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Hepatitis B Virus X Proteini}

Protein Phosphatase Type 2C2| MG A& 71 Hof

Hepatitis B virus (HBV)9] Z9& F4 T+ w4 7S do7le &
2 7k} (hepatocellular carcinoma: HCC)S WA 7]= S 23 Qlxt=z 2l
Auo] ga giREe] HBVY #d® A 20093k AyEe 53,
HBVS 7+da) 71 d& uhglel 9lojA HBV X protein (HBx)9] A& 34
A 715 F&o| FEEA HAJATE HBxOl #3 2719 A5 HBx7}
thoF3t viral 18] 3l cellular promoter/enhancer elementsZ transcriptional
transactivation$tthi= A& ¥tk HBx7}F 213 DNAe| A3siA gFaol
= E35t3, AP-1, AP-2, NF-kB, SRF, ¢/EBP, Ets, ATF1, Egr-1,
CREB 59| binding sitesE &3 FHLS cis—elementsE©] HBxO
oz &gsteitt= Aol RuHTh ol #HH W AFES ol
HBx®] transcriptional transactivation®] 7]dS AXd o] Az HGAE
G A o 2ZHR o]FolXtta HusPrt aFolAE EWH3 AP-1,
NF-kB &2 AARRIZE  &Adste AT 21+  Ras/Raf/ERK,
MEKK-1/JNK, PI3K/Akt, Jak/STAT cascades® ZA3A17]1E Aol A
S 7HTh olglgk HBxO AsdEA @43t DNA &35, Al2F7]
Aol wrslxi. webs HBxS ]

22 9 AETA] 9FS VA 5



R4

23 Haldol gAo 7ol whale WA s}
HBx7} Al ZzWell A 23 Zoatgshes aEdd tallds &2zl vt 7
o] Ut

ATl HBx7F AlEelA A4 Fsagsts £aE5d s
ZFAA HQar, 183k Exe) thal yeast two hybrid system< o] &3 A
3o A HBx”} protein phophatase type 2C (PP2C)¢} ZAg3sitt= HAHE
A7 %<tl.  Protein phosphatase:= = A PTP, PPP, PPM2| A 719

|

family= Y= F Atk 2 dAFoA #AS 2= PP2CE PPM family ol
Sals Fo @adld, ol¥d PPCe &4 metal cation?] Mn’'u
Mg” & Aijgoz g e« th& PPP family] 2414t okadaic acid
ol = sensitivedtA] thal &l Aok Aw7HA b #F dHd Ve
stressoll 98] E43}E = INK/p38 AZHAGAY Wnt AladGA 2
protein kinase cascades®] #Adl=  kinased XS reversingdho]
inhibitiond} A 1} activationdti= Zo|t}. GES EE HuEdAd PP2C7}
AEF7] - = #ofdti= BalEo] oA i 9}

HoAFoE S ow ox] BuE HBxS PP2CY AHA< A%
282 A gheletal, HBxoF PP2Ce] Adto] PP2Ce &0l WA= Fas

ol 2} 3+t Co-immunoprecipitation assays %3] Chang Al

)

9}  Chang celld]l Tet-on system® % HA tago] &< HBx7} F=wrd
T2 uwE stable cell line¢l Chang X 34 MEFZ A183to] 3 PP2C &
AR AGdHA AL A3 thS, 3 HA 342 western blotting g A] 8 3}
AEY dd 1 glE PP2CY doxyeyclinel & % wa ¥ HBx7}F 2%
Shal Adee ettt ' ol2ldk Agto] PP2Ce ©Sl4kst &g
g FIFE vA=AE Lot ] S, TN HFLIAAA &5

AR HBxoF PP2Ce] Al=g dds Abg38te] pNPPS 7122 8= in



vitro phosphatase assayS Al 33lo] A% HBx7}F A% PP2Ce] &<l
Abst Ao Al adE YElE S &5k

-

ol]3t AFELS uleroZ HBx7} A|lEUoA PP2Co ddxow AG

sha, PP2Ce] 2elabsh #4¢ AsjgoR <8 PPCt Aszdsn 9

i+ SAPK pathwayt CDKs's ol ¢14bstel &S f=akal dolrh Alxu

[e]

Abel A7) 2-dl dFE mAA 2 Aeletal Vsl w

A E = @ HBx, PP2C, 1+eHAl, AlEF7], Al E LA

A=)
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AA Ut vhatel o) 3} shAl

CH Y

Bd 7+9 virus (human hepatitis B virus; HBV):= Hepadnaviridae2)
& (prototype)' .2, 1960 o] ¢ ~E# Ao} Yol A A nfo]
2 QAVE SRR WA GEAA =AY HBVE #lolg 29 7] 9

2

[e)
R

i

—

o

I s 54 B A 9SS 4ol HedA Fo stuE, dAA
o149l 4-5%7F #dwol glonw whAZEd m:E 7ot (hepatocellular
carcinoma: HCC)o. 2 9] A& Z&Est APBALS 71xx Yrp’>,

HBVe HFHdA %+ 4709 open reading frames (ORFs)Z 4 & o

o 7zt ORF+= surface antigen (preS-S), core antigen (preC-C),



polymerase, X protein (HBx)S A #3t}’  o]Fo]A 53] HBx7} #4<
ZA ¥ o]f+ HBx-transgenic miceol|A] 7Feto] WA E = A o] W 11%| o]
P, 92 Ao A MEMP] HBx7F A= o] =AY wi
oltb" . HBx¢ ATt AFEWA PRI AHE sow Gy
viral ¥ cellular promoter/enhancer elementsE transcriptional
transactivation3tthi= Aol ¥ A oH!. HBx7} 23 DNAol AgslA ¢
Solx ETsta, AP-1, AP-2, NF-kB, SRF, ¢/EBP, Ets, ATF1, Egr-1,
CREB 59| binding sitesE 233t FH 93 cis-elementsE©] HBxO
o3 @4stEttE Aol muHdr . ey} o]#] 8t transactivation?]
Aee 71 obAZMA wE A A o vk 271 A AEe HBx7Y

oA Al 7He] RNA polymerase®l subunité! RPB5E ¥ 3sl+= v}

k]

