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(57) Abstract: The present invention relates to a composition containing a compound conjugated to G4 structures of coronaviruses for
prevention or treatment of coronavirus infectious diseases. The composition according to the present invention can be conjugated to
G4 structures of coronaviruses to stabilize the G4 structures, reduce the protein expression of coronaviruses, and effectively inhibit cell
infection by viruses, and therefore the compound is expected to be used in the prevention or treatment of coronavirus infectious diseases.
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ARUBlolH A AT o = AR & 2= ol 3 Aot
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2021Lﬂ 89 6ol ¥ S5 EY 4110-2021-01041905 ] 7]z 8k -4 A S
et e EH o] BAAM H o) AE B e 2 ol
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73 7]

[4] F2 23S 07 A AR oR FRale] ] A7 F19(COVID-19)
-f 3 (pandemic) S F LSt TS AT F7| 5T
H Zupnfo] 2] 22(SARS-CoV-2 B3 2019-nCoV) = 2021 79 20 7|50 &
190,877,071 2] X } A Al 7] 0] AL AL IS 4,005,650 Ol o] 2=
Ao E BTt ofof whel M A A o2 X5 ool 878 a1 Qe
Aot}

[5] SARS-CoV-2(2019-nCoV)+= A A A ¥ %A Q A @ "lAl A 8| 4 2(ACE2;
angiotensin-converting enzyme 2)& 2 41 B 2 g-8-35}o] 3 F3t= A ok A

a = =2

SATh ACE2 = = 9|, 54 g, A4, *u“é} 2 2k o] de] ¥ E o
R0 ol wte} & 57| E F3le] A3} ¥ 1 Sever Acute Respiratory
Syndrome(SARS) & &3t Al o2 &4 A 24Tt SARS-CoV-2(2019-nCoV) <]
7§~ 2~u}o] A1 vkl A (spike(S) protein)©] EFal B 2] = ufo] A FoFo] whula o
o]#] M B Fylo] 45 A F 2] ACE2 9 2H&-3to] A== Ao 7 ol s Hl,
AA) N S0 X EA = R vhol 2] 9] A ufol o whel Al kel Fhae g
g r= aﬂ/\]- 61—8__/]\_0]] 736]—01,}_: x1 H X} T o]ﬁ.sﬂ}q gl—%q_

[6] 1 SARS-CoV-2 HEE50] COVID-19 tF38 & 53 « AA o=z

Fehstal ot ol 2 gk Mg 52| i3 N501Y, E484K R D614G

_1

ol
-

Zdsta ¢

Ed ol 8 SARS-CoV-2 2~3to] = gl A o] E¢1H o] & 1Jeblit,
Zgpol A A & Tt o] SR 19 WAl o] A o] A RF i W o) A7} %
AoE& HolH T3 YA E 3]y ot 58S 2o vt vlol & &~ whi A &
F A0 = Shi= o WA} oF 5 & ol 2] & 2]l & H A S| 8k 7] EA <l
W ol Ak, Fd gk vlol 2 2 s 2] el M HEH = Al F 95 B4R
Bl Zlo] A2 Fufole 2~ QS ML S F A= AER VI EATE
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# Nl
[8}3+2] 7]

e thE ol A Y] AR vubol e A= /17 AR bl B A
229E(HCoV-229E), 917t Z Z14uto] 2] 2~ OC43(HCoV-0C43),
T T e AEFT T LR O] 2] 22(SARS-CoV), /IZF A2 vuol & &
NL63(HCoV-NL63, 73]+ Z 2 unlol & ), 17k s 2 vpnle] & 2 HKUI,

F2 5 EI|=3 7 AR o] ¢ A(MERS-CoV), @ SZFAZT T/ Z3
R Lpulo] 2] 22 2(SARS-Cov-2)E o] o] x| = o 4] i} o] 4 Ay AL 4=
9l.oL}, ofel) A5z A o).

vy i rhe pel ool A 4] BgE e maulol el 9] Ga T2
WS} A7 S BAOR T S o, olol A= AL ot

¥yl ok e T A 47 SEEe mebuloll 2 gl
Nspl(non-structural protein 1), Nsp3(non-structural protein 3), 2 72 @ LA ==
o Fof Lo FH AEH st o] o] @i d ol I S A ek A s
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o Egs ﬁ]lﬁ”ﬂﬂ%%bii%%ﬂﬁ*ﬂﬂi@*%
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[52] Boubyg o] i b2 T do| A A7) o ke E L A AA ALY E, JF1E,
EE a7, AAE S, A= AL R AR R o] Fol A= el A A e st
o] A& S 0= 34 gl o, oo AghE]= A ofr}
[53]
el 53
[54] Voo whE 3Hgte 2 AR vulol 2] 29 G4 o) A% G4 T2 E
P 3} Al7] a1 ARV bfol e o] il e & ZF A A7 Bk ol 2
vhol e 2o Al 2l & s o g A& 4= ez, ol 5 o] §a}o]
g vputol e 2~ S o = X 5ol ARG T
[55]
T e A
[56] 5 1% SARS-CoV-29] FH A & G42] ¥-EE YL Aot}
[57] L% 2a ¥ 2b= ZE YRl 2o EAleE 25709 G49] CD A~FH E & e

Aol th x5 3 (nm), y=-= BH £ (mdeg) S WHER Aot}
[58] %= 3a ¥ 3bi= AR vpulol g o) EAISE=E 25719 G4l E S8 A4S YER
Zlolth xF-2 9 (nm), yF-2 A 71 5h EF) & (mdeg) S HERI ALl
[59] I 43 WT-G-353, WT-G-644 2 WT-G-34673} Mut-G-353, Mut-G-644 2
Mut-G-34679] CD ~HEA 7 o 8§ 3+4S epdl Rolt),
[60] % 5a ¥ 5b= @R uufo] e el EASHE 257 9] G4 CD ~FEH S G4
A3t 83HE CX-3543, PDS % PhenDC3 A3} -5l w}he} L ERH Ao
[61] 5 6a B 6bi= AR ol 2 o) EAYEh= 2570 9] G4ol A &8 E—d% G4
A3l 3}3tE CX-3543, PDS 2 PhenDC3 23} f-5-l whe} el Ao
[62] %= 7av= HEK293T Al 3] PDS7}0.1, 0.5, 1, 25 5.5,7.5, 10, 25, 50, 75 uM
A E g o AE BEES UE Aotk xF& s 5uM), yF AEES
LERHT
[63] %= 7bE Vero Al ¥ PDS7}0.1,0.5, 1, 2.5, 5.5, 7.5, 10, 25, 50, 75 uM A 2] 5 A&
o A E AEEES YER Aot xF L S EuM), yEF-2 AEES eI
[64] %= 7ci= HEK293T A 9 PhenDC37} 0.1, 0.5, 1, 2.5, 5.5, 7.5, 10, 25, 50, 75 uM
A H S o AE AEEE UEH Aolth xF 2 55 M), yH-2 S5 &

—_—

ebd,

[65] %= 7d% Vero Al 39l PhenDC37}0.1, 0.5, 1,2.5,5.5, 7.5, 10, 25, 50, 75 uM
A e W A E AEES B Aol th xFE BEQM), yH S AEES
ebd,

[66] % 82 T7-WT-G-353, T7-WT-G-644, T7-WT-G-3467, T7-Mut-G-353,
T7-Mut-G-644 2 T7-Mut-G-3467°] thall A 61, 63, 65, 67, 69°Cel| A 2 &l ¥
Gradient PCR A 35 LR A o] th M2 250bp WA 10kb ¥ 2] 1kb DNA
n}A & Yebd T
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[67] % 9a W A 9¢= N1-WT-G-353, N1-WT-G-644, N1-WT-G-3467° A G4 23}
s}3t&E PDS7} 5, 15,25, 50 uM A H H L& o, IVT 4 A3 E 21 £33 9
M= s T 22 e Aot xF S s M), yES M s

SR=Rti=g

[68] 5= 10a HA] 10c= N1-WT-G-353, N1-WT-G-644, N1-WT-G-3467°]| A G4 A3+
5}3-E PhenDC37} 5, 15, 25, 50 uM A 2] ¥ 918 o], IVT ¥4 7543 LEJ
EXMeEd s gz g R Aolth xH2 FEM), yF2 e AR E
SR=Rti=g

[69] % 11a 2 11b3= N1-WT-G-353, N1-WT-G-644, N1-WT-G-3467°1 4] G4 23}

s}3t= PDS7F S, 10, 15,20, 25, 50 uM A 2] = & o], IVT +4 2945 9 ~8
EF 0= e Aot

[70] % 11ci= N1I-WT-G-3467° Al G4 A3t 315-& PDS7} S, 15, 25, 50 uM
A E S W, IVT ¥4 205 2~ EX 02 Ve Aot

[71] %= 11d5= N1-Mut-G-3467°1 4 G4 2% 3}3+& PDS7} 5, 15 25, 50 uM
AYHAE o, IVT +4] 235 2 EF0 2 Ve Aot

[72] = 12a HA] 12bi= N1-WT-G-353, N1-WT-G-644°l A G4 A& 33 =

PhenDC37} 5, 10, 15, 20, 25, 50 uM A 2] ¥ & o, IVT 4] A& 9 =1
EF 0= e Aot

[73] I 12¢3= N1-WT-G-3467°1 4] G4 A3t 3}5-&E PhenDC37} 5, 15, 25, 50 uM
A E RS W, IVT 4] A& Al 2d 5502 R Flolt)
[74] %= 12d5= N1-Mut-G-3467°1 4 G4 23} 331 PhenDC37} 5, 15, 25, 50 uM

