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(57) Abstract: The present invention relates to engineered hu-
man antibodies having neutralizing activity against human coron-
avirus and use thereof. The novel human antibodies against coron-
avirus, of the present invention, specifically bind to SARS-CoV-1,
SARS-CoV-2, or a variant thereof, exhibit neutralizing activity
against SARS-CoV-1, SARS-CoV-2, or a variant thereof, and have
cross-reactivity, and thus can be used for the prevention or treatment
of coronavirus infection. In addition, the antibodies and fragments
having immunological activities thereof can be used to rapidly detect
various types of coronaviruses, and thus can be used for the immun-
odiagnosis of human coronaviruses, particularly SARS-CoV-2 with
high infectivity, and variants thereof.
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SARS-CoV-2 Hpo] ] 9] -7 4| += RNA Hfol & 9] st} = F- A A 7F 5013
= WA A (capsid)E 2] HHenvelope)©] &AM AL Al TR & W ek
A (rnembrane glycoprotem) & E Q1 ~3ho] = Wl A (spike protein)E ©] 7| A &
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HE 9} o] & FEA| XA whd L A A ste] 7] W 55 SDS-PAGE 2 2 &
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% 62 SARS-CoV-2 RBDO| ZE3HE= 4% A& T2 A ¥l A Ldl 2 AAS
o] SDS-PAGE A& 413 225 Yelyl Eolr)

5= 72 SARS-CoV-2 RBDol| tll gt 4°& 9] 14 (11427, 112416, 114G 2 1124G)4] 2
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T 162 SARS—CoV—2 Ho| A B.1.617.2 RBD 23} 5% A (112, 1130, 1137, 1164
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% 172 SARS-CoV-2 B.1.617.2 RBDe®l| t &t 5 &4 (112, 1J30, 137, 1J64 2
173)2] A3HeS ELISA 4] 2 = gl ¢k ot

5 182 SARS-CoV-2 ¥ o] 4] B.1.617.22] RBD % 9ol t 3t A3t= o] &4 2l

rds Bl—xﬂ FEEL =ZEy] Yot utrE Aol Aqeld #AHE el =
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202 F A E A7 E o8-8 65 2] scFv 34 H o] A (11203, 1225, 11228,
1J232, 13235 2 1J274)2] SARS-CoV-2 B.1.617.2 RBDel| th 3l A3gt=]S A% 2
?JrOM

| &

A A 0}04 SDS-PAGE 7%]?‘_ li—** St ﬁﬂra urEM woltl,

% 238 SARS-CoV-2 B.1.617.2 RBDel) th&h 1J225 814 o] a4ty 239 S
ELISA ¥-2] © & &0l Lot}

%= 245 SARS-CoV-2 B.1.617.2 RBD®]| t§F 11225 &4 o A3 232 & 41
AE e ol

%= 255 SARS-CoV-2 RBD9ll 2 %3F= 314 114G 2 YY, SARS-CoV-2 B.1.617.2
RBDol 2 3H&t= a4 12252] 22} RBD 2 332 ELISA ¥4 0 &2 #9131 o]
=3

5= 26+ SARS-CoV-2 RBD9ll 2 33F= 814 114G 2 YY, SARS-CoV-2 B.1.617.2
RBDol 233 a4 1225¢] w2} RBD 2§ 23t =& ¥4 3 2315 verdl

=278 3% A (11225, 114G 2 YY) 2| SARS-CoV-2 75 o] 2 29 t] gt =
$}sS HA g AHE vER Solt
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288 32 THA] (1225, D4G 2 YY) SARS-CoV-19]] o3+ A3 -S ELISA
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5293 2 g ol A E S-S UER ot
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d Fopell M TAFe FUATE AubA o = o] gl o= vkl 2 ofn| 2 ARG H
Lok H g Aol = kA E g ol Al 7 71 A E o o] 9F A Y e
St Al E % Hoahg o] JFof] LEE T H g Ao FaiEd o R VA Y= BE
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VA AREE Foto], A A 02 FEAEhis ofu] mAtel] thEk T4kl 1
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7 AFEE T ek Bk o A ofo] & o ¥l o} 1] Ak 3] o) 7ol TUPAC-
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debd: A, ob 27 R, ok =TI N, of 2B 2 EAL D, A 2 EL C, SR
A E, 5B Q, 284l G, 3| 2~E|H: H, o] AF4l: 1, FA41 L, #]41: K, W E| 2
UM, Addeld:F 25 PAH: S, EYoed: T EHET W, B2y ¥

A ZHHof| A, B w2 o] 7} 3 B ufnbo] 2] 2x(coronavirus) Hi= ©] 2] W o] A o
Lol Al g4 1= o] 9] W sh4] A& 7hxl Wl gk Aol

g
A oo A, JAZF ZZuto] ] 2= SARS-CoV-1(Severe Acute Respiratory
Syndrome coronavirus), MERS-CoV(Middle East respiratory syndrome coronavirus)
3= SARS-CoV-2¥ 5= 121, SARS-CoV-1 HEi= SARS-CoV-2¢1 Ao U] v}
2 st
& & of of] A, W o] A= SARS-CoV-22] &3} (alpha) ¥ o] A (B.1.1.7), Ml E}
(beta) ¥ o] A (B.1.351), 7 (gamma) H o] A] (P.1), @ El(delta) H o] A| (B.1.617.2),
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o, A7E3} @A), 71 ek @A R o sl (diabody) & o] Fol X o 2 H A
Bl E] = o] = s 4= v

[64] A ool A, - g o] A EEi= ol T 2 S T S A
T 1 E= 29 ol x4k A D2 3 8= CDRH(Complementarity determining
regions Heavy chain)l, /| @H & 3 W A] 102] opu] =2t A D2 o] FojX] = o7
B ey = ol sl E 238t CDRH2, B A2 11 WA 169 ofv] =
AP DR o] Fol x| = o R HE HE E = o] = S tE 2 315H= CDRH3E
gt VH Z=H| Q1S 23He = 9l

[65] A T el M, 2 I o] A HEi= ol W

1y Aerd S 7R EE S A
2 25 W] 279 ob] Al M AR o] FolX| = L O RIFEH HEH = o St E
283 FR1, A9 & 28 H3= 299 o] ik A D& 2 318H= FR2, A9 S

30 A 359] ofr] mAk M AR o] Fol A= e R A B = o] st E &
315li= FR3, @ A& 5 36 1= 379 o}v| w4t A& 2 3)5l= FR4E E 35}
= VH =& 233 5= ¢)
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3T 17 WA 199 o e al AR o] Fol X = O R FE

M AU 22 Wi #] 249] opy| mat M A R o] Fol A= it e 2 RE A E H = o
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QAQLVESGGALVQPGRSLRLSCAASGFTFRNYAMMWYRGAPATGLQWLAVWTSGGRH
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PGVPDRFSGSGSGTDFTLXISRVEAEDVGVYYCMQGSHWPPTFGRQGTKVEIK
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PGVPDRFSGEGSGTDFNKISRVEAEEVGVYYCMOGSHWSPTRGQUTKVERK
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R el 7hA dgvi)H BAle] B FGCL) R T T EH IS =
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[139] ASWHsEe eEdueady, 93 drd, A4 8y aan
& 5ol e, ol A A= Gk TFH LR A= AE B
Ao g Ay F9 9 4 Al el . ol

[140]

[141]

[142]

[143]

[144]

[145]

=AM E

& aFAE 2w ERE, QB g o]-FAH, RIA(Radioimmuno Assay)

2 IRMA(Immune Radioimmunometric Assay), EIA(Enzyme Immuno Assay),
ELISA(Enzyme Linked Immuno Sorbent Assay), FIA(Fluorescent Immuno Assay) &2

CLIA(Chemioluminescent Immune Assay)©] )

A ol A, g & Y] 2 BS EsHE gk L buto] el 2 iz of

o] WlolA A% 7| Eof &gk Aot

u% S =TT »-T.70 o - D%% T o il
o 541 ELISA (Enzyme linked immunosorbent assay) H=i= W & & 337418 A] oF 2
3k

