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Construction and analysis of protein network in hepatocyte
for investigation of liver cancer induced by hepatitis viruses
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HBV % HCV proteingo] 93 MEU AZHG A HIE oyl SAH 9q
£ %397 A, oj AFAANNE dSH 22 HAS At

1. HBV 9HCV proteingo] AMHo 2 GIFL 7 X EproteinE & yeast two hybrid
system ¥ immunoprecipitation & MALDI-TOF analysisS$<€ &3 107}x] o4 2=
2. 91 protein-protein bindingell 3] FFE 7 AL FZ AHE protein expression
H3t B4& cDNA microarray 2 2D electrophoresis 28 & o] 23] Z43tgu} o
14 & F3 HaEE 1A 180 7HA o AL T2

3, 91 BAol o] 4F e MEY AE AG AA) F pathwayE 247 954
4 ERARE £4E 53 pathwayE 7F3 # A9 datao] 2T & AA

4, A ¥ pathway (NF-kB pathway, IFN-y pathway, TGF-b pathway, JNK pathway
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O @74ee 5 ¢ 3a4
HBV % HCV+= t}k3) viral proteinE & 7HH| o) A t}ok3 protein® M 2 45 =
&30, ol AL o] MEZ A thkst BEishy HstE 4o o] §istE Yol

A5HEH & o]Zlol s M3 HE proteing 2] B4 2 T £F HIE £33}
HBV 2L HCVol| 9§t Ao G3FE AAH o2 £4T A 2HAE =23 A
ojth. &, oj¢} o] =& ¥ tlojH & AT Aa@ & JE systemE TE3T}H X
A 7 AAZ A&t Al )lojA BTHIT 71 S HHdFL gT L&A 2. 2
ATE F;A F 7ol ZFE vlo|2AZWE A A7 E FIAAAN Z7HEAE &
ol 714 & 5 Aok

A}

I g77de e 2 ¥y

E AT7Ee 94 HBV ¥ HCVS 2¥-& BW-3HE in vitro system FA3 3+ 1L, ©]
system$ ©]-§3}, HBV & HCVol| 2l3] M Z oM H3ls s 948 AEslgch A
HEH 8452 HBV 2 HCV9)| 98 o &= pathwaye] 7% & Z A 8} initial data
2 #&E5on, o]F Fxo #AHL £ in silico modelingg A =3 F T} ©] in
silico modeling2 ThA] 4 ¥ A A2 Wlof 93ty HE & A5 H o

l

V. S0

A 733 & 53 Viral protein 10 7} 2] proteino] 4 expression, HBVE HCV¢|| o] 5}
=) ;q}g_g F =} 180 71A] o] 4 &4, NF-kB A4 & W3}, INK &4 = 3}, apoptosis
FEEA, doleido]a R Adeiso] 2 4|, 4717 pathway o] 4 47 (20-30 7421 <]
pathwayLH protein®] 9% P HFH 4, marker 50 FF o] ¥F, 18,3 FF 0]
4} 9] HBVY HCV e} ¢ # in silico model S 2433} o).
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THAE Tl FAHE 2L & 2+E #H insilico U F target A, 7+4F A

J% F-2} 8-(side effect)ol] o 3} in silico 7}, A=, 7+ A3 32} 2] A A} b 2
n silico |5, 18] 11, B} A dlojEjol] 7]ksk A He] X5 HTF Al EH oA
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Construction and analysis of protein network in hepatocyte for investigation of liver
cancer induced by hepatitis viruses

Il. The Present State of Technical Development

Both HBV and HCV induce various physiological changes through interacting
cellular proteins. In this project, we analyzed the effect of HBV and HCV on
hepatocyte through protein-protein interaction and differential gene expression
analysis. This analyzed data is stored in database system. This fusion of BT and IT is

contributed in increasing of national research power.

III. Result of the Project
Signal pathways related to HBV and HCV are modeled in in silico system and
wet-derived data are integrated to the model. With the model, in silico simulational

analysis performed and the data are confirmed by wet-derived experiment.

IV. Achievement of the Project
From this project, we obtained the results such as expression of viral proteins (over
10 proteins), differentially expressed genes by HBV and HCV (over 180 genes), HBV

and HCV related pathway analysis (4 pathway), and construction of in silico model
(3 pathway).

V. Utilization of the Research Results

The constructed in silico model can be applied for verification of drug effect (NF-kB
pathway inhibiting chemicals) in NF-kB pathway.
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1. HBV & HCVE thekdt viral proteing productiondtth <] proteinE2 M ZWollM thyFeh
protein® MZ 43 ELEH, o]AL o ATl kst M e doth (Seeger
and Mason, 2000). o] H3E Yo 7lE 453 £ oA 3 HlH= proteinE ] B4 F ¥

il B3 BAM3led HBV @ HCVe 23k 7t 2] 988 dAHoz 4T + e 23
= 5%3} A (AR Ee tHHo 2 4352L35E protein 1807HA) oj4te] =&)olt}t (Mo A
T35 3‘} B8 F, olg) Zo] 229 HolHE ARt BT F UL system F5 (A

A2 AL BoA 2 Ee

1. E d79 AREzA Adxp= BTIA 2% (7+d B, C A&7}, ITollA 3% (Bioinformatics &
7 § & 2okl FAHY AAEE ZE A 4 Jrf‘xm FFLE team$ ZF 3
£3 Hgo] 1T YFATELR FAH Atk TEkA wlolgayg Y FEe d4de
3t oo Wi XEHHE NEE F e 7T 7MY YA Ade] d¥E s U

of o3 gdd <+ AT AR

2. 7 wpolgias} ZAEW DA vEYAdte 45 FEL AFEHE T 2dYsiv, 42
T3 249 doje2 dolgulo]ag FE5H, dojEHolld ARE 43 S AHE ATA
ol ABHoZ A oY F U=RE HAFE deHo|2E FHE AL FEE I 9
A9 Y& FoA TP BHE dolEolx FF E in silico 2 AlAHE T HY
g Eokell thdt F7oll AdE =&o] € Aoz FdiEn.

[=3

3.2 AAEeE 19 R UYABA A%e W24 ooz 38T den o7l HBV %
HOV A2A7E A48 39 1 #2E 6% § 202 798t gey C¥ gguoldad Ao
g BEARA AL AAT A% =5 42 2 ABYS) THIE JF VLR L &
S 309 529 9F 4GS sl ol G4 =0l 34 - 4H AL e 5
NPT

4. 7 mholgas 8 vt A A7 10%7F ZHEEA AL ¥ okt Y] F2 9]
7= ¥} (Feitelson, 1999). 7t Hpolisel g ‘?‘i-_rL-QP Ag dolHg 53 2933 23, °
oleMolx L F& FHAM ANEA MLl AHAY =2 £ £ At oY FAF AF EH
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1. Systems Biology A7+ TUdH oz otd /M7l SUtk 53] AA 7Ie EoF
€ F2E & AT oY ¥ FAHY HHE] AL UA Fob I W o
& AT ARt Beo] gFoidh 3tk o2 Q& HZ £ UU¥T EERE JHAX
Systems Biology ATl Fdte Fule AFAESe] FF7F tZA v ULoH,
ol He 4% B3t Ropww ohig AFE F3, Ao T, B 5 I¥Y FE
2ok &J% £ doA A2 (interdisciplinary) & A7 F3A711 3
2. A A E do]Euola dated ool AR 71Ee Wz 4 49 #EE A
e T dolEy 1 £ -":‘:6}“' Zhdo] AYPHT Ytk 22 vpol QA Xujg A
T4 d¥A dole o] A0 ExPASy (Expert Protein Analysis System)u, Y& ZE

d
el KEGG (Kyoto Encyclopedia of Genes and Genomes) 5o] 1 thEHQ o o]
o

3. 34, 2000t & E2E Ax Al 49 F& A7t BASIE] whet A
Aol 3t in silico B F&E £, =33 in vitro/in vivo A4F dHeolEHE E¥3l1,
B @4 dAE $988 E4S Wilee 2AYx @43 AYPHT Uk in silico B
THHLE, AE W 2459 435 A4 ZFEE I3 ZHE Jledty, AXEe

X B2 43 FRol 7ixE BFH BAHE in silico Aol AlEH A=
E-Cellg +&3t1z} 1}4 ol 35t wlm, &, FY T AI AFdME e &
T B 7V e g ¢ AFAEY A5 aF € €8 d77F L A=dHz T

&
g

- 53 AzdeRd2e 2dyd fEY AFEe, FEE o)Fe F2 FZ kinase
cascade, receptor system % transcription factor 3 A|2®o] #F A7y} HAFoR
AYPEHIT Yok 28 MAPK cascade @ EGFR A|2EH 5 U2 AlAgojut AH3HoZ
Edo] ofFojAT glon, o]lF FHIF MA AIHNLTHEEE ZdHe AT o
AT 27] @Al Ut (Asthagiri et al., 2001).

ojgte EHEZE wet AP targetd A3 98|, sensitivity analysis, Monte Carlo
AEHeld T F8H 4 P AL in silico B AolA F23 Fivy Z
moleculeS AE3le I+ AYHD ot ol#F AFEL FE dry A EH AL F
& drug target 4E Fol H= &€ 73%“’]‘4- a8y obF B4 AW, A3 #HEd
AZASAZY in silico 29 7L o A3}

6. A zto] st A7 B vl B uf 2uU in silico Y ATE 95 o
AAdie otF 7] DAY wFEE1 Ytk 53] wet AFAF dry H4¥A 7He A

o



49 A7 ¥ AA FEo] mjuF ook

7. &2 A3 e A7 A EA HBY, HCVS ZAE AZAHASHEE TdHd T, o
off tidt in silico A|EHlAR L in vitro BEL A E3FTE ol ZULFHoERT A
ATE Folny) Y& RALE, mnsilico TAH L 5 B FE 72 i T
42 7% By ol AE EHo29 $8 A4S e AN  guE AY
AR =1

8. 3 & HAAE A3 Hsl wet/dry AEAH T FEIL UEE A7 ¥E F4
= obd ZAZFuk @AY e Fu Systems Biology A7 ZokellA, wet/dry IF 7+
AEFHA 8 AHE AANE & dege ZigEd.

9. =9 B¢

7h Al2E] vhol 22 A0 Wi dFe AEZEAES $HE 20008 st 2HE
HRAUT. olu] 2Wx =, FAHA], HUol Fof, MIT, 3t =, Ze, UCLAAN 204 7}

Blo] o] Eof AT HolEYT, 200235 E ‘System biology’ & FA|Z =4 <3<
E HHAS

L. 9] =9] system biologyel A% Fx}
(1) ISB (nstitute for System Biology) 2| 2]Z o] BFALE
(7}) DNA, mRNA, protein, 7|5 protein7te] 43 o
ol E T Aol EATE 2E F UL Aol
(th) Ao ddo] AET AZALE AA Y o]
U 01‘3_ 5‘-3—:13’*3}"4 34?}34& Aeks NEE #

>
)
r o
ol
sl
8
=
b
)
pre)
ful
e
filo
s
2

o} 49 system biology A% Fz}

(@ &4 HEH Alojd2 d729] s)ehe %A

(h) 4B olsstL, o] ATADE FHH Afold2st 2 Alojnast ze o
FARAE TS 24

() o1& 98l et=e AT 2o dFE T APEYE AFH AEH| A
b Al 24

(th FHER A2(Sig)st HAx=(PINO)= o] 79 dFko|tt.

2. HBVe| t]F system biology
(1) A system biology A& F§ HBV @79 HZo| o]FojRA] &

- 10 -



10. o] A%
7} KAISTS] o4+l uhA}El

1) prokaryoteol] A} 2] metabolic pathwayo] thgh system biology
(2) in silico AFol| A1} metabolic pathway<2] A3

@) ol ©&

11. A NEA o g Ho}
b =99 A Ee dFol olA

49y 44 2 22 24

AF s Fok2 ofF pEvld &

3k
=

L. system biologyE ©]-2-3F HBVel| tigh A+<] Ajzte] g
A28 AR SN HE B4
L 3 -9 7leFE vag
B 3 (%e AR=diE)
Gene expression analysis tool | A2l E& (> 99%) 7|&°] AA=y g5
. g AT rigo] A=A dF (>
Proteom analysis tool 50%)

Signal pathway analysis tool

Z2o] BT 79 2ol o
%ol 4%

(> 80%)

Fobel A7

In vitro reconstitution analysis

29 BT @79 ti€o] of &ok

gl 4

g aF

tool
(> 80%)
Protein expression & purification, A543 7|€ 2 Iz 7l&so] &3E (>
system 90%)

High through put analysis tool

TE8 7155 oA 54 ST, 4
Bore) WAL FlF (< 80%)

2 FRUEE 32 VAR 2 17l

7t 2o A%

=

F79 BHRNE e AHY

o 24 7led

= 9] (o} mE3Hel £4)
, A wE A E2 errorg s FEZ
Gene expression analysis tool R .
AF el 24
Proteom analysis tool M9 AEdo] 23
. , system biologyE 53 di% EAHoZe HZo

Signal pathway analysis tool .

oo 1

In vitro reconstitution analysis tool

Kitsho} H st} 1 23

Protein expression & purification
system

;I FE

~T

v, 2Este] 1 23

High through put analysis tool

Zul g handling 71&9 2

=4
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Gene expression analysis tool

o

=3

y L

software5-ol 2

Proteom analysis tool

Signal pathway analysis tool

system biology9] 7H&7lel o

In vitro reconstitution analysis tool

A=e 71eH9 ol&, FTHlM 2 bicassay

kitghe 2%

Protein expression & purification

system

ede 4l

3 et el
S

High through put analysis tool

9% handling 719 2 2%
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2. o]&F A& HY

HBV & HCVe] 23 in silico systemo] A9} systematic £4& &A= &4 HBV
HCV Ztel 23] MEuolx #HslsHe 848 43 Aol

d7Ee ¢4 HBV % HCVY #ge& =2HslE in vitro system2 FA3IY
system& ©]-&3}, HBV ¥ HCVel| o3| M EollA Hilsls 248 *“20}03‘:} ’“Bﬂ
d 8A4EL HBV @ HCVe 93] gkt pathwaye] +2E ZA3le initial data®
ge=9en, olF Fxo BHL 3 in silico modelingg A E3FATH ©] in silico
modeling2 THA] A3 HZ WA osly AZLS AEdPTH

5, & A7HAY ol8F HZL HEFH dataE vlH O Z in silico modelingS 443t
How, 7AE modeldjre 4 2 AdAoE Z71 FE EAS in silico modelE &
& "M, A A8 HZ P 9 2F 4L AXNA AU

2 d78E9 A+ #YLS ¢4 in silico model © data sAE 2o 3 FAo

ofN
ko
ol
)
°
o,
o
g 10
e}
O e owe

ozt 2 BAE T3 LYY Edol slvte] YEHA A7 P 4% £ Ux 4
93 2y (44 4F e =) o] @ & ARS A& Derach

3 . 484 HI W
HBV % HCV proteing o] o9& AZW 4582 A7 4stE dosle 5957 o)
g %3)7] dstel, ol ATBANNE G 2e BAE ANES g

1. HBV ¥ HCV proteingEo] HAHPHoE G&& 71X & proteing-Z yeast two hybrid
system % immunoprecipitation & MALDI-TOF analysiss< 3] &o} Wit
2. ¢ protein—protein bindingol] 9|3 F&FL 7|AALE oA E = protein expression H
& ¢DNA microarray % 2D electrophoresis B & o] &38lo; £437 )
B4 g8 4F e MIZY A3 B2 AAe ¥ pathwayE HG3H7] 3]

ot
lI
X
m{o

w
o gy

+4 28HE £4¢ 53 pathwayE 718 #H4l9 datad] R=E AT

4, 44 ¥ pathway (NF-kxB pathway, IFN-y pathway, TGF-b pathway, JNK pathway
%) W proteinE2] %7] AeY HE 2 activated forme] FEE EFHoA 3, TS
T U A AEE T 2 ¢E AEE 9.

5 % |F71¥2 Mgy AFH F3 €3 FHFOE in silico simulationg 3}
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i, pathwayell st AFE& 3tE

£ dTFHAE 9
pathwayy] proteing
a2 A7 ot 2o

44, d7E R 97ER
1-2:d 2

et

1y HA

1. HBV protein®} 2% bindingdl= protein screen
7}. Yeast two hybrid system& ©]&3F HBV polymerase binding protein screen

(1) HBV Polymerase: in vitro systemoljA] 3% 3] expressiond}”] &, expressiono] Huigts
conformational state7} 433 E<HA3s)th o] 913}, heterologous svstemo|A] expression¥
proteing ©]&3}e bindingdlE proteing e wj$ YEoh ol L olfFE HBV
polymerase binding protein2 yeast two hybrid system$ o] &3t} ©Asict. 1 A3} HBV
polymerase®} binding&}+= Apolipoproteing ¥Z3} A th

L. Affinity chromatography& ©]-83 HBV core binding protein screen

(1) Core protein® bindingdl= host proteinE& #7] $3 affinity chromatography
technique® A8 th Core proteind direct covalent linkageE %3] NHS-activated
sepharoseol| immobilizationd} gt} ©] A& oA immobilized core antigens¥ binding 3t
host protein2 MALDI-TOF MSel} 2}3l identification & ith 2 23 571x]9] candidate
proteing-& ZolfIUtt. o]& F syt human nucleolar phosphoprotein  B23
(nucleophosmin)e] k. Alth7}, HepG2ol A  cellular B232 co-immunoprecipitation,
sucrose density gradient, cell cycle synchronization 2¥< %3] core antigens¥}
binding¥-& R F o}

Tt Mammalian expression system& ©]-8-3+ surface protein @ HBx binding protein screen

(1) Surface protein lipoprotein® & prokaryotic systemollA] €22} conformationd A3} A
expressiondts #7] Y&} E3F, HBx protein® inclusiondE o] sl AW,
mammalian cell®}A] expressionA] T}& proteinEol] HIs| AHH O E expressiong & & &+ il‘}i
o o] #HAoA, surface proteind- expressiond}”] €3 pCMV-HA/HBs9t HBx expression 3}7)
93 pCMV-HA/HBxE constructiond}$th. Expression® protein®] immunoprecipitation &
MALDI-TOF analysis Z# HBx proteind] bindingd}= HBXIPS} TFIB proteing Zohjigl,
surface protein¥} bindingdl= Hsp70& #olliith

2. Yeast two-hybrid system, baculovirus expressio system, 123 mammalian system oj|
A A 98 B QFEe C¥ ndvoldad wwds wdse 29E

expression vectore] E243H o™, ©]E2] sequenceE sequencingg F3 FHU}IH

- 14 ~



(Fig. 1).