AYHAE o, IVT +4] 235 2 EF0 2 Ve Aot

[75] 1= 132 SARS-CoV-29] 793 Vero M| Z ol A N v 2 dbadof off gt
ghutol ¥ 2~ A& G4 2 313HE NMM, PDS, PhenDC3, BRACO19 5 5]
i} & SARS-CoV-2 7+ x1 3l o &=F 1:1]-.9— e e /\4 Atz Vel A o]u} o
3 F 3}F3HE 2] SARS-CoV-2 7+ A 3l £ (inhibition of infection)-& W EFA T} W=
7} 3}3HE- o] M3 A (cytotoxicity) &2, ZF Dol Al EFE mock 1F DEL]
H A E4=2 Xéﬁﬁf sho] 712329l ‘cell number to mock' &% 3% 7] 5k T}

[76] I 14ai= SARS-CoV-29l 7+<1 ¥ Vero xﬂ}‘ﬂ Hfj QF el of] A 1] 2] -2 AYAkel off 3t
gafol el 2 B4 S G4 A3 313HE PDS & 50 1FE SARS-CoV-22] 7+ #] & 2
S AEg 1A EA AR Yebd Aolth xF-2 5 X (log uM), yFH->
SARS-CoV-29] 7+}1 A &l & (%)= HELTh

[77] 5 14bi= SARS-CoV-29 7 ¥ Vero Al 3 2] vl ko A v]g] - A Akol] of 3t
ghulol el 2~ BA-S G4 A% 313HE PhenDC3 & 50 W2 SARS-CoV-29]
Aol &5 vkg T4 A AR Ve Aol th x5 5 X (log uM),
yZE < SARS-CoV-29] 7+ A &l &(%)& Vet

[78] I 153 SARS-CoV-2¢l 7+ H Vero Al £ 2] wj kool A v 2] A Ake] o 3k
gufol e 2~ BAS G4 A3 313HE NMM 550l w2 SARS-CoVv-29]

\]ULI.;["
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Aol &5 vkg T4 A AR Ve Aol th x5 5 X (log uM),
y=r< SARS-CoV-29] 741 A3l £(%)= WEHAT

[79] % 16-& HCoV-0C43 1}o] EiiOH 7+ ® HCT-8 A 3. 2] nfj ool o] A v] ]2
AYatel o gt ghufol el 2~ A5 G4 A3 813F= NMM, TMPyP2, TMPyP4, ®=+=
CX3543 "5 o)) whE HCoV-0C43 vfo] 2] 2 2] 7“?§ A&l o] 85 jE-g A WA
A2 eRd Aot} xFH-S F 5 (log uM), yZr2 HCoV-0C43 vlo] 2] 2] 7+
A el E (%) Al EEE(%)S HEFATE = 16 Wl 3= 24 G4 AT 3FE 9
ICs, 362 e 215 w21 A @2 HCT-8 Al Eoll A 2 2t 3}3t&of tf &
/q] J_E/H o i 7L Q_ﬁl— /] tﬂ /q] J_EHQ G4 7ﬂ61— Q_ﬁl— ;q g]:rLg DMSO
E= T w08 Gafslsto] 2ol oAl Al EAAEE (%) E
E718H
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A HA FH

=2 3ehEo] R Uutol 2l 2 G4 &0l A F st
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[82]

i o
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@

=

| ol H = HEK293T ¥ Vero A 30| A 3}3tE PhenDC3,
& A A o 5 Fx).
| o]l oll A 3= IVT(In-Vitro transcriotion/trnaslation)¥-41 -2 % &l
2 PhenDC39] Nspl 2 Nsp3 & A&
7 7 2).
[85] Bk | ol oll A = SARS-CoV-20l] ¥ M ¥Eo A G4 A%t
3}3H2-(NMM, PDS, PhenDC3, BRACO19)¢l w}& N w82 vk o) tjf 3}

glutol ] A A1 el Al Al o) 8 ).

g o] th & A A] o] o A 3= SARS-CoV-20l 7H1 sl Ml el A G4 A%
E}%L%(PDS PhenDC3, NMM)Oﬂ w2 1] 2] & AYAlel o gt ghufol ] A~ A S
@_ =]
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[87] B kg 4 E}E NA] ] Wb HCoV-0C43 vlo] & 2o Z-d A o A G4

5} 3= (NMM, TMPyP2, TMPyP4, CX3543)0]] t}2 H] 2] A4kl of ot
1/\ glﬂ 0 @—o] O}oﬂ q_(/\l /\] ] ;ﬂ-Z)

[88] A718F S Ao A S Bl - o] W kol sRHo 2 2 G4
5 A A7) a1, AR yafo] ] 2 of vl %éﬂ_% A7l A&
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[92] Wby o g ujnlol el A0 G4 FFo) Avte= gt E S fREA TR
F3tatE, mEUbtol 8] A S ol R X B 8 oFeh A A RS A T
[93] Yok ol A, A7) 3F3HE-2 617 3)eha] 1 WA E1ehe] TR A E = S E R
o] Fo7l o g2 RE MEF s} o] A<l AL EH o7 & 4= gl o) o]
A 3k ¥ = 7
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[109]  [354 6]
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[111]
[12] (384 7)
[113]

[114]

[115] & ZgollA, 7] 3bsh4] 19] 31922 PhenDC3 2.2 W & <= gl o,
2-N,9-N-bis(1-methylquinolin-1-ium-3-yI)-1,10-phenanthroline-2,9-dicarboxamide 2]
IUPAC Y| & 7H& = ol &gk, A2 550.6, 318212 CyuHyNO, & -
o]

AT,
[116] 2 g ol A, 7] &8 29 3131E-2 Pyridostatin(PDS) 2. = W €

=
e,
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[117]

[118]

[119]

[120]

[121]

[122]

[123]

4-(2-Aminoethoxy)-N2,N6-bis(4-(2-aminoethoxy)quinolin-2-yl)pyridine-2,6-dicarbox
amide®] ITUPAC H|¢}-& 7H2 = It} B3, AR 596.6, 319142 C3HyN;O0s,
-2 753.8460.0°C, 13} 4> 409.7£32.9°C & < 2

g ol A, 7] 882 39] 313> N-Methyl Mesoporphyrm IX
(NMM9) 2. =2 g o= glor,
3-[18-(2-carboxyethyl)-7,12-diethyl-3,8,13,17,22-pentamethyl-23H-porphyrin-2-yl]pro
panoic acid2] ITUPAC Y| }-& 712 4= v}, gk A8 580.7, 81812412 CysHy,
N,O, H X 1.26g/cm®* D 5=

< Lol A, 7] Bleha 49] E}%L%L BRACO-192 W d 4= glow,
N-[9-[4-(dimethylamino)anilino]-6-(3-pyrrolidin- 1—ylpropanoylammo)acridin—3—y1] -3-
pyrrolidin-1-ylpropanamide ] IUPAC 4|1 -& 7}F4 5= it} B gF #2152 593.8,
3181 A1 2 CysHyN,O, 3242 854.95°C, Q134 2 470.857°C, " X3= 1.275g/cm?
E ‘F }]q

< g ol A, 471 gker 2 59] BHeh=S TMPyP2E e 5= Lo,
5,10,15,20-tetrakis(1-methylpyridin-1-ium-2-yl)-21 23—d1hydroporphyrin9] IUPAC
1 ol o 0 7].7\1 Ea o]ﬂ. o 5} x}a]:g 678.8, §}6}/\1 e) C44H38Ng4+ ] z,: 91

B kg o A, A7) 8182 69 313E 2 TMPyP4=E e = 9l o,
5,10,15,20-tetrakis(1-methylpyridin-1-ium-4-yl)-21 23—d1hydroporphyrin9] IUPAC
& 7Hd o= At 3, A RFo] 678.8, 3hek A2 C44H38N84+°‘ T U

< T oM, 7] Bheba] 79 3 e CX 354302 Y E 7 9}9_111
15-fluoro-N-[2-[(2S)-1-methylpyrrolidin-2-yl]ethyl]-18-oxo0- 14—(3—pyrazin—2—y1pyrroli
din-1-yl)-12-oxa-1-azapentacyclo[11.7.1.0>11.04°.072!]henicosa-2,4,6,8,10,13(21),14,1
6,19-nonaene- 19-carboxamide 2] IUPAC 4| ¢! & 7F& 4= it} 3k, H-x} o]
604.673, 3} 8} & CysHyFNGO;, 38 8 -2 845.3+65.0°C 4 <+ 3

o Ao, V] ZEYelH A= e eSS qiurﬂ}ol EiE=
2(SARS-Cov-2 %= 2019 novel coronavirus 5-5= 2019-nCoV)d 4~ 4 2.1}, o] 9]
A sHE A] k=1,

3 kol A A1g 1 Bl vz uhubol o] 2z U ol o] 45,
FE ol 23}, FZE Yol 2] 2ol 3 52 Torovirinac®ll 3E 31
Hpo] 2] 241 ol BRIk, o] 2] 223 4ssRNASH b o) 3
FEU QAR 2 vholel 2ol Tk R, FEFAHEENNFTE
s ubkol ] 22 ASARS-CoV-2)= A F7HA] ALehg 2l Al 7] T A
FERUYuo] e 2~o] 51, Y x| = 17 IR ufol e 2~ 229E(HCoV-229E), AR
AR dlol 8] 2~ OC43(HCoV-0C43), v F7] 55
I
I