3} transcriptional machinery 9 74 845 T EYE AARRIAS} A #
43stoZM  coativatore} # 9SS FYgPstt= Ao HBxY

transcriptional transactivation 7]5< AwW3sly st % HBxe T tf

2 A48 7Ide Asdae #4949 #ye] iy HBx7F AP-1, NF-«B
2o AR #Asket #A7E 9l Ras/Raf/ERK, MEKK-1/JNK* 7,

PI3K/Akt™ ™ Jak/STAT cascades™E &4 3A171E= Ao dra At uwlet

A HBx+= 7 7HA 7l 7HAL JSAE BREY. st AsddA 9
A4S v/ Aola, tE s} nuclear functiondl #AEE Ao R
AALJA A 19F #dE et AxE e AdEago ofyd dmAs

o] &Aool DNACY ZS © FAA7= Aow AZpEolxal it
Trascriptional transactivator=241¢] &= <la] HBx+= DNA &5
BENEFE D A zaAY -0 Bl Aow BaElTh
webA] HBxe ohdst AESH 7|5S L3S # Jom, ojest v
A

g 715 o] ke Aol zlo] wejstal du= A 4 HAH

o



ML 53 HBxe AEdeA BAel Bud el FHsUA ol
W3 18 wely) S, HBxsh 99 4Eggsts pAselA Aadw
A el B@ AvkelE Fobuel shgith HBxsh BEAEHE EAl

)3l yeast two hybrid systemS ©]&3 Ago|x HBx7} protein

o

phophatase type 2C (PP2C)¢} ZA3$+3ttli= [unpublished data]Z el #4
ZHAl | AT

Protein phosphatase= =LA PTP, PPP, PPM2] Al 79| family® Y=
4 . PTP:E  tyrosine phosphatase©]l i, PPP$} PPM<
serine/threonine phosphatase®|tt.  PPP familyol = PP1, PP2A, PP2B<]
37}4] subtype®] &38l=H|, tumor promoter?] okadaic acid Tol ols| &
Aol A& EH, catalytic subunit¥} regulatory % targeting subunit®] &
FAE  o]Fo] holoenzymes FAdE T2 7AYot wixjgo
2 PPM familyE eukaryotet} prokaryoteol 4] E£A45t+= PP2CE o=
T Atk Molecular cloning®. = &% PP2CY %+ PPP family o+
U2 monomeric enzymes©|th, A A7 Edd = FAFEO] §lAT 3
A FrAor 2 oo u$ w2 =S sta k. Mammalian PP2C
= ¥ 719 domaine® A% =4, N-terminal®l catalytic domain
7} C-terminal domain®]t}. 53] catalytic sites= Ul 72| invariant Asp
residues®} 3F1}2] nonconserved Glu residue’t @7 Mg, Mn* 22 T
7he] metal cations ¥3+8HE binuclear metal center® T4t} uwhel
A PP2C9] #4< metal cation?] Mn” 't} Mg” & dold o= a8,
t}E PPP family®] A Ay okadaic acidol+= sensitivedt#] &thal &g
AT PP2CE thdE subtyped ZEEl, AbgelA HaEo]zl subtype
© 2% PP2Ca, PP2CB, PP2Cy, PP2C8"E w$ate] WIP1™ ™, FIN13Y,
Tole LKk #d ILKAP™7HA thbst ool A s 715E5e] U



A vk Aw7kA g F el TS stressol oa 2 3stE =
INK/p38 Az A2AY Y Wnt Azde
cascades®ll #AIStE  kinase®] &4 & reversingshe] inhibitiondhA Y
activationsh= Zlo|th. BlEo] ¥ HuEod PP2C7F MXEF7] 24
T #Aojdts RuSo] olojxm Qe

Aol A AAFE HBxO] tgs &4 7le3 1heaAdel 22 AdA

54-56 : :
|> 22 protein  Kinase

)

of F&E3tWA HBxO ASHdEA &do #Ad A gigk 7dS 9
Achd, HBxel hehia) 714 o WEs 7¥E 4 ot 473
A Hh okelA 7|4 dl%e] HBx7F Ras/Raf/ERK, MEKK-1/JNK*

PIBK/Akt%*Sl, Jak/STAT cascades™ #& kst A5 HAGAZS A 3}A|
715 Aol WA ki, ofgd Adsdege] AP-1, NF«kB #2 dAI=
S freste Zo] dEA 7] wEel, 39 HBx7F o3 AsdE
Aol oAGA 2H-&st=Ao el S zHA AT ol A5t 93]
A HBx7F AF 43 A&ste dAEolA Antels ZolRy shalth
HBx$} & 283l #A50] 3] yeast two hybrid system= ©] &3k
Ao A4 HBx”} PP2Cet Z3rsttl=[unpublished data]A°] =25 &%
=4, kinasei= substrates®| serine/tyrosine/threonine residuesS <14F3}A]
, W& phosphatase= E21AFstA 7= &4 0|7 wi&of, HBx7} 9]
21§t phosphataset &3 2tgsto] o] 59 LA Do &S =0,
AG7HA A = B2 Asdg e #AE 71 2 + oy
g} Azt o]k, B %ol PP2Cel tiate] vrsixl &ddel osti, PP2C7t
stressoll 93] A3 EE INK/p38 A AGAY P Wnt A dgA4> >
Z-& protein kinase cascadesol] &S wXth= Aol Ay H 7] wjFof,
0% HBx® PP2Co dagdol 23S vt5o] A7HEs oA At
kA B Ao A= yeast two hybrid systemS o] 838t oA H a1

K

71



, olelgk Agto] PP2Ce] "&lAtstE s
Bl o FF= FeAE dobmro2A HBx7F AZd27 e A

237 2dd wAse 1AS dYsted o AR #HHES A

WA HBx¢ PP2Cel 23S &2lst7] 93] co-immunoprecipitation
(co-1P) WS A3l =4, endogeneousdtAl Wl ¥ = PP2Cet HBxO
Ao Brs dolnr] s, AEZE Chang A¥EFI Chang cellol
Tet-on system® & hemaglutinin (HA) tage] #& HBx’} =23y =
2 "= stable cell line¢l Chang X 34 AlE5F& AH&3dth. 38 PP2C

FA R HAFAE A P3 v} 3 HA A= western blottingS A 3§ 3}

HBx$} PP2Ce] ZAdS glste] wap o]efst A3 #&0] PP2CY 7|5
of M A= s dolr ] &, HBx2e] ZAgo] PP2CY el itsta A
ko] ojwl &S wXE= A E in vitro phosphatase asssyZ A] 33}

gstgt.  gATNA oFLANI A2F @Wd HBx (HBx)SH

PP2C (rPP2C)E 4 AASS  in vitroolAd Eestsgse] 714
pNPPe] Eelatsl A5 UV spectrometer® =4 3slo] EA31a, 4

23 HBx¢} PP2Ce] Zgto]l PP2Ce] ©14tsl &7gdo] Asjass ey
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0%
IE

II. M=

I AZ Axujg

Chang cells¥} Chang celle]l Tet-on system®Z HA tage] #-< HBx
7} R =5 WHE stable cell line€l Chang X 34 cells2 Dulbecco’s
modified Eagle’s medium (DMEM)el 10% fetal bovine serum (FBS), 2
mM L-glutamine, 0. mM non-essential amino acidsE % 7}sle] 5%

COo, 37Tl A vi¥3 . Chang X 34 cellsolA 9] HBx F=2d 2 #j

jus)

