Gl tract. We also analyzed
the most common dietary proteins that are almost constantly

present in the gut, namely those of the six world’s most im-
portant 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 homology 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 homology with proteins present in the human body, i.e.
human, bacterial and dietary.

RESULTS

Spike glycoprotein

Wuhan-Hu spike glycoprotein (S protein) molecule con-
sists of 1273 amino acid residues. In Delta variant, as a re-
sult of two deletions (E,5A and F,5;A), S protein consists of
1271 amino acid residues and contains seven substitutions
in nine positions, namely T,gR, G;4,D, Ry5G, LysoR, Ty7gK,
PgsiH, and DgsoN, numeration as in Wuhan-Hu variant [9].

S protein Delta variant, 1271 aa

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYP
DKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGT
KRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQ
SLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMES
GVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREF
VFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINI
TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRT
FLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSN
F

NFNGLTGTGVLTESNKKFLPFQQF
GRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQ
VAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGC
LIGAEHVNNSYECDIPIGAGICASYQTQTNSRRRARSVAS
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QSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTK
TSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRS
FIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFN
GLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAA
LQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIG
KIQDSLSSTASALGKLQNVVNQNAQALNTLVKQLSS
NFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSL
QTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDF
CGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAI
CHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNT
FVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKN
HTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNES
LIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCC
MTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Hereinafter, motifs homologous with human proteins [5]
are highlighted in red font. Amino acid residues substitu-
ted as a result of mutations are highlighted in large letters.
The N-terminal domain (NTD,,,5) is highlighted in green.
Receptor-binding domain (RBD,,;.530) is in gray italics. Re-
ceptor-binding motif RBMy34 506 is underlined. Heptapeptide
repeat sequence 1 (HR1g40.95,) is highlighted in blue. As a
result of the double deletion A4 457, starting from G,g, 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:PgeiH. The S protein motif SPRRARS g, ¢55 homologous
with a human protein has been replaced by a heptamer
SHRRARS;;4. 654, 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 40,456 Homo | Hermansky-Pudlak syndrome SHRRARS 175 cs No homological heptamers
’ sapiens 1 proteinyeg e, ’ 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
T19R VNLTTRT16_22 Escherichia coli 'Uncharalcte- gut VNLRTRT16_22 'S’treptococcus Slte-slpeuflc re- nasopha-
BCEO11_MS-01 | rized protein,s , mitis SK697 TnpX; | combinase,;s yg rynx, oral
Streptococcus cavity,
salivarius (strain throat
CCHSS3)
,\”_'|'-|-R-|-Qw_23 Enteroco?cus Helicase, gut NLRTRTQMS Subdolqura‘nulum Putative hydro- gut
faecalis RecD/TraA variabile lases; 40
family;ss 761
G0’ NDPFLGme No homological hept.ar.ners in Cf)mmensal NDPFLDVm_m Past'eurella Releqse factor lung
or opportunistic bacteria multocida subsp. glutamine methyl-
multocida str transferase, g
A15§, EFRVYSSWsﬁ_m No homological heptlar.ners in cgmmensal ESGVYSSMM 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 ligasesyp.a06
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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
