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Bolm AstAl= Abdel o]2A sk ulolH A4 Aol tH(1-3).
2012 Abg-Hotgtnlobe] 60t w=RloAA HEA FEUbtoleAE
Ago® e R AFoRE 20179 6274 27/=elA 2,0151
o] AtgEo] WEA sEUmbolE e AU I FollA 7037 0]
AP EITRAL WHOOIAM  whelar Qlvk(1). w22 Idzubpejeis of
30kbpe] @A RNAE 7HA = dleldA® 16709 Hlx @94
(non—structural protein) & Y%= ppla % pplab 271+ ¢ vt
W2 (polyprotein) ¥ 47kA1¢] F+z% @A (structural protein) % 57}
A8 eAM g @A (accessory protein) & AR AH skl vk
(29 1A) ). Yzl ppla®t pplabi= PLpro(papainlike
protease) ¢} 3CLpro(3C—like protease)® F WMAZN}SE&aGA
(protease) ol 2Jall el o] 167k 9] Hl7-x @¥id® UFolxith 1
H dilAdE2 72 Ag 2HE-3le] nlo] ] A9 replicase—transcriptase
complex® /38t vfolH A9 FHAE EHA 9 HASE(4-6). H
Tx Sl Ve 747 tad #Zo] duelA AU A5HI Qv
nspl (non—structural protein 1)< %39 mRNAE <X 3lo] HAS
i Rl E sk WRICE 559 fAA HES Aoty B
O™ nsp2E prohibitin 1 T prohibitin 29} 45 28310 A X
Wl Asdds welgd Aox FHsta Qlth(7, 8). nsp3+ Plpro®

gt S Bl A 2ok ubiquitin ¥ ubiquitin—like protein



9l ISG15 (interferon—stimulated gene 15)7} @A} Agst= A
vl DUB(deubiquitinating) % delSGylating &4 7F#11 vt
AT H3lon o] fek veFdt Ywol = Ae® oidsta AT (9).
nsp4 vpo]2] A 2] replication complexs #Aste=d ojgd FHow
FZ31 001 nspS+E 3CLproZE kA S F3)sle] replicase?f
helicase® WEE del Fos 43S dvpn ATFHUATHA0-12).
nsp6= DMV (double membrane vesicles)E dAdst=d 7193t Q)
thar 28l A Stk (10, 13). nsp7< nsp82 574 JEE Hgs) sh=d
Q3 Q401 nsp8 primase domaing 7FA 1 Qb H I E AT}
(14). nsp9, 10, 11> @A7A 1 7]s°] A7 v7F $912H nspl2
+ RNA—-dependent RNA polymerase(RdRp) & RNAE HA st A
Atk replicase® 4 3 JaS shvfa delA 3tk (15). nspl3
helicase domaing 7}FA® dNTPase % RNA 5’ triphosphatase &
AAs 7k FAoe=®  FAHs  QYH(16). nspldE 3 to 5
exoribonuclease® 93-S nspl5& RNA endoribonuclease® 7]-5 3%
Ao oSFeta UrH(17, 18). Wl=Z22 FZUrto]ef oA 8] nspl62)
e obAZEA dexue Qv FEREfddd= spike(S),
envelope (E), membrane(M) 18] nucleocapsid(N) ©#zo] glo
w Zbzb mpol A QIAE TSt T8 wiAolt (¥ 1B). S wY
Z °] DPP4 (dipeptidyl peptidase 4)9} Agtsle] AX U=
FAoln E @id2 upojg] Ao ol2Ad gt
(19, 20). M @A wlolei Al FHS 74 AN
2 dA7E @AE o mlo]E 8] RNAE M
WAe] AT E IS H(22). UM A subgenomic RNAZH
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2. AR 2 A7 B

2.1 RT-PCR< ©]&3% DNA #olBzg A&

w22 FEuelole} A2 HA RNAE SuperScript™III Reverse
Transcriptase 7]E (invitrogen) S ©]|&3l9] DNAZ H3sldch 94
Abell AFE-3E Zepo]m o] A EE 7} nspE PCR sh7] 9lst owkaF et
ojm e Ay Z(E 1). RNAZFH AgE DNAE THO=E 7 16
Hel vtz @A §A4AE PCRe &3] 55383t PCRE Phusion
High—Fidelity DNA Polymerase (NEB) & AF&3t3l o™, PCRE 9%
Zapolw o] MIL thgyt PrH(E 1). Z47be] PCR AHz& pENTR™
/D—TOPO™ Z&=24Y 7]E(invitrogen) & ©]&3}o] pENTR/D-TOPO
HE (vector) ol A4d3tal Cosmogenetechs &3l A¢¥ DNA 714

g PAHY

2.2 B 3243 o] &3 DNA ZeolB g AF

Aetisty iofstos #A)Fge pCDH-CMV-MCS—EF1—-Puro
WE o] AeEo]l QE wWE2A FRuUnplo|g Al X, AAAY vz

