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[ COVID-19 pandemic

20194 12 8H HHM7IX]|

HMAXM 2=z

Syndrome Coronavirus 2)0ll 2|8t Af2te| S &7

18 4. COoviD-19

MARAZ|[F= 2020 18 300l =HA

o

Ao{sl o

L= - AN —

of, 20214 12& 19¢
2 2F 5352HE0| AU Z.

A58 (20214

210mm x297mm [ (84 AHX[(80g/m?) EE= ZZIX|(80g/m?)
(23% & 6%)
&2l SARS-CoV-2 (Severe Acute Respiratory
Hiolz{A ZHES

12¢)

2=5H dH|MAEIE, 20204 32 1120f| pandemic

X HEE|= pandemicZE 2lslf 291 7,4002F 74 O|Ate| A}

SARS-CoV-2[6-9)

SARS-CoV[10-12)

MERS-CoV[13-15

Genus Clade |, lineage B

Length of nucleotides 299 kilobases
First emergence

Virus identification January 2020
Causative agent declaration January 2020
Recent status Pandemic ongoing
Above 12.7 million*

1.27:1

Number of infected cases
Male-to-female ratio
Number of attributed deaths Above 566 thousand”
Number of viral Footprint 213 countries or regions’

Case fatal rate 4.4%

7 December 2019, Wuhan, China

Clade |, lineage B
2975 kilobases

16 November 2002, Foshan, China
March 2003

April 2003

Completely control
809

1:1.13

774

29 countries or regions
9.6%

Clade I, lineage C
3011 kilobases

4 April 2012, Zarga, Jordan
June 2012

September 2012
Sporadic continuous
2553

1.78:1

876

27 countries or regions
34.3%

NA Not available, * According to the data released by the WTO on 13, July, 2020

38 5. SARS-CoV-2, SARS-CoV, MERS-CoV H|1@
al.,

(X : Zhu et

siF 2R RO HAY

SARS-CoV, MERS-CoVoil H|sl 7_<|':é‘ =

o2 LIELHX] 2oLt AIME 7HH 2

Atdol| olz2= x[YH LSS LIEH
0 SARS-Cov-2 Ho|3 4

20194 128 3=

o =0
, 43 s2

fol AT

Respiratory research)
FU=TE HM Atzhol| Zgsiicty 22 /US.
oLt =2 MusE2 HE. SSdMeE Hel NS
27| B40M SM8SEY|FH(ARDS), HE, &7,
stol=l & Alzho| x| o}

_8_

SshollM SARS-CoV-2 (Wuhan—-Hu-1) 7} X2



2} Cl2kst SARS-CoV-2 HiZ0| E1 =2, WHOE ZELHHPOIHAEZE O &K g 5=
HEHO|HA 45 (Lm} HEF, Zol, HE) 2 2 HE (Varants of concern, VOC)Z Xl

S

02 rir
mjo

Beta Delta
B.1.351 B.1.617.2
May, 2020 October, 2020
Cc37 Bal,i2 D o .;522021
: ecember,
” August, 2020 December, 2020 :
April, 2020 P3
SARS.CoV.2 ( January, 2021 December, 2021
Wuh - ‘.’_’ '1) . 267millions infected
uhan-Hu- Smillons death
December, 2019 Worldwide
B.1.1.7
September, 2020
B.1.427 » Variants of concern
March, 2020 Alpha (Vo<C)
P1

Variants of interest

November, 2020 (von

Gamma

1% 6. SARS-Cov-2 Ho|F 4 Fo0|

- wo|F sjojeiAt ofFof EelEl sjoleia FFEEC O MHMo| Ut oz BEs|ioo]
Al 9 U clelZ 2ol #MS ofHsiof Alpha, Delta Sol #o|57} $HZES= =t8st
3 Alpha B Beta [ Delta D Epsilon B Eta [ Gamma B lota W Kappa

B Lambda B Zeta [EE Other
7 21 1330 1192 643 748 1067
100 4 EoEEEE
I
%0- - —1
80 -
704
&
ﬂ 6{)-
5 so-
S 40
30-
20~
104
0 | I I | 1 | 1
January February March Agpril May June Jushy

tMonth of sample collection

a8 7. 202144 AHHE7| SARS-CoV-2 VOC 2%
(&X : Tartof et al., The Lancet)

20214 11" 262 omicron (B.1.1.529)7} MAIEZ47| 7ol R HESZ M= Ho|xMole &
9| E91HH0|7} ZEE|on J|=E Hio|2A 2 CIE #o|Fof |3l
b

14 Aot Fatet volg{ae| S4of thet 7= TS

eue Il Aoz

S 2 9ol ezt ofE S 58 dgAZen dgE 222 S=ol o
ot ds=d MEe FME 5 US.
2 Ao 7ol w=H nekol, Vi, MYUWEH, H=, niderF, HAH, 3, =X, BV, HF
2, FOHX|, 2lHZAE S B2 ZRFI ZZ2LHO[2 200 HEE  UAs A= LIERHeH,
betol, HE, mtAUty HAAH, HF2|, EReAE2 HdEd SHolM 22 B ot S=ol

_9_
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Zoonotic Reverse zoonotic Inter-species and Intra-species Zoonotic
transmission transmission transmissions transmission

Highly susceptible

cat -:‘l
Ferret
25
. ".: ......... &

-‘. ' -:
..... ” Tlger Lion ﬁ

Hamster
: g ) ]
H a o @ Ape Monkey Mink
5

Susceptible

:"n. *’-:({

¥

%
%
n@?‘

Bat-CoV-RaTG13

)
@

&

<
]
4
if
a
Q
R

£ —

|

SARS-CoVv-2
Pangolin-Cov

" Not susceptible

2 F ¢
h |
@ *’ 3 W

=X i o
Chicken Duck Pig

a7 8. Possible origin of SARS—CoV-2 and transboundary transmissions between humans and animals
(ZX: Yoo et al., 2020)
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FolM  2lMagisol,  Zimalgl

2 5
SARS-CoV-20i ZH=|0f 40| LIEtH BF 2lonf, Qlzh ZHol et SS4d ZE=z &&5

e

SARS-CoV-22| 28 (Wuhan-Hu-1) Hjol2{2o| ZH= x| 2EH AMHE MFIF M2 Ho|F
(alpha, beta, gamma variant) Bfo|2{A0ll= Z4EE = JActn E0E.

AT Zalof Z2AHstH Hit 22l= AYEHU AP s MiulekK| 2e He=z MZtE.

At2toll o|st 582 SARS-CoV-2 Y2 MAMcez HIED glon, ZYE S22 tFEE2
COVID-190] Z = Al SE Fol, &ezlel == LAY &St o2 Alhat &6 = 24
E|o42.