A TR ool M= - A H3dA AES I A A4S B8 A 3
T= s hdsHA 43 5 913= Ouchterlony & # 0] E, | ~H &8
Crossed IE, Rocket IE, Fused Rocket IE, Affinity IE®} -2 9 2 7] & (Immuno
Electrophoresis) &2 A4 2 4= It} o] 2 e WhH o] AL ¥ = Al = B4 F
A Ao, ol % S R aA S, B9l SolH o Ades /1A,
AF 3= A Eto] = Qe B34 R

Axete] M-S B A& 5= )
7] H-fle] - A B39 Sol = AlST
AL H A = Y= AH(nanoparticle) ¢F $HAl AREE = TR g AR
A w ol o 3k | F A Alrrd o] M7 E A F, A Almeke Al 1Y
N2E o2y, O 2R vuteld 25 AEE 024 A1 ufo] 2]

-

2 749 0322 Zwat 5= 9k,

ol Zylo] A, ¥y e AA 2 0E He ¥ ARE B uo 3a) Eiz oo W
o5t TS 7 WA HEA = v 2 -9 A) Baa) gL A%
= @A B Eabelis, Qg B hulo] o] i o) of WMol A B A e uhy
ol 73t Aol

A oo A, JAZF ZZuto] ] 2= SARS-CoV-1(Severe Acute Respiratory
Syndrome coronavirus), MERS-CoV(Middle East respiratory syndrome coronavirus)
3= SARS-CoV-2¥ 5= 121, SARS-CoV-1 HEi= SARS-CoV-2¢1 Ao U] v}
2 st

& & of of] A, W o] A= SARS-CoV-22] &3} (alpha) ¥ o] A (B.1.1.7), Ml E}
(beta) ¥ o] A (B.1.351), 7 (gamma) H o] A] (P.1), @ El(delta) H o] A| (B.1.617.2),
7} 5} (kappa) ¥ o] A (B.1.617.1) 3= H-(mu) o] A (B.1.1.529)Y <= 9o, det
(delta) ¥ o] A (B.1.617.2)%1 Zlo] U] % vpghA 5fu}.
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[146] U SRl B g e A e ¥elE AR % dye] A Eiz oo
o614 $4 S b G AEAA B BEAE A= ),
7] Bkl e QA e AF ks 9B Eakehis, Qg mRulol el 2 kel F
Adko] Bad AR S AFes ol B ol

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154
[155
[156
[157

—t e e

—_

A oo A, JAZF ZZuto] ] 2= SARS-CoV-1(Severe Acute Respiratory
Syndrome coronavirus), MERS-CoV(Middle East respiratory syndrome coronavirus)
3= SARS-CoV-2¥ 5= 121, SARS-CoV-1 HEi= SARS-CoV-2¢1 Ao U] v}
2 st

& & of of] A, W o] A= SARS-CoV-22] &3} (alpha) ¥ o] A (B.1.1.7), Ml E}
(beta) ¥ o] A (B.1.351), 7 (gamma) H o] A] (P.1), @ El(delta) H o] A| (B.1.617.2),
7} 5} (kappa) ¥ o] A (B.1.617.1) 3= H-(mu) o] A (B.1.1.529)Y <= 9o, det
(delta) ¥ o] A (B.1.617.2)%1 Zlo] U] % vpghA 5fu}.

W, ¥ & 4] 9lgk mEvutel el 2 iz ool Wol Aol ol 2el )
Wiz o] o] W EL A 34 S b W A Ao Folahis wAE EHEhe
(F ol el 2 Al E S oY iz Rz P S AT

A oo A, JAZF ZZuto] ] 2= SARS-CoV-1(Severe Acute Respiratory
Syndrome coronavirus), MERS-CoV(Middle East respiratory syndrome coronavirus)
3= SARS-CoV-2¥ 5= 121, SARS-CoV-1 HEi= SARS-CoV-2¢1 Ao U] v}
2 st

ad

dAgel Awrtdast A = 3la, =

= QIR mERybol Y 2 hd Fo] e AfA A = A 7] HAl = IRk
¥ EE TS oduE 3

v g o] QI g vbutel el A& A ol Eas A "ok Wl glolA
A A A& A & T st

stz o] A& Soto] 2 WS B Al skl AR g S1e v ahr] A A
o= ¥ H e e FASe] g A & olol] of&f ¥ o] F =
A2 ol tt

2 Al o] 1. SARS-CoV-2 RBD| o) & g4 =) =}

1-1. SARS-CoV-2 H}-9] #] 2~ 2] RBD(Receptor Binding Domain) ©] 24| 3191 A 2}

vpol ] 27} s F A XS ZFA A 717] A el 554 ol A ek+=
ACE2(Angiotensin converting enzyme 2) =& A 3 ol A 3tstr}ar ¢ %l
RBD(Receptor Binding Domain) < &} of] A 3}sh= A E WHE7] 9 5lo] SARS-
CoV-2 Hlo] 2] 229 RBD 9 9& 3+ 0 & FH|8l v} ek, 4% o7&
ol-gsto] A S st ol Bt A ghek gk & A 2betaxt 4] el
GST ¥ L& &3 o] A (dimeric) F Hi o] &2l2 A x317] 38l &= A= &
&g e 53 A28t (Gibeo, 12338-018) 30 mlol] & & A% wHal-& W S
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2.3}t & PEI(Polyethylenimine) (Polyscience, 23966) X 2+ W B & 4:1 H| &2 4]
o], 2ol A 20 -1 F A Th7E A 2x10° cells/m1 ] 2= 300 ml Al o vl &t
Expi293F &= A 3ol A g]sto] Efl A3 H 6 5| shaking CO, incubator®l] 4] 37°C,
125rpm H 8% CO, 71 &2 7UAZE Aol A gk 5 A4 2] to] A5 elwt
FHskAth 71 % 25x PBSE ©] 83l 3 & (equilibrium)S BH541 o] & vl-E§ L E
(Bottle top filter)E ©]-2-3}| 0.2um = ¥ (Merck Millipore)= o] 2}&}a1, o I} ¥ nj| &
oholl GSH #1301 ml& & 7Fete] 4°Coll A 16 AlZE &<t wRks vt of 3, A
S E3) A2 3)4=3}al 5ml PBSE A 28} 2, 2.5 ml2] 50mM Tris-HCI (pH
8.0) & 10mM reduced glutathione (SIGMA). 2.5 853} T}, Centrifugal filter units
3K (Merck Millipore)& A}-8-3}o] PBS = buffer exchanges X138l ¢t %, SDS-PAGE
5 Zal Bl gk =21 (NR)I - =3 (R)ell A 24 4 Al E SARS-CoV-2 RBD-
GST &% @i el =17| 9 ¢ g A AT (5 ). B3 FAHZ 227 & ol
S % Aol ol&sk7] Asl GST7F & ¢ ol F Al el @l SARS-CoV-2
RBD-GSTOl| Alexad88 25 FA 8k},

1-2. Anti-SARS-CoV-2 scFv 87| At} error prone 2}o] H 2 2] A &}

218} Ad S (affinity maturation)2 &3l ©] ol & g 2}= 0] Anti-SARS-CoV-
1 A< S2305 AF&-381¢] SARS-CoV-20l] A¥sl 5 I slA1 7] A5 S.1J4,
S.1124 2 S.17392] SARS-CoV-2 RBD®l| th gk At 2 t] % ek A 7] a1}, 2)
7}+9] scFv 8FA) of] TagPolymerase (TaKaRa), dNTPs (Invitrogen), MgCl, 2 MnCl,
(SIGMA)E AF8-319] 0.3% & o] 7} A 7] =5 Error Prone PCR 7| Y-S A&
 FAAE TSR TFH A A ol Sfil (New England BioLab) #| $+ & 4~
£ A2 sta, SfilAl gt a4 % 2] ¥ pMopac12-NIpA-FLAG ] B o] T4 DNA Ligase
(enzynomics)g‘ ARE-sEo] A ATZL $ Judel Al 3o &2 A FA]Z o}, 34 A gk
g ES A Aol 223 e &k 5 37°Coll A 1641 F W F3}aL, 2% = F T =