=

fu

A2 o] 2] 2~(SARS-CoV), ¢ A2 Lulo] 2] NL63(HC0V—NL63, ST s
A Evfutol e &), Q1 & vptol ] A HKUL, T 62 57| 5%

g2 vpufo] 2] 2~(MERS-CoV) |t} sz upulo] 2] 225 o A2 Ql 220
7lolstE A EE ~0tol A, 93] B 575 9 23] A =(Nucleocapsid) ©] TF.
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[124]

[125]

[126]

[127]

[128]

SARS =2 uulole] 29| A~ 2 3fo] H(spike(S)) Holl A= A=

L Qlo] nfol e 2o LA GE-G o] 5 o] AEZ 870 ¢hx]| 2 dlA] WA g

2(ACE2)= T A gkt B = vputo] 8] (53], H] S
T4 )= g A o ~E|efol Al ebal e il ge o
7H Y, AR vato] 8] A= upol g 4] B 4]

T e, A A<l ulo] 2] 224 V] ¥hA] ¢l o]} 221 Q]
] = A1}t 2003 0] LA QI AR YHlo] g A=

(@]

7 2l

= -

HRZF7TFI(SARS)E Uo7 = TERAEEITRT
1}

gk, Bk ﬂg ol A A& 80], "SARS-CoV-2" FE3= "2019-nCoV"i=, A&
g2 utol 2] 25 XA 5h= A1 O B A, RNA HEo] 8] 22 24 A2 9f w] 2 2~ 9]

W %2 UEITE SARS-CoV-23= AL 229} 9879799 A B A4S, u] 229} of
50%2 M D FULde TR AR AR M2k = T o=,
2019-nCoV <] spike glycoprotein<> 1 7] 2] RBD domain®] ¥ Z &% % 3 g 2
TZE A5, ol 2 A3l Bl 2] 41 H (receptor)$! ACE2(angiotensin) <} 100
WA 1,00000 o] &3 A5 S el o] 3 FE g AdE e A e
HEE vl S v &olatA she] =g oli= AUl OEX*J%PE}

Bl A, 7] AR vputol e 2~ 7.%‘?%
T Atk 7] vpeld 24 T &7 7.%%@%% 714, Xﬂiﬂﬂ,%% 31‘1}?%‘,
ANF5, AL, S7he = drbee] WA Anel ud, g, 71 3A 9
| 712X, # =, H2, 24 F a7t *c}éa 2 557 4 59 T8 Ve
T Atk Al RV vlol el A7 FEFAAEF V] F T AR Yol e~
2(SARS-Cov-2)%1 4 5-ol &=, a3 & &,

THo R et olef U B T8, 25, A8 o4, 28 7 B, AAL
59 F4E Ve = Q) 3 Y] 2 vulol e A Fe

F R Yol 8 A7+ F19(COVID-19Y 4= Sl t).

Bk ol A, g 7] vhol Y 2= AES Ashe] BAle A S Bl Awe
ZA sk 4= 9lt) vlo] 8 22 RNA Al %2 2 T Ql, Wit € A
-2 (IRES), & F/]/\]iE% mRNA, 53 &5 29 2 RNA TERE 29
e oS A9 BRoto] Awe Hd 2 BAE Ao gt d & 5o, Alw
RNAS| 54 of o] ek Al v G -2 & § 3]+
et o &= 283 5 9l

g o A ARE-E 8o, "Z:J]roli(spike) whul ezl B2 3= S protein” <=
srvputol el 2 R WA & A A gk

Boub ol A AbEH 0] "G4 2" = "G4(G-quadruplex)" = ol (G,
Guanine)©] &3t DNA == RNA A oA A = = 47149 itk 2z)
FZo)th. G4 7%= DNASH RNA HFo] 2] & 735 w.5o] Y] F-¥E ¥ o] ¢
o & o], g ~E}¢lu} vhol 2] ~(EBV), A7} vlol 8] ~(ZIKV), C8 11<]

olN
o [‘ O
HJ
!
;
g
Jl
iE
>4
P01
li
i
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[129]

[130]

[131]

[132]

[133]

nlo] 2] ~(HCV), ¢l -F-F& Hlo] & 22 (HPV), ¢13F v Z 7 vl o] 2] ~HSV),

o g} ufo] ] 2, 7& 1 o] A g nlo] 2] A 1(HIV-1), A= Fell 2}
HRel 2] 2 (HINT) B QIZE 7o) Al upo] 2] 2 (HCMV)9} el E g ufol 2] 2 |
Al Ejufo] 2] 222 71 whet v of o of 4] HWﬂE]oi BAaE o) H3 G492
Eolx ol a9} 5}TE S AL E3le] A& A Al Ea AAFA o of 3t
A= B e FA ol A G49] 784 91 X171 W] Kl th DNA-G4+= dl = 1] of,
R AT A Y o] A B9, AAF WA - R FA 7] ol A

ol
T =
Z 483 9312 st} RNA-G4= splicing, RNA A 2] @ 5o A mRNA H <9

o] 277} A RNA thALe] W v A & 24 $th(Int. J. Mol. Sci. 2019, 20, 2884).
Bowhg o A, A7) 3hEh e G4-§— ot 3l Al 7= 22 Y = 9l oL, o]
| %) &

| &=t} ol & E91, 471 Braco-19+= Nipah H}-o] ] 29l 4] G4 harboring
ek A 28 Ko vlolg] 2 X} B BAE TA ek
Sheh=olth 3, 7] CX-35432 F S0k AW ] F Fll thak A
A

A4 24 ATel S Bk f-d e G4 A7) st gE ol 3, 4] PDS+ EBVY,
7 37 vlol e &~ 2 F| 29| & vlo] & 22 miRNAC A BEH G455

otgd3lgto M f- 1A Hd S AT = Ao R dHA & 3hghEolt
henDC3¥= Al 3 =4 glo| A|EZ oA HCV 2 EBV Hlo] 8] & B4 &

‘/}H}O] ] 2~ @A Nspl(non-structural protein
A =R o] Folxl at o g HH

=
1), Nsp3(non-structural protein 3), 2
Eil S = F o

A el E dht o) Ale] whulA o] vk

ool A gty = A& of

B whrg o] Al A% 8-, "Nspl(non-structural protein 1)"-& H}-o] & 2~ &4 £}

T A WS Wl ek ke J3E et TH T A s 54 QlAtoloh
SARS-CoV-2¢l 4] Nspl<= 540bp 4 ©] 2] RNA ORF(Opne reading frame)©ll G4-353
2 G4-6445 X 3HeT} NsplS T2 18 AEH 2 vhal g gufol g~ Ao A
BEES FA R Flo] 55 mRNA Y& A8t S50 A H Vs&
) A gkt

B whg o] Al AF-E-% 8-, "Nsp3(non-structural protein 3)"= T3 7] 58 7Fx
SARS-CoV-20l A 714 & th3 = Q1 f-# ZH(5.83Kbp) ©] T}. Nsp3-MAC]I
L1 618 bp 1™ G4-34672 E3HEHT} Nsp3-MACT =1
poly(ADP-ribose) polymerases (PARPs)ol| 2] 8] &1l 5] 1= &} afo] ] 224
de-ADPribosylating &4 & &3l 52 A4 Aol o3} 3kc} Nsp3-Macl
S Qle] 2] gk STAT12] de-mono-ADP-ribosylation®] COVID-199] &%
/\}Eﬂ ]}\1 i]—id—g}_: oﬂzﬂ } ]E?]—O] _]?_ o ul-s)k 2= o]u}

B whg o] A ALE-H 8-of "y-E 7 27 Al Z(Nucleocapsid(N))" =
g vpupole] o] vol el A 4 vlole] 24 8 A4, vlo] 2] 2~ RNAE
FAst= T g TS St 2 @A o st R A o Vs el

2 mm
2 =
o,
rlr

—|—l —
to |
A
o, —
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[134]
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[136]
[137]
[138]

7hA 2

3
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A, kA, EZ 7] A 2

A~

=
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[141]

[142]

[143]

[144]

A2BA A AER e A2 BANANS RO 2 TR, A S,
AN EF, S, 2Eo} L, A2 AN A AE R AU EF,

HAAEL S AUER HAAEZ QA uAHAEL A Ul AEY,
SEEAAER s S EEAZR AL FESAMALERS 2,

AA A ARS FCBAZZHAET QA F LB Z

T Tl

= |
EHI G, eI EAE G AGATF A 5 50w
Z

%@mwm&%ﬁ:aﬂ Aiﬂ , Q14 %ﬁéﬂﬁ%,
ofglnlol i opd A, A Z QI ER, o AAERE Q2 Wi,
a2V EFE, v-A28] 59, A2 514k 5 sl Al
2ol N, 2 oA L Y| 45, ~E| ol AL, A4 824 & f-(Hydrogenated
vegetable oil), 521, 4144}, 71231, AR, 2| ob AN E § 779 A
el A ER, e dibnt i, Sl A A= 2] F 4000, Z oA A= E
6000, f-& 32} A, A% 7 F5-(Lubri wax), 2~ E] o} A A F 1] F
2ot Atoldd, ef - AU EF, Ab gt 1| 95, vk A 2 E (Macrogol),
SEA AL B ) S TRAE, LA AR a1k 2 /\Ehj/]:f_o &b -,
Felol LA EAPUA N, 23 AShIET S E
AR, ol 4, B AT Bol B ALS R 2