3. TGF-Bo]l 938l H=5HE signal transduction pathwaye Smad ©
heterodimerizationo] &3] nuclear® translocation ¥ & 2% gene transcriptiong

th ol2ld FAHAAM NS5A gl Aol vjxle JdFL £A31nA Smaddst Smadd ©
< NS5A ¢} co-transfection 3t = Smad3¢} Smad4 <] complex ¥ 4
co-immunopreciptitation®. & #4138 A3 NSA ¥ do] TGF-Bol ol =
Smad3$} Smad4®] complex@ AL AL FEIALH (Fig. 17) E£F Smad-DNA
complex FAE AP FU3A (Fig. 18). ol Zae CF Fubolz 9
NSs5A ©wigo] Ay e TERIY HHHoz 435 Ao 2H TGF-B 23
$E 5+ signal transduction pathwayE JA T Ao g2 ALZHTL

:10 1=
ox & “ﬂ i)
to a o 2

¢

4 HBVe| &3] 3 - HgAHo 8 JFgee 3R} screen

7} B 434 Y E primary normal human hepatocyte culture system< o]4-3 HBV 7+<d
A% 2] gene expression H3 &4

() Culture cell lineo|¥= HBV/} ZEsA] gong, Ax HBV zZdd g E42 317 A3lA

£ primary culture’} ZFFHolth B AFAME o H ATRA(AFER 2 J5ATFANE 5
8o human hepatocyte® primary culturesh= 7'¢& FPHAT oW AFFAANNE o]
systeme 4-3te] HBV 7 A¥F wsHe §Ax $dS 2489t 1 23 149 7kA9] /4
27k oulgd AA wslds Aasidch

U 94 sample ¥ HBsAg(+) % @9} HBsAg(- 7+ #abe] liver specimenolix2] 2DE
techniqueE ©]§-3F protein display ¥ 8|z 24

(1) NBNC-, B-type HCC #x}olA] €2 tumorous tissue sampleo|A] total proteing &
two-dimensional gel& %3] Ez3o 1000 ~ 12007§¢] spotg Z3kth. ZHz; tissue
sampleZ2 58 AL two-dimensional gel imageE 43t} protein spotE9 volume
percentageE nontumorous tissue sampled} tumorous tissue sampleo|i] X Z B 23
t} ol&A A=HE protein spot& MALDI-TOF mass spectrometric analysisE %3}
protein identification® it} ¢F 607) A x| protieno] clearly identification®| Xt
significant variantiong Xo]E 60 proteing o 7719 stress-associated proteing Z
nucleophosmin, elongation factor 2& &£ typed] HCColA F7}stdch W=
CPSASE 1% argininosuccinate synthase= 2& typed HCColA 723t

Hepatitis virus 7Z+gol <¢}3} differentially expressed proteing$] analysise NBNC
proteins® o}y HBV-associated protein®g ¢ + UA sHF SOD (Cu-Zn)9
expression2 B-type HCC (5 of 7, 25 = 1.1 ; 1% 4olA decrease ZAHFE E I
dihydrolipoamide dehydrogenase™ NBNC-type HCC (7 of 7, 24 = 0.5)ojA F7}8t<
Z4%S B¢t ribosomal binding proteing NBNC type HCColM = A< #3rt A
2+ B-tyep HCC (6 of 7, 3.6 + 2.8 ; Table 2)ol A& clearly decrease3} % Tt

..15..



w

C¥ 7Ztdutolalae 7R AFE cell culture system 3 animal modele] gle 4
H. &= HZo| hepatoma cell line (Huh7) o] &3t viral RNA7} 222 EAE
+ Qe systemo] HLHULH o] cellg ol & dA B AT JFHI AUt o]
B3 cellg ©]&F microarray analysise F¥e] d4¥E& T3} HCV-associated marker
gened ThFoz FRIT & Uv FHol Utk @M B AFEL | cellg o] &3t
microarray analysis® 8% Z3} 2 o]4 upregualted gene 8407, 28} oY
down-reguated gene 1,89 7§, 123 4u) o]4} fold<changed gene 142748 EEEIATH oA
AAS A cytokine-related gened F 20067} AT HB ol F & 5074 FAA £
d7ge] BAE 7L ATk

6. C3 7rdulolz}xe] NSS5A ¢#l &S multifunctionaldt G A28 C¥ Zhdulolgix
o 2l3t pathogenesisoll F23% IS 3 wald B dFHo] Fr3}I v NSSA ©&
ol i3t transgenic mice?] liverE o] &3] 7+e] morphologyE #E$ A7 liverol A
tumor7} ¥4 YL BASAT (Fig. 4). 19 ZIE #As A tumor =3 F o] &3
histological analysis& 33 Z 3 miced] liverE sectiond}s] H&E stainingdh

A miceste el TAE Yo Fv7h oekdA dEdS BEEHIL, =T
glycogen storage foci7} A FHo] 9SS #ASFY (Fig. 5). ©leist ZHZ n|Fo] &
W C¥ Zrgubelaizo] NSSA dhi o] C¥ Zrgutolgiart frxstes Y A A+
2% dge & RAeZ YZE. E3F transgenic miced] liverE ©]&3| microarray analysis
£ Y39ty 2 Axk 28] o)A fold-changed gene 7437, 48} o]+ fold-changed gene 20670 &
EH3YL (Fig 6), 53] 48] o]4F fold-changed geneE 3 oF B7Ho} FH=lol FAE 7HA3
= o3 FHREL signal transducer, apoptosis regulator, cell cycle -egulator, fibrosis,
cancer, chaperone 59 715€ 7FX3 Ut} (Table 2). @&}A] microarray data7} C¥Zr<E n}ol
Hasl #E" Y TH SHA HFo) 4D 223 databasez TLE 5 UL Aol
1=

7.HBV #¥d A3de742 ODE 29 74 ¢ A2
7}. NFxB A3dg73=2

NF-«B J3d27d2e X9 A2 2 43S 28ste 583 A5HZAR0|Th NF-kBe TNFa
% proinflammatory cytokine] 23] F2 activation H&d|, o213 HE ¥ AF7} HEF o,
IKK7} phosphorylationS]®, NF-xB$} binding® kB 2] ubiquitinationg #8224 NF-«B7}
go2 olFditte vAYUEC] WA Aok NF-xBe o AT 28 A8 A e,
AAERAE ] A7 27 £3] HBV Zdo] 93] 1 activationo] F7iste 222 ¥sizich &
AT ME NF-kB AEALA29 in silico 22 AT, A AR wet 48 ZHES
B} 2 HBV7} NF-xB activation AZHg7Zg0] & £484 il 3t 2dgy 2 A&
ojdg Y3}k

Y. ODE nd o] 74
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NF-xB activation®} Z#35tad, [KKol| 93} 245 += NF-kB A3 AZ £50| Hoffmann $of 9
3] ODEZ =2 d 35 AcHHoffman et al, 2002]. o] ¥ IKK downstreamo|A] NF-«B activity7}

Holg Tt 54 §4¢ in silico Y g o] &3] FH3tes A7t 43 JYHL Aot $E,
NF-x«BE activationA]7]= F8 cytokine?] TNFa25H AZEHe AIXAGEE 2d& +435H
€ A7E AW Fo Ao 2 o}ARR in silico/in vitro 4P FHE B B 23S B 54
Adg BE3 AzAGRA2Y ¥ 2dy 59 dFe nEF AHold).

2 dFdMe 94, 7€ 978 B FEHLE 748 NFxB ASHERE 242 IRt A
A AZABEE in silico 3‘%% T3 ofo thE A EH ]S JFF AT

in silico 298] dA & E4& o l A 371 fsked, AA A2EE Ve R AE W A met
Ure 283 9438 A48, A A3dEHE Zd S ol 2o I MEALHEeE TR
o

t}. TNFa receptor A]AE]

HE F A HEHE cytokine TNFart M E 5o o} TNFR1 receptor ¥ TRADD, RIP F2
receptor adaptor @A} 3 Z complexE ojitE FHAHL ODE U g FASY JFHo=
TRAFs Tl o] complexol] Zd3lH, o]F Ea) ch @44l kinase cascade’} activation ®th.
FADD ©¥ize MI ApEn #bE & o2 MZALHEE v7fsle 242 & ZddMs
receptor complex] bindingHle & Zd Qﬁiﬁ}. Receptor A|A~83 #AFIS EGFR
receptor A|2=8 A-F(Kholodenko et al., 1999) 5 A3 479 en|gES Fustdct

g}. Kinase cascade A]2¥

Kinase cascadew Y#9] kinase B AE0] A F o2 thg B proteing phosphorylation$
%3 activationA] 7= AZHY Fxolth xF7}2] t]F A kinase cascade$] MAPK cascades]
et A7t SE3) Ao gon, amplification, switching behavior, ultrasensitivity 5
kinase cascade FZ7} Ze F3F EAER o] dFHI Ytk £ dF9xMe 194 TNFa
receptor A|2H¥oA] A E TRAFs complexE ¥ kinase  IKKK(RIPK, NIK §), IKK7} 213
2 activation®= 242 FAsych

E31, kinase cascade 2ol kinaseE deactivationt] 7] & phosphatasei EEEH Uk £
FollA= o] phosphatase$} kinase®] 43 vlgof we} kinase cascaded] 4 E4jo] ZHE
in silico Al gL T3 AR

ol NF-«B 23 A) 28

to rf

2974 kinase cascadeollA] activation® IKKE NF-xB¢} binding® IxB isoformsE
phosphorylation%k‘?_iﬁ IkB& ubiquitination ¥ proteolysis& #Z3c} IkBo Zrae HEF
Woll Ho 919l transcription factor NF-xB7} 802 o]E3h= AL 383024 DNA AHoA
NF-kB¢} binding3h= o8} 71x] §HAEL transcription @t} o] F3AAE 3 8 LHOR = NF-
kBE T MEAZ o|3A)7)E IkBart T85o] 9lo), NF-kBE ZAsH: JAH G8S 25

1.

m
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t:i

Ut} o]2} ¢ negative feedback loop Aj&¥-2 NF-«B 24 A j2"le FYE 2ddq i} £
3 AT FAZ —’F—%‘%O} stk 2 2do| M Hoffmann®] NF-xB 2% 249 £ NF-xkB $9%
A #3le] 2449 d8& 2F3hs IkBast BAE 729 v E ARSI

ko

99 o] MrAsY Bde AT, 2248 $U% 5L BAT F, 0|3 3¥s w9 B
WAz 39709 deueg FAE AA AEALHE 2dE FA AT

19 13. NF-«xB 3 A2€($)3 AX NF-«B A3d324=2 2d A (R)

8. 271 ¥ 2 vy 23
NEHRHE ODE Zde 712802 we A%el 27] 2dd| oS Ugd I 2t 84y
Azdolch. wehy ZAZ Wold Yot 45 weg '

vitro AL E3 7

bt

AL E4HY el @ 3o puds 27 S5 24| Z5Helt

ALAREZAL Y in vitro ¥ F3te e 22 29 geulE gEE ZHSAT

TE TNFa TRAF2 NIK IKKa - IKKB
HepG2 0.00039 0.33389 0.04522 0.02417 0.02278
HepG2.2.15 0.00039 0.73653 0.06714 0.07243 0.05999

B 14 /nvitro 482 3% 29 =7 =2 £F (&3 uMm)

718t 29 geulEE in vitro ABET literatureZ F 13} AAFH AT



9. in silico A} E# ol A
7t ABA2" A&l A B

BA) AzRLAZO 3 AFHolHe] $N REEE in silco LS AFHT, T4 Fotap]
9% Ngalolde ATk

H A, kinase cascade 4+¢] Y& kinase, IKKK % IKKY] FE¢} o]o] thdt phosphatase B]&2
H3}A 7| HA IKKK*(phosphorylated IKKK, active form)#} IKK*(phosphorylated IKK, active
form)9] Aol hE T Wstet HF JE =& 47 2D, 3D plote 2 FA3IH

A 23} kinased] FE+v £3 IKK*(phosphorylated IKK) 5= A<(order)& ZAET
ok &= 3lth Hd Be A23S wal kinased] o] 1084 =719 wal 28 KK*E2E §
ANE vz AFE F78le BEE vER .

=3} phosphatase®] A& vl go] Eold42 28 [KK* ¥ & Wolxy ¥ Ae)e o

e soidg & & ‘qu BojA 7122 ‘%‘%‘:Qi phosphatase®] H]&o| Eog4% IKK
=7t BY el o2& Azl soldd FAl, Fx FA WolAle I

fis

b
P
o
olf rr

3ol

m‘;"‘s
)
;

kv

Phosphatase®] Hl-& ¥ kmase.—} FEE x, yE22 ¥31, P¥ Agdre IKK* 28 ¥E & z5
o] Fol2 eI itk 534 IYZE E&| AHEKFo]| phosphatased] Bl&o] @&+ E,
121 kinased] ¥t FE&4E IKK*Y &7} g4A9, $149 71718 133 £ o, ol

phosphatases] ¥1g #sio] O WS ¢ & Yk

NF-xB 23 MEAIAH] M T ¢& IKK*o| & £8 NF-kB(n) (322 ©]|F3} free NF-«B)
8l T3 4 H3E AEHolHE T3 AHE Ut Hoffmanne] A9} Zo] NF-kB 2E AHA]
28| & IkBa®} wj/3l= 73k negative feedback loopZ 213+ NF-xB(n) %9 oscillation
o] BEETh B3] NF-kB(n)2 97 IKK*e] 5% 2 A& Aj7td we} A2 g2 379 IAF
€ 7FA % oscillation £8-E HYS sy

{8} Hotfmann (FREE, Response} {b} Hoffmann (FREE. Respmm)
. 0.08

W,
RS TRt N
Sl \ i
d =§\ rii00e
2174 “ 3 A
NowR
0.01} Y . 0.02
LR .

01234567890 1234381830 7224
tiroe {hrs]

time fes}

0.05 IKK* M}

(e} Hoffrnann (SUSTAINED, Responsel . id} Hoffmann (SUSTAINED. Response}

%Y 15. NF-kB A AMBA2d S48 24

gogragra,

2 : “azg
123‘5678911533‘56]8202214 { ] I

TR R W AR T R T T T TR AR AR R R R
time {hws} o et

_19-



Transcription factor NF-kB(n)7} Zte ohdst &8 fd f3xe 493

£ vj#YZo] ulZ negative feedback loopE 3 FEH= Aol

MNEA RS Al B ol 4 ARE 83 £ o, A YR 7HeiAe TNFa A3 st
o, receptor A BAJA® 2 kinase cascade MEA|AE ] F4 ZFo] NF-xB 23 A& M2
e 948 IKK* 98 H8s A2l Hegyoz Az dde 248 %—’Faﬂ g 5 Utk E3
kinase cascade A]&#|o]Xol| M AHH L] kinase 5% % phosphatase: 8]-& 5 29 F}v|H
H3l7t ABAIAR Y] &9 i 9GS Fobe AMT, in vito 48E 53 HBV g0l A5d
2RE 74 g Fxo H3E Frv AL dlojgid 3 JIABFEY wo] NF-«
B activity®] A3 $H3E 4o £ USE ARBIFT Utk o]o ¥X FAT ASHEZZE &2
43 7I¥te 2 HBV gk #3 23 2 A&y oldE APt K ojohes HEE J5HE
BE A F2 dHAS AASYS W NF-«B9 activation #3HE FHst= A olAE s}
ATh

1}, inhibition &3 A& o|M

1SHEBR et in silico B AF dAe T3 AJBREY ople}, Eaof et *‘3‘747}
o2 FAT 874 3ol ABHAGHER LA walol it iS& 71EEA . o E
Zolu wlolgiA e E4 44 o8] g o] inhibition £+ activation®] ¢S o ’\1§7*4‘:“
2o Yehe T3 54 WH3kE i silico A EH AL 53l o= AE o Z3 B £ ik o]
3] AeF A A, HHe] Rt 595 E 5 e target g8 FRFE in silico ANEH A
3 vzl dA3A, A v Azko] =& in vitro/in vivo AFE EY £ YA AFuE
A AAHoz & oujE 7izth

off A o .:,2 oS r?*
,:r

o rlr

B JFolME NF-«B AZ W24 2 inhibitionshe #39] 293 =8 %] 915ke] inhibition
23 A EY AL AlYEYET) o2 8 ¢A FAY B AzAEAEZ 2dS HlE O & kinase
cascade®| F2 T3 TRAFs complex9} IKKK, IKK 9 th3} dominant negative competitor
typed inhibitors =43 dgch

£ ¢¥AL inhibition ¥« L& NF-kB inhibitton E#HE 2A38}7] 93] Area Under
Inhibition Curve(AUIC)E thg-3t Zo] Aoj3ith

mean(NFxB, )

AUIC =[1-
(steady state NFkB, in the absense of inhibition)

1:4100 (%)

%, AUICE 534 ©¥3d& 94 Azt inhibition 319<& o, 2 Azt B¢ 3 Ael B 248
=& NF-«B activity®] #]&& Jehdch
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AVIC (%}
)

ol [ ‘reaFsag
’ L] e WK AUC
— KK AUIC

! B ——— % 50 100 ﬁo 00 /0 300 30 400 S0 0
| A i infabition (uM}
23 16. NEALGHE A4 @¢¥ A9 inhibition 29(F) 2 74 FHAUIC &

()

Al &g el A3 IKKE inhibitiond}S o, NF-kB’} 32 inhibitiond= AL £ 4+ o &
3] IKK inhibition& IKKKu+ TRAFsoﬂ 15led Abtid o 2 wWe AJ7F Yo 100% inhibitiond] =
93e Joze S5 AHE 2 9ok o= Xz ZH0 2 NF-kB activation® 24412 B} g
< w, IKKE inhibitiond}= moleculea B2 MASe Aol AAAHYL A Foh

o HBV Zrg &3 AJgdel4

HBV Zgo2 Q38 NF-kB activation®] 712 in silico AolA 2dYstr] 98te 718 2d e
U Zol 83394

1) AARDALDY in vitro A8 ZHE s, HBV7} 724 Z U] phosrhorylated IKKE =
X172 913tdeh o7)e] HBV7F NIKE £3ta] NF-kB activity’} 843 Z7pA7iths B1E
Bl o2, Bdof ulolg A2 RE 7]U3hs, NIKE $3+ IKK activation 22F F7B8Idch =%
literatureE ZAHE TRAFs complex®& £3F NIK o4 28z 2dg )

@ ALAETAE) HBV 2Q MEo) oj3 TNFa 93 A8e HepG2 2 HepG2.215 MES
oz o|FojHTh A4 7+ MEQ HepG2 A E 9} 7+l xﬂzo HepG22.15 A ZE A3 =4
#3}7] H3td, in vitro APl 2A, HepG2 ¥ HepG2.2.159] ] 43 IKK activation 2& F7}
33t

(3) in vitro AL ¥} WA HepG2sh HepG22.159) ME ThE 27] ¥ F4¢ 2dd 3%
3hATh

&, Z14o 2 71903 u)4 IKK activation ¢9]¢] er#ld X2 913 IKK phosphorylation® 2,
HBVZ 7]Q13F NIK % IKK activation ojo] ©la YZ 9% NIK phosphorylation®}
phosphorylated NIK& 913+ IKK phosphorylation®.2 2l 3stgich
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HapG2 (HBV neyative)
- Yo" v u--m.‘-‘i*c’éﬁ‘&x

i )
|

{a: e W G T .