FRVYSS A No homological heptamers in commensal SGVYSSA Fusobacterium sp. Hep/Hag repeat oral cavity
157183 or opportunistic bacteria "1 oral taxon 370 str protein (Frag-
F0437 ment),;.s3
Rvyssan Bifidobacterium Fibronectin- gut GVYSS AN Bacillus sp. NRRL | Methylmalonyl-CoA ?
1 animalis subsp. binding 15162 B-14911 mutasesgs 574
lactis CNCM proteings_1g7
1-2494
Lactobacillus far- | D-alanyl-D-alanine gut
raginis JCM 14108 carboxypepti-
dase yg.155
Fusobacterium Uncharacterized oral cavity
nucleatum subsp. proteins, o4
polymorphum
F0401
Prevotella saccha- Carbohydrate oral cav-
rolytica F0055 binding domain ity, upper
protein; s 7,1 respiratory
tract, gut
human gut metage- | Glycoside hydro- gut
nome lase, family 25
(Fragment)sgs 401
452 No homological heptamers in commensal or opportunistic bacteria
478 No homological heptamers in commensal or opportunistic bacteria
Pes:H’ NSPRRAR No homological heptamers in commensal or op- NSHRRARﬁ Clostridium Uncharacterized gut
67985 portunistic bacteria e clostridioforme proteing.1p,
DgsoN KLQDWN Prevotella Peptidase M16 | oral cavity, KLQNWN Leptotrichia buc- GCN5-related oral cavity
T3\ salivae F0493 | inactive domain gut S calis (strain ATCC N-acetyltrans-
proteingg_gps 14201/DSM 1135 ferase;s.1
/JCM 12969 /
NCTC 10249)
DWNQN A No homological heptamers in commensal or op- NWNQN A, Prevotella Anaerobic oral cavity,
950-956 portunistic bacteria 5 | multisaccharivorax | ribonucleoside- gut
DSM 17128 triphosphate
reductases.1o
*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
T . o .
R SQCVNLT13_19 Oryza sativa Leucmg Rich Repeat family SQCVNLng No most common cereal sample
protein, expressedsyg.sys
Oryza sativa Uncharacterized No most common cereal sample
WNLTTRT,,., BCEO011_MS-01 protein,; g WLRTRT..,
LTTRTQL18_24 Tr/tlgum Unchargcterlzed LRTRTQL18_24 No most common cereal sample
aestivum proteinggg gos
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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
LysR Oryza sativa Putative uncharacterized No most common cereal sample
LYRUFRK.go. subsp. indica protein;s;.ie; RYRUFRK.g0.
Zea mays Putative NAC domain tran-
scription factor superfamily
protein (Fragment),;.106
TyeK STPCNGV477_433 No most common cereal sample SKPCNGVMM& Phaseo(us Unchargcterized
vulgaris proteingg g5
SPRR ARS Oryza sativa 0s0290817400 protein SHRR ARS Oryza sativa Expressed protein,gg 30,
oe0ese subsp. japonica (Fragment), oreess subsp. japonica
Zea mays Uncharacterized pro- Oryza sativa Uncharacterized
teinsg e subsp. japonica proteingg.22
Hordeum Predicted protein
vulgare (Fragment) 4.9,
PRRARSVW_W Oryza‘ sat/v:ja Putative unpharacterlzed HRRARSV679_685 No most common cereal sample
subsp. japonica protein ;g4
Zea mays Uncharacterized proteing, (oo
DgsoN ALGKLQDBM_%O Hordeum yulgare Unchargctenzed pro- ALGKLQNW_W No most commoncereal sample
var. distichum tein .12
LGKLQDV Hordeum vulgare | Uncharacterized proteing o, | | gk qNv. No most common cereal sample
saeot var. distichum a9
Oryza sativa Uncharacterized pro-
subsp. indica tein,ug.054
Zea mays Protein lap4,35.530
Golgi SNAP receptor com-
plex member 1,54
GKLQDVV Zea mays Uncharacterized pro- GKLQNVV No most common cereal sample
946-952 tein388_394 844-850
*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 QTQTNSPg;5.651 Human Protease (Fragment), ; QTQTNSHg73.67 No virus proteins homology Homology with
immunodefi- HIV-1 has disap-
ciency virus 1 peared
DygsoN” LQDVVNQgg.654 No virus proteins homology LQNVVNQg46.05 Human im- Envelope Homology with HIV-1
munodeficiency glycoprotein has appeared
virus 1 (Fragment); .7

* 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, Fygl, V;,L, and Ig, T [10].

M protein Delta variant, 222 aa

MSDSNGTITVEELKKLLEQWNLVIGFLLLTWICLLQFAYANR
NRFLYIIKLIFLWLLWPVTLACFVLAALYRINWITGGIATAMACLV
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GLMWLSYFIASFRLFARTRSMWSFNPETNILLNVPLHGTILTRP
LLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSYY
KLGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ

The heptamers of M protein that are homologous with
the proteins of the commensal and opportunistic bacteria
are listed 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
heptamer Spedes rotein heptamer in the human heptamer Spedes heptamer in the human
P P P body P P body
AS No homological heptamers in commensal or opportunistic bacteria No homological heptamers in commensal
MADSNGT,, MSDSNGT,, or opportunistic bacteria
Lachnospiraceae Uncharacterized gut
ADSNGTI” bacterium proteings, s 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 o)
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, og.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, 45
Enterobacter cloacae Putative multidrug gut
subsp. cloacae (strain resistance protein
ATCC 13047/DSM D 5.19
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 oppBy 15
Eubacterium nodatum | TIGR02185 family oral cavity
ATCC 33099 protein,s 49
Bacteroides uniformis Uncharacterized gut
dnLKV2 protein;sz 743
Escherichia coli Uncharacterized gut
2645650 protein;s 1o
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 lLocallzatlon M protein ! Homologous protein lLocallzatlon
heptamer Spedies rotein heptamer in the human heptamer Spedies heptamer in the human
P P P body P P 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 375 str. FO436 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 qut No homological heptamers in commensal or opportunistic bacteria
I CFVLAAVWO dehydrogenase-O subunit CFVLAALWO
gammay, 3
No homological heptamers in commensal or opportunistic bacteria Bacteroides dorei HAD hydrolase, family qut
ALAAV Y, T P
No homological heptamers in commensal or opportunistic bacteria Bifidobacterium Putative ABC ut
VLAAVYRWZ o VLAALYRWZ longum subsp. infantis | transporter permease g
ra/nAT 15609I\Zf component; o1
1222/NCTC 11817
/812)
Haemophilus ABC transporter, upper
parainfluenzae ATCC | permease protein,,,.,; | respiratory
33392 tract, lung
Lachnospiraceae Uncharacterized qut Acinetobacter sp. CIP Uncharacterized oral cavity
LAAVYRlﬁm bacterium protein,g s LAALYRI67-73 101966 proteing »,
3_1_57FAA_CT1
Lautropia mirabilis Selenide, water oral cavi Prevotella Hydrolase, NUDIX upper
AAVYRINGW ATC?C 51599 dikinasess ¢, up| erty AALYRINGW melaninogenica (Strain g family, g, res[)raratory
resgaratory ATCC 25845/DSM
7089/JCM 6325
/VIPI 2381/B282
GN=HMPREF0659_
A647
Lachnospiraceae iguanylate cyclase gut Lactobacillus ruminis | Conserved hypothetical gut
bacterium JC7 GD F) domain- (strain ATCC 27782 YitT family protein
contalnlng S)roteln /RF3)
(Precursor), 159 . " .
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, 45 gut Enterococcus faecalis Dephospho-CoA gut
” T68ALwe | oppumATed 20774 o MGGAT s, 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 cavity
TGGIAIA77-83 bacteria TGGlATA77-83 taxon 780 str. F0422 sz
Enterobacteriaceae Uncharacterized gut No homological heptamers in commensal or opportunistic
GGl A, bacterium proteinyzo o7s GOIAT Al bacteria
9 2 54FAA
Eubacterium sulci | Peptidase, M20/M25/ gut
ATCC 35585 family, 55140
Lactobacillus Transporter, major gut
brevis subAs - facmttator family
ravesensis rotein,
g 7505 p 421407
Lachnospiraceae Uncharacterized gut Enterobacter Uncharacterized gut
GIAIAMAMS bacterium 10-1 protein 4g.1s4 GlATAMAMfS aerogenes UCI 48 proteingyg.ss
No homological heptamers in commensal or opportunistic No homological heptamers in commensal or opportunistic
IAlAMAC%%‘ bacteria lATAMAC%% bacteria
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;_1o7
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, Fygl, V;,L, 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
MUt protei Homol te o M protei Homol ein | fonnie
tion protein Species lomologous protein in the protein Species omologous protein ion in the
heptamer heptamer human heptamer heptamer human
body body