7h 3 TB WA =2 8] 5=3te] 7 2x10° 7] €] 7] gholBe 2] & FH &3l

1-3. 211k 3HA Wol A =2

A A 1 200 A A 2FeF S.114, S.1124 2 S.139 2hol B &l g] A E ZF 1 mlS 2%
FF A2 240 pg/mle] F2FEH Y o] £8HH 25 ml TB Hl A ol A 37°C 2 250
rpm 2= 4*1 Zr v ekatar, vl ok A EE 40 pg/mle] FEEH U o] E3FE 100
mle] TB ¥l Aol 1:100 B] & & ¥F3}0] ODgy = 0.57FA] 1l & 3F 3 20371 25°C 2
250 rpm®l| A coolingS- X1 8 3Fal, 1 mM IPTGE F 7F8te] 25°C 2 250 rppm = 54
7+ =9k Inductiondlo] ¥l A o] & H 472 0Dy =82 7| £ & 535}
At ol T AEEE FAE 7] E ol &g 2ol Ajheh v &t
E (sphroplasts) FE|E T57] 91381 1 ml9] 10 mM Tris-HCI (pH 8.0)& A&} <]
AEFrate] 21 of Al H o= ko] v A& A A g F, 1 ml4] STE [0.5 M sucrose,
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[164]
[165]
[166]

[167]
[168]
[169]

[170]
[171]
[172]

10 mM Tris-HCI, 10 mM EDTA (pH 8.0)] &1 ell A 37°C, 30%-3F 2 €| o] A & =3
AEQt A4S = H o7 A S A AT 1 ml2] Solution A E 50
mg/ml lysozyme solution 20 05 -Z3gF 8ol A 37°CE 1531 2 H| o] A 5}
¥l 122 2] Zh(peptidoglycan) T A A8 AT o] 2, 1 ml9] PBSE A & 8}l o]
= 300 xlE 700 w£2] PBS ¥ 200 nM (monomer 7] <) 2] 3 whull Al (A7) A A]
of 1-10 4] A2} g+ SARS-CoV-2 RBD-GST-Alexa488)-2- ¥ il 2| A 1A+ &
o} Zgo|Asle] A¥|RIAE PG T2 HE FX3YT), &Y Asty =
VR =2 s Hols EEEE AAXE B 7] (flow cytometry)E- ©]-8-3}o] 3]

_1

FatR o, 3lH F2ENA scFy A AHEE PCR W 0. & FFaba1, v ¢,
e f- 2, Az e b e E 22| 7 E gloll = 229 2 E 2} 2~ ¥ (spheroplasting)

24, 3l A4 D FAE 7] e A<l Alo] | (gating)= 5 3l SARS-CoV-
29| RBD ¥ F el o] AR} /5 e g Ho|= A2 EdA2EES Al
L2 A FA7]E o] &8 A A I} 75 (purity) & = 0]
&%, PCR 5352 F3 A scFv ®ol A 4
A 1l E @ 2~ ¥ W] o] M (transformation) 34 -& A ]
i, (ks FEEES T 5 (enrich)sl7] Y8l oh g2 A8 A4S P8k
o t 2] gh o] ¥4 714 © & ARS-CoV-2 RBD 9 &9
o] A BT} &Y RS E 7R = scFy WOl A 258 FHEST (2 2).

)\E]}\] of 1- 3 9] HO);]IQE- A2 ZF 2= gho]l Bl gl 9F 227 &2 scFv aEH
9] §230, 2 X.3}A|Ql S1J4, S.1J24 2 S139E A2 ST AE R A
2 Oﬂ ]49“51 SARS-CoV-2 RBD-GST-Alexa488 &2 100 nM (monomer 7]*)
o]

o & SEA| A Ab2o| A 1A ZF FoF 15 o] A3t} Y 7 o] B]-E
XJO] 736]- ] %0}7] chﬂ PBS?,_ ;‘(]-Eﬂ /(ﬂﬂﬁ}jﬁ_%xﬂﬁ T":_L}ﬁl% 751%3}93\%

o], @& =7} 7182 45 SARS-CoV-2 RBD % ol tj ‘& A3 o] & ol
A Eo] golHe]g oA ZEZx 1= AL gl gt} (&3

1-5. scPv 3} A ol A Eo| faA A d F-4]
A o] 1-3001 4 FE.S scFy Mol A E259 A D& glsty] flshed
Sanger sequencings ©]-8-3to] DNA 97| A2 &
A AE 7FAR= scFv @A) ol A 43 11427, 11452, 12416 2 12483 A skl t)
(3 4).

1-6. SARS-CoV-2 RBD & & o] tf et 2 =]

A AT a] 1-5 o) A A g 458 2] scFv 84 W o] A & 2] SARS-CoV-2 RBD 4 &
of gk Ase g glsty] Hsl, FAXE LAV E o] &g AFY A4S A3
sEAATE o] & feto] Z47f o] Wol A of thawt & 2 ARE-E scFv ¥ Hi ] $230, &

PN Hm
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[173]
[174]
[175]

[176]
[177]
[178]

A S U4 L S124E A2 EYAEEZ A 2331, SARS-CoV-2 RBD-GST-
Alexa488 &2 34 nM (monomer 7] 5)2] 552 Aol A 1A 7} &9F 21571 o]
M) e o] vl-Eol A Ag-S A A Yl PBSE 7 x| Al A & &
FAE F24 715 o] &3Fo] SARS-CoV-2 RBD < 9 of| thet 4

-2 A3} 48 2] scFv H o] A S0l A thz<l §230, 234 S.1J
g dAsHA F7HE 3 A S E e, o] & F 3l SARS-CoV-2 RBD ¢ 9l &F
A At S 1A= scFy &4 ol A ES Al &2 skt (2 5).

1-7.1gG S & A A2 4 A

AHH 42 9] scFv @A W ol A 7F G & B o) A 5= SARS-CoV-2 RBD$}2]
sl A S 7R =R #leh] A al, 45 2] scFv (11427, 11452, 112416 2
12483)2] =4 2 A &) urel e S 717 A 25 Ik, 17427, 10452, 112416
2 J24835 A gl wha} F 71 A 1B o8 Ural, 72 T1E o] gE Y Eeddolt
S X398 J4G L 124G oA E E&8to], o] T4l @ A e WY E 77
A 2FE 9 Tk 13427, 17452, 112416, 102483, IJ4G 2 1124G W o] A &2 Z 274 =}
o} A FAAE 77t 1:19] vl &2 4] a1, PEIQF Hol A AR E 4:19] H| &=
A o] el A 20 ¥-3F FATHIE A 2x10° cells/m1 9] =2 Al o) vl Fa] H-&
Expi293F & & A3 Ed~HA AT 71 F, CO, AFwlolE ol A 37 °C, 125
pm 2 8% CO, 2o E 7AZF v Fst T AM e ste] A5 vt H &kl
25xPBSE ©]-8-3l 3 3-& 9331, 0.2 um syringe filter (Merck Millipore) & ©]-8-3]
o] 75l T, o] 7wl kol Protein A %1 150 pl& @il Ad=-o A 1 A ZF 3l
el & AR 7] E o] &al vl o] Aty HX S ekl 3] g # %l
S 1 ml PBS& A| ] &FaL 600 ul 100 mM glycine (pH 2.7) 2. & &% 3+ &, IM Tris-
HCI (pH 8.0)-2- ©]-8-3}o] 53} A| 7] AL centrifugal filter units 3K (Merck Millipore)<-
AF-8-3to] PBSE buffer exchangeE %18 3151t} SDS-PAGEE -3l H] 2+ =71
(Non-reducing)?} 291 Z71(Reducing)o| Al A A H 452 dudo] 7|} &
28T} (5 6) (13452 2 172483 W o] A= &l o] E] %] ¢k,

d

ol Aol 4 SARS-CoV-2 RBDOI| th &k & A o A %= 8 gklsty] 9, A Al
of 1-701 4 23l L A A 3k 4F 2] A (13427, 112416, 114G L 1124G) <} $230, &
AR S.U4 2 S.1u24¢] W3l ELISA 23S X8 sk31t). His Bl 15 § 3 (fusion)
31 veE A (monomeric) & Bl 2] RBDE 0.05 M Na,CO; pH 9.6°1 4 ng/ml& 3] A 3}
o] 50 w* Flat Bottom Polystyrene High Bind 96 well microplate (costar)l] 4 °C=
16 A3t &<t a1 88k 3 100 e 4% 2~7 *E = (skim milk) (GenomicBase) (in
0.05% PBST, pH 7.4) 2 “g-0ll A4 2 A3 &<t 52 7] 3151t} 0.05% PBST 150 ul
243 MAHEFH 1 uM s =T S 34§ 789 34| (11427, 132416, 114G,
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[179
[180
[181
[182

