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Abstract

The SARS-CoV-2 virus enters host cells through its spike (S) protein. The S2 subunit of this protein plays a
crucial role in membrane fusion, and its mutations may affect infectivity and immune evasion. This study
investigates mutations in the S2 subunit. Genomic data were collected from NCBI and GISAID, and key mutations
in Alpha, Beta, Gamma, Delta, and Omicron variants were analyzed using tools such as Cn3D, SPSS, and
Geneious Prime. Among 10,000 analyzed sequences, approximately 78% contained at least one mutation in the
S2 subunit. Mutations including D950N, S982A, T716l, and P681R were identified in the C-terminal region of
S2, which are likely to induce structural changes (i.e., the ability to maintain functional conformation under
various conditions) and enhance viral entry into host cells. The P681R mutation accelerates furin-mediated
processing (protein activation via the furin enzyme at the S1/S2 junction), thereby increasing viral transmissibility.
These mutations are also associated with improved structural stability of the protein and a reduction in binding
free energy (AG) by approximately —1.8 kcal/mol. Understanding these mutations is vital for designing strategies
against emerging variants and developing broad-spectrum vaccines, as conserved regions in S2 represent
promising immunization targets. Furthermore, probiotics can contribute to reducing disease severity by
modulating gut microbiota and enhancing secretory IgA. Strains such as Lactobacillus casei help reduce IL-6
levels and stimulate regulatory T cells, thus mitigating inflammation triggered by mutations like P681R and
alleviating the consequences of viral infection.
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Bioinformatic Analysis of the S2 Subunit Structure of the SARS-CoV-2 Spike Protein: Impact
of Mutations on Virulence and Pathogenicity Severity, and Exploration of the Potential Role of
Probiotics

EXTENDED ABSTRACT

Introduction: The SARS-CoV-2 virus, identified as the causative agent of the 2019 coronavirus disease, utilizes
its spike (S) protein, a homotrimeric structure, to attach to host cell receptors and facilitate viral entry, with the
S2 subunit playing a pivotal role in membrane fusion. This subunit, encompassing heptad repeat 1 and 2 (HR1
and HR2) domains, is critical for the fusion process, and mutations within it, such as D950N, S982A, T716l, and
P681R, have been shown to influence infectivity and immune evasion across Variants of Concern (VOCSs)
including Alpha, Beta, Gamma, Delta, and Omicron. This study aims to analyze the structural impact of these S2
mutations on viral entry, infectivity, and immune escape, leveraging bioinformatics tools to model their effects.
The research also seeks to identify conserved S2 regions as potential targets for broad-spectrum vaccines and
explores the adjunctive role of probiotics in modulating gut microbiota to enhance immune responses, such as
increasing secretory IgA production, thereby addressing the evolving pathogenicity of SARS-CoV-2 as observed
in recent variants.

Materials and Methods: This study conducted a structural and analytical investigation of the S2 subunit of the
SARS-CoV-2 spike protein using bioinformatics approaches. Genomic sequences were sourced from NCBI
GenBank and the GISAID database, comprising 10,000 viral genomes from VOCs (Alpha [B.1.1.7], Beta
[B.1.351], Gamma [P.1], Delta [B.1.617.2], and Omicron [B.1.1.529]), selected based on complete genomic data,
defined sampling dates, and diverse geographic origins, with incomplete or undated sequences excluded.
Structural analysis employed Cn3D (Version 4.3.1) and Geneious Prime (Version 2022.1.1) for 3D modeling,
using the reference structure (PDB No. 5X58), while PyMOL and UCSF Chimera facilitated molecular dynamics
simulations with GROMACS and CHARMM to assess mutation-induced stability changes. Sequence alignments
were performed using NCBI BLAST and MEGA (Version 10). Statistical analysis via SPSS utilized Chi-square
tests for mutation frequency comparisons across variants, and t-tests with ANOVA evaluated structural energy
differences, reporting means, medians, standard deviations, and 95% confidence intervals. No chemical agents
were used, as the study was entirely in silico, though future validation with monoclonal antibodies is suggested.
The protocol involved sequential steps: data extraction, sequence alignment, 3D modeling, mutation impact
assessment on fusion efficiency, and identification of conserved S2 regions, with dual researcher validation
ensuring reliability.

Results: Analysis of 10,000 genomic sequences revealed that 78% contained at least one mutation in the S2
subunit, with a mean mutation count of 2.3 + 0.5 (95% CI). Variant-specific data showed Delta with 2.5 £+ 0.6
(median 3) and Omicron with 3.0 £ 0.7 (median 4) mutations, reflecting higher mutational loads (Table 1). Key
mutations—P681R and D950N—significantly enhanced spike protein stability, with a median free energy change
of -1.8 kcal/mol (range: -2.5 to -1.2 kcal/mol), where P681R accelerated furin cleavage, boosting transmissibility,
and D950N with Q954H altered HR1-HR2 angles to improve membrane fusion. Immune evasion was notable
with Q954H and K986P, reducing neutralizing antibody sensitivity by 42% (range: 35-50%) and 38% (range: 30-
45%), respectively (Table 2), with Omicron exhibiting the highest resistance due to clustered HR1/HR2 mutations.
Delta’s P681R increased disease severity and hospitalization rates, linked to enhanced host protease efficiency,
while Omicron’s D950N elevated transmissibility with lower severity, potentially influenced by immune
interactions (Figures 1-5). The study highlights that probiotic, such as Lactobacillus plantarum, may reduce
inflammation via TNF-a modulation, suggesting a complementary role pending further investigation.

Discussion: This study elucidates the structural and functional roles of S2 subunit mutations in SARS-CoV-2,
demonstrating that D950N, S982A, T7161, and P681R in the C-terminal region alter spike protein conformation,
enhancing viral entry and transmissibility, with P681R notably accelerating furin processing, consistent with
Wang et al. (2021) and Hoffman et al. (2023). The identification of conserved S2 regions, such as HR2, aligns
with Kottard et al. (2020) and Rapp et al. (2020), proposing them as targets for broad-spectrum vaccines.
Probiotics, like Lactobacillus reuteri, may mitigate inflammation from P681R by upregulating IL-10 (Dhar &
Mohanty, 2020), offering a novel adjunct, though empirical validation is lacking. Limitations include the in Silico
nature, requiring laboratory confirmation, and incomplete immune interaction data, potentially skewed by sample
selection, differing from Gu et al. (2017) and Xia et al. (2020).

Conclusion: The study’s extensive genomic dataset and advanced modeling explain these variances, suggesting
S2-targeted inhibitors and mRNA vaccines as future strategies. Probiotic-enhanced IgA and anti-inflammatory
responses could counter Omicron-like variants, necessitating controlled trials to refine this approach.

