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(BEH))

B MifzaiMiRIIEHN ThRMEMSHEL., ®FE o7 D #ERx
FOBEMRZITORA B fildEns, COBRMETOSMEIIERPT
PFEKERNIZITON. RN T 2B BOLX— M) —2REATS
LD BN, TOHERH) ONERICBH TS L. BHilBOERL.
SCIIHEERFNRRIBICE > TETL TN EEZ NS, &b
TRBFLETERM) ONHRICER S NS KEP0E. T #l&FEED B
MIERBREE L TEETHD EMBEDITSNTNS, DNA 751
—+ K A4 >, mini-chromosome maintenance 3(MCM3)&ES& R X1 > %
F# D43 germinal center-associated nuclear protein(GANP) (I .[» B #H
JAICBWTREMERL TW5, FIEFRN B HlOBEIZZO
GANP B FWNEDL IR BERIZLTVEINERITT 5728, GANP
% bait & L TH T yeast two hybrid screening 21T\, G5 N-HHA
{ZF G5PR DT 2175 7.

(k& fER)

(E%R)

O TRINBICRENEE T 59 F GANP ZH W T yeast two hybrid
screening T2 7z, JHICKD/FSNFHHBEEF GSPR OFFTET
27z, in vito TORT AT 2723 DERTH GANP #8575
ZEDHERINZ, GSPR I T ADRE. M. HIRICEEMNICHRE
LTWr=, FFEERITIVFINEEFNREF—T72FLTEBORY
CELEESE PP2A OBEIY T Ay FEEUTOIMEE LB EMNHS
M&ER o7, G5PR I PP2A OfEY T 1=w N Tdh 5 PP2Ac. AH T
1=y hTdH5BPRES EDOHEGHREZRTHIENHAENER Tz, &
512 GSPRIZIE ) VEE(LBEE PPS L BRERTH I ENHS M ERS =,
AL, EAR2. MCM3 IZX L T®D PP5, PP2Ac DFRAT 74 —
YiEtE%E G5PR BHE Y NI EEAKIT EH 8740 GSPR B T3
ARIEHEEFTERMP O, FS2AT7x a2 LD G5PR
DN BT ARICHENWE{L L =, SRAIFICIIENICEEL.
SR O F VEFEINET S, £LTHIRSP A28 E/-1%
FHIREICEEL TV,

N5 DRI GSPR A8 GANP/MCM3 A KA PP5 ® PP2Ac 21U &)1
— M LM BETICEBT S origin &0 TFEHOY ELEHET S
nJREME R T B EEZ SN,



Abstruct:

Background: GANP, carrying DNA-primase and MCM3-binding domains, is
upregulated in germinal center B cells. To understand the regulatory function of
GANP upon MCM complex, we searched for GANP-associated molecules by yeast

two-hybrid screening.

Results: By the 1-kb fragment (GS5) of the ganp cDNA. we identified a clone
named GSPR that is structurally homologous to known regulatory subunits of protein
phosphatases (PPases) and determined the association of GSPR with GANP in vivo in
the DNA transfectant. GSPR is associated with protein phosphatase 5 (PP5) through
the tetratricopeptide-repeat (TPR) domain. Pull-down assays demonstrated that G5PR
is also associated with protein phosphatase 2A (PP2A). the complex of A subunit
(PR65) and the catalytic (C) subunit (PP2Ac), similarly as the B" subunit. The G5PR-
associated complex had phosphatase activity on casein, histone Hl and MCM3 in vitro,
but the addition of GSPR did not stimulate or inhibit the phosphatase activities of PP5
and PP2A. The cellular localization of G5PR in transfected cells varies during cell
cycling, appearing in the nucleus during prophase, in the peri-chromatin during mitotic

phase, and in the cytoplasm after cell division.

Conclusion: GS5PR potentially recruits two kinds of PPases, PP5 and PP2A, into the
GANP/MCM3 complex. which might regulate its phosphorylation state during cell

cycle progression.
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AMRZTOCHILD . HEE, HIBETS > EEERFERFRESER
RO TREFHRE ROKEHRR FEEABZEE SARLER
KHESBHNWEZLET,

an SCAERRIC 372D F LTI, RRERFRFREAFRR DT REFHE
ATEMEZBFE. WRITHERERFZRFRELNER D FREFREDOERIC
BHAWLET., 707 O RRA T 7 ¥ —EOEREHEHETFTIWELE
BRAERFREFREERFNARE —RELRE IEFEHLICEHELE
ER



Ab; antibody

BrdU:; bromodeoxyuridine

Cdc; cell division cycle

Cdk: cyclin-dependent kinase

C-terminal; carboxyl-terminal

DMEM; Dulbecco’s Modified Eagle Medium
DMSO:; dimethyl sulfoxide

dNTP; deoxyribonucleoside triphosphate
FCS: fetal calf serum

FDC; follicular dendritic cell

GC; germinal center

GFP; green fluorescent protein

GST; glutatione S-transferase

IPTG:; isopropyl- 3 -D(-)-thiogalactpyranoside
mAb: monoclonal antibody

MCM; minichromosome maintenance

NLS; nuclear localization signal

N-terminal; amino-terminal

ORC; origin recognition complex

PBS; phosphate-buffered saline

PCR; polymerase chain reaction

PD; primase domain

PEG: polyethylene glycol

PI; propidium iodide

PMSF; phenylmethylsulfonyl fluoride

PNA: peanut agglutinin

Pol a : polymerase a

pol I: polymerase |

SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis
ssDNA; single-stranded DNA