— e e

[183]
[184]
[185]

124G, $230, S.1J4 2 S.1124)E 50 WA 7} Do EF8Fo] Aol A 1 Al g &<t
HE-S-A] 7 o} Al 2] 3 Anti-Protein A-HRP (GensScript) 50 ul& 4o A 1 A|ZF &
oF A §E3-S H 8 star thA] Al # 831t 1-Step Ultra TMB-ELISA Substrate
Solution (Thermo Fisher Scientific)< 50 Wl Z 7}al &A1& 5 2 M H,S0,2 50 ul
H7F8he] W55 & 5 A1 71 th& Epoch Microplate Spectrophotometer (BioTek)<

o]l LA E A}, A& =gt 452 7L V1E S14 FA F S1124 A B
T} SARS-CoV-2 RBDOll Hth 1791 3l 23 & 7HA = 31& gl vt (&=
7).

A Al o] 2. SARS-CoV-2 RBDO|| t] 3+ &4 W o] Az}
2-1.CDR £¥%o] F 55 5wl & 71x]i= wol A &4 Azt I A4k
MG Aol A A7) A AT 10 4] 4 H gk SARS-CoV-2 RBD & &l tj gk 2

g2 o] At ¥ 104G, 1427, 10452, 124G, 1)2416, 112483 2] 6% 2] 314 & ©] CDR2
9] 57N ¥ CDR39] 107F ¢ X o] =5 & ol 7} A gt Ao 2 el (5 4),
A7) T A2l Ao 7F SARS-CoV-2 RBD & ol tfj gt A3te A& f- 50
Stz A o7 o) E o o] & gl3slarAl §2309 N57Y, N57H, F107Y, YY(N57Y/
F107Y) = HY(NSTH/F107Y) & ¥ ol & 74 = & A 589 Sl 2 24 &
E A 32 2d W E| &S QuikChangeTM site-directed mutagenesis W4 & o] & 3}04 z}
A 2SR T A Ao 1-79]] 7] 3 HHH © 2 Expi293F A EZ o A 2}t & & A
Hle] -8 W E| & PEI(Polyethylenimine) & Al-8-3to] E Wl A3 A 51 701 &<l
3k 2, Protein A @ X 150 plS AR-8-35Fo] A A5t o}, whal o] ¥ A ¢
2 HY(N57H/F107Y) W o] A & A £| 6l 3L SDS-PAGEE -8l 1] 39 271 (Non-
reducing)¥} 3+ 27 (Reducing)ol| A A A ¥ 3&2] huld o] 7)o} S & B4
aHl v (5 8).

N2 o0 K N

2-2. SARS-CoV-2 RBD Y o] t] &t Z3te 54

il Aol Al SARS-CoV-2 RBDel| t & 3} 4| of A= 8 S4317] 93l 4

Ale 2-10) 4 e 2 A A sl 3<52] g+A] (N5S7Y, F107Y 2 YY)<} S230, S.1J4,
S.1124, 4G, 1J427, 1124G & 11241601 th&to] ELISA 292 1 &t 3l v}, His B
15 §3(fusion) ¢+ WEE A (monomeric) & B 2] RBDE- 0.05 M Na,CO, pH 9.6
4 ng/mlZ 8] A3k 50 w2 Flat Bottom Polystyrene High Bind 96 well microplate
(costar)?l] 4 °CZ 16 A|{F &<t 314 88 3 100 Wl 4% =7 H A (skim milk)
(GenomicBase) (in 0.05% PBST, pH 7.4)2 =l A 2 A3k &<t B2 7] 5151t}
0.05% PBST 150 pl& 4 3|4 Al 2 3k 5] 1 uM 5 5=Y5E 4 3] 43 1052 3
A (N57Y, F107Y, YY, S230, S.1J4, S.1124, 1J4G, 1J427, 1124G £ 1J2416)E- 50 ul
A 2 Aol FFato] Ao A 1 AIRE FF RS A Z T Al A F Anti-Protein A-
HRP (GensScript) 50 w12 “g=-ol A 1 A|Zt 5 <F A ¥H-5-& 18] 8kar thA] Al
] 5} 9 T}, 1-Step Ultra TMB-ELISA Substrate Solution (Thermo Fisher Scientific)

EO{'
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S 50w s A1 EE F 2 M H,S0,2 50 Wl 3 7Feke] vEgS 8 A7 U2

Epoch Microplate Spectrophotometer (BioTek)& ©]-8-3ll &4 gt 4 7}, SARS-CoV-
2 RBD & 9o 3l N57Y ¥ F107Y+ 314 A <5 (affinity maturation) <1 S.1J4
L S1324 FA o} vl 23 AR o] A& Ao, F 5o 7 B Rld
YY #olA o] B9 28 A A A sS4 2 S24 Bk fA A 5 e
At YERTH (2 9). B3 HY B0l 7 Y H 124G 2 112416 o) A K.
U YY7ZE =) EH 4G, 0427 R YY7HY & 23S YElhW RBD 9939 4
Fhell N57Y 2 F107Y 9] &AW ol7t T 2.8 th= A2 &8l th(= 9).

[186]

[187]  2-3. SARS-CoV-2 RBD®| t] 3t A3} 31315 ¥4

[188] 7] AAlefoll A A8 3 4G H YY 9| SARS-CoV-2 RBDol| tf g+ A3 715}
55 543171 9130, Octet BLI system RS (Sartorius) & AF-8-3F3 o}, -4 4 &
=, NTA biosensor®l] 1x Kinetic BufferE& A}-835}] 3 & (equlibrium)< 95531 1x
Kinetic Bufferel] 3] 4]t 50 nM -& 5 2] SARS-CoV-2 RBD-His &-¢ 250 ulS- 1803
Fot nAs}EA Y. 1 5 AL 3143 250 ul Q] A S 600% F<F S SARS-
CoV-2 RBD®} A3FA] 7] 3L 1x Kinetic BufferE ©]-8-3F 600% &<t 2312 &l 2
Al ZA T}, Octet BLI Analysis 12.2 software® 3.5 W4 21 -& ©]-8-3}] fitting= 7!
3519 31, R? 7ko] 0.991.T}F =1 5= kon, koff 2 KD #t-< AlAtslgdth, ¥4 23
SARS-CoV-2 RBDll th&}e] J4G+= 0.447 nM, YY+= 1.77 nM 9| A3t H =5 7}
A a1 w9~ 78k A At AS F1EIT (K 10).