70 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-138-fa.html

MG FF Olrio (Yoylois — 1) 099) 2Iié asluo 15 (63,5 (6590 mg 5o doliliad I

B W95 ol w929 Ty T buo! ST U9 g5 sbLe  Ciloyadilan Juloxs
b Cigng g 0gdll &8 wy g 9 (215G DU g Du> p by g

LAl o S5 T siteme 558 T U 99y (SBT 9 gud el o) 63LT b o o0 ST o

Ol el g5 e ol 33T o&ils (5557 1o Ol g5 Aoty ol S 0s 8 )
Ol <05 ble) 5T gy (e 3T meis 65 5SS g 05 8 Y
(it Ol dRVSRI) (515 (55lo p w5 S T5 Slidions o g0 (8S55 gikige 5 SngiS o5 ¥
Otz S (AREEO) (5,58 s 5 5 20T
)JJ}AT¢QLE.:E>JQLU'L~c(RVSRl)szl)sturﬁ)&wf\);)&:bdw}pg@u\wjﬂj&mfbaj; ¥
Ozl ez S «AREEOD) ;)58 s 5

VE £l PN s Gsb VETIYIYO 1ol yd o b

[ Downloaded from amfi.ir on 2025-09-07 ]

o>

i

23 05 21 S2 s 55 5h on OT 35l 5 0dd Juate Ol jae dgho 4 (S) Sbl 55 2 Ga b 51T s S sl s 5
o 4 AR ol Al S S 511 5 a3 she Al o0 OT sl i 53503 (bl BB gl b smman
b AT Glacilyls 5o S gla igr 5 ol L;J,Tc.? GISAID sNCBI ;i 55 sbesls .5 S2 sla ig>
w0dd gy Jg Ve 5l £ es Geneious Prime 5 SPSS (Cn3D oy eyl b 0s Seel 5 W (Ll
C-terminal «>t ,sP681R ; T7161 S982A DI50N (sla igr . 135 S2 ;5 g <K Jld (slyls AVA 350>
J:Q«\pl)(qi:»@\;,gdgﬁwﬁzm@u\j&)wuuuﬁW%m,uf,uu_ﬁuusz.\,\}ﬁ;
st oo 53 02058 2 3T G b 51 55 5 S led ) (2558 2515, PBBIR g .65 8 o sbo & s 053555 215
ﬂK,;,:s,ﬁL;,t;uL;,l,\ig;MLfuu;@.,J_\W.M>@uz_|};lbd,xjdﬁ;gdus|,cjwst,(u4>\}x5
W s bbbyl b ablie glas,mly b 5o b igr opl Colis .ol o Jge S 4S -1.8 550> b Jlast AG
u@ﬁ,ﬁ‘@tﬁojpl.mdjum\dlﬁwug)\mszauww@\ytﬂj‘@t;},@\@,éudﬂj
o Sl SN S Sl e tias (AT (6 olen Do il g e (e 5 IOA Sy s 5 0305 U sms S s G b )
ladaly 5035 fwi 1, PEBIR Gy gla i 51 (56 Cledl oS a5 T (slad gl &K o5 5 IL-6 2alS7L 5518

as o ATy g s

Y s sS sl SY ol e o 9 bt (Sl 55 5 (S s S Loy 5l gt U 0319 S

* Khosrow_ak@yahoo.com

e 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

Sull g Da> B U Y w995 il (e s gy SOLwlS Y asly ) slisle (Seilo yaiilgn ko

G5 1y 5 5gb L(F) ol ok 4 S L5 55w gl
15 487 05 Sl 5 W3 ASle oY Sy 58T sl s e 5 il
S S5 50 Oys et (ks SY Usly 55 53 sdste Sla i
e J101A 5 25Siste IR 5o bt p) A
Llesls glas s Sladlas - P g e B e -y
Al ) 03 e s 4 Sl (s 55 sulate gl hgr S
R 55 sps LUls 5 glilisie » ASlg o SN
58S SO 0L 5 s, 3G (s
B30 3 a8 Sladss (Jl ol LYY YY) 0K
nl el 0 el s T3 pl p SY dsly 5 (sla e
7235 15 Sl 55 5 )bl (oIl NS oo b e
(oot ias (il 11y Lae b gmen AT 5 o) 5ol
4 93 Sl SEalS sl ol (Sen b e 0!
AE 383 e Rl Lpd oS i el 5T
e L OT Jales 5 s 59 Sty SY Uy 5 sla e

SIS Gla g (o) 2 5 okl o canlllae pf ol
SY LS sle sy ESGbwl 55, SY Ay 5 s
DB Olge Jsbe & esps 2505 2 LOT B
S5 Sl o3zl b ool g e 3113 5 2155 s
o % AR ol s Sledie 5 Sl il
T7161 S982A DISON sle ola igr L5 SY d>ly 5
5 ie Bemen o) (olsle gyl PEBIR
d\cw.:j\:ﬁ@&\Wj\)\}):wjﬁj&u}}
S SY sl o3 edicblis g gluls 4 sl
as SheSTly Flb Gl Sl Ol 4 Lilg e
5,8 15 eslizal 350 J5Sse glrediS lgs 5 Caldll

5 ACE2
6 Walls et al.
7 Korber et al.

L SCigmgy 09l i (w5 9 (2155 rlow

-

Ao

YN s s Uy S (ol Jolo 'Y g ST sl s
ans e 55 (S) SNl s 0 55 gr S
Lad 51 (Al w1 JSCie) oo s o) sty o7 ol
Dok oo, 8 & JLasl s 5 558 0 2o 35
2 ST R s Sl Jbe 4 s 255 5 Ol
ol i 33 SY 5SY dsly i a s s a5l sie
30,8 & il s 5 5 4 48 it Sl 55
4 Sl ¥ il 5T Joon o 5T 8L 0 L2 (5 e
Sudsbe 655 Y L3S ol s ool oS Ol
Y 5V LSS sk s (V) uS e Jes Ol
Al i e dgmmen AT 5 53 48T L SY Uy 5
oo 5 0azSTOLSS Syl ki 43 T NBOLY i
Lol 5,05 513 ST dols 5 53 a8 o0 5L LE 5 by (T
ol (1) 0K 5T 5 SY asly ) ksl Wiy
SV ol 3T dbe 53T & Jlal Joo (RI3L e
Sl ool g oD Sl olen Sl3CSske il
2 E e Y 5 (ST sk s Gl s 53 35 se
Lie plesl gblS 2 am 53 5 aole i ksl )l
oz Slemans onl 2 4 pamie o S5 1K 5T
ol Ol dbo 43555 55 0T U155 VL JUsl Ce
S e O e 5 L8 55k (655 (ol Slasios b o
3053935 Ghol Jale Olsioa (8) ESSlul (55 5 i 5d
bl 5 LSy ol Oda Objm sbdshe
1 SARS-CoV-2

2 COoVID-19

$HR1 & HR2
4VOC (Variants of Concern)