AHIE| Y SEEUANEFESEH MEL2 A=0l w=H
=LiollA 7 560t2|, 110l 360t2|7t BEIEHE S H/US.
M=M= S=20| COVID-19 7 Hio|{A2l SARS-CoV-28 AlZA MPAIZ|= o F2lo]
bodgtg sitte A Mol cfekel S20] SARS-Cov—20 H&s 2h=X| 2|11 o{EA
gk w=xlof et 7 A7 H MAAHQ SHA (HWa) F50] ERE

SARS-CoV-2 Ho|F2o| X|&HAMel wiitsde 1o 2 uf, H2{SEolA{ 2] SARS-Cov-2 &

ool "ots /¥ dio|ZHAEat of 2} Ho|F HIo|[2AE ZFS510] 0|RO{Xok 5t SEEY
o 2 olxtz AEshs HPO[E|A S HO|E ndsks Aol Ees Az okex & Y30AM
e vlo[2{AECH ol Hlo[2{A0f ol =2 HHO| &l=AUZ.

v YA53F o= YA Ato|of|M2] SARS-CoV-2 2Hitnt odzbdof Actn L{E.

v/ NBO1Y Hi0|= Qlzh =30l tiet FIt M 32 Atz Uit ez =0 Luf HEL & &
of #HOo[AolA Eel=lAg. =2 7ol mEH N501Y =¢it0[|7t RBD2F hACE22| &S ZEL
B2 gdA7l= 19; LIEMRS. 8t o Ed#olE S HHHAEO| ohALt Fof ACE2E
g2ge 5 U sl dez gefE.

gy S =0Me| COVID-19 ZHEA 2 AMSM0| =2 =F(Experimental infection of domestic
dogs and cats with SARS-CoV-2: Pathogenesis, transmission, and response to reexposure
in cats)ollA E1E.
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S 45 2 S of 14203}
USDOIAM 2025 1132437502 USDAl 28 Aoz o4 &, HHs=ds5Fe 57t 2l
TaSHEYH WS I Ciekst MF T8 ¥ 52 YoM 52 Ed |FXE FXNZE F
HHE A, 24 ARl O3t £2 Ztet 22 2900] of AR 4FE FIIL US
Hiod Bl =2 XZE H|E82 AlE MES HMetstd U=

Il& 20184 20194 20204 20254 CAGR(2020-20251)
OF=3} Ak Al 3,195.8 3,332.0 3,478.2 4,581.4 5.7%
Sato} ui Al 2,360.7 2,511.3 2,675.7 3,927.0 8.0%
E40|E 4l 647.8 685.2 725.9 1,036.4 7.4%
S} Al 510.0 554.0 602.8 983.2 10.3%
7|E} el 462.2 4953 531.6 809.5 8.8%
27 7,176.5  7,577.8  8,0142 11,3375 7.2%

&3: 7|EF S44I(DNA - FE} - OFEFSI A #Al)

Z1: WSPA, AHI, APPA, FAO, OIE,

= =
e

MOAC, FAVA, TUMA, 43| 114, 912 B i, =X} HH3], M27f HH, MarketsandMarkets

1=}
X

a3 10. 2018-2025 A 7|=¥ S=& WAAIZ (1002 USD)

& 3,500.0 -
43,0000 -
&1 2,500.0
S 2,000.0 -
2 1,500.0 -
£ 1,000.0 -
%0 500.0
=< 0.0
X2 28 =8 HHESE Ak IEt 28
HH A Al g Al HHAl SS84M ELE]
2020 | 2,286.1 2,208.6 2,103.6 750.5 156.6 508.9
2025 | 2,941.3 3,118.0 3,071.4 1,224.5 251.1 7311
CAGR 5.2% 7.1% 7.9% 10.3% 9.9% 7.5%

Hu: 7et E2& Yol , AlE, F7/2, HE, EDIE Ylo] ZEEI,

MOAC, FAVA, TVMA, 92| 20, o1Z HiE

= =4
THE,

Z41: WSPA, AHI, APPA, FAO, OIE,

, A 4, HE}

&L, MarketsandMarkets 247

a3 11. 2020 o 2020544 fEEH SE& WAA|E v (1002 USD)
O S=& Wil 7Y A7 &

» ok=ol MUiAl (Live attenuated vaccine, LAV): XIHE= Z=ZoAM ASHM|M <t=3l5tHLE
SfStAZ] Alofl=E D|MEZ TFME WA AHEgHg Rust= WYl of Aofle njMEES
U™ E Tof HAELS S LMAIZ. LAVE HMUM Hdn Mzd HY & ciel ggs &
5t04, &7|Z2 HAMES HZstn{, E£35F F0i7} 0|g. FALL Xt H2(ET E£= $F)E &
sl F0ig = USL}l, LAV ALEE= AoiU= Hio|2{ATL XA 352 Sl EHE 7Y
StAHLE HAMENTL okstEl SFolM HHS Aoz £ Y0 oMM EHIE M| =0, o] 7
of A2 MZE H|B0| 1 XE YWHE JICIZRE.

- BES YA B Y/AEE oY S(Htol 2 o AIT)Z 0IF0{T YAl SHEE Y &
ojL ZEYLHSE, p-Z2I|ED} Z2 SI5tE22 s &l 0|F0 &, 2&st WAl2 WY
toddbgo| ghcho| JiEF E31Xolof, LAVO| H|S oFY A ofX|oH ol & WHAle| =2 H|E, &
St HAuts g ESS7|7HX| o Afeel £0iE 26t A, EU(ZF Mo Mol 22 CIMES
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Canine ACE2 - C9 (Gene Locus: NM _001165260)

GGATCCGCCACCHB  cagactettectggctecttctecagecttgetgetetaactgetgeteaatecactgaggatcetggtcaagacatttttggagaagt
ttaactatgaagctgaagagctgtcttatcaaagttcacttgettcttggaattataacatcaatattaccgacgagaatgtccaaaagatgaataatgctggggccaaa
tggtctgcecttttatgaagaacagtccaagettgccaaaacatacccacttgaagaaattcaggattccacagtcaagegtcaattgegggeccttcagecacagtgg
atcatcagtgctctcagcagacaagaaccaacgattgaacacaatcctaaattcaatgagcactgtctacagtactggaaaagcettgtaacccaagtaatcctcagg
agtgcttattacttgaaccaggtttggatgacataatggaaaacagcaaagactacaatgagaggetctgggectgggaaggcetggaggtetgaggtcggcaage
agctgaggccattatatgaagagtatgtggecctgaaaaatgagatggcaagagcaaacaattatgaggactatggggattattggagaggagattatgaagagg
agtgggaaaacggctataactatagccgcaaccagttgattgatgatgtggaactcaccttcacacagattatgecattgtatcaacatcttcatgettatgtgaggac
aaagttgatggacacctacccttcctatatcageccaactggatgectcccagetcatttgettggtgatatgtggggtagattttggacaaatctgtacectttgacag
tceectttggacagaaaccaaacatagatgttactaatgcaatggtgaaccagagetgggatgcaaggaagatattcaaggaggetgagaaattetttgtgtetgttg
gccttecccaacatgactcaagaattctgggggaactccatgcetaactgagecaagtgacagecggaaagtggtetgecaccccacagettgggacctagggaag
ggtgacttcaggatcaagatgtgcacaaaggtaacgatggatgacttcctgacageccatcatgagatgggacacatccagtatgacatggcatatgecgcacaa
cccttectgetaagaaatggagcetaatgaagggticcatgaagetgttggggaaatcatgteactttctgecagetacacccaaccatttgaaaaacattggtettetge
ctcctagttttttcgaagacagtgaaacagaaataaacttcctactcaaacaagcacttacaattgttggaactctaccatttacttacatgttagaaaagtggaggteg
atggtctttaagggtgaaattcccaaagaccagtggatgaaaacttggtgggagatgaagcgaaatatagtcggggtggtggaacctgtgccccatgatgaaacat
actgcgaccctgcatctctgttccatgttgctaatgattactcattcatcagatactacacaaggaccatttatcaattccagtttcaagaagecctttgtcaaatagctaa
acatgaaggtcccctacacaagtgtgatatctccaattccagtgaagetgggcagaagetgettgaaatgetgaaacttggaaaatcaaaaccctggacctacgcett
tggaaattgttgtaggagcaaagaatatggatgtaagaccactgcttaactactttgaacccttgtttacctggctgaaagagcaaaataggaattcttttgtgggatgg
aacactgactggagtccatacgctgaccaaagcattaaagtgaggataagcctaaaatcagetcttggagaaaaagcatatgaatggaataacaatgaaatgtactt
gttccggtcatctattgcatatgecatgagacagtatttttcagaagtcaaaaaccagacgattccttttgtggaggataacgtgtgggtgagegatttgaaaccaaga
atctccttcaacttctctgtcacttcacctggaaatgtgtctgacatcattcccagaactgaagttgaagaggccatcaggatgtaccggagecgtatcaatgatgtttt
ccgectggatgacaacagectggagtttctggggattcagecaacaccgggacceccttatgagecacctgteaccatctggetgattgtttttgggotegtoatgg
gagtggtogtoottgatattgtcctgetcatettetctgggatcaggaatcgaaggaagaatgatcaagcaagaggtoaagaaaatecttatgectecgteggactt