32

Ao 2 pg/mle] ¥ %% doxycycline (Sigma)S #7Fsko] 24A17F nl s}
=3

2. Co—imrnunoprecipitation60

HBx<} PP2Ce] AFS dolr 7] $3] Chang cells®} doxycyclinel &
HBx El
Tris/HCl, pH 7.4, 0.5 mM EDTA, 1.8 uM aprotinin, 100 mM NaCl, 0.2%

i

%2171 Chang X 34 cellsE& RIPA buffer (50 mM

o

NP-40, 2 mM MgCl,, 0.5 mM PMSF)ell €-33}] Bradford assay® %4
4 s E5 AAIY. AEEHA 1 mgs 4 ugd & PP2C A= 4T
o A WAl wkSAZAT. ©g] 200 ul blocking solution (5 mg/ml BSA)2S
2 25CoA 1417 v+8-A1 7132 PBSE 33] A& 3 Protein G agaroseZS A
7beto] 4TeolA 2A3F WAl A FdE A EFAE 14,000 rpmol A 5



Z 5ot A3t agarose beadsE H.o} aprotinin® PMSFZE ¥ 3}35}14]
uffer= 6 A FH3ch 30 e SDS sample buffer® 4]0+

=)
T, 10 w3 #Fola, dAEy F 4THs SDS-PAGEE A#I F
=

o

1-4
[
=
)—U
=
on

——

nitrocellulose (NC: Bio-rad) membrane°] Zo|ste], 3 HA A

western blot™& 483} t}.

3. Plasmids A %

PP2C7} thaatol A W&k @& = plasmidES Al 2Fsh7] $381e], Chang
cellsol A total RNAE FE3to] JALE cDNAE dojdl F, full-length
PP2C cDNA (1.15 kb)E 7] A &S 2 3}o] restriction enzyme site (BamH
I/Hind 1I) hangerZ 7}2 primer® PCRS 33ttt PP2CY start
codons 7}A] 2L J+= 10 pmol 2] 5' primer
(CGGATCCTAATGGGAGCATTTTTAGACAAGC: ¥ BamH 1 site)
9} 3’ primer (CCCAAGCTTCCCACATATCATCTGTTGATGT: ¥&2
Hind I site) ZF 1 pl®}t 10 x reaction buffer 2 pl, Tag 0.2 ul (Takara),
10 mM dNTP 1 ul, 5 x Band Doctor 4 ul, DW 88 ul& 4341 95C 5%
7FEd3 & 94T 159 denaturation, 58°C 19| annealing, 72T 1+9]
polymerization®. 2 35 cyclese =¥d % 72T 10% extension?]
thermocyclesE 339tk I % prokaryotic expression vectorS!
pRSET C (Invitrogen)E PP2C PCR product®} &7 #|gtg 42 BamH 1
I Hind IIZ sequential digestion*]7] L, PCR purification kit
(QIAGEN)® AA % F ligationstAtt”.  HBx7} ldol A g 2d

_10_



&= plasmids 9ol eh e Wy oR dojil cDNAE 7A#HoR 319
5" primer (CGGAATTCCGATGGCTGCTAGGAT: %<& EcoR 1 site)
¢} 3" primer (CCCCAAGCTTTTAGGCAGAGGTGAA: ®Z2 Hind T
site) 7} 10 pmol® S Al 9Jo} & Wgor FZA# pRSET A%t g

Ae &2 EcoR 13 Hind IIZ digestiond}o] ligationdt it o] & A A

R

I3t recombinant plasmid®] orientation ¥ 97]4<€L DNA sequencing

X

o
u
Jo
rO
_O‘L
32
o

4 Az B9 hFF W o wa”

rPP2Ct rHBxE gt Wl A His-tagel §9% Tz d A7)
71 9184, pRSET vectorol FZ43&te] A|zek z-2be] plasmidE o+t
w5 BL21C FA=AAAE. G ®d 55 100

Z3E 2 LY LBWAZ 37CAA ODso’t 0.

g/ml ampicillin®]

=

(0]
o
i}
R
N,
D)
N
Mo
+
—

mM IPTGZ @9 d HdE FE3AT 4A s o wjggdozxn o

S wude] YAnds Fud 5 AdPy F AFAAe A 2

il

o7 AFHAS SDS sample §4o 2 &aA7]a, 12% SDS-PAGE

A

o2

3 %, Coomassie blue @Ao=z wulzo]l wtadAdrws R3]t}

walo] Folyl v Aol i oA soluble formo & W EH =X

¢

insoluble form (inclusion body)Cl. & W3 ¥ =xZ g<lsl7] €3}, PBS

oo gald ATFHAS 259 VIR BAT 5 dAEHsAH

o
ofNi
o

Nyl HAAES bzt SDS sample bufferet 49 A FH, 12%
SDS-PAGEE Al &3tal Coomassie blue @A o= whulzlo] ubg kAlS

A% A3 rPP2C¢ rHBx X% inclusion body HEH|& @& gS ol

_11_



sheich.

5. 4@ E rPP2CS rHBxS &4 A A%

4 el Al insoluble formo 2 & H rPP2Ce rHBxE ®&ls&] 7]
el ATES fAHAZ T RSt 22 JHA=S buffer B &< (8
M urea, 100 mM NaH:PO4, 10 mM Tris, pH 8.0) 50 mlell &3] =<l
%, 14,000 rpmel Al 15T, 30 &<k A4t AFAs AdHe
2 &7 % buffer B2 equilibration® Ni-column (QIAGEN)el] F-of whg-
Al o] ¥ buffer C (8 M urea, 100 mM NaH>PO4, 10 mM Tris, pH
6.3)% 3] AlF& 53, buffer D (8 M urea, 100 mM NaH.PO,, 10 mM
Tris, pH 5.9)¢} buffer E (8 M urea, 100 mM NaH>PO4, 10 mM Tris, pH
45)% elutiondtgltt. ol FA Ao & HS Centicon (Vivascience)= ©|
43l 1 mlE 53471, glutathione redox buffer (0.1 M Tris, pH 8.0,
04 M L-Arginine, 2 mM EDTA, 5 mM reduced GSH, 05 M oxidized
GSH, 05 mM PMSF) 500 mlol 2] 4A[Z1 5 4Tol X 2447t wkE-A|

o =24 &8 oAl WA sFATE Refolding A4S A dWdS

Centricong ©]-&3te] 1 ml= F5A7]3L Superdex 75 resing AR8-3

kv
>

FPLC gel-filtration chromatography® @]3dto], ¢k 27kDacl 38193}
rHBxe} ¢F 45kDacl a3 st rPP2C @l A8 2ottt o= A AA 3 A

Z% @A 12% SDS-PAGEE A]38dt &, Coomassie blue @A o =
2 3¢lstal 3 His A2 western blottingS -3 8to] iz o] wb
AS gt