Hep32.2.15 (HBY positived

(0w o e W w0 W 0 I W b |

AL L LA LL TS L wwwj*c’ﬁ‘:.x

imf\ |
A e ,1
\_f 2 ;
(VR A f\ AT -
S WAVA' Y =
S — O»i
L e, . Sy 15050
AU 0.:“‘

I3 17. HepG2 2 HepG2.2.15 243} in vitro/in silico 238 (A) TNFa 5o o3
NF-xB 48 EMSA °]v|x (B) EMSA Z#& AFHoz XHF W= (C) in silico
Algdoeld A} AMZ 2 phosphatase HIEol dld] AEHolHL APFA.
(Phosphatase Hl-&°] & 2 A% Hdoz FEA)

in vitro 482 TNFa 9 ¥ 5417t §F A W} NF-kB activity® 44 A7 71302 EMSA
AT W22 o|FoqR T 1 FH A4 MEQ HepG2o & NF-kB activity7} IZ 4
7b 2 F303 oscillationg FHe )2 Jelgth W] HepG2215d M ME 9 F7)71 &L
oscillationo] #Age £ 4 itk £38) TNFa 9 %7] NF-«B activity?} 238 #Z4de
undershoot @4to] #&2F S A9E £+ Yok

5 -{N
lOl:L

in silico Al &# ]S FHME o] FAHSH F"e] NF-kB activity7} UElgth HepG2el 3% =2

I 33 AE 2 FU1E 2 oscillation HEjo] 28o] Holg, WA HepG22.159] %% Jx1
F& AFH F7|1F 2T oscillation F3Ho] YEGD It} o= NF-kB 23 Aj2"d SojoE
=]

9 phosphorylated IKK7} HepG2.215 A EojHe= HBVE H¥¢oz A4 AXZRG Bol
activation o} NF-xB 23 A&de &8 eyt ¥std & J5E AT

T3, HBV g Al £ HepG22.15404 E4H o 2 WA E undershoot 842 TNFa 4 £
7) AZAERZ Aol e TRAFs complexd] Z717} nfolgf 2ol o3 43t NIKE HA| 3},
o] 93} IKK activationol ZAadte 23 "l J)Qshe Aoz HRYh ol in silico RS
T, TE AEY AzAGAR ] FAT E4 w3l gt ou e M-S AT, A EEH ]
A3} in vitro }é}@*ﬁ‘ 53lo ol5 AZE 4+ USE HAFE hypothesis driven researchd &
Atdlet & 5 Qi
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10. HCV #&d TGFB A3 AHE7d 2 U3 ODE =4 3
7} TGFB 43 Ag A=

TGFB¥E receptor 1, 29} A% 838l TGFB/TGFB receptor 1/2 complexE ©]F7 o]7 o]
R-Smad?] Smad2, 3& phospholylationr]Zlt}, th&o= o|H o] Co-Smad-Cyto Smad 49} ¥HE-
3t p-R-Smad/Co-Smad Complex-CytoE o] %4 €t} p-R-Smad/Co-Smad Complex-Cyto©]
AZEAAAN & £07 olF3ld p-R-Smad/Co-Smad complex-nucleus7t #Hth tole
p-R-Smad/Co-Smad complex-nucleus?} target #2}2} promoter binding}s] target £42} |
9] transcription/translation®] ©]F&{x|3, R-Smad$} Co-Smade THA] M EZZ translocation
He B3 ARG olZA 39 YA Smad 79| Smad 2,32] competitive inhibitorZE 283}
o} o8 2& AAYo2 AX TGFB 435 ¥e 2427 449

1}. ODE 29} 74

oA e HBVOM ZdS FAHH A} vlsd upios HCV YEYZY HA Azde 7

2 in silico 292 9ASH 2 the o] S MATLABS o §3ted Aj a0l Ag L 435}

i, 2 A3E A 24534 g dASId o3 489S AYsty 2 AHRE dhddle ¢ ve '

4d& gt IS FYHT

9. 27 = 2 ddnyg 23

Ao 22 B whg A9l 27) o mel M2 02 AEY ol ZHE B ety A

3 debng g 27 g Fde 7;‘1 ] ¢ Fa3lth 2 ARATdA AN A28 A" o
=T

dEs 539 ogd 28 2V g AT 2 oo ZddiA AME-E Feivg GELS
literature & o3Pt

e

w

TGFB TBR-2 TBR-1 R~-Smads Co-Smad
0.2 0.3 0.3 0.3 0.3

inviro 488 &% 29 %7 x4 5F (&9 2l

2. in silico A B o)A [ R =
99 2d-& MATLABoZ %“ 3o} 43 \ ~~~~~~~~~~~~~~~~~~~~~ ‘ \\*‘“ """"""""""""""""""""" =
3 A3 93 2o AnE I 2 YY) C o ‘\:_m__m

o] A% 2do AM2® BeulH e o
FHA WA Jteq Ags A 1Y r
g0t Fvlel ol ui@ dujtt NgE L
14 Aot wiAA, grge Ae v [T

l!‘lzlilll‘

/
SRR
’

R

O

24o] By Ao O]E_ Hog ool \\ : ] \\ ‘,

FAdt B4 AR e s

AL Bod 99 TUL ANAUIE pov ma NsALAL 24 i silico AEHA
& FAYsla glon, HBV 2doA A a5
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YYD AT SAE wEos 492 ARY Aotk

11. & dojEolx A

#A) HBV, HCV 2d3 22 W23 yENA U2 THY & Qe OIS T2 aHo] &A%
o o] W 4 T2 WEYZ 2 g THI}=d ME O EE o] &g g 220
Yol AAEE thE RO AL F flS 7)i°1f3r- ety HEY Zdg XTI EF
Hhdol a3 HA ol 2 EFHo g st ¢ Ao SBMLojt}t. SBMLE Systems Biology
Markup Language®] 2FA}2M, biochemical network 22¢ X #dls EF L AFdct
7v. SBML2 o327 22 AdE 71

(1) XML& 7IHte g BEod JojA EAAe] $431th

(2) Biochemical network <& E?ﬁ%}—é EFL AANGoEN, s AZEole] ZHRES N2 o

(1) Unit : SBMLoJA AH451e 2% 9259 99 (2 mg 5
(2) Compartment : species’} $x|&}= E2F& viehd

(3) Species : network W$] proton, calciume} #& 7HaEh ion, glucose, ATP»} 22 ad

molecule 12}]31 RNA, protein#} #Z2 & moleculed T
(4) Parameters : networkg& X 33l= o T3 FEL HAd

= .

(5) Rules : network W] species&& A7} ME 4 Utk oldf Aok 2Ho] UTHH oA L 4
& & e, ol AYRHE Ruleojdtn 3ok

(6) Reaction : speciesE7|8] ¥%FE Fi ¥e HAE Uetdth F ¥ species®] o] HapAY
compartmentE $7]Au species®] AHel7} ulHE BAE T}

(7) ©]9] Function, Event$} & 247} &A3sich

SBMLZ &4 A& AMd=E ik 2 507ka7F de st 2ZEH oA biochemical
networkg E@sh=t] SBMLE AHR8HT glom, o2 E o 2 AZEojdx SBMLo] A%
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2 A2 dgdn.

B dArode ALMEaA el A24 233 e] HBV, HCV YIEYAE design § F, SBML tool
Cell-designerg o83} 18E I2HTh

the-2 A1HEZA 2 network model® 14S SBMLZ H¥#3 1golch

A1AE HA9 HBV WEYA 2Pd3 SBMLE Hds 23

¢t o] 1¥L a8, Cell-designers} 2 ATEMNE b & SBMLE AjAstd
Zot

<Txent varsion="1.0" encoding="UTF-8* 7> <i~- Created by SBML APL 2.0(al5.2) —>

= <somi xmins="http://www.sbmi.org/sbmi/ leveil " lavei="1" vrson="2* xming:htmi="http:/ /www.w3.org/ 1996/ xhtmi®
xmins celidesigner =*http:// www.sbmi.org/2001/ns/ ceildesignes™>

2 <mooel>

- <anrorton>

< $oN>2.2<K r
<celidasigner smodeiDisplay sizeX="1000" skay="700" />

5 iqrer istOfComp: i

= <caiidesigner :compar tmentalias id="ca3" compartment=‘c3*>
<giidesigner class >SQUARE _CLOSEUP _SUUTH</calidesigner chms>
<celldesigner :paint x='416.0" y="124.0" />
</alidesgner compartmertalias>

= <celidesignar compar tmentAlias id="ca4” compartment="c4">
<eiidesigner <lass >SUUARE _CLOSEUP _NORTH<ceiidesigrerciass>
<caiidesigner:point x=*516.0° y="569.0* />
<faiidesigner :compartmantalias >

k fistOfCa mpar i >
- <ceidesigner :istOfSpetiesaliases>
- <colidesigner :speciesaliss ki="al' species="g1*>
gneractivily. K igner acvity >

<csiidesigner pounds x=°145.0" y="155.8" w="70.0" h="30.0° />
<katidesgner speciesAlias>

< <caiidesigner speciesAlias id="a12" speces='s 14*>

HBV Je93 2d9 SBML 94

2 A RRA S ARE ALAFHA S optrlA 2 SBMLE E8E a1l

12. EST HHEE 0|23 sj2go] A4 & 7
7h 47 23 2 ug
E A7 M KEGG PATHWAY Ho]ejdlo] A0 A Z8le pathway 18| Z &, EST datas &
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SUMMARY

(B & & & &)

Fa

L Title
Analysis of protein network in HBV-associated hepatic cells

II. The Present State of Technical Development
10% of Korean is infected with HBV and 10% of the infected develops hepatocellular
carcinoma. Now, systems biology is important theme and this can be applied to drug

discovery. Therefore, this approach is important for investigation of HBV.

1. Result of the Project
Disturbance of cellular signaling caused by HBV affects liver disease. In this project,

we attempt quantitative analysis of HBV-related signaling and provides data for in
silico model construction.

IV. Achievement of the Project

From this project, we found HBV interacting proteins (10 proteins),differentially
expressed genes by HBV (197 genes), and quantitative analysis of HBV related
cellular pathway (3 pathways).

V. Utilization of the Research Results

The constructed in silico model can be applied for verification of drug effect (NF-kB
pathway inhibiting chemicals) in NF-kB pathway.
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FYRAE FEsied 23

@) o1& 98 JEixe AR TH 2F AFE 3 A
she zm;ou S

() FRZE AI(Sigo T=PINO)E of AT Yol

oR

3 AF

m[o

AFE AlEHolds

o+ HBVe) th3k system biology
(1) EA system biology AAE $§ HBV d79 HZo| o]Fojx|A] &

lo

2 Zge) B

7} KAISTS] o4 2hAtel

(1) prokaryotec}| A} 2] metabolic pathwayol th3} system biology
(2) in 51hco /‘3}01]*-]«] metabolic pathway$] 43

@) olel He 4% 44 2 ¥ 24

3. ZAIEF AL o A B}
7k Fe) B Mg Aol oA

Al Forz o} fd7lel £
. system biologyE ©]&g HBVY| o

2 e
AT AAe] B2



28, AlE 71$AMY] AE BA

j =
L 3W -9 7lesE Blug

4 1 (%e AT did])
_ , | Aol BZE (> 99%) 71&9]
Gene expression analysis too -
. AulH g 293k 7]Eol
Proteom analysis tool AAED US> 90%)
#Z9 BT 4+ tfE ©f
Signal pathway analysis tool | #°ke] AT 7|&dHe] 4%

(> 80%)
329 BT 9+ 2l o
2okel AF 7l&ol 43

In vitro reconstitution analysis

tool
(> 80%)
Protein expression & HEHQ 712 FUd =
purification system 1€l 3% (> 90%)
AEst 7led A HH
High through put analysis tool| 3}A] 2 #ud] Eofo] ¥y

2 BYBAEL 20 A0 2 2 7leFES 2ARHE O Al 27
7k 939 3

T99, WE A, 92
Gene expression analysis tool

Proteom analysis tool Ao zF 54011 =%

. ‘ system biology & Eff} o 3
Signal pathway analysis tool - ° " °
1 h=}

HMO;A

In vitro reconstitution analysis
v Kitahoh R shol 1 24

tool
Protein expression & w2 A ZE G | & 2}F 5k
purification system I %A

High through put analysis tool|= 9] % handling 71&°] L 23

S o |

i)
ol



4. 29 2%

SR

Gene expression analysis tool

Scanning 7%, &4

=y

software'sol| 2

Proteom analysis tool

23

Fulde] wdo] E

Signal pathway analysis tool

system biology el i 7]l
3o

In vitro reconstitution analysis

dd=el vede o g

*

purification system

Tl A 2] bioassay el kitse=
tool
Nk
. ) Ay 7legde AdIR
Protein expression &

ESr Auolae wL

" g

High through put analysis tool

=10} 2F handling 7]&°] 2

2%

-10 -



A3 AL g W 2

14. o]838 H< WY
HBVS] genomel ZH-E codingH o] translation® proteinE2 AH Ev THH2LE A
Z U9} proteinE 7} interactiondtd] FAH<A HE AzH2 AAE nIALT
and Mason, 2000). o] AEZAG A wFS HBV 3 +dEe fFrxo HUdL A
ok NF7Hx e dFE HBVY X vl ofs ®HgsHe Axu Azde A4
Mg AZHA Wgtd mE S BAT FHU E40

o thd £ & S T3 | otdel, AEzHdE AHA
o & Hx9 7H5AE YeEhle AHU 4o FF ojF AUt ol FA M= FF
o] A¥ BAmul ofUgl, o] AL wlEFO Z in silico model ¥AI3}, ©] model
o] &3 simulation2 3] HBV proteind] 2|3t 5984 9fujE WA =HIIH-
o] dF A e HBVe s} 43 wt= pathway F Al7FX] pathwayoll HZ3H%

AR, HBVe| 2]3F NF-kB activation pathway; E#|, HBxo 9|3 selenoprotein P9
down-regulationdl] #d3l= pathway; AlA, HBV| 23] W3 x= IFN-y pathway 5 ©|
=

24, A3 FZ Uy

HBV proteine] /% MEW A5WT Aol 988 Qorls S0y ouE %Y
A3, ol AF AN SH ZL GAE AXNZE FHET

AR, HBV proteinc] A Ho 2 FFL 7|X & proteing< yeast two hybrid system
2 immunoprecipitation & MALDI-TOF analysiss& E3] o} Wi

=4, 9 protein-protein bindingoll &3] HTFLE 7|A AL E &A= = protein expression
H3l -8 cDNA microarray ¥ 2D electrophoresis 3 & o] &3}y EA3 A

AA, o E4o o3 Jg o= AZY AE JAD AA ik pathwayE A7) #
shel 240 BHAE 242 5ol pathwayE 71 HA9 datao] DES HHHAT
AR, 43¢ pathway (NF-kB pathway, IFN-y pathway %) W proteing 9] 7] 4ol
T2 9 activated forme] ¥=& FHolA 23, & £ & FAE H4¥L T 2
%2 Q=2 A

OAA, FF 77180 MedEn FFE Y €3 FFLE in silico simulationg
311, pathwaye] th3t BE5E 4

3. 4708 2 A7
£ dAFgAE B3 1293 dF 7% B¢ B
pathwayu| proteinE-& ©]&-3F in silico simulation

1 ATE ol 2ol Ay =YD

PR

=—

o
ro e

r
o g
-1
o
rlo
o
Y
o
i
o
VA L)
Al
o
i

1. HBV protein} 214 bindingdl= protein screen
7}. Yeast two hybrid system& ©]8-3 HBV polymerase binding protein <creen

(1) HBV Polymeraset in vitro systemol| X A}33] expression3d}”] #E0, expressiono] HUHT
conformational state7} A}%3] EeH43ith o] <15tad, heterologous systemoA] expression®
proteing |43} bindingdlE proteing F7le w¢ IStk o9k & oFE HBV
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polymerase binding protein yeast two hybrid system$ ©]&3td B43HT. 1 A HBV
polymerase$} binding&}= Apolipoproteing: &3l th

. Affinity chromatographyE ©]4-3t HBV core binding protein screen

(1) Core protein®} bindings}+ host proteinES #7] 3 affinity chromatography
technique® A}8-3lt}h Core protein® direct covalent linkageE %3] NHS-activated
sepharose®l] immobilizationd} G th. ©] A @A immobilized core antigens¥} binding3t
host protein2 MALDI-TOF MSe|| 213] identificationE itk 2 23 571%]¢] candidate
proteingg& FolWdtk ¢j& F 3= human nucleolar phosphoprotein B23
(nucleophosmin)e] ith.  Althrzh, HepG2o A4 cellular B232 co-immunoprecipitation,
sucrose density gradient, cell cycle synchronization 2¥E& 53] core antigens¥
binding3& R gt}

T+ Mammalian expression system& ©|8-3} surface protein % HBx binding protein screen

(1) Surface protein lipoprotein® 2 prokaryotic systemoll4] 42| conformation §-2|3HHA
expressiondted @7} FEch =TI, HBx protein® inclusionHe 7do] Aot FA|T
mammalian cellol| 4] expressiont] T}2 proteinE-o] B3] A2 O & expressiong & & 4 U
o o] 2Pol M, surface proteing expressiond}tr] 13+ pCMV-HA/HBs$} HBx expression 3}71
#3 pCMV-HA/HBxE construction3}c}. Expression® protein®] immunoprecipitation &
MALDI-TOF analysis Z# HBx protein®] bindingdl= HBXIP$} TFIB proteing Zehiw,
surface proteini} binding3h= Hsp705 Zohigich

2 HBVe] 3 3 - HH o2 FPLE #1A screen

7h & d7AdA EYE primary normal human hepatocyte culture system2 o]t HBV 74
71229} gene expression ¥H3} £4 '

(1) Culture cell lineol= HBV7} Zeig) gooa, A4 HBV 7o) BE 242 37 SlsjA
T primary culture7} BFFoltt B AFAANE oA AFHA(AHES 2 VI5ATARNE F
3to] human hepatocyteE primary culturedts 72 FHIHG. ol AFFHANNE o]
systeme E-&3t HBV #g ¥ wistsle 444 @& 249390k 1 29 149 7HA9] &34
A7F duly A HslES s

th. oA sample % HBsAg(+) 7t 29} HBsAg(- 7+ #A9] liver specimendllA¢] 2DE
technique® ©]&-§ protein display ¥ Hlx £4 ,

(1) NBNC-, B-type HCC &A}oljA] 42 tumorous tissue sampleo| A total proteinE-&
two-dimensional gel-2 F3| #&3td 1000 ~ 1200702l spotg Ztrd. Zhz} tissue
sample2 2E A& two-dimensional gel imageE #2433l protein spotE<] volume
percentageE nontumorous tissue sample¥} tumorous tissue sampled] M Z v 3
ok o|&@A MelE protein spot2 MALDI-TOF mass spectrometric analysisE £3f
protein identification® 1th. & 607] X2 protien©] clearly identification® %l t}.
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2% 1. Primary normal human hepatocyte?] HBV Zd A F 9 gene expression
#3524 Primary normal human hepatocyteZ ©] £ 3% HBV Z9Y modeld o434
HBVSE Zrgol o3&l W= 44 149 714 E Foldldd. 9 3= HBVA 23
Mol WaHE FAXRE 1 7|5ER EHEY vEd RAelg.

significant variantiong 2.0l 60 proteing o 7712 stress-associated proteing
nucleophosmin, elongation factor 2& XZ& typeq HCCo|A F7istgch. RIUE
CPSASE 13} argininosuccinate synthase® E& type2] HCCol A ZHAS AT

(2) Hepatitis virus 72 23] differentially expressed proteinE ] analysise NBNC
proteins® o}zl HBV-associated proteins< ¢ & UA siFEC SOD (Cu-Zn)9
expression® B-type HCC (5 of 7, 25 = 11 ; ¥ 4°|A decrease A% HFL
dihydrolipoamide dehydrogenase= NBNC-type HCC (7 of 7, 24 05 ; & 3)°A
Z7}3le 732 B o) ribosomal binding protein® NBNC type HCColX{= A2 ®
37} X9 B-tyep HCC (6 of 7, 3.6 = 2.8 ; Table 2)o| A= clearly decreased}$itt.

A3
ax

3. HBVel| o3 gaFites L2228 32 F networks o|F+ AT 42

we

A

e
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7b. In vitro A9 HBV 7Y modeld o]&dd 4AAE, TNF-a & LT-0->IKKs->NF-xB
activation pathway$] 333 &4

I 2. HBxol & LT-a¢l expression? $7FE mRNA levelolA dot
blot analysis (A)9} RT-PCR (B)& ol &3t #<3d 3. of d3+= HBV
component % HBx7} LT-a9 expression® 7} AlZide= A& vegd,

1) In vitro AolAe] HBV 749 modeld o]&3ted, HBV Z+go] &3} Li-a} up-regulation® &
HHUA ol LT-a -> IKKs -> NF«kBZ o]ojx| pathway’} Z3Hd # U228 Yepdoh +
A oY AFdzolMe HBV gl 93] AA¥ LT-a7} autocrine 2 M o] ZrEE A Zof| tygh
FHS AFHoZ FASIHT:. 1 #He HBV componentd] HBxoll 9J3] expressiono] Z7}8
TNF-as} LT-00] th3F blocking antibody® Hzste] ol= T g 2= A2 2Astach 1
A3 TNF-a 2 LT-a & Z+Z AA] NF-kB activationd] 20 % A=A 2+x)&+ch.