a taaaggagaaaataatccaggattccaaagcggtgatgatgttcagacttcgtttGGGGGCM
ﬁagCTCGAG

GGATCC BamHI site (57)

GCCACC Kozak sequence

GGGGGC Linker

C9 tag

CTCGAG Xhol site (3%)

28 18. Canine ACE2 Y7IA

Feline ACE2-C9 (LOCUS NM_001039456)

GGATCCGCCACCHEEcaggctctttctggctecttictcagetttgetgetttaactgetgetcaatccaccactgaagaactgg
ccaagacatttttggagaagtttaaccatgaagccgaagagctgtcttatcaaagttcacttgcttcctggaattataacaccaacat
cacagacgagaatgtccaaaaaatgaatgaggccggggccaaatggtctgecttttatgaagaacagtccaagcttgccaaaa
cttacccgctagcagaaattcacaataccaccgtcaaacgtcaattgcaggceccttcagcagagtgggtcatcagtgcetctcage
agacaagagccaacgattgaacacaatcttaaatgcaatgagcacgatctacagtactggaaaagcttgtaacccaaacaatc
cacaggagtgcttattacttgaaccaggcttggatgacatcatggaaaacagcaaagactacaacgagaggctctgggcettggg
aaggctggagggctgaggtcggcaagcagctgaggccattatatgaagagtacgtggeccctgaaaaatgagatggcaagagce
aaacaattatgaggactatggagattattggagaggagattatgaagaggagtggacagatggctataactatagccgcagcecca
gttgattaaagacgtggaacataccttcacacagattaagccactgtaccaacatcttcatgcttacgtgagggcaaagttgatgga
tacctacccttcccgtatcagcccaactggatgcectecccetgeccatttgettggcgatatgtggggtcgattttggacaaatctgtacce
ctttgacagtcccctttggacagaaaccaaacatagatgttactgatgcaatggtgaaccagagcectgggatgcaaggaggatatt
caaggaagctgagaaattctttgtgtctgttggcecticccaacatgactcaaggatictgggaaaactccatgctaaccgagcecag
gagacagccggaaagtggtctgccaccccacagcettigggacctagggaagggtgacttcaggatcaagatgtgcacaaaggt
gacgatggatgacttcctgacggcccatcacgagatgggacacatccagtatgacatggcatatgecgtgcaacccttcctgeta
agaaatggagctaatgaggggticcatgaagcetgtcggggagatcatgtcactttctgcggcectacacccaaccatctgaaaacca
ttggtcttctgtcacctggtttttictgaagacagcgaaacagaaataaacttcctactcaaacaagcacttacaattgttggaacgcta
ccgtttacttatatgttagaaaagtggaggtggatggtctitaagggtgaaaticccaaggagcagtggatgcaaaagtggtggga
gatgaagcgagagatagtcggggtggtggagcectgtgeccccatgatgaaacatactgtgaccctgeatctctgtticcatgttgceta
atgattactcattcatcagatactacacaaggaccatttatcaattccagtttcaagaagccctttgtcgaatagctaaacatgaaggt
cccctgcacaaatgtgatatctcaaatticcagtgaagccgggaagaagctgcetccaaatgetgacccttggaaaatcaaagecc
tggaccttagcattggaacatgttgtaggagaaaagaaaatgaatgtaacaccactgctcaagtactttgagcccttgtttacctgg
ctgaaagagcagaacaggaattcttttgtgggatggaacactgactggcgtccatatgctgaccaaagcattaaagtgaggataa
gcctaaaatcagctcttggagacgaagcatatgaatggaatgacaatgaaatgtacttgticcggtcatctgttigcatacgccatga
gagaatatttttccaaagtcaaaaaccagacgattccttttgtggaggataacgtgtgggtgagcaatttgaaaccaaggatctcctt
caacttctttgtcactgcatcgaaaaatgtgtctgacgtcaticctagaagtgaagtcgaagaggccatcaggatgtcccggagcec
gtatcaatgatgctttccgcctggatgacaacagectggagtitctgggtattcagccaactctgtcacccccttaccagceccacctgt
caccatatggctgattgtttttggggtcgtgatgggtgtggtagtggttggtattgtcctgectcatcgtctccgggatcagaaatcgaag
gaagaacaatcaagcaagaagtgaagaaaatccttacgcctccgtggactigagtaaaggagaaaataatccaggattccaac
atgotgatgatgttcagacttcatttGGGGGCWtagCTCGAG
GGATCC BamHI site (57)
GCCACC Kozak sequence
GGGGGC Linker

C9 tag
CTCGAG Xhol site (37)

a8 19. Feline ACE2 H7|MH
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— OEFe] gHE ol
pcDNA3.1-fACE2 3 pcDNA3.1E PEIE 0|&5t0d YR etstl 48A12t

anti—-C9 antibodyE 0[-&35t0 western blot& Tt S.
HAEAAM

- 1 Z2}, pcDNA3.1-hACE2, pcDNA3.1-cACE2, pcDNA3.1-fACE2E

°F 100 kDa2| £0|xol th=7} &S

2 s L

feS;‘ - o o
~245
~180
-135 - ACE2
-100
-75
-48 ’ - B-actin

1% mouse — anti C9(1:1000)
27 antibody Goat anti-Mouse IgG

1 mouse — anti actin(1:1000)
2™ antibody Goat anti-Mouse IgG

38 20. Canine ¥ Feline ACE2 &#i &0l

st7[ Il HeLaMl=oll pcDNA3.1-hACE2, pcDNA3.1-cACE2,

£ monoclonal

ehA|Z] M| ZOl| A

=2

ol
N
0
:oll__n
n
02
rd
|'II
k=l
ol
|>
_[':_l
o

CIHH Rl S db

SARS-CoV-2 S

™

O Canine % feline ACE2 231 M|ZFoAM S| HO|F HFHlo|2{A ZES HWIt

- Canine 2 feline ACE20l 2|5t SARS-CoV-2 ZES 2l
3 CHHAS UHstes o[ AE MZHa

- FZ RS Hol|Fo EAMs EAstY| <9IsH, wuhan-hu-1(V0), D614G(V1), Delta
(B.1.617.2, V8), Omicron (B.1.1.529, V11) 2 Stealth omicron (BA2, V12) S ctHAIS gt
Hote 2ES EHESIUS. Tz weg &elshy| fls HEK293TA|Zo|
plasmidE PEIE 0|&5t0{ &M atstl 48A|ZF = polyclonal anti—-SARS-CoV/SARS-CoV-2
S antibodyE 0|-83t01 western blotg Fd3sIA=