7Y 1o pluo ;5 (69 3,5 (659 gmg S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

wdlgw.wgﬁba&fuﬁ;ﬁ-éhéﬂféleﬁ
Sl ST 5 (s pats GOl army 4 Ll oo 5
Siledde Dlallle (&5 gai Ol e (0) LS &KL (Gukns s
JUasl 55T (65,51 2l LPBBIR iga o5 ilesls olis
Soolsg T3 e p S S —VA s5u> Ol @
Joe 03 08 3T Gk ) s Sle JW) (s
B e 5 S med (sl ) L]
Cpmmad ol okl ol 5 YO 31 2o b s s 6 bz
BY spde el L Oy Sl bty 5> Q954H i
Uy oas s LgLaLg:l{L;JT 4 Cawlus (g )ys
ORI ol Hsbay |y ) e 51 1E 53 s

.Médﬁ

95
1S 5 4ig0d 0978 § () 290 dmelr

S5 SY Aty i bg e (S5 gl IS canlllas ol )
L le gn g 315 (5LaollL 1Y 587 sl eSS L
4 sl Sler S oL esls 5 (S5 esls oKL) 03
o5 0513 oL 151 i T slaosls sles (o ST zal
IV game 53 e L gl il (rs s
oS 1SS il 5l s s SIS Jold (o555
Ws AP.1) LE Y(B.1.351) kb JB.LL7) WT sl
ol ijgz.a\
Sl gl oWl allate b S ¢ 551 (0 5

"(B.1.1.529) 5'(B.1.617.2)

ij\.z 9 PE Ry -LY Wosls ‘J‘.'.J i Jlesl \A‘;‘j

¢ Alpha (B.1.1.7)

7 Beta (B.1.351)

8 Gamma (P.1)

® Delta (B.1.617.2)

10 Omicron (B.1.1.529)

RULSC ISl

Sl é) 4 Ll g e Gt oyl GLJ Byls Glos g a5
23S she 53 SY Uty ) gla Ligr LD 3 3 3 g ge
drng Slp 1y oy 5 A4S LS sl e SIS
550 0) b lsen Kb 5 Slys e slas ) 2l
poms S SroliS WS Ol beSSsmsp ckuly ol
A3 er B 0355 ) e Gy b I AS1 5 e 03
Ol ol Sldlae 1S Wl Y 958 sl o pee S
Wl LSSy e GBage S Wlesls
Sadsbe s 150 L il e I T sl S
Wl gl GlaoS e Mg el 5 euST ks T
SIS el G ) O sl Jae 9= ST
S ald 03 ensh (el S ol ey G
s s ol il Coge PEBIR wile Lo i
b e Sl isdioe Jshe 4 esny 300
G S ety sba el (S S 55 2
Slgier e DIEE Sann Ol el
DKl K Ol sie a5 S Hlga 1) oI55 sie odas 53
S Syl Sl SE ol s el s faSe

YY) Lgd ke ¥ 587 ol

AU 38 S S Cul plul ol Gadsw ol Gt
Sl L Sl ane g 4 Ll o SY Uy 5 o b g
5 YassS ol b ablie @l s 4Ly s
daos s S a5 b oaddlas ol S SGST 0T lacil s
3y 33 Gl e i S dLis 4 b ige gkl
@l 5 0L Jobe 4 sps 390y SleilSe
SY (sla g 0T 3 b 51 a8 ol (J oS g0 (gla e So

)JQTC.«.A)LEA}aJ\J&\}é‘bw}ﬁ}&UCﬁ}&&xJ‘j@

! Gut-lung axis

2 Lactobacillus casei
3IL-6

4 GenBank

5 GISAID

7A 1o pluo ;5 (69 3,5 (659 gmg S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

Sull g Da> B U Y w995 il (e s gy SOLwlS Y asly ) slisle (Seilo yaiilgn ko

bl S5 SY dlgp 4 by S5 s s
oK) 05 L Asle e 03l Lol 1Y g ST ol
(é:bj osls

o5 0313 o) 15T (slaosls ales (g, 08 ST il

4 sl S LSS WKL el

o3l b o JI 5 cplcpas o po 53 ks ol el (g 9
NCBI 5 (V&) MEGA ile Sl 5l 5 sla,l 5l )
S ilyls 5o S sla jigr 5 ol il 52 BLAST
Clmdw b s d e s bl gleld Calie
(PDB 558" sl o o il olsl &Sl 55
Ll gl Ly el N0.5X58)
ol Jdos (FX.) 455)CN3D 5 (V.. 5eus)PYMOL
2 oekbglils Gl ter U il do e s Ll
D35 T3 53 0554 e mans 3 Shee 5 (255 SOl
E ey A e 5 W lg s W e plis
Calises slaai 8 n 53 & SY dsly ) 5o edscblis
Sl Olge 4 b lus olald (Llodds Las Uy S vy 9
leoliSHles 5 Caldll pwy STy (b Sl
5 G55 psba Jole ol LS 1 eslind 350 5S4
BB S 258 Jols Olabl b Lud el oSl
Olgeas (Y,A4) iz 1SS L6 5 slazel b6 odaT s
A Ol o] Sl s (JoSe 380, K
Soier spdm 53 gl Fal B ST
dos p adlas ol 4 S5 S ey 1) S2 asly )
b A ale3T (sladibe Sl aslizal 35 5 ez (Sile yiil g
L5 o padeds i S bodedy Al S g (Sl g
el 3l 0 ol rals g STl Ol S
030355 p g s Sen A 4 4 5 Lo 94 c0 5 Sl 5 s e

(YF) &S7 gL 551 (el e b Joles

L SCigmgy 09l i (w5 9 (2155 rlow

OBl ES Mo sy fwd 3 ot ool Sl
S 6305 3B (55 Sl DMl (2ls Juld lad pos
SN &S ol gad 35 ¢ g0 Ll pr alate 5 el
ol s Sl anlllan I dizdls aseial g b b el
Ol (gl i Cumdgn 4 bg e Oledbl fals Laosls

() Ldg ws 945w s Lsxfdri

&qu 9 ‘5)\:}‘-‘“ J:.l’r.'; L.s‘j’ :l“)‘}e‘ 3 l“‘.;?S)
46v) CN3D 5le  SC5ley 5l 5 slaslile 5 51 o g
A eslamal (YeYYNY aeu) GeneiousPrime 5 (F.¥.0
g Sl el Sl 5 i gl
Lds s 5 wsle (PDB N0.5X58). 5 5 sl
NCBI sle 03T (slajlpl 51 eslizal L s JI5 (551 5o
AU sz 812238 il (V1 ) MEGA JBLAST
S5 Salus lagiluans (Y. au)Chimera
b o bl olbl b ter 30 A8 eslial

5 (FY4w)GROMACS wile  J5SJ 50 ¢Salu s sla ) 5!

