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yalATeau NsuanseRNKarNITYIIUTansvedlUsiunuIuues SARS-CoV-2 tive

NMINAILYANTIILNY COVID-19
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Tsaladn-19  ulsaRadomsssuumadumelaiiinnnidelhialalsuameiugnaulsamaiu
MWEJIR]L?JEJUW&'H':;ULLN (SARS-CoV-2 : Severe acute respiratory syndrome coronavirus 2) 1254 SARS-
Cov-2  Raeuinmmudumeladudmenyudlavordonisiufuredusiumnn  (Spike) 4
Usenaudenieges S1 way S2 Tng S1 laswad1efid @i RBD (Receptor binding domain) 3sdl
ANNTUNEIUNSIUAY Angiotensin-converting enzyme 2 (ACE2) receptor maawwéﬁavﬁwémaé
ansnsofesorunsdudatuiinde iuasooaaurzannsle a1 tyn tate ilimaunsssun
Banirauesinmsenislanyszmalidunisssuansesiu “Pandemic” flosshe COVID-19 Wulsa
guRlminsiaugansiteds sauntrdudawdudulunismuaunisssun wimsagldhiadedu
(live virus) Fosodewos fiRmsfitssuuamiudaonsomsdanimsedius (biosafety level ) fadu n1s
Tlusfulassairsveshia  SARS-Cov-2  aulunilsdlumadenyilimsiauyansaitedonasiadu
annsosiululfavanmngitey lumideitdnuvmsanseenveddsiumnalngedenarain
4 %9n loun pCl neo stabilized spike, pCl neo RBD, pCMV S1, pCMV RBD %QQﬂLLUaiﬁaLﬁuIUiau 2
iln fig Spike Uay RBD Hvuinuseana 200 wag 27 kDa (kilodalton) aua1siu lagdmanadiniing cell
line 2 %@l Moun CHOKL waz HEK293 Faiwdwasuuutansilesld Fugene HD Liievagau
Auansolunskanseantsiiuudaziy wudfidies HEK293 fianunsouanseeniusiuainwanadn
pCl neo stabilized spike wagpCl neo RBD Fwihnisdndensad HEK293 fifinanafinlaelden Ga1s
(Geneticin) mﬂﬁ?uﬁﬂﬂiauiﬂﬁﬂﬁu%qmé (purification) 1ngA% affinity chromatography Wazns19&eU
18 SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) uag Western blot R
1% o His tag rabbit mAb \uneufvedUgugll FsmsAnuifisnfinsensvELISA (enzyme-linked

immunosorbent assay) agyiN1snAaeIUEEARUIBIMEIINITALANUTANTIAABUAILAITAIUNT

Juiu antibody kaziludnsimungansIvitiady COVID-19 sialy



Project title Expression and purification of spike protein of SARS-CoV-2

for diagnostic test development

Name of student Supasek Kadkanklai ID No. 6032352923

Advisor Prof. Tanapat Palaga

Department Microbiology, Faculty of Science, Chulalongkorn University
Abstract

COVID-19 is a severe acute respiratory syndrome caused by coronavirus (SARS-CoV-2),
COVID-19 can be spread through contact with infected people, droplet from coughing, sneezing,
mucus, saliva causing an epidermic occurring worldwide call “Pandemic” because this virus infects
host cells using specific interaction between Receptor binding domain (RBD) within the S1 domain
of Coronavirus Spike protein and Angiotensin-converting enzyme 2 (ACE2) receptor on host cell.
Due to COVID-19 is a serious emerging disease, the development of diagnostic kits and vaccine is
essential to control the outbreak, viral Neutralizing test use live virus and it needs to be performed
in biosafety level lll. Therefore, using recombinant structural protein of SARS-CoV-2 will offer
alternative testing method. In this research, the expression of S protein by using four plasmids
was studied. Those plasmids are pCl neo stabilized spike, pCl neo RBD, pCMV S1, pCMV RBD, the
Spike and RBD protein have putative molecular weight are 200 and 27 kilodalton respectively.
We transfect all into CHO-K1, HEK293 by using Fugene HD, Calcium-phosphate in transient
transfection method and found that only HEK293 could express those protein from those
plasmids pCl neo vector. In addition, we select transfected HEK293 by using G418 (Geneticin) and
then harvest culture supernatant for purification by using affinity chromatography. The purified
protein was confirm by SDS-PAGE and Western blot that using OL His tag rabbit pAb as primary
antibody. Further study using serum of COVID-19 convalescent patient or vaccinated people with
ELISA can test binding activity of our recombinant protein lead to the diagnostic test

development.
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unin
va 4 aa o a
gUAn13al wazn1snsadtiadelsrvadlsaladn-19

Tsaledn-19 ( CoVID-19 ) \Bulsefnsiefiinannisindelidalalsuaeiusndulsamaiiu
wﬂﬁiﬁ]LaﬁuwﬁuquLm ( Severe acute respiratory syndrome coronavirus 2 ; SARS-CoV-2 ) S"mzm@
Tuilosgau uaumayy Uszmadu luvaeidieusunau Ja.m.2019uavszuin aufstagtu daduane
suslvaiflsiieeisonuinteuluigss 1ifa SARS-Cov-2 Andeunamaiumeladiudisvosnyud
Tngedensduiuveslusiunuiy ( Spike ) v Angiotensin-converting enzyme 2 ( ACE2 ) receptor
vosuyud annsnfaderumsduiatudfnie duaressaumzainnisle 21 tyn dhane vhlsding
uwnsszunidunanieaussdmseunsielantszmdliidunsssunsedu - “Pandemic” unsszuinluin
Tan (3,12) flewhe COVID-19 Wulsaglilval ilinmstaunyansanidadelsadaudniulunig
MUALNITEUIA FBuasguiilingialein-19lukesujiAnisie Reverse transcription quantitative
polymerase chain reaction (RT-gPCR) s?iqLﬂuﬁﬁﬂigmuﬂWiLﬁ'mﬂ%mmmiﬁuqﬂsimL{]'mmaLL‘UU?S%WW
Tageduieios real time PCR thermal 33dsnanidofifedanudumegs dudeidodeldinauiudes
ofiAdesiiauazanudinglunisldon msiauyansaviinduy avaansamuaunszUInUedlse
Ifegnaiiuszaninmuazingindt (21) uenainnsnnidaduiiiensmunulsaudinminsaitede
WeneasuUsvansnnvesiadufimdavauilaiasidu inactivated vaccine, subunit vaccine, RNA-
based vaccine, viral vectored vaccines #3835n1155n¥1738 monoclonal neutralizing antibodies,

LY 1 [y

fusion inhibitors  AfiAnwddTuiY  AslidiutieUsenaunsdndulaligiesnisiuiady duldly

o

[
= =

UszanSnw waziduneausuuinduiuly (14)



Y o

las9a31990sla5d SARS-CoV-2Uagn13nauauaIuasssuuiAuiu

a5 SARS-Cov-2 1Hulsalungu Coronavirus 1assadshalunguilaziiosdusznauiiugu

laun Spike glycoprotein (S), Nucleocapsid (N), Membrane protein (M), Envelope (E) ,iag Viral

[

genome (il 1.1) lngasAusznaudsiunumaide@e Spike glycoprotein Usznaulumsnsnaziilu

[ <

1273 ¢ lneazdulassasrsnidnwauedu homotrimer Susanuiainialida QﬂLLﬂﬂL‘f’Ju 2 d1uganfa S1

waz S2 lagdl “furin cleavage site” Weowvisaedag (17) Tu S1 2eiilaseasnenisendn Receptor Binding