Bl a2 o Ae] AP B AL e B, T E

b S AR St At o
i‘tl/]_Q.}\] ]X]E] H %Z]H&—ﬂ—oﬂi%%(E%oﬂ/\Eﬂ)
o]

2 2 2w
iﬂ&ﬂ]ﬂﬂ igﬁﬂ%eaﬁﬁMWMzﬂiaﬂkﬂegy;%é,

Al
SFE o}, BAER H, SN SH R, S S E #, S ohy]
Fole g BeE o) A AR L0 s A2 A AAH L ALE R So)

/\}_9. /\ o] q_

=
o
[e]
R

A
5

wigol e A A o= Mol Gol, UhE GF F& A0l ol AgE 5
9}9_111, Aol upeh WA, A, REA, A, AEBAL 584, F2A
ol A4 g1t}

o gl whE FAolli= AT AR 5= lar, Faol w134,
HEA, FA, B Sol 484 5

Eowd o) ulE g E-A o = o} FFA o), Et e, W R A B2 Q A
ZE2A] “ﬂé?”a]%i 27t A AER  AYER, v dY %%igi,

ANAMGEF | EEA L2 Ay A AE= Q 2~ HPMC 1828, HPMC 2906,
HPMC 2910 5 S &3} A 7} A2 7 9lom, Qo whet AldE A, BEA,
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f
o4,
==
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|, WEFA7F AFSE 7 2
FARA ol 1= FAE %‘ITT, 0.9% % S E 7 A,
2ER2FALN g AE R 2SI EFFALY, 3] o] X(PEG),
ARl ok, 2R A E, v SRRV F, B
TrlE, S A A n Y A EAF o] A e
& A, A AV ER, A AN Y ER, 2AVER, 84,
A Eolrtol =, et d, 2=2ddl=8 & EAR,
AL, vl v 2 opA| Eolwufol =9} -8 B H A oA B 1
), A7 2 1 (EE Yol E AR E),
aL L E, AR 2 deA U ERIS Z
57 3HAl; T oAU EH(NaHSO;), o148t ek 7E2 ek ol B EH (Na,
S,0,), o} FA} E F(Na,SO,), 27Ny, o Z el t] o}yl g E g} 22k -2
oG A, At g H A ulo] = 0.1%, AU & FEELH S| = HEA Yol E,
SF-go}, ol A Aol g E} XA U E &, ol A E AT 58] d ufo] E ¢}
2 HEdd g SR ReE, A=, 2,
& oA AAAGER, LA E R, £ 80
Fr g g dEIAE e 7 T
= 7 A, gE, &, o=,
AEZQA JIEBA A A ER R A ~HolglAla
1l Hhd(Subanal), |42 1, 93} A 1, oFAH,
FHFeHE+F U 2 H E, EAE, S E g R Aol AN A E, EY
E= 23, A8k -Al(Imhausen), B dl(F i AHold AL 2 Al = 2] ),
= M, o} 5l ~ % 2] 7 2~ (Adeps solidus), +El & Bl 22-G(Buytyrum Tego-G),
A ] 2~ 3} m} 16 (Cebes Pharma 16), 3 AL} o] =1 o] A 95, 5 & vl (Cotomar),
3] =5 3| SP, S-70-XXA, S-70-XX75(S-70-XX95), 3| == 3 H|(Hydrokote) 25,
S| =F A H 711, o] =2 X 2~ (Idropostal), TFA}ol 2~ E 2} 2] 2-(Massa estrarium,
A, AS,B,C,D,E, I, T), "FA-MF, vk 3%, nh=3-15, U] Q32 2~ 8-l
vte}ah-& =B, = E Al 2(0SI, OSIX, A, B, C, D, H, L), Jerﬂ 7] Al IV B}l (AB, B,
A, BC, BBG, E, BGF, C, D, 299), =3~ (N, Es), 9l ZH] (W, R, S, M ,Fs),
BlAl 28 Egag Aol = 714 (TG-95, MA, 57)¢F 22 7] A7k A2 5=
AN
[147] AT T E g arg A Aol = A A, A, AbA], FH A, A S0l
E3tE T, ol gt LY A A = F7] FEEC AR st ol A dE
=9, AR, IdH ﬂiﬂ]E@&mmmMMm)TiiimmeE#
E Q2 X (lactose), A&E 5 ZAE T g g R A o] 9o
vl AE Yol E g %LS %%"Xﬂ%l?— ARgH T}
[148] AT T E g NGAA R = AEA, WG NA, A, Al H A Fol
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A JFo| A AFAE] 1 ou|E 7 A S Aol T}, upelA] - b ol A AREE] 5=
Fo]i= @ gk gojo WA o] ofd, 1 &0 7} 7hA] = ofm]ef - kg o] Al
A &5 EUZE A= ofof gt

[171] olal, & W o] o3& 7| Hsto] uphA gk A Ao & A A g} 1
st o] AAl o= & & B g A olalistr] Hlste] AleE = A i, 51
A Aol o3l & o] W §o] g = AL of T

[172]

[173] [ ]

[174] 1. &YaFI el =9 A&

[175]  A&A e Z2EZ upe} 200 W] wE @l olAl 7 gl =l RNA
28] 3147 E 8| & B} o] = (Bioneer,Korea) & =] 100 uM 2] 1 I -& FH| 31 o}, &
g of] AbE-¥ RNA G4 28] a7 &2 QL EFo] =3= 81 7] # 19 YERL
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[176]

[177]
[178]
[179]

[180]

[251]

MEHE | Gemome | G4 sequence G4 sequence length
posidon

1 353 GGCUUUGGAGACUCCBUGGAGGAGE 25
2 644 GEUAAUARAGGAGLLGGUGE 20
3 1403 GEUGGUCHOACURAUUGCCUULIGEAGS 20
4 1574 GGUGUUGUUGGAGARGEUUCCGAAGG 26
5 2714 GGCGGUGCACCAACARAGGUUACUULUGG 29
© 3467 GGAGGAGGUGUUSLASE 17
7 4162 GGUUAUACCUACUAARAAGGCUGGUGG 27
8 4261 GGGUUUAAAUGGUUACACUGUAGAGGAGG 29
g gegy i GUAUACAAGGLUAUUGAUGGUGS 23
|10 10267 GG CUGGUAAUGUUCAACUCAGGGUUAUUGE 30 |
11 13385 GGEUAUGUGGAAAGG UUAUGS 20
12 14947 GEUUUUCCAUUUANUAALIGGGGUAAGG 28
13 15208 GGAACAAGCAAAUUCUAUGGUGGUUGG 27
14 15448 GGLGBUUCACUAUAUGUUAARCCAGORUGS 29
13 18230 | GGAUUGGCULICGAUGUCGAGEGS 23
16 22316 GGEUGAUUCUUCU UCABGU UGGACAGCUSS 29
17 24215 SGUUGGACCUVUUGEEUGCASE 20
18 24268 GGLUVAUAGGUUUAAUGGUALLGE 34
19 25187 GGLCAUGGUATAUUUGGCUAGG 22
20 25851 GGUGGULUAUACUGARAAAUGEGAALCUGE 25
21 26746 GGAUCACCGGUGGARUUGLUAUCETAAUGE 30
22 28781 GGCUUCUACGLAGAAGGOAGCAGAGGCGG 29
BT 28908 | GGCUGGCAAUGGCGG 18
24 28173 GGAAAUUUUGGGGACCAGG 19
25 29234 GGCAUGGAAGUCACACCUUCGGGAACEUGG 30

2. 49 F o| Y (CD) =FHEH A

RNA &8 3155 & & E}°o] = 15uME Thermoblock | 4] 10mM Tris-HCI(pH 7.5)
2 100mM KCI& E35shE ¢35 dol A o d ¥ 8131 Th95°Cell A 103 &t | A
T 4°C7EA] 0.5°C/E 2 Y7, A3 S s sy] Aol MES 4°Col A HHA)
H At oh CD A E R 1mm A % 748 AF&-3}aL, 20°C, 100nm/min 2]
290 5%, Inme] dHolE ¥ X 2 1nme] theZE o 2 0}04 220~320nm 373

Abolo| Al S = Aot e, 7t A E QL 33 54 3tal F S WYER A TE CD
2182 Jasco CDC-426F Peltier <5 71 E &2 7} 2424 Jasco J-810 CD
WG H G A o A 3 = AT
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[181] 3.CD ¥ && &4

[182]  CD &8% 98] AZL2 20¢/% 2 0.5°Ce] "ol E] 3] %] & 25-95°Cel| A
7FEE ATH CD &8 A2 G4 A% st E ] 77 & dElete] e E sl
RNA:G4 2% 3}3& 9 v &2 1:29] 58] 2 3131 1F RNA G4 15uMel G4 23+
332 30uME A g 8lo] 305 Fo AL 0 2 10mM Tris-HCI(pH 7.5) 2 100mM
KC1E& 3551 ehZ ol A ol 5ta o] A&k}, BRI &2 265 nmol| A
ZA43t 1 %, dlolEH & A1 8}8} AL OriginPro 2017 & 53] Tm 4L
A4kt o

[183]