V) As vy (FVa=)CHARMM

(sibard 03le g Sl anlllas ol ! 19,15 9 2 load SMg0
sl JelS pgba ags 1) ki el gl L
p.,urwé;,ftfdjwvu,égu,,ﬂﬁdu&u
Al b s e s 5T HLSS & 5l S s 53 b )
b US55 ool T S asde blghy (mb
Skl o pae sy 5 50 b SsSse slaediS e

c(A) 348 o5l

osb s ol s G IS5, I G STy
LJ}\A}-ﬁ)JM(\;u‘Lng:Kd?'fVL’J)J)éST;W

1 Bifidobacterium bifidum

74 1o pluo ;5 (69 3,5 (659 gmg S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

Sl ol gl a8 eslinal” (Gulyls )
o3lizal' Slabl Jol 5" e Ol il & dils & KL
e 5 A eslimal ( YFN s SPSS 53l IS REE
Loply oS Wl Ca b o sles s bl lsbixe
S35 oS P b s @S s s p<0.05
5 b g a 6lp OT Slae Ol il 5 (giludled

As S

:@tzs

Alods &1l ouS” uns e sl g5 (i ol o
sl 55 cdzils IS b (6568 ST oS laesls L
w5 Jg Ve Gl Lleds 4ot laylsses
23 S OS5 il badsed I do)s VA Gl
LSYasls 5 )5 b igar sliw 5K bke . xils SY Ul 5

Be b DTN Uslas dsy3 40 Oliadsl 5 g

RULSC ISl

o) TSR O 5 985 9y § DWSTue £ R
QW‘M@&)\:}})}{&)&}M—&:H&A}}:&Q%
33055558 iy el ol b b s Kb 3T
s@tﬁw)"bt:mbld\ﬁ‘JB-J_H{.MJL«P\@JQ{\

V) s

s 4 5 Conl WAL s esls :‘533/3‘ Js.o' cele)
(65508 Goluted) Shipl 5 (SSloysiilse anm s
ot oslitel a&ilejT Sllg b (gle s O3
ol Cﬁ[&) la .>‘)|u\.3t..w‘ L d.:‘.b.ﬂ é%. J}.ﬂ‘ CL‘J 9 Sl

ol

aeslie (5l SPSS LIl o5 o 1 SokT SGge3T
TS e 05057 lecalien il s 5o i Sl
o 65;"} QQJL:>L“' &‘AQ}LQJ R Lg\J.;. 9 L eslas!

95T stotest O gayT 31 cadl igor b 5 anl ig> slade

Y 995 Lwolw Calis SS9 33 SY w9 93 S e i Jove

Silyly | Ggai sl | o igr oSle | wle | Slas ol ol | ST 4l
W7 VY. VAL ¥ O-v) ¥ 0.4 0.8
(¥ Qe Yat .y (O-f) Y 0.3 0.6
L& A Yoty vy 0.3 0.6
s Yoo Yozx.g Y-f) v 0.6 1.2
05 Sl | FYen Yoty | (Y-0)¥ 0.7 1.4
5> Mean ! Blinding
6 Median Z In silico
" Standard Deviation 8 Chi-square
8 Confidence Intervals 4+ ANOVA

1o pluo ;5 (69 3,5 (659 gmg S aoliliad



http://amfi.ir/article-1-138-fa.html

S 9 Sa> B T w955 ke (99509 s SalewslS ¥ oy 5 LS s (Sl giilg Judxd

(doys 00 b doys YOI osgdows oy FYD vl
ottS o (lacsab BT b ESSlal (55 5 SO (g
ol Ol i 4 meie Al 95 0 SY (gla Jig oS sl 0L
S sl ool 5T Loy (Lt 15 G5 b5 o) 2
sk glaast s LAU.“.@.?C.?JJ:’J‘U.GO);:ATQ}M s
Loy Gl s oy 5o 6tk Cuslie Yo\ (o)l SO
213 Ol s ge LSy 5 JUS 5 laeal ST
dols 5 53 TATBK 5 LAB2R (sla g (sl,ls s &bl
LK 5T 5 SY dsly ksl Al e a5 ol ST
Y o 3T dbe o 5T & Jlail e G211 L s e 0
W S3bols e op!l 2 osdhe dizuas ol jon oI35 sk il Bl
S CwlSUS2 iy Jowe S35 53 PEBIR g Il
Solwdled 4 53 5 das Il G o8 Ll e

) JS8) ams (Bl e plesl 61 S 55

L gm0l i (ow)y 9 (2155 5low

GoLL Glslne ysba DISON 5 PBBIR (sla ig>
S5 Dl aile) Wsls Ll |y eSSl 5y bl
SNY L YD tesgdee (s ST VA D SGT
Olas Kooy il su (g lwd e Sldlas (Jse I8 LS
Jlasl 4l 55 Ste )b sl s 4 PEBIR ig <5 sls

GAIF Ol dho 4 g s Jlail olbly ¢S5 ponan
slasly 53 Sl Q954H 5 DISON 5 vl esls

AT 5 g5 8 slwl ¥ o) (6, S5 sl slaasb o (g bl

lodiidy S 1y Lis b goeen

o s 3 3139 3 B g WG

Conlem 2ol Col KIBOP 5 QO54H (cla g

Sl 6le) Lus eiS m slagesl 5T 4 es s

) S gl Ay g e

1 45

sy

Us Sl

P681R D950N

Q954H K986P

-55

- 50

(%) e 1A

S, (D950N PBBLR sle) ol (slaigr 5l s sus ol 2 FHS1 g9 315903) 3l 39 9 AG » Sonls” Sl g 3T ) S
S J syl ly gl 56 op 2t AG L ge 2l 5 el 513 a5 FY LQISAH g s o 0L 1y il 513 U155 (AG) 53T 5 50

o GBS s o OLE & g o 53 |y Ll b el 15 Aoy ( ST s e ol 55 K, 5,03 gl 53 5 1 5T o 28  PEBIR i
St )3 0kiasOLE (5,5 5 pigy o o) s,y ey oS o 3 cdiis (YO—107) sasl 515 5ol slades s Kb (o5 T 5 i aile)

| e.u»(.._la';dﬁbcmbwuiij ol 53 (007) e o VLG (107) Ik oy 5ol 51 SOy b ol ki (00—F07) 5V

[ Downloaded from amfi.ir on 2025-09-07 ]

A $Ios @luo ;5 (69,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-138-fa.html

o)lS08 5 50,51

S Whosls Olas Slalllae LIS ST Lk plesl 41,6
Y ssS ol (S slaciloly 4 Sl 0 Sl S
Fpslie oS s b STl p 5o 5 BB b 4
Skt J oS 5 s 4 wlg e Caslie ol Ll
03 g g Sl her S SY 5 SY Uy s s
SloduS” > LSL“&SJL&;GT Jlasl 5 il g 0 SY Uy 5
w a3 5 LI 5T das o 15 s |y as b opl oS