[189
[190
[191
[192

A A o] 3. SARS-CoV-2 2E} W o] 7] wio| 2] 2] RBD th&t 3] A2

3-1. B.1.617.2 ufe] 2] 2~ ¢] RBD &9l A%}

SARS-CoV-2 vlo| & 2= dE} Hol A (B.1.617.2) Hlo] 21 22 ¢] RBD & ¢ of] GST
1 & § 33k o] %A (dimeric) FE] 2 ~E E“E]-H] W (Streptavidin) Bl 1& G %
AL GHS| DA AL A FE AL BAS A S AL,
A2 ek FE A E E S e S A 1-190] 7] 4§ UH O = Expi293F &
Ao =128 5 7252 AR, ol 5 Bl 2% G el
2 Ni-NTA @17 1 mle 22 3 71ake] 4°Col A 16 A1 F a3l 5 A& 8 53
T gxl& ﬁ?s} 5ml PBS, 5ml®] 10 mM % 20 mM o} 1| &= A%
st e, Al F 2 2.5 mle| pHS.02] 50mM Tris-HCI+10mM reduced glutathione
(SIGMA) % 250 mM ©| "] t}& =2 Z2+7} 8251 Sl T}, Centrifugal filter units 3K
(Merck Millipore)e AF8-3F9] PBSZ buffer exchange & 713§+ 2, SDS-PAGEE

Fal vl 29l 2INR) T 29 2 AR A AT 7 3 gl 27e)
& ¥ AT (1),

— e e

[193]
[194] 3-2. QI BHA| Hol A A2
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[195]

[196]
[197]
[198]

[199]
[200]
[201]

[202]
[203]
[204]

)\E]}\] oﬂ 3. 10]]}\1 ;q] X]—ﬁ]— E aﬂﬂ.ﬂ]rﬂ o] o] 6]—53] A]‘ﬁl—jﬂ 6} OJ D}Bﬂ ;d SARS-
CoV-2 B.1.617.2 RBD-Streptavidin©ll Alexa488 & 3215 H A 6}a1, ¥ 2=
o] o] A ol A 2F 3+ SARS-CoV-1 $230, m396 & 80R &}o] B & &] A £ (3= 53] &
I Z 10-2022-0163625)5 =¥ 2 E et~ EZ FHE $, 200 nM (monomer 7] )
o] a9l kulA o] SARS-CoV-2 B.1.617.2 RBD-Streptavidin-Alexa488-3- g a1 A&

NA IARE &t ZH ol dete] AR Ed B H3F Z2H E R A5l 3
A AR 7R 52 43S Hol= FEE5S A4 E ¥ 7](flow cytometry)
= o] &3} 3|55kl o, YAslE FEE S S (enrich)3H7] Y&l o8] gfe=
ol A8 3-8 Fetglth whig = o] o] b= o] §A 74 0 2 ARS-CoV-
2B.1.6172RBD & %ol 213} 5 & 7}A] 3= scFv HolA 252 &R 3t (=
12).

2 Aol 3- 2011*1 Al 2Fgk 7 = dhol B v o seFv & B o] F3HA] 230,
m396 % SORE S ~H 2 ZgAER A xa gt E0H AfEZgAES &
Aol o] &% SARS-CoV-2 B.1.617.2 RBD-Streptavidin-Alexa488 &1-2 100
nM (monomer 715)9] § 5= AFA 7] 3L Lol A 1A E &<t Q15w o] A8t
vl g ae] vl-5ol Al A& Al 8] A el PBSE F 2h# Al A & A
¥ @27t A= 425 SARS-CoV-2 B.1.617.2 RBD & & ol th sl Agle] o] kit
H HolAlEo] gelB g A FEF ¥ = A& Felet T (== 13).

3-4. scFv Blo| A &9 FHA A E -4

AAJof] 320014 ZH G scFy WMol A 2859 wAA L& &lstr] 93te]
Sanger sequencings ©]-83}] DNA 94 7] A E-& 43515 o, 45 538 34
A Ag 7HA= seFv FA Wol A 43 (130, U37, 64 2 1J73)S A3t (=
14).

3-5.SARS-CoV-2 B.1.617.2 RBD ¢ ol th 3l A stz ¥4

2] of| 3-40 A M8 S 48 2] scFv @A ¥ o] A & 9] SARS-CoV-2B.1.617.2
RBD % 9ol o gt A =& Felstr] Hall, FAE A7 & o] &5 A7y &
g XJ?‘%}O*E} ol & Yato] 7] 42 Hol A of 2w S & AREE scFv
Bl o] $230& AH 2 ESAEFERE AL, 28] o o] &¥ SARS-CoV-2
B.1.617.2 RBD-Streptavidin-Alexa488 %12 70 nM(monomer 7] 7)%] 552 4
ZO A 1A E FF A Ol*ﬂﬁ}oﬂﬂ} gl o] vl-Eo] 2l AF& Al 78]
A&l PBSE F zh# Ml A gk & f-4 3% 541 7] & o] 83Fe] SARS-CoV-2 B.1.617.2
RBD % ol o gk A5 =& A8kl 4 A3, 478 9] scFv H ol A&l A
22l seFv & Bl 9] S230°] Bl 3 43| S-7Hd 3 A E YERll e, o]l &

(o

H~
o Hr X

_>i %u
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[205
[206
[207

[208
[209
[210

[211
[212
[213
[214

|
|
|

|
|
|

— e e

=& SARS CoV 2B.1.617.2 RBD 4 o] A3}ed-& X]1]i= scFv 8}A| HolAES
_]

3-6.1gG & Bl 31A] AJ4E 2 A A

2 of 3-40) A M EE 48 2] scFv @A Aol A 7} IgG & Bl 2% SARS-CoV-2
B.1.617.2 RBD®}9] 3 A= & 7HA =4 &lstr] H14, wﬂ el 7U1 H“ﬂ
e S Zh2) A 2t 5, A 45 A E AE F
& X332 Mol A E F7FE 1gG W o =2 I str] 9 8
HE A2ttt A 170 7= g W o' A 2 EE A i}
PEI(Polyethylenimine) S AF8-3}1] Expi293F Al ol E@l~H A st 1 79 Fot o
%3k 2, Protein A 27 150 ulS AH-&-3Fe] 4 #5151 ). SDS-PAGES &-3 1] 3¢
ZZANR)T 3 ZAR)NA BAE 5E 2 vhil A (1330, 137, 1164, 1173 2 112)
o] A7|ef ==& AT (& 16).

=

3-7.1gG 3 el WA o] A = 2] SARS-CoV-2 B.1.617.2 RBD & o tf 3 A gte #-4

cHul A Abof] A SARS-CoV-2 B.1.617.2 RBDell th3k A o] Agt# S =4 st
71 A8, AA e 3-600 4w E G A g 5E 9] FHA 9 ZakAIQl S23000 o &
ELISA 2182 718319t} His Bl 15§33 @54 32 B.1.617.2 RBDE
0.05 M Na,CO; pH 9.6°1 4 png/ml= 3] 4 &} 50 wl#) Flat Bottom Polystyrene High
Bind 96 well microplate (costar)®ll 4 °C= 16 A| {F &<t 314 3} 8 3 100 pl& 4% 2=
71 ¥ A (skim milk) (GenomicBase) (in 0.05% PBST, pH 7.4)& 7ol 4] 2 A3} &
oF B2 7] &3t} 0.05% PBST 150 pl& 4 3] % A X 3 5 | uM 55318 4 3
A 589 A S 50ul 7 o] ®Fste] Aol A 1 AIZE FF wh3-A Z T Al
2 % Anti-Protein A-HRP (GensScript) 50 ul2 =0l A 1 A| 1t 5 9F a4 Hb-&-&
F &) star oh Al Ml & 5F T 1-Step Ultra TMB-ELISA Substrate Solution(Thermo
Fisher Scientific)< 50 wl# 7}l 2218k 7 2 M H,S0, 50 wl# oo 8h-3-&
&3 A 7] B} Epoch Microplate Spectrophotometer (BioTek)< ©]-83l 1213} ]
o} 2 Axp, A7) 589 @A) 7F SARS-CoV-2 B.1.617.2 RBDOl| th&F A3 & 7}