_12_



6. In vitro phosphatase assay42

HBx<9} PP2Ce] ZA3to] PP2Ce E1itsta Az Ae] 7|5 d&FS
2= A F dotrr] 913l AolA =7 FAg PP2CS rHBxE W&
ol (50 mM Tris, pH 75, 2 mM DTT, 10 mM MnCl)d %

i
H

kg
N
N

ko] 4TCoA] 30&E5¢F kg A 7131, 50 mM pNPPE 712 & H7lste]
A NSRRI E 200 plE WEo] 37T A 1A wEEAZl T 2N NaOH

01 ml& H7bste] wes AX

Ay

Rl

AR, &ankg A3 Ah"E p

bol 24 shsit.

of
ol

—nitrophenol< 405 nmol A S3=E =4

_13_



1. PP2C¢ HBx¢ A%

WA Hdal¥l RuE vt o® HBxe PP2Ce 23S Fst7] ¢35k,
B Ao A= Chang A2} Chang celld]l Tet-on system© 2 HA tag

o] £& HBx/} =28y =2 wE stable cell line?l Chang X 34 Al X
FE2 AbgEArt. o] A EF A endogenousdtAl EE = PP2CA)

doxycycline® = fF=U&d ¥ HBx7F A2 WlolA Agsta A& dot
B7] 9l co-IPHS ol &3, WA 3 PP2C IA= IPE Al33 o}
+, & HA IAZ western blottingS Ald)ste] F @i zke] A3ts 3
Adatdtt (¥ 1. HBx7F @#EA %% Chang celll A& PP2Ce}
HBx¢ A%< &<l
AlZ1 Chang X 34 cellel A= PP2C$t 23+ HBxE ##d + AT
3 Chang X 34 celll Al doxycyclines A g|3tA] 5 AZFAALE oF
o] Ado] BAHYEY], o) leakyshAl @rE®E HBx7} PP2CS Ads)

= Ad 7IEE F5T & At od7]d Chang cell#} Chang X 34

o

o

A 53 wtde] HBxS doxycyclinel & =23

cellol A endogenousshAl W& = PP2Ce <2 3 PP2C A= western
blotsto] &Qlgh A3 RE AEFA 2 4 PP2C7F HAdHIL &
S sty wEbd M E WA endogenousdstAl WHE E = PP2CO]
doxycyclinee. 2 F=9d ¥ HBx7F Agstal Jubs AHE &Qlsda, o

23 2ol HBxe] 2@ = ol vidsta des a2t

_14_



: a-HA

[}
.- IP: a-PP2C
(A) '

WB

WB : a-PP2C

L B B

Chang Chang Chang
X 34 X 34
Doxy treated

a9 1. PP2Ce HBx9 ZAE. (A) Chang AEF9 Chang cello]l Tet-on
system®.2 HA tage] 2 HBx7I FE=23dFHEE THE stable cell lineS!
Chang X 34 AXF9} 37ColA 24435 <t doxycyclinee 23k Chang X 34

MEZFE cell lysate 1 mgX<S 4 ugel & PP2C A9k 4TolA ¥ w-&A171

H

% SDS-PAGEZ #A7]9%3te] NC membraneo] Ho]sdtx, & HA 3HA]
western blotE  F3. B) AxL&s|Y 100 pgHS SDS-PAGES NC
membrane®] #o]dte] 3 PP2C A E western blotE F3dte] 2+ AL Fo)A

A

N

gkel. Doxy: doxycycline.

s
o

728 ko] endogenousdt PP2C7}+
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2. rHBx$} rPP2CY diFw W tiFEd g A A

AESF W s = PP2CS HBxO A%s <lstel] we}, ojefst 2
gro] PP2Ce] EQlitstasw e e ojmd Jas vA AJAE &
obE a7t Azt WA olyg Aol HAHPA o= PPCe @ISt
Ao v = FFE in vitrodlA &As7] 98] rHBx9F rPP2CE Ul
Frt Wl i A

WA HBx®F PP2Ce #F4A 915 A sEL AHfRSHoe=
&g F, g WelA 6 x His7l & Axg dwd ddES 9]std
pRSET A%} pRSET C vectorg ©]&3to =249 stk F=2dd 74
AE g el §2 =9 H IPTGY #H7h2 dats @<l HBx
¢ PP2Ce] ti=dds

body® 2ldl W F Ni-columng Al&3le] A5 3L, redox buffere]

o}, 23d¥E rHBx$® rPP2CE  inclusion

Ho
ki
ol
o
3R

3] A A refolding FAHS A% F 1 mlE 5=A]7]3L Superdex 75 resin
S AF83%F FPLC gel-filtration chromatography® #2]3te], °oF 27 kDadl
gt rHBxek °F 45 kDacll sj@st= rPP2C @¥ide Etv (19
2). olgA ¢4 AAE rHBxe rPP2CE 12% SDS-PAGE gelol A4 2]
Coomassieblue 2%} & His A E ©] &3 western blotting=s ©] 83}
thAl g Btk (19 3). Coomassie blue 94 23} oF 45 kDa<]
Aol rPP2CF oF 27 kDa9l rHBxE YElU = WE=E 82l 95%
ool =EE HFArt X3 western blotting A3 9 A] rPP2Ce}

rHBxe] 91Aol shvtel & M= e
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(A)

B T

n |
u] a 0
PP2C HBx

marker

Fraction# 14

PP2C

(B)

29 2. 3% A2F o¥A rHBx9 rPP2Ce AT W dFad s A,
rPP2C¢ rHBxE tdat el diad-ddstr] 9], #A12e plasmids oi gt
7 BL21o HAEYPAA FAWEE F#FE5 1 mM IPTGE @9 d 288 &
= & AlTRAdS fol 8 M urea &0 0]il Ni-columel & <&=4=7d Al 8k,

refolding ¥} %

oL
o
Y
2
i
=
iy
tlo
—
=)
frt
off
A
i)
ot

5 & Superdex 75 resing A&

FPLC gelfiltration chromatography® #g]d ZA3} (A) peak H-9JolAd A=
dwido] £&59S e, (B) PeakE UEUWE dwadS Hol HA7IdES

1=

Al & Coomassie blue @M oz oF 27 kDaoll a2 st rHBxeF ¢F 45 kDaoll
| Fal= rPP2C @ AS skl dt).  ojuf Gelfiltrationg #1X7] A< redox

Ao gl AT o] A7) Fsle] ER1st Tt R redox status
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(A) Coomasie blue (B) western blot

staining
— .
i ]l e *‘
70 KD2 -y —
M —_— 70 kDa
45 | . & " — PpP2C — - L 45
e -
20| -
" <~ HBx — —
R 20
20 L
il —
i 1
1 marker

marker

a3 3. AA% rHBx$} rPP2CY #9l. FPLC gel-filtration chromatography =

H
FEFAA S Az Gl (PP2CeF rHBxE Coomassie blue Mo 2 Axg o

=
i)
1o,

TEE F9lsn (A), & His FA| & A-83 western bloto.2 &<213}¢th

—~

B).
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3. 1PP2C9 Fxo W& 24284 =4

