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CDC Centers for Disease Control and Prevention
nCoV-2019 Novel Corona Virus -2019

GISAID Global Initiative on Sharing Avian Influenza Data
COVID-19 Corona Virus Disease -2019

ICTV International Committee on Taxonomy of Viruses
SARS CoV-2 Severe Acute Respiratory Syndrome Corona Virus-2
WHO World Health Organization

MERS CoV-MERS Corona Viruse

MRNA messenger RNA

UTR Untranslated region

ORF Open Reading Frame

nsp Nonstructural proteins

PHB Prohibitin

ADRP Adipocyte differentiation-related protein

SSRNA Single-stranded RNA

RBD Receptor Binding Domain

ACE2 Human angiotensin-converting enzyme 2

PD peptidase domain

TMPRSS2 Serine 2 Transmembrane protease

RTC Replication/transcription complex

RBD Receptor-binding domain

NTD N-Terminal Dmain

RBM receptor-binding motif

APN Amino Peptidase N

DPP4 Dipeptidyl peptidase 4

FP Fusion peptide

HR Heptad repeat

AT?2 Angiotensin2

DIC Disseminated Intravascular Coagulation

PRRs Pattern recognition receptors

TLR Toll-like receptors

NLR NOD-like receptors

NLRP NOD-LRR-and pyrin domain-containing protein 3
MDA Melanoma differentiation-associated protein5
RAG Retinoic acid-inducible genel

DAMPs Damage associated molecular patterns

DC Dendritic Cells

STAT Signal Transducer and Activator of Trancription 1
IRF Interferon Regulatory Factor 1

ARDS Acute respiratory distress syndrome

ROS Reactive oxygen species

PDCs Plasmacytoid dendritic cells

TFH T follicular helper cells

NIH National Institutes of Health

TCR T Cell receptor

IPC Infection prevention and control

CNBG China National Biotec Group

EUL Emergency Use Listing

FDA Food and Drug Administration

ADE Antibody-Dependent Enhancement
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surface glycoprotein [Severe acute respiratory syndrome coronavirus 2]

NCBI Reference Sequence: YP_009724390.1
Identical Proteins  FASTA  Graphics

Golo:

Locus
DEFINITION

ACCESSION
VERSION
DBLINK
DBSQURCE
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHCRS

TITLE

JOURNAL

YP_009724392 1273 22 linear  VRL 18-JUL-2020
surface glycoprotein [Severe acute respiratory syndrome coronavirus
2].

YP_009724390

YP_009724392.1

BioProject: PRINA4SSA8)

REFSEQ: accession NC_©45512.2

RefSeq.

Severe acute respiratory syndrose coronavirus 2 (SARS-CoV-2)
Severe acute respicatory syndrose coronavirys 2

Viruses; Riboviria; Orthornavirae; Pisuviricota; Pisoniviricetes;
Nidovirales; Cornidovirineae; Coronaviridae; Orthocoronavirinae;
Betacoronavirus; Sarbecovirus.

1 (residues 1 to 1273)

Wu,F., Zhao,S., Yu,B., Chen,Y.M., Wang,W., Song,Z.G., Hu,Y.,
Ta0,Z.W., Tian,).M., Pei,Y.Y., Yuan,M.L., Zhang,Y.L., Dai,F.H.,
Liv,Y., Wang,Q.M., Zheng,).)., Xu,L., Holees,E.C. and Zhang,Y.Z.
A new coronavirus associated with human respiratory disease in
China

Nature 579 (7798), 265-269 (2020)

Change region shown

Customize view

Analyze this sequence
Run BLAST

Identify Conserved Domains
Highlight Sequence Features

Find in this Sequence

Protein 3D Structure

Cryo-EM structure of §

protein tnmer of SARS|

CoV2

PDB: 7FG7

Source: Severe acut

respiratory syndromg

coronavirus 2
Method: Electron Microscopy
Resolution: 6.9 A

See all 102 structures|
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FASTA ~ Send to: »

surface glycoprotein [Severe acute respiratory syndrome coronavirus 2]