[y

Dornain (RBD) (0wl 1.2) Fsduffu Angiotensin Converting Enzyme2 (ACE2) ﬁLﬂué]’a%’ﬂuuuwé
NUY TMPRSS2 mamuwé%wé’mu%ﬁ “furin protease” oAU furin cleavage site vl S1

wag S2 uenaniiu laed S2 agiiinnns fusion $3UAU membrane Yo wasiingwadluiian (17)

a v U

Wialasa SARS-Cov-2 iinlUluaduywdlanm wadluszuugiiduiulaenlinasdunyimiing

v [y

Mdnhda waslinsdedyaraliwadluszuugiiauiuiuudnmzidiuiawie  waslussuuiauiu

v v 9 9

'
L =

wuuTnEaRnsasuilasaasiwineguetlisala wisvlseAunisneuausiiseiy anaddeneumntiil

Y]

gnaaguin Spike protein Uulpssasniiszuuglifuiuesysdaunsanovausdldangn (8) 13

9

MOUAUDIVBITEUUYTANAUL LT WzNTunumtinigatunisidadiolasaRanisasaweuiuefi

Y

[

o | =1 v a aa v o X 1 i a I « .. . i = &
Tnnzrawelifauu lnsweuivednaunsadududalifalaazgniSundt “neutralizing antibody” Falu

%

wauRveRTignnsEduldnmsRndenusTsfuarnislésutatu  donarululhda  SARS-Cov-2
douinnisnaneug (1wdl 1.3) TnguTnadiwunisnaieiuguiniigafe Spike snfegrananeiusg wu
Spike mutation D614G Fansnezillusunisdl 614 ves Spike finmswdsunsaeziluain Aspatic Ty
Glycine Famswasunlasluvedusiulaswadweshdatezdmaionnuaunsolunmssudadelfaves
neutralizing antibody Ws1za%il neutralizing antibody URETEN50LAR cross reactivity iU Spike

MAnn1snaneiugla vilvinisiauigsnw nmsiauindu desdinwmmiudluiunisnaneiugmanisie

9)



Spike (S1 & S2)

Nucleocapsid (N)

Membrane (M)

Angiotensin Converting
Enzyme-2 Receptor

Envelope (E)

ssRNA
(+ sense, ~30kb in length)

&) ¥ Receptor Binding Domain
R

Al 1.1 1598519389 SARS-CoV-2 (8198997 Rohan Bir Singh, MD; Made with Biorender.com)

S1 S2
! |
| It |
1 685 1273
" — '
[— [ |
+ 4 v + 4
NTD RBD HR1 HR2 TM
Al 1.2 unudelasead1aves SARS-CoV-2 spike protein
2020)

(81989970 Banerjee. Mutation hot spots in Spike protein of COVID-19.



Number of mutations observed at the mutation sites in RBD

Number of mutations

337 345 354 367 379 384 395 407 411 441 457 468 476 479 484 486 493 498 501 507 518 520
Mutation sites

A9 1.3 ﬂ'i'ﬁ/\lmeﬂ'mﬁmmiﬂmuﬁuﬁ:ﬁLam SARS-CoV-2 Receptor binding domain

(91489970 Guruprasad. Proteins, 2021)

arsynlusAuliuSans

9

s
a

nsvilusAUluSans (Protein purification) Ao 1suenlUsAUNLTIABINTRONIINLUSAUGIDY

lngodepuaudininientn  wagRuaulanaaivedusiuusazyianianuwansdaiulunisuen

'3

swauendsuudeusnaqliiviedodusiuiiodosmnfieedaden  (5)  d9islunmsviliuiqvsd
vannuateIsuaiindnnssnefueenlulnedsilasuanuden Wy affinity chromatography tHu3si
pdnsiuiuedssinzveslianaiiiodnuenluanaidiosnseonnluanaduy Hudu  dumeuly
mailvuians woadu 3 Suneudosdsil Busuainmisatalusiiu (Extraction) Wudunsumsusnlusiu

p8NANFBEeLTIRBINT Wi wad Ta5a Wudy semenisuenlusiu (Protein separation) uduneau

s
a

nsueniusiveananluanadururedulliineuusans  fdduduneuliisnisuenivainuae

[y a

Fuivyievedlsiy  wavmsilUsiuldldnu  antudunsugavinefenisyililusAudau it

s
a

LA (Concentrate protein) WalusAugn elute H1umeau TUsAuazTedaInnounsyiliusans
=< o & 2 o a A [ qg" o o aa 1 o Y & 4
Jendudosilvlushulinmududuuntulasansavinlanaieds Ly NIV T URILIAY
(Lyophilization), nsvinliusumsanas (Ultrafiltration) 1Oudu (18) ilelUsAuNIUATZUIUNTAIS TN
TiuSarsuadshunsivdeunuuIansmenisin - SDS-PAGE  (sodium  dodecyl  sulfate
polyacrylamide gel electrophoresis) Insdaunauaulusiuvuaaindlusiuduusnanlusaunaesnis

4 I [ Ve a AQ‘ a g.JI
wnteeiiiedla NazvenlatanuuIgvsvedlusaulu


https://pubmed.ncbi.nlm.nih.gov/?term=Guruprasad+L&cauthor_id=33423311

n13n5293193815A1ATA-19 A28 Enzyme link immunosorbent assay (ELISA) wag Virus

Neutralization assay

mInsidedelsaladn-19 Judsdiddguinegeiislunisauaunisszuiauasnisimunis

Shwalse amnsanuslaidu nsmsramgiAuiy 1wy ELISA, n3037911 Neutralizing antibodies i

Y

Neutralization assay Wa¥NISATIANLOUALAU (antigen) U RT-qPCR, ELISA JuiSmsneaeuidie

a v

aramgiiauiuluansiegdlagafendnnisnisduiuedadinisveweudivued  (Antibody)  uaz

Y

LOURALIU (Antigen) n3vdUNAlAENTIYINULASEvasansaauLaziouleyl (N 1.4) A1nTiuguAIEY

ww3adlulasinan (Microplate reader) ﬁfmﬂu‘i‘%ﬁﬁmmhqa (Sensitivity) @ Neutralization assay 1Ju

'
=

Wnsmegeuienmamafiduiuluaisimedi Wi 3935 TWInTANuTuwzas (Specificity)

'
[ Y @ a a

LaEdALLANF199INTENIATIIMNIANNUISBUTIANLTaR T TN usiaiansavianeviseduds

q

'
=

nsisgiulaveadetualadnmgluruziisounsiuiissneenudetunseld  35n15vnaesaziinlag
1a13@981931vN191999 18 luAMUTNTUA 1 LaztRle A o sn 1 egeUTuUS I A vin Aulunmag

1Y) & 1 d' Y ) I A A AY o "’
AIMULVNUU ﬂqﬂuuawaﬂ'ﬁﬂﬂﬂﬁlﬂf@ (N 1.5) ﬂ'ﬂu@'ﬂ@fﬂﬁuﬂsuqmﬂNﬂNﬂULWSQW@ﬂthL'VﬁJﬂ'ﬁ

Y

1
Y U v

WasuuUaweuwas  widglAududuiivsunabiiiemerseldiimuanunsalunsianewe  Weae

q

Wiald wadezAnnisiUasuulasiiSenda Cytopathic effect (CPE) (7)

!