V. MEOERLEHN

A HTE

Al ERFLIZBIT S B fifasERE D F

KEZERT 5 B fifIHBEEREICRES/OT) UaF2RELTL
T. INNHEFEARHUEZEMAE (B cell antigen receptor: BCR) & U TH IR &
BT 5. CORFN BHEOBEHILDOF ZEEFIK EEZ5N. 0%, 4
IREBIRFOEE B Z Z T TRENICKERIAKEZEET S 75 X Hifaic
MET B, CORBEEFEOBBII. £EICBVT A5 HEE. Blontas
ZHETLETEDOTEETDH S, BERBEOEERTH S B Hilaonbizid.
FHICBWTY /MR S fE 0T DBEFOBEEREL. £
THRESOT) #ERF H $#D DH-JH HHR%E L7z pro-B fifas LT, 5l&
BT VH-DH-JH Bk E L T HEY >NV EEZRIET 5 pre-B MifZIZ/20 H
HORPTREAZREL TRIC, L SHBGETOBERBREZT > THEAHIC IgM 2F
ZFRI T S virgin B Mifd & U THA 9 S(Sakaguchi et al. 1993; Sakaguchi et al.
1986). Z® B M@ MLiEEZZE~ B flaEHA 513, BCREHED B
Mgy o—>aBEhndEnbhTng, ZO%RIZ, B2 T, KEBRIC
A, 20 B HiBEHARFIEICNTEZ—DDLX— M) —&FRL. KHEE
DULBORELZROBOEHMEZIN., ZNEFTRELRTOREFCRY
KRG AHIENTES, LMLABES., ZNSOLNA—R) =320
BOBRMENT TR, TODITHIRICEEBEL THSDKREY >/ &I
FET AP0 T B il EOEElE. BRINLDEETH D I ENHSNIC
TNTETND (Kelose, 1996: Rajewsky, 1996) . & Z Tldkk & ixfifnm S Dl
W, BRABHTOEE, HRARBRBEGTFELERELS OIS FOMEERLEE
ENRETH S, BF. BLAD/ v I 77 NITAOERNS, BHOLEKIC
(IR0 B HIEOAIR ST AJLN— THIE. ERsREEMROEFEENNEA
THDHIENESMIINBETOMEIERTERERE TN S,

A.2 L
a0 &V T MR FEEDUE (T cell-dependent antigen: TD-Ag) THE
LZBRIC, KU NEBICHENSHEBENBEY TH S, BFE. YUADKE



PEiZ T MifkFENEZ#HE5 35 L. THEZE—2ICEEB TRHP.LDOFRN
H5N5. ZHUIHFIRICKIGEL T B MBANEFEICHAEL . FikEAMRIC ML
THTOEATH B, FEREANTAITON, TOHENIFUEICH L THH
ICHREIT RIS E, TORIBBRLITH/ L., 14HEURBRIZIZIEEAE
HET2 (Kelsoe, 1996), Hffiin SKMICAHHEN/zF 1 —7 B #iigid PALS
(periarterial lymphoid sheath) FlRICBWVWTHIEZERE . HEkZ 2T TH
EEAHIIZET A EEZOSNS, Z DK, PALS-associated foci 2L L T
BEEFUREARMIEICMET 288 (KEFSIE 1gM 7 S A0FifkEEAET D) &,
HITMEY 0— >0 B MAAFUERES. T M2 (Th2 cell) 25 DHEZZT
T, REIC/7O0-OERZEI L TEHLZBRT 2&BD 2 D115
EWHN TS (MacLennen, 1997). HEILEIZBWTRAIZ IgM 7 5 ADH]
H, Z L TENT IgG 7 7 ADHENELE X NS DI, i D PALS-associated
foci M5 DHEEEICE > THEEINZEZHEEZSNTVS (Fig. 1) »

Ag-stimulation of B cells Proliferation of Ag-reacted B cells

b Y
O

Th2 cells

4

Circulating

Dendritic cell
Virgin'B cells endritic cell centroblast centrocyte

Fig.1 Differentiation of antibody producing cells in germinal centers



AErR.L (Germinal center: GC) (ZHREFANCKERF (Dark zone) &BAHF (Light zone)
ED2DDEBITHTENS, BFITIE, 2O T I A B (centroblast) & &K
ENAERICHESREZZRDEL TOWAHIENEET S, o OT7IA MM
MU TROMEERE O (22 FOH- b: centrocyte) &73 DEARICHEE)
T2, T hOdA MIMREAREFLELTED, ZOBRKETHE B MilaZEE
DREUNDLIEEREL TWAETFEINSZ NS, HEEHIREEME
(Follicular dendritic cell) @y b —2i2k 3 B HIfEZEIRZZT2DITEL T
W5 EEZ58% (Rajewsky, 1996) .