- 11 Z3}, SARS-CoV2} SARS-CoV-2 &

180 kDa (uncleaved), 90 (cleaved, S2)o| £o0|Z&ol BH=7} ZEMEl So=
SARS-CoV-2 omicron (V11, V12) Bo|FoM= & 2

=245

-180

=132

e == e SSARS-Cov-2 whole spike (51+52)

ek gk o —SARS-Cov-2 52

24 p2d

-

1% mouse — anti SARS- Cov-spike(1:2500)
2™ antibody Goat anti-Mouse IgG

1" mouse — anti p24 (11000
2™ antibody Goat anti-Mouse 19G

8 21. HEK293T M ZolA{e] SARS-CoV-2 S Wal &fel

= il

- fEHpo|A MZEES Qs HEK293T AMlz=ofl SARS-CoV-2 S

SE YHsls ZE2tA0|I=E AT ZI MzZoM ¢
H P

SARS-CoV S &

plasmid2F HIViuc
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core proteing Zdlol= plasmidE &7 XSSt 48A[7F & NEHS S[Folz. &
S AEME AMEEIE Sl sFstn HFEHIOIBA Lf SARS-CoV-2 S & HIV p24 Wwsis
western blot2 0|-835t0{ =l

- 1 Z3}, SARS-CoVe} SARS-CoV-2 SE wsist= EZ2IADIES HEMEZI M=ZoAM oF
180 kDa (uncleaved), 90 (cleaved, S2)°| So|&e¢l BHEJ} ZEE S2= SARS-CoV S %
SARS-CoV-2 omicron HO|F0|M= a5t dE8E EUS.

- ACE2 Yhsdof w2 Z+H2d =ols s, Hela M=ol hACE2, cACE2, fACE2E WsiAlZl =
SARS-CoV-2 #+XHIO|2{AE transduction&. Transduction 48A|1ZF &, ALEMS XM A5
M= W luciferase accumulation2 luciferase assays &doll &l SMoi==2l pcDNAS.1
2 MO =Tl hACE22t Hlwsto] 24P S Hotgt

- 1 Z3}, hACE20] H|3li cACE2E aish= MlZol|AM Hlo|z{A ZtHo| MY *EIQE Zotstcte
A pEE = AUZ. hACE22t fACE2E Weist= MZoAM 2| dHio|2{A ZEMH S Hel FA
st LiEHE. MlZUf ACE2 waigg s & o, cACE2 ¥ fACE2E Wéist= M=EoAMe
SARS-CoV-2 ZE2 hACE2E wdist= M EZo|Me| SARS-CoVv-2 Zgof H|sl Hrcto Mz}

.5:!. EESH cACE22} fACE2E H|Wwsl| & ™, cACE2E aist= M Zo|Mel SARS-Cov-2 &
2 fACE2E LUsist= MlZo| M2 SARS-CoV-2 Zgol dHlslf =t MZHE.
- H._40|01| e Zgel xols Hel LHERX] gitert, ZE Ho|FE 0|28 MM
wuhan—-hu-10fl Hl|sll 7ol U= XO|E 2ES = UUS
Hela WEGFP mhaCE cE2 cE2
= v I-I . II :
2 ] T i I'1
2 | it
g |
el | T | |
) 1::{—'; |_ i ﬂ
i ]
> v A\ A b N ~ W
Q&e\? P ‘;X( ‘)'Ld;\ D‘;‘:‘Q G_\.Z‘f’\ G;l?\ & 5 '{\:‘:\x
&5 ?,?,L Q&"L o e N
g o o Ko &
HIV pseudotyped virus
J& 22. Canine ¥ feline ACE20] 2|8t fEHIO|A ZiH s &l
O Canine % feline ACE2 28l MEZFolA2] SARS-CoV-2 Ho|F ZFs HIt (2 =)
- Authentic SARS-CoV-2 HO|FE o|8¢ct AT =2 5= XN 2ntifstoA AAIE ™ol
=. Ol 2lsl, = X< o|njchstnt A7 oks MAeh
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JOINT RESEARCH AND DEVELPOMENT AGREEMENT

RECITALS

Chungnam National University Foundation of Research & Business (hereinafter referred to as

“CNU™) of the Republic of Korea {A) and The first affiliated hospital of Guangzhou Medical

University (B) do hereby enter into this Joint Research And Development Agreement

(bercinatter referred to as this “Agreement”) for the purpose of ucademic advancement and
1 i by utilizing their respective research } how and resources.

Pt

Purpose of Research and Term of the Agreement

Article 1, Purposc. The purpase of the joint research under this Agreement shiall be to study the
infeetivity of SARS-CoV-2 variants in companion animals through collaborative research and
development activities,

Article 2. Term of Joint Research

1. The joint research execution peried shall commence on April 8, 2022 and conclude on
December 31, 2023.

2. In case that either party is unable to continue the joint research or the suspensien of the
joint research is unavoidable due to a force majeure event, the party affected by the
force majeure event shall give prompt notice thereof in writing to the other party, The
parties may ferminate this Agreement of extend the term of the joint research under this
Agreement as jointly agreed upon in writing.

Definitions

Article 3. Definitions, Unless otherwise defined herein the terms used in this Agreement, whieh
are defined as follows shall have the meaning assigned to therm,

“Rescarch Results” means the tangible and intangible sssets such as the research
equipment and facilities, prototypes, property rights, documentation data, and so forth.

2, “Intelleciual Property Rights” means any form of rights directly, related to, or
concerning, ownership of intellectual property such as inventions, discoveries, know-
how, copyrights, trade secret, trademark, industrial design, e, as they result from and

during the joint research projoct under this Agrecment

w

“Background Intellectual Property or IP™ means intellectual property that was owned
and/or used Lo the execution of this Agreoment.

-

. “Confidential Information” means any form of material and information that is marked
confidential among the materials and information that is disclosed from one party to
another during the joint research project or that results from the joint research project,
and is not intended for disclosure 10 any other party under this Agreement withou first

Two copies have been executed, with each party retaining one copy.

A
Chungnam National University Foundation of Research & Business
Jong-Ryul Jeong

Director, Foundation of Research & Business

99 Dachak-ro, Yu-scong-gu, Dacicon 34134
Republic of Korea

(B)
CGuangzhou Institute of Respiratory Health o = |

VYangqun Wang
195 Dangfeng Xi Road, Yuexiu Distric

(signature)

gzhou, Guangdong 510182
The People’s Republic of China

O 23. 55 ATHAS A3t HON AR
- =i stmolA &3S canine & feline ACE2 228 £=Zo| XMEst0d SARS-CoV-2 H0]
Zof st "WotE st HEoLL, IELH9 pandemicZE olall A ==Zabe| =X}
meato| E7lssl SZ=0M RAMEH2Z canine 2 feline ACE2 2 EHS5l0] A7 E ¢
57| 2 =2|5lgF 20 0|E 0|835101 SARS-CoV-2 Ho|F ¥ s HItsE FdZo US.
O Ho|F S s A aL Hig{ S E ACE2 binding affinity §H&
O SARS-CoV-2 S1-Fc =+
- Ho|F S chlAlDl Hig{EE ACE2 Al0le] binding affinitys ZFASH7| 95 S chedzlof
receptor binding domain2 Zghstn UE= St1ol Fcs ZgtAlZl S1-FcE HMZEHe S1-Fc2
7|&=e| 2HES 228 0[85101 PCRE 88t ¥ gibson assemblyE 0| &350 M &g Al
st Z2lo|He| HE= o33 Z3.
Name Primer sequences (5" to 3")
SARS2=ST-Fc  ST(1-678)  ATCATTTTGGCAAAGAATTCGCCACCAatgtitatatictia
paRsa-Si-Fe S (1-678)  GATATACTTACCTGTgtttgagttigata
SARS2-S1-Fc hFc For ACAGGTAAGTATATCGATGGGGAGCCCA
SARS2-S1-Fc hFc Rev ATGACGCCTCGAGCTAGCAGATCTTTT
38 24. S1-Fc HZEE sl ALEs Z2lojH HE
- Cied o] dsig &tolsty| flsil HEK293TAH| =0l SARS-CoV-2 S1-Fc plasmidE PEIE 0| &5t
o YHAXMSESIT 48A|2F & HRP conjugated anti-human IgG antibodyE 0|235t0 western
blot2 TdsIFS
- 3 A3} < 130kDadllM S0|&Ql =T ZharE