NCBI Reference Sequence: YP_009724390.1

GenPept Identical Proteins  Graphics

>YP_009724390.1 surface glycoprotein [Severe acute respiratory syndrome coronavirus 2]
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPOKVFRSSVLHSTQOLF LPFFSNVTWFHAIHY
SGTNGTKRFONPVLPFNDGVYFASTEKSNIIRGWIFGTTLOSKTQSLLIVEKATNVVIKVCEFQFCNOPF
LGVYYHKNNKSWHMESEFRVYSSANNCTFEYVSQPFLMOLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPI
NLVROLPQGFSALEPLVDLPIGINITRFQTLLALKHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYN
ENGTITOAVOCALOPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASY
YARNRKRISHCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIAD
YNYKLPOOF TGCVIARNSKNLOSKVGGNYNYLYRLFRKSNLKPFERDISTE IYQAGSTPCNGVEGFNCYF
PLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTHLVKNKCVNFNFRGLTGTGVLTESNKKFL
PFQQFGROIADTTOAVROPQTLEILDITPCSFGGYSVITPGTHTSNQVAVLYQOVNCTEVPVATHADQLT
PTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECOIPIGAGICASYQTQTNSPRRARSVASQSITAYTHMSLG
AENSVAYSHNSTAIPTNFTISVTTEILPVSHMTKTSVOC TMYICGOSTECSHLLLQYGSFCTQLNRALTGI
AVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPOPSKPSKRSFIEOLLFNKVTLADAGF IKQYGDC
LGOIAARDLICAQKFRGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQUMAYRFNGIG
VTQNVLYENQKL TANQFNSATIGK IQDSLSS TASALGKLQOVVHQUAQALNTLVKQLSSHFGATSSVLNDT
LSRLOKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLM
SFPQSAPHGVVF LHVTYVPAQEKNFTTAPATICHOGKAHF PREGVFVSNGTHWFVTQRNFYEPQIITTONT
FVSGNCOVVIGIVNNTVYDPLQPELDSFKEELOKYFKNHTSPOVDLGDISGINASVVNIQKE IDRLNEVA
KNLNESLIDOLQELGKYEQY IKWPHYIWLGF IAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDD
SEPVLKGVKLHYT

NCBI oL 51 Y- 985 (w)lw alow piigy FASTA b5 Jlgi Y=Y ygai

RCSB PDB Depost - Search ~ Visuakre -  Analyze - Download ~  Leam -~  More «~  Documentaion -
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Structure of the SARS-CoV-2 A372T spike glycoprotein (open)
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1-33, 2-10, 3-19, 4-32, 5-20, 6-7, 8-13, 9-22, 11-31, 12-37, 14-36, 15-28, 16-17
18-34, 21-35, 23-30, 24-38, 25-27, 26-40, 29-39
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S0 el oS alit g o (i 0o ere Sbejsdilen lalllae 5 Ve s el
Fusion peptide, RBD sla izw Jolis >lg ol aioids Gl ¢ 09 co (sos] s el g
D9y V=555 w,lw aliw u3s 5 Cleavage site

; /site_type="other"
all /note="trimer interface [polypeptide binding]"
/db_xref="CDD:394950"
Region 319..541
/region_name="SARS-CoV-2_Spike_S1_RED"
/note="receptor-binding domain of the S1 subunit of severe

acute respiratory syndrome coronavirus 2 Spike (S)
protein; cd21480"

7db._xref=-COD: 394827" ) RED
Site order(355,374..377,381..384, 386,390, 396,405. .406,408,

414..415,417,424,427,514,516..517,519)
/site_type="other™

/note="trimer interface [polypeptide binding]"”
/db_xref="CDD:394827"

/site_type="other"
= /note="S1/S2 cleavage region™
db xrefz"CDD 411965
Site 798..806
/site_type="other"
/note="fusion peptide”

/db_xref="COD:411965" . -
site 816..833 I‘ Fusion peptide

/site_type="other"
/note="internal fusion peptide”
/db_xref="CDD:411965"

Jsite_type=-other~
/note="receptor binding motif"
Zdb xrn(—'(w77'