A3 IEHLITBIT S B HIf A

EHRLICBVWTIE, ZNETOEZS B Mg bic BV 28« 7n g
MBEINTWVDS (Table 1) . LML, INBHDELIEELETOERVHEM
SFEFITDOVWTIRHASMIZI TV,

Table 1
HEEE ZlenB Z SH
1 B Hifg s O— > DX B #ifZ  (Rajewsky, 1996)
2 BCR OEMEDTLHEE B#ifZ (Rajewsky, 1996)
3 BCRDY 5 AAA vF B #lifig  (Harriman et al., 1993)
4 BCR @ receptor editing B #ifd/TCR? (Nemazee, 2000)
5 Ragl/Rag2 7+ FDOHFEH B il (Han et al., 1996)
6 oliabia B #ilfiE (Kelsoe, 1996)
7 FDC R EDYA M HA > T#HIle. FDC 7z &

(Matsumoto et al., 1997)




A3l BRI DR
BHEORBEIEEMMEZFOHAEZRET S B #MilazRRL. HEH
FRIZH 9 26BN EZ 5 DONEERETS B #ilgE27 R h—2 Rk
DT O—CBETHIAHNZAALIZESTEIERIENZBEETHD .,
fOZRREREFRICEARL TS, BPOLAOBREEIKELZHRINEE %
EEGHRELTRFL., ZHICE<HEETS g #FEHD B MMNEREN
5EEZEZ5NTNS (Kelsoe, 1996), ERICARER /7 O—2ET7HRE—2
KE->ThHREENS, BHRLTO B O— > DREIZEBIZ Fas/CDI5 R
bel-2 MEDLSIZEEL TVANIZDNWTIREFLFAVNHOSM -2 &1
B ARV, REHEZEHFET T, 9.0 T Fas/CD95 OFEHNERIZHEML T
BD., £7= bel-2 OFRBEHETL TNBH, LML, Fas/CD95 DHEBNHAS
W MRL/pr RTAR bel-2 N RAD 22w I A THEAMEORIAIC
WBEEBRVDDEHEZINTNS (Smith et al., 1995; Smith et al., 1994)
EHOERRARR]REHDNEND &, FI3THRNnKE D TH S, Matsumoto
SIIEHLLIERDEE XN TV 5 lymphotoxin- @ RIBY 7 A2 BT 2 RELE
ZRANX, BHMEORBAERLOBRICIIHLTUDKELRAVENS Z &%
AL TWS (Matsumoto et al., 1996), F7=. Lyn RIETTATHRIBELER
NEEINTNS (Kato et al,, 1998), DFED . HIRED T MREKELHE:
FELUZEHEE, EERIALDIEENMETT 2SO DOEFIMED RN
SNCRDENTNWENSTHD, LML, KEBED T #MlakEETEICK
5 HRERETIREDLERNEERZHZIIZLTNWS, ZOBRITIFSHD
B ORBICIZEPOLAHETIIRENDSOD, RIIDEEREIEZRAL
TWBIZEERL TS, & MOFEEIE, 1gDCD38* EEH.L B MlaDEE S
LTWws, £/~ ML —H—D 1 DTHS GL-7 DHIER<—Hh—%H
WTHEBAENT VS, ZOAN XL GEOHENEZ LRSI EHDICEE
EEZoN, BHE, #FFELOKERT—IELTHERTODR TN S,
ZRUTID D BBERBIZDWTIIWEZFMILE S Mz > TRk,

A32 {FHlifazeRER

BaGT, FURRBRM B g3t v 7S A MZMEL T, BHIZB N
TEL#Bs#EE2RIT, TOEECHRERLED Ig A FRIFY I LFa
L—h93Z2EBH6NTNS, FIUIZ ORI B Mifaidsd o S HlkaE



FEIZDAERTERETHSHEEIEANSANEIEHNTH S, £L T,
BCR ZHRT 2 Ig 4 F0 V HEBIGBIRNICERERMNEZ V. BCR OHE
EDOREEMUEZRENICED D EELS5NTNS, BH.LO B HFER THEHA
RZEREANSRIIE IS LT, RIIZ<OWHEENS PCR EIZL > TR
ENTWD (Jacobetal, 191), KBEFFT APy I TADBIZLS
& VeI OFBHIRAERICIE cEHO > hOBEUR3 " TN Y —
MEETHSIENRINTWVWS (Betzetal.,, 1994), £/-. VKO T OE—F
—ZMOBLEFOTOE—F—ICBHEL THHHBEERZRIZIIZE LWL
INEOFHITELHEEL TR,
BLETFEROBANSIE. S ATy F DNA BENGHIRERERICESL
TWBEDTIERBWNEEZEZSNTWVWS, S ATy F DNA BEIZ. bEbEX
BEICBVWTERIN. MuS EVWSBETFVREOPLHEEZLTWSL I E
MWREINTNS, BEREMIIBNTHDRL &S 5 BEOHEREF(Msh2-6)
NEDOM->THD, IN5H DNA BEROAMMZEARERICEEL TW5T]
BEMEAVUREIINT WS (Reynaud et al., 1999), F7=. Kuo & Sklar id MutM @Ok
TEO/EBEFRRRLOBHF TREL THWT. JOEBENERIZ DNA BE%
TOoTWBIZEHBRLTWS (Kuo and Sklar, 1997), UL . Msh2 RIEXD
A DT TIXHE SN EHIREARAEZEROEK TIZRDT (Vora et al., 1999),
ANy TF DNA EEBERHZT THRRARERAZERNEZ > TNWDHENI T LT
Wz,

A33 VI ARAwF

DIARA v FHRMEORMEEEZEENSH S, GEIED 1Ig &2
FERETS BRIV SAZAS v FERILTIEIERTAIVIA TOH
BE2HDEDIREZN. INDBDEPLTEISEZZSNTWS, LaiLkD.
EHIRERERE Y SAAA v FHREIAHAEBICHEET RV ENDINTWEAN,
b FRHIRRIREE AWK T, Liu SI3EHIRZEARERE 2T/~ B #ilgn 71
VEIATIA v FEZFI TSI EERLE (Liu et al, 1996), §RbEL
oY1 hOREIO BRIfAG S E RO TR S D5 F)L(CD40L., IL-4,
IL-10 72 &) 22T, TORERTAVIATAI v FRFEINLIBDEEZLS
N7z, EBE. CDA0 RIET T ADMEHMN 5. CD40 ITHIEEEMB D 2MEIZIER
ARTCTAVIATITAZAA v FIZRBMHEBETHB T ENHSMZEINTNWS