® "

ANTIGEN COATED PLATE ADD ANTIBODY
CONTAINING SAMPLE

\JL)K \JL)L\ }JLA\ )JLA

ADD HRP-CONJUGATED ADD TMB SUBSTRATE
SECONDARY ANTIBODY

AN 1.4 ATNLERINITVN ELISA

(91989910 https://www.raybiotech.com/covid-19-human-iga-elisa-kit/?variation_id=191072)



How a coronavirus neutralization test works

@ Planting Cells

Vero cells

Place Vero cells in the
well plate

(2] Infection

Mix coronavirus with antibody
and place on the vero cell layer
to induce infection

9 Data acquisition & Analysis

=

=) 0

g o
Staining di— =

2 oo

3 >

> & o l

o
Low High
ICs0

Stain live cells and plot curve to calculate ICso where antibody
concentration shows 50% of neutralization

00
®CELLTRION

AWM 1.5 AINLERINISI Neutralization assay

(81989970 Coronavirus. World Health Organization. 2020 (Graphic: Business Wire))

IngUszaeAvadlaAsINig

\lananTusAumuIaLay RBD w84 SARS-CoV-2 wagviliiuTans 91n HEK293 lerhluuszgndld

luiaugansiaitadelsalainlo

Uslgninaininazlasu

SwadaISmndnlusiivanead nTuANLLANAYemNEInsalunsuanIsanlUTAuNYIY

Tuwad CHO-K1, HEK293 wagmsviliusans anunsadinnuinananlvissgndldiienmuiynnsin

Adadulsesall
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1. uwede

2. in3esiliousinie (autoclave) Ju BV-124 (Tomy, Japan)

3. TulpsUua wuna 2, 2.5, 20, 100, 200, 1,000 LlAsans

4. nguranua 100, 150 dadans

5. YIAVANT VWA 50, 250, 500, 1,000 Hadans

6. indadeUasnauuazUatounay

7. whfaumdey

8. viaealulAsidunsing Al (Microcentrifuge tube) aun 1.5, 2 Nadans
9. Ua?iv (pipette tips) U9 0.5-10, 200, 1,000 lulasdns

10. pInLABNEad 12 vgu

11, wdesdeans U L2220 P (Scientific promotion)

12. éjﬂaawﬁa (laminar flow) Ju BV-124 (ISSCO)

13. ﬁLgu (refrigerator) aunadl 4 DeAgaLTed (MITSUBISHI, Japan)
14. \w3eatudouuuiag

15. LLG&@;m@amvﬁqﬁ”] (deep freezer) gaumnail -20 a3 wAEea (SHARP, Japan)

eBp

16. Augaidonuden (deep freezer) aaumnil -80 aerwaLded

e

17. \idoavithuds §u OF 146 (Newton, Thailand)

18. insastlunay (vortex mixer) U G560E (Scientific industries, USA)
19. @@ cryotube 2 Na@ans

20. glulelniiines USEW ISOLAB Laborgerate GmbH, Germany

21. flhnsviaennaaed (test tube rack)

22. 13psgulalasinan ':;:u Varioskan Flash Multimode (Thermo Fisher Scientific, USA)



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

ae.

919MIVANEUNNN (Memmert, Germany)

yaananaala (Midi prep kit Zymo research)

Ultra-Low Attachment 96-well plate (Corning Inc., USA)

ndesqganssetd USEn OLYMPUS CKX3-SLP (OLYMPUS, Japan)
PInFLITasTTTnfnsomuIn 25, 75 Aaauiuns (Nunc Thermo Fisher Scientific, USA)
m: uadfiinnsliufansuaulaeenles (Carbon dioxide incubator) 3U 311 (Thermo Elaectron
Corporation, USA)

‘qmﬂ%mﬁaﬁﬂ agarose gel electrophoresis (Mupid-2 plus)

YALATBaIT0Y SDS-PAGE (BIO-RAD)

quﬂ%ﬂﬁaﬁﬂ semi-dry electrophoretic transfer (BIO-RAD)

Polyvinylidene fluoride (PVDF) membrane

gunsalangn1n Chemiluminescence (Uvitec Ltd, UK)

gunsalangn1n Gel documentation (Uvitec Ltd, UK)

Heating Block

yaoaleSarnaain vu1m 10, 20 NadaRS

le3erslames 0.45 luasou

Centrifugal ultrafiltration filter unit (Amicon ultra 2 ml 30K device, Merck)
w3 affinity chromatography (AKTA pure, Cytiva)

\A30eYn pH

Lﬂdﬁiaﬁﬂiaﬂ‘ﬁq Type 1

Nanodrop (Thermo Scientific)

Sonicator

Dialysis bag

Magnetic stirrer

Rocking shaker



o/

AN

1. Dulbecco’s Modified Eagle’s Medium-High glucose medium (DMEM) (Hyclone, USA)
2. Dulbecco’s Modified Eagle’s Medium-High glucose medium (DMEM) (Gibco, USA)
3. Ham’s F-12K (Kaighn’s) medium (Hyclone, USA)

4. Bacto tryptone (BD bioscience)

5. Yeast extract (Gibco, USA)

6. Sodium chloride

7. Potassium chloride

8. Disodium hydrogen phosphate

9. Potassium dihydrogenphosphate

10.American bact agar

11.Geneticin (Gibco, USA)

12.Geneticin (invivoGen, USA)

13.Gentamycin (Gibco, USA)

14.Fetal Bovine Serum (FBS) (Gibco, USA)
15.Trypsin-EDTA (Gibco, USA)

16.Gentamycin (Gibco, USA)

17.Sodium pyruvate (Hyclone, USA)

18.HEPES (Hyclone, USA)

19.Dimethylsulfoxide (DMSO) (Sigma-Aldrich, USA)
20.Ethanol

21.Hypure water

22.Agarose

23.RIPA buffer

24.Protease inhibitor (Cell Signaling Technology, USA)

25.Phosphatase inhibitor (Cell Signaling Technology, USA)



26.Sodium dodecyl sulphate (SDS)

27.Tris buffer

28.Acrylamide (Bio-Rad Laboratories, USA)

29.TEMED (Bio-Rad Laboratories, USA)

30.Ammonium persulphate

31.B-mercapto-ethanol (Sigma-Aldrich, USA)
32.Absolute ethanol (Merck, Germany)

33.BCA protein assay kit (Thermo Scientific)

34.Trypan blue (Gibco, USA)

35.Anti-rabbit 1¢G-HRP (Cell signaling technology, USA)
36.Anti-SARS-CoV-2 spike mADb rabbit (Sino Biological, USA)
37.0L His-Tag rabbit mAb (Cell signaling technology, USA)
38.Escherichia coli DH5a

39.HEK293 cell line

40.CHO-K1 cell line

41.Ampicilin

42.Plasmid pCl neo stabilized spike

43.Plasmid pCl neo RBD

44.Plasmid pCMV S1

45.Plasmid pCMV RBD

46.Plasmid pMAX-GFP

47.DNA ladder 1 kilobase

48.Gel red prestain loading buffer

49.Fugene HD Transfection reagent (Promega, USA)
50.0pti-mem

51.Luminol

10



52.Coumaric acid
53.Methanol

54 Tween 20

55.Skim milk (BD bioscience)
56.Sodium phosphate
57.Imidazole

58.Coomassie Brilliant blue
59.Destain solution

60.Soak gel solution

61.HisTrap HP His tag protein purification columns (Cytiva, USA)