A= AR Vel e, 1 5 02 gAY 2 2EE S Ve (& 1),

A Al ¢l 4. SARS-CoV-2 2 &} o] A upo] 2] 2] RBDO th 3t A W ol A A=

4-1. Anti-SARS-CoV-2 B.1.617.2 scFv 3} 4| At} error prone 2ol B e] 2] | 2}

2 AT o 30| A Wk gt g A & 9] SARS-CoV-2 DE} # oA (B.1.617.2)2] RBD®]|
gk A& 3t ds& el S A7V sk, AdbE ol 7HE =%k
102 2 11305 A8 star, ZH2H9] scFy 34| o] TagPolymerase (TaKaRa), dNTPs
(Invitrogen), MgCl, % MnClz (SIGMA)E AF&3te] 03% =AW ol 7 A7 &5
Error Prone PCR 7|} & A28l § A A & SZ35F T 528 /-7 A o] Sfil(New
England BioLab) A 3t & 4 ] €] 8} a1, Sfil A ¢+ & 4 A 2] ¥ o] )= pMopacl2-
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[215]
[216]
[217]

[218]
[219]
[220]

[221]
[222]
[223]

NIpA-FLAG " ¥ ¢|] T4 DNA Ligase (enzynormcs) Abg-8Fe] A AT 2 Judel Al
o] &4 xﬂg]-/\] At A Az E AT J_;q]uﬂ;q off] A~ Yl d Z 37°C9
A 16412 vl FataL, 2% = F =7k 3 TB Wi A1 =2 3] 9=3fo] 7} 2x10° =17
of Z7|ehol uele) & st

4-2. 917k 3L Mol A ~ 2]\

A Al 3-10) A A2 GST7F g 34 ol A & e SARS-CoVv-2
B.1.617.2 RBD-GST¢ll Alexa488 & F-A}5 A 8kaL, Aol 4-10 4] A 2}&1J2
D30 olve e MEE A9 25 2EE 7 3 100 nM (monomer 7] <5)
o] &gkl A o] SARS-CoV-2 B.1.617.2 RBD-GST-Alexad88-2 7 7}a}h a1 Ak-2-of
A ALY ERE ZEH ol skl AHE &S AE Y3 T2 H S FASHATE 34
AT FUIE 2 S8 Hol= FEES FAXE BV E o] &89 3]4=3]
Rom, dst= FEES TEe] A8l ool ek A A& sl oh

el 1A O 2 SARS-CoV-2 B.1.617.2 RBD & ¢ ¢ o] A

HEE 5] = o & )
Bo} &gy A5 E V1A= scFy HolA 258 dH8% Y (&= 18).
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4-3. scFv W ol Al 5 o] 23 &<l

A e 4-29] WA 0 2 A 2 ZF el = glo] He] 2] @) scFv & B 9] $230, X
SHAQl 112 2 1302 A2 5 AER A 25T, S0 d AR ESgAEE
o 2~ g]dol o]-& ¥ SARS-CoV-2 B.1.617.2 RBD-GST-Alexa488 342 25 nM
(monomer 7]%)2] 52 AJIA7]AL Aol A 1A {F &9 A5 o] A a3t
o] vl-5 o] 2l A& A 75H7] 9138 PBSE F 2Hd| Al 2 gk & FA X
et Al 2}-g=7F A2 45 SARS-CoV-2B.1.617.2 RBD & & of
gk A3t o] H WHolAEo] gholH g oA T3 H = A& Felslth (&=

4-4. SARS-CoV-2 B.1.617.2 RBD % & || th 3 A le] H-A

A A] of] 4-300| A AH S 65 2] scFv @A W o] A & (11203, 17225, 17228, 11232,
1J235 2 1J274)2] SARS-CoV-2 B.1.617.2 RBD & &l t 3k Aslt= S &elslr] 9
al, FAIZ A7 E o] &8k At HAS xSl ol & fete] ZHbe] ¥

ol A 9} h 2T & AFEHE scFv Gl 9] 8230 2 2&A Q1 SI2E A 2 EEA
ESR Azt #8H AR ZgAESd A8 o]-&% SARS-CoV-
2 B.1.617.2 RBD-GST-Alexa488 3-S 25 nM (monomer 7] 5)¢] 552 AFA|
7131 2ol A 1A ZE F <k 1ol detglt). gl 7 o] H]-5o] A3l A3-& A
Ast7] 918l PBSE 7 2] Al A gk 2 -4 3 4 7] & o] §-35Fe] SARS-CoV-2
B.1.617.2 RBD &3 9ol t)&t Aste & B Aot} B4 Ax 1J225 Wol A7} o)
2781 scFv $230 & 2.&-A 120l vl&ll @A 3] T71e dF A5 E YERR L
W, &2 gk o E Hol Al E R vf§- & 335 E Ve, SARS-CoV-
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2B.1.617.2 RBD & 9ol uj-- &8 A= & A= scFv 3A HolAdE &
AT (5= 20).

[224]

[225]  4-5.scFv1J2259] 712} A 74

[226] 21 Sk cFv W ol A 112259 {2 A A L& 21’?_3}7] #3Fe] Sanger sequencing
£ o]-&3le] DNA 7] A g5 A8t (= 2

[227]

[228] 4-6. scFv 1J2259] 1gG & Bl 34 A A4F 2 A A

[229] A8 ¥ 1J255 scFv & A o)A 7} IgG & Bl 2 &= SARS-CoV-2 B.1.617.2 RBD %}
o] g A = 7 =A Fletr] A, T4 R A LA HEE A7 A
2FFSI ), A A o 1-79] 7] ¢ WHH 0 & Expi293F Al E ol A A & A A
H 3 ZZANR)T 3+ 27 R)ONA AAH 12252 @A 79 ¢
SDS-PAGEZE #4135} U} (& 22).

[230]

[231]  4-7.1gG 3 ¥} 5] SARS-CoV-2 B.1.617.2 RBD % ¢{of] th &t 2 3= #4]

[232] WA Aol A SARS-CoV-2 B.1.617.2 RBD®l| tht &4 o] A& & 546}
A3, Aol 4-60014 e L A g 11225, th 29 $230, 2 1
&lo] ELISA 2§18 #8181t} His Bl L& § 3} (fusion) 3+ ©&F A (monomeric) &
B] ] B.1.617.2 RBDE 0.05 M Na,CO, pH 9.69 4 pg/ml & 3] 41 8F0] 50 il Flat
Bottom Polystyrene High Bind 96 well microplate (costar)®l] 4 °C= 16 A| {F & <F 3L
A kel 2 100 Wl 4% =71 4 = (GenomicBase) (in 0.05% PBST, pH 7.4)% 7
2ol A 2 A7 Fok B2 7] 31T 0.05% PBST 150 wl& 4 3|3 A % 3 5] 1 uM
FEAE S A% 35 9] g4 (10225, S230 2 112)E 50 plA 2+ Lo H-5=38}
o] Aol A 1 A3t & QF HEg AT Z T} M| A $ Anti-Protein A-HRP (GensScript)
50 W= Aw-oll A 1 AIRE & _F &FA) vh-g-& X8 ekar thA] Al Sk T 1-Step
Ultra TMB-ELISA Substrate Solution (Therrno Fisher Scientific)< 50 w1 % 7}l
kA1 S 5 2 M H,S0,8 50 ul 3 7Féko] k&8 &5 A1 71 Ul Epoch Microplate
Spectrophotometer (BioTek)-S ©] -8-3f -4 ¢+ 4 2} 172257} 112 5.t} SARS-CoV-2

B.1.617.2 RBD® th&fl wll-9- ¢ A= & 7h 3= 21& Elskalt) (3= 23).

i=)
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[233]

[234]  4-8.112252] SARS-CoV-2 B.1.617.2 RBDOl th3F A3} 213} A

[235]  112259] SARS-CoV-2 B.1.617.2 RBDol| th 3+ A3} 23} = 2 =4 517 984
Octet BLI system R8 (Sartorius)E AF8-31 31 TF NTA biosensor®l] 1x Kinetic Buffer
E AFE6Fe] 382 U311 [x Kinetic Bufferel] 314 8k 50 nM 5 %= 2] SARS-CoV-
2 B.1.617.2 RBD-His & 250 ul& 180% EoF A4 3}t 1 &, A4 314 %
250 9] A& 600% 59t & SARS-CoV-2 B.1.617.2 RBDS} 2 FHA] 7] 2L 1x
Kinetic Buffer& ©]-83}9] 6003 &< A 3-S 3l 2] Al ZL o}, Octet BLI Analysis 12.2
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[240]
[241]
[242]

software = ¥.= WA 2] -2 o] 85} fittingS X A8 3L, R 4ko] 099K ¢} A%
5 kon, koff 2 KD %42 Al4tsESith. #4123}, SARS-CoV-2 B.1.617.2 RBD®l| T}
g 2257} 1.23 aM 9] A%t 3t 55 7FA] a1 w9~ et A] A st 412 gelst
AT} (& 24).