&5 AAY PP gAdstEzzAY @48 2Aas] sk,

rPP2Ce %5 Z7IA 7 wa &4 HEE pNPPE 7|2 =2 e €9l
g

PP2Ce] &4do] pH 7.0 o]l A Hjx]e o]
2o o usttE &S vegog® ppoC wkeg o (50 mM Tris, pH
75, 2 mM DTT, 10 mM MnCl)el 50 mMe] pNPPE 71d =2 3le] 37C

ANA 1AIZE HEEAIZL $ 405 nmol A FHEE FASte] gdstAnh. 1
A3} PP2Ce] <ol Z713ko] whel pNPPe &2tz zt Z713S gelst s
=3

4. In vitrodl A rHBx7} rPP2Ce A v X & 93

rPP2Ce] &S 1ol wet ol gk in vitrodel =5 AAT PP2C
o] Aol rHBx9}e] AFe] ojug JgF& A bl s dolrv]
A&, rPP2Ce %S 10 nglo = g A713 rHBxS &S 20 ug7tAl =
WA 7 Y AxE dHE S 4TCAA 1023 Tris €9 (50 mM Tris,
pH 75)°14 AwgAz F PP2C WH3-&dolA rPP2Ce FAAEE
pNPPE 7|A = 3t Gelitsivrg o g gelgh A3 rHBxe ol Hlds}
o] rPP2Ce Aol AsisE AL #AFT 4 AT (2¥ 5). ]
rHBx7} rPP2Ce} A ste] rPP2Ce] &A4& Walsty] wFoleta AR d
o} 1o whE] rHBxWF Yol wolA = dEuE WetE #EshH] Kk

|

gl
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Y 4. rPP2CY FZo wE FAEA A, PP2CY ¥ ==7MHA 50
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1.2

1.0 4

0.8 1
0.D
(405 nm) o o |
0.4 4
0.2 4
0.0 4
'02 T T T T T
0 5 10 15 20 25
e PP2C 10 pg + HBx
o : HBx
rPP2Ce &Ad rHBx7} #lX& 9. rPP2Co %S 10 pglo & il
S8 7bAA 50 mM pNPPE 7122 H7bsle] PP2Ce] &4
! 2 WS HBx]
3t Wk3-S duplicate® F
g AANAL, BaNg 2
ahsieh,

[e]
[e]

ad 5
711 HBx9| %5
st 7)ol APz PP2CE H7FeHA
[e)

A
=
e
WA
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v. 21 #

AT A vA HAHe 94 ded Bugs wygos HBx/F AW
PP2C9 435 #&ate= AE Wedl= Aotk Aw7kA HBx7F thgsh
TE2S HBx7F Ao A 9]

=

ol Ak mEA] B AFoA = HBx7F ol#ld AadGA dute] Z
A BAGTG 4 PP2Ce A AEsitt= S dSste], HBx7E 4
s2E5ta I 7)Fel S A EA dE AR ARE ATy
sAlel HBx7F AlzdgAe] 3¢S vA= 71ds Adgstes o Artels
Fuz sk, B AfoAE Chang AlEF9 Chang cello]l Tet-on
system. & HA tago] < HBx7} f=wd H =S wE stable cell line
¢l Chang X 34 Al¥XFE A}83}9] endogenousdtAl L& == PP2Co]
= 4383 HBx7F A&3sl+= A S co-immunoprecipitation® 2 221314 T
ATH T BAVE oB8A Afete AL ez &4 o= HAr A9

S vE = e 7FeAol A7) Wil 159 HBxZF AZ A A A 3

0]

TS v A= 7]Hed dojA A SA S A oAH Y FEe Al
2% S AAEA HA = JNK¢ p38%2 thEHE  stress

activated MAPK pathway (SAPK pathway)e} AlEF7] 3o A&He =



cdk2, cdk62] negative regulator® v 7 PP2Ce| HBx7} ZAgtgo = 9l
& HBx7} A&7 ¢#% MAPK pathway, =¥ cdksE &4 3let= o o
=T VIdes A9d 5 dogd vidEd. webd 2dasasdd
PP2Col HBx7} Z@dvhs AREE AZg ddoluA sl A7
AvgstAl XY A s wigk Aepgeta & 5 Al

HBx¢} PP2Ce] ZAgHe Qo] weh HBx7F PP2Ce} HiiHo= 4
sAggto® <lsl], PP2Ce ©Ql4kst dde ofwdk g3Fs WA AL
of s Lolr ] Q& E AFolM = in vitrodl A rPP2Ce] &olAatsl &
doll rHBx¢te] ZAgto] A om oudt s FeAS dHEsST

rPP2Ce} rHBxE i uolA tiakdd Azl & =4 AA|ste] pNPP=

¢
N

7" 2 3= phosphatase assayE Aldsto] ol & #ASIGT oA d
gz e AAs Axs dudel rHBxe rPP2Ce 4o Asflads
EPUISLaL, o] Al oA % HBxO WG =7F mobxw Axue EA
st PP2Ce] &Aoo Asiaxsts vekd Aolgtal 7| tistAl = ATh

& ATl A HBxoF PP2Ce] A A1 Akt o= {13 PP2Ce] 24 A

H

¥ 2

N

_\TL]

A= st 7] wFEol A ¥l = HBx”} protein phosphatase 2C2}
A zgsto g Qs PP2C7F st MAPK pathwayd Wnt pathway©ll
HAE EAFe At A, gRlAbstaAEA RAEAE gditksstE b
FFe = Aol AzHEH Aw7kA wezl Base  ostd
mammalian cellsel] 5] PP2C7} environmental stresso] 93] =¥ p383

JNK cascades®] ZA4S Ad|eAaL, in vivot in vitrool A PP2C7}
stress-responsive MAPKKs (MKK6, SEK1)3#} MAPK (p38)% E©<14k3}
sto] B84 3AI7]= A, p38e] A4S PP2CT7F AH Ajete] p3gdel &4
& oAse Aol #AAAGT. Wak ol e} interluekin-19] 9] & 1=

+ stress—activated protein kinase cascade®l ] MKK3, MKK6, SEKI,
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i : Rl 2B acibvatien] 5508 EAHE wee ¢ pribvation J=1 imdilsilinnn

a9 6. 1FE, HBx= MXdoA vt signal transduction pathwayel 27

g 2250 24d 9FS g F

)