. HBVY| 2}3t NF-xB pathwayu] proteing <] gene up-regulationol] &3 NF-xB activation 73}

(1) In vitro 4}o]A{2}] HBV 7% model 0|43t 44%, TNF-a & LT-a > TNFR -> TRAF2 >
NIK -> IKKs -> NF-kB activation pathwayo]| #oj3}= proteinE2] level® E43Ich o
proteinE 9] level F7H= NF-«B activation pathway¢] positive feedbacke & 4 31°f, HBV 7%
oA 2] NF-kB activation modelingA] 23+ 2|u|Z 7}At}. o] AFdAM= LT-q TRAF2, NIK
] expression Z7}E quantitative PCRE $3ted HBV 7+l Zrlgexg 248yt 1 2
% o] Al proteing& EF 2] o] fovldtA Zriee AT o] ®yk ofyzl, o 4
proteing2 §3] HBVE NF-«kBE activationdH-g #913tgct o] AFolAME HBV replication
FEZ + Ae 12818 HBV genomeo] £l HBV12 plsamidE AM8-3}f hepatoma cell line
o transfeciond}= modelg AME-3}H T}

ot HBxof| 2]§ Selenoprotein P9] down-regulation

(1) In vitro #Fol| A 2] HBV Z+E modelg o]&3tld A, selenoprotein P2] down regulations
£ d7"EdMEe oA HAE F3d LASHTE HBVe| <3F o] selenoprotein P9} down
regulation mechanism< ¥3]7] $j8led B A3+ 812 o A oA selenoprotein P2 regulartory
elementS EAIATE. AFH HHL promoter regione] #FH 9} ©]F minimal promoter region
g4 9 deletiong 53+ HBVY| 23 regulatory elements ZAAsIHcth. 1 A3} -300 ~ -600
region Afojoll HBVof €]t selenoprotein down regulationd] #{3l= element7} S8 &<U3SIA
o o] dFE F3 HBVYl 93 oxidative stres o] F83A4 Fdste  protein
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selenoprotein®] regulation mehcanism& modeld & 4 & promotor region®] circuitg& 74T
g ANATh

g HBVOl A% e s egee 5

NF-kB activation = =" NIK 2:& R
o] A3 @ IFN- ; 1 NIK(121-947) %2 o
¥ 2J3k pathway - :’ NIK(152-847) § GF

(1) o &7 o2 :’ BEEL

A dZ wde o * '::; ‘

3 24 In |

vilro ’\O}Oﬂ /q Q anti-HA anti-HBc
HBV Zt¥ model

€ ol&std 43

I Nare

2 HBVSl % [0t
NF-kB  activation G
modelO}] }“1 NIK: PCMV-HA/NIK(121-947) PCMV-HA/NIK(152-947)

-
o] activation

pathwayoﬂ sojsp 2¥ 3. IFN-yol &|# NIK nuclear localization® NF-«B activation
2 drge u Aol #AA. NIKQ nuclear localization signal® A A3®, HBV 7
amgiq w3 replications: 9l 4 %ol E, IFN-yol ok NIK7 nuclear® ol %
NIK 2} levelo] 3HA @tk £, activation®d NF-xB7F IFN-yol o3 A3 2z &
mRNA ¢} protein ©H. °]Z23#& IFN-yol 9| #% NF-«B activation A3 NIK nuclear
levelo] in vitroo] localization¥ TH S FAAG L 71A & YErdd.
el HBVe| 74
modelo A FolHE A3 ’“*ﬂ HBV 78 Alge] ZH M NIKE levelo] W3 =X
A% =% NIKVF HBV Zgd Alg] B OP-‘% 22 nuclear regiono] Iocahza’aonﬂoi AL
HA3HL, oA in vitrool A 1FN¥4 Aol 23 AdE + UeE AUSASG H2Y =%
of ¢3}H, NIK2| nucleo/cytoplasmic shuttling®] A3 NIKo| )3t NF-xB activation® 33t
e =Fo] gtk o|E nlero 2 HBV Eo]a9l NIK nuclear localizatone] HBVe] ]38 NF-xB
activationg AT 4 UA=AE £A3IA

o mlﬂl

2 2484 d2 P dFF 2o IFN-y7} HBV 50 H 02 NF-¢B activationg As{st=RE
electro mobility shift assay (EMSA) ¥zt kB binding siteE 7}A|Z U= reporter plasmidE
€3 reporter assayE ©oj &3t FUdHk E3, NIK rnuclear localization signalg AAS +
IFN-yo]] &|3t NF-«B activation® 3} & £43}= "a‘%*% A3t

2

3) ¥ 43 Zx $ele FN-y7} HBVO| o3 NF-«B activationZ A3fstn U< U3t
o] A7} NIKQ] nuclear localizationol] 71913Hg 8l35]7] €13+ NIK nuclear localization signalg
A AT mutantZ 0|83+ AFdA NIK nuclear localizationo] Yoiutzx] ¢tow, IFN-yoll 23|
HBVol| 2]8} NF-kB activationo] #3}5 2] &¥<2-& #<lgtsch o] Zuts HBV 7gA] activation®
T lymhpocyteofj A} £ul€ IFN-y7} HBVo| Z+d® M Zo Eoj¥2e2 NF-kBE Asiste RE F
A £33 Zaolnt. o] AHE F3] in vivoolr HBV ZEA] ©F Al&dd] &% HBV
71918+ NF-xB activationg A#|d}e circuit® 2H443lgct. o]& in silico modelingg E9717]
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& 27] DAY crcuitd A Hojth

A HepG2 HepG2.2.15 B, HepG2.2.1§
ok HBVZEA] IFN-y pathwaye] & N 5 A
. - o ® 3 . 9 \S
@ cell cycle W3t £ AZ ¥e 43 Fa §uumy Fi 8
= A l 60'3'“,:2\\55@'&@ SFHF
= SESL SISV SSF s

Supershifted

“«" Compiex

NF-<8/NF-xB

- W ~prope Complex

[FN-yoll o}3h pathway7} H3tdE o

ghlle Roltt. ol ¢ d7Z23g o

£, HBV Bojdog cell cycled

progression®  A3jstm, AHEY

cytoskeleton®] reorganizationol] 9]}
AZ 22 ¥3E JHHE Holth
°of 23 o] dF A N9 ¥

=2 2% F3e msilico YAMS o v el 9% HBV-mediated NF-«B

simulationd 23% + UAs FH s e 3

dataZ 2otk = in silico AelA U actwatu')'nxﬁﬂ.-IFN—‘z A 74 celM_lH n?celar
Zh)e simulation pattem® in vitro extract%'-:- v’i‘jﬂl‘é‘r ¥ EMSA ##¥ & o]43t9q NF-«B
1oz pE3Y] U3 "= A activity® FAHo. 2 Z3 HBV7} replication §
Ao|Th HBV BolH02 cell cycle E celll @ [FN-yol 2ldtod NF-«xB7t A d& &

progression®] 3o} MLl ZoF ¥ AR

3 fre 53 A= AEdn 19y

#¥42 7} tunel assay2}= apoptosis detection ¢ £33t HS31dc. &, FN-y= HB

SolHoz2 h3dte TEE HZY AEE 5T 4 Aol HBVY AAZ FEE

9 235 JErdT

-« Free Probe

fr

2 A

s}, HBV 8o 23k NF-«B activationAl 2] state 24

Rt

(1) HBV7} @ =" HBx, preS2 activator$2} componentE4) 2% NF-«B7} activation®ohes 2
7h 2o 22 @FYel Aze] 98w, HBVE TNF-a 2 LT-e8) NF-B inducng cytokine2]
expressiong 2|9, M ZuUollA NF-«kB pathwayo| #Hoddle proteing leveld Z7MAZATH ol&
HBVe| 2i3F NF-kB activation processes®] A4ZE& ZAE & Y= 2% factorE 238 £
S ol 4 A3 %2 dFEL HZY volumed 2T £ Y= LHa @9 AZ volumed)
EAS= protein %2 Z2HY £ AUSE 21z} sk= Z protein?] concentrations] T3
sandard2  FHISET. FHlE #AH L HA  Z protein SolA<Q  antibodyE  ©o]&-3hed
immunoblot analysisE $£3¥3tE T, 2 22 HBV7E ¢l HepG2 cellzk HBV ZE model2 AR
g% HepG2215643] Z+ protein (INF-q, LT-a, TNFR, TRAF2, NIK, [KK-q [IKK-B, NF-«BL
NF«B2 %)9] initial concentrationg Z3% 4 Itk
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Ab HBV 7+g92]8k NF-B activation root& #7] 91§ HepG2 HepG2.2.15
- vitro/in silico B4

fn vitro/in silico 24 IKK-o | 0.0242 0.0724
(1) HBVe| 93+ NF-«kB activationA] oJ® root& o|& IKK-B 0.0228 0.0600
X8 24357 Y3, in silico systemolj M Hols . |

Z} protein node?] inhibition curved in vitro$} in NIK , 0.0452 0.0671
silico Aol A 4314tk 2 23 o359 HBVY 9 TRAF2 0.3339 0.7365
¥ NF«B activation® NIKE 972 ojFold& & | pyppq | 0gos7 16533
39tk Z+ inhibiion curve® A3t Y& HBVY :

replicationd}x U= M E] Z+ protein®] dominant TNF-c 0.0000 0.3899

negative mutant proteing T YA]H inhibitiond}= ¥

Mo AMesidch T3, 2AHOZE reporter plasmid a4 5. HepGZ-celli’—]- I;IepG_2.2.15 cell'°]]1~19]

2 o] NF-«B reporter assayE 0]%—6]-9&1:};, Z} moleculed] 27|15 %E :1“?}- . 4 27 F
X+ ¥%71 AAE  protein  standardE
heterologous system% %8 expression & &
%3t Zul3d ¥ immunoblot analysis& ©}

oL HBV Zqel ol% TNF-ao] 2J3 NF-«B activation  gae} 2 proteing @9 ¥9% 5% M)E

21 5 -
stated 3} #4 ZAs A
3 A X
ALY ¢
I : A
2. \\\ \. .
- t5
3, :
% L — 1 !
Wi o b
3 ‘ P ——— =
* "\; 1 nz sz ae  as o At ar os ¢ 1 04 sy #0009 ‘e FIOR O B T B © Y s 3
—> Inhibltor 5
NiK inhibitiondll (1 & NF-xB activity 213} 1KK-a inhibitionOif 12 NF-«xB activity 2481 IKK-B Inhibition0ii [} & NF-xB activity &1 3t

2% 20. HBVl 9§ NF-xB activation rootZ %437 938, HBV7l replicationdt= M E(EZA)S
HBV7} replicationdtA &3 9+ A XE(F@A) A pathwayol FH3+= Z protein® inhibitor (dominant
negative mutant protein)E A}£3 4 inhibition curve® EA &% o] A3} HAE pathwayF NIK7t
HBVel 2]% NF-xB activationA] % 8& rootdol vefudlo] Ao,

(1) In vivools{ HBV 74} inflammationg ¥ 7] proinflammatory cytokine® %< 37t
IFN-y9} TNF-a o]t} o|% TNF-a= FADDE %3 apoptotic pathways activationd ¥t ofujz},
TRAFs $3 NF-«B pathwayZ activationgtch 29| A7 Z3o| 9, TNF-ao &3 NF-«B
activation2 oscillation patterng 7}%8, o] oscillation patterng 7FXAl e ¥9le KK-pd &
=9} negative feedback?l TkBa®] Z7}2 B Utk o] oscillation patterne in silico “dell A
matlab52 E£3)] simulationdts ZHoz I ZzE FJusm vk HBV 7ZEA] NF-xB
activation pathwayy] proteinE 9] level ¥3}9} activaion® protein Hlg€o] &2 $& o/dH &
FHAE F3) 93 WYT, o] TNF-a o 23+ NF-xB activation*] oscillation patterne] H3}-&
2 98¢t o] dFE HBV Z¥ model2 A8l HepG2215 # controldl HepG2el
TNF-oE stz Aj7h8 g & EMSAE %3] 1 oscillation patterno] Z2}ag Q15T o]
o, NF-kB probe (NF-kBl & NF-kB2 complex7} =5 bidning)e} NF-xB2 probe (NF-xB2 complex
2 binding)E o}-&3}od, NF-kBl & NF-kB2 subset® uFo] Hl® #A3ch %3 TNF-a signal
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3

Sdz & Ao Y=

1. d7de HESR

HBVY] viral protein (polymerase, core protein, surface protein, HBx) #} hepatocyteu} ¢} protein
HESZY 45242 2439 150 741 olAte] 43283 proteing W0t o] protein
o] £3 M EU protein WEHZ ATE HF I77189 database systemS F3 AW (THE,
2473, 2952 T3 AW fx 71 FAF0E 45T 4 YU model 2714 ol
& AANFTE o] proteingel o] dF ZAE EUEZ journal of biological chemistry
gastroenterology 52 A'del 2H o4 AlAgch

24, A3E AFAL BE L WG

1.
¥ AFAE BE AFAE NE L B9
@HBV  protein  (polymerase, core

protein, surface protein, HBx protein)&
3 AgstE protein B4 (10 7FA ol 4
12b3d = |@HBV viral protein® A3 25 W)

(2003) |= protein 100 7}A] o] &= @®HBV  protein  (polymerase, core
protein, surface protein, HBx protein)E
of 93] ZAdo] ofy wrdo o Ak
2= protein B4 (150 7FA] ol & &)
.5\35 AT l#Ee E4E&  F3
systematic flowE #A4E & U+ A
A4 (2 7}A pathway ol 2 A)
@:4dd" EA opreteinEzx HBV
proteinE &9 H3AE&EE FFHo=
@A d = A protein & 414 (in vivo system & in vitro system)
Hate] AEA E4E AT (20 e JdFHe A3 dA+d TNF-b,
A ol AFH F4) TRAF2, NIK, SePP2} HBV Z} proteins
o FsARLHAE FFHLE E4
7}A] protein ¥4)

@ 7 ZF4E EQE HBV <)
FFL ¥ T AFE FE circuitE
3FF ol &4

M i3

A
(2004)
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34.

A gdx

W3 AFEATER EEcit RS 24 =(%)
1. Yeast two hybrid system% ol €3o] HBV
poymerase°! binding3}+< protein 17}74 &

© HBV protein® 24 w2 abod ok
ZE3}= proteinE S 2. Affinity chromatography Hd< ©] 434 core
1 |affinity chromatography, iprotein®| bindingdt+ protein 5717 & WZF3shd o}, 100
IP. & 2DE 59| 9 o2 |3, Hepatoma cell lineol A expression® surface
uz protein, HBx protein®} binding3+ proteing
immunoprecipitation W2 £33t 471X
423k
© HBV proteing# A4 |1 Primary normal human hepatocyte® o] & 3hod
ZEo] obd o 91311 HBV #¥ d% ®Hsss §425 cDNA
5 3% L= proteins microarray techniqueg ©l43e] 149714 & 100
microarray, 2DE, Eiaa=d
phosphoprotein displas-¢] |2. HBV## o5 7het s #A U proteing
ahwio) o] 3 W 2DE¥Y & F3led 48 7FA] & dZsidch
1. HBVel 2|3t NF-xB activation® & protein
. network& ¥ 3k NF-xB activation> 32¥E =2
3 0 systematic flowE& qun oz mAlaAn 100
A4 F de A HF '
2. MZe zAFoll 2/3 NF-«B activation® 3+ &
MEW AS AT networkE BA3e] 793
° B EA proein® 3 L nvel o9 NFkB activationd] Felshe
HBYV protein & 7} ¢ e .
4 H5mss wudos proteinE(TNF-a, TNFR, TRAF2, NIK, IKK-q, 100
B (i o IKK-B $)9l initial concentration kinetic
£ (in vivo & in vitro o Al Lo
systems o] &) patterng 43},
1. TNF-bell ¢ & NF-«B activation® HFd oz
© TNF-b, TRAF2, NIK, 2434k
. SePP¢} HBV 2. HBVel 213k NF-«B activationA] %o 3sls 100
proteing %9 4% 288 |TRAF2, NIK® kinetic patterng 53} t},
AEHoz BA 3. HBx°l 2] 3 Sepp downregulationoll o &
A 248 3.
o HBVS 4% z83E proteing & o] &35,
HBV| o8 432843+ protein groupd
© HBVSt 432835 |curcuit &435rgch
6 |protein group¥& o]& 3t 1. HBVel 9%k NF-kB activation pathway 100
circuit 24 2. HBx® 2|3t Sepp down-regulation pathway
3. IFN-yoll &3k HBVe] ¥doit NF-xB
activation pathway A8l pathway
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H s & ALZEe 8=

14. 271 479 BaA

2 dFHAE 1940 &3te 33 Algoz A4y dFALE ZF2 ARHAT. Tt
A, AA 77 mhRE HA ¥ 4ZA FEHE 2R HAG

2 a7 A8

]

132} in silico modelingS $] 3 target B2
2z A FE targety} T HE parameter estimation; prototyped] in silico modeling

Ay

3@z} in silico modeling?] A& %

o

2% 9435 274 221 3¢

2 d7"HLe A Fy H£=3ch #E4, in silico modeling?] parameter estimationg
ARG, =3 AAY in vivo EAE A7 93 BRLUAE FPste BHo|Y

o wEbAM, 2dAte] ulH BlA BE A 39 ymAld sigste Rl FUhE o
T Hojok & didelth. Al in silico modeling®] Zie 44 43 dFH HEH
3ok s, 44 EAE F 4 A& modelojojor d17] fEo] F7t A7t ¢
S7H .

24, B AT Y

Hoffman model (Hoffmann et al, 2004)%] w2 NF-xB inhibitor&¢] druge] g
inhibitory effecte ZAAt= IKK-p o] %9 pathweyod] 1 Z2Ho] 2Fo AU A
E d33AE 3 d& NF-«xB activation model2 HBV Z@EA)E& HLFPLS ok 0}1—]
2}, IKK-p9l up stream 2] modelg E&3l3 Ut o] modele HBV Z+EA}9] NF-«B
activation 3§ & g drug W¢z 71ele]l KK-p9 upstream pathwayel w3k drug
effect® AEF3l=d F8F modelz AMEE 4= Utk &, 7]#2] phamacokinetics &9
model2 §&E F v A+ Z3} ot

34. 71gst FHnker

£ dFEA Aol NF-kB activation modele o}z FEd HZE L EF EA 9
e JE8E ¥ 5 A=A tF FFo] oA AUttt AA ALIALT A AS
g 4 A& in silico simulation modelS #2317 9sie EdA ] 48 datast ot
AF A 9 in silico model# e} 43 dF53 #FE 2 7 477 27 €
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H 6 Z AU nEA FHE s nstv|sEE

14. NF-«B activation pathway$] #H3}

1. 2] NF-kB activation pathwayol| thst A7 &ds] 2HA pathwayWll 2z subset
Heo| o} ¥ Ut 53], RelB/NF-kB2 complex?] H¥e] AMFA 73 HAA
A F7+A] RelA/NF-xBl complexe] ATt tigo] tj& 43 NF-«Bol tig d77} 2
= 3 Uct (Bonizzi and Karin, 2004). 2] NF-xB activation pathway?] AF&
classical pathway2}= RelA/NF-kBl activation pathway$} alternative pathwayzgh=
RelB/NF-kB2 activation pathwaye] F 7}x2 Uy ixz Utk T3k Z+Z bindingdhe
cis-element?] specificity7} %3] ©E U] HZ ¥JHT+ (Bonizzi et al, 2004).
2. AUIC (area under inhibition curve)& %3t drug inhibitory effect simulation &4

7}, in silico simulationg& F3] 7]& g A3t wWE A AFse ZHE HE
HqRol3 ¢lth ol simulationg £ A)7te] wel inhibionEHE FEE wHoZ Y
Bl 54 &0l driy targetd inhibitiong # 3=AE EAEA o ol FE
489 HE E AE ZA HASFsed =go] 2 ALE B o] 5 E3] hoffmann
(Science 2004)¢] IKK-p ©] %9 NF-xB pathway simulation®o] £33 Ed 24 o]&H1
U

3. Zt¥ systems biology #¥ DATA base®] 43

7). systems biology @77 TES| AYHAM ThFT databasert HEAAD U3, %
sites 013 $UE ERAAE 2EAE RIAAT GFG 2BeMS parameters F
%3} databasedtdtn glth.
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SUMMARY

(988 %8

r_{

Hepatitis C virus (HCV) is an etiological agent of acute and chronic hepatitis and
hepatocellular carcinoma (HCC). Due to the lack of an efficient cell culture system, both
pathogenesis and molecular biology of HCV are not fully understood. To date, neither
vaccine nor efficient therapy is not available for HCV. HCV is a single-stranded,
positive-sense RNA virus of 9.6 kb in length and encodes a single polyprotein precursor of
3,010 amino acid residues. This polyprotein is processed by a combination of hostcellular
signal peptidase and viral proteases into 4 structural and 6 nonstructural mature proteins. To
understand the mechanisms of HCV-induced HCGC, it is necessary to investigate the global
changes of the systemic networks in cellular proteins in HCV-infected cells. For this purpose,
major concerns are focused on the establishment of cellular protein networks that could be
affected by HCV infection. These include the changes of levels in transcription, translation,
posttranslational modification, cellular signal transduction, and cytokine networks. In the
present study, we identified cellular proteins interacting with HCV proteins uSing yeast
two-hybrid system and further confirmed them in baculovirus and mammalian expression
systems. Furthermore, we identified viral and cellular proteins that directly involved in HCC
using transgenic animal model. Using HCV replicon system, we also demonstrated that
cellular TNF signaling was modulated by viral protein. In addition, we showed that cellular
TGF signaling was inhibited through interaction of NS5A and TBR1. These results suggest
that NS5A may play a major role in chronic hepatitis and HCC. Most importantly, we
performed the computational modeling, focusing on the simulation of TGF-b signal
transduction using parameters obtained from each stage of signaling cascades. In conclusion,
we established cellular protein networks in HCV-infected cells and this system may be useful

for the control of hepatic diseases by constructing quantitative data base system.
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1
Cq tgutelglze & - WA Y B BYe fddke FE HaAG (1-3). C¥ 3
16:d0] Ad FA7A CF FFutelz e o
J