[184] 4. A X Wik

[185] 17k Wl o} 214 (HEK293T) Al £ & Vero Al £3= 10% Aol E 3 (FBS) 2 1%

A -2~ E 5l E vl o] Ml (penicillin-streptomycin)©] B.F%¥ 31 E5
W 257 o] =Wl X (DMEM ;high-glucose Dulbecco's Modified Eagle's
Medium)ol| A F-A 2 $1 3L, 37°C, 5% CO, 3}l 7 15wl o] B o] A nlj &F a3t

[186]

[187] 5. A1E9 & Ul(in vitro) T & ¢ 3t peYFP-N1 2 X ¢ W€ 2] A2}

[188] pEYFP-N1 2] 3 B (Promega) ¥ E] = eYFP § 5} @A & 1z 57| {3
eYFP % A3 Zd|d W 4 F-HAHWT-G4-353, 644, 3467)5 Z 21 5]
A3 ¥ Atk PCR -3 2ol AME 5] = Zefolw = 87| 3 20 YRl AT
WT G4-353, 644, 3467°] th g+ 4 72} 4 =2 PUC-GW-Amp(5-o <}
= 2} 221 ) (Cosmogenetech)ol] 2] 3l &4 = ¢l a1, 48 Z2 2~ v = pEYFP-N1
W E] o] Xhol/BamH1 A 3 29 Alo] & A H 22y H t}e A HEE. coli
DHS5o Al 322 A A3 Al o}, g ¥l A 23 52821 = (N1-WT-G4-353, 644
2 34675 A4 AN AP &2 Fels it
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[189] [3E2]

[190]
[191]
[192]

[193]
[194]

Rame 1&1% ’:ﬁﬁ Pﬁ:ﬂmi‘" mmge Referénce

{RﬁvE 7 TATACCCATCOACATEACCATEAGETSL This study

7 GUAGCCTTATTTAAGGLTCTTGCARCACTTOTTLCATG This study

i&wi

""" AGTAATACGACTCACTATAGGGATGGAGAGCCITGICC. | This study

AGTAATACGACTCACTATAGGGATGGTTGAGCTGGTAGCAG | This study |

TIACTIGTACAGLICGICIAIG . Thisstudy |

6. X AAH Eddo]

G4-353, G4-644, G4-3467 W ol G4 B4 = gal 5tz 912 A1 =AWl &
5=%d317] 918l QuikChange site-directed mutagenesis®] 3 = & Z(Stratagene)©]|
uhe} PCR ¥h3-& a8t itk =elw o] f ko]l AR&- 1] = Zafol = A7) 3%
20 eI S o] fuk 3 oAy E Wl E| H4-2 Dpnl & & 37°Cel A §HA)
W3l ¥ 51 DHSa AV HE A Z 2 A AZ A ZTEH 42 FA S22 A8l
o3 gely ), Wi H Bl ¥o] G4 e} A1 E(NT-Mut-G4-353, 644 2
3467)= AP o7 215

7. Eota¥ov| 2 A AV EF
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[195] A Zgofzadopr= 2 A7 52 50 mM KCl-& ¥ 3H8k= 1X TBE
5 o] A 15% Zejola ot = Aol T sl 34 5 80V, 4°C=
T At} A2 SYBR Gold & 4F 94 52 44541 Bio-Rad Gel Doc
UV-Efl=dFudolH 2 a3t 3int,

[196]

[197] 8. A X AEE &4

[198] A 3 3544 & EZ Cytox assay kit(DogenBio, Korea)E- o] 838} #4331t}
HEK293T % Vero xﬂ S5 100 po/ D o] al A -3 o] A 2x104 Al 32/ o] F e
96d-& | o] Eofl ¥ aL 37°Col| A 244 ZF &<k w3t ATt 2443 -, A EE
ekt 559 G4 Ad 332(0.1,0.5, 1,2.5,5.5, 7.5, 10, 25, 50, 75 uM) =
] 2] 8} 37°Col A 244 3k = 484 7 Fob w kB TE Al E A EB(%)S 455
nmo)| A 2] &3 % 412 =7 3Fal(Luminescence multi-mode microplate reader
Synergy™ Neo2) &}7] 2] 1& A&-8to] ALlstdity & A2 350
T o 3gHEo] A ¥ A e A XS 2o A2 T EZ Cytox
Al Fo] ¢)i= DMEMZ blank & A-8-3} 31t}

[199]

[200] [4 1]

[201] Al A EE (%) = [(Asssira s - Ausspinn) (Ausswiz 215 - Auss@iang) 100

[202]

[203] 9. AE FAZE

[204] A ZALe] X 2 & F(TurboFect™ Transfection Reagent, Invitrogen, USA)ell u}2}
HEK293T 2 Vero Al oA A& 33T} 1.5x105 A 3E = 7.5%104
MEE 6 D-=d o] E ¢t 2ml DMEM Hl A ] 2y 7k el 51 37°Col| A Hl| F5FA T
24X 3 2 A G A o] A 3el whet A ST 10A11F %, G4 A%
spetEol ALY iz WA &= A ste] 3petEE& A et th 1§, 24 Hi=
48R ZF Ft A EE et glar, 7 A7 S fste] A2 S A F AT

[205]

[206] 10. IVT(In-Vitro transcription/translation) +4]

[207]  WT-G4 2 Mut-G4 A €S T7 T2 RE] 292 A5 E4 o] o
PCR 5% A1t} PCR 4F2-2 1Kbp ©| 312 Aol 2, T7 X 2 X E 9] 2} eGFP
FAAE E38EATE IVT) ARE- 3= Zdto] = A7) & 20 YERH LT PCR
AHE2 TNT Quick Coupled Transcription/Translation System(Promega)% o] 835} o]
HAAF 2 H A =9 o™ PCR-DNA 73 (0.502)< | mM W E L& ¥ &3t
50u0 HE-& EFE oA 90% FoF30°CE HAH AT WA H AR LS 12%
SDS-PAGEE AR-&ato] &afjstal 9 ~6 EX 07 #4153l

[208]

[209] 11. °1] "8 EX

[210]  A¥EE IX-RIPA $ZHo)| A g3 Al Z T} 85 @A S Bio-Rad §H712]

i
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[211]
[212]
[213]

[214]
[215]

[216]
[217]

[218]
[219]
[220]

[221]
[222]
[223]

o]& Al 2~ 8l-& AL-g-3ho] o] A& 3}H] d(PVDF ; polyvinylidene fluoride)

1) B ) €1(Western blotting-%- Immobilon -P PVDF membrane, Merck KGaA,
Darmstadt, Germany) 2 & &%t H] 5-0] 4] vhil 2l A 3+-2 0.05%
Tween-20(TBS-T) &5 & X351 Tris &5 2 Aol A 5% FA W +-F=
A7 Fot A E AT} 1 5 membraneS TBST $H=9 0 & A 2] 3} a1,
1:50000. 2 3|4 ¥ 12} A Ql np§-22 A F £ S-EYFP &3 (MAB 8759,
Abnova)E ©]-8-3}0] 4°Col| A 1A ZF & QF T2 H GG o] & Aol A 1A H
<t HRP7F A ¥ o] 914l 1:50002 5 84 ¥ 23} 91 4-8) np-§-~

3} A (SC-2031, Santa Cruz Biotechnology, South Korea)& ©|-&38fo] Wl A& S
T 3lgl o). vy ol u] x] F-4 7] LAS3000°] 2] 3l enhanced
chemiluminescence(ECL) 9l 28 &5 7|2 & Al&38lo] Wl =& A =35191t). EYFP
Y e Sh-227]1% F- A A GAPDH W= 2 A3} H vk e 7
Imagel & AF-&3to] A %3} 5 At}

iy

12. $A 4 &4

7] 213 10 W A] 119] dlo] ] = GraphPad Prism A~ E gjo] # A 83.0-%
Abg-8Fo] B4 5 91 T) One way ANOVA B 2~ E 3= EYFP 9 A o] 2] &
oFZol Al gF2 ME A )| A& (ke 798 Aol & A b
AFEE Q) o] Bl = #H F4+SEM Hi= H 7+SDE XA H AT}, * p<0.05, **
p<0.01, *** p<0.001, **** p<0.0001.

13. SARS-CoV-2 €% v 3 X (DRC; Dose Responsive Curve) ¥4]-N ¢ 2
a7

13-1. vlol H 2= R A EF

SARS-CoV-2+= &hr 2 v ] -5 (KCDC) ol A Al &% S 2™, Vero Al 3£+
ATCC(ATCC-CCLS1)ZF-E & 53519t}

13-2. A ¢

7= 8} 3HE 2 AF-8-$F chloroquine, lopinavir, remdesivir< Z+Z}+ Sigma-Aldrich,
SelleckChem, MedChemExpress©l| 4] -7-4 3} t}. @F-SARS-CoV-2
FE LA ZN) @A o] 5ol 42l 12} 8] += Sino Biological ] A]
T3k o, 221 @A Q1 Alexa Fluor 488 93 4~ -E7] IgG <} Hoechst 33342+
Molecular Probes®l| A4 -1 3} t.