245 kDa
180 kDa
135 kDa

100 kDa
75 kDa

63 kDa

V11

o o
> >

B B W «— SARs-Cov-2

S51-Fc

1B : human IgG -HRP

8 25. HEK293TMIZEo|A{ 2] SARS-CoV-2

O IP « SPRE 0| &8+ Hol|F Amfo|a

- SARS-CoV-2 S1-Fc2t ACE22te| &

CC—
aT

SAR
OFA

hACE2, cACE2, fACE2,
=22, SARS-CoV S1-Fc&

L=

S1-Fc &l &lel

chMEl o] ACE2 binding affinity &

S HIlsh| el IPE TSI S. HEK293T M=o
S-CoV-2 S1-FcE #iat SADS-CoV S1-Fc2 A=

oz ZETAZ. 48A|1ZF F cell lysateE Z&SHI Fc

2 =
tage 0|33t IPE =& Fc tag % C9(ACE2)oll CHSt western blotting= =3 &t
— SARS-CoV-2 RBD(invivogenollAl 7tQl)2} ACE22te| A& 2 HIIE ¢St SPR analysise o
MoHetm HAHE wsg1e| s Ssl T,
O (SsAPHLDN AAIBNST @ NES MM -5 mRNA ZEx el 58 HEsEs %
HAAN HIL
0 NES &AM EtR|-&H mRNA ZEHel s MEEs ¥ HAUE got
1) 70 7efl MEZF(MDCK)E 0|8 FH tidlel Hpd 3 SA "It
(1) RNA g2l 55 Z3
® M=EZ=M: 652 RNA A FTHEZ(RBD-A, RBD-AGA, S1-AGA, mRNA-RBD,
MRNA-S1, mRNA-S)2 Matsto 7§ Fei MDCK MZFof tist MZz=sM2 Hotsl&
2o ciekst SColM MESMo| =el=X| glot otMst ez el =Jch(ad 26).
A B C
RED-A RED-AGA S1-AGA

119.05

M

10621
100.00 830 3878

05 i
RBD-A c

lij
st

13935

12821
| I I
20 st

I

12037

100.00 I

FBSS 0.25nM

10000 10175 goge

LELT)
RBD-AGA c

12928 =
| I I
o05nM 1M
51-AGA concentratio

Vaccine control, mRNA-RBD, mRNA-51, mRNA-S
128.0
108.1252
1049517 o 104.8981 1023207
‘‘‘‘‘‘ 100.0050 10T 558302 97.0596 97.5826 97.1268 587245 101.7619 102 1415
,,,,,,,
£ 8000
=
=
F 60
-2
g
8
0.00
4 > & + s
& 5 & @‘ Bl
= < Ls‘\i o c-“L -e-'*‘q —;‘ v“LB -." & q5“j e&" & &
‘\@P & 15"& ‘}\\;& & o 4 & 6&‘& 6‘&5\ & & & & &

R
=

Vaccine concentrations

3% 26. RNA 44 FHEZ(RBD-A, RBD-AGA, S1-AGA, mRNA-RBD, mRNA-S1,
RBD-A, B;RBD-AGA, C;

Z MDCKoll st M=ESM FHit A

mRNA-s

mRNA-S)2| FHFaH Al

S1-AGA, D; mRNA-RBD, mRNA-S1,
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HEZI(RBD-A, RBD-AGA, S1-AGA,
of 7§ S MDCK M=ZZFol 1 nM/well&l

ol

@ ®HALH FHA: 652 RNA
mRNA-RBD, mRNA-S1, mRNA-S)&

=
>

el
Il a8
_O'h

SEE X2lstod 48A12F ot = HdmE {0 ot UEHs =elsiE Znfb
HIXM2|Zoh Hlwsto] H|ShEALE Cfa =7 LU EAen, dHUET2E ALSE LPS
Mzl Foh H|lwsto] cfa B2 2ol =hel = JicH g 27~28).
A B
IFNB IL1B
180 120
150 I 105
1 036
140 0
E_x.::— EA o
ég’l.ac gé" .
;;EEE :;
=& =]
-g‘o.sc E":s
“:: o) 014 014 012 011 010
020 .08
. . AR
B R = £ g & » £ & E
24k 24h 48h
Incubation time Incubation time
C D
IL8 IL6
180 1.4¢
152
180 % 117
- 108
2 £
:;cq: :;r\:o
iéuc 0.61 e o
2 I - 4
M ———tog—gps 00— LU0 0.05 [} ® ogs 006 Qg5 DO gos 097 I
g " = R | I S S p -ﬁd = B = = = B
£ % = 7 £ 4 L € & . £ & i
24h asn 24h an
incubatian time Incubation time

J8 27. RNA Al $HEZ 35 (RBD-A, RBD-AGA, S1-AGA)el 7l el M= MDCKoll Cish He @ FHAL
s "It A; IL-b, B;IFNb, C; IL-8, D; IL-6
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AL U3 "It A5 IL-b, B;IFNb, C; IL-8, D; IL-6

2) 10| el MEZF(CRFK)E 0|8 =
(1) RNA il &5 23
O MEZ=EM: 652 RNA EiAl
mRNA-S1, mRNA-S)2 Afgt
Yotsll2 Azl ciekst sTollM

(22 29-30).

MDCK - IL-B MDCK - IFNB
. 25
e 21h8s
143722
F] 18997
14 133152 5 B a2
T 12 F }
P 103895 - S—
$8. 38 13
g2 082365/ 54 %
g =08 \ .3 1:04951)
=& ‘ €€ 1
& &
& o6 & 0.7193]
04 [
[ 05 nasss, 0371710391
2500
02 { o 1491‘. BZQ?J. . J
& . - ] |
48h
Incaibriog Hme Incubation time
Wi Mcsota-RR 0: NmRNAS, EmEBAL BNC mVaccnecontrol G:DNA-RDS W mANARBD MMRNAS EmRNASI
MDCK - IL-8 MDCK - IL-6
035 12
038397
9% 021371 z
7 osfey oo
035 0.83512]
T 3 us
s 2
& o2 g &
Ea Zd
£z Ll EEos 055312
‘_% g 015 0:13475 013877 E 2 ‘ ‘
P el =
& 0.05332 005912 | | & oz
01 00859 - ngaz nzsm
umca
onszm
005 - 0z osnd nuazmzsz? [ J
; | . N l L1
2h 28h
Incubation time Incubation time
mNC mVaccnecontrol WOsONA-RDE ®mRNARBED EmMRNAS M mMRNASL WNC mVaccnecomtrol M dsDMA-RDB W mMRNA-RED EmMANAS M mMRNAS1
=) = o i 3 o
O3 28. RNA 8{Al 2 8F 3F (mRNA-RBD, mRNA-S1, mRNA-S)2| 7i7a M= MDCKol ciist HenH 7