A A o 5. SARS-CoV-2 RBD 2.} 238 gol

5-1. A3te -4

- 2 ol 5l SARS-CoV-2 RBDOl| Agtat s XA 71 114G R YY @A 7
SARS-CoV-2 B.1.617.2 RBD®l| A3}5}=4], SARS-CoV-2 B.1.617.2 RBD®l| A3}
3l =2 2 3}A1 71 1J2257F SARS-CoV-2 RBDel| A 3lat=x] nal 2435 S ghelst
7] 91&Fe] ELISA #4118 42303819t} His Bl 15§33 vak4) & gl o] RBDE
0.05 M Na,CO; pH 9.61 4 ug/ml= 3] 4] 5} 50 ul® Flat Bottom Polystyrene High
Bind 96 well microplate (costar)l] 4 °CZ 16 Al {}F &9+ 24 3}8F 2 100 ul2] 4%
227} I A (GenomicBase) (in 0.05% PBST, pH 7.4) & 20l A 2 A|F FoF 52
7 31T} 0.05% PBST 150 pl & 4 34 Al % 3k 5, 250 nM & 5§ 14 8] 4] 3
359 A (11225, U4G 2 YY)S 50 WA 2} Dol F-F3lo] Abeo M 1 AI7F &
oF Bk A] AT} A% F Anti-Protein A-HRP (GensScript) 50 pl & 4F-oll 4 1 A] 7k
&t A vEg-& X&) st ar thA] Al F 5l Tk 1-Step Ultra TMB-ELISA Substrate
Solution (Thermo Fisher Scientific)& 50 ul® % 7}3l] 2418k % 2 M H,SO,& 50 ul
H7F8he] W55 & 5 A1 71 th& Epoch Microplate Spectrophotometer (BioTek)<
o]-g38 ¥4t} ¥4 A}, 17225 34 7} SARS-CoV-2 RBDOl] YYH.t}Fi= oF
sHA ak Z1sH Al A gheliE AL 818l L, 4G W o] Al 7F SARS-CoV-2 B.1.617.2
RBDe] 1J225 8.t} 73k A] AFah= A& gdskglnt. ey YY Ao 45
SARS-CoV-2 B.1.617.2 RBD¢I| th &l A = vl - &Fal Al A3sl= 31& &2lsalct
(% 25).

5-2. 2% 35} 5 w4

- g o Al SARS-CoV-2 RBDOI| A3st =5 X1 3kA1Z1 114G 2 YY &A1 7
SARS-CoV-2B.1.617.2 RBD (A €M 5 78)°ll A33F=%], SARS-CoV-2 B.1.617.2
RBDol| 233l %= % 2344171 1J2257} SARS-CoV-2 RBD (A @ Z 77)0l A%
3Fi= 4], Octet BLI system RS (Sartorius) & AF-8-3Fo] A3} 218 %= & BLI ¥4 2
=2 2Fol3} 91 T}, NTA biosensor®l] 1x Kinetic BufferE AFg3Fo] 3 & o311
1x Kinetic Bufferol] 3]4] 3} 50 nM 5 %-2] RBD-His 31 250 ul2 180% 5o 1
Aot o1, S 843 250 we] A E 600% F <t Z2 SARS-CoV-2
B.1.617.2 RBD®} A $HA] 7] a1 1x Kinetic BufferE o] &3t 6003 FoF 23S 3
2] Al F T}, Octet BLI Analysis 12.2 software = 3% = WA 4] & o] 83} fitting S
718318l a1, R” 4k©] 0.99 K.t} =1 %% kon, koff & KD k& AlAtslglch ¥4 2
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[243]
[244]
[245]

[246]
[247]
[248]

3}, SARS-CoV-2 RBD®l th&}he] 13225 &A1 7} 1.30 nM 2] A3 2135 7FA] a1
SARS-CoV-2 B.1.617.2 RBD®} #-AFgF A &= =2 713} A 2381, B.1.617.2 RBD®|
thsted 4G &A1 7F0.231 aM o] 2 3} 55 7FA| 2 vl 5- ZFst 7| A §ak= Al
& eIkl th 12 ELISA w4 A hef npxk7hx] 2 YY &4 o] 7 -9- SARS-
CoV-2B.1.617.2 RBDl th&}e] 141 nM 2] oF&F A3 A& A= 28 <l
8t (5 26).

6. o
oA Wz et @A 5ol A2 T35 o] A=A HIV-1 7| 2] SARS-
X SARS-CoV-2 B.1.617.29] 75ulo] 2] 25 o] g3l T3k & 2383
ti-MEM 1l ¥ o] SARS-CoV-2 Z=3to] = &d Fep | =ef 93] 2 7]
Z v = E 412 3, PEI(Polyethylenimine) (Polyscience, 23966)9} & &} 2~
ﬂ%— 3:1 vl &= A o] Lol A 10 #1F FATHE A 8x10° cells/ml o] =& Wl
%3k HEK293T Ao E A~ g 5, co, AsfulelEH e A 37°CH 5% CO
Z71 0 2 4841t ek v skl ) vl & 2 A A RhE FH SEo 0.45 um syringe
filter (Merck Millipore) 2 ] ¥} 5} 575 u} O] ] =5 A4Sl T Opti-MEM 1l &
ool ACE2 & Zef2~v = 9 TMPRSS2 & Seh~n| =8 412 5 PEI9L &
g 25 31 Bl R E 4] o] ol A 10 ¥-3F FATEE A e 8x10° cells/ml 2] ¥
T2 a2kt HEK293T Al o) E-A AT M S 5, CO, AT o] g ol A 37°C 2
5% CO,Z7 0= 48X7F & 9F Ml &F3FA k. ACE2-TMPRSS27F 2 H 100 ul
°] HEK293T A £ & 2x10° cells/ml2] %= 2 white 96 well plate©l] ¥-5=3} 31 24|
ZE 3, 37°CoN A 1AIZE QIFFH o] A AIZ] 1 & 8] A gk g A 9f fr o] ] 9] &
3= 100 ul-& ACE2-TMPRSS2 23 HEK293T Al ¥ 7} Q1= 96 € ZEo|ER %
713 37°CHR 5% CO, 27102 48X ZF &t QI o] Akl 48417 T, A
T NE& A ASEAL 20 w9 1xCCLR(Cell Culture Lysis Reagent) (Promega)E 7}
k¥, 100 ul luciferase assay system (Promega)E % 7}8}al luciferase W F A =&
Micro plate reader = =7 3131 th. 74 ¥ luciferase 21 & & GraphPad Prism X~ 2 1
a2 o] &-3lo] grnfol 2 %A A (positive well) (=100%), ACE2-TMPRSS2 Al
3 24 L(negative well) (= 0 99)2 A f3}8te] ALt w4 A3 114G &
A7} SARS-CoV-2¢ll thate] 0.77 nM @] IC5& #IH™, SARS-CoV-2 B.1.617.29]]
% 3.8320MY IC5 = 7HE %2 T35 Hol= 2l& st YY A +=
SARS-CoV-2 qr5znbol 2] £uha 53} Al 3] 21, 11225:= SARS-CoV-2 H SARS-
CoV-2B.1.617.2 f7520lo| H A8 W5 F3A 7] = A2 gelsqltt (52 27).