(Y JSK8) ST 15 a3l A28 05l w5

S R

Sl S g 5 53 g T Sl e sl 09Kl Sl i
b ig opl yls L15 SY dals 5 5o T 51 (olaw S
i ok sPBBIH (D614G (N50LY (sla igr Joli
la i ol otz Y 5) (g ST slin (slaasb (sla e s 53
e o jad ol 0t 511 5 (g5 ske 1L
L§J|J§7b@db%}béhaﬁij:JﬁyéuuﬁRce}J

2 3 s el Al el ol WS e V)

P681R

551, (K986P (Q954H (DISON (PEBLR) (s.ulS” (slaigr Slslp o sei ol IS NG ot Bsia 91 (Sehrrdus 315905 ¥ K5

o3 Ao p3 Ve Oljee & Slsl 3 o 2her b 09,Snsl bl 53 KOBOP g . as oo (iled (05Kl s (Lol ol W) Ll glails

Al el 513 ST U1 (s il sl e JRlSS (5l e 030U 57l 3 55 0n

Sl Eel DISON g g Kool g 3 551 a5 o
o) o b g s OBl 5o Dk s 4 Yo

bl oo ol Dok 55 ol ol (¥ K)ol Ol ae

W3 g 53 (G slow DD b ST (Sla ez b
‘Mdﬂtj}d)%@-&ﬂ‘};‘ﬂﬁap68lR%

Ol Sadshe & 3555 03 o ns 2 RIBIL &S

[ Downloaded from amfi.ir on 2025-09-07 ]

\Al $Ios @luo ;5 (69,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-138-fa.html

S g DAy LB 755 Y 995 ()l (w929 iSg 0 SolwlS ¥ anly 5 5lisbu (Siloygiilgm Jaloxs

o e ol s 655 0 ESats Ol 31
(Bl i s tish e b Sy 4 il e
sl S i eSS gus s oS esls Ol Slallas
Mg Sl pldlae mal CusB L k)t
01 83 5 T )55 55,50 5 286 e o a S s
RO - I V= G [ { BN Rt w,,i:‘ Jslas

.MQ&K‘)LQJL%QMJDJ;)‘{A‘)\AW

L Signg y 09l Gl o)y g (2156 low

B Lo e 0T e 56 5 0395 pams Son 25
el SV A5l eSS gy 45T Llosls OLas Sladiss
ool 3l BL Sledsy maismomd ST L e B
2556 Ll ol G S g A b 5 Y S
ins o A1) (5l WMo St TWT (55505 3355
sDI5ON wsle oo igr b agalse 53 opsa ol opl
a5 b6 & o 31 e p 55,5 5 Jliml , S PEBIR
L D9SON 5 PEBIR e ole g il 53 ool

i gla byl 50 5SSl iea S 4

L i
D950N P681R

Q954H

K986P

lf W L

(%) LS 2

uls 03 5

Olis Calsee (Sl jlg 53 1) GAIST (Sla i el 513 Oljee )1 48 ol 2 gl 518 9 Sl 19— g Joldd )yl o Al ¥ IO
L0310 b Jslee ST sl 5155 L by 3l ls ST o bl 15 Loy 08 Ol 4 a3 o 2 05 ,80nsl ity 5> QI95AH i ms s
| JSJ»L., P681R BE]

3TNF-a

! Lactobacillus plantarum
2 TNF-a

[ Downloaded from amfi.ir on 2025-09-07 ]

vy $Ios @luo ;5 (69,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-138-fa.html

o)lS08 5 50,51

(0 e 31513 9 SY G ier B Y Joue

S | ()bl sT 4 Conleo 2ol | 4ls
Q954H Y YO0
K986P YA v.-fo
D950N vo Yoy
P681R v Vo-vo

L&i‘d*ﬁﬁd&}@lﬁ))u\iu\?dh}ﬂ‘)&\}

Olge 4 SY ab 5 35 a3 a5 das o OLis anlllas ol .S 23 SY 4l Gl e Sl A ey ) slacdl
L;L“)&A‘J GL»L.& & Mﬁg‘ canlae Sy 2 { 5 ‘) Lg)“"?f Sl 3 ‘gs"‘”..‘ J.'.J{ ‘&.Lf‘“ Cf.’.‘g‘“ﬁj‘.': L;)"xi\i

OF s slay g 5 Y i3S ol b ablis 6l 65550 S DION 5 POBIR sbasier 5o orn

F JS8) 545 o 2 IS iy NP T, S ke

0.8
0.7

o

9 :

2% 9

= 5
05 &
0.4
0.3

Qs f P681R

i e g OLES bl o 1) e (G112 Dl (el man 1 gad ol I3l Ty o i sl (e Suwmdw Hloged. £ IS
S gn 15 0T oSS el 55 W 5 W 5 la g Slsl3 Dl 3l Glslp s 1y S o i s sa 05,asl Silbsls ,s QO54H

[ Downloaded from amfi.ir on 2025-09-07 ]

v¥ $Ios @luo ;5 (69,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-138-fa.html

Sull g Da> B U Y w995 il (e s gy SOLwlS Y asly ) slisle (Seilo yaiilgn ko

sl 28 5 sl Siste o Zaslie (JUEl Al Al S e
Jolo o Jlg cpldias (l 31 g 5 BB sk 4ty s s
et i R ke 5 ) (1SS sl slaasb
LY S sl baasl dzas T Slie asb 5
Ol ge Jghor (sLid 41y g o5 Sl bl 6 S5
A2 1 Jsbe 4 o s RNA 55,5 0G5 05 87 S5

o JS8) a5 o

S2 Subunit

Furin

L gm0l i (ow)y 9 (2155 5low

¢ P6B1R 5 (N501Y « D614G Asle SY dlg 5 sla i
T p o 5 esls gl 1 eSSlal 55 5 (golul
Oeeeen Boier ol i e g 1) LB (G0 en
sl ST 4 sy Covlas Jals Eel Wlg o
Wy dsle ¢ g g b (Slaas g 5 sgb bl gd oS 2

SY J3 55 g0 b igr Sl (F &S Ad Lasie 0 Sl

Neutralizing Antibodies

S1 Subunit

STty tdas e O 1y s sl 5 Kbl 55 5 ladols 25 SVl 1S ol 1S bona!l (9T 9 g3 (SOAS19 95 Jolad 4Culs. 0 IS

JlT (5550 w2 5T) s 57 Lad sl ¥ o 550 LSY ol 5058 0 e oS 5 (sla 3l BT 5 ¥ il 5T Jiio o 5T 05,8

el G0 i b mman Gl g S 5l

3 TMPRSS2
4 Furin

LFp
2 Transmembrane domain

[ Downloaded from amfi.ir on 2025-09-07 ]