O:
=

il

HFS gl = A
O =< T1o

Gt

BD-A, RBD-AGA, S1-AGA, mRNA-RBD,

Fel MEZF(CRFK)Ol et MzZzSdeg
stol|x| grot otMBH Hez &ol =Qict
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RNA vaccine
120.00
Ere 108.26
7 102.80 o 103.56
100.00 10053 s 101.20 10224 10170
100.00
80.00
&
=
=
= 5000
|
=
g
40.00
2000
000
PBS10 RBO-A-0.5mM RBO-A-1mM RBO-A-2mM RBD-AGAD.5mM RBD-AGA-1IMM RBD-AGA-2mM SIAGAD 5mM S1-AGA-1mM S1-AGA-ZmM
RNA vaccine concentrations

J8 29. RNA #4l $2 238 3% (RBD-A, RBD-AGA, S1-AGA)2l 112to[ R2f ME CRFKol thst HMESAN o
7t

RNA vaccines
120.00
100.0000 102.4749 100 6021 102 3138
. o5 2050 97,8192
100,00 2 938126 943745 GG 950992 949487 93.2790 O RS

g oo
=
=

g 000
a8
B

& 4000

20.00

0,00

7 LS "3 5 * I
* & & & & & & & & & & & &
o & & o & & W & s e il i
S & & & & & o 3 & v e &
<& & i & oF o 3 ol i o & P
& & o ¥ & & & & & & . e
& & & & & & & #
Afbb A =
Vaccine concentration

32 30. RNA 4Al 52 2A 3% ( mRNA-RBD, mRNA-S1, mRNA-S)2| mgfo] e M=Z CRFKoll CHst M=
=4 g}

o
o4

ool A 632 RNA Al THEZ(RBD-A, RBD-AGA, S1-AGA,
mRNA-RBD, mRNA-S1, mRNA-S)=

g

@

Mestol Dol R AMEF(CRFK) 1
M/wellel SE2 M2i510f 48AIZ HT & BB RMA| et LHS Helsi
A3} MR HIDEH0) HISEAL Ot S WHEON, SNUETOR ASE

LPS Xz2| =t H| W3Sl i H2 9Hedo| &ol = ACHIE 31-32).
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ZYIYUND SR (GAMC)

24 DFA IFU2 501 FYIAUCR Solnirye s055

0857721111

g Client : ‘B¥A=a Client No : 220285
W Address: SaUR sEoA
£ .
4 Tel:
£l patient: 0 Species : Canine
7 Breed : BEAGLE(H|=)
¢ Sex : Castrated Male Birth : 1899-12-30
e Color :
Lab Examination
Date/Time : 2022-11-21 2% 5:16:48 Performed By [Catalyst DX]
Name Unit Min Max__ Result
Glucose g o 45 PEIR T S —
Creatinine o o s 05 nowmL [ 1 | [ |
son moidL 7 o 1 NoRMaL | N ]
suN/CRER )
Phosphorus Inorgaric o [ & 36 NoRWAL |
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@ RNA HAF™SBo mE g3 HAZEFE "I RNA WA 2EHEH F
delta-S(MRNA)E M &sto H=2A 450 ( HHES T 157, MU=, ¥y 5L
3F; 7.5, 15, 30 pg Z 1F#4) 33 =Astn(2Fo 134 632t ) E=
HAZZRE EIIE +ds 21 e g3F0 R255(7.5 po)el A5 HolM 4%
Sob £2 IgA ¥ IgGS Tt &el =Uct (2B 37-38)
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- - + - - + : Spike-RBD mRNA

8 45. RBD-mRNA & 3ol 2/8F a7t &4

v &BststxZ7F &4 : PRNT (Plague reduction neutrailization Test), Plague reduction assay
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At 4%‘—?&% (15]/2%, & 33]) 2850 S48 Mg % 4F 35 AMES 2ed
v 2Z= ZHoAM of2] 5o NES HLMEAH-mRNA Z2HH F0of = Aok S zhEh &
HE Zdstod oMM A M =4 EIJF - RBD mRNA ZAel 4 #HItE 2
gtz oo 432 BE (1 3/2 F, & 3 3) 25F0ie 21, 25 256 pg/animal
04 ol A Al =Zol o gt S4dgo 2HEE| K] s FEHY

A &ko| 2.
(No—Observed—-Adverse—Effect—Level, NOAEL)2 &+ 25 256ug/animal 2 ECHEH
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AuNP conc (ng/qg) IM injection IV injection
27| THA| buffer injection |AuNP injection |buffer injection |AuNP injection
1 0 0 0 1179.28
2|- 0 0 533.9
HIE 3|- 36.77|- 3541.32
average 0] 12.25666667 0 1751.5
stdev 0 21.2291694 0] 1583.262632
1 0.00 0.93 0.00 13284.35
2|- 0.03 0.00 16997.53
Z 3|- 332 |- 24419.42
average 0] 1430258469 0| 18233.76718
stdev 0] 1.700782557 0 5669.53514
1 0.00 0.00 0.00 6.19
2|- 0.00 0.00 55.21
B 3|- 0.00 |- 7448
average 0.00 0.00 0.00 45.30
stdev 0 0 0 35.2079353
1 0.00 0.00 0.00 0.00
2|- 0.00 0.00 8.72
oF 3|- 153.08 |- 912.60
average 0.00 51.03 0.00 307.11
stdev 0] 88.37812488 0 524.391891
1 0.00 0.00 0.00 23.00
2|- 0.00 0.00 61.84
ME 3|- 0.37 |- 985.30
average 0.00 0.12 0.00 356.71
stdev 0] 0.215848314 0] 544.7203331
1 0.00 0.00 0.00 0.00
2|- 0.00 0.00 4.55
&l 3|- 1.68 |- 67.77
average 0.00 0.56 0.00 24.11
stdev 0 0.96866227 0| 37.87955824
1 0.00 0.00 0.00 240
2|- 0.00 0.00 3.38
Mg 3|- 0.06 |- 13.66
average 0.00 0.02 0.00 6.48
stdev 0] 0.033537563 0] 6.238364399
1 0 3942.81298
s2s 2 0 5609.16097
average 0| 4775.986975
stdev 0| 1178.285964