A Ao 7. SARS-CoV-1 X} AEE £
Anti-SARS-CoV-1 &7 $230-2 SARS-CoV-2 RBDol| 2 38155 7 314 71 J4G
R YY$} SARS-CoV-2 B.1.617.2 RBDell A §at =5 XA 3pA[ 71 102257} 234 2f
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i

]=J

o] SARS-CoV-1° AFet = =] nak A= & %Mﬁ} | #138ke] ELISA
28 3Lt} His Bl 25 §3513 wekA] & 8] 2] SARS-CoV-1RBD (A€
79)E 0.05 M Na,CO; pH 9.6°1 4 png/ml= ] 4] 5} 50 MW‘] Flat Bottom Polystyrene
High Bind 96 well microplate (costar)®ll 4 °C= 16 A {}F & <F 214 8}k 5 100 W<
4% 2~%) U =1 (GenomicBase) (in 0.05% PBST, pH 7.4)Z /=20l 4 2 A| 7+ &2t &
2 7] 39T} 0.05% PBST 150 ul & 4 3% 4| 2 3k 5] 250 nM 5 =78 3; 3]
A9 3] A (11225, 114G 2 YY) E 50 ¥ ZF dof] F-Fafo] Ah-o A 1 A
b &k HE-S- A}, M2 & Anti-Protein A-HRP (GensScript) 50 pl 2 /gl A]

1 A ZE &t 3 A wh-3-& X8 st ar thA] Al F 8t Th. 1-Step Ultra TMB-ELISA
Substrate Solution (Thermo Fisher Scientific)& 50 ul® % 7}sl] 22 sk 5 2 M H,
SO,E 50 Wl 7F8ke] HE-g-8 8 Al %1 th Epoch Microplate Spectrophotometer
(BioTek)S o] &3] F4lstt). ¥4 A, 2& g4 71 234 9l $2303} H| =5}
Al SARS-CoV-1RBDell # Adtat= 318 EHelsqlt) (& 28).
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T4

{5 E upo] 2] 2 (coronavirus) iz o] 2] Mol Aol 5ol A<l A

= olo] Wofald B4 2 7hx B,

[ 2] A 18)el) Q1o A, 913t s 2 ulo] 2] 2~ = SARS-CoV-1(Severe Acute
Respiratory Syndrome coronavirus), MERS-CoV(Middle East respiratory
syndrome coronavirus) == SARS-CoV-2¢%!, 3+4] = o] o] ¥ o 514 24
& 7Hx ¢,

[%d -3 3] Al 18+l gloj A, Wo] 4= SARS-CoV-22] <3h(alpha) ¥ o] A, H] Ek(beta)
o] A, 7+l (gamma) ¥ ©] A, 2 El(delta) ¥ o] A, 7} 3} (kappa) ¥ o] A =
F(mu) H ol A 91, @A HEi= ol o] oot &S 7Hx ',

773 4] Al 18}l oA, W g2 &AdE 7Fx] T@H -2 Fab, Fd, Fab', dAb, F(ab'),
F(ab')2, scFv(single chain fragment variable), Fv, @ 2| &4, Fv o] 2 A, 7
R AA G &, A3t A, 71 e} @A 2 Holulr (diabody) & ©|
Folxl O R A ¥ = o sl BHA| = o] o] W e ek 2]
< 7Hx1 @,

g7 s] Al 1l doAM, MG S | =29 ofn| ik A g EF ek
CDRH(Complementarity determining regions Heavy chain)l, A1 @ &

A 108] o] =at M A= o] Fo] A= O B HE A E H = o] 3§}

3>388k= CDRH2, 2 A9 S 11 WA 169] of] 4t A E 2 °1T01Z =
o2 RE HEE = o sl E ¥ 35 CDRH3E X331 VH v
ol & ﬁﬂg}{_, BHA = o]l WHolshz] g4 8 7hxl ohA |

[ 6] A 13l Shol A, MAM T 25 W #] 279] ofu] il M A& o] Fo A3

[ 1]

f o

-

rl

[‘

141

lr

gia 1 MEE) 3 of = ShbE Eahehiz PRI, M 9 & 28 3= 299 o}
Wt S % ahalis FR2, AW 5 30 1A 319] ol sk Q2 o]
FolXi FORIE HEEE o] Sh1E Sz FR3, B AU E

36 3= 379] opv| At M A S FE 98k FR4E E 8= VH M| lS &
gz, A Eaiz ol Mg A B & 7kl d.
@71 A 1@l goiA, AL E 17 WA 199 opn]mal AR o] Fofx] =
O 2B AE = o= S E3heh= CDRLL, A9 320 = 214
obr]:=t M A& ¥ 3Fsh= CDRL2, 2 A2 3 22 W] 249] ofr] =2t
AR o] Fol A= O RFE A EH = o = shbE F9H8= CDRL3
= X8k VL Rl S 29staz, A Bz ol e eh ] 242 7h
A,
(B8] Al 1l oA, ML S 38 A 409] opw] mak AR o] F o A= o
O BAE HEE = of = s XSk FRL A A 2 419] oy =t
A& X35k FR2, AR 2 42 WA 479] opn| gl A & o] F0] 4]
WO R E A B E = o sy S 9T FR3, R A AW S 489 of

1[11
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A

of ol oz Adlsl=, A oo M4 &4 & 7hxl |,

Al 1ol glol A, 17E IR uputo] 2] 2of mab-RE-E A1, g A) B o] 9
Ho k4 gd 3 7k v,

A 128 1o A, SARS-CoV-12] RBD & SARS-CoV-22] RBDS} ! z}-Ht
A8, A HEi= oo W T A &S 7hxl T,

A 1380 9lof A, SARS-CoV-12] RBD, SARS-CoV-22] RBD ¥ o] 2] ®
ol A o] RBD%} w2}-RE-/d %1, 3} A Hi= o] o] W a4 A& 7hxl &
H.

Al 18l AAAM, F& FAQL, A iz olo] WA g4 & & 7hxl &
H.

Al 15810 1] A, 84 7F SARS-CoV-2 H3= o] o] Ho| 4 & F3}4] 7] 3=,
A iz ol o] Heleha g4 & Xl v,

Al 15+9] A 1= ol o] WolshA &S 7hxl v & I 5k wheld

Al 1782 g 2t B A5 E3shs A
Al 18] ME 2 JAASE &5 A,
Al 18}9] Azt IR pubo] 2 2 = o] o] Wo Ao Ho] A<l §HA| =

A 2080l ol A, Q1 &R Uulo] 2] 2 741 % MERS(Middle East
respiratory syndrome), SARS(Severe acute respiratory syndrome) H=+=
COVID-19(Coronavirus disease 2019)%1, 17F 2 1pvlo] 2 2 743 59| o

Wi RS N 2R,

A 138} Q17F IR ulolg] A = o] o] Wo] Ao Eo]A ¢l &4 wi=

oo Weiet A 342 7h dH S Eakehiz, 217k mauiulol e s i
o] Mol A A% g £HE
A 228e] 4B E38HE gk mR hulo]e] 2 Ei= o] o] Mol 4

==
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2 2 Hi= o] o] WMol A & AEsheE W

(%78 25] (a) AAREEH 2 A S A 189 a4 £ o] WSy &4]S
7 G I JEAA FL-FA HFAE A 7= A 2
(b) 371 &3 o] A AEshz GAE sk, 1z 22 ynafol Y
2 7S Ao s AR E Alst= 9y,

(13 26] Al 139] QIZF sEvnfol 2] 2 Hi= o] o] Wol Ao o] Al §FA| L=
olo] WA gA8 7Hxl T & A o Foldt= dAE EEeh=, <l
rFBoAbol M A TS o B X R WY

478271 Al 268l dofA, A7F Z 2 ulo] 8 4 79 5> MERS(Middle East
respiratory syndrome), SARS(Severe acute respiratory syndrome) H=+=
COVID-19(Coronavirus disease 2019)%1, 17F Z 2 1vlo] 2 2 A 55 o
W= A =k WL

(3728 ) Al 139] Q13 R bulo] ¢l 22 iz o] o] Mol Ao Fol 49l A i

by &7 A X M GERZRE A B oo Wty A g 7h v g
s|etE GAE Este |

2 !
o121 A iz o] o] WA TS /bl WAL A &5 WY,
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