13-3. 1 B o3t &F w84 (DRC) 4
Vero Al 3£E 2% FBS7F H=% DMEMOl A 1.2x10* Al 3£/9 2] Al E == 384

A-Ze o] Eol] F 81T 24417 T, DMSO] 2 1] 1&- 814510 10 I ER
1] ¥ G4 2F 332 (NMM, BRACO19, PDS 2 PhenDC3)2 0.08 WA 50 uM
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[224]
[225]
[226]

[227
[228
[229
[230
[231

—t e e d

[232]
[233]

[234]

Wele] s Aol Aelasin By thrT o2 Putolelz Byo] 2
¢+ X1 chloroquine diphosphate(C6628, Sigma—Aldrich St. Louis, MO),
lopinavir(S1380, SelleckChem, Houston, TX) X remdesivir(HY-104077,
MedChemExpress, Monmouth Junction, NJ)& AF-83F31 T}, oF 1 A+ % BSL3
Al A el A M o] SARS-CoV-2 (0.0125 MODE 73 Al 7] 3L 37°Cell A 24 Al gk
& ) AT, o] F 4% dhe} 3 F <l o] 3] = (PFA; paraformaldehyde) =
AEE AT H, Fastebolnt. L 5, F-SARS-CoV-2 2 8l L A =(N) 12+
A & A 2]l aL, Alexa Fluor 488 914~ 3F-¥7] IgG 22} 84| £} Hoechst 333425
Aglsto] AEZE G A E Az & ol n A= &% o] 1A 74
717191 Operetta(Perkin Elmer) S ©]-8-3}o] At}

13-4. o] 7| ] &4
E 53 0|1 A]3= Columbus A~ EZ E gJo] & o] 83}

Hoechstfﬁ A & =5 A6 a1, 7 E A E 423= vlo]

M| E 4= &~ N
Gl A S Wk Bl = A E R A S T 79 B (infection ratio) ™= (N W@ A&
Hd oh= Al X7 A EFE AAstAT 2 49 A ks sd e

Zoo] B0l 4 71914 4] 22 A F(mock) T F 3 UEe] WE AL 0.5%

G}
DMSO(v/v)7} Ao AAAEE ¥t A5 H A n2 4
3132 F 5ol w2 Hhg A 7 ICs), CCx #k-2 XLFit 4 (IDBS) &~ E ] o] <]
3t7] 2] 25 Fgate] L&

Ot

[4 2]
Y = Bottom +(Top-Bottom)/(1 + (ICsy/X)Hillslore)

WEICs 9F CCy & 7+ He| A3 o 2 853 23 & 7Fdh-3-=- 4 (fitted
dose-response curve)oll A 2FESFS a1, A1 8 %] 4= (Selectivity index; SI) 4k CCs,

[IC5, 0.2 A= At}

14. SARS-CoV-2 &% "8 3 X (DRC; Dose Responsive Curve) ¥4 -1] 2] 2
A B4

Vero Al E5 2x100 Al /9 2] A E D5 12 d-Zw o] Eo) HE3A .
24X 3 2 BSL3 Al A ol A 1AIZE &<, 21 A& 8] A]sto] 10 ZRIE R FH|H
G4 A3t 3}3-2(PDS, PhenDC3 2 NMM)2 0.08 W #] 50uM H Y 2] 552
M3t of) A el gl M3EE PBSE gk ¥ Al A 3 o} 5 SARS-CoV-2(0.01
MOD & = 1AIZF F et AR Z o) vol ] A~ HE =& Al A stal A3 & PBSE

13) Al H 8k 3 217ko] v oA A7 9} T3 g4 A3 31 ES 358 2%
FBS DMEM HH A2 WA 8L 24X ZF = 48] ZF E-oF Wl &F5F Tk DMSO 2
Z 1 vehicle s 7+7to] ghet=ol thgk vt o= Frtetgloh 7l 2441 gF

l
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[235
[236
[237
[238
[239

—t e e e

[240]

[241]

[242]

= 48417 T wlo] #] 2 A5 NS 42215} 31 PROMEGA Maxwell RSC48
N9E ol & AF A2 4A 2 % %%3/91t]. RT-qPCR &
THERMO QuantStudio™ 3 A| 22§15 o] &3] Al& & o] 5 2 & SARS-CoV-2
RARpo) 5] 2191 % #o] 1w £ AL8-5he] 53 2T} AACe W © 2 o] ¢] 2
Al RNA AL =5 248, G4 A9 813 = A & DMSO H1= 37
oo 2 A 3lste] A 2 ?_1 7+ A &l & (inhibition of infection)<

ALFsEd Tl 2 8} 3E-of] o 8k 1Cs-2 Graphpad Prism 5.0 AXZ E 9] 9] 517] 2] 3&
R ]

i
o oft o
o,
of
=
Z
>

[4] 3]
Y = Bottom + (Top-Bottom)/(1 + (ICsy/X)Hillslope)

15. HCoV-0C43 &3 -8 = X (DRC; Dose Responsive Curve) ¥41-1] 2] 2
A B4

O1ZF ot A E2Q1 HCT-8 Al 5 2x105 Al /L] Al D= 12
A _Z o] Eof H £t 24 /\] FZ A ek 20 A4 3] A E ] 10
FOER Fu ¥ G4 A3 3H3(CX3543, NMM, TMPyP4 2 TMPyP2)< 0.08
WA 50uM M o] 552 Ao A sttt Al E PBSE g Al A g th &
HCoV-0C43(0.05 MOD 2.2 1A gt 5 QF ZH A 7%} vlol 2] 2~ HE =&

AT A EES PBSE 18] AR 3 3, Z7ke] Frol A A7) et U3 G4 A
3}3E & §H-R-3h= 2% FBS DMEM HH A & LA BFAL 724 7 Sok v ek ak ol ),
DMSO % Z-7 < vehicle s 7+7}9] g}gt=ol thgh vt o =2 F71etqloh. 74
T2AE 5, vpol ] 2 e NS kAL A A vhol el 29 JItE
ZelAoj Ao & %;H skl

= o A ol = 3 12 A= o) Eol A 53 Vero Al 3Eef, 100] &2 A4

T Aol

5] A} gk nfo] 2] 2~ 4 ﬂ% 2}zk 27) ol o] T o & HEstaL, 1A F v ¢k &
A A3 T DMEM Hl b ol 0.5% ™ e A& = 2~ (methylcellulose) & 3 3 dh=
ZoFA o] Alo]-8 QB # o](overlay) W]t o] & W o] 5.6 F 0 F3F T vl <F
5-64 &, 2B g o] ur]o] & A A 8kaL 20% ol ¥HE-<ll 2%
A ~gutol £l (crystal violoet) @A NS E 35t = GO0 2 MEE
aA, A Sk FE A, vtolH 29 J7EE SA s 7 A 59
Hhol 2] 2~ A 7tol| A G4 A3} 3 E A e]tS DMSO = S/ 2o &
A yf3hate] AFth A <1 7191 A 8 & (inhibition of infection)S AlAFEF o). 7t
3}3tE o] o gk ICs)-2 Graphpad Prism 5.0 A~Z E 9] 9] 47| 2] 35 285}

S5t T

HCT-8 Al 3ol A o] M350 96 A-E o] Eo) A Fgh Al3tel] 7] &%
WA A FUE T EE FH 8 G4 AR RS o5 o2 A stal 7241
<, Smg/ml ¢ &5 ¢ MTT(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium

(o
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bromide) 10 ulE 2+ Lol 3A]F 52k 37°Col| A A €] 3} 3 T ﬂﬂ F, 3T NEs
A Asr] A EE PBSE g H A A ¢ Ul 100ul DMSOE Wil 1A ¢
Zo)| A 7 A 8] $F F 540nm A2 EFEE At BA o} AT}, 7}
)-8 DMSO %= S5/

_1101'

gz el i AESAE G4 A shEE A
vt o 8 Aqrslsto] Ao 291 Al EEA S ALkt
[243]
[244] [AA] 4]
[245] A 1. EAH RS B4 F 3 SARS-CoV-2 genome®] G4 91
[246] At Zo] 30bp2] 7]F S & SARS-CoV-2 Al ¥ QGRS vl ¥ & 4839 21

2 GaF doliz20]a FX A7]= 0 WA 3691 25712] G45 2831} 1
A= 5ol ERH AT

[247] % 1o YERE 19} o], G4¥= ORF-1ab, 2~ 3F0] Z(S), ORF3a, W H.# ¢l(M) 2

FH LA EWN) FA2] QF & ZH 9 ol AR 3 G4

Nsps(ORF1 abell 2J&f Q12 ¥HE ZH3= Al oA o =2 HE=
LERSE AL, 72 S A S I ek Al ol A ol v W R Ve TH
3 SARS-CoV-29] Aol A G1F Aol 7} 3 iz 491 G4+ WA = #] &t

[248]

[249]  AA]d 2. SARS-CoV-291A =9 G4l stA A G4 T FA

[250] G429 A L x4 b AL gelsly] Hall, Goll 8 W= RNA
£ a2 QB =5 AHE-8Ho] SARS-CoV-20 A ol 58 K& G4oll tate]
AeEagsts A5 6ttt 933 o] A (CD) A E- 2 574381 G4
T2 PAAE ERIEHA, CD E &8 WA S Bl G4of A A S
sHelstolth. 7 A= % 2a 2 2b, I 3a H 3bel] YERA AT

[251] %2 2a % 2bol YER H}Q‘r o], & SARS-CoV-2 G42] CD ~F| Eg] & oF
265nmol A 7gk el 9 7 ¢F oF 240nmol A &-9] WA B 0 & 3= G4
topology & Z<¢13F3i ).