g 47. 7| SH=UX 22 =l
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AuNP conc (ng/g) IM injection IV injection
e K Az ZHA buffer injection [AUNP injection |buffer injection |AUNP injection
1 0 0 0 1.45202908|
2|- 0 0 0
M= 12h 3|- 0]- 0
average 0 0 0] 0.484009693
stdev 0 0 0 0.83832938
1 0 0 0 0.677537569
2|- 0 0 0
A = 24h 3|- B 0
average 0 0 0] 0.225845856
stdev 0 0 0 0.391176498
1 0 0 0 0
2|- 0 0 0
# &= 48h 3|- 0|- 0
average 0 0 0 0
stdev 0 0 0 0
1 0 0 0 0.482533599
2|- 0 0 0.722558372
M 7d 3|- 0]- 1.063841156
average 0 0 0] 0.756311042
stdev 0 0 0 0.292119926
1 0 0 0 3.500094696
2|- 0 0] 4176510865
A 14d 3|- 0]- 23.18512901
average 0 0 0] 10.28724486
stdev 0 0 0 11.17501438
1 0 0 0 6.902549706
2|- 0.161013637 0 8.448286117
A = 28d 3|- 0]- 26.73432482
average 0 0.053671212 0 14.02838688
stdev 0] 0.092961267 0] 11.03077374
18 48 FHTUA wE sig el
AuNP conc IM-AuNP IV-AuNP
(ng/ml) injection injection
A 12h 17.53 787.81
A 24h 3.70 50.95
A 48h 0.00 141
M 7d 0.00 5.76
Xt 14d 0.00 1.80
A 28d 0.00 0.00
O3 49. YR HOo = uiE &el
O (SsAFHMLH 1) @ Aolof|AHIO|LE|T=E{X] @ S8 WAl Mok
- AP HE 10 NES MM EA -2 mRNA ZA 2| H|AME Al Mat
v g Hat el gl MY 2 mRNA T2 OHZE 1074 - ZEA Fet B S
2 mRNA =& A=z etz
- mRNA candidates 1: Sars—CoV-2-RBD mRNA(8§)-GA
mRNA candidates 2: Sars—CoV-2-RBD mRNA(8)-AG
mRNA candidates 3: Sars—CoV-2—-RBD mRNA(8)-AGA
mRNA candidates 4: Sars—CoV-2-RBD mRNA(8§)-A

MmRNA candidates 5:

Sars—CoV—-2-S (full-length) mRNA(8)-A
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mRNA candidates 6: Sars—CoV-2-RBD mRNA(0)-G
mRNA candidates 7: Sars—CoV-2-RBD mRNA(0)-A
mRNA candidates 8: Sars—CoV-2-RBD mRNA(0)-AGA
mRNA candidates 9: Sars-CoV-2-RBD mRNA(0)-A
mRNA candidates 10: Sars—CoV-2-S (full-length) mRNA
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O (SsA#Metnix 2) ZEoistm : SARS-Cov-2 Izt MIpI|™ 9
- AN & 1: SARS-CoV-2 H0|F =FE0|Mof| &S n|X= FL ofo| it AlH

A gl Foido| S ChZl &

- otaff OgollM 2 = UXol, 7Hel Tekole| ACE2= ¢17te| ACE2%t o =2 |RAMMES
Ho|Z AS. SARS-CoV-2 Ammo|3 chefElDlol HBlof| 2 = ofo|ite 2 LAl 10
7Hel oto|&t & 9747t JHeb nekolof M Atztnt S2stil, 8281 methionined| M B X0l &
LIt . m2bA, XI0|E HEO|= methionineS threonine2Z %|&Hst MT mutant hACE2E
ALESI0 2AMAE ATE £

9]

i
2
ol
T

Total Total s

Order Family Species hACE key site comparison Similarity leg

R. norvegicus
100 Rodentia Muridae

M. musculus 5 21
89
Hominidae H. sapiens K31 Y41 M82 Y83 P84 K353 G354 D355 F356 R357 41
100 - Haplorhini C. jacchus 7 61
100 Primates
Aotidae A. nancymaae -

Canidae C. lupus familiaris

og Camivora Felidae F. catus
Viverridae P larvata
100 Suidae S. scrofa

100]  Artiodactyla
Bovidae B. taurus

73

Vespertilionidae P. abramus

79 chi R. sinicus
—@ Rhinolophidae
R. ferrumequinum

a3 50. Al € of2 ZRF ACE2 oo|=4h MY H|W

- =HH0| hACE2 CcHHEAZ2 direct-site mutagenesis kit AF2SH0{ H 2SI Sanger
sequencings Sdlf Eolgh CHHZle| disig =olshy| -rIoH HEK293TA| =0l WT & MT
mutant hACE2E PEIE 0|35t0{ A& 48A|12F = western blotg &5t a

l_]|0 b

WT hACE2
MT hACEZ

~135 .
——

~100

%8 51. WT ¥ MT hACE2 28 test

~
(=
o

O S cHd AT myutant ACE2 binding affinity
RS-

— SARS-CoV-2 S1-Fc2 ACE22te| Zet S HWIlsty| ?lolfl IPE $HSIUS. HEK293T
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MIZof] % MT mutant hACE2 ZE+& SARS-CoV-2 S1-FcE E&ish 48A1ZF = caell
lysateE Z&totdl Fc tag= 0[335t01 IPE F=&&. Fc tag ¥ CO9(ACE2)dl CHSH western
blottingg & &

- I Z3}, WTAl dlsf MT mutant hACE27F SARS-CoV-2 Sef @2 Zets Helck= A
2 HEeh

P Fe

iB: ACE2
input

v
2z 2

—

a8 52. WT 2 MT hACE22t SARS-CoV-2 S1-Fc Co-IP

- At L2 2: siAl FZoid{o]| EHE Hio|HAE o|=28H AEM HWI}
HFEHO|HAE o] E8F HEM Hot
- WT 2 MT hACE2E &&i5t= Hela AM|l=Zol SARS-CoV-2 f3EHIO|E{AE transduction
. Transduction 48AlZF =, MEMZ HAHSID ME W luciferase aocumulation%
luciferase assays Sdll &eler SMI==2l pcDNA3.1 2 M=+l hACE22} H|1W 5}
:‘ 7|-0=|E42 _\1.47|.0|-
- 1 ZA»}, VSV #EHlo|g{AS ZHE 2 WTRF MT hACE20IM 25 2 Xjo|& HO|X| &
UX|2E SARS-CoV-2 #EHFOIHﬁSI 242 MT hACE2E Yelst= M=Eo|M FelshA
ATl e
Luciferase assay
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O oldlcHfo|2{A T|HF ACE2 23
- SE2%8) ACE27} in vivo Atof|lA 2]
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Mock

ERs1 =2 le—lm o

o=z H©rtst

to{ ofdl|-Htol2{A (gt

AISH
= .

_39_



— Ad5-hACE2, Ad5-cACE2, Ad5—-fACE2E Balb/C Ol®A0| H[ZAS Sdf &5t Hlo[Z]
~ HE 59 F, SARS-CoV-28 81U S3f HEE. Hlolzx HE 32 5 oAz
HE MFotn o == uf dHio[{AL| 2F=2 plague assayE &3l e 1 A M=EZs
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O8 55. Ad5-ACE2 infected mousedlAl2] SARS-CoV-2 (delta) ZYE=
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Aptamers are short single-stranded DNA or RNA oligonu-
clestides capable of binding with high affinity and specificity
b target molecules. Because of their durability and ease of syn-
thesis, aptamers are used in a wide range of biomedical Gelds,
induding the diagnosis of diseases and targeted delivery of
therapeutic agents. The aptamers were selected using a pro-
cess called systematic evolution of ligands by exponential en-
richment (SELEX), which has been improved for various re-
search purposes since its development in 1990, In this pro-
tocol, we deseribe a modified SELEX method that rapidly pro-
duces high aplamer screening yields using two types of mag-
netic beads. Using this method, we isolated an aptamer that
specifically binds o an antimicrobial peplide. We suggest that
by conjugaling a small therapeutic-specific aptamer to a gold
nanoparticle-based delivery system, which enhances the sta-
bility and intracellular delivery of peptides, aptamers selected
by our method can be used for the development of therapeutic
agents ulilizing small therapeutic peptides.