11
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ASandunisnaasg
1.N15M38UNANELR

wanafinfldlunsAinwusznaude pCl neo stabilized spike, pCl neo RBD, pCMV S1, pCMV
RBD (wanafin pCl neo #iilfu Spikewaz RBD %’@%}amﬂﬁmam (https://www.biomatik.com) H1UNT
Fums1297 DNA daunanada pCMV Sn8e91nuU3sv Sino Biological ) tiethuuanssenty cell line Tng
A% transfection A8 FuGene HD transfection reagent (nonliposomal) Falu protocol Tunsla
FuGene HD 1 lulasn3u Jsmnudiudunes pCl neo stabilized spike waz pCl neo RBD fiifies 50 wly

nSusalulasdns FauiudSunuwaials Tngunnwaltalinyia@asyin transformation

TUKsN3uaNN3en Luria-Bertani broth (LB broth) uay Luria-Bertani agar (LB agar) 9814
8¢ 500 1addns U5U pH w09 LB broth +lu 7.4 @ LB agar 1Ju 7.0 1lU autoclave gaungil 121°
(oA LaLded) AN 15 psi (Uaunron131497) 1Usyegaan 15 undl 9101w LB agar aswanyiavun

4 wav lag 3 wan Tden ampicillin 50 lulasnsusefiadans (wseuain 125 lulasniudeiiadans) (nm

7 2.1) iuldlu seadu (a°)

E. coli DH5QL

E. coli DH5Q

+ + pCl neo

pCl neo RBD Spike

LB gar + Ampicillin LB gar + Ampicillin LB gar + Ampicillin LB gar + Ampicillin

AT 2.1 LERINSIATEY LB agar ey transformation

11 transformation laamssuvanalulasiaussiig 1.5 1adans vuwiwds Tdwaade 2 lulasans
(PuuTUnatadaluiy 100 ulunsy) 1@ £ coli DH5a 50 Tulasans Aald 30 ul antudeviasn

U843 heating block 42°c 1.5 Wil uag drenaulunslutiuds 2 uid gavingld LB broth 1 §addns Uy


https://www.biomatik.com/

13

TuSesUadonuuen 45-60 Wil Wieasuiantinn 100 lulasdns spread aqwanmia 4 Unluguuie

16-18 43

Fadonlalatinendeglumzidesiasie LB broth Tuvanguraylaguanig inoculate Foulu 2
pds adsusnif LB broth 5 findansuazen ampicillin 2 lalasdns Unluguude 8 dalus wdufu LB
broth 50 fadans Tden ampicillin 20 lalAsans waz inoculate 100 lasans a1naSausn ﬂmﬁﬂﬁu@'
Uuidpnuuien 37° Wensunanimuienns 10 whuaztn 0D, msaglutig 0.2-0.35 (@enanliidy

fe) anutud1envInguruldly conical tube 50 addns 1Al cool room 4°c

2.M15aNANAELAN

i ludumisemieaass 4,000 ¢ 10 Wfl 25°c 99 supernantant a1t pellet ldadn
wanalameyaananalaiin Midi prep kit (Zymo Reasearch) lngiitunaudail resuspend muansazany
P18 iaadns LA P2 8 Taddns naumuluun 6 ASS 58 2-3 W7 N RLENTazanY P3 8 ladans uag

greasavalsadlu syringe filter 59 5-8 W17 11 luer lock pluck eonUaewansazatvaslu conical tube

a a

50 fiaaans 14 plunger Auansazavaulausnns 20 fadans 1Hiu binding buffer 8 fadans nauauly
11 8 A% wde column assembly U¥ vacuum manifold ANa1saza18neudwdn vacuum wazdn
vacuum Wieansarangluanun 11 reservoir 89090 column assembly iidasazans wash1 2 fiadans
\Ua vacuum auarsazangluanun Wnasazals wash2 2 daddns 1Ua vacuum auarsazangluanue

Y9 2 58U NTUnen luer lock kag?e conical reservoir 1@ column Talu collection tube wan

v

iluduwies 10,000 g 1 w¥ wazde column Tuldnasn microcentrifuge aun 1.5 fiaddns anviny

q

va v &

Al elution buffer 100 lulasans 50 2 wiiudahludumies 10,000 ¢ 1 Wit WulIAGHugmMgR -20°C

Y
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3.m5indsunuazauaNaIEla

FaUsunas DNA ¢rea3es nanodrop Maueedu 260 uiluwas tneld blank u elution
buffer waziearsmududunanainnitinldlniy 1 fedntusefiadans iU cel
electrophoresis (W38 1.5% agarose gel) Sulaalnsnay warailn 1 lulasans, cel red 1 lulasans, 6X
dye 1 lalasdns, MiliQ water 3 lulasans wagld ladder aunm 1 Alawua Sulmeldmasln 100 Tad 30

a A o % o | Y 2
w7 Weswasaunaaludesnien3os gel doc

4.n15:884 cell line

Aoawad HEK293 (ATCO) way CHOK1 (ATCO) Tnenroanaing -80°c sngulugranaiuny
gaunil 37°c 1n3eY conical tube vuA 15 dadians Aewnaidsamadadly 9 fndans (HEK293 WHeq
1aeley Dulbecco’s Modified Eagle’s Medium-High glucose medium (DMEM), CHO-K1 Godlngld
Ham’s F-12K (Kaighn’s) medium) uasifisngad 1 Gadans wilutumissninds 1,000 rpm 5 wd
MndumemnsAsusadsiaunniueondntoliivaduaneoninivasauaniy  complete
media 1 faddns thwadfilaluutumedluldlnimes Tnodearswadie 1X PBS 4 w1 udanaw trypan

a

blue Tudnsidiu 1 vie 1 wethluidesalunivuy 125 vise T75 luvSunaiimuigay lngideangumail

Y

37°c Tuannzfiansuaulaeanles 5% Wuan 48-72 42lus

5.msimanatiadngiwaduuudansii (transient transfection)
5.1 Transient transfection lagly Fugene HD Transfection reagent

Wesgad HEK293 9113w 2 x 10° waddes1ms 1 1adans diuead CHO-KL 31u7u 1 x 10° ¢ie
911115 1 addns Tunwuz 12-well plate gaungll 37°c Tuanziiiansueulaeanled 5% Juian 24

Flue ntuwIurasn microcentrifuge YA 1.5 TadansAevidelfiten iWenaunataia 1.1

1ulasans, optimum 50.9 ilAsdns Fugene HD 3.3 Tlpsdns 2 ndusumaesluyn 15 ass Uudl
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'
a

gaumnivies 5-10 wil wiiinansazatele 50 lulasdnslimusasvauuasifessenionmnll 37°c Tu

]

anneniiansuaulaeanles 5% 1Wunan 24-48 Tla

5.2 Calcium phosphate-mediated transfection

Hesaad HEK293 99131 2 x 10° 19aaseans 1 1adans dead CHO-K1 97u3u 1 x 10° fi
911115 1 daddns Tunwuz 12-well plate gaungll 37°c Tuanziiiansueulaeanled 5% Juian 24
Tl Weasunanldsuo misiasagaalnl InUUASENaEA microcentrifuge AUNA 1.5 Hadans 2
waennenilaufizen Inevasausnld 2M CaCl, 8 lulasdns, wanalia 2.1 lulasdnsuasusulsunnsme
S < & < a ! a ! a 1% & a
unaulasnderlu 62.5 lulasdns dwdnuaeeld 2X HBX 62.5 lulasdng uanauiiaemaenlagLiy
waoakInlUdmasniiaes Unaamgiivies 20 wiil iuansasatenle 125 llasdashimudasnaunasites
sofignimgil 37°c Tuannigiliansueulasanles 5% Wuna 6 Hiludsddsuemsdeasadsnass vy

faNanNIzLRY 24-48 7134

6.nMsumaraliaidngiwadiuunias (stable transfection)

nsdninaaiiniingwadlutuneuiieatun s alawuutIATIwALe UNIUATY

naamliiildsusmsidsaradlasnauenlddndengaaniasunaialadudonaindusiue i lun
anadinug ANUNTUYesENliEeNaINN1TIN optimization IngidanAuiutuiiganau1sag
13 a Yo I~ = I3 & ¢ Y § Yo I3 = Y I3
wanUndAlavavae  WewdswduomsideseadnnaueuailidLnewaduazdvesemsieadlaiy

waulivihmswasad ademnswdsuliiuisusmsidusead siutiauasy 14 Ju
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7.058nalUsAuANNwaa