[252]  HE%H % 3a ' 3bell YERE ule} o], SARS-CoV-2 G4+ 50~75°C H ¢ & Tms
LEFH A TE o] 5= SARS-CoV-20l1 A ol S5 G4 A H ol Alg i el A kA $F G4
TR Y 7 AE g

[253]

[254] A Al 4] 3. Nspl, Nsp3°]] tj gt QXA EA] ¢ & G428 EIAA

[255] Nspl, Nsp3oll ¢ %] &+ G4(G4-353, G4-644, G4-3467)= &17] & 49} o] PDS,
PhenDC3 & A 2] 312 v, 7} -2 ATmS B3l 238 A &E5H4 7|58
7FA AL 7] wlitel] Bl o] oo &2 A eSSt Nspl 2 Nsp3of| A
SARS-CoV-2 G4 B}7IH o k& Al Z43}at7] 918l WT-G4 A H 220f A
A 0 2 2 F ol d(G)E ol (A) 2R B o] Al AA G4 A S
el sz Mut-Ga-& RHERUHE o]+ 8h1 3 39 HER AT T 5, WT 3 Mut
G-353, G-644, G-34672] CD ~H E g 1313t} 1 A 7= & 49




29

WO 2022/060209 PCT/KR2021/095084

LU ST

[256] 5 4o YERY vhe} o], WT-G49] CD 223 E & 3} H] 113} o] Mut-G4+=
H o gkel °F 260nmell A4 ¢F 270nm=E ©]F3to] G4 topology 7t 3] ¥ &
et =8 D 9 8§ FA o) A Mut-G4= WT-G4E U} 58 Tm 3h$
H AT} o] = Mut-G4oll A G42] Bt A& ol &l

[257] [3%3]

HName WG sequences WI.G4 Mut A4 sequences Mut-G4

G644 | GOUAAUAAAGGAGCUGGUGES o7 GGUAAUAMAAGAGCUAGUAG 4664
MBI ’ (MBI e

[258]

[259] AA e 4. G4 A7 3H3HE A glo] & SARS-CoV-2 G4 SHA A

[260] RNA 2y Ed % E}o] = 15uMZ 10mM Tris-HCI(pH 7.5) & 100mM
KClo| A ofd & &gt 1 %, 313 %30MME A 2] gk Q15w o] A 3}t
th5- 0 2 g 3F o] WA A7 E F 3l A + spectra®] 574 S 53
SARS-CoV2el| &R 8k= 257 9] G4& &< o}iiﬁr. 7F ~AER L 33 549
Hytx|olt} 1 A= 5 52 L 5bol Ve AT

[261] % 5a % 5boll VERG ue) o], G4 AT &5E 2 Mg 45, CD
~HERHL 9F265 nmoll A 2] I3 F 2F 240 nmell A 2] I A5 714,
HAAlef 29] 2 Eqo A et WstE ERl A 2 dT) o= G4 A g
3131 o] G4 topology & WA 7] A ¥tk Al o v] gt

[262] E£6P RNA G4 15MMoﬂ 313t = 30uME x%a] 3}o] 01%1&1] ol A s}

Tk o
oo o

L%ﬂ YFE F EEE}. a 73?%% % 6a H 6boll YERH AT

6a L 6boll YEFI uFe} o] CX-35432] ATm-2 w0l ¥ = W35 el A
oF-& WA PhenDC3 2 PDS 2] ATm-S CX-3543¢] Bl &l =LA Yelwkt}. o] 3=
CX-35430] H]8}], PhenDC3 & PDS7} T3 5-2] G4Z 4 335] kA A A t)=
A& ou e}, 2pA| g =)= 5] 3 4ol e AT BESE 2 3R Aol
ATm®] B nlE 8}7] 3 5 HE AT

[264] % 50) YER HE9} o], SARS-CoV-20l 4 o =% 2570 9] G4 = PDS= G429
36%°1 A ATm>20°C¢! ¥+, PhenDC3-S G42] 72%°l| 4] ATm>20°C ©] i t}. o] 3=
a0l o8l ebd g15 = G49] ¥] &+ PhenDC37} PDSE.U} 0= 412
ol wj gk},

H

[263]
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[265] [3%4]
Tovin | Teinvg
Gene T T i 2C with) °C with with ATy s | AT AT Eppeanes
G4 No.|Position] (°C) UR-3543 PDS. | PhenDC3 Gene Name
1 353 | 71.59 1264 8748 $2.00 105 1607 1041 NsP1
2 644 48,1 53,32 5 7144 559 2256 2371 NsPL
3 1463 | 5552 56.55 6844 51,3 1103 4.57 35.78 NsP2
q 1574 | 53.38 53013 MNA 47.74 0.05 A it NsP2
5 2714 | 71.14 3769 85,49 217 1345 1535 20.56 NsP2+ NsP3
6 3467 | 6555 53.54 88.65 4881 “2B1 37 3328 NsP3
7 4162 | 56.89 58.04 2503 Na 2.05 G856 MNA NsP2
8 4261 50.31 63.89 75.18 8541 13.58 28.87 351 NsP3
9 §687 | 46.86 4983 84,44 MHA 237 371.58 HA NsP4
10- 1 10261 | 47.89 58.24 5066 £3.4% 235 12:77 156 NspPs
11 113385 | 45.6 5187 6307 NA 727 17.47 NA NsPlo
12 14947 | 5721 AR11 82,16 #1906 0.9 72488 23,75 NsP12
13- 115208 | 57.17 6387 6616 NA 8.7 293 M NsP12
14 | 15448 | 52.62 55.55 265 WA 536 388 A NsPi2
15 18296 | 58.83 63.64 824 86.32 481 23.57 27.49 NsP12
16 | 22316 | 48.28 49,85 8562 NA 1.28 T34 NA Surface glycoprotein
17 24215 | 55.42 5918 63,93 NA 174 T.5% NA Surface glycoprotein
18 24268 1 40.47 48,42 46,11 NA 05 5.64 A Surface glycoprotein
19 25197 | 71.19 66,57 H8.603 BT.51 4,62 256 -13.68 Surface glycoproiein
2 25951 | 48.74 5387 9236 NA 513 4357 HNA ORF3a protein
21 126746 | 62.66 59,29 a3 77 79.68 -3.37 611 17.02 Membrane protein
2 28781 | 64.7 82.9 il 7040 152 NA 3.7 Nucleocapsid protein
23 28903 | 57.11 63.45 50,40 60.21 .34 F.38 3.1 Nucleocapsid protein
24 129123 | 544 6150 7383 HA 8.12 19.43 A Nucleocapsid protein
23 29234 | 62.17 58.52 g NA 565 1803 NA Nucleocapsid protein
[266]
[267] [3%E5]

[268]
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[269] AR5 AE =4 &9l

[270]  HEK293T Al| 3 ¢} Vero Al £ 4] PDS % PhenDC32] &A1& 3Hlaldv). 1
A= 5 7a A = 7del YERH AT

[271] 5= 7a 2 7coll YERE vl 2ol HEK293T Al 3£ o A PDS+= 75uM7}A]
AF&3}7] o) oFA 31 A TF PhenDC3- 75uMoll A 4841 7+ T A &8-0] 25%
Akt gk, 1 7b F 7del] YERE vle} o], Vero Al 3E ol A 4841 g &
75uM7}A] PDS 2 PhenDC30l| thall Al 3 5A4] o] o5 %] ettt

[272]

[273] AR 6. T7T ZEEEHE ¥ 53+ WT-G4, Mut-G42] PCR %

[274] IVT(In-Vitro transcriotion/trnaslation)¥-23 o] tj&}o], N1-WT-G4-353, 644, 3467
2 N1-Mut-G4-353, 644, 34675 T7 L2 X E] 19 & PCR =% 3} a1
T7-WT-G4-353, 644, 3467 2 T7-Mut-G4-353, 644, 34675 B3It} 2 Ad=
5 8ol YR AT

[275] %= 8ol YERd uhef o], 65°Coll A Aol A &4 = TEH A= 95
Fd =7t A QLo

[276]

[277] Al Al o 7. IVT(In-Vitro transcriotion/trnaslation)¥4

[278]  IVT w402 tjest 559 G4 A3 &5-&E2] o vjgt s
glatdnt. o] oA H= A9, 3l F 330l G4 729 b gloll &t
D= A& oln] gt} o] & A Zbs)str] 98] EYFP(enhanced yellow fluorescent
protein) &) £ B A| 28-S =51l oW, 3}elE A 2] 48411t =, A2 E 2 F 5ho
EYFP HdA & o228 B0 2 FA3 ok 1 A= & 9a WA 9c¢, & 10a WA
10c, & 11a A 11d, 5 12a WA 12dol] Ve A}

[279] % 9a % 10a, & 11a 2 % 12a°] YER vle} o], N1-WT-G4-353°] 4] PDS 2
PhenDC3°] 247} 50uMoll A = 2] ¥ 12 W) EYFP & 65% 2 90%
7+ 28 50 uM 1] el B 53= EYFP &) £ 8 W3S 9 A8l o] 3% o) A
% Stk

[280] L 9b % 10b, & 11b ¥ X 12b°] YER vle} o], N1-WT-G4-6440°1 4 PDS7}
25 2 50 uM A 2 = & 9|, EYFP & -2 80-90% 7433 A 7F, PhenDC39] 5
uM A 2] 5 1S wf o] &= EYFP 2818 50% 7+ 4 3F3i