Keywords: aplamer, antimicrobial peptide, multidrog-resis-
tant bacteria, SELEX, magnelic beads, next-generation se-
quencing

Overview

Aptamers are short single-stranded DNA or RENA (ssDNA

ot ssBNA) molecules that can bind to specilic targets, in-
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cluding proteins, peptides, carbohydrates, small maolecules,
toxins, and live cells, with high alfinily and selectivity (for a
recent review, see Zhuo f al, 2007). The aptamer is usually
compared with antibodies, owing 1o it target molecule bind-
ing characteristics, and has advantageous properties: il is more
durable in living systems and easier to modify o improve
stability and targeting ability, and has a longer half-life and
lower or no immunogenicity. It has been used in various ap-
plications, including gene therapy, drug delivery, diagnostics,
and bosensing (for a recent review, see Darmostuk el al,
2015)

For identifying aplamers for molecules of interest, a method
called systematic evolution of ligands by exponential enrich-
ment (SELEX) has been used (Ellinglon and Szostak, 1990;
Tuerk and Gold, 1990). The SELEX procedure generally con-
ststs of the followd ng of steps (Aquino-Tarquin and Toscano-
Garibay, 201 1; Cibiel ef al,, 2011; Kong and Byun, 2013): The
nucleic acid library is mixed with the target material o form
a complex, and the bound nucleie acids are collected from
the unbound batch using separation material [partilion).
Therealter, the cumpll:x-l'urmtd nucleic acids are eluted from
the bound target to amplily the aptamer candidates {ampli-
fication), and the ssDNA is separated from the other strand
to proceed to the next SELEX round (separation). These ey-
cles are repeated until nucleic add molecules with high bind-
ing aflinities and specificities for the target are isolated.

I the SELEX procedure, extracting true aptamer molecules
from non-spectfically isolated nucleic acids is essential 1o suc-
cessful selection. Since 1990, when SELEX technology was
first introduced (Ellington and Szostak, 1990; Tuerk and Gold,
1990], vartous techniques have been developed Lo increase
selection specificity. Generally, the traditional SELEX me-
thidds are based on “filtration” and “column purification,”
where the liralion method uses the nitrocellulose membrane
as an affinity material and eliminates unbound nucleic acid
molecules with a filter. The column purification method uses
a column with an immobilized target thal captures aptamer
candidates in a passing nucleic acid library fow. are These
techniques have limitations, such as the possibility of non-
specific interaction of nucleie acids with affinily material thal
results in low yield and purily and the high demand for la-
bor and lime. In the attempts to overcome these limitations,
maodified versions of SELEX have been developed Lo increase
the purity and yield of {solated aptamers and facilitate each
SELEX step (Ellington and Szostak, 1992; Yang ef al., 2007).

When the target molecule is attached 1o an immobiliza-
Hon matrix, some sequences may undesirably interact with
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Antibodies are being increasingly used for therapeutic purposes due to their remarkable target specificity
and affinary. However, currently available ancilsody therapies are restricted to Langer proteins in the cuter
cell membrane or in the extracellular fluids because of the lack of technologies for effective intrecellular
delivery of antibodses. Here, we report an efficient and versatile intrecellutar antibody delivery system.
Thes system is based on gold panoparticles (AUNPS] conjugated with DMNA aptamess {Apt) against the
Fe region of 126 (AUNP-ARreE), allowing o bead any antibodies onto the AuNP-AprS® by simple mixing.
This AuNP-Apt'™-Ab platform was effective for cytasolic defivery of antibodies 1o clinically impartant
MuLant peoteing via scavenger recepiors and caveolae-mediated endocytosis. Specifically, cancer cells
expressing BRAF™™ 5 variant of BRAF identified in numerous types of cancers, exhibited reduced cell
viability by 7O when BRAF™E anribadies were intracellulacly delivered using the AuNP-Apt'ec
[ AUMP-ApEES-a BRAF™™Y In addition, subcutaneous injection of AuNP-Apt=S-2BRAFY™™ into i vive
senograited melanoma twmors expressing BRAF™E rpsplted in bath inhibition of proliferation and
Induction of apoptesis. keading to tumor regression in mice. Thus, owr Godings indicare thar the AuMP-
ApU'™-Ab sysiem can serve as a promising platform for effective intracellular delivery of antibadies for
Therapeuric purpodes,

@ 2023 The Korean Society of Industrsal and Enganeering Chemistry. Published by Elsevier BN All rights

reserved.

Introduction

Antibodies have inherent properties enabling them to identify
and hind their targets with low toxicity, and therefore, they are
widely used in pharmaceutical, biotechnological, and industrial
applications. Since the mid-1990s, antibodies have become an
important madality for the treatment of serious diseases including
cancer, autoimmune, and infectious diseases | 1-3|. The heightened
interest is mainly due to the ability of antibodies to bind to epi-
topes with high specificity and affinity., enabling targeted therapy
and minimizing undesirable side effects. Since the first monoclonal
antibody {mAb), muromonab-CD3 [Orthoclone OKT-3), was fully
licensed in 1986 for therapeutic use, -- 100 monaclonal antibodies
have been approved by the United States Food and Drug Adminis-

v Con esponding authors.
E-mmi eddresses: kingsecto@cau.ackr (K Lee), jeehyenn@cawachr {]. Ba=|.
| These authors contributed equally to thas work

https: ) el org 1O T LG e, 202 3. MG 036

tration {US FDA) for therapeutic purposes |4]. Based on the figures
for sales in 2019, therapeutic antibodies comprised 9 of the top 20
therapeutics by sales volume, and the cumulative earnings of these
9 antibodies reached USS75 hillien [4].

Importantly, the current antibodies used as therapeutic options
in clinical sertings are limited to target antigens that are secreted
or expressed an the cell surface. The reason for this limited appli-
cation of therapeutic antibodies is the lack of efficient methods for
delivering antibodies intracellularly |5.46]. Large numbers of onco-
genic proteins reside in the cytoplasm of cells. Therefore, the devel-
opment of an effective delivery system to load antibodies and
penetrate the extracellular membranes of cells will enable the tar-
geting of numerous encogenes which can be neutralized, and con-
sequently, therapeutic efficacy would be achieved. As an example,
B-Raf (BRAF) is a cytoplasmic proto-oncogene and plays an impor-
tant role in cell growth regulation [7-10]. The mutant wversion
BRAFYME with valine changed to glutamic acid at amino acid
position 600, is an encogenic protein that is frequently found in

12260565 2023 The Karean Society of industrial and Engineering Chemistry. Published by Elsevier BV, All rights reserved.
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{Fiz. 6d and e} Therefere, our AuNP-Apt'™ platform provides a
pramising platform for the expansion of antibody-based therapeu-
tics as it enables the delivery of antibodies to the cytosol to target
disease-associated mutant proteins. Selection of DNA aptamers
specifically inveract with therapeutic antibodies will facilitate
development of such a system (61,

Conclusion

Here, we developed a highly efficient intracellular antibody
delivery platform using a specific DMNA aptamer against the Fc
region of [gG (Apt'"™) onjugated to gold nanoparticles (AubPs)
Our AubP-Ape™ platform showed a high capacity to Load various
antibodies and efficiently deliver antibodies to the cytosol of differ-
ent human cancer cell types. In addition, we demaonstrated that our
AuMP-Apt*©-Ab platform is capable of targeted and selective inhi-
bition of disease-associated mutant proteins present intracellularly
in human cells. Therefore, our AuNP-Apt'"™= platform provides a
promising opportunity for expansion of the antibody therapeutics
field as it enables the delivery of antibodies to target numerous
disease-associated cytosolic mutant proteins.
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