10



(Kawabe et al., 1994) ,

A34 FEHRLNCBIBLETSY—ITFo T4 2T

VT Y —IFo T4 o7& —EBELE Ig 3 TOREMEEHEL THI
DEEMZDD g HFERBEITBLOIIRZENDIHBOT,. ACHEN T A
Iy R IAERWEEH/MN S Nemazee . Weigert SIZK > THBEIN
7= (Tiegsetal ., 1993; Radicetal., 1993), HEH&EZRHET 2 EH P ORI B M
FICHNTH Ig NAEOREBERIBIZE > T RAG BFERIBHIELD. VDN H
BROKRENTHON TSI ENRMEINE., FTO%. EEITAIIBNWTH
LTy —IT54 74 T BENICASND ZEAREINTNS,

Kelsoe &. Ohmori SIIHRM 2 /NEZBOTFLICHBNT RAG PWEREBETS
ENDRREWEREZ-RL~ (Han et al., 1996; Hikida et al., 1996), ZNETK
D B #HifZid RAG OFEBMNRW=0D, EHIRRERERLUNC V(D)) ORRM%
EEABDIEFRVEEZSNT WA, 1§IE B #ifa% LPS/IL4 OfIER EIC
£ RAG ORENEFEINLZEMNHEIN. KB ONEE. &<ITR
FMCBITS B MRS BEOSREBFITH BN EASI N, &5
20 RIS DADVzZw IR EHWERTELD . BHROAT L #OKENE
ZBHIEMBEIN. BPLOLATLETSY—I574 74 TR B alHetEMN
RENTE/- (Papavasiliou et al., 1997), B4 Z D=3 DDIIN—ThHh SR
VT, green fluorescent protein (GFP)Z L R—4 — & LB FHET T XITL
5 RAG ODFEBHZHRHRBD AT LMNEREIN  (Yu et al., 1999; Monroe et al.,
1999; Kuwata et al.. 1999), TD#ER. OBEICHSMREFN DTSN,
Thabb, BHRLMIBNTIE RAG OREMMG SN, B MlEFEZEEDK
FIEELLTVHEBORRERICE>TETEI D EEZ SN,

A4 EPLTRERINERT SHHABENTF GANP

DLEIZFIELZZ LS. BHRLIIBWTHARRER SR TEER
BICEDQOIIBLDORLERON, 2O TIFA 0S5 bOYA hDsy
ER>OWNIZETT200, BEITOATHIMBESHIZIEDLIIZL TED
S5N5DHh, BIEORBZHRTZIFIEDOLI RFFREETHLON, &
EEZOBMERERIILRTNERLERN., Z0EDITIR. BEDDTFAIN
—EUTERLDIENTERVEREDNS, BESL. BF.LTO B fifan

11



b, EHAECBIR2EERATFREFHSMNIR > TRV EARETH S
EEZLNS,

UEEICPNWT, BRPLTITFOLRTVAMEBEEZDTFLNIILTHLNIT S
ZExEHEL. BhLTERNSZVIIERNIIRELRL TWA R FORE
% insitu TREBELIZ, TOREHOT7 Fo—F &L T X B #ifgtk WEHI-231
OB EREL, Sy MIGREL. YUXITo—-<HifalMoas
LT LAEZEEONA T R—TDEE LEZAEHBERATREITT LN
5 HE#{T-o 7~ (Kuwahara et al., 2000), BBEICEET 5/ TIVRITIEMHUR
L BHFHRMTEENIERLEBRLTED,. ZhEAVWTINIT ) F—<
DAY= T %(T>7. TOHRNS, 29-15 E&DVF=E/ 7O0—F Vi
N IV ORPOLERD D ZENRALSNITR T, 5T, BV IR
HRTHREL-EBOBEEYF ZHANTD, 29-15 BEPLERDD T ENHER
SN, BkH D LR LORTHRIZE S bOdA FAZNIHRNRS
REINTW S, LR T, 29-15 HRFIT 30T BHRLTO B HifeE
RICHPDIBESTFZ2I— RLTWAAESNE X S/, Agtl1-WEHI-231
¢cDNA S TS —ERAnEHEX ) -7k, BRETS 70—
DHBEIZRIIL . BRI 6.4 kb OFHBEF %G/ (Kuwahara et al., 2000)
Z D4Fid GANP  (germinal center-associated nuclear protein) & & D 537z,

A.5 GANP D&

ganp BIETFIX 1971 7I /B2 — KL, 25FiOEBITI IV ED
A RIAMINEEERD. BRI T THBIENRBINSE, S SIIENTT
DFR—=F—iZL<RE5ND LXXLL BEHIA 4 hFfiCRE S5 (Fig. 2).
T —& N—AT GANP DEFIERFBL THBE. PRIEPL 600 72 /BEICHT
> CTEEROHIEEAMEED FSAC3 &7 I JEL RN T2B3SOHERMZ2EDT-,
SAC3 B edbET I/ FUERKEHFHE T #EBETELTHEIN., T0EE
FEYIERNIZBEL TWiz, SAC3 RIEEFOMITTIX. BIETIZiznaS,
HREEAE<ZD., M HHOBENE I > TWB I EMNRINTNS, F/=.
GANP @ C EK%fll 700 7 = / Bld & b Map80 (MCM3-binding domain IZfH%4) &
TI/ELRXIT 76%DEWHREEEE L Tz, Map80 IZ DNA #HIZH
HD 5T MCM3 % bait 12 L 7= yeast two hybrid 12 & 0 BE & 11729F T. MCM3
DEBIT 7 FIIHEE LT, MCM3 OBRBITEZRETIRFEEZSRTY