[281] L 9¢ ¥ 10c, & 11c F & 12¢o) YER vl9} o], N1-WT-G4-3467| 4] PDS7}+
15 WA 50 uM A 2] = -8 ], EYFP %3-S 60% Al F o oFE 55 Z:7}o
w2 o &k M3} 5 W o] X ¢F9kt} PhenDC37} 50uM A €] ¥ 1S v, EYFP
W& o] 70% 79t A, w5 o &4 T AE el ik

[282] = 11d ¥ %= 12dol] YR vFe) 2o, N1-Mut-G4-3467¢]] PDS 2 PhenDC37}
A HH 55 o & Wb 0 2 EYFP W3S oA &4 et}

[283] 7471 Z#i= PDS$} PhenDC37} ZE Yol 2] 2~ G4 125 A 815 o 24

Nspl 2 Nsp3 mRNA 9] 19 -& A A §tr}hi= A& 7] g}, HEgF PhenDC30]
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PDS .t} SARS-CoV-2 G4E QFA s}al= Wl t] -2 37 k= A
olu] gk},

[284]

[285] A Al o] 8. SARS-CoV-2°l i3t G4 23 313 =2 tulolgl X~ a5 &l -N
)} ul 2! L1 e A

[286] N yhlg o Stz vhul A o shula g2} vfo] 2] A 9] vlole] 24 Z4,
Hlol ] 24 & YA vlo] 2 A RNA Al o] =4 3t AA3re s}, 313& 9
gutol el 2~ & & Flstaral 7 A ol 4 N eheid o whgl o A&

WA T

[287] % 13of] Ve vl e} o], G4 AF 33 E 5 ol A PDS9} PhenDC32 742t
9.45uM 2 2321uM 9] IC5, 2. & SARS-CoV-2 Z¢1& o A 8}3= o] 714
B3} 2 0]t} IS, NMM 3} BRACO193= & 550 A SARS-CoV-2 49 &
A A5 T} 53] PDS9] ICs)+> choloroquine(9.63uM), remdesivir(8.78uM),
lopinavir(12.13uM)2} 22 A o) 2= 73} f-A} 8k vl PDS7F SARS-CoV-2¢] o) 3]
Ze gk ghafol ¢ 2~ g4 & VRS o] gk

[288]

[289]  AAld 9. SARS-CoV-29] )3+ G4 A3t 3135 9] dujola|x~ 5% &9l -
vl g2 AAF #5

[290] B[S A =9 Ao B o] Foj Xl 2 g & Bl o] upo] 2] 2 AR A,
Hl 2] &9 Ak vlole] 2~ HA Y8 1) Aol ). 83t E <] ol el
Bos gelstara vl g2 AkE A ool EA18H= SARS-CoV-2 Hfo] 2] 2= 9]
RNA A#-& A #Fsto] F4 a3l

[291] % 140l YER vle} o], PDS= 7S 5 2441 {F 2 48 A gbel] 747} 1.45uM
2.77uM2] 1Cs, #h o= Bl 2] Al qkell ot 712 &t ahujo] 2] 2 24
L EFA 1T} PhenDC33= % 3F SARS-CoV-2 Bl 2] 2 A AS A4 3] o ICs, 3h-
7 3 24X 3 L 484 ke Zh2E 24.47uM R 23.17uM Sl A o2 A E QT
o] = A Ao 8¢ Ao} o], PDS 2} PhenDC37} Vero Al 3 o]l 4 SARS-CoV-2
LA E A et= o 249 e A Ao

[292] % 159 yER RS} o], NMM €] ICs)S PhenDC3 2] ICs, 3 F-AF3F 1},
NMM-2 Vero A ]| 4 SARS-CoV-22] H] 2] A4 & A8l d
a3A ot

[293] &35 G4 23 3135 PDS, PhenDC3 2 NMM ©] SARS-CoV-2 Z ARA of A
G4 125 P4 31 g o 24 SARS-CoV-2 HA| & A dl= a7 9435 t)+=
Z& o] gk},

mlo

[294]

205 ZAle] 10, HCoV-OC43 vhol 2l 20 th st G4 A shatE o] ghupolel» a%
gol . ujel e At B

296] el AAEe} Ao R o) Fozl £1g Fue] vhole s YA RA,
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[297]

[298]

[299]

[300]

[301]

[302]

[303]

Hl 2] £-9] A4b2 npol e 2~ 4] fl24d 7 Aol it} o] o] G4 A7 31 3H= <
Futol ] 2 558 gtz vl gl ik s el EAeE A A
ulol e 25 FefaojAlo] & B Fato] WAkl

% 169 YERE vEe} Fo], NMM2 793 3 2.10uM @] ICs, 42 2 H] 2]
A Aol o gk 7= gt Sutol o &~ &4 & YER T G4 A7) 3H3HE TMPyP2,
TMPyP4 2 CX3543 B8 HCoV-OC43 vlo] & 2= 9] vl gl & A& JA e IC
s A 7 T 242 11.7uM, 2.80uM, 1.40uMS! A 0 8 A4t} o] =
CX3543, NMM, TMPyP4 2 TMPyP27} Vero Al 3 0]l 4] HCoV-OC43 Hl-o] 2] 2~
A& A et o 4k AlAFg

ol = G4 A3} 83 NMM, TMPyP2, TMPyP4 % CX3543°] HCoV-0OC43
Hlol 2] A~ 2] G4 T2 E oFA 338 © B 4 HCoV-0OC43 Hlol 8] &~ B4 & & A 5F=
247 §-FskohE Ale 9n| gk

% Eﬂ;ﬁlgi Xﬂéﬂ@—f,: o] OE;EE_, o]% O]%g}oﬂ
=

5)-

=]

o] e 2ae] whuld wEl e 7k Al Wk ofe)
)

= DA~

A% ol i ARl AMS T Qi v Al

o1g7F5 4ol 3l
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T4

(3R 1 mEulolel 2o G4 Tel ARHE B HE miz ole] R ow
58 b @ 9 FEAYOR BYshe, auuleld s 9%
w5 oy 24 E

[ 2] A1l ghofA,

e R e B R R VA R R R
ol 017l o BB AE st ol A& 5 R Fhe,
FEVubol e 2= R T ol Bz AR ofshH 24w
[3hekA 1

[3hek4 2]

[3hek4 3]

[ShebA 4]
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%«m’ {r
ﬁn N, | acr
L

[2}3H2] 6]

[5h512 7

[7d 3} 3] A 138}l glo A,

[7d - 4]

[ 5]

[ 6]

ﬂqi%ﬂﬂﬂ*tMﬁii%ﬂﬂﬂ*ﬂ%ﬁ%Vﬂ%%”ﬁ
A Z1pufo] 2] 2~ 0C43(HCoV-0C43), 57 e &7 53+

s E1}ufo] 2] ~(SARS-CoV), ¢17F 3 2 1}ulo] 8] 2 NL63(HCoV-NL63,
ol EUHtol el ), IZF IR uto]l 2] ~ HKUI, T2 % 7] 5%
HZpulo] 2] 2(MERS-CoV), 2 T3 3 A &7 537 L2 ufol g2
2(SARS-Cov-2)Z O] Fo] X = ol A &l o] Aelel A& Ex o=
8=, AR Utol el 2 Sl F ol Be= A =g oF S A E

A 138}ef] o] A,

A7) e AR VRtol e 29 G4 T2 E P I AT+
E%QE&Liﬁﬂwﬂﬁiﬁ%%ﬂ%ﬁtﬂi%ﬁﬂdiﬁg
13}l gl A,
”ﬂﬂﬂgtﬁi%ﬂﬂﬁ o

E T

Nsp3(non-structural protein 3) =

ﬂ

A

=

2 Nspl(non-structural protein 1),

5]
42 Nsp
S QLA E R o] Fol Xl o E

O

AEE st ol o] we] Ha S oAz 2SS0 B,
sEubol e 2 7ol F oY i A 2g ooy 2 E,

A 1ol oA,
71 Bhgte 2 AR uutol g & Bl g2 AikS JAlsh= Ae S o=
o]

Shiz, mbrbolel 2 A F o i ARG OFSH 2R,
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[Sheb4 3]
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TR12] mRuElele 29 G4 el AREhE FFE S FEAALOR
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T 13] A28l oA,

7] S E-2 8H7] ekl 1 WA 8812 72 A H = S ER
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[7d7-8 16]
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Al 128kel] oA,

A7) FEUlo]l 8] A 3= ¢l 7h IR upHlo] 2] A 229E(HCoV-229E), <17k
FZ o] 8 22 0C43(HCoV-0C43), T35 g A7 55

A Z o] E 2~ (SARS-CoV), ¢17F FZ 2 1ufo] 2 2 NL63(HCoV-NL63,
el e mERuubol el 2, 912k IR lol ] 2 HKUL, F 52 F57| 535
A g2 vafo] 2] 2(MERS-CoV), B T T w AT &7 55w Az ftlol g &
2(SARS-Cov-2) & o] Fo] x| = ol A 3L} o] A} MElg AL EF o7

sEVutel e 220 G4 o] At e Haz o] of et o
€ 7ot e AL oR ek gt 22 S ol 28R
ahz Aol Folahz dAE ks, AR ol e 2 AT o] A

of
iy

bz SR i oo o
514 b Ae FEAY 0 R Eehehs obsty 24 2ol
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sEbubolel 2 7 Fel o i AR A S Yasts] A
sgblolel 229] G4 ol ARTHE BEE Eiz ol etzon
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