Vo $Ios @luo ;5 (69,15 (659l g9 Ko dolidiad



http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

Mg B G pel mel SosE b s
S OIS Sl Sledlas ol S
Olgea das Jals 1) ¥S Uty 5 sla tg 5l b
4039y yme @S U (67 sl s5TY 4 g (Jlio
Al e ol TB L (glamas 5 2S5 CJlb 2alS
o L s Sl s Lls e ol &S AS s Hlgs
Ol o S o i 1y g lie 0) 5 15T 5 457 PBBIR
V) mlase 5 ol dil fe JoSe 35l S
S S Sl Caerl B S 0T I L, !
Gl p S e 0l 2153l el W oLl 55 PEBIR
2B LE las 5556 s iladbé 5 b 51 el
b s sl sV 60 50 on (oS I ) lad sl
V=S Al WS CusB s e ) peiee DS e
2 5l 0B b 5 (Bl T 1 (SO sbe w5 e
Sy e sl mal Ss s eSS
ol adlas ol 6lsT 5 Glaair 51 S (YF)as
e 03 &S Sl SY sy y ediC bl sl
(5 opl Llos Laim Uy S gy Calidee glag S
Ll g e el 5 aals 5 Y (6,55 ks 4l 4 Lile
5 abllaas Sl (b ol Slal Ol 4
Lol ol 5,8 15 oslinul 35 90 IS o (glaouiSlga
b 53 e il bl g Cenl oS Sladew L
13 Glen lijls aST ier o pslie la ST
I LAY OO 5 oy MY O)0LR 55,658
b ko Vgl md oy 3 gboe syl andllan ol Jl
sbosls 5 G FaslS ludte w5 ke
ARELST b 4 5l 5 Lleds el Sley yiil g
ol e b s Jali s e 3T 360
s Slalllas 4 5L 5 Sl oS () ol sbas Ol
sdbodaliv Glals gl ¢ pioman 3415 3529 ey Cpl o

5 NF-«xB

7 Dhar & Mohanty
& Coutard et al.

° Wrapp et al.

RUL VLTSl

ol 516 S oSS s g4 15 ST laigr
Lo Dladllas LS 15 oS i lageal 2T Lw s
Sl ell Wl o0 SY (sla yig 45T Wlesls Ol
iz PBBIR Jls Ol st . dins ,ui |y Sl 55
S sl 4 e (ol GL'L s 4w 3 &S ol
2 LE a anls ¥ e S b Ol bl .
35 4 DI5ON g5 5 oo &SSlaul 055 5 (5ludlad
b3 Gl ki b g o g lulis 09 Sl 4 5
L3 e &SSlal o850 oMl SRIB ) S sk
23 S Cob e 0 &S Q954H e L 5.l
3550 Y3) (6185 2l Slaasb o (IS 50 Sl

S o LB ) men T 5 S

- 7)
)

Aoty 5 Sl g 5 okl Jlow s S i b andllae
) BG4 Y LS sl Sl 5, SY
b N 5 Ol Jshe 4 s 2505 2 b
SRen ol ST glaal ol wsls , OT &5 e
S982A  (DISON ile sls jigr o dns e OLE
(Jlwo 5-C) oS 5 S sl 4L L5 P6BIR ST716l
59 05 Gkl Ok Eel Ll 5  SY Uy
) OLss dsbo 423555 &l w05 U155 5 0kd S L
G313 g LPBBIR g ¢ ol 5 by kas il
oRIP s s B osba e JWSI B ()8
das o Ol &S LS Oladles L baasl cpl e s
wlad 0590 AT 3 5 dlg o SY Ul 55 b g
FOYVOLKas 5 ¢Kly s geen i)l IS 506
eSS gms gl osde TYOLKs 5 edla

I C-terminal

2Wang et al.

3 Hoffmann et al.
41L-10

5 Lactobacillus reuteri

vF 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

S g a> p itz Y wgsS )l gy gy Solewl SY aslg 5 s be (Siloyghilgn Juloxi

L ablis gl » MRNA (gla STy dile op 5 slacs,skd
g opomen 338 oslitel g b ier
Aty 5 edicblis g paS IS5 laodiS lgs
JiS Gy i JSal) Llg o dzes S jaze SY

ol Sn (I SVin by G ol il e gl e
55 sesls jladdlas ol Yl sl Las e fole ki 4
e Gy o S ol S o) o 28
Jeloss 5 @5ldite oty b 1o s e 05 Sl e
503y S i Gdss ol 3wy 84 Sl el e
s 8es 5 bl bier Sb 558 s O
Wilgsr Jolse cal les S palp 1) ESGlal 55
34l ol mls oy oddodalie a5 WE sl
sasl ( Jas 55,8 L5 QNN L LS Olaass
3 3l GOk dnng 4 Llg e G )
s 4 SY sy, s ¢SS (g S sla STl
(Sl (gl 5 s (b mmen A0T 3 )3 (ST 5
w8 J 55 ighe lga sl e (ks Ol 4 Ll 5 oo
e gl gl & plageSTy (b rmen 358
S 03 8 Clablous A5l g5 o (S oo WI 1, SY dsly 5
WS sl Y ST el Caltes (sailly pls s
Shgrsns ple 4 adles ol B (6 d e LB
Lid 5 prad Gla S |5 el (s BB 55655
OS e gug s o3l S ol 53 el w3 515
slgtie o) ol 3 Olides aslsl (gl .(04) ds
Wb Gl st ARLLT Sllle & 540
A s ehsy s plwl G ol slassl
23 Obje Sladbe b myny Jols 5 SY sla g
S )3 4 IS o Slam e 5 AR LST (sla s
a5 (pmpen XS S8 S S Sl g
Joaze SY Ul 4 a5 s b men SlaelliS s

3 Shang et al.

L Sigugy o9l i o)y 9 (21555 low

AVDLEL g sas Sl b Jow la Sy 53 Sl

K

S das e Ol eyl oy cji.:: Sladlae b aslas s
bl 5 bl 5 g5 4 SY Ay 5 gla i
9283908 Ll el wlg e SL L1IE b 5
S g S Glades b sl opl L5k Ol Jsbe &
Wsls ASTE gl 058 AT 3 53 SY Ul 5 S
PR TS T T Y0 KT O P SRCIN R
Lilosls Olas Sladllas 5 cJl= ol b TP Y )0 K
2 Gk bl SKan SY Uy s gy &S
@bls ¥ b 5T ddn 05T 0k, 8 4 s s Jlail
Gl o SKae g5 o T (Y Y )01 5 L sl
slilyly Sl b G gl g, 5o Dsle 51 2L
o S8 il g b el b Bl (s 3550
ol 4 e DOSON 5 PEBIR wile sla g
bl (ko (g kle adds 53 olie cogman o)
Slem sladie o) p Olallas I ol o 25 slaesls
23Sl gme Sl olgia b e cpl &S Wlesls Ol
Cad 0T 3 (Sl i ol S o 3wl (g lew Dok
I S e e O
ooy ol a4 o3 95 Sl 55 5 bl
2l s Wl sl Faly (s GlaysSE Ol