12



% (Abeetal.,2000), & I~ GANP @ C K&l 721 7 2 / B DOE ST & Map80
ERBIIHLTED., F—BETHRDSFTHD (Takei et al., 1998) L&
AHND. £l N KREKIZ DNA R AS—FHEEERD p49 L5500 5S4
RIENRRZD SN, T34 T—FEHENBHZ T EHHSMNZEI TS (Kuwahara
et al., 2001),

A.6 GANP DHHERRAT

UEDREOS—REBDHER. GANP 78 DNA HR D 7/- 0 DHFITHF
TROBMEAAT AP THFTHS MCM EEAREBEEREETII L.
BERFD SAC3 R FELEUTHMEEZATH &, BZIZ RNADNA 751 7—
TEEHEFETZZEENS, HIBABICHET AN FTHLAREENEHTH
%5, LU, GANP Z23Fid B Mifa LA OMifa 023, SFERFICIZRRE L ~)UHS
HEDEELBZNWI EMNS, HURTENLE D57 B flaNRKHEICHEESE
MRICHET 2 ERICERNICKLERFFTHHHDEHTFHINS, KBHO
MIZHNT GANP & MCM3 REEHZER L T DNA BRICEET M, L
IFHEHRECZO®KIC. B HiOME, RIAEHGIE L TWh 3 aEEMEAEE X
. BE GANP RIEX U ADERFICL D, £EKIZBITSD GANP OBHEMET
MIFTHLENTNS,

13



DNA primase domain

LXXLL motif

v
—
il
o SAC3 homology region
. =
- “\

NLS

MCM3AP region &
coiled-coil region . I .

MCM # &1k

Fig 2. Structure of GANP
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B. BH

Table 2 IZ7RT & S 7R HMN S5 GANP B FOEEHIZEHEIRL TW3
N, ZOZEELIDHASHITT B EDICITHMB T FREBITNLETH S,
ZDEDHITIE GANP LSRR FEBTINEREN TSI LN GANP 31D
STFHEEZHONMNITHEDERATHIEEZSNDS, TITEMEIIBNT
yeast two hybrid iI5& ), GANP LEERES TN FERRI S I & EL.

Table 2. Evidences and information of GANP molecule

1. GANP is upregulated in GC-B cells

2. Crosslinking of BCR and CD40 induces
upregualtion of GANP expression

3. Above stimulation induces phorphorylation
at Ser’® of GANP

4. Potential domains for DNA-replication

5. Highly upregulated in centrocytes

15



VI. R

— R FEMERNERICBT 2 8BEHEIZ. R = 27 )V (Sambrook et
al., 1989) IZHE-> /=D TEHLWEIRIZEEBT 5,

A. EREY
CS7BL/6 I AINIHRAEHLIOBA LR, 2 ToyidaEds K
B ERBERENAELE Y — (CARD) IZTHEHL /.

B. HifaiEz

i, 1068 ATELD S BRIB MM (fetal bovine serum; FBS) (KH
AEE) 2mM L-ZIVE 2 2. 50uM2- A ST ) —)b (2-mercaptoethanol;
2-ME) (FIERIZET2). 100 g/ml FREEA b L7 h A o > (BHBHRELD . 100 U/ml
RZTU 2 GHUTL (BERE) Z2EE Dulbecco’s modified Eagle’s medium
(DMEM; Gibco BRL) IZT. 5% CO,. 37 COERMIEENNTEREL -,
MO PREL MO+ — L ICBTHRHIIIHEITSU T 025% 81 7
3> (Invitrogen) . 0.53 mM EDTA -+ 4Na (Nakarai) % &% PBS (phosphate-
buffered saline) TULEL THIfEZEIRL 7=, MIBOKRFIL. KBE1 0% A
FIWAIVEF L R (dimethylsulfoxide; DMSO) (FIXHiIET %) #58 FBS &+
IZTHRELIZRIC, BREZEHET TITo 7~

C. GANP#HEY NI EDFEE

210-kDa DF /XU ETH% GANP DB Y NI BERET 5729,
ZNTNHIKLICYIWI L= 7 DOBIEFEIH Z M L . bait vector Tdh B pAS2-1
(GAL4 DNA binding domain Z##D) IZH# A L 7=, lithium acetate $5IZ& D G5 8
1%, (3844-5757 bp) @ bait vector % Y190 BRICE A L /=,
B A tryptophan % R <BPUEHICTEIRL 7=, cDNA 51 75 1) —Id Gubler &
Hoffman D2k TR X 11 TH D (clontech MATCHMAKER?2) . mouse fetal (E12)
liver Zf#H L. pACT2 (GAL4 transactivation domain ZH D) [THAZINTW
B5HDEFALE. 2DTA14T 51U —%, pAS2-1-G5 ZFFD Y190 IZ co-transform
L7z, tryptophan. leucine. histidine #/R&. 25 mM 3 aminotriazole (Sigma) % il
ATz SDEHZHWT, #2X10° DV O—UIZDWTAZY—=FL,