$A4 @ RT-PCRE E3] wrEojx|x ¢ A% n|tx gwads 3
Bole FAAE Jd¥der FdF #E (Cosmogenetech) & FF R
Zb 47fe] oz e, SRe] A E] i Bl R wlrx dd

o] §#A A= Phusion High—Fidelity DNA Polymerase (NEB) S AF&



ste] PCRE A W3hgith. PCRe| AHE® Zetolrje] Moo theat g
(% 1, % 2). 217t 53%% PCR AHES pENTR™/D-TOPO™ &=
Y Z]E(invitrogen) & ©°]&3to] pENTR/D—TOPO HEe] AFdstar

Cosmogenetech= %3] A¥ DNA 971 4S B4 51T

=]

2.3 vlolelz W Wl Wy Az

HE2As Fuyntolef el E, M, N @i d S Bdd o+ gl A7k
AQlEel  9lE pENTR/D-TOPO ¥EHg ¥ AFHex A=t
pDEST-SG5-HA5 YWHE Gateway™LR Clonase™II Enzyme
Mix (invitrogen) & ©]&38fo]  LRubg&  AlZH.  W&S  F3
pDEST—-SG5—HAS5" o  4kglel  #polzfx wwid FAA AL

Cosmogenetechs &3l 4] 3}3I T},

2.4 AEZFeL Az HjF

HEK 293T AlX:= 10% FBS, 100U/ml penicillin, 100 zg/ml
streptomycin, 2mM GlutaMAX—I(invitrogen) & X33t DMEMel A
werarsic.



23]