ANDIMNSIALATAROBNANME PBS 2 ASUHAY RIPA buffer 539 1addns, Protease 5.5 {adans,
Phosphatase 5.5 §iaddns atluvay 3ndugeesnainvauludmasn microcentrifuge Yun 1.5 1addns

a

wasihluuwieswineauss 14,000 ¢ 15 Wil 4°% anvhegaansavaresiuuulavasniuigumal

Y

-80°c

8.N15ANYINTSLEN@BNVBIIUSAUAIEAS SDS-PAGE was Western blot

Aaeidsunalusiunie  BCA assay  waziunuwenlusiumiy  SDS-PAGE  lmeld  SDS-
Polyacrylamide gel Fifinnududuves acrylamide Tu separating gel 15% @wsulUsAu RBD, 8%
dwiuldsiiu Spike Mnsualaihaedl 100 v unan 90 wifl sniuleudelusiuanealuds
polyvinylidene fluoride (PVDF) membrane lagldinssualviinasii 80 fiadweuuus iunan 90 undi de

=

1 138 ua21h PVDF membrane uualu blocking solution (3% skim milk Tu PBST) Wunan 5 udl 2

a

59U NUuLIselukeufuaAUgull (primary antibody) (Hanldn1um1snan 2.1) Usuns 4 1adans 119

Y

' (%
1 [

vueSesgndiunm 1 9alus iulilgaungf aoc Avliduiu doundrafae PBST Wuiian 5 wiit 2 ade
15 wiiidn 2 aduduRuueuivednieni (secondary antibody) (Fenldniunisnedl 2.1) fifl Horse-
Radish peroxidase Ainaaineguiuns 4 fiadans suuaissugnduna 1 ¥alus gavhednade PBST
Hunan 5 unit 2 afa 15 wiitdn 2 adiuazihluamagdeieies Chemiluminescence Tngldansavanei
Usegnouse 100 mM Tris pH 8.5, Coumaric acid, Luminol wag Hydrogenperoxide AilSnan 1wl

WAUNTLATY chemiluminescence LWORTIVEBUR YU



17

. - gnTdINLeURVDAUTUNNME gnTEIULOURUBANRYIA
TUsAuanwanadn
blocking solution blocking solution
pCl neo stabilized spike Ol His-Tag rabbit mAb 1:4000 Anti Rabbit HRP 1:4000
pCl neo RBD Ol His-Tag rabbit mAb 1:4000 Anti Rabbit HRP 1:4000

Anti SARS-CoV-2 spike mAb
pCMV S1 Anti Rabbit HRP 1:4000
rabbit 1:1000

Anti SARS-CoV-2 spike mAb
pCMV RBD Anti Rabbit HRP 1:4000
rabbit 1:1000

AN5197 2.1 WARLAURUBANLYIUNTSYIN Western blot

9.115911U5AUlHUIaNSLA83T column chromatography

naulusiuiu binding buffer luewnsigiu 1 s 1 wazihlUlaufemie sonicator 10 w1l Usu
flow rate vouA3aAdY 2 TaddnsAoufianannaIeuenaIadsie 20% ethanol IWNTMTUEAIIINLATDS
Uudunss udald column (U flow rate 1Ju 1 faddnsaowil) suvunousuans sednsyislilnin

=

wasema ndudneynanesetndusuns i Budunss th binding buffer, elution buffer, s, Tn
e uaznaonldlusiundainliuians naliusassumisoasdos AKTA 1 1dan method run feendsdl
1.binding 5 U9 2.Sample ... W17 (aIwuUTuIRglUTAY) 3.wash binding 15 W17 4.elution 12 fraction
5.binding 5 W17 dlolatauddametinindy, 20% ethanol W&33009 column panUaY d19 MIliQ water

uNFITuLEUNT

10.715M IALUSAURAMUTUTUNINVUAIBAS Ultrafiltration

‘Uizﬂa‘uqﬂﬂiaja'au filtration (30 kilodalton) fiu collection tube waqldlusAuasiuaiu
filtration wazludumissiieninugy 14,000 ¢ gangl 25°c Wuszezian 2 Wil gavneiivd

collection tube ﬁqmmgﬁ -20°c
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11.n1 9 WU sANUIgNSHINudenIsuenanskuLEa (dialysis)

W3e3 1XPBS 91u3u 3 das, Untnasvuin 1 ans, mmwww’ﬁya, naeARna1sYUIn 10 Jadans,
dialysis bag, an, N35kN3 ,ﬁuﬁuqq agmagnetic stirrer 5N PBS Entesaduy muwaLG‘g@LLaz
1h dialysis bag atluud Snvaenwnunilvhedenlfuiuuasihiiniumniiugs mnduldlusiuadiuly
guinungeshedenuasuiiugeiefmilu thiaeideniimderiosusnasudnsdnnes 1d magnetic
stirer asluuawiisl PBS auviay dialysis bag wdliifsusnameusuuuitinls arntuilunduueios
stirrer Tutea cool room 1fuszegiaa 3 Ju laedsu PBS ynfuilensu 24 Halue wdFamihlusiu

sonlagnsangauaziUilnngaaisean

12.m3MAgav Binding activity vaslusiufinantu Tne3s ELISA

vinsiadeulusiuuu microplate Usinas 2 lalasnfusiongy Un 4°C 16 alaa 1fu blocking
buffer 200 Talasamssionay u 37°C 1 falus WWuwsuangtaelain-19 nimenndildsuiadu Uy
379C 1 93143 Wiy secondary antibody (Anti Human IsG HRP) Uy 37°C 1 4lud 4fisl TMB substrate
Unitgamgiivies 20 Wil 1A stop solution 100 lalasAnsdevian  waziluinAigaduuasie

microplate reader
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una 3
NANISNAABY

3.1 YSunauuazAunnYanadiin

NaN1TIAUSHIL DNA 989naaiindielaied nanodrop 7ANENIARY 260 UITULLAT WU
Usununsatiipddauesnaiaiin pCl neo RBD Attty 4,620.7 uilunsusolulasdns d@iunanaln

pCl neo stabilized spike dautudu 10,079.0 ullunsusslulasdng

U A a gj v v v U 1 a o o
nasnidenananadavsgesaulaanuanty 1 lulasnduselulasdnsuaziiluin el
electrophoresis WuluuanaaiinvunlnalAssivsanaainasaiiofisuiu DNA ladder aua 1 Ala
Wa (thermofisher) Tngwanalin pCl neo RBD fauinuszanal 6,000 f:jwa wazwalals pCl neo

stabilized spike vuAUsEINM 10,000 AU (Wil 3.1)

pCl neo RBD
stabilized spike

—

(]
o
o
o
e
2
i

pCl neo

=10000 bp
=6000 bp

10000
6000

3000

1000

250

A7 3.1 MTIATIEnanalnlngds gel electrophoresis

1 gel electrophoresis Inald agarose gel 1.5% Sulngldriidslu 100 Taas 30 w1
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3.2 namsuansaanvaslusiy S uaz RBD Tumsdndmaraliadigiaaduuutansia