N-terminal

Gl G2

35 G6

G7

Fig. 3 GANPiEEF%Z 7 DOFERICS T (G1-G7) .
yeast two hybridik(C & V) GANPE S FOREBZT-1-.
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PACT2 prey vector

PAS2-1 bait vector

l

Fig 4. yeast two hybrid system
Clontech £ MATCHMAKER2 % {f .

bait 7 > /X7 &7 prey (library) ¥ > /87 H L %56 T 55 B 12 DNA-AD 78
TOE—y—EFEHELVR—5 —EETFOREZES
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cDNA library in pACT?2 prey vector

Transformation

Truncated GANP

pAS2-1 vector [ B

beta-gal

Saccharomyces cerevisie

(Y 190)

Fig. 5 Selection and screening of positive

clones
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BfEr O— > %X 52 B-gal assay ICTREIRL =, BEI/O—-2KDTSAIR
DNA ZHili L. electrotransformation 124 D KBE HB101 (ZEA, HEEL /=,
75 X2 RO insert % automated DNA sequence analyzer (Applied Biosystems model
373A) T L7, #Boh/esu—2% GSPR & L7z, G5PR DEEERE
9 57=% B cell line WEHI-231 H13&®D RNA Z i L 5° RACE %17 > 7=, mouse
G5PR cDNA D1E# 13 EMBL database IZ accession number AJ238247 & L TR &
ENTWA,
D. RNA Ot

EEABRMASDO h—4%)L RNA OERICIL. TRIZOL LS #& (Life
Technologies) & W THIH L 7=, PBS THEIFEHE. XL v MzL-#Aaic
TRIZOL LS ##MA. &' b2 (KINEMATICA) T 1 gL, /O
ORIV LZEIA. 15000 E¥E 20 2REECLE. 5/ —)IVIERLT =%
RNA Z[EIN L7z, RUA@ RNA 1Z. AU I dT ®IVO—Z 55 L (Roche
Molecular Biochemicals. Tokyo) IZ b—#% )L RNA Zf1Z. Sambrook O HEICHE
S>THRELE,

E. RT-PCR

HMHELEZF—%I)IRNAIZL. 5/ 3 v Y DNA O A % B <7~ RNase-free DNase
1 (A2 —>) NEEBEL7E, & 1ug D —4% )L RNA % DNase | L (+)
FAE () FT1 udRNasin (Promega) &3tiZ37 C. 1 B > Fax—F
Uice 7x /)b - ZooaR)LAfitE. 4/ —J)LiLE S8 T DNase 1 LE
L7 b—%JLRNA &L TEULL /=, DNase | YLEE# D b—4% )L RNA DOREFRIZ.
HPRT 7514 <% —12& % PCR THERL~, RIZZD b—4% )L RNA %, GeneAmp
RNA PCR Kit (Perkin-Elmer Cetus, Norwalk, CT) #MRW\T. 42 C. 1 EEDO%K
T RT RKIES B, RT KIith#% G5PRexon2 % BMH TS5 1 < —(5-
TATAAGACCATACCCCGGTTTTATTACAGG-3') & exon? HRM TS5 1 < —(5-
GATCAGCTCCAGGATGTAGTTCTCCAGGTC-3") # MW T PCR #f7-7=, PCR
#® 1.5%07 Ho—AF5 NN EH0n., BREKHMTTERBLE. 32> hO0—)L&ELT
B -actin ® T 5 4 ¥ — (5-CCTAAGGCCAACCGTGAAAAG-3) & (5-
TCTTCATGGTGCTAGGAGCC-3") &\ T PCR RIGZETTo 7=,

F. J—¥>70Ov MBI
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J—=H¥rToys a4 2 FE. GSPRERNT 514 —ZHWNTHRIUA)RNA
7 4 )7 — (Clontech) TiT—>72. 5XSSC, 0.1% SDS. 5X Denhardt's I&#&. 50%
BRIVLT 2R 100 ug/mt 54 8T DNA B T 42 CT 2 BFHIgTLEL
8. SOFLTIA LEZHNVTa-?P]-ACTP TEHL - O0—-T7% 4X10°
cpm/ml DBETMA T, 42 CT—BNA TV A ¥ -3 L &{Fo2k. TD
%. ZEIRITT2XSSC. 0.1% SDS T s & 4 E., & 51255 CITT0.1XSSC.
0.1% SDS T 10 e > 7%, X\ T4 IV LITHENEL TRHHL =,