1. 7% @A g PCR Zz#lo]n x4g

22|10 0|2 s ME(5 -3

nspt Hubs CACCATGTCTTTCGTGGCTGGTS
ourEt TTATCAACTTCTTAAGCAGATTCTGG

nsp2 A uhst CACCATGGATGTCACTCCAGTTGACC
ofutst TCAACCTCCCTTAAGTCTAAAGAG

nsp3 sl CACCATGGCACCTGTAAMAAAAGTAGCC
outat TCAACCACCAACAATTTTGTTAGCAG

nsp4 A ubst CACCATGGCTCCTACATGGTTTAATGTG
otk TCATTGCAACACGCCAGAG

nsp5 b5t CACCATGAGCGGTTTGGTGAAAATG
olabak TCACTGCATAACCACACCC

nspb wubst CACCATGAGTGGTGTGAGAAAAGTTACATATG
ot TCACTGCATAGCAGCAACCTTTATAC

nsp7 Hatgt CACCATGTCTAAACTTACAGATCTTAAATGC
oupEt TTATTGAAGTACGCTAGGAGTGTC

nsp8 sl CACCATGGCTACTCTTTCTGAGTTTTCACAC
o ufst TCATTGCAACTTAACGGCAGAAG

nsp9 A urst CACCATGAATAATGAGATCAAACCTTCAGG
o121 TTATTGCAATCTAACAGTCGEC

nsp10 EHutst CACCATGGCTGGTTCTAACACCGAG
o-o1e) TTATTGGGGCAGTGCTACTTG

T s CACCATGICTAAAGATTCCAATTTTTTAAACGAGIC

P CE CGGGGTTCTATTGTGA

S TCACAATAGAACCCCGGACTCGTTTAAAAAATT GG
o AATCTTTAGACATGGTG

nsp12 AHukst CACCATGTCTAAAGATTCCAATTTTTTAAACT
otk TCACTGCAAAGTGGTAGGC

nspi3 Hups CACCATGGCTGTCGGTTCATGCG
oupEt TCACTGGAGCTTGTAATTAGTAAAAG

nspl4 AHuts CACCATGTCTCAGATTGTAACTGGCC
otk TCATTGAACTTTTGTAAMAGTAGACCAG

nsp15 AHuts CACCATGGGTTTGGAAAACATTGC
o upEt TTACTGGAGTCGAGGGTAGAAG

nsp16 AHuts CACCATGGCTTCTGCAGATTGGAAAC
ot TCAACGTAACTTTCTGTAGGTGTTAACAAG




% 2. 7% 9 dAAZ 994§ PCR ZtolH A4

22|10 0|8 e ME([E - 3)
g st CACCATGATGATACACTCAGTGTTTCTAC
TGATGTTCTTG

oo TTAGTGAACATGAACCTTATGCGG

ORF3 Hubst CACCATGAGAGTTCAAAGACCACCC
o et TTAATTAACTGAGTAACCAACGTC

ORF4a Hubst CACCATGGATTACGTGTCTCTGC
el TTAGTTGGAGAATGGCTCCTC

ORF4b Hubst CACCATGGAGGAATCCCTGACGG
24l TTAAAATCCTGGATGATGTAAAATG

ORF5 Hubst CACCATGGCTTTCTCGGCGTC
Bt TTAAACGATAAGCGAGCTCG

E Huber CACCATGTTACCCTTTGTCCAAGAAC
alaiet TTAMACCCACTCGTCAGG

M Here CACCATGTCTAATATGACGCAACTCAC
qarst CTAAGCTCGAAGCAATGC

N Hebet CACCATGGCATCCCCTGCTGCAC
ular CTAATCAGTGTTAACATCAATCATTG

ORF8b Hubst CACCATGCCAATTCTACCCCTG
e TTAAGCTAGAGGCTCTTGAAGATG

o
5 A=t 8l



2.5 ¥folgl A gz Wy 9 HE

HEK 293T AX%Z 12— (12-well plates) el Zzt 0.8x10°7]¢]
MEE  ZolFx 10% FBS, 100U/ml penicillin, 100z g/ml
streptomycin, 2mM GlutaMAX—I(invitrogen) & 33%rst DMEMel| A
et wb it § PBS® 13] Alojular whelef A~ E, M, N &
A A7 49 pDEST-SG5-HAS ¥ 1xg& PEIZ HAF
Aot 243t wjekskaltt.

50 mM Tris(pH 7.4), 150 mM NaCl, 1 mM EDTA, 0.5%
CHAPSZ FA ¥ =99 cOmplete™ Mini Protease Inhibitor
Cocktail(Roche) & F7Fste] Al #3 &5 NS Alxs)
AZF wiFE MEZF = Fdol Aelstal 4TCTolA 1638 WhgA]7]aL Al

E7F &3lE $F NS 1.6ml FHel Eol thAl 15%%7F HEEAIX H

N,

>

2

ol

1] VT

3} SDS ®E F A AL F 100TelA 10E3H

23] ¥ SDS—-PAGEZ £3 dwadEs B

Al 100Vl 90 H¢F YERAEZ oA oz umlzS o]F A
2
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2.6 ME2A 32 H Alo|EFIQ
84 Ay HE=2A 329 d% 200 ¢ LS Human XL Cytokine
MEZE 5 4ToA FF B

Ao 73 AFo]EFIS 9] 9

o 7

Array 7]E(RnD systems)o] 0= 2ol 4
QF WEEAIZ]AL Hholl Sl 7} Alo] E QL
=4& AA] & TIEoA AlFsts F Ao 33 o A
th. o] % biotino] F2rE o] QU= 1027F4] Aol E7k)1I Al ZHHdS o
IOIAZE WS A7| gFdor AL H biotindl S £ e
streptavidin—HRP %} 3017t WESAIZITh oA @sdom - &
chemiluminescent reagent® &+ ¥ YAt AsE A8 &
f A=t olgA HEE A% AEE Image] ZEIHE o] §3s
o] 2|3} 3o kot
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3. 2%

3.1 "lolgj A ©ild 3 DNA golrga A|Z

RT-PCR (reverse transcription polymerase chain reaction)7|'{-&
ARgatol Bl el 16708 FAAPE AlE #EHE AR
W2 FrublolY s -4 @Y7tE RNAS /AR 7=
nhol g o), wpolef A 8] S wlHo] FA|E] DPP4S} A% 285t
of A W= nle]ej A7t Soj7hd wpolg| A RNAZE AlZAR wE9
o}, ==% RNA+ ¥ o] RNA replicase-transcriptase complex®
B8t AFAZFEH Feld STl vrolgl A & Ty gl
genomic RNAE 3Hdste] wtolgag ALt AEZZFE W3
t(4). webs mpolg o] ZedE SFEFE wpolEl Ao RNAE F5
g Stk B AFAAE WEA FEuuto]g Aef dE AR
=3t WdAdo] glsol ¥ wWE=A FEYnlo]lgf A2 genomic

RNAE Medistu ojsjsto 2y Aol Ados Iysisitt. v

Oll
b

it

4
4
[t

AREEERAT ALY DNAS FEo2 ZF Blg7x didsS F98hs
@71 Lol Bt ZetolME o] gste] PCRE $3l SHA13 . PCR&
T3 WEol 16719 PCR AHE2 topoisomeraseE ©]§38t T

249 7IHE o]&3led pENTR/D-TOPO WE S 413510 tH(33). ©]
% RT-PCRZ °l &% WWow ¢AatA] 33 nsp2, 3, 5, 11, 129