AL B8 AgA E=F FAAA AEEHA &

8 3 Agolt. C¥ gntoleisd Fgd
Adae A AAgez o 19 7393 = HW dA $vede F¢E 15% o]
C¥ ztgutolzi2e] AYE A2 FHHI Uth

C¥ zrgulolg} 29 genomed plus-strand RNAEA H7]7} ¢ 9.6 kb (4-7)0]™ 3,0107)
9} ofmlito gz FAHE 39 polyproteing &35t} o] polyproteing &AL 9
signal peptidase®} wiole]2o] Tl Bagso] o) 49 FxraWAs 6749 v F
zodds P "Aoh C¥ zhgulol#{29 RNA EAlE genomeg template® & 3}
AR A negative-strand RNAZ &3 t}A] negative-strand”’} template2 2 X ¢
genomic RNAE tHEo] Wth C¥ hdulolglaE 67) o]4Fe] genotypest 307) o4t
subtype©. & U0| A1, genomed] FrjxEo] bkt niolejx o wulA (envelope
proteins)®] X|&3ZQl EdMo] (8-11)2 st} & quasi-species7} AT CF 1+
HolH 2ol T FEAE BRIA vlolg g AN JleAde] w3, #EA AY A¢
5 P, ANE, XS 2o AR §HES I3 Aol WS ol =1l
A7) Az 84S /I Atk C¥ Ade] ABE  Interferono|i} Ribaviringo] A}
SHI o}t UF genotypedtt &V} QU3 AFE FXHE FulE AEshe 24o] ¢
ot @A7HA CH gel Sojdoz a7} e ABAE ofF AusA Eagch =
o} kol 3 AtgEo]l MA A 198t AL 13T o old W oY P A8
l& W] A43 a7 Hch

System biology+ biology, mathematics, system science, statistical analysis®2] thoFgh
AT Foke] A7 WS FHHoE AYAZ ¥ systemicdt FI WAL o)Ll HE
S BoFE Fo HAZOE LHAE § ' ANEE §F Eopolth FAA B3 3
A3t7] oele BEEE datas HFEHE 29 slvte 94AF 3402 modelingd &
A}t o]E g system biologye cross-disciplinary science, & o8 Xois E§ s
system biologys] Had ®i ohdgd ¥4 (DNA sequencer, oligonucleotide or
DNA arrays, proteomics $)& %3 Wtk 3 AL F3) AA 2t A4 e
HeaE e FZ4AA gyt ol An B %9 HolHE AR £58 5 9
A HAJS. E3] microarrayE o] &8 AL B 4o datarl BAHID, YE] genome
o] MPeEN F&EEE PP Feo] waHsta Uth. System biologye]A] biological
information (DNA, RNA, protein, protein interactions, biomodules, cells, tissues )
7}7}e] @ 4E (specific genes, proteins)S 7FA|3 glon, agln o|E Zz4e thEg 94
¢ d#4E 7IA3 ok =, biological information®} 19] #P3te zZtzte] QAL A}
ol¢] ARE AAAH shte] system model2X AL 5 Yt

N



e FE Entolg&d oste] fiE T welA wpolgiaA g Aostr] H3}
of ulolgjxrt SFAE TAE "F%Xﬂq\ bindingdt ¥ dojule EE Y& olaisty
P @k &, HCVIE AT #ggdezxn S48 AX a9de systemic network
Aste] FEoftt. o]E 3t CHPubolalLrt FFE WA= AxTEE
protein network® FZ3 3 o]EQ] transcription, translation level?] WH3e EE,
posttranslational modification, cellular signal transduction, cytokine networke] ¥H3} %
& Aok o} vlolglae £F A XY protein networkg npolg o] HEIEF
A 3] 7 FEHA B2 AZ9 AAEE AE BT IGTAES LD TAEY
gl de] W3lg Wlwsti ol WIE AFHA HolEHwol2E FHFoEN AW (T
A E AT F Je AN2dES FHE 4= U

o
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Fokom 2002378 FA A &3] BT o}z research paperg JAEHOE W
3l “Systems Biology'glhe AMEF FA|FHQA Ado] AAWT ol¥@X &l system
biologyel] thet @Al Ff - o2 HA Frieta low #¥ =& 2 7 A
£Hog Zuistn U APES FYsted o Ve =3 gL Edds AL 3
= AAolg. HZ 10@ F<F high-throughput methodE& o] 83 43 ¥
o2 wjAe] & 2459 MEY T Fx XolE Fohx o] T I 7ITS W
3lzA}t 8l 7]&E°] genomics, proteomics, bioinformatics, metabolomicss 2] °]FoE
Y 2R gtk FYHo 1, 47, Y8 S|4 system biologyo 2
HAE 7] &0l Utk AR ol § VetE9] system biologyol thi & oE Eofd
A g AdE A=d Wz Atk £3), v|Fe] ZA$ Stanford, Cambridge, Virginia, MIT,
Harvard, Caltech, UCLAS o2} tjgelA 20o47] o}ide} ®o] o] gofd] i A8 FHslxn
Rom, 49 7% EMBL (The European Molecular Biology Laboratory)& %3l computational
biology, funtional genomics, systems biology 2okl A 2 ATLE 35l Yot E3 & 7
% Sony Computer Science ¥74¢} Kitano ZZ§o)|A AH A computer scienced &35}k
AFAEAE 78} AP ELE simulationdh=d] FHE T ATE SRR Aok THolA
T KAISTS] o]} HIAlElo] prokaryoteol| A metabolic pathway<l] th3l system biology® A3}
1ger MEdustae] 2FE UL FEAQ F2 WS FI AW AsHEdAHY
simulations] & A7 353 Yok V4| C¥ rgulo]eAS o4 system biologys] thet
A7 AFBE AF Qe AHoly HZ Eo] (DNA microarray, protemicss< 0|83 43 AAES
T3 CF Ztgulole]zo] 3 frEEe 1SS @4 ' FAA 2 @ES 23adsa 9)
o} 3 B d7ge] 433813 3= TGF-beta signal transduction pathwayol] th3t systemicst 3
Zo] o]FojA|A] &3 = AAoltk B A7H”oe] £t v A7 A7t FA GHT H
€ oA @A) 2 parametersS 0|83 simulation AHE FAYELHY 4FE FI I
3 47 ol A AX3he AHE dE & YUtk YT AT APE ez oy HEFH
Hol QAT ALZQ AFE st ol HEHThA ST ofuz} FeFez ol AT
FPste AFAENA 712 AE2 AHEE § US R Algdh
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1) ol2d, 49F A2

[¢]

(1) HCV viral protein®] expression vector A%
(2) Yeast two-hybrid system

3) 971N g 2

(4) Cell cultures} transfection experiment

(5) Transient transfection¥} reporter gene assay

(6) In vitro kinase assay (NF-kB, SAPK/JNK, p38 MAP kinase)
(7) Apoptosis assay

(8) DNA fragmentation assay

(9) TUNEL assay

(10) Electrophoretic Mobility Shift Assays (EMSAs)
(11

(12

Immunoblot analysis

Recombinant baculovirus A%

(13) ME 3 wpoj2j v

(14) @2 A

(15) GST binding assay and co-immunopreciptation
(16) Northern blot hybridization

(17) BRI 7Y

(18) Electron Microscopy

(19) Two-dimensional gel eletrophoresis

(20) Cytokine-related cDNA microarray

(21) Cell proliferation assay

(22) In vivo phosphorylation experiments

(23) Metabolic labeling experiments

(24) Histolegy, Immunohistochemistry

(25) RNase protection assay (RPA)

(26) RT-PCR

(27) Microinjection, generation of HCV transgenic mice
(28
(29

Southern blot hybridization

)
) FACS analysis
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2) &+ 2%

1. Yeast two-hybrid system, baculovirus expression system, Z18]3 mammalian system
oA ALEE7] 918 CB zrgulolal2e vMiAS sl B9E expression vectorol
gz293s9} (Fig. 1).

Fig. 1. Schematic diagram of the constructs of HCV viral proteins.

2. Cg rgutolg 29 replicon cell & ©]&3}a] microarray analysis® 433 A7} 2n)
o] up-regualted gene 8407], 28} ©ol4} down-reguated gene 1,89 i, 1)1 4] o]
fold-changed gene 1427]& #H3 YT} (Fig. 2, 3). ¢]8F FAAENA cytokine-related gene
o 20057 A= = olF F o 50/MATY A 2 AFHe] BHE 7ML YT (Table
1, 2).

£ oo traed 0 v3Y
vs
Replicons {(Cy3)

Fig. 2. Scan image of microarray analysis for HCV replicon cells.

95 signal intonsity (Replicons)

Fig. 3. Scatter plot of microarray analysis for HCV replicon cells.
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Table 1. Physiological 2-fold up-regulated cytokine-related genes in HCV replicon cells

G ene description Fold change G ene bank ¥
Enterteakia 23 -2.en ARASEETAT
TNF receptor-assosiated frztor 3 -z.00 AASBETSS
Rbo GTPase sceivatiog protein ! -t AAas1T833
Activaied pii kivase “2.38 AT3 48435
Interferon vregulatory fasior 1 -2.82 AA47804
Provein tyronine kinsane 7 -2.07 AAUS3TEY
Calclum fenlmodubin-dependeat proteio kinase 1 B H293122
Toll-like recepror 13 “raz AL335LSS
Traneform fag grow th (ector-bets voceptar FIE ~2.12 H$2473
Famur Ktanse 3 -t AAdssOrNO
Tumor protein p§3 “1.z1 R3935E
M APEKS3 “1.12 AABIPIEI
Toti-tike receptos €0 “z.3¢ AATETIZS
M AaPK I 202 ATs61583
Rbo tntrrneting protein 3 -1.1 AAd3T027
Casprse s “2.318 AAIR1152
Tnterferon regonlatory fastor 6 -2.89 AAD4I3 43
TDC42 effector protetu t Lr.s1 AlrxeEE4
Taterteunkin 24 .81 AATEISIS
CAS?S awd FADD -Hike spoptosis regeiator .33 AA4537ES
No¥trie oxide rymthase 3 -3.0% AAES49ET
Iaterienkin 2 receptos, beta ©3.32 AACSTIO4
Interfeukin L receptat, type 13 -3.61 H 78386
Phospholinesitide-3-klanse, pES-a -3.73 R45961
Taterteukin 13 ~4.28 Artagsz23
Traveform bag grow th fastor-beta 2 R A A233733
IntsrienXin 7 -5.57 AAs287018
Doestv-sssocinted proteln kKinaze 3 -6.18 AADTITIS
Ixtrrferas gam m 3 -16.71 AATEIETS

Table 2. Physiological 2-fold down-regulated cytokine-related genes in HCV replicon cells

G enx descrip tion Feld changyge G ene bank #
reteln tyresine phenphatess 15.93 H2se1s
Remoekise (€ -X«C mottf) Hasmd v.s AA®3S27
Tt Noem otgy gence Fom tty %1 AAds320
Faw th frctor.reszpiss bowund profein 14 5.5 RAe164
ar wmoerphuagraetic proteia 3 P ArsEresT
se e like grew 1k Tector 3 3 K S$e533s
Yeogpen symthese kinsae 5 beta 7 LEEERE!

£
-

@ Indwced protain 3
erferon kamm s receping t
i eiT hreswine king

Blerferss gom m o reeepinc b

At9630 34
AAddsaun
AAS213 46
AATREEST
AtreEEas
Atresyss
AATETEIS

MR

tm ookine (€€ motif) ceceptor-iike 1
eriesSix 6 xigmaltramcdwere

B
U

=

B oreceptoresssocisted facter §
et

MIE MO . S m e RN
- by -
I A R U PR

Ix Btessn, cA M Fodeprnteni,gam om 2 At 4882
A PR XK1 fwterecting prutein 1 AAETERDSE
ATK K S LA EYRE]
srassectiated factor | 1

AAdrETEY
AAtEs1AT

SH S ¢em sin G RB2Z.1ke sudophitin B A

I N

ERterferom regwlatary factinv § ¢ N3eazz

Taterforom -2tlm alated tramscrliption fagtar 3 1y AAzrizes
© RBl-ssvectrted dinding protein 2 1 AABESSTS
M AFK S L) AAISTIRS
Activia & Trergter s A A 338882

3. NS5A @l doj]l thdt transgenic mice?] liverE o]&3] 7+e] morphologyE ##3 Z
3 livero] A tumor’} FAEL BASYY (Fig. 4). Tumor Z &L o]&3)] histological
analysisE& 433+ AI mice?] liverE sectiond}e] H&E staining3t A3} A<l mice
ste g TAXE Ho| 77t gesA JeEldS BE83, =3 glycogen storage
fociztk Aol QUe BFEIYU (Fig. 5). =3 transgenic miced] liverE ©o]-8-3)
microarray analysisE F33IAth I A 28] o] fold-changed gene 74371, 4u] o]4
fold-changed gene 20670 & X313 (Fig. 6), 53] 44) ©]4 fold-changed geneE % °F 237119
AR #AL AL JEY o)HF FHAESL signal transducer, apoptosis regulator, cell
cycle regulator, fibrosis, cancer, chaperone %9 7]%5-& 7}x3 $it} (Table 2).

Fig. 4. Gross detection of hepatic tumors in transgenic mouse at 15 months of age (right). Liver
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of normal mouse is shown as a control (left).

W ild-type Transgenic

Fig. 5. Pathological changes in the liver of HCV transgenic mouse. Hepatocytes of transgenic
mouse are histologically abnomal and are infiltrated with mononuclear cells as shown in red
circle.

2X Fold changed genes 4X Fold changed genes
- - ¥ : .

W ild-type

M ieroarray

R

Fig. 6. Differential expression profiles of many genes in cirrhotic liver of transgenic mice. H&E
stained liver sections of cirrhotic stages in transgenic mice (Left panels). Microarray data
indicate different patterns of gene expression in transgenic mouse.

Table 3. Physiological 4-fold changed genes in cirrhotic liver of HCV NSBA transgenic mice

G ene description Gene ontology Fold change G ene bank #
Inmterieakla 25§ Sigeattramsducer “5.19 NM _060837
Fibrlitin 2 Slgowttrassdocer -5.24 NM _o010181
PERP,TPS53 apoptosic cffectior Apaptosis regulator -6.06 NM _022032
C hemokine (C motif) receptor 1 Sigpaltransducer -4.43 NM _01197%
Contactin 1 Celladenslon ca.86 NM _087727
G 8/G 1 switeh gence 2 Cetl cyele «16.01 NM _803859
Vaain 1 Cell grow th -21.9 NM _011704
M APKS Signaltramsducer 6 .84 NM _e15306
Transformiag growth factor-bela receptor 2 Slgnabtransducer 6.04 AK 083861
Taterlenkin | betn Slgnaitransducer s.19 NM _o0g36t
Tonterlenkio 10 receptar beta Slgositransdacer 4.1 NM _008349
Poroftin 1 Chuperone 4.4 NM _011072
Sepitin 4 Cell cyetle 5.1 NM 011129
A dipsin Im m unity 13.9 NM _013459
M atrix metalloprotelamse 12 Canrer 10.07 NM _002605
Frocollagen,type V,slpha? Fibrosia 19.56 NM _007737
Nidogen 2 Strmctural profein 17.6 NM _008695
Taxolin-fike growth factor binding protein ? Sigraling 13.08 NM _o08gean
Caspase 4 Apeoptosis regulatar 12.38 NM _507609
Coaspase 112 Apoptosis regulstor 11.88 NM _oco0s5803
Codherin 13 Cell adebsion 41.29 NM _e19707
M sesin Chaperone 45.4 NM 010333
Insuliu-like grow th factor binding protein 1 Slgamiing 34.4 NM _oos3at

4. TNFol| 93] === NF-xB activation® reporter gene assayE 53| AZFsH0. 1
A7 C¥ Zhgnto]lg] 29 replicon cello] A TNF-o 23] 5 5+ NF-kB activity7} &
o vE F71Egg #EAsPen, TNFo| 93 glolx constitutively3}A activation®| o]
Aeg FAs4o (Fig. 7).
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30 o
DTNF;J
ss L LWTNFES

20

RLU (Fold)

N

Neo Rep

Fig. 7. Activation of TNF-g-induced NF«B activity in HCV subgenomic replicon cells. HCV
replicon cells were co-transfected with NF-kB-Luc and pCHI10 reporter plasmids. At 24 h after
transfection, cells were either left untreated or treated with human TNF-a (10 ng/ml) for 6 b,
and then reporter activity was measured by luminometer.

o83t AHE <13}y 3] NF-kBo| thdl EMSAE 33 @I reporter gene assayQ}
np3 7} A & replicon celld]] 9lo}A] NF-kB2] DNA binding activity$} IKKBo] t3t kinase
activity7} 27188 #3239 (Fig. 8A, B).

A

N ¢a R s p
T

Fig. 8. HCV subgenomic replicon cells activate TNF-a-induced kinase activity of IKK-p and NF-x
B DNA binding activity. (A) HCV replicon cells were incubated with TNF-a (20 ng/ml) for the
indicated times. Nuclear extracts were prepared and assessed for activated NF-kB by EMSA
with v-"P-labeled single-stranded immunoglobulin kB oligonucleotide. (B) Effects of HCV
replicon cells on kinase activity of endogenous IKK-B proteins. HCV replicon cells were
incubated with TNF-a (20 ng/ml) for the indicated times. After TNF treatment, cell lysates were
precipitated with anti-IKK-B antibody, and then endogenous IKK-p kinase activity was
determined using GST-IkBa (1-54aa) as a substrate.

5. TNFo] 98] =5+ JNK 43 AP-19] DNA binding activity7} replicon celle] 4]
a8 e BFEH T (Fig. 9) ATF-29] phosphorylatione] ZAaHo] U&E FASHT
(Fig. 10). °]&1g AR EL CY zrgnlolg|2rt AFEU @A kinase activityE X2
30 Z 4 transcription factor?] DNA binding activityol] 93-& v & SHIHT
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Neo Rep
TNF - - + + TNF O 5 10 15 3030 O 5 10 15 30 30 min
Comp. - - - -+ - -t

Phospho c-jun

Fig. 9. Inhibition of TNF-a-induced JNK activity and AP-1 DNA binding activity in HCV
replicon cells. (A) HCV replicon cells were either left treated or treated with TNF-a (20 ng/ml)
for 15 min. Using cell lysates, JNK activity was determined using JNK assay kit. (B) HCV
replicon cells were stimulated with TNF-a (20 ng/ml) for the indicated times. Nuclear extracts
were assessed for AP-1 DNA binding activity by EMSA with v-P-labeled  21-mer
double-stranded AP-1 oligonucleotide.

Neo Rep
TNF 0 5 10 15 30 o 5 10 15 30  min

P-ATF2

Fig. 10. ]NK-mediated ATF-2 phosphorylation is inhibited by HCV viral proteins. HCV replicon
cells were stimulated with TNF-a (20 ng/ml) for the indicated times. Nuclear extracts were
prepared and immunoblotted with anti-phospho-ATE-2 antibody.

6. Replicon cello]l A p539] w&o] Z+Ago] S-S FASRI, =3 TNFo) 93] F

£ p53¢ nuclear fraction® 2] translocation®] replicon cello] A A H o] Y&
Zst}oh (Fig. 11). ol2id A} CF tgutelelxrt p53e] ¥de =xAdsty, EF
TNFo] o8] #=5HE p532] nuclear£9] translocation® Ao ZH p53d] 2
apoptosis® A3t TG E R AP Hold Fag q¥L ¥ Ao ARH
o

0 15 30 min

TNF

Fig. 11. HCV viral proteins alter the TNF-a-induced subcellular localization of p53. Both neo
control and HCV replicon cells were treated with TNF-a (20 ng/ml) for the indicated times and
cells were fractionated into cytoplasmic and nuclear fractions. Both extracts were subjected to
immunoblot analysis with anti-p53 antibody.

7. INF/AcDE &7 Aalst9e 3¢ tixTd vls] PARPY cleavage® o] 74d A
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& #REQY (Fig. 12). o233 CH ztgulo]8)29] replicon cell2 TNF/AcDol| 2]}
455 apoptosisd] AFAS 24 FozH T g 2 Yoz HolEE AAZ
=l

(20 ng/mi)
AcD - - + + - - + + (500 ng/ml)

]
+
[l
+
1
-+
]

<4— PARP (116 kDa)

4— Cleaved PARP (85 kT

Fig. 12. HCV viral proteins inhibit TNF-a- and actinomycin (AcD)-induced apoptosis. HCV
replicon cells were treated with TNF-a and AcD for 12 h. Apoptosis was determined by
immunoblotting cellular proteins with anti-PARP monoclonal antibody.