Region 543..1208
/region_name="SARS-CoV-like_Spike_SD1-2_S1-52_S2"
/note="S0-1 and $O-2 subdomains, the S1/52 cleavage
region, and the S2 fusion subunit of the spike (S)
glycoprotein from SARS-CoV-2 (COVID-19) and related
betacoronaviruses in the B lineage; cd22378" I~S1/SZ Cleavage site
/db_xcef="C0D:£11965"

site order(672,694..699,709)
/site_type="other™
/note="51/52 cleavage region™
/db_xref="COD:411965"

i
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P3

Iodel selected: bacteria

Model selected: bacteria Model selected: bacteria

hreshold for this model: 0.4

Breshold for this model: 0.4
hreshold for this model: 0.4

.... Sequence:
our Ssquence: Vour Sequence:

In.n.u Prediction for the Protective Antigen = 0,6038 { Probable ANTIGEX )
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P1 JlerTOPv. 2.0 P2 NlerTOPv. 2.0 P3 \1lerTOPv. 2.0

Bioinformatics tool for allergenicity Bioinformatics tool for allergenicity Bioinformatics tool for allergenicity
prediction prediction prediction

Aller TOPslb bawgi P1P2,P3 s J1g5 dscams I Camold S iy i lod A=Y 3 gua
10 1y o 3T il ¥ 9 ¥ g1 (9 03T pf ) gz 90 (o0 L o Lid 45 wigSilen

2 Lo gS0 b (S (et 1

Slass aielanwl Hb g duo s Jolds (uf5s (S0 puden Loly S, ProtParam oL 5l eslaul b

o e ke caal B oS o Job a5 Sloy Do I csl &jle poe dod N
Olies )0 (g dw ;8 yoe dod Ol (LA il 090 Wyl Jslw S jo ile
Lol D52 sl a5 Sl el Vel i S0

sl - ool g J51s 50 0utig ol i 3 ol ke 1g okl el Y
Fosl 3L el cul aSiile) g ol Be gl S (g5l0LL el Jluly sle (eiSg
A, odel Cewy gl elal pcwl LU gy a5 cel o] Gl 4y all

0ady JUsl (oo > g 45l sl Sle g S i Sl gl Ly Y
ol Olsee 00iiS ey (aFLE (nl 9o et ST (il (gl 00 Lo
g p o (Sl atls e o cnl Ol pl e o oyg5ls 5l
QLS @S 5l 1y GBS o ey Crmmgd g gl ¢ lly ¢ VT anel il Loz
s b &l pln 50 S A e 0ls

2 el S339,00 slo aiel sl gsemme sl p (GRAVY) (65,501 sl ¥
Se Ol @ 5eFsn S sln el Soml (aPLE 0sd o e (g Jsb
OIS ke Yo ) (s n slp @l . 0gdge 48,8 Sl 50 Cumgas] YelS g
o S ¥ gy aze S Lol ol (s LSl o Cewgaul saims lis aS ouls
sl a! Sl s g ol LSl jo a4 cnl Cdlae ol saias ylis 4wl

35,10 09y 5,50



Estimated half-life:
I P1

The N-terminal of the sequence considered is T (Thr).
The estimated half-life is: 7.2 hours (mammalian reticulocytes, in vitro).
>20 hours (yeast, in vivo).
>10 hours (Escherichia coli, in vivo).
Instability index:

The instability index (II) is computed to be 12.42
This classifies the protein as stable.

Aliphatic index: 65.54

Grand average of hydropathicity (GRAVY): -0.442

Estinated half-life: | P2

The H-terminal of the sequence consicdered is K (Lys).

The estimated half-life is: 1.3 hours (mammalian reticulocytes, in vitro).
3 min (yeast, in vivo).
3 min (Escherichia coli, in vivo).

Instability index:

[The instability index (II) is computed to be 38.S53
This classifies the protein as stable.

Aliphatic index: 98.62

IGrand average of hydropathicity (GRAVY): ©.147

The H-terminal of the sequence considered is V (Val). P3
The estimated half-life is: 108 hours (mammalian reticulocytes, in vitro).
>28 hours (yeast, in vivo).
>18 hours (Escherichia coli, in vivo).
Instability index:

The instability index (II) is computed to be 27.80
This classifies the protein as stable.