. 3}4FE HBx7F A8 wf 2 4o
Z7r3g . 48 BAE5S e zld. HBx7F JNKI, p382 ¥+ SAPK 4l
FAGAS} cdk2, cdk6Z E3H3l= CDKsE @A 3tsts 7oz o3l Eas

o] Ao negative regulator24 <& 7 PP2Cel HBx7} ZA3sty, €2its &

Aol Asiag& a7 wiwd Aolzkar 7o di
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MKK7& @43tsh= TAKLS PP2Cplol €elibstsie] &2 siA|7)m,
olw] PP2CBle] TAKI1® central regiond] ZAgstri= o] wha] Hoh?
olo] ©li&o] HBx9 74+ Fas—mediated apoptosis®=4HE protect® A3E
o] /4 HBxell 2|3t SEKI1-dependent SAPK/JNK pathway2] &4l o] H LY
AT, wEba] B Aol A HBxSF PP2Ce A& =80 PP2CY 7]%5 9l
gee mRTYE AL HoEFoZM, HBx7} stress-activated MAPK
pathway S &4 3A17]= 7] 4SS MAPK signaling pathwayell A 212} =2
2+g5t= PP2Co| HBx7F AH Aoz PP2C7F MAPK pathway=
AA zdstE AL Walsl7] Wi (derepression)d 7FsAd S AA| st 3k
o g o doprt AlEFVISE #E-ste], HBx7F GGt GyMe
checkpointE ©] 33t == accelerationdte] A EF7] AdqPS =3+= 7
Ax Awe] Bzl 3kth, HBx7F cyclin dependent kinase?l Cdk2<9}
Cdc27} cyclins E, A} A#ste] o592 &A4E A S7HA171= Aol
Busglom™ PP2Cast PP2CB27F Cdk2¢t Cdk6E5 ©4reA 7= A
o] #FFATNF. HBx7} PP2CS AFEozMA AE o EAsh= PP2C

9] cyclin dependent kinase ©<%14tstel #&dE 75 &S Fo] PP2C

7t MEFNE 2ASE o HBx7b AAAAR Heste] AEFT] QYL
st Fotar & ¢ 7] WEolth

FJd HBx9 Asasrt AEWAHE dojduiwl, xF7k# HBx7}
JNKu p383t #edd AEAdEAE ALY 7143 CDKsE 243}
ANAE 716 A, HBx7} AEWelA H&@ =1 s PP2Ce 2% 3
o2 Adtsla, PP2Ce gelatd FA4 S Aoz 9ls PPCrE Az
H3la = SAPK pathwaytt CDKss 9 214b3se) A4S F3dlal vfo}
b AEZ AL} AEF7] 2o JEFS v A A F Aol AFS A
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dskar 3l

6). ol& &st7] s = AE el HBx7F PP2C7F A
= JNK, p38, CDKs ol oWt J&s vA= Ao et

7F o #aste
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HoAfo M U4 BaE HBx$ PP2C #H A A528S Al
sta, HBx$} PP2Ce] ZAdto]l PP2Ce Aol mx= 9GS Folslo]

HBx7} A2 oA AsxddAd vAs &S ddstast oA

Abg-3te] & PP2C &A1 ¢ 3 HA A2 Co-immunoprecipitationg A
gt Ay M THY

g HBx/b 283t 212 shelshark

2. HBx$} PP2Ce] 23S gelgtel whet olggh Agte] PP2Ce &elitst
Ao ou g e HA=AE dotry] s, el tiFdd
AlA =FAAS rHBxe} rPP2CS AFE-3te] pNPPE 7|22 3= in
vitro phosphatase assayE Al d3te] rHBxe] o] F7she] uhzh
rPP2Ce] &l4kst Aol Aejaats yetde glsksi

o] o] AIMZHE HBx7l AXuelA] Hd= &= PP2CA AHAo=Z
Agrstal, PP2Ce €litst @4 & Aoz Qs PP2C7 Asjx=4ds}
i )& SAPK pathwaydt CDKss< Q4bstel &8 Fxstal ozt

AzaALe AEF7) 2de] GRS w7 D Aoletn Az,

_27_



ikl
kJ
M0
o

Feitelson MA, Millman I, Blumberg BS. Tree squirrel hepatitis B
virus: antigenic and structural characterization. Proc Natl Acad
Sci USA 1986;83(9):2994-7

Blumberg BS, Alter HJ, Visnich S, Landmark article Feb 15, 1965:
a ’‘new’ antigen in leukemia sera. By Blumberg BS, Alter HJ,
Visnich S. JAMA 1984;252(2):252-7

Li J, Tang Z, Liu K. Application of radiolabeled anti-HBx
monoclonal antibody for HCC targetting therapy. Chung Hua 1 Hsueh
Tsa Chih 1996:76(4):271-4

Beasley RP, Hwang LY, Lin CC, Chin CS., Hepatocellular carcinoma
and hepatitis B virus. A prospective study of 22707 men in
Taiwan. Lancet 1981;2(8256):1129-33

Tiollais P, Charnay P, Vyas GN., Biology of hepatitis B virus,
Science 1981:213(4506): 406-11

Jingyu D, Robert G, Christopher DR, X protein of hepatitis B
virus modulates cytokine and growth factor related signal
transduction pathways during the course of viral infections and
hepatocarcinogenesis. Cyt Grow Fac Rev 12 2001;189-205

Kim CM, Kazuhiko K, Izumu S, Tatsuo M, Gilbert J. HBx gene of
hepatitis B virus induces liver cancer in transgenic mice., Nature

1991:351:317-20

_28_



8.

10.

11.

12.

13.

14.

15.

Chen HS, Kaneko S, Girones R, Anderson RW, Hornbuckle WE, Tennant
BC, et al. The woodchuck hepatitis virus X gene is important for
establishment of virus infection on woodchucks. J Virol
1993:67:1218-26

Zoulim F, Saputelli J, Seeger C. Woodchuck hepatitis virus X
protein is required for viral infection in wvivo, J Virol
1994: 68:2026-30

Shaul Y, Rutter WJ, Laub 0. A human hepatitis B virus enhancer
element, EMBO J 1985:4:427-30

Yen TSB. Hepadnaviral X protein: Review of recent progress, J
Biomed Sci 1996; 3:20-30

Zhang P, Raney AK, Mclachlan A, Characterization of the
hepatitis B virus X- and nucleocapsid gene transcriptional
regulatory elements. Virology 1992:;191:31-41

Murakami S, Cheong JH, Ohno S, Matsushimi K, Kaneko S,
Transactivation of human hepatitis B virus X protein, HBx,
operates through a mechanism distinct from protein kinase C and
okadaic acid activation pathways. Virology 1994;199:243-6

Seto E, Mitchell PJ, Yen TS, Transactivation by the hepatitis B
virus X protein depends on AP-2 and other transcription factors,
Nature 1990; 344:72-4
Lin Y, Tang H, Nomura T, Hayashi N, Dorjsuren D, Ohta T, et al.
The HBV X protein is a coactivator of activated transciption
that modulates the transcription machinery and distal binding

activators, J Biol Chem 1998:273:27097-103

_29_



16.

17.

18.