G. 7SAIRAVAMI U FOEH

pcDNA-Myc 32 A b5 27 ME N EKugiZ His & Xpress ¥ 7 &2 FHD
pcDNA3.1/HisA (Invitrogen Corp., Carlsbad, CA)X% ¥ —® MCSMyc-tag (5'-
GGAAGCTTGCCA
CCATGGAGCAGAAACTCATCTCTGAAGAGGATCTGGTACCCC-5") ##E AL T
YEZLL 7=, GFP (Green Fluorescent Protein) DRI IZId pEGFP (Clontech) %* ##!
ELTPCRICKDIEEL /= GFP @ cDNA % pcDNA-Myc X7 ¥ —I{ZH AL,
pcDNA-Myc-EGFP & L T L 7=, Glutathione S Transferase (GST) fusion protein
EHT 57-9IT pGEX-4T (Amersham Pharmacia Biotech) 1Z G5PR ¥ > /NJ B
DRE7 (14453 72 JB) 238, 1 —A MM 5D original clone Z# A L{E
L 7/z. Mammalian il2ICB T 2REREH 578, BamH | HEERY 1 L2
FF LT mouse G5PR cDNA % pcDNA-Myc & pcDNA-Myc-EGFP {Z# A L {E&!
L7z
Protein phosphatase (PP) DFEHNI & —ILLTFD@EDITER L. &k PP1 D
catalytic subunit (c); PPlc. PP2Ac. PP3 (calcineulin A; PP2B) . PP4. PP6 D PPase
DREIADLT 7 ME RT-PCR ODFEZHAN. ENETHD cDNA ZERL
pCMV-Tag2 vector (Stratagene) IZfA LERIL /-, & 51T PPase % Flag-tag T
# L7zD5 pCMV-Flag-PPases & U THER, AL, 2TDIaA2AIH b
I DNA > — 2V T AT7F T4 H— (Applied Biosystems model 373A) L D%
DEERFNNIEL W EZHERL TWS, Flag-PP5 13EER KERKERESEHE
BIE—REEmE LAFSEMTX0HgEREWZbDZEEHL -,

H UdRJxzria ik
COS7 HifANDFEBI XY & — pCXN2-Myc-G5PR % pCMV-Flag-PPases
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OREFHEATEMNTRICHL FuGENE6 X ZE (Roche Diagnostics) 2
VYT FuGENEG & FE (ul):DNA (ng) % 3:1 THEBLEML TiTo/k. &L
BRYIAY > TOy T4 2 OBRIZIE. 60-80%2 7))V hDIREET.
DMEM 500 pl i~ FuGENE6 33 18 ul ZEML S MEFHEBRERI Y —3 ug 22X
FETIS DBA > Fa2X— b LT COSTHIREAEEINTNS 10ecm T4 v
2ITINA 7=, 48 IERIRICHIAR 2 X L. PBS THIFE. 1% TNE/NNw 77— [10
mM Tris-Hel (pH 7.5) . 150 mM NaCl, 1 mM EDTA. 1% Nonidet P-40. % 1 pg/ml
@ aprotinin, pepstatin. leupeptin, PMSF (phenylmethylsulfonyl fluoride). 1 mM sodium
orthovanadate (Sigma) VAL 7=, MENBEDCEZORIZIE. DMEM 100 ul
IZ FUGENE6 A3 3 pl Z2/BF1L 5 SBEBRIF— 1 ug ZMAEET 15 77H]
A>FaR—bLT35mm T4 v alliili.

. SRErLkE

COS7-Mock #ifAk NI > A7 x5 % > bHIk® TNE (Tris/Nonidet P-
40/EDTA) /Nw 7 7 —a[IR{LIE (1 X10°cells H24) 1270571 > G-BXUWA-T
Ty7O—AIZTTL 2 7—% 10 pg/ml DHL Flag M2 mAb (Stratagene) E7=
12 4 ng/ml DH Myc 9E10 mAb (Santa Cruz Biotechnology) 12T 12 Bfil1 > Fa
RX—hL. kEZHEZ, 1% TNE Ny 77 —T 5 EBEH L. 30 ul O 2XSDS
HoFINWNy 77 —iZBEMPL, 5 #HEBL TREESHREME L, #HEL
aEhd. 7.5% HRIUTHZVIVT I RE)BEKUKE) (SDS-PAGE) Tk @i,
DILIAY>TOyT 4 T TRIBL,

I DIRYTOvTa TR

COS7 HfAR TN NS A7/ % > MRR® TNE /Ny 7 7 —a[if LK
., KET 15 A >FaxX—2a . 14,000 ElE. 20 5HEOZF L TR
SEZEERL 72, B 2R HEIL. Protein Assay Kit (Bio-Rad) Z W
T595mm OFEETHEL. FNIBEEZEAATZ. FROMEIZ 2XSDS U
> 7 VEEHR [0.125 M Tris-HCI (pH 6.8) . 2% SDS. 20%% ") = 10—l 0.002% BPB
KB, 10% 2-ME] &iBHE T, SDS &4 7.5% PAGE #1757z, SDS-PAGE iz
KoTHBEE N ONVEIIER T Oy 574 V7 ¥E#EICE->T= oo
— A& (Schleicher & Schuell) 270y h&anf=, JOovFa 7L b3
A7 7 —VE¥ [0.025 M Tris. 0.2 M glycine. 10% X% /—JL]F T, 50 mA T 30
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ST oe NI RAT 7y —HROEET Oy F D IBRER S%AFLIIND,
PBS-0.1% Tween20] T | Kl > FaX— kL%, —Kbik ik b
PP2Ac Hi8(1,000 i ¥) (Upstate Biotechnology, NY). $i Xpress Hif& (4,000
fEHH) (Invitrogen) ] ZMMA T 1 BEA > FaX— bk (I PP2Ac Fifkid 4 K
i) L7, PBS-0.1% Tween20 T 15 3% 1 Bl 5 7% 2 BITHHER. —K
F14& & L T horseradish peroxidase (HRP) FE&§-bY PH < X IgG (H+L)(4,000
ZFF) F/21% HRP HZ 3% -Protein A (3,000 fZH ) T 1BEMA > FaxX—hL
7=o 0.1% Tween20 274 PBS T 15 /21 [E. 5 7H 4 BEEk%HE. ECL YT A%
>0y 4 27F v b (Amersham) ZHWT IV FHILE X BT 4 IV ALICE
LU THRIELK.