Han sUniwaaiiaindwad HEK293 way CHO-K1 1ngld Fugene HD transfection reagent @
NadauMENTUIadannlUsAuLaz oM SIRYLTaaraIInAs I INaIaln 2 Tuanvil Western
blot WuNTieesRsugad HEK293 ilwanaln pCl neo stabilized spike wag pCl neo RBD WU

nsuaneanvadlusiunsIinszilagltiouiuefne His tag (N 3.2A,0)

WOUNUNLUTUALANAN reprobe 8nA33ee Anti-spike rabbit Ab wudeygnausaugainlusiumn
HARAINLaR HEK293 fifinanadin pCl neo RBD (A# 3.2D) wsilinudeygaainlusfiuveasaa HEK293

fifiwanadin pCl neo stabilized spike (Al 3.28)

A

HEK293 pCMV S1
CHO-K1 pCMV S1

HEK293 pCl neo
stabilized spike
CHO-K1 pCl neo
stabilized spike

Stabilized spike =200 KD

Spike S1 e i 74 KD

Primary antibody: His Tag rabbit Ab

HEK293 pCMV S1
CHO-K1 pCMV S1

HEK293 pCl neo
stabilized spike
CHO-K1 pCI neo
stabilized spike

Stabilized spike =200 KD

Spike S1 : 74 KD

Primary antibody: Anti-spike rabbit Ab
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CHO-K1 pCMV

HEK293 pCMV
RBD

CHO-K1 pCl neo
RBD

HEK293 pCl neo
RBD

RBD

RBD 27 KD

Primary antibody: His Tag rabbit Ab

D 8 8 > >
< S > >
@) Q Q @)
o o o o
m — (58} —
Q X o= X
e O o ¥ 0 O o
w m T om L o I oo
I (U= I O
RBD : 27 KD

Primary antibody: Anti-spike rabbit Ab

AT 3.2.1 a59faRnunsuanseenlUsALYeLYas HEK293 way CHO-K1 Tagds Western blot

(A) ATaRnmunsLanIeeniUSAuvatYad HEK293 way CHOKL #iflwatafia pCl neo stabilized
spike Tnpthemnsidsused (2 Sundwinnstudnwad) 1vh Western blot Tnefl primary
antibody A® Ol His tag rabbit mAb (dilution 1:4000 3% skim milk)

(B) ATrafnanunIsuanIeeniUsAuTesYad HEK293 uaz CHOKL fiflnatalin pCMV S1 lawth
psasaTad (2 Tundeinmsthidnead) avih Western blot Taeil primary antibody fie
Anti-spike rabbit Ab (dilution 1:1000 3% skim milk)

(©) asrRanunIsLanteanlUsiuTesad HEK293 wag CHOK1 fifiwanafin pCl neo RBD Tneii
ansiasuYad (2 Yundinmsiidnwad) 1 Western blot Tneil primary antibody e o

His tag rabbit mAb (dilution 1:4000 3% skim milk)
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(D) Yansuanteontusiiuvenead HEK293 way CHO-KL #ifiwanafin pCMV RBD lnsthemnsides
Wwaa (2 TundInnsgwad) 11vin Western blot Tnedl primary antibody fie Anti-spike

rabbit Ab (dilution 1:1000 3% skim milk)

iWelvinsthmanafiaitrguwadiinadunuiasisdnymansimaadiandhgeadlngld calcium
phosphate s?imamsﬁ%%wmaﬁmL%ﬂf;jmaa‘ HEK293 ¢ed5  Calcium  phosphate-mediated
transfection IaempdeusenIsingadfiinsindmatain pMAX GFP ludesiae  fluorescence
microscope NuAEfnd A st wanafinddisad HEK293 18 (amidl 3.2.24) Wathomaides
wadveswasivdinaadin pCl neo stabilized spike 4az pCl neo RBD 1% Western blot wuinaad

HEK293 @1unsawandaanlusiuannnatalnndaasbosuuny (0w 3.2.2B)

A HEK293 day O

M.

HEK293 day 1 post transfection

Control

pPMAX GFP




23

B Culture supernatant on day 2
Sample 1 2 3
Stabilized spike | = ®wsmas w0 s | 200 KD

Primary antibody: His Tag rabbit Ab
Culture supernatant on day 2

Sample 1 p) 3

RBD 27 KD

Primary antibody: His Tag rabbit Ab

A9 3.2.2 MskaaseanlusAutestad HEK293 Woidinanadnmeds Calcium phosphate-

mediated transfection

(A) Msvegeulsgavinmmsdndinataliaigwad HEK293 ae35  Calcium  phosphate-
mediated transfection IagtngaaunaRInMIsUNTIgad 1 Juudenienaedgansseil
fluorescence

(B) MsnagsunshanseanlusAuTsas HEK293 fifiwanade pCl neo stabilized spike ey pCl

neo RBD lagiemsiasawas (2 Junasainnisunidiwas) 11vin Western blot lagdl primary

antibody A® O His tag rabbit mAb (dilution 1:4000 3% skim milk)

3.3 wamsiudiwanadiaidgiwaduuuniis

Watwaa HEK293 finedaumswkanioantusauainnisiidinaiainundndesninglden G418
AeUudy 6 Tadnsuseliaddns wazldueroaunsu 14 Junuiead HEK293 undiudinaasgle

(M? 3.3A) wanDINIsasuNaNalinisum1ue1 GA18 w3 neomycin walllathemsidusaadluyin
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Western blot wuinwad HEK293 #ignAnidenlianunsandnesnlusiueenyilavilouneunisAniion

(nwit 3.3B)
after s

[

election with G418

A HEK293 day 11

pCl neo
stabilized spike

pCl neo |

RBD
B 2
= Culture supernatant on day 14
8
o 1 2 3 Sample
Stabilized spike |gum— =200 KD
Primary antibody: His Tag rabbit Ab
2
= Culture supernatant on day 14
(%]
O
a 1 2 3 Sample
RBD o— 27KD

Primary antibody: His Tag rabbit Ab

A9 3.3 dnyazlarn1suanseanlusiuveead HEK293 vdangnAnidensiven G418
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(A) Snwazveusas HEK293 Wielden Ga18 aududu 6 Sadnsusefiadans asluifuszesiian 11
Tu uarihlUdesmendoganssey

(B) nndoUNSLAnsERNlUSAUTaNTad HEK293 Wielden GA18 anududu 6 fadnSureiadans a
TUduseezinan 14 Ju (LﬂﬁaumﬂﬁémLeziaét,ﬁammiL%IJJLU?ﬂlauLflu%mﬁm) Lazthennnsiaes
1waauvi1 Western blot Iaadl primary antibody fie O His tag rabbit mAb (dilution 1:4000

3% skim milk)

3.4 wan1sinlusauliusans

q

Mnmsthemsiasasadiiléannsii transfection #e calcium phosphate FHumsnAgey
e Western blot LLé’ﬁWUIUiauﬁgﬂLLamaaﬂﬁmmiﬁwwmaﬁmLﬁi’hﬁmaé HEK293 11%11n13 purification
1838 affinity column chromatography wuanlus@u spike wag RBD ﬁﬁﬂﬁﬁqwéwﬂﬂiauﬁ elution
7 2 wae 3 Lﬁ@@ﬁﬂﬂﬂi’lw chromatogram (77 3.4.1AB)

v —Uv v —— Conductivity Gradient Concentration

A ystem Flow Pressure v Fraction
Run Lo

g

mAU

60

55

50

45

40 i
35 I
30 |
25 |
20 [
15 [

10 |

Waste

T3
T

T5

T6
T7
T8
T9
T

124 126 128 130 132 134 136 138
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v—LUV v — Conductivity —— Gradient Concentration
B System Flow Pressure v — Fraction
v Run Log - UV@01,BASEM
mAU
120
10
100
90 :
80 3
A9
oo 5 3 A
C o X o)
60 8 % ;-3 %
50 o S z 2
@ E g 2 E
20 2 5 2
o L B 2
20 € 5 @ 5
m O wu 0]
10
[0}
0 o
10 SRR /A2 .
74 75 76 77 78 79 80 81 82 83 84