COYNE) Gl 655 g 50 5L (glaadd e

A5l 55 0 SY Uy 5 Gla Jigr 45 das e Olas Olallls
Jsho &5 pu9,93598 95 o303 U5 st 55 JB s
Ay 55 o eddlblis> g plelld ail ails O e
5 o oa ol STy b 4 Lilge SY
Dlidos gl S SS S s pats SOk
U msns Jo b i 50 &8 558 e slgitn couT

s 3sd emon FE3 ssba Olge Sl e

1 Gui et al.
2 Xia et al.

vy 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

Sgon (S o 03litl ol e 31513 5 oI5 ke
(VL850 55l

S g5 doxas

dg 5 55 SIS sla g (63 Shee 5 5okl Lo
addlas 2| 53 Y W9 sS sl s SOl 55 2S Y
¢ PEBIR L ol glasTawl Ol w8 sls olis
(S sk 15,3 T7161 ;S982A ([DISON
LT3 e 5 ol id o SheS ol Sl e
AT Gk S b e opl ish e gliS men
3 s bl 6 p A Collanil 51530 5 Jlas] 35T &5,
Objee gadsho & g5 5905 2K 0> 45 J6
Sl 5 s (g 5ledile 1 ol (slaadly iles S slow
di, 55 S2 dslgp) Ay s ebe gleesls L
Ay 548 Sl OT 51 (STl 53005 Gl o5 5ae
» 85 JB e« Sl e S0 O, S Y

3,03 wy s Wl 5 5550

Oty Olalllae 31 ool o j2ed Glaesls gy ol cpl L
IS das e 0L Sl sl e 55 4 8 ol
ol D a3 4 i LI s 3555 U185
L s Sobyls 43 PEBIR Ligr i sas Ol 5o 355 o
83,550 53 DIBON Ll cos g ol yon 6 s 5 S8
SFoml Gl Dad b p il (NI ek, e
ol J.«LG okasylis by O‘i‘ Ll 0l ol o
2l 5 0bje Gl Faly (g s O Dlaw Ole
5 lae) Sl ey (o K35 il sl 30 e ol g
SRaBL O3y ks et 53 Tl s s S Comid s
Sl 5 bl e 28 55 Og (kL

g 518 el s 4 e Ll 5 s

Jolse Olsioa eSS ms 5 JoSe 28 e smlr (2103

e Slans B Doy st (oldl 5 o C""b— oS s

2 1gA
3 Leietal.

RUL VLTSl

Lt Sloys g1l S Ol 4 dilg e s
Sl e palde il oIl 533 ,8 HF s 3540
Sl SY Ay 3 os bl S5, 3 L
3 oSl Sloyjsm s L cblibyly sl
laesls a Sl cliuly ol 55 . (Y4) Sl ()9, ks
el Bk S gy Ly S Lo OLE sl
S8 4 Ll g e (b sl Wl 5 45035, ) gme
SbL ol e BLI Ll kS LS il el
el 05 ST oS 5w 558 S2 dsmly 5 sla i
3 Sl Olgea eSS s, 3l eslimal opl o
b 53¢ S2edacbli> 15 ade dasds gla STy
e sl e 5 Ko 6K Olpen fh b
Slalllas 53 503 28 o i (Sla gy 1 An Sl 35500
ORI 50355 p a5 S @i Lo g ASTL cpl el 0 T
(s GboS sl 5 A Gyl Sl WS
LS Sloss 5 6 SRl 5 g 4 g o0
g gozma 53 () TN 5 J s oSS 4
S her A 2550 03 3 ge SR 4 ] Ol
33 sl preew S 5 (o5 sie 53SY -y )
S A o Ol el Ll o3l Y Lg S el
arw g Sl S Bpda Olge 4 Llg 0 SY Uy
ST 5l 558 a5 5 b )5 bdo gls S5 5 O s
Ol ea)ls Sl A8 L o e T 3 53 SY 4t
W25 8 i s Sighe slen g e B Olge 41, OT
S bagls b 53 SY asl (o, & oun pumes
aU 3ol 5iine S0 5 ST 058 6Ll Jds 4 la STl
bl S5 (sl Gl Ll o uSTly S 5 4 SY
bl ST b 53 Olge SY ab 31 3 b 51 .aS
My il s bl oyl plls (i
3503 oslnl Famy Sl b b ol ST
S50 55 b Slalllas (gl o 1y oly Gl cpl (uiomen

Sl Sl BOT Sl s s & S5 SlapuslSa

! Bifidobacterium breve

VA 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

S g a> p itz Y wgsS )l gy gy Solewl SY aslg 5 s be (Siloyghilgn Juloxi

@bl A ptle dtaa b R ol B elalg s
e $ Sy S e SY ey o Shes
ikl n s (GlaediS Hlge (b 5 Sy i Sl ST
B Cpemen LA e dlgin SARS-CoV-2 ..,
o sl Oolal Olsisy Aol 5 ol 55 sl blim 5
Wile JoSe (slas S5y 5 680 b olon 0555 sms!
G pialanie 5 4 Vol (Sl 5 il Ll 5 n A SSS s

S alp oy T (slacil s b ablis sl

L Sigugy o9l i o)y 9 (21555 low

Ll gbaasw Sl ol ke alsl dalpd
5 Pl eslsSY wsisy skl sSTY
SR s o35 sy g NS AL 0g s p STokd
3 A S5l Saml i s i s o NF-kB s
U ) Sl ST Dl w5 e ) S S
LlotSyfsuboel Laacdly oyl s 8 Al g2 3505 !
ol 5 Shes Ol L3yl 5 e canis Aal i O 5S6 Ll
SR 82 e polaml D15 eSS s
JoSKa b il gl O st LT b jae 055001 5) sl 0
b sl w52 5 blel bl Slos

3,8 Oy g 0T

va 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

1. Silva RP, Huang Y, Nguyen AW, Hsieh C-L,
Olaluwoye OS, Kaoud TS, et al. Identification of a
conserved S2 epitope present on spike proteins
from all highly pathogenic coronaviruses. eLife.
2023;12:e83710. doi:10.7554/eL ife.83710

2.Cai Z, Ni W, Li W, Wu Z, Yao X, Zheng Y, et
al. SARS-CoV-2 S protein disrupts the formation
of ISGF3 complex through conserved S2 subunit to
antagonize type | interferon response. Journal of
Virology. 2024;99(1):e01516-24.
doi:10.1128/JV1.01516-24