A,S No homological heptamers in commensal No homological heptamers in commensal
? 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 ;o414
Faecalibacterium sp. Binding-protein-depen- gut
CAG:74 _dent transgort systems
inner membrane compo-
nentge oy
Prevotella histicola Uncharacterized protein gut
F0411 1521
Lachnospiraceae bacte- Uncharacterized gut
rium 2_1_58FAA proteings. 7
Escherichia coli ISC11 |  Putative cell envelope qut
opacity-associated pro-
tein Ayyug
Enterococcus Uncharacterized ut Prevotella sp. oral taxon Uncharacterized ut
VIGFLFL23-29 flavescens ATCC protein g 134 g VIGFLLLB-ZB 472 str.pF0295 protein,zg (g 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’_ter, major facili- gut
16041 tator family protein,, g
Enterobacter cloacae | Putative multidrug resis- gut
sub.séy. 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,s 4
Bacteroides uniformis Uncharacterized gut
dnLKV2 proteinys; 745
Escherichia coli Uncharacterized gut
2845650 protein,s 4
Prevotella sp. Putative thiol:disulfide gut
CAG:132 interchan%e protein
DsbDg 14
Enterococcus faecalis | Putative transmembrane gut
06-MB-DW-09 permease MsmF; ,,
GFLFLTWZW 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
Loca .
Muta- M protein Homologous protein lization M protein Homologous protein tli_c?r(l: ?rlllfﬁ;}
tion i i i
I heptamer Species heptamer r:ﬂr;h:n heptamer Species 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 9 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 111
FLTWICLZW No homological heptamers in commensal |_|_-|-W|(--;|_28_311 No homological heptamers in commensal or opportunistic bacteria
or opportunistic bacteria
Vool Enterobacter sp. Formate dehydro- gut No homological heptamers in commensal or opportunistic bacteria
" CFVLAAVG‘”O Ag1 genase-O subunit CFVLAALG””
9amma,,.5
No homological heptamers in commensal Bacteroides dorei HAD hydrolase, family gut
FVLAAVY“‘” or opportunistic bacteria FVLAALYGS’” CL03T12C01 344350
VL AAVYRGB_n No homological heptamers in commensal VL AALYRSW Bifidobacterium longum | Putative ABC transporter gut
or opportunistic bacteria 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,.,; | respiratory
tract, lung
Lachnospira- Uncharacterized gut Acinetobacter sp. CIP Uncharacterized oral cavity
LAAVYRI‘”‘” 3ce13e5 l;ngrig% protein zg.1a LAALYRI‘”‘” 101966 protein g
Lautropia mirabilis Selenide, oral ca- Prevotella melaninogenica Hydrolase, NUDIX upper
AAVYRlNGB'” ATCC 51599 water dikinasesgg, | Vity, upper AALYRINSS‘” (strain ATCC 25845/ familys, ¢ respiratory
respira- DSM 7089/ JCM 6325 tract
tory tract /VPI 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) 4 12 Bacteroides nordii Uncharacterized gut
CL02T12C05 protein;g. 76
No homological heptamers in commensal No homological heptamers in commensal or opportunistic bacteria
AVYRINW59'75 or opportunistic bacteria ALYRlNW69'75
VYRINWI7O_76 No homological heptamers in commensal LYRINWImS No homological heptamers in commensal or opportunistic bacteria
or opportunistic bacteria
lgoT Ruminococcus lon channel, ;. qut Enterococcus faecalis Dephospho-CoA gut
al | MGG, | e e 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 oz 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
gravesze;;(l)'% ATCC proteinyq 457
Lachnospiraceae Uncharacterized gut Enterobacter aerogenes Uncharacterized gut
GlAlAMA79'85 bacterium 10-1 protein g 1s4 GlATAMA79'35 proteingyg 50
| A| AMAC,.56 No homological heptamers in commensal | AT AMAC5.55 No homological heptamers in commensal or opportunistic bacteria
or opportunistic bacteria
No homological heptamers in commensal Lactobacillus paracasei | Class |l aldolase/adducin | oral cavity,
AlAMACL&*'m or opportunistic bacteria ATAMACL“'” subsp. paracasei CNCM | family protein g;.1o7 gut
1-4649
|am ACLV6 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 nucleo-
capsid (N) protein, namely R,;sM and Dy, Y [11].
N protein Delta variant 419 aa

MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQR
RPQGLPNNTASWFTALTQHGKEDLKFPRGQGVPINTNS
SPDDQIGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTG
PEAGLPYGANKDGIIWVATEGALNTPKDHIGTRNPANNA
AIVLQLPQGTTLPKGFYAEGSRGGSQASSRSSSRSRNS

SRNSTPGSSMGTSPARMAGNGGDAALALLLLDRLNQL
ESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRTATKA
YNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKHWPQI
AQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAIKLDDK
DPNFKDQVILLNKHIDAYKTFPPTEPKKDKKKKAYETQA
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
N protein Species Homologous protein in the human N protein Species Homologous in the hu-
heptamer heptamer heptamer protein heptamer
body man body
RopsM STPGSSR Prevotella NHL repeat oral cavity STPGSSM No bacterial or cereal sample
191208 1 puccalis ATCC proteinggg 51 197208
35310
TPGSSRG No bacterial or cereal sample TPGSSM G Bacteroides Uncharacterized gut
196204 1824\ uniformis CAG:3 protein g 15
PGSS RGT Zea mays Putative WRKY gut PGSSMGT Oryza sativa Putative gut
190:208 DNA-binding domain 19205 1 subsp. indica uncharacterized
superfamily proteingss ses
protein g g,
Sorghum bicolor | Putative unchar- gut
acterized protein
Sb079002490,; 5
GSSRGTS Sorghum bicolor | Putative unchar- gut GSSMGTS Fusobacterium Permease family oral cavity
200206 acterized protein 200208 sp. CM21 proteinyg a0
Sb089014350, 7.1
SSRGTSP Hordeum Uncharacterized pro- gut SSMGTSP No bacterial or cereal sample
21071 yulgare var. teiNye; 73 w201
distichum
Oryza sativa Expressed pro- gut
subsp. japonica teinyg.000
No bacterial or cereal sample No bacterial or cereal sample
SRGTSPA, 50 ' P SMGTSPA, 105 ' P
RGTSPAR Oryza sativa 050690523800 gut MGTSPAR No bacterial or cereal sample
25209 | subsp. japonica protein.g 1p 205209
Dy;7Y DKKKKAD Prevotella sp. Pseudouridine oral cavity DKKKKAY Lachnospiraceae | Oligoendopeptidase gut
ST oral taxon 473 synthase, RIUA 3T bacterium 3-1 Fiso.415
str. FO040 familygs 301
KKKKADE Prevotella sp. Pseudouridine oral cavity KKKKAYE Oryza sativa Putative gut
1281\ oral taxon 473 synthase, RIUA 281 subsp. indica uncharacterized
str. F0040 family,ge.300 protein,geo.1096
Enterococcus | Uncharacterized pro- gut
faecalis teingge.400
KKKADET No significant sample KKKAYET Bacillus infantis GntR family ?
sre318 S1831% | NRRL B-14911 | transcriptional regu-
lator, &
KK ADETQ374_380 No bacterial or cereal sample KK AYETQm-sao No bacterial or cereal sample
KADETQ Ay so Homo sapiens Myopalladingg ¢ ? KAYETQ Ays s No bacterial or cereal sample
ADETQ AL Oryza Uncharacterized gut AYETQ AL Lachnospiraceae | Uncharacterized gut
S6382 | glaberrima protein (Frag- ST6382 | bacterium M18-1 proteinyy, o5
Ment)sza.4g0
Detaalp No bacterial or cereal sample YETQALP Lachnospiraceae | Uncharacterized gut
QALPyrraas QALPsm5 | pacterium M16-1 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.

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

R203M T10R Fasl
D337Y Gi42D DoseN V7ol
A1s6,157 R158G Tg2T

1

1 1
( HOMOLOGY WITH
OPF’ORTUNISTIC)
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

As hasbeen already mentioned, we considered the human
proteome in general as a set of proteins synthesized by the
macroorganism itself, proteins of commensal and oppor-
tunistic bacteria, and the most common digestive proteins,
therefore studying the homology of SARS CoV-2 Delta vari-
ant with all the listed types of proteins.

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' + -

A 5157, RiseG ++ +++ Homology with a protein of Bacillus

sp. NRRL B-14911 that can provoke

autoimmune damage to the heart

LisR - -
TizeK - -
PegiH - -

DgsoN’ + + Homology with a protein of Human

immunodeficiency virus 1 (Table 4)
M (Table 6) A,S - -
Foel + ++
VoL ++ ++
g, T + -
N (Table 7) RgaM - -
DazY - +

*The same mutation has occurred in Omicron variant.
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In S protein, mutations at the positions 19, 142, 156-
158, and 950 created a number 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 possible that the presence of such ho-
mologous motifs allows Delta to bypass the innate immunity
protection more successfully.