_13_



nspl39 A%, nsp3E A3 nsp2, 5, 11, 12, 139 FAAE <133
o7 FAIRIL olFE FIOE AMES AMH FEYS MY ol
%3 nsp2, 5, 11, 12, 139 #%dxE pENTR/D-TOPO WE] 49]

aFalth
T2 G g A Gy §HxkE gl o dgelA 97
Ad BAE 9l AFe WEled e FAAE AlTRskth Al
HE F S weige] A9 A wds P77 9 ZE A3
" AMES A 9, ©°]&  Sino biologicalollAl  Fwljdh=
VG40069—CHeIA Fa= 7ol A2 2 AdS 7Fdrh S e
o] Yz gl §Hzs FAZHE FEFE RNAZ AZsE #Eo]
o} #WEfe] gl vpoly A ©eld {HxE FPOE PCRE Tl 7M7)
o] FHAZ FEAZAY. WHEol PCR AHES TOPO 224S %3
pENTR/D—TOPO ®E o] AFdstqltt. e nloly~e] dWds 51
i3 A~

95k DNA 97149 ARt thgs QrhE 3). AEHoz W=

il
2
.
ol
32
o
ofy
O
=
o
>~
o

1o
o
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¥ 3. HE2A I2Untoly A9 dwld 39 DNA A4

=
ErE ofF

GenBank 1D (range)

H| 2

nspl
nsp2
nsp4
nsp5
nspb
nsp’
nsp8
nsp9
nsp10
nspl1

nspl2

nspl3
nspl14
nsp15
nspl6
5
ORF3
ORF4a
ORF4b
ORF5
E

M

N
ORF8b

KX034100.1 (279 to 857)
JX8659059.2 (858 to 2837)
KX034100.7 (8499 to 10019)
JX869059.2 (10020 to 10937)
KX034100.1 (10938 to 11813)
KX034100.1 (11814 to 12062)
KX034100.1 (12063 to 12659)
KX034100.1 (12660 to 12989)
KX034100.1 (12990 to 13409)
KX108946.1 (13391 to 13432)

JX869059.2 (13410 to 16207)

JX869059.2 (16208 to 18001)
KX034100.1 (18002 to 19573)
KX034100.1 (19574 to 20602)
KX034100.1 (20603 to 21511)
VG40069-CH

KX034100.1 (25532 to 25843)
KX034100.1 (25852 to 26181)
KX034100.1 (26093 to 26833)
KX034100.1 (26840 to 27514)
KX034100.1 (27590 to 27838)
KX034100.1 (27853 to 28512)
KX034100.1 (28566 to 29807)
JX869059.2 (28762 to 29100)

134330]| M ribosomal frameshifting

catalog number

T26167C
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Abstract
Construction of MERS—CoV
protein—coding DNA library and
analysis of the immune response
in MERS patients

Han Byul Park
Biological Science
The Graduate School

Seoul National University

MERS—-CoV (middle east respiration syndrome coronavirus)
was first reported in Saudi Arabia in 2012 and it has spread to
several other countries. It is a high pathogenic virus and
develops severe viral respiration illness, including fever, cough,
and even death to humans. It is believed that MERS—CoV was
derived from bats, and camels are the mediators of the virus to
humans. It is known that close contact with an infected person
spreads the virus to other humans. There is no specific
treatment or vaccine presently, but many researchers are trying

to develop treatments and vaccines. One of the ways to treat
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MERS is inhibiting the activity of the viral protein. Therefore,
identifying the role of each viral protein becomes important,
however, function of the viral proteins is partially uncovered and
most of the known viral protein characters are assumed by
analyzing conserved DNA sequence among Coronaviridae Family.
This study firstly constructs the DNA library, encodes 16
non—structural proteins, 4 structural proteins and 5 accessory
proteins of MERS—CoV and confirms the expression of E, M and
N protein in mammalian cells.

In this study, I wanted to find out how cytokine expression
profile changes in serum of MERS patients and how differently
cytokines are secreted depending on the severity of the illness.
Various cytokines, related with immune response and
inflammation such as CXCL10, CCLZ, are detected in the serum
of MERS patients, as well as in the serum of ARDS (Acute
respiratory distress syndrome) patients. Like SARS (severe
acute respiratory syndrome) patients, MERS patients show
symptoms from mild to severe. This research found that
cytokine expression profile changes depending on the severity of
the illness and analyze cytokine expression of a patient who
shows persistent viral infection, only in an isolated example in
South Korea. This patient showed increased levels of CXCL9 and
CXCL10 in the serum, which means conversion from innate
immune response to adaptive immune response hardly succeeded.

This study constructs the MERS—CoV DNA library, essential

for the virus research, so it would serve as the basis for future
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studies. Data, cytokine expression profile depending on the
severity of the illness, will also provide basic information,
therefore our understanding of MERS—CoV will much more

developed and in—depth.

Keywords : MERS, MERS—CoV, immune response, DNA library,
cytokine
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