A 3.4.1 A5 chromatogram 21ALATS AKTA Lanin1s elution TusAusaninlulsaz

fraction

(A) A3 chromatogram vedlUsAu Spike ﬁﬂﬁu'%qwéima affinity chromatography

(B) n32% chromatogram waslUsAu RBD ‘I/Tﬂﬁu%fjwéiml affinity chromatography

s

Jlelusfiu Spike ﬁgﬂﬁﬂﬁﬂ%qw%ﬁﬂﬂﬁw Western blot uay SDS-PAGE WuwUuALUSAY spike 7

o

gnYIlAuSan5aINNITYin Western blot agetmau tnenulusiuil elution 71 2 uag 3 uinaINNIN

SDS-PAGE nuluunlusau Spike Aoudneund waviinisuuleulusiudutosninlusiu Spike filignih

s

TfuSans (Nl 3.0.2A8) dnulusiiu RBD wuwuumlusiuainnnsyi Western blot Faiau Inenulusiu

9

71 elution 91 2 uay 3 WaaINA15¥ SDS-PAGE AiunuudlUsfiusgsdnautuieniu Fadlanuuians

11nn71 TUsAY RBD ﬁlajﬁhuﬂ'ﬁv‘iﬂﬁu%qwé (Nl 3.4.3A,B)
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Protein purified (fraction)

Flow through

Positive

F2 F3 F4

Stabilized spike | ' m ®200 KD

Primary antibody: His Tag rabbit Ab

. 2 ®

B 5 Z 3

KD & & F2 F3 F4 uw S

245 N

190 L

135

100 |

80

58

46

Primary ariri.b.ordy: I:is Tag q;aBit Ab
A 3.4.2 maneaeulusiiu Spike udsnnsviliuians 1ag3s Westem blot uay SDS-PAGE
(W) naaeulusiu Spike ndrnnsiliuIavsfeindas AKTA Tagld imidazole Tuns elution
500 mM naaaulaeds Western blot & primary antibody @8 Ol His tag rabbit mAb (dilution
1:4000 3% skim milk)
(B) nnaoulUsiu Spike ndsanmsvinliuTanasetados AKTA Tngld imidazole Tunns elution 500
mM nageulng3s SDS-PAGE i Positive control e Tusfiudeumsiiliusans wasdeuded

Coomassie blue
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A Protein purified
(fraction)

F1L  F2 F3
RBD | sy | | S .. 27 KD

Primary antibody: His Tag rabbit Ab

Positive
through

Flow

b

Flow
through

ladder
Positive

KD

Primary antibody: His Tag rabbit Ab

A il 3.4.3 mavageulusiiu RBD ndaannsvinliiuiavs 1nes Wester blot uay SDS-PAGE

(A) vaaoulUsiu RBD ndsanmsviiliuiansmenios AKTA Tngld imidazole Tunns elution 250
mM nageulaeds Western blot 3 primary antibody fie O, His tag rabbit mAb (dilution 1:4000

3% skim milk)
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< o

(B) nasaulUsiu RBD ndsnmsvilbiuTansmeinsas AKTA agly imidazole Tun1s elution 250
mM nageulaes SDS-PAGEX Positive control fia lUsAuneunsilviuians wavdeusied

Coomassie blue
[ = = 174 v g } % ad . .
3.5 Nami‘maaamsmﬂ‘lﬁﬂsmuumwwmuﬂuumms Ultrafiltration

WadpAnudutulusiu Spike naaINNvIAUTaNSAI878 BCA protein assay Wuilushu

a

Spike 7 fraction M1 2 way 3 fAAIIdNdY 56.3, 24.4 lulasnsudelulasansmuainu wadetnunii
Ultrafiltration wazdnusunalusAudnasanuanlusiu Spike 91 fraction 91 2 Wag 3 UAMATINTU 371, 320

lulasnsusslulasansauansiu

3.6 NAN1INAABIN159N Dialysis A28 Dialysis bag

ndannstalusiuluda dialysis bag wazwaiialilu 1X PBS 1Wunan 3 Juuaziilevrlusiiuesn
Qe TlUsAuusdunliansaiiesenunlinuarihivsuneslusiuiildanasnniy  wazillese
anunsainsunsseuiavedain-19  hlndililavinnismanssdeludiuveimmageurnuuiansves

TUsAUNIUNTT dialysis FemsagiinisuuloulUsAudus Uogasniay

3.7 HaN1SNAEDY Binding activity #28 ELISA

LH99PNEANIUNITAINISENTSEUIAVRILAIN-19 YiIlilia1unsavinnisneasdludiuyesn1snaass

De
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uni 4
d5Uuazanusenan1INAaes

Mnramseasssidnaaians 4 via ldud pCl neo stabilized spike, pCl neo RBD,
pCMV ST uay pCMV RBD Wndiwad HEK293 uaz CHO-K1 wausnginfiflsawad HEK293 #ilésy
wanala pCl neo stabilized spike wag pCl neo RBD fianunsouanseanlusiuanwanadineenule
TUsfiu Spike waz RBD misvzivwiauszang 200, 27 Alanasu audsyu Favunalusiu Spike 7ildann
n19¥1 Western blot Wlalitsuifu protein ladder wuineginilo ladder vuin 190 Alaaadiu damlusiu
RBD WuluUuAlUsAUABILUURESY 119 ladder vunm 25-32 Alanadu Genisinuassiuudaainifeades
AUATZUIUMNS glycosylation Youwas (2,4,16,20) MANAN159IN Western blot a@léﬁw HEK293 ay
CHOK1 lyanansananisannaialinawmes pCMV e usdaldanunsaagunaladn CHOKL liaunse
wamsveniUsiiune 4 wilaldilorinlinsui cHokt lSunanadndnluandimsidwanadind
wsslyl nmsvhmsnnansgdnase Tneiinanaiin pMAX GFP 8y marker tlefnnunisidiad nai
§fewad CHOKL annsathmaalindwadiulngdailiusliaunsauaniooniusivanmanadion 4
wiinla LLasﬁﬂUszLﬁuﬁaLLauﬁuaﬁﬂgmgﬁﬁLﬁafﬂ,{flumsm’;wﬂﬂsaumﬂwmaﬁm pCMV il positive

control  Fevililainsuiueudvenansaduiulusiuainnatalin pCMV  leasaseld  Asveaes

no9lUTsdengad HEK293 uagwanadanames pCl neo itn1snaaosnaly

mﬂmswmaaqﬁﬂwmaﬁmL%ﬂg'maa‘l,wu%"amﬂﬁﬂﬁﬁwmaﬁm pCl neo stabilized spike wag pCl
neo RBD wmindngiwad HEK293 wuuamslasvdnnswiloummaaesdeuniiudfiuduneudaidon
wadligaddaifissiifinatalinvest Inedensn G418 (neomycin) imszlunanadinnamas pCl neo
figuduen neomycin (1) wagldasiuluemnsidsamaddemnududuiidonld @onannisynisnnaes
optimization of G418 dose dananaadudusifianiiannsnsiead HEk293 dmun wadelda
Wty 6 fadnsudefiadans dlewduawad HEK293 Aiflen Ga18 duluiduaan 7 Su wuiSunonvadisy
anauanwad HEK293 Tadhiulusswinsdufivomnsdessadvnaddeums trypsinize wadiflede

wqu e lunsaniswaneanlusiuiig Western blotuausinginwas HEK293 Mrun1sAnidensae

g1 G418 azlianunsauanseenlusiueaninlaaneiunis trypsinize wavdlal trypsinize @nansaifiu
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[

gImsdsaraanilUsAuNkanseanananalinlaasan 4 Tundanisdndmanalin Mo idsldaune
Viliwad HEK293 1u stable cell line Mianunsauanseanlusfiuveasladsannnnisiiead HEK293
godemnuannsatunisuaneanisiueradunssiinaneilduunganlunsbessadnien G418