19.

20.

21.

22,

23.

Spandau DF, Lee CH., Transactivation of viral enhancers by the
hepatitis B virus X protein. J Virol 1988;62:427-34

Zahm P, Hofschneider PH, Koshy R, The HBV X-ORF encodes a
transactivator: A potential factor in viral
hepatocarcinogenesis. Oncogene 1988;3:169-77

Aufiero B, Schneider RJ. The hepatitis B virus X-gene product
trans-activates both RNA polymerase II and III promoters. EMBO J
1990:9:497-504

Kwee L, Lucito R, Aufiero B, Schneider RJ., Alternate translation
initiation on hepatitis B virus mRNA produces multiple
polypeptides that differentially transactivate class I and III
promoters. J Virol 1992;66:4382-9

Wang HD, Trivedi A, Johnson DL, Hepatitis B virus X protein
induces RNA polymerase Ill-dependent gene transcription and
increases cellular TATA-binding protein by activating the Ras
signaling pathway, Mol Cell Biol 1997;17:6838-46

Wang HD, Trivedi A, Johnson DL, Regulation of RNA polymerase
I-dependent promoters by the hepatitis B virus X protein via
activated Ras and TATA-binding protein, Mol Cell Biol
1998;15: 6720-8

Benn J, Schneider RJ. Hepatitis B virus HBx protein activates
Ras-GTP complex formation and establishes a Ras, Raf, MAP kinase
signaling cascade. Proc Natl Acad Sci USA 1994:91(22):10350-4
Chirillo P, Falco M, Puri PL, Artini M, Balsano C, Levrero M, et

al, Hepatitis B wvirus pX activates NF-kappa B-dependent

_30_



24.

25.

26.

27.

28.

29.

30.

transcription through a Raf-independent pathway., J Virol
1996;70(1):641-6
Menzo S, Clementi M, Alfani E, Bagnarelli P, lacovacci S, Manzin
A, et al. Trans-activation of epidermal growth factor receptor
gene by the hepatitis B wvirus X-gene product., Virology
1993:196(2):878-82
Wang C, Wang W, Lu H. Immunohistochemical study of hepatitis C
virus core antigene and HBxAg in liver cirrhosis and
hepatocellular carcinoma tissues, Chung Hua Chung Liu Tsa Chih
1997:19(2):85-8
Henkler F, Lopes AR, Jones M, Koshy R. Erk-independent partial
activation of AP-1 sites by the hepatitis B virus HBx protein. J
Gen Virol 1998;79(Ptl11):2737-42
Diao J, Khine AA, Sarangi F, Hsu E, lorio C, Tibbles LA, et al.
X Protein of hepatitis B virus inhibits FAS-mediated apoptosis
and is associated with upregulation of the SAPK/JNK pathway. J
Biol Chem 2001:276(11):8328-40

Lee YH, Yun Y. HBx protein of hepatitis B virus activates
Jak1-STAT signaling. J Biol Chem 1998;273(39):25510-5

Kim S0, Park JG, Lee YI. Increased expression of the
insulin-like growth factor I (IGF-I) receptor gene in
hepatocellular carcinoma cell lines: implications of IGF-1
receptor gene activation by hepatitis B virus X gene product.
Cancer Res 1996:56(16):3831-6

Shih WL, Kuo ML, Chuang SE, Cheng AL, Doong SL. Hepatitis B

_31_



31.

32.

33.

34.

35.

36.

37.

virus X protein inhibits transforming growth factor-beta-induced
apoptosis through the activation of phosphatidylinositol
3-kinase pathway, J Biol Chem 2000;275(33):25858-64

Lee YI, Kang PS, Do SI, Lee YI. The hepatitis B virus-X protein
activates a phophatidylinositol 3-kinase-dependent survival
signaling cascade, J Biol Chem 2001:276(20):16969-77

Sitterlin D, Lee TH, Prigent S, Tiollais P, Bitel JS, Transy C.
Interaction of the UV-damaged DNA-binding protein is conserved
among mammal i an hepadnaviruses and restricted to
transactivation-proficient X-insertion mutants, J Virol
1997:71(8):6194-9

Becker SA, Lee TH, Butel JS, Slagle BL, Hepatitis B virus X
protein interferes with cellular DNA repair. J Virol
1998;72(1):266-72

Wang XW, Gibson MK, Vermeulen W, Yeh H, Forrester K, Sturzbecher
HW, et al. Abrogation of pb3-induced apoptosis by the hepatitis
B virus X gene. Cancer Res 1995:55(24):6012-6

Chirillo P, Pagano S, Natoli G, Puri PL, Burgio VL, Balsano C,
et al, The hepatitis B virus X gene induces pb3-mediated
programmed cell death, Proc Natl Acad Sci USA 1997:94(15):8162-7
Su F, Schneider RJ., Heptitis B virus HBx protein sensitizes
cells to apoptotic killing by tumor necrosis factor alpha. Proc
Natl Acad Sci USA 1997;94(16):8744-9

Kim H, Lee H, Yun Y., X-gene product of hepatitis B virus induces

apoptosis in liver cells. J Biol Chem 1998:;273(1):381-5

_32_



38.

39.

40.

41.

42.

43.

44.

45,

Gottlob K, Fulco M, Levrero M, Graessmann A, The hepatitis B
virus HBx protein inhibits caspase 3 activity. J Biol Chen
1998; 273(50): 33347-53

Bergametti F, Prigent S, Luber B, Benoit A, Tiollais P, Sarasin
A, et al, The proapoptotic effect of hepatitis B virus HBx
protein correlates with its transactivation activity in stably
transfected cell lines, Oncogene 1999:18(18):2860-71

David B, Amit KD, Marie PE, The structure and mechanism of
protein phosphatases: Insights into catalysis and regulation,
Annu Rev Biophys Biomol Struct 1998;27:133-64

Selke D, Anton H, Klumpp S. Serine/threonine protein phosphatase
type 1, 2A and 2C in vertebrate retinae. Acta Anat
1998:162(2-3):151-6

Fjeld CC, Denu JM, Kinetic analysis of human serine/threonine
protein phosphatase 2C alpha. J Biol Chem 1999:274(29):20336-43
Selko D, Klumpp S, Kaupp B, Baumann A, Molecular cloning of
protein phosphatase type 2C isoforms from retinal cDNA., Methods
Mol Biol 1998;93:243-50

Michele F, Hong LZ, Saijun F, Kazuyasu S, Songfa S, Mercer WE,
et al. Wipl, a novel human protein phosphatase that is induced
in response to ionizing radiation in a pb53-dependent manner,
Proc Natl Acad Sci USA 1997;94:6048-6053

Jene C, Ettore A, Lawrence AD., The structure and expression of
the murine wildtype p53-induced phosphatase 1 (Wipl) gene.
Genomics 2000; 64: 298-306

_33_



46.

47.

48.