8. NS5A ©@Wds} TGF-f receptor I (TBR-N)T}o} 435 28&& A& (Fig. 13A, B,
C). Hepatoma cell line®l] plasmidE co-transfectiondt ¥ Ztzto)| sjF3sle FA = Tz
£ staining3lqth. 1 23} hepatoma cello| A viral B FQl NS5AS} M Zu] w A<l
TBR-10] cytosolol| A co-localizationd}-& 5 3lHt} (Fig. 14).

A

Fig. 13. NS5A protein interacts with Type I TGF-p receptor both in vitro and in vivo. (A) Huh7
cells were transfected with HA-TBR-I (T204D) expressing plasmid. At 36 h after transfection,
cells were precipitated with either GST or GST-NS5A fusion protein purified from E. coli.
Bound proteins were detected by western blot analysis using anti-HA monoclonal antibody
(top panel). (B) Using recombinant vaccinia virus expressing T7 RNA polymerase, both
NS5A and HA-TBR-I (T204D) proteins were co-expressed in Cos7 cells. At 12 after
transfection, cell lysates were immunoprecipitated with either anti-HA monoclonal antibody
or normal mouse IgG, and the immunoprecipitates were analyzed by western blot analysis
using anti-NS5A polyclonal antibody (top panel). HA-TBR-I (T204D) and NS5A proteins
were verified using the same cell lysates by western blotting with either anti-HA monoclonal
antibody (middle panel) or anti-NS5A polyclonal antibody (bottom panel). (C) Reciprocally,
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cell lysates used in B were immunoprecipitated with either anti-NS5A polyclonal antibody or
normal rabbit IgG, and the immunoprecipitates were analyzed by western blot analysis using
anti-HA monoclonal antibody (top panel). NS5A and HA-TBR-1 (T204D) proteins were
verified using the same cell lysates by western blotting with either anti-NS5A polyclonal
antibody (middle panel) or anti-HA monoclonal antibody (bottom panel).

GFP-NSS5A HA-TBRI(T204D)

DAPI

Fig. 14. Co-localization of NS5A and Type I TGF-B receptor in Cos7 cells. Both GFP-NS5A
and HA-TBR-I (T204D) plasmids were co-transfected into Cos7 cells. At 36 h after
transfection, cells were fixed in 4% paraformaldehyde, and immunofluorescence assay was
performed using an anti-HA monoclonal antibody and tetramethylrhodamine
isothiocyanate-conjugated goat anti-mouse IgG to detect TBR-I (red). Dual staining showed
co-localization of NS5A and HA-TBR-I (T204D) as yellow fluorescence in the merge. Cells
were counterstained with 4’,6’-diamidino-2-phenylindole (DAPI) to label nuclei.

9. TGF- receptor I (TBR-I)3} TGF-poll <3l X5+ Smad2 (endogenous &
exogenous)?] phosphorylationo] NS5A @A) 2ol3)] JA P& FAsIHeH (Fig. 154,
B) NSSA ©+¥ 22 transiently transfectiongt cell#} stabled}A] @Wd3E}= cell& ©| 8314
TGF-BS time-dependentd} A * 2% & endogenous Smad29] phosphorylationS ##$
A3} Smad22] phosphorylationo] NS5A] ¢j3] A g #AZ3 AT (Fig. 16A, B).

A B

TBR-1 (T204D) - + + TGF-f - + + (5ng/ml, 30 min)
Flag-Smad2
NSSA

Flag-Smad2
NSS5A

IB : a-p-Smad2 1B : a-p-Smad2

IB : a-Flag

1B : a-Flag

IB : a-NS5A

IB : a-NS5A

Fig. 15. NS5A protein inhibits TGF-B-stimulated phosphorylation of Smad2. (A) Huh?7 cells
were tranfected with constitutively activated HA-TBR-1 (T204D), Flag-Smad2, and either
empty vector or NS5A. Equal amounts of cell lysates were separated by SDS-PAGE, and
detected by western blot analysis using anti-phospho-Smad2 antibody (top panel). (B) Huh7
cells were transfected with Flag-Smad?2 expressing plasmid either in the absence or presence
of NS5A. At 36 h after transfection, cells were either left untreated or treated with TGF-p (5
ng/ml) for 30 min, and then detected by western blot analysis using anti-phospho-Smad2
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antibody (top panel).

Vector NS5A

60 90 120 (min,Sng/ml)
Endogenous p-Smadz

Endogenous o fni
Smad2

120 (min Sng/ml)

Endogenous p-8mad2

Endogenoustotal
Smad2

Fig. 16. NSS5A protein inhibits TGF-f-stimulated phosphorylation of Smad2 in a
time-dependent manner in Huh? cells expressing NS5A transiently (A) and stably (B). At 36
h after transfection, cells were treated with TGF-B (5 ng/ml) for the indicated times, and the

phosphorylation level of endogenous Smad2 was detected by phospho-Smad2 antibody (top
panels).

10. NSSA ©#Fo] TGFE-Bol| 93] FE 5+ Smad3¢t Smad4®] complexF S JAIFTS
#Z3tH o (Fig. 17) &3¢ Smad-DNA complex FAE AIEE a4t (Fig. 18).
olg]g A CH +gntol 29 NS5A Theido] AL TuiaQl TRIF AHAH o=
45 ZA8FoZH TGF-Bo) 93] HE5E signal transduction pathwayE A& RO

HA-TPRI(T204D)
Flag-Sm ad3 +

+

+
+

+ 4+

i |-~ Sm 9d3/Sm ad4

- 1B :a-NS5A

Fig. 17. NS5A protein abrogates TBR-I-induced heterodimerization of Smad3 with Smad4.
Huh? cells were co-transfected with Flag-Smad3, Smad4-Myc, constitutively activated HA-TB
R-1 (T204D), and either empty vector or NS5A. Cell lysates were immunoprecipitated with
anti-Flag monoclonal antibody, and then complex formation between Smad3 and Smad4 was
detected by western blot analysis using anti-Myc monoclonal antibody (top panel).
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Fig. 18. NS5A inhibits the formation of the Smads-DNA complex. Huh7 cells stably
expressing NS5A (A) and HCV subgenomic replicon cells (B) were stimulated with human
TGE- for 24 h, and nuclear extracts were prepared and assessed for the formation of activated
Smads protein and DNA.

11. TGF-BE dose-dependentd}A] ¥ F endogenous p218 THE ;‘,_};;_}—5} 23
NS5A7Y H&E " 734 p219] wdo] ZAaFEs st (Fig 18B). ol g 2

Boll o fr==&= p219] HdE-S NSS5A guizo] Ao ZH TGEBo) 93l FEH
© cell cycle arrestg& At 1 749 2 g oRe Holg E?SM g4 Ao g A}
hsR2=

pil-Lauc

eeeeee
HA-TPR.I(TAB4D)
NESA

NEsSA

{ag/mi 24 h)

Fig. 19. TGF--induced p21 expression was decreased by NSSA protein. (A) Huh?7 cells were
transfected with 2ug of expression plasmids, 0.1 ug p21-Luc. and 0.1 ug of a reference plasmid
pCH110, respectively. At 36 h post-transfection, cells were harvested and luciferase activity
was measured. (B) Effects of TGF- on p21 expression. Huh7 cells were transiently
transfected with either empty vector or NS5A expression plasmid. At 24 h after transfection,
cells were treated with TGF-B in a dose-dependent manner. p21 was detected by
immunoblotting with anti-p21 antibody.

12. TGF-p signal transduction pathwayE computer science®} #A3}e] computational
modelS A|-$113}F %/}j’-"}&i‘TGF-Boﬂ thgt graphical model€ enzyme kineticsol] 7]%
39 modelingd}H T} (Fig. 20). o2 Ztze] GdAEZ AA 3 parameter valueE ©]
83} signal transduction®] ™3} simulationg F3FHT;. 2 A7 2 1A valued]A
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oF 4A A e FEY AE & F AR (Fig. 21). o]2lF ZFHE molecular
levelojx] 2418tz Huh7 cell lined] TGF-pE time-dependentd}A] Agjsk *
Smad-DNA$] binding affinityE =33 A3} A UAZ7AA A F7Hsithzt 1 o] F
2 722Te ¢ 5 YJ (Fig. 22). 0|23 A3}+= computerE ©]-83+ simulation 23}
o} AR MEoA dojue AzAGY HAFo| FAIES FH3IE Aolth

pathway

T

: H g
Time (sec) 210

Fig. 21. Simulation result of the TGF-beta signal transduction pathway

Huh7 cell
TGF 0 12 24 48 24 h (5 ng/ml)

.
g

Competitor - - -

TGF-response

complexes

Fig. 22. The formation of Smads-DNA complex in Huh7 cell line for indicated times
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A4 & =5rddE 3

12Pd = (2003)

O TAENA CE Trgutolei 2] viral @ AF 45 A&t TAE gz g4

- C¥ Zthulol#) 29 viral B AL WHSI= expression vector A=

- Zt viral @9 Ee WY §F - F 2 Y AEE IFFEAE, TFAHE, yeasto| A <l
- Yeast-two hybrid system E co-immunoprecipitation assays-& ©]&3lo viral @93
I 45 Agdte AAE g9E FQ

O C¥ Zrgduto]ly 29 replicon cell& ©]-&3 microarray dataE E3} C8 z7kgnjold
2o 93] FgF we MEY T 3l

- 28} ©]4} up-regulated genes :840 genes

HEZ 002l 70 =

r

- 2¥] o] down-regulated genes :1,896 genes
- 4u] o]} fold-changed genes :142 genes

} fold-changed genes :743 genes
- 4u] o]/} fold-changed genes :206 genes
O C¥ ztgntol@| 29 replicon cellg o] &3}l cytokined] &3] FE=He AXU A&
AE Yo viral g o] n2& FF 4
- TNFe] 93] HFxHe AXY AzHALAHE C¥  rdupoleixrt 23T
(transcription factorQl NF-kBe2] &4 7} A]7]1 AP-19] 42 7144]7)
CTGFe] g8 fERE AEAgHPo] oA
- TNF9] ¢]3t apoptosisE A
- Tumor suppressorgl p539] W& o] i1 TNFo] 23 29 translocationo] 7+4E
O C¥ rgnlolg)29] NS5A ©ldo] TGFY 93] frexve AEW AsAEs A
Iy
- NS5A @]z o] TGF-beta receptor 13} 435 283
- Smad @@} @<l phosphorylationo] &A]g
- Smad @ A o] MY £ 9] translocationo] A E
- Smad-DNA complex &Ajo] 4%
- TGF] €3 CDK inhibitorgl p212] wgo] 7+A4g

231 (2004)

© Enzyme kineticsE 7]ZZ 3}o] TGF-beta signal transduction®] g graphical
model & ¥

- &8 7}A] parameter value 4+&

- A+& 3 parameter valueE ]88t AZHEHA| ot simulation A=

- $7 AEH 492 Tl simulations} AR Y AW AARE HA

© Cytokine®t C¥ zZrgunloliA9] viral 9¥ AL inpute & 3s}a1 HCV-associated
marker geneg output®. 2 3} olo] th3 Tl & networkE computer scienced} HF
S 2 modeling$t

© Cytokines} #THHE C¥ gutolgyi2rt fFdsle WAAAd W mechanism$
computer science$} Il NZ & ZHAE FEIY
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SUMMARY

Title: Protein Network Database Construction & Modeling of Hepatocyte

Throughout the in silico simulation study as well as in vitro experiments on
the protein network in hepatocyte cells, we investigated into the dynamic

mechanism of liver disease development induced by hepatitis virus.

O By analyzing in vitro experimental data, we developed ODE models of
HBV/HCV-related signaling network in hepatocyte cells. With developed
models, we conducted computational simulation and analysis to find out
dynamical properties on the signaling network.

O Based on the developed model, inhibitory effect of target molecules on the
signaling network was analyzed. We further constructed ODE models of
HBV-infected cells, which were utilized to find out the relationship
between NF-kB activation and liver diseases induced by HBV.

O We developed efficient algorithms for pattern matching, sequence alignment
and index data structure, which are practically useful in the area of
bioinformatics.

It is expected that the dynamic mechanism of HBV/HCV mediated liver
disease development is to be thoroughly discovered through utilizing the
developed models and the results can be applied for prevention of liver

disease and advanced treatment for hepatitis.
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M3 & dgrd e 2 21

Al 1 A Genetic network 2€l A+

Genetic networke AW d4& vetdle a4, 998 59 AXUES ojF 9] 43 &
49 AFS w3tk AR AW @de] dojue HAS ] AdMe, dPeRRH de
HolEE o] &3td o] @l Host: HEUEE Zolal, o5 e 4% &5 THs= ¥

o] ot
2 AT AE BARQ AL WEAD Rl 4, AP muY 3

genetic network® X &d3}7] #3 Aotd o8 7Hx ZHE
7

S =
=z -
network 282 AXUE 2te) 43 2E-& Fdste WA we g5 2o £78 + ok

1. Boolean Model

A B gde) 3 A AA(node) 22 YENT, BF 7o) 5/
AR BAE +/- A g3k mdolth o] W AND s Q"o
2 Eolo 7y Azd HHol 29 Ago] BAHE BAS, OR F5t
UE Ad 7 st 2 HE= WAE depdt (b 2 Fw),

AND node OR node

1
!
1 ¢
boolean mode!9| FH, 7t BH & 2t boolean B4 A

B Boolean model &< $% FE2H duds
EX §AAE ds] AHFH OS2 overexpression T+ disruptions 433 ¥, microarray
5 7R gene expression &4 7]&E o|gdtd & Ho|HZHEE genetic networkE FE

st 2 UM FE2y daugEEe] EA%H
I F kA e e Fa A8 o]83to genetic networkE FE £ U
3 AW xS el 09 wet 19 W, M2 g2 e zE AREY JIFE L sk

Genetic networkl¢] 2E A thalX (xS T3 oS, AU =K T BE a, b0l
alA] a—bQ AL F7sit) o9 2L WO Z genetic networkg TE 4 Utk oW &
23 A9 3|+ network Wel AAY ¢ F aide] FHH Aok

J(a)

J(b

A3 Oo|E{ 2 LE| boolean modelZ FEst= Fe2j48 LnaE
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Bl Boolean model® 3%

4L boolean modeld] ¥ T8-S A3 zdo|t}
T U &
AA AW ol e Fr=/dA 28 Az 3 2,
&4t boolean model® 2], AXJUES] HHE ZF Ao A9l #
TUES] e B ool 1 o]H A|HAA ] A Yej7hA] arefste g AQtE
Edolt}y, FAHoZE off aYoAet o], ¢ E9 HHE ¢
t=1, .., t—k AFNMY HAX 1E«l ARE 93 ).
Temporal
ime time
Boolean Model |
AstH dHolE el LFE At EAL £ 9 o] e
g =4
gt boolean model? €2, & HIEUES] FHE AAshs & st F4 23
o8] g8 £ 5 74 4 ¥R o] IFE AT FES AAteEtn, ol A FE
Hog 42 Mdsle HAIXUE AHE AAZT. ot 2Ye ddi HEUE E9
Probabilistic | SHE HEWE A B, C, Dl w3l BAY A5 1, £, £, S T AHE Bl &
Boolean Model | € &% P, P, P, P,.. o 97, sy ¢S A3 2H
b ® .
1{A,B,C,D) Py
*\ @\ fng, B, C, Dg P,
f3(A,B,C,D) Ps
3'7@ E=1(A38,C,D) :7»9 A
2l boolean model Probabilistic boolean model
2. Linear Model
FAAY 2d i E 24T 22 AFH £AZ Bdste 2d. 5 HAXY #HEL
g2 fFAXEe 2E89 linear combinationo.2 Z&EHC}
t t+ At
X, () N X, (t+AL) =
11 X (D)+
X0 - Xor
X3(t) a5; XD+
Xt Ay Xg(t)+
Linear model
Z, A ¢ ol FAR 19 2EE x,00 e, a4 Aol 8 H 2dE X +mT Al

Zh g oM FAA L, 2, 3,4, 9 2EE X0,
Xl(t+dt)=alle(t)+a12X2(t)+013X3(t)+aI4X4(t)...
FgozH, A

X8, X9,
2 Fddo

AT a5
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3. Differential Model

Az wE fAz 2 gwEe) Fx dsts ujE WA PR A 24 Genetic
network?l Z+ AXUE 7te] BAE vjE A og FHE, o vl WAAE S HEUE
F BAZY A7t wiet Wstsle TS FAIC

ole] 18L& FAA] 97 HBJF mRNAZS SeiA diid=z 33dH+ Central Dogma®
differential model® Wb ZHolth A ¥ mRNASH @i & 7247 r¥} pte HHE, &
AA A mRNAZ 7Hs #41E 38 C, mRNAdA gwidz 7t #AAE P2 Lo] T
1 3kAb 3 mRNASH @de 242t g3 Vol UZ R85+ dAd 98 #sdvtae st
o] genetic networke of#e} e vE WAAow AHsE 5 Q)

Lr _ Cp—vr
_(ciita =Lr—Up
Central Dogma®| differential model E# 0EYEA EH

A e yRAE E3, 49 dOIEE $A WY C VL US) dE 2 A o

A 2 4 HBV, HCV HESf = 29 ¥ HF

1. ODE 2¥

et o Ala® MBS AFe AW @4 dd F3E 2de dAsta, of R I
He 723, $994 548 488 B8 AFse PHoE ofFoIn. oY X 5 =
2 7}¢-d AvE 93 4(Ordinary Differential Equation, ODE) 2¥2 AZ W o2 7}x A
33 g 28 sk B s *}%Qﬂ Atk o] RdALE AW P Hojdl= EFE
’\]7}"1] 2 F% ¥sE nE A4S B8 AFH oz vl Qo 53], o BdE o] 83}

o A Hkge Sy A4S oldfsh=H, —’Ffi};gvoi Z A" 24 s 4 &Y A

7IAE afHes 288 4: 3
Ay = 4

obzls} o] WA 7ho] AF LS mddy Fy] Y3, whg AF(kok) B whE BF9 X
([A], [B)E o] %] v w4 o2 ODE 2& 743,
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i W4 ODE =4

Fajure A+ B %JL AB dlBl/dt = —k [AllBl+k,[AB]
b dlABl/dt = k {AlBl—*%,[AB]
: TE = — AL A LCLD)
L o i t = — +
A ArE g O¥D dlClidt = & JAILBI— & [ CI[ D)
dlDl/dt = kJAIBl—%,[CIlD]
dlEl/dt = —k ,[EISI+(k,+ k) ES]
dlESl/dt = k(EISI—(k,+kDIES]
ky ks dl Pl/dt = k4[ES]

¥ Michaelis—Menten 34 918 29 o] Tl
2 BFEAES)ANA E2ES BE(P)e] Beide 3
A n7tg A g 7H s

HEE 7Y, o] v RdES =3 B} & kg yEY
g o] A mde ujdt S B3 7
Hog oul gy &AL 7 :

2 d7AME 9 2& ODE 2d$ o]§3td HBV/HCV #YoE Q% AT Ass} b
&9 M5 g Rdsty, o] Rl 54 EAS A48y ABYAE B AFdE PEE AN

2. HBV #&# MSHMYHA=E ODE 2 74 9 #HSB

NF-xB Asdedze Axe Abd 9 438 2dse T893 Azdgi 2ot NF-kBe
TNFa 5 proinflammatory cytokin®l] ¢}8} & activation ¥, o)2lst Az &R 237}
e, IKK7} phosphorylation® ™, NF-xB$} binding® kB¢l ubiquitination® #5302
W NF-kB7F #oz olgdtte wW7AUEe] 384 vk NF-xBE o8 AWy X8 4o &
deo] Sz, AARFAA—RS] A7 A3} 53] HBV Zgel 28] I activationo] F7kste A
S YAt & dA7dAMe NF-kB AadDAE 29 in silico BEE F483, A 142HA
ge] wet 48 A5 vl o2 HBVZ} NFKB activation AZAEAZ F= 593t4 s}

peet)
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off tjgt 2dly 2L AEY oA APt

Y. ODE 299 34

NF-kB activation¥} ##Este], KK 9 Zd¥E= NF-kB A3zAY EEo| Hoffmann
=9 93] ODEE 2495 H6] o] ¥ IKK downstreamolA NF-kB activity’} Hol& ©
U4 T4 EAEL in silico 2L olfd wHIEE AFvF s APHn JvH8) T,

NF-KBZ activationAl7]2 F 8 cytokineql TNFaZ3E A FEHE AzAGAR 298 743
A

He dT% A Fo QuH3, 4]. 22y oM&7A in silico/in vitro 28 EHE % 24 A
Z 9 =54 A9y A€ AzAGH R Wz 2dy 5o de vEd 2440

=
B doMe WA, 71E AFE 53 FEHoE 749 NF-kB Asdeds 24dE F93)
AR AZHALAR in silico BEE F938t3 olo] gt Al EH AL IPeh

in silico 249 HA 2 2A4& Lol 7] st HA A2"S 7T R AX W fA
mel e REI YAB)1S d4, A4 AEAEAE RdS ofget 2ol 3/4e] HEAAHS
=2 TS

B TNFa receptor A%

AE QA ALEE cytokine TNFart A2 ©o} TNFR1 receptor ¥ TRADD, RIP
=9 receptor adaptor @M A3} zHE complexE o|F= FAL ODE 28 A3 A F
Z4 07 TRAFs 9#do] complexd] Fodstd, o2 %3] t}& @48 kinase cascade’}
activation ®t}. FADD @32 A Aldz #dd £ UE ASHSAEEE wlste =28
2 wdoAE receptor complex®] bindingd & FE 2d Hth Receptor Al2¥3 ## 3}
o] EGFR receptor A% d72] 5 A8 A7 g ES Fassith

B Kinase cascade Al2¥!