Aliphatic index: 76.41
Grand average of hydropathicity (GRAVY): -9.218
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Step 5: Weighted matching
Predicted bonds

DIANNA 1.1 web servel 22

No disulfide boads are posuble for this sequence, the prediction will not be anempted

f= TN L

Home Page
Clote Lab

Aular) Pematioe
Step 5: Weighted matching P3
Predicted bonds

2-148
67 - 139
94 - 126

Predicted connectivity
1-7, 3-6, 4-5
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ToxinPred

Designing and prediction of toxic peptides

Voo Dty Pt Fateh Suteninion Protemiey S mrnine

Mouse over the amino acids of query protein 1o see the POSITION

® [Chorge » [Motwt e

Peptide Sequence ® icity ® ity o ity
o= i3 e S L
S e o7 oot [Esmsss
oy e ook oo | isiase
oar ass P w0 | pizina
o5t e o5 S e
O Pred P2
Mouse over the amino acids of query protein to see the POSITION

Peptides Scanned from Original Protein
B ™ . o |1y .

Mouse over the amino acids of query protein to see the POSITION

i for setected mindom Langth and thase n biue col

= e starting reviue of tox

Peptides Scanned from Original Protein
Peptide Sequence & | SVM score o B icity ® B o [Charge o Molwt e
053 ‘Non-Taxin 021 043 [XD) 200 104639
062 Non-Toxin 021 0.43 018 200 104639
066 Non-Taxin 032 107 058 300 1071.43
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TAT sigaal

Wisgnl  TATUpoproten
Protein SignalPeptide  Upoproten signal  peptice signalpeptde Pl sgaat Protein Signal Peptide | Lipoprotein signal  peptide TAT Lipoprotein signal - Pinike sign Protein Signal Peptide  Lipoprotein signal  peptide TAT Lipoprotein signal - Pilin-ike sie
pe Other  (Sec/SPY) peptide (Sec'SP)  (TavsPl) (Tav$Pu) peptide (Secispm) | VPO Other (Sec/SPr) pephde (SecSPll)  (TatSPY) ‘peptide (TatSPl) ‘peptice (SeciSPH) e Other  (Sec/sP) peptide (SecisPl)  (TatSPY) ‘peptide (Tat SPH) ‘peptide (Sec/SPI)
Ukeiood 10801 0 0 0 Ukeiood 1 0 0 [ 0 0 Ubehood 1 0 0 0
Downlond Downloat
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Physiochemical properties Net charge vs pH
Number of residuas: o7 =

Molecular weight: 10724.32 g/mol notes on AW -

Extinction coefficient: ©520 At Tem notes on Ext Coefficient

Iso-slactric point: pH .82 notes on ot

Net charge a: pH 7: E notes on net charge

Estmated solubility: Poor water solubdity. notes on solubility

Hydropathy
j

Physiochemical propﬁriies °

MHumber of residucs: 101 T
Molecular weight: 11477.68 g/mol notes on MWW 1

Extinction coefficient: 18390 M- Tem™? notes on Ext. Coefficient R T o .
Iso-clectric point PH 7.76 notes on pl f e
Met charge at pH 7: os fotes on Net charge 4'3

Estimated solubility: Poor veater solubility. notes on SOlubITy }
T

I A A AR

Bottom is hydrophobic P2
Color codes: Basic Aliphat Polar

Physiochemical properties
Number of res:dues: 187

Net charge vs pH
=

Molecular weight: 17e51.95 g/mol notes on AW
Extinction coeficient: 10210 M Tem ! notes on Ext. Coefficient
Iso-alectric point: pHS S notes on pl

Net charge st pH T 0.3 notes on nef charge
Estimated solubility: Poor water solubslity. notes on solubikity
Hydropathy

Top is hydrophilic
B ot rienpie®

ol cp! pepcalc ol buwgi P1,P2,P3 gla (yiigy Jol L lu (ot g5ioy (i lod NPT 3 guai
3 20 LS 1y e g (Flgyaud @3 Lli, g n P, JoSlo (439, ol dunl Slass