Mutations S:G,,,D and S:DgsN are also found in Omi-
cron variant, while the mutations S:T,gR and S:A 55 157,R56G
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 4 457,R5G — are located
in the N-terminus domain (NTD,,_55). So far, researchers have
paid less attention to this domain than to the Receptor-binding
domain (RBD4.559)- 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 vari-
ants in 14 positions. According to our data (Fig. 1), six of these
alterations involved in the increase in the homology of coro-
navirus 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 pro-
teins of opportunistic 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 F,lL, 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 envelope [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,; 506 Which is homologous to the Per-
mease family protein,g, 5o, Of FUSObacterium nucleatum, an
opportunistic periodontal pathogen of the oral cavity [14]. The
mutation M:D,,,Y caused the following effects: (a) disappea-
rance of the heptamer KADETQA;5 551, homologous to the
human protein Myopalladin (MYPNg;g), Which is involved
in communication between the sarcomere and the nucleus
in cardiac and skeletal muscles [15]; and (b) emergence of
KKKAYET,;3.370, homologous to the heptamer GntR family
transcriptional regulator, ¢ Bacillus infantis, which is involved
in the provocation of immune myocardial disorder [16].

A recent review of the available evidence for immune
mechanisms 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 autoimmune 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
structure of the protein molecules of viruses and eliminates
others. One of the “aims” of selection might be immune eva-
sion. A virus can achieve this by making the most functionally
important parts of the protein molecule as similar as possible
to the proteins permanently present in the host. Microorga-
nisms, due to their genetic diversity and the huge size of their
combined genome, provide more opportunities for viral mimic-
ry than the macroorganism itself. Delta variant has increased
homology of S and M proteins with proteins already familiar to
human immunity, namely with opportunistic bacteria proteins.

The capacity of SARS CoV-2 for immune evasion can be
considered universally acknowledged [3]. Coronavirus and
human 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 bac-
teria and opportunistic infections of the upper respiratory tract
and lung. In this case, the S:A,5 157:R5,G mutation deserves
special attention. The reason why SARS CoV-2 Delta variant
has these specific qualities, most importantly increased lethali-
ty, is most likely to be found in a mutation 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 further 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
database, in which the amino acid sequences of proteins are
encoded by a one-letter code. We cut the primary structures
of the coronavirus proteins into heptamers using the frame-
shift method and searched a separate database of 75777
molecules of human proteins [18]. This number is about three
times the real number of all human proteins because of re-
petition 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 taxono-
mic range of evolution from bacteria 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.
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AONONMHUTENBHAA UHOOPMALINA

Bknag asTtopos. A.T. MapbsHosuy n [1.K. Kopmuney
Hanucanu ocHoBHoW TekcT pykonucu. A.T. MapbsHoBuY W
[.K. Kopmuney nogrotoBunu aHanus gaHHbIX. ABTOpbI Npo-
unu 1 ogobpunu brHanbHy BepCuio nepe nybnukaumen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SIBHbIX W MOTEHUMaNbHbIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHbIX C Nybnnkaunen HacTosILLEeN cTaTbi.

UcTouHuk douHaHcupoBaHms. [laHHOe uccneaoBaHmue
npeAcTaBnset coboit MHULWNATUBHBIA NPOEKT aBTOPOB, (K-
HaHCMPYEMbIA UCKOYUTENBHO U3 UX MIMYHBIX UCTOYHWKOB.

3asBneHne O AOCTYMHOCTU AaHHbIX. WCTOYHMKOM
6a3bl AaHHbIX N0 75 777 cTpokam GenkoB YenoBeka sBIs-
etcs [18]. MicTouHuk 6asbl AaHHbIX 06BEMOM OK. 33 MIH HU-
Ten Bcex BuaoB 6enkos [19].

Unnioctpauun. [ns cosgaHus Hawux unnoctpayui
Mbl ucnonb3osanu GIMP (Bepcus 2.10.22). PucyHok non-
HOCTbIO OPUTMHATBHBIA U HUTAe He nyBrkoBancs.
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