Tuanuugusanan

Wesanliaiunsasinld HEK293 Wu stable cell line 1@ F9doannisnazuanlusauainnig

%

Undnaradawuuiiasnlalesansunulunsiimaialodngiwad 3udenldds Calcum phosphate-
. . % & aady ° o v a v s a Y ANy A A
mediated transfection FulwsnsuyumansadidmaraiaigwadUsunaunlauiivedenonis

YY) A o g Y& a ¢ v = X ¢ o o W a = v

JuivresndevlmduiivsowaadesUasusmsidsagaananisuidmaiadalaz dawliudsusms
deawaanllaansamdanaslulivun (10) Wennaesuhdmatadinlaed pMAX GFP 1Uu marker wui
anunsaldisilunsdndwanalindndwad HEK293 ba uazillathlunaaeunisuanseanvedlusiulagis
Western blot AwuwUUALUSAURABINSUiY 39nsnanlusiuainisn1sninaniaginuemsiaes

U

wadusaznauiud 4 ndsinnsindmanadauaziiuling -20°c

Y

doanunsandnlusiusenunldsedudaagiluiunssurunisviliuians (purification) Fes
affinity column chromatography Imusmmw‘hL‘fluaaaﬂ%gqLﬁaamﬂﬁiﬂiﬁuﬁawﬁm wamﬂmiﬁm%ga
wsnBlHUsAY spike wafildfe wuwuudlushy spike 21nN1599 Western blot ag13admiau #1991nn1s
¥ SDS-PAGE shesegaienfuduaniderududuiilimnwevedusiu w5135 Western blot 3
AN mzuarAnlagandnas SDS-PAGE witivinalusiudissdnferannsonsanuld (11,15) 8
NaNSTAARIfna 1A AnINN1TIdUS N imidazole Tunns elution Alimangay Wesinmuy3unm
TUsiuunsaanlu flow through Tuns purification afasiosnuedlusiu RBD FaUdsuusunas imidazole
210 500 mM 1 250 mM (5) mausngidevnlUsiumageusies Western blot Lay SDS-PAGE
annsonukuuilUsAuldFaauay linulusiuludiunes flow through wilileiisuanuudandaunis
ourification afausnvedlusiy spike wuddinstudeuvedlusiuduinnnin Sahlusiu RBD luvh
dialysis ilefdnasuifeusug dwilusiu spike thlush Ultrafittration iitanusunasiiiuninuidudu

Tviunnau
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dosanaounisainsunsszuiavedisalain-19  vihliliansavinisnaaeseludiueenis
NAABU Binding activity maﬂﬂiauﬁmawﬁuﬁuLLauauaﬁmﬂL%?Mﬁﬂ?ﬂiﬂ%ﬂ%ﬁﬁié’%’ui’ﬂ%ﬂﬁ Fananns
npaosfinaianluie TUsAufinaniui Spike uwaz RBD annsaduiuueuRven iy wdld Tog
¥nsnaasd ELISA 158 Wetern blot wieilunismsiagou activity i dovsw activity Tunsduiu
LeuAveRvosyududIamsnthluihyanaidadeld snfiedns Wu msvi rapid test kit #ith
Usiumnumedhada coat unwmiusus Wethwsudedeiitueuivedrodehiafaunsauanwadu
Fadruanle Judu (13)

aghalsfinu Tosrirvescidoie nsnnassiinnasstuisad 2 wiafio HEK2293 uay CHO-K1
Famsdenldiwadaus onalinandslusiuiinnnit viseoavinldidu stable cell line 1§ sauvanns
Wasuanalumsdearaslifivunslngiuonaldnamsnnassiisetueenly (6) vemsiwasuuiune
imidazole  #ldlums  purification  oafiiinaivangauniuaransovilnUsiudaouuians
1INNIINTNAADIRINATT (5) ﬁqﬂ?umimaaaLﬁmamﬁaﬁﬂmﬂﬁﬁamaﬂﬁmmiaLﬁMizﬁ%%ﬂﬁWMﬂﬁ

s

nanlUsAuvselunmsilushuliusansanilugnisnanlusiuniivssavsamunntuiieldiauynnsim

Y

[y

Jaduladn-19 sall



AMARNUIN

1. 215+:889%a8 10% FBS DMEM (Mauus 40 Nadans)

DMEM 352 ml
Featal Bovine Serum (FBS) 4 ml
Hydroxyethyl piperazineethanesulfonic acid (HEPES) 0.4 ml
Sodium pyruvate 0.4 ml

2. PMSlasuYad 10% FBS F-12K (Wavius 40 faddns)
F-12K 36 ml

Featal Bovine Serum (FBS) 4 ml

3. Phosphate buffer sarine (PBS: anudunsaeng 7.4)

NaCl 8 g
KCL 0.2 g
Na,HPOy, 3.63 g
KH,PO, 024 ¢
ﬁﬂﬂé/u 1 L

4. Acrylamide separating gel 8% (8 ml)

MilliQ water 3.836 ml
40% acrylamide 2 ml
1.5M Tris-HCl pH 8.8 2 ml
10% SDS 0.08 ml

10% APS 0.08 ml



TEMED (ldvihean)

5. Acrylamide separating gel 15% (8ml)
MilliQ water
40% acrylamide
1.5M Tris-HCl pH 8.8
10% SDS
10% APS

TEMED (ldvihean)

6. Acrylamide stacking gel 5% (4 ml)
MilliQ water
40% acrylamide
1.5M Tris-HCl pH 8.8
10% SDS
10% APS

TEMED (ldvihean)

7. Enhanced chemiluminescence (ECL) substrate
Tris-HCl pH8.5
Luminol
Coumaric acid

H,0,

0.004

2.836

0.08

0.08

0.004

2.408

0.5

1.008

0.04

0.04

0.004

25

11

1.5

ml

ml

ml

ml

ml

ml

ml

ml
ml
ml

ml

ml

ml
ul
ul

ul
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8. Binding buffer pH7.4
20mM Sodium phosphate from stock 1 M
0.5M NaCl from stock 5 M
40mM imidazole from stock 1.5 M

1ndu Usunsmulusauiiagyinnis purification

9. Elution buffer pH7.4
20mM Sodium phosphate from stock 1 M
0.5M NaCl from stock 5 M
500mM imidazole from stock 1.5 M (Aandudutufusiialusi)

(% '
o

1NNAU 50 ml

10. NaN19Y1NIN19NAABE 98 Optimization of G418 dose

HEK293 day 4

1 Ga1s

G418 G418
0 mg/ml [&= ~ | 1 mg/ml o | 4 mg/ml
G418 G418
2 mg/ml 5 mg/ml
G418 G418
3 mg/ml 6 mg/ml

AT 4.1 MsnedeuUSINMen GA18 fidnansaaiwas HEK293 e

HEK293 day 7 HEK293 day 7
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