Kinase cascadet <¥#9 kinase WWAEc] dfFex v oA proteins
phosphorylation® 3] activation*]7]e A&AL Fxoltt, AF7HA tEAQ  kinase
cascade®l MAPK cascaded] W3t @71 &3] A3xo] gkon amplification, switching
behavior, ultrasensitivity % kinase cascade TZ7} Z& 54 EAERE Bo| d75H JUHl,
7. & AF9AE 1974 TNFa receptor AlZ~8)A @48 TRAFs complex® ¢3 kinaseZ
IKKK(RIPK, NIK %), IKK7} 22 activation®& @& T3

T3l kinase cascade E2d|¥ kinaseE deactivationA]7] phosphatase® X3 Slth
£ dFAE o] phosphatase$t kinased] 4thA Hl&el| wet kinase cascade®] &3 540
AREE in silico A EHNAE B3l EUAATHHI).

B NF-xB 23 A2d

29Al kinase cascadeolA] activation® IKK+E NF-kB$t binding® IkB isoformsZ
phosphorylation& 2. 24 kB¢ ubiquitination ¥ proteolysisE F=3th IkBe #as Alx3d
el 2o 99 transcription factor NF-kB7} &1o.2 o]Edt= AL 343024 DNA Aol
A} NF-kB¢} bindingsteE o8] 744 4AAEL transcription®tel. o] FAAE F & ol Q)
= NFxBE UA] AIXAZ ol5A71E kBaZt £8H glo], NF-xBE ZZsle IHH4HA 4

2

glo}] =93 AT FAR FEuo} gt} B RdiAE Hoffmannd NF-kB =& 24

I
ol o
=
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% NF-xB 5987 wslo] AA 2 98 dFsles kBast #Ald +x29 gevgE AHst
Ak
Ao} Zo] MrA 2" wels A3ty Z4ze] Fos EAS BAS § olE Fishe] 287

of Buldd 3909 selnlEE TAE A4 AsdgRE 29 (2¥ D9 2o FASA,

Hd-lda-ruat
Hoffmann

NZAYAE ODE 29¢ /1EA0R wg 45% 27] 229 w$ 02 93¢ 2 v
g Azdlolth. mebd A Wel A ok sk Mg AYH 2IIH] AsAE A
in vitro 48& $% DAL 54 ey £ 72 @83y 7] B 40| BEHolnh

ALY in vitro BBE Foto] thest 2w sfekele] GHES A

T TNFa TRAF?2 NIK IKKa IKKB
HepG2 0.00039 0.33389 0.04522 0.02417 0.02278
HepG2.2.15 0.00039 0.73653 0.06714 0.07243 0.05999

B 11 invitro 488 88 2d 7| =4 £ (9 uM)

st} ARSI

i
St

718} 24 s&mEE in vitro A8 g7 literature
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2}. in silico A & #olA

W AEA2E AEHolAd A3 £4

AA AzZAGAZ g A Bl Ao A ZEEE in silico RAE #AE5dy, AL ¥
7] 918 AlEY ol IPESH

A kinase cascade 49 9# kinase, IKKK % IKK®| X9} o] tfd phosphatase H]
£& #W3lA7)HA IKKK*(phosphorylated IKKK, active form)¥} IKK#*(phosphorylated IKK,
active form)9] A7t W2 Fx E3H (Y 2B)9 HE AH F=(a¥ 208 44 2D, 3D
ploto. 2 #4319t}

NEH ol A kinase? FEr ¥ IKK+*(phosphorylated IKK) X9 A (order)&
A4gE ¢ £ Jdoh H9d Be A=2EL wE} kinased] do] 1081% FUhEd wet &9
IKK*(E2*2 ZANE v A2 F7kete B33 Uehia o

T3 phosphatase?] A Hl&o| Fo}AFE £ [KK+9 FEv WobA BHE il ol
2= AE Bojgds B £ 9o BoA] 7123& 9802 phosphatased] H] &0l EojdFE
IKK*9] w57t 33 Aol o2& Agto] Eold F
t}. 28 2ColA+= phosphatase®] H]& %2 kinased &
KK+ £8 FEZ z% 939 #o2 vz Jdoh. 534 2d=ZE T3 dHEx
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phosphatase?] B]&o] ¥&4= 11 kinase? F&7} = =
1A 71¢7)8 183 2 4, o]& phosphatase?] H]& W3 oL wWgds & 5 th

NF-kB ZZ A BA2"0 gsixe 948 [KK+o] @& &8 NF-xkB(n) (L2 ©]53 free
NF-xB)¢] &4 E4 WH3lE AEHAE T8 AHRIT Hoffmann«l A9 o] NF-kB
zA ABA 2" ME kBad "7/lstE 733} negative feedback loopE 13t NF-kB(n) &
%9 oscillation @4ol #Z2Eth 53] NF-kB(n)& 948 [KK+9 T& 9 A& A7kl w2} A
2 & F7)¢ I ZL 7HAE oscillation HE& BAE JAH (1 3).
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g,
I

O3 3 NF-«B ZE MEANAH 598 24

Transcription factor NF-kB(n)7} Z& st &8 e fAx9] J€98 4d7 f-o]
ki FA€ch %, NF-xB9 binding Azt 2 Z=d] g M2 g& d&s 2= s
& zA3tE WAL Z0] HE negative feedback loopE 3] T+dHE Aolth

HEA2EE AEFolA B4 A9E st & o, AE Tl 7}sAE TNFa Azl
3}, receptor A/ EA]2¥] 2 kinase cascade AEA|AEQ] 74 ZFo] NF-kB =H A|~H
M2 g8 98 KK+ 38 g fRste dgyoz {1 28s 223E 753 &
9lth, B3] kinase cascade A& o]AolA AH RS0 kinase = 2 phosphatase Hl&
z2d sev)g Wl qEA 2 &8 ddd 938 Fue A, in vitro 23& 53
HBV #4gol NZAGAE T4 gWde] s WgE Fris AMLE vlojgzd o3 A4
2729 IFo] NF-KB activity®] AT Wag 4o & J5S AT Aok o &

%)

=

ol —l} =2

i

A TR AZALAE RS 7o g HBV 3o #3 24y 2 Agdolds IS
T olot= WEE ATADAZ A Fo uMAL oAstde W NF-kBY activation ¥}
€ FAske AEdodx JPsit

M inhibition &3 A& o]A

NZAGAZ A& in silico 2D AW Ao ted AR ol oo wep 43
A7 Qo2 TS 34 StolA ATAGA R B HEl] g oSS 7 gt o
E Zo] ¢Eo|l} nlo|gA EE =4 B 23] ¥ Ao| inhibition F& activation®= & W

AzAGAZ JeltE 28 E4 WEE in silico NEHAE £ o HAk A3 &
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ol FoF ANE ¥ 4 UT target ONE FRIE |

ARG v]LF} A7ko] == in vitro/in vivo ATS

inhibition &3 AlE# A& APt o5 Y3l A FAE 7]
©2 kinase cascade® F2 ©@¥F TRAFs complex® IKKK, IKKel tHdt9 dominant
negative competitor typed] inhibitor® 229 &gt (29 4 &4 ¥A B E)
574 9MAL inhibition 3] 92 NF-KB inhibition %5 ZA37] 3] Area Under
Inhibition Curve(AUIC)E &3} o] A3,
mean(NFxB,, ) 1x100 (%)
(steady state NF«kB,, in the absense of inhibition)

AUIC =[1-

Z, AUICE 54 @¥d$& 974 A7t inhibition 39S o, 2 Al &< A4 HelEg 2

3 ¥l NF-kB activity9 H]&& Yepit.
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AlEdolXd 23 IKKZ inhibitiondl3-& ), NF-kB7} HWZ inhibition®+& A& & F 3
t}. 53] IKK inhibition2 IKKKY TRAFso| H|sl9 ddidez wE A|zF o] 100%
inhibition®] €3S IIZE F3 HHE 4 ok o] AE H5HO0Z NF-«B activations
Z2AZ Fert 92w IKKE inhibitiondtE moleculed &2 AAS e Aol ax4AYS

AR E.
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V 9 23 AEHA

HBV Zdoz 2% NF-kB activation®] Z7}E in silico “ollx ZEH3s7] Yt 712

o] gstitt.

o) Xﬂllﬂ HA €99l in vitro 438 AH}E E&to HBV7F 74X W phosphorylated IKKE
7INZE F8gith 971el HBV7E NIKE %3te] NF-kB activity7} @438 S7HA2th
BRuE }ERQE, 2dof dlo)lglARRE 7938l NIKE £3 IKK activation 42E F7}
sttt =3 literature® &2 TRAFs comple £ 53 NIK 94 4= 29 sk

O AAFIAAES HBV 2 AlEo| djdk TNFa ¥ 232 HepG2 % HepG2.2.15 AIEE
o s o]Fojhct A4 7+t MEQ HepG2 AlEe 7+ AlEQ HepG2.2.15 AEE A

3 =dgsty] Yste, in vitro A8 TA, HepG2 2 HepG2.2152 uAlgE IKK
activation 32& F7}3l9th

O in vitro 28& 3 938 HepG2¢ HepG2.2.15¢8 A= g2 x7] 3% 74S g4 3
&3kt
Z 7oz 713k vA IKK activation 99 Wz X2 913 IKK phosphorylation®

2, HBVZ 7]203% NIK ¥ IKK activatione %2 M2 YZ Q1% NIK phosphorylation#}

phosphorylated NIKZ 1% IKK phosphorylation©® 2234 (2 5 24 F8)

ofN
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in vitro A8 TNFa o & 2A17F Fet Al ] NF-kB1 activity® €4 A7+ 75 o
EMSA EX43H= WAooz o|Fo|fuiay bA, B). 2 23 AA AE HepG2olAE NF-
Bl activity?} AZ 2 F7|7} & 533 oscillation® ¥ FHZ JeEbdt(Zd 5C). ¥HH e
HepG2.2.159 4= AZ & F7)17F AL oscillationo] 2AES £ F+ At 53] TNFa 49 %

7] NF-kB1 activity7} 2318 743+ undershoot dA4te] #=E & AHE ¢ (¥ 5D).

in silico NE#HoIAE ZHXE o9 FAMG jEle] NF-KB activityZ7} YeltHZd 5E).
HepG29l 7% =3 F33 AF 9 F7|E 2t oscillation FENS] £8o] Holw, whHd
HepG2.2.159 7<% 1 AZ3 F7)1E zh= oscillation E80] YeRU 9t} o= NF-k
B 3 Al&"o] E9J9+ 998 phosphorylated IKK7} HepG2.2.15 A XA HBVE 3o
2 A4 AZET Bo] activation o] NF-kB & A€ =8 ey} Wald + 932 A
i

T3 HBV Z9 AlXx<Q HepG2.215904 EAAHeZ WAL undershoot /442 TNFa
o 27 AZAGAZ o] = TRAFs complex 7171 Hiolgi2d] 93] &43td NIKE
A, o] A3 IKK activation®] Fishes §3 W] 7|Qdsks Aoz HAM ol in
silico R9& T3, Hd AE9 Az AGH R T8 54 Wl B on e 7HES A
Ak, AEHAF in vitro ABE B3 o8 HAFE F IS HYFE hypothesis

13 )

driven research® £& Alglg & 4 doh

=
K

-
B

0, rlo

3. HCV &t TGFp dsdMetAd 2o st ODE =24 =3

7}, TGFB 213 AY B2

TGFBE receptor 1, 29 A% Z-83t] TGFB/TGFB receptor 1/2 complexE ©|FH oA
°] R-Smad?] Smad2, 3% phospholylationA|Z1t}. th&ole o]A¢] Co-Smad-Cyto Smad 4
9} ¥r&3te] p-R-Smad/Co-Smad Complex-CytoZ ©]%4 ®t}. p-R-Smad/Co-Smad
Complex-Cytoo] A|ZZAA 3 Loz o]F3lY p-R-Smad/Co-Smad complex-nucleus’t
"o} 2= p-R-Smad/Co-Smad complex—nucleus”} target +%%+¢] promoter binding
3o target H-AA}Y transcription/translation®] ©]F9}A 3, R-Smad$®} Co-Smads T©A] Al
¥AZ translocation He FAEL A olFEA do AAY Smad 7°] Smad 2,39
competitive inhibitor2 2Hg-3lA €t} o]9} & Ao Z AA TGFB A3 A8 Z=7F 44
At

}. ODE 299 74

Sel A =3 HBVIAM EdE 7439 A7 vk ez HCV HEHAY A Az
9 AR in silico RAS $ASYTE 1 the o] RS MATLABS o] &3te] A& oA 2
< FYsta, I AFE A 2ARAA € AAEe e A4¥S AYsty 1 AHRE BFEy
1 U2 2dg wEs F3Ye FYsinh

n
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. 7] % ¢ sy 24

ot e mde Wk A9l 2] FEo] wEl A2 g AEdold AFE Hlrh nehA
A48 sy gt 7] 3 Aske Ao) wi$ Fosith B ARITRAAME A2AFEHA
g3 FHS Bt e e %7 ¥R e Asoh 2 o BdA ALEE gEvH
HEL literatureE A3t

TGFB TBR-2 TBR-1 R-Smads Co-Smad
0.2 0.3 0.3 0.3 0.3
in vitro 488 B¢ Y =V = & (&= 2M)
&, in silico A& d ol A
9jo] 2dE MATLABo. 2 FAGe A3 A3 olgjsl 2o AFAE 4§ F It
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- w?:,\'i—’\’;;&w: (
I

HCV & MEFEPAZ 2Y jn silico AE80|4 A1t

g9 Ane 2ol AR HulH G IS MANA SHEA 2P 2 2
BEoldh. Fulg ol v wuit Agdeld Aus wEAR, dRE A B
gol BY FHol o2t Row Yol & AUtk @A A2ARHAYHe AW
AE Batel 9o U AUt #9e AYskn glom, HBV 24 193
| 23 e ez 4¥e A9Y Aot

Al 3 A #™ "ol o] A

1. SBML
A7 HBV, HCV 243 2 A28 YEY 2de T84T 5 IE dsd 22399
At o] W Z TaPNN JEYZ 2dE Fddtedd A2 O WS ol &dtd
L o) hos

N

Z2a9 AHES g2 Z2aPAE AT & ¢& Aot welx] AEE RdE
t EF dhio] "HastA HAuh ol e Exoz s ® RHe] SBMLelth. SBML
Systems Biology Markup Language® °FA24, biochemical network 2¥& T 33t

wae AT,

rﬁ:
AN flo Sk cob iy

=]

SBMLE thes 2& 43¢ 73 gek
- XMLS /0o BEld Qo B340l 53t

- Biochemical networks T &= TFL AATozH thdd AZEY oo AAES A=Z



e LZEYojdA Abgehs Aol 4A olFd F Atk
SBMLE ths 183 22 o3 74 8242 o]FoA I

o Unit : SBMLAIA AHE-HE 2HE 9489 99 (F, mg 5)
o Compartment : species’} A 3= E5S VY
o Species : network W& proton, calcium$t 22 7+93 ion, glucose, ATPH #& g

molecule 7183 RNA, protein® 22 &£ molecule 3
O Parameters @ networks @3t o 293 eSS AN
o Rules : network W9l speciesE< AEi7F e 4= ) oju A 7ol JutH ojAHE

AAE e, ofd A%EAS Ruleolgt 3ot
o Reaction : speciesE7]2] 4&S F1 ¥ FAE Yedth F oJd species®] %ol WA

U compartment® &7)AY species?) A7} vlAE BAE 2@

o ©°]¢ Function, Event9} & 247} &A%t}

SBML2 @A A& Ad=ET ok 283 507147 ¥ bdd AZESojolA biochemical
networkg E#3}=d SBMLE AHgsti glon, dogy o 2 AZEJoA SBMLO
A" Aog oAET)

2 AFgNE AARAA L A2AEsAe] HBV, HCV W EYAE design & §, SBML
tool?]l Cell-designer® ©]-&3ste] 18-S I H Ut}

22 A1LAEFHA 2] network model® 1AL SBMLZ @3 1¥o|ot

A
(&
Bl

-

to
=<
i)
%

HoM &g 2tH el HCV WELa I3} SBMLE E#ES 18
et o] 1YL 289, Cell-designerst 22 AZEY oM oS3 S SBMLS A4
st ok
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<2xml version="1,0" encading="UTF-8" ?> <!-- Created by SBML AP1 2.0(3a15.2) ->

- <sbml xmins="http://www.sbml.org/sbmi/level1" level="1" version="2" xmins:html="http:// www.w3.0rg/ 1999/ xhtm

xming:celidesigner ="http://www.sbml.org/2001/ns/celldesigner">

- <model>

- <annotation>
<relldesigner :modelversion >2.2</celldesigner :modelversion>
<celldesigner :modelDisplay sizeX="1000" sizeY="700" />

- <celldesigner :listO fCompar tmentaliases>

- <celidesigner :compar tmentalias id="ca3" compartment="c3">
<celldesigner:class >SQUARE_CLOSEUP_SOUTH</celldesigner class>
<celldesigner point x="416.0" y="124.0" />
</celldesigner:compartmentalias >

- <celldesigner :compartmentalias id="ca4" compartment="c4">
<celidesigner:class >GQUARE_CLOSEUP _NORTH< /celldesigner:class >
<celldesigner :point x="516.0" y="569.0" />
</fcelidesigner :compartmentalias >
</celldesigner listOfCo mpartmentaliases >

- <celldesigner:listO fSpeciesAliases>

- <celldesigner :speciesalias id="al" species="s1">
<celldesigner :activity >inactive < /celidesigrer :activity >
<celldesigner :bounds x="145.0" y="155.0" w="70.0" h="30.0" />
<fcelldesigner speciesAlias>

- <celidesigner :speciesalias id="a12" species="s14">

HBV U EQ3 ZHO SBML A
S8 AARERA Y AnE A1AFEIA S} vprlAZ SBMLE 28§ 18o|th

CE T

I(ﬂ’llss‘

Regulate gene expression

Nucleus

MoM oA el HCV YER3A J23 SBMLE E8st 18

<7xml version="1.0" encoding="UTF-8" 7> <!-- Created by SBML AP12.0(315.2) >
- <sbml xmins="http://www.sbml.org/sbm!/level1" level=*1" version="2" xmins:html="http://www.w3.0rg/ 1999/ xhtml*
xmins:celldesigner ="http://www.sbml.org/2001/ns/ celldesigner*>
- <model>
- <annotation>
<celldesigner :modelversion >2.2 </celldesigner :modelversion>
<celidesigner:modelDisplay sizeX="1000" sizeY="700" />
- <celidesigner :listOfCompar tmentaliases>
- <celidesigner :compartmentalias id="ca3" compartment="c3">
<celldesigner class >SQUARE _CLOSEUP_SOUTH</celkdesigner :class>
<celldesigner ;point x="468.0" y="191.0" />
</celldesigner :compartmentalias>
- <celidesigner compar tmentalias id="ca4" compartment="c4">
<celidesigner :class >SQUARE _CLOSEUP_NORTH< /celldesigner iclass>
<celldesigner :point x="428.9" y="439.0" />
</fcelldesigner compartmentalias >
<feelidesigner :listOfCo mpartmentaliases >
- <celidesigner :listOfSpeciesaliases >
- <calidesigner :speciesalias id="a18" species="s17" compartmentalias ="ca3">
<celldesigner :activity >inactive< fcelldesigner :activity >
<celldesigner bounds x="283.0" y="156.0" w="50.0" h="50.0" />
</celldesigner :speciesalias>
<celidesigner :activity >inactive < fcelldesigner :activity >