O ey ped S lw (el 10

OeSgn OIS 50 (omll g oen ol S5 Laslginel JIgi (59, 5l o (pag 0 poo il (i L
o g o Shos azl ;0 g (o duw JLSLe und )0 sope (2B a5 sl Slawle Cannj g o
Glo by 48,5 Oy aie onl 5o Slgld sle W 3l 6 ams iz 0 Jds e 4 0l
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Sequence length : 101

SOPMA :
Alpha helix (Hh) :
310 helix (Gg) :
Pi helix (1i) :
Beta bridge (8b) :
Extended strand (Ee) :
Beta turn (Tt) :
Bend region (Ss) :
Random coil (Ce)i::

Ambiguous states (?) :

Other states

~

®O 0N e o O

»
w

62 is

0 is

P1 Sequence length : 97
SOPMA :
5.94% Alpha helix (Hh)
0.00% 310 helix (Gg)
0.00% Pi helix (1i)
0.00% Beta bridge (8b)
26.73% Extended strand (Ee)
5.94% Beta turn (Tt)
0.00% Bend region (55)
61.39% Random coil (Cc) :
0.00% Ambiguous states (?) :
0.00% Other states

37 is
0 is
0 is
0 is

12 is
5 is
0 is

43 is

0 is

0 is

38.14%
2.00%
0.00%
0.00%

12.37%
5.15%
0.00%

44.33%

0.00%

0.00%

P2 Sequence length : 167 P3
SOPMA :
Alpha helix (Hh) : 24 is 14.37%
330 helix (Gg) : @ is @.00%
Pi helix (1i) : 0 is 0.00%
Beta bridge (8b) : 0 is  0.00%
Extended strand (Ee) : 44 is  26.35%
Beta turn (Tt) : 15 is  8.98%
Bend region (Ss) ¢ 0 is 0.00%
Random coil (Ce) : 84 is 50.30%
Ambiguous states (?) : 8 is 0.00%
Other states : 0 is  0.00%
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! Molecular Docking
2 Docking score
3 Confidence Score
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@ £ Structure

% Measurements
Q Structure Motif Search
© Components

@ Preser

& Density

@ Quality Assessment

MW Assembly Symmetry

Spike protein
(RBD)

2 Export Models

& Export Animation

'© Export Geometry
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HDOCK ol tiusgi S yigs RBD-ACE2 cyns oS0 KiSTo islas YV-Y 5 guad

S —o..\.a’); Glﬂ}a SSTls C)Lu )'| Fpedd ga i Juet - Slasion Y-V g

Molecule PDB ID Chain ID Align_length Coverage Seq_ID (%)
Receptor 7EKH A 5497 0.784 100.0
Ligand 7EKH B 101 1.000 99.0

mplate has a high con

Summary of the Top 10 Models

Rank 1 2 3 4 2 ] 7 8 9 10
Docking Score -327.27  -260.17  -252.4%  -247.80  -246.20  -241.20 -236,99 -236.85 -236.60  -233.10
Confidence Score  0,9720 09006 08859 0.8761 08726 08810 08507 08506 08497 0.840%
Ligand rmsd (ﬁ) 0.57 83.59 5462 86.54 42,59 4567 74,97 7955 56.56 39.91
Interface residues model 1 model 2 model 3 model 4 model 5 model & model 7 model 8 model 9 model 10

Note: The models are ranked according to the docking scores, Please dick help for the explanations of evaluation metrics

W 085 25 — S S g p Ol 5 698 JLal 5l (S ol Jae Ve sl SiSTs el
0l e L el Ve L YL gl Jaw Ve KSTe el 04l o caslie a5 jghiles
Sy hol 5 pae Sl Syg0 4 [, RMSD (a3 lls oSGl (ol jo sl V5l iy 55 lsebol
oas Hlas V5l xS RMSD asls ol ool a8 IS job 4y Lol 0.5 cos Hlas o Ll
b s oV Jas bl o el Gl gy g (Bly LSl 4 atgy JLSle (ogr S0