3. Chen J, Gao K, Wang R, Wei G-W. Prediction
and mitigation of mutation threats to COVID-19
vaccines and antibody therapies. Chemical Science.
2021;12(20):6929-6948.
doi:10.1039/D1SC01203G

4. Chen J, Wang R, Gilby NB, Wei G-W. Omicron
variant (B.1.1.529): infectivity, vaccine
breakthrough, and antibody resistance. Journal of
Chemical Information and Modeling.
2022;62(2):412-422.
doi:10.1021/acs.jcim.1c01451

5. Chen J, Wang R, Wang M, Wei G-W. Mutations
strengthened SARS-CoV-2 infectivity. Journal of
Molecular Biology. 2020;432(19):5212-5226.
doi:10.1016/j.jmb.2020.07.009

6. Chen J, Wei G-W. Mathematical artificial
intelligence design of mutation-proof COVID-19
monoclonal antibodies. Communications in
Information and Systems. 2022;22(3):339-361.
doi:10.4310/cis.2022.v22.n3.a3

7. Cui Z, Liu P, Wang N, Wang L, Fan K, Zhu Q,
et al. Structural and functional characterizations of
infectivity and immune evasion of SARS-CoV-2
Omicron. Cell. 2022;185(5):860-871.e13.
d0i:10.1016/j.cell.2022.01.019

8. DeOre BJ, Tran KA, Andrews AM, Ramirez SH,
Galie PA. SARS-CoV-2 spike protein disrupts
blood-brain barrier integrity via RhoA activation.
Journal of Neuroimmune Pharmacology.
2021;16(4):722—728. d0i:10.1007/s11481-021-
10029-0

9. Grobbelaar LM, Venter C, Vlok M, Ngoepe M,
Laubscher GJ, Lourens PJ, et al. SARS-CoV-2
spike protein S1 induces fibrin(ogen) resistant to
fibrinolysis: implications for microclot formation in
COVID-19. Bioscience Reports.
2021;41(8):BSR20210611.
d0i:10.1042/BSR20210611

RUL VLTSl

é.gl.i.o

10. Guenthoer J, Garrett ME, Lilly M, Depierreux
DM, Ruiz F, Chi M, et al. The S2 subunit of spike
encodes diverse targets for functional antibody
responses to SARS-CoV-2. PLoS Pathogens.
2024;20(8):€1012383.
doi:10.1371/journal.ppat.1012383

11. Khan S, Shafiei MS, Longoria C, Schoggins
JW, Savani RC, Zaki H. SARS-CoV-2 spike
protein induces inflammation via TLR2-dependent
activation of the NF-kB pathway. eLife.
2021;10:e68563. doi:10.7554/eL ife.68563

12. Wang R, Chen J, Wei G-W. Mechanisms of
SARS-CoV-2 evolution revealing vaccine-resistant
mutations in Europe and America. The Journal of
Physical Chemistry Letters. 2021;12(49):11850-
11857. doi:10.1021/acs.jpclett.1c03380

13. Weisblum Y, Schmidt F, Zhang F, DaSilva J,
Poston D, Lorenzi JC, et al. Escape from
neutralizing antibodies by SARS-CoV-2 spike
protein variants. eLife. 2020;9:e61312.
doi:10.7554/eL ife.61312

14. Xue S, Han Y, Wu F, Wang Q. Mutations in the
SARS-CoV-2 spike receptor binding domain and
their delicate balance between ACE2 affinity and
antibody evasion. Protein & Cell. 2024;15(6):403-
418. doi:10.1007/s13238-022-00954-0

15. Kumar S, Delipan R, Chakraborty D, Kanjo K,
Singh R, Singh N, et al. Mutations in S2 subunit of
SARS-CoV-2 Omicron spike strongly influence its
conformation, fusogenicity, and neutralization
sensitivity. Journal of Virology.
2023;97(11):e00922-23. doi:10.1128/JV1.00922-23

16. Lei Y, Zhang J, Schiavon CR, He M, Chen L,
Shen H, et al. SARS-CoV-2 spike protein impairs
endothelial function via downregulation of ACE2.
Circulation Research. 2021;128(9):1323-1326.
doi:10.1161/CIRCRESAHA.121.319117

17. Li F, Li J, Wang P-H, Yang N, Huang J, Ou J,
et al. SARS-CoV-2 spike promotes inflammation
and apoptosis through autophagy by
ROS-suppressed PIBK/AKT/mTOR signaling.
BBA — Molecular Basis of Disease.
2021;1867(12):166260.
d0i:10.1016/j.bbadis.2021.166260

18. Meyer K, Patra T, Vijayamahantesh, Ray R.
SARS-CoV-2 spike protein induces paracrine
senescence and leukocyte adhesion in endothelial
cells. Journal of Virology. 2021;95(17):e00794-21.
d0i:10.1128/JV1.00794-21

A 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-138-fa.html

[ Downloaded from amfi.ir on 2025-09-07 ]

S g a> p itz Y wgsS )l gy gy Solewl SY aslg 5 s be (Siloyghilgn Juloxi

19. Pandey RP, Kumar S, Rao D, Gupta DL.
Emerging severe acute respiratory syndrome
coronavirus 2 variants and their impact on immune
evasion and vaccine-induced immunity. Trans R
Soc Trop Med Hyg. 2024;118(12):761-772.
doi:10.1093/trstmh/trad079

20. Patra T, Meyer K, Geerling L, Isbell TS, Hoft
DF, O’Brien J, et al. SARS-CoV-2 spike protein
promotes IL-6 trans-signaling by activation of
angiotensin 11 receptor signaling in epithelial cells.
PLoS Pathogens. 2020;16(12):1009128.
doi:10.1371/journal.ppat.1009128

21. Shang J, Ye G, Shi K, Wan Y, Luo C, Aihara
H, et al. Structural basis of receptor recognition by
SARS-CoV-2. Nature. 2020;581(7807):221-224.
doi:10.1038/s41586-020-2179-y

22. Baud D, Dimopoulou Agri V, Gibson GR, Reid
G, Welling GW. Using probiotics to flatten the
curve of coronavirus disease COVID-2019
pandemic. Front Public Health. 2020;8:186.
doi:10.3389/fpubh.2020.00186

23. Lei H, Zhang M, Li J, Wang X, Wu S, Liu Q.
Probiotics as adjuvants in vaccine development
against respiratory viruses. J Immunol Res.
2022;2022:9876254. doi:10.1155/2022/9876254

24. Dhar D, Mohanty A. Gut microbiota and
Covid-19: Possible link and implications. Virus
Research. 2020;285:198018.
d0i:10.1016/j.virusres.2020.198018

L Sigugy o9l i o)y 9 (21555 low

A 1o Bl ;5 (69 3,5 (5599w g S aoliliad


http://amfi.ir/article-1-138-fa.html
http://www.tcpdf.org