HCV HEL3 2o SBML A
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2. EST @2 E o8¢ mjago] HAM & M

7b. A 23 2 U §

£ d7exE KEGG PATHWAY doleso]2elA AFeh= pathway IHZE, EST
datas} §¢sted, 2= A9 7 o dPets dUAEe] B HEE tissue sourceBE A
g bl - 24 - Qe AZEd o EFE UGt

KEGG PATHWAY dHelgdlolxol= @A7tA] <&
pathway, molecular complex $°] ZHZ degz A%
A(organism) ¥Z pathway ZHZE AFsH, =0l 3
Hﬂ°]" YA g AFsta Ut

AreMe 2 9id wxe #FAF YR dolgHo]

3} 7_‘_1?4_ ST sequence® ZFAIZo 24 z+ gidol 2y wgg ESTY /FZ Ao
HAZE £ JEE 39t E3], EA tissue sourceE A¥sEle ESTE Algsta, olE ¢t
tissue sourced] Zte} H|WEFOBH tissue source®|A 2] pathway 1H|Z EA4E AHE

Stk the 1ge of WS AW A3 ool = AMustE HAE vehia ik

2 metabolic pathway, regulatory
of ok #AY dolHHolAE AE
13ete G #HE 9F dolE

2% AFOE YA, AF B
BHo

KEGG PATHWAY dlo]gtlo]~ U] MAPK signalling pathway ¢ @@ Eo] i+ 7H
A Z(liver)$} 7+t A ¥ (hepatocellular carcinoma)ollA] oJ® &d FHEHE RHol=X],

Zo] EST A+E A% Axe g8 2o of adZoM =7 7KAe A= £ EST
AN AR E tissue source® HAE EST ATE Hehla ol

MAPK SIGNALING PATHWAY (Comparison)

Liver (or Liver and Spleen)

Hepatoceliular carci
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1}. #3A database

EST(Expressed Sequence Tag)E 2.8% I¥ & v rrrrerrres N MAA
5 o] mRNAZ 9215 ol DNA 2 a8 n g e
£ 242 B3 dojn e Adojrt ¥ e * a [T
AE oo mRNAZ @Az waAneAs & f;;s;,::i?:n:z::nzz: o

=
=

AP BARN
CITETTTEITTTY b P}

AAE YEh7] W] cDNA 9A] AZ qholn T
AA BN A Ade et ESTE

[}
4
p-2
o |

Ribonuclease H degrades most
of the RNA

A7, AFHE E3e o AEA S US Ax £ e Al 41

Hol4 Qojal DNA 2E¢ AF3E /A2 ¢ gmo;glysmzypmes.s o

ol MEE AR AL, thd RAYY F A oo e

E'l' 7] ﬂ]i BH}'E.:L—’_ %}1”%}'7‘“ Ot-]'.% ')r: 9\1_9__1351 m%hgi ﬂ(s)tomlzlehor;holthe second ' ‘
ran synthesis

doleiHo] 2o &2d 4 ke HollA, oY 7b 5 -
A Aol F&HL ATk

@A) NCBIolA #ejstE dbEST HlolElHlo] 2o 60091F9 AMEA (organism)olA A g3t
gt 20,685,79170¢) EST7} 37059} itk (dbEST release 040904, 20043 44 99 AA)

UniGene 74 AFA, 7, ¥4 So28E F:T GenBankd €71 ME& FAAE 7IFL
2 Az $2hx @52 Z2HE doleol 2otk UniGenedl: EST A2l tjajqE
Fe28g e Fa gold AZe FAAY BITH 424 AE Y 59 7ol Welg
AlFeL Aok UniGened FAAE 71€22 ZAAQH7| wEd 97] €9 &5 B9 ohvz
TRzt g AR fAA e AR 5 47 48 5 dve HAA o {83tk

LocusLink HlolE{¥lo]2E EA §AA Ao th3t curated sequencest HH, FAE A|F3
= dolguolaz, B AFoNE KEGG PATHWAY dlojel#|o]~9} UniGene HloJE{Hjo]
g AAlske BA dolgHlo]Ag ARR-H AT

KEGG PATHWAY Holgjtlo]Ax= Kyoto ™89 GenomeNet TZAES dgoz,
Metabolism, Genetic Information Processing, Environmental Information Processing,
Cellular Process, Human Diseases @& pathwayol] g £&3 A2 do|gH|o|AE Zt33
Atk T DBGET/LinkDBE %3ted, zHA| wlojgjue]2 2 3 dlojEHo] o] gt A/
3 7ls& AFsar ok

3. ODE 2d ™A o0

A AL Aa"zF o olgsy] YsiHE A ddel Ui $3F mdyo] doF ot
o813 483 mdagdE AR WAA (Ordinary Differential Equation, ODE)e] %o] A}-&

Jej2 EA7F53h ODE 2dd) g 2= Zd(old)
& 725 AnHon A FEsth 12} A8
ol AL olF ATHI ol & gt WHY HHROE ABsoRG Yok o u]3)

A
290 tie WAY EES e %3 2 $40] ofFm, we BAE e wiE AuHes
o337l Erbsdtthe @S MR Utk oy @ Aoz s, B A7|7F AA L TN



d|A]/dt =— k[A][B] + k, [4B]
d|B)/dt =— k[4])[B] + k, [4B]
d[AB]/dt = k,|A][B] — k, [AB]

ZHHAAKL:  relation(Entityl, Entity2,...)

@ 7 27 Qv AP W WA 2de MAT 5 A= ok

°|° &

ziwd(Rh, B, C) wetina(C, A, B) congeri(h, B) generute (R) o
degrade (B) Al
| 8 Hatlsb code 1] 8 Matlab code :
H ; o | _ - { i & Hatlab code i { B Hatlab code
| fmetien dp = Rle, y} || fmetden &y = RO ¥ poevien dy = Rlt, y) | | fanevien & = R(t, P | =
| (L) = -kAB; &) =xeCs oAl - kR 1 =k L TE
| &(2) = kAR | (2 =0 a2 = kems i ap2) = kB :

{ &(3) = k*R'B; &y(3) = -k*C;

ODE 2 A olof
919l 17 ODE 29 %A o7} A4HE o]& 2eFrh ¢4 ODE 22 1= ZHo
A Yehde ZE 2= 72 A9 22 w94 oz #2949 F 3ok
2d B4 A& MATLAB <92 ¥gshs Asstd 22398 =93ty ODE 24&
Hoh w23 ojgjst F4o] folteE THE F A Aot
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Al 4d ASARE 7z Ve A

2 AFoIHE okelst 2 Al FHA RoplA tFd 47 Ang QU
® 284 Aoy FueFe A2

® T4 AQRR A 7He) A

® Q9x Am Fxo| FAW AT

1. Finding approximate occurrence of a pattern that contains gaps
B dFelA F= ZAE oty d9 Zo|, 1A MY oA Zol7t ¥ + Ux H(gap)
£ 7HAE HEHE 92BN Ze —‘ézﬂolt‘r.

Py P2
k1= 0 k2= 1

2 0l Jb 22 3 At O @ 2012 12 3AH01 ¢
gole 2Rg oo 2l g
Z, olg aPolAe 2ol PdAE T=GCAATTGCACTTCOl 99 Z& ¥ Pt yet
2 F g
r
P
2
of #AE Y /M 8% /T Yo, FEH 8L uol X e oA GF Y J|F
S gopd ot} A2 GuAe] I 7|Ee oju] Ao] AR BHAI ANE FAEE
golgoz F2E ¢ gt} oy AA Ad vx dil, 2L 75 ZE 98 NEEERYH
&% ZEZ(motif)gtn e F S8 AMEre wart dadith REIZE HolA BQ
A3} o] Zdolo Wt uAH AL /M7 Hyoz ZAHY, HIdE REZ JRE At

PROSITE 53 22 dolgHol&rl £ H 1
AA AgAE dolgrt o758 IFFE 5 W7 dEol, &
2EdA AR 2A BEE e Aol Fos ok 2 ATddAE HiEdA Aol A

A B ol olsh ol TARA ANFHe FEE BE PEE AN

oF Sse] B ATNE AL EFHE AUL P& BAS TAZE wbel F 5 UeS
BT Azte) BB el Yo 2& azeld HeE Uehii, A4 B¥ AUES U
B F AR 2 A oF Alolo] g g WAS WS AT F AEE BHoz 4

A3t 2 d+ ol 2d3 2o
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1 2 3 4 5 6 78 9 1011 12 13

G oA AT DGEOoOAC T DC

(3,4, 1)

= ARRE Ase] mAY 2E HEe vehis
A NEe THES L+ Ak o) HPS et 5
A WA A WA B2 ERe daEdqa 2
S9e W T oaA B2 el Ue F e 99
e o] HA4L A% BRI AL 22 AW

1 2 3 4 5 6 78 9 10111213

CCAATTGOACTCDC

(11,12.3)

25 2 TAH AL FE ASE o) BT wigebl YR D220 P
A dAshe BE Hdg 2E oA, $4 AYH(dynamic programming)$ ©]-8-3te] et
2 77k} 23 AEslT S48 B9l oy 948 N 2Wa: ANE 2o 1 F 08
ARl g FE Ado] Ug 5 Ae WAE AL, o B oM gF FE AdES A
& Zohzitt. o] FgolA Hote] A4 ARt BEREE sule] dojg HiES] Hojof o H)
# gt

E7] 984 ddx Ax P27 e "ok giZAE] dda Z
Huja} wjdol gltd AuAl Ege Fold Hde RE HujAl2 AAss B AYARE
Akl A - F-&5HA 29tk

v, Fuab ERlg Agshe dee B2 dxert desive el Slth mEkA, oAb
Efel 22 AFg UM HEIE §8H0F ol&dte A5 T2 FHUAL wde] ARHU
t}, olg] 1¥& T=abbabaababbb#ol] tg HujAl wjge] o o)t}



7 |b#

8 |baababbb#

9 |babaababbb#
10 (babbb#

11 |b b #

12 |(bbabaababbb#
13 (bbb#

Hu} g e gra 2gol wse Ao Fhe AAs, diEAA AU FE BA U
SNE AAL 2eE o188 Wol O(ploglAzke]l dale W, FEA} wjde o] g3
O(p13]) Azke] BATHe Biol Alek el7lAA pE sEe) dololn, |gE LobAel 7)ol

t FuA G S ol 8HUAE FulA Edst 2ol O(plogla) Al AEE 2

2 # 9E PR AN,

o8 $sto] B AFNE Aue
A

QEZEA YF o7 FohrtA gL APt = 5
, a->ba->abad] &2

8 P=gbadl 2 szt

1 |# 1 |#

2 |eaababbb ¥ 2 |aebabbb#

} labanbabbb 3 cbacbabbbid

4 |ababbb# 4 ebobbbd

5 |ebbabaababbb#¥ 5 |qbbabeababbb ¥

6 |jabbb# 6 |abbbit

T |b# T |b#

8 |bzababbbi 8  baababbbd

9 |babaababdbb# 9 babaanbabbb#

10 {babbb # 10 ibabbb &

11 (b b # 11 [bb #

12 |bbabaababbb i 12 |bbabacbabbb i

13 | bbb # 13 |bbb #

o]l H4& S&AOR P3| A, guplle] Zzke] Expuiet Hujap WA 7P whA]

oz Jehd JAE 7St £ ArAL wigel] A" HuAe w2 g o FAE o
g3t
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3. An Efficient Local Alignment Algorithm for Masked Sequences

Local alignment algorithm< FoiZ F Aol M2 FAS &8 Z= dagFolt) 9
Eof, o} @AY F AME AATCGSt CAACTGZF FolAd, AATC-G% AA-CTG7
& Zo}FEr}h Local alignment algorithme DNA A|#4 23S v 23
oAtk 714 & 28R local alignment algorithme Smithet Waterman©|
o= Zol7} 47 n, mY F A4D a, b7F FoIAE O(nm) AlZtel local alignmentE
et

3, DNA A#EAo A=+ fragmentE2
? 71A] olfZ YUY baseE9 ARV} flv AF
g2t dEA repeatE7} low-quality bases
screen® ¢} A}gtA ¥2]7]|% d}al, base calling
Al A based] ol ZBHA &L baseEx U
o]&13t o]HFEZ mask®d FEE Noz FAHCh
Mask® HEEL base AR §71 wEd
alignmentel 4 &j7]|7} gIA A

B Aol M=z, mask® FES AUHEA, local

=

£

N
-

oo

alignmentZ ZE 83U d3YFES AT
AAE 28 EFL maskdE FES AYHAY Smith-Waterman €312 EH TYF local
alignmentE &tk WA maskd HEE AYH 7] 93] mask® FEAA AHEE 5 e AR

a;_, 7} mask¥ FEQ A% B A7ddA AAeE MZE recurrences H,_, ;- AE
H, , A% el H, & AME & Aok F, ol ol §F 224 maskd F#& AMsHA &
I AvE F Yok

Mask® 22| wa} oot zo] v 71A19] caseZ o] Azt WA, case 1 9L 7]
Z Smith-Waterman €18|Z3 FU3aA Ak S, case 29 case 39 3% wA|F &
°l9) E 3 E,% AAR npAwoz case 49 ASole Eu AR Hi oE {3
E & EZ v Al

FolR F A2 Zort A7t n, m, A MEe YA 22 maskd
v, w, 2t Ag ¢l mask® based & A7 424 T, S ¢ BE, £ AFA A
2Fe) AEREE O((n— T)(m— S)+ vm+ wn)°lth
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4. Deleting keys of B-trees in parallel

B-treet B& 712 HIZstn 7JAEHE o Zo] AME-EHE 7]17@01 Agfzolth B A1
A= B-treeZ} 38 2}
T HE dugss Agssit Ags dudEe 719 e aolgta i, ZRAMY T
7}k, B-tree® 7 nodeol Q¥ HAF 719 A4E BEtx & w, O(B(logk+ log zn)) <
AR FEE e

B-treex 9% AZao A&, w¢- 2 7] Aoz #Aelsty] Yt N¢E balnaced
search treeF9 stuoltt. Root & -tree?] ==+ H4 B, HY 2B-1
A 718 Ze=th aga gAY 712 7HA 3 Q% B-treed ®0lE O(log gn) ©lth B-treew
271, A, A 9 A2 S s ¢ U

B-treedl i A7 TdstA olFoA stk 1 T shirt ¥HE €
PRAMAIA kel Z2AME o] &3] B-treed 7], 444, Al 5& Tt WHE0]
ATHReH, O AEFHEE tIH 2

- 7] . O(B(logk+ log gn))

- A4 ¢ O(B(log k+ log gn))

- 24 © O(B?(log gk+ log gn))
2 dpdMeE A A fudss Agsid. B guese 22 2394,
Z

=
O(B(logk+ log zn) & AAEREE zheth

fol
Mo

5. 2t dHiolg{A Z- 0| NFkB pathwayoll 7Ix|l= Fete| 35t =E2

A 4L Axgdoz olgdy] e 4ol gt a8 mdgo] dA ol o
7} 8rA 2d 7hed Al W82 (Oridinary Differential Equation) 222 o8 714 A
slet uhg-& Rdd st de ARE Yk

Lo

© NF-kB A&zdeg A2 BE 7HY9 vlo]g|~(HBV)®

ODE ¥z 2dgsz, MATLABE ©]&3% AE &9

g, AsAY A2 U @8F ke 9d F2E JEhie adz 5387 o
Z8E BEstd, ST ArEA, 789 &oldE Ze

6. Efficient Implementation of Suffix Array Construction Algorithms

Suffix array= DNA A @l EAste HdE ZAM(search) APE st do A+ A
25 AE8FRelY.  Suffix arrayE AAsE  gagFoE% Karkkainen-Sanders,
Ko-aluru, Manber-Myers &1il8]Z %o gt} Karkkainen-Sanders €32#|&% Ko-aluru &

12Ee 2EYY ZolE golgty ¥ ), o]2HZ O(n)d AVEZEE zZied. 2y
Manber-Myersd] @un#]&e Hd FPA|7Haverage time)S O(n)olA™, Hete A&
O(nlogn)2 AZEREE ztetl 99 A duelFe] Z2ay 3 =Fo AMgske W2
o] 7= O(m)olth

B dFrEs ol duFES Hug w TGS Fdse PHES MEsad &
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AT AHES EES vS g 2o
- o duple F718 Zea
- AAH A W (recursion)o] FE uj o
- Ko-Aluru €125 34|, Wi A4E §830E 3

st dEeE Al

space
n: word size
g @ n maxin, typeSL*2)
m{bucket codnt max{@ + m, n—beta + m)
Dist
A m bucket —m
fri-list k
sub-R sub Bub-fin f - bela
suf-enc 1bl \\
a T T remur 51 memory space
SA bottleneck is
_/E 8 m when sorting
reuse ——1"P*Slaged substring for
encoding
ou!pu} {nog@ + riogn +
sPace. m SA Eumeta plogrt + miogn +
recursion maxi@, nlogn)
T = apprx. 13non
¥ T ga T {2ypeSL, @+ypeSlL) ASCH input)

e dolel] tistel olE FmAZFE el 1 AT MR ALFS FHsH

8,00

7.00

§.00

5.60

4.60

3.00

2.00

AU LR

IAROCROUOCUOUNU MUY

S¥
-@Chéﬁ%ﬁt%it& atrﬁé’s Randam strings

W Karkkdinen-Sanders  FaManber-Myers

EY dolgd] st A¥ste FF ARFE SAHI Aijen

Ko-Aluru %}Lal%«l ARE 12 39 FIANE HuE F LT 3. Manber-Myers
deES AGsA AT MES o8t FIPS wET, DNA XEE o] &dto s
g o2 F duzlERg dx ¢ =g ZAxE B249ch a8l Ko-Aluru €xdE&#
Karkkainen-Sanders 2¢12]&& vlus] 2w Ko-Aluru €1glFo] i A9 & 9

W27 suffix arrayE AASS & F IATh
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LA

0G0

5000

i e

3y
eltsiaa]

NIRT
JUAR

C a0

A0 A/

15

DA pequencs (480} English text {4,305 Random, alphabet=8  Rendom, aiphabet-#6
{5,001 {5.0M1

ERARININ

N

ce — ~

| OKo=Alury BKErkkdinen~Sanders A Manber-Myers

ol ag=ZE= MZ v&3 A7E 2 71 HolHE olgdld, 919 A dunEs TS
Azolth, Ko-Aluru €318Z%# Karkkainen-Sanders & x28]&8 dHolg o] F7/d A 9345
Wz e AL #3908 4 vk 28V Manber-Myers €385 #1135 DNA A EoA ¢

%

=
=2 sPEHE AL AAE F AU

ONC.002327
BibleKJV.txt
Random 5M_6
M Random 5M.86

9.4 8.2 9.1 91

Ko-Alunz KérkkﬁimwSandem Mnbﬂeryess

A9 a8 AZEA gaES 7HA dolEd tiste] FAHA WEe] AMRES A Aol
Manber-Myers €xg&o] 713 HREE AA AHEsAT, YA F dugse A= 8553
Ax9] HRgE AT

9ol AxtEg %8 £ w, Karkkainen-Sanders ¥¢18]%2 Ko-aluru &
& T AEE Ao nRE Ko-Aluru €xgFo] o £&
anber-Myerst WZ2] AFgolA] ozhe] BHe] Aoy FaPA|
o] AHog UF Wol AH. uwebMd Ko-Aluru €xEFo] Al ¢xngdE FdA4 7P F

2|53

o
>
Dl

Nk
;
o b w2

4
oo
>
r\l

kI
i)
)%
o
K
)
e
4 M
%o,
Y
=<

3@ ©
>
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7. Dynamic Patterns of the TNF-a Mediated NF-kB Activation Modulated by
IKK for Hepatitis B Virus Infection: A Systems Biology Approach
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