iy Sgd 1) RBD g ACE2 005 ,.5 yu cwlin Jlasl Jloss] wilgine ol b 0l oo



PET28a(+) ,9559 4o PLP2,P3 5 Jlsi g3l oyals Y-

» RBD(PL) I oletdn ol (lagy drgm) Vo995 (wjbo alw 0F 51 gliie pdu aw g3
3 ole sy PET-28a(+),5:5's ;o Snap gene 138l o, lawgs ¢ obil Jlusl CS(P3) 4 FP(P2)
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# Insert Fragment -
File Edit View Enzymes Features Primers Actions Window Help Pl
Vector | Insert  Product
© 5644 bp | Bacterial Strain:
= 4| [ons v
BIpI (20) 7 ° B
ﬁ (5402) Dralll PaeR71I - Tl - Xhol (158)
BfuAl - B (200) Linearized Vector 5335bp
9 ECORI (467) S EToH) Dde
BamHI (473) Source: pET-28a(+) (2).dna
T Nhel (506) I Make fle:
= BmtI (510) [reazedvectondne
= - Ndel (513)
=, (4701) AsiSI - Pvul Ncol (571)
) (4575) Smal Xbal (610) Insert (Fipped) 09bp
(4573) TspMI - Xmal ‘35"‘1'&(6(775!)7) Source: Untited 2.dna
v‘.:: ™ Make file:
(4392) BspDI - Clal
(4358) Nrul SPhE(ET3) t.
- BStAPI (1081)
Mlul (1398)
BClI* (1412)
=
(4047) Acul BStEIL (1579)
NmeAIII (160¢)
(3915) AIWNI PspOMI (1605)
Apal (1609) =l
(3672) BssSI BssHII (1808)
< ECORV (1848)
(3499) Pcil / HinclII - Hpal (1904)
(3383) BspQI - SapI X
Unique 6+ Cutters (Nonredundant) | 4|
Q Map [ Sequence | Enzymes
Xhol EcoRI Xhol EcoRI
(158) (192) (310) (1) xr?ol Ec?RI Ry b s
m——] — Product: 5644bp
Vector Insert _> Product
5335 bp + 309 bp ( 5644 bp )
-
ot i :
RTOC AATTCGG. . . ool 6G... [Cloned.dna
.. .ACGAGCT GCCHN redAC CON [ PR | a




P Insert Fragment

Nhel (575)
~ Bmtl (579)

(4770) ASiSI - Pvul _ ~ Ndel (s62)
~_Ncol (640)
(4644) Smal >
2 = ~Xbal (679)
(4642) TspMI - Xmal ~BoltT Grdoy
(4461) BspDI-Clal p . SgrAl (786)
(4427) Nrul ——— 9 SphI (342)
e %
'g BStAPI (1150)
ezi3 1o g TS MIuI (1467)
(4116) Acul— 5 BalI* (1481)
® BStEII (1648)

. NmeAIII (1673)
\. PspOMI (1674)
Apal (1678)
BssHII (1878)
ECORV (1917)
HinclII - Hpal (1973)

?gao

(3741) BssSI

= razcor mAT / 1\
Unique 6+ Cutters (Nonredundant) _4]

- <
File Edit View Enzymes Features Primers Actions Window Help P2
Vector | Insert  Product
© 5713bp | Bacterial Strain
BIpI (20) Sfjioss. =
(5471) DraIll PaeR7I - THI - XhoI (158)
‘ _Bsu36I (232)
_PmiI (351) Linearized Vector 5335bp
/ /" kcoR (s3) Soce pER 28 )k
[ / — BamHI (542) I™ Make fle:

K
Xhol EcoRI Xhol EcoRI
(158) (192) (1) (379) Xhol EcoRl el
= Product: 5713bp
Vect Insert Product
e + met 3 T )
=
S« Product Name:
...T6C AATTCGG. .. el = [ooneddn
.. .ACGAGCT acent LA c o ]
Cone Cancel
#¥ Insert Fragment - E P3
File Edit View Epzymes Features Primers Actions Window Help
vector  Insert | product |
Selected: EcoRI (1) — Xhol (571) = 570 bp e bp  ourcech Insert:
2 SRR——— - = p3.dna -
(172) Tagqll MspALl - Pyull (384) I™ Blunk the ends of the ne: ice
l (145) Sgral Pail (462)
n (59) Dralll [Nsp1 (466) [ex =] with [Ecort B
(26) BtoZl Pearuer) [ sndfilin5 overhangs  with dTPs
. (23) Mscl MauBI (548)
) \ PaeR7I - Smil -Thl -G | 1% =] with [xholl 5
= (0) Start \ End (576) [~ andfilinS' overhangs with dTPs
L - - 1 i | |
= = o " o ——
. EcoRl (1)
Start (0) - EcoRl (1)
- xhol (571) - End  (576)
P3
576 bp £l
Unique 6+ Cutters (Nonredundant) | ¢ |
Mep Enzymes
*hol EcoRI Xhol EcoRl
158) 192 571 1
(158) (192) (s71) 1) xr}m EGiIRI Ry to dora
o Product: 5905 bp
Vector Insert Produ
5335 bp + > ( 5905 bp )
=3 <]
Product Name:
.. .T6C AATTCGG. . . .TC TG, .. [oonedds
.. ACBABCT B6ece. .. . AC WABCC. . .

[ome ]_cmt |
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Radiology
[ Technique] - Plain CT scan examination of thorax
[Finding] L Patient body condition is good.
- A ation of skeletal s normal and no abnormality is seen in thoracic b ribs and
- Diaphragm is intact.
-Th il hea is lin & and directi
- ' ph and other mediastinal structures are normal.
- Cardiovascular structures are within normal limits.
- Overall attenuation of lung fields is normal.
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Abstract

Introduction:The outbreak of the new coronavirus (SARS-CoV-2) is considered as the
third viral disease of the coronavirus family in the 21st century. The pivotal role of the S
protein in the pathogenesis of the SARS-CoV-2 confirms that it can be the principal
antigenic agent for stimulation of the host immune system and production of neutralizing
antibodies. Hence, we have designed, produced, and evaluated the potential use of three
truncated recombinant proteins derived from spike protein as vaccine candidates capable
of stimulation both of the host immune humoral (neutralizing antibody ) and cellular
(CD4 & CD8).

Method:In silico tools were used to design spike-based subunit recombinant proteins
(RBD (P1), fusion peptide (P2), and S1/S2 cleavage site (P3)). These proteins were
checked for their ability to be identified by the anti-SARS-CoV-2 antibodies by exposing
them to COVID-19 serum samples. The proteins were also injected into mice and rabbit,
the antibody titers were measured for assess their neutralization efficiency. Then the dose-
response test was performed to select the best response against the lowest injected dose.
An immunohistochemically test was performed to check the stimulation of cellular
immunity. Possible side effects caused by injection in the tissues were checked by H&E
staining. Binding of recombinant protein to ACE2 receptor and inhibitory effect of
antibody on this binding was done by cell studies and evaluated by flow cytometry.

Result:The antibodies that existed in the serum of COVID-19 patients were identified by
designed proteins. The results showed that the injected protein was able to stimulate the
cellular and humoral immune system without causing any complications .The VNT
results revealed that the produced antibodies could neutralize the cultured live virus. Also,
the recombinant protein is able to bind to the ACE2 receptor and the produced antibody
has an inhibitory effect on this binding.

Conclusion:Totally of in silico, in vitro, and in vivo experiments, it was shown that the
injection of recombinant protein based on spike protein could stimulate long-lasting and
neutralizing antibody responses. Therefore subunit vaccines could also be considered as
robust tools for effective vaccination against COVID-19. Therefore, subunit vaccines can
be used as a powerful tool for effective vaccination against Covid-19.

Key word: SARS-CoV-2, Spike protein, VVaccine, immune response, neutralizing
antibody



Title:

Preparation of recombinant coronavirus surface protein antigens (SARS-CoV-2) as
an immune system stimulant

A Thesis Presented for theDegree of Doctor of Philosophy (Ph.D)
In Medical Biochemistry

By:Faezeh.Noorabad Ghahroodi

Supervisor: Dr.Mohammad Javad. Rasaee

Advisor:Dr.Saeed .Khalili

Tarbiat Modares University
Faculty of Medical Sciences

Summer.2023