49,

50.

51.

52.

53.

Mutsuhiro T, Masaaki A, Atsuko N, Ichiro N, Fumio I, Hiroyuki T,
et al. pb3-inducible Wipl phosphatase mediates a negative
feedback regulation of p38 MAPK-pb3 signaling in response to UV
radiation. EMBO J 2000;19(23):6517-26

Mark AG, Paola B, Nicola T, Claudio B. FIN13, a novel growth
factor-inducible serine-threonine phosphatase which can inhibit
cell cycle progression, Mol Cell Biol 1997:17(9):5485-98

Chungyee LH, Ahalya M, Izabela N, Gregory EH. Modulation of
integrin signal transduction by ILKAP, a protein phosphatase 2C
associating with the integrin-linked kinase, ILK1, EMBO J
2001; 20(9):2160-70

Kazuhiro S, Paul R, Counteractive roles of protein phospharase
2C (PP2C) and a MAP kinase kinase homolog in the osmoregulation
of fission yeast. EMBO J 1998;14:492-502

Takekawa M, Maeda T, Saito H. Protein phosphatase 2C alpha
inhibits the human stress-responsive p38 and JNK MAPK pathways,
EMBO J 1998;17(16):4744-52

Hanada M, Kobayashi T, Ohnishi M, Ikeda S, Wang H, Katsura K, et
al. Selective suppression of stress-activated protein kinase
pathway by protein phsphatase 2C in mammalian cells, FEBS Lett
1998:437(3):172-6

Hanada M, Ninomiya TJ., Komaki K, Ohnishi M, Katsura K, Kanamaru

R, et al. Regulation of the TAKl signaling pathway by protein

»

phosphatase 2C. J Biol Chem 2001:276(8):5753-9

Warmka J, Hanneman J, Lee J, Amin D, Ota 1. Ptcl, a type 2C

_34_



54.

55,

56.

o7.

58.

59.

60.

Ser/Thr  phosphatase, inactivates the HOG  pathway by
dephosphorylating the mitogen-activated protein kinase Hogl. Mol
Cell Biol 2001:21(1):51-60
Erin TS, Daniel JS., Transient overexpression of murine
dishevelled genes results in apoptotic cell death. Exp Cel Res
1999;253: 637-48
Seok YN, Yi Z, Lai PY, Peng L, Sheng CL., Axin-induced apoptosis
depends on the extent of its JNK activation and its ability to
down-regulate [p-catenin levels, Biochem Biophys Res Commun
2000; 272:144-50
Erin TS, Dianqing W, Daniel JS. Protein phosphatase 2Ca
dephosphorylates Axin and activates LEF-1-dependent
transcription. J Biol Chem 2000:275(4):2399-403
Cheng A, Ross KE, Kaldis P, Solomon MJ. Dephosphorylation of
cyclin-dependent kinases by type 2C protein phosphatases. Genes
Dev 1999;13(22):2946-57
Cheng A, Kaldis P, Solomon MJ, Dephosphorylation of human
cyclin-dependent kinases by protein phosphatase type 2C alpha
and beta 2 isoforms. J Biol Chem 2000;275(44):34744-9
Benn J, Schneider RJ. Hepatitis B virus HBx protein deregulates
cell cycle checkpoint controls, Proc Natl Acad Sci USA
1995;92:11215-9
Song L, Shen B, Li Y. Association and contribution of ERK to
IL-6-induced activation of signal transducer and activator of

transcription in a human myeloma cell 1line, Chin Med J

_35_



61.

62,

2001;114(9):954-7

Eastwood SL, Harrison PJ, Synaptic pathology in the anterior
cingulate cortex in schizophrenia and mood disorders, A review
and a Western blot study of synaptophysin, GAP-43 and the
complexins. 2001:55(5):569-78

Tong Y, Quirion R, Shen SH. Cloning and characterization of a

novel mammalian PP2C isozyme. J Biol Chem 1998;:273(52):35282-90

_36_



e
MO
K
12

The Interaction of Hepatitis B Virus X Protein (HBx) and
Protein Phosphatase Type 2 C (PP2C)

and Its effect on the Phosphatase Activity of PP2C

Bo Young Roh

Brain Korea 21 Project for Medical Science, The Graduate School,
Yonsei University

( Directed by Professor Jeon Han Park )

Human hepatitis B virus (HBV) induces acute and chronic hepatitis,
and is closely associated with the development of human liver cancer.
Virally encoded X protein (HBx) has been thought to be a major risk
factor for the development of human hepatocellular carcinoma (HCC).
In addition to stimulation of RNA polymerase, HBx also stimulates
many type of transcription elements and factors. Transcription factors
activated by HBx include AP-1, AP-2, NF-kB, SRF, ¢/EBP, Ets, ATFI,
Egr-1, CREB. Many of the reported activities of HBx have been
shown to result from its ability to activate cytoplasmic signal
transduction pathways, particularly the Ras-Raf-mitogen—activated
protein kinase (MAPK) pathway, the cell stress—induced
MEKKI1-p38-c-Jun N-terminal kinase (SAPK) pathway. HBx has been
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reported to affect DNA repair, cell cycle control, and apoptosis.
Therefore, the pleiotropic activities of HBx are potentially relevant to
the development of HCC.

This study has been focused on the molecules which interact with
HBx in the cell, and the information that HBx can interact with protein
phosphatase type 2 C (PP2C) was derived through vyeast 2 hybrid
system.

Protein phosphatase can be stucturally and functionally divided into
three distinct families: PTP, PPP and PPM. PP2C relates to the main
enzymes subtype of PPM, and the dephosphorylation activity of PP2C
absolutely requires metal cation, Mn®" or Mg%, but its activity is not
sensitive to the tumor promotor okadaic acid or other inhibitors of the
PPP family. It is now well established that certain members of PP2C
play a role in reversing protein Kkinase cascades activated by stress,
JNK and p38 signaling pathway. PP2Ca and PP2CP2 dephosphorylate
cyclin—-dependent kinase (CDK), and positively regulate Wnt signal
transduction and mediate their effects through the dephosphorylation of
Axin. Recent research further revealed that PP2C may be involved in
cell apoptosis, gene expression, and other cellular function.

In this study, to confirm the preliminary information of the interaction
of HBx and PP2C, Chang cell line and Chang X 34 cell line expressing
HBx under the control of Tet-on system were used. Interaction of the
endogenous PP2C with HBx in Chang X 34 cell line was observed by
co—immunoprecipitation. Then, it was demonstrated that rHBx

suppressed the dephosphorylation activity of rPP2C by in vitro
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phosphatase assays. Therefore, these results indicate that HBx interacts
with PP2C and suppresses its phosphatase activity. Thus, it might be
speculative that HBx induces the phosphorylation and activation of JNK,
p38 and cdk? associated apoptosis and cell cycle control through the

suppression of PP2C activity.
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