K. GSTI WA Y27 vtAa

G. THERR L 7= GST-GANP (truncated form) DRSS > /N7 HIIERIC
& © T Glutathione-Sepharose 7 5 /» (Pharmacia) ZHWTHER Lz, &5ugd
GST BE&% > /N7 %, 1X10% cells/ml @ Jurkat MEOMHEEREL 4 TT—
MRS 87z, GST BEY NI EZRBESIEH-0IT, 201l (50%A 51 —)
@ Glutathione-Sepharose 4B ¥ — X & MA /=, 1 WEfil#&. 1% TNE F# T 4 [Pk
¥L. 10l @ 2XSDS ANy Ty —IiZiEN L. 5 HEEBL T GST &
Sy NI EME LA, ML 7=5EHE. SDS-PAGE TikEitk,. VLAY > 7
Ovya o7 TRELE.

L. MK TO % J/{1E FGANPY 2\ DEHIRE

b hganp cDNA (6114 bp) ICEENDA—T U —F4 2T 7L —A
(38-5980; 5943 bp) DF¥ NV EE L THOFEBEE. COSTHIMKNDBEZFDE
ATHER Lz, 64.ORT-PCRTH T/ 0—=> Lzt bganp8iF 31— RE
157(38-5980; 5943 bp) % pCMV-Tag2 vectoriZ A$1E Z. Fugene 6 (Roche) %\
TCOSTHIRAN RS > A7V > a > Liz. T AHIEKEPDNARIZIRM L
BT 7=, PIFLAGHBZR W=D X 70y NEBLURERARET.
FLAG-t FGANPRG Y >NV EHO—BERBEORBE=ZhEFhiTo /=,
M. BRY Bt (RAT77%—Y) 7ytAa

AUy VAMPIKRER T OF71 > FF—FEEEELTOHE S
. BEABRZHI, MCM3EENENRERTHI EICED ) VBET7+—L &L
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AL (BEFRKREXEHREEMANE—EHAHE (IARFEELI0HEM
BHEWE) . U EEIZIZ0.2 u moV/LD[ 7 -P-ATPEH WS Z & THERL /=,
EHBORBEKRI DY 7))y VAMPRES O 71 > FF—E0FF—¥E
HEBRET B-0%CHY D BALEI N0 mgmlDAEA > BLUTEX b HL
%. 4 24 /—)LHCI pH 7.0 (final 50 mM). 2-ME (final 0.1%)(vol./vol.) &iEHI
LRI ZEfT->7= (Inuietal, 1998) , RIZZDORBEIZHLTYa>EF >k
7051 2 (%54300ng) . PP2ATROBERZMAPPRRADIEMZRIEL /=, fEA
L7=PP2ADFROEEFE (PP2AcEPR65SDY 17 —) Tk MRfmERMEL DHEL
7= H D% WA L 7=(Upstate Biotechnology Inc.).

PP5 DIEWZHIE T 75D PP5 1&. pCMV-Flag-PP5 & N5 AT 3>
L 7= COS7 DAl {L#K 250 ng ZHi Flag ETEREULEL. 071 > G-
7 70—AE—XTEILAZELE. A7 75 —EEHEIE[ 7 - PI-ATP T
SRIVUEHENSHEBELZ7 ) —OPP1ZRIETA I EICEDEHR UL,
GSPR ®BILBESY NI D5 NI AR D EBLEEZRET S0 20—
a iCEDEDRE 1 mg ODBHMAORE{LEK%E 10ug D GST-G5PR LEML
GSPR BEY >N\ V7 #ENR Lz, B LAY > TIVIHRRA T 7 & —EEHEAIE
BNZ 2 =12 ). 50 nM DA K ¥ (0A) £7213 500 sM DY FF K>
B (AA) EENTENSHMEML. LU, RIZPPPIGNWNVLEAEL S
ZMA. 30 CTT 10 MEMEL /. 723, PP2Ac 8 PP2A FOBERL OEER T
Z0EN <O, REOLMIZ—EHT > TWiz,

N. GST-MCM3 Dfiit!) Bt

pGEX-MCM3I\IFEE X ¥ —pSR a-HA-MCM3 (Kuwahara et al., 2000) &
DERL. ZNZANTGST-MCM3IBESY > /XT %487z, GST-MCM3 (1 g) &
cdc2/cyclinB (CDK1) 12Xk DY B L. 101 g?DGlutathione-Sepharose beadsiZ
TEMX L 7z(Yamamoto et al., 1995) . El#E. E—X%65 CIZTSHRHANEL .
SEEURZMZ TWAERWINENY 77— Tk L. SA7 75 —FHEEE
MR D= GST-G5PREAE S > /X7 % £l & 5 IZpull down assaylZ TEMXL .
ZDORIBHIZE 51250 nMDOA D L < 13500 nMDAAZE N Z 7=, SHEIZPP)S
NIV U7=GST-MCM3 % RISHRIZINA . 30 C T30 MIHE LY > BeRis%
To7z. FEEMAIT ) —OTNE bufferiz T3EI¥E# D 3 & SDS-PAGEIC T/EH
L. # > /%27 &% Coomassie briliant blue (CBB) BRI TR, EBSY >N/ E
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DERFHRAREZRE L.

O. FRERE & LESENSEICL2MENBEEORN

COSTHENEZ NS 2 AT oD i a ER4HIERL . 4% NS T+ )V LT
IWT e REFDPBSIZTISHHIERE L7, KWW TO0.1% Triton X-100/PBSIZ15
S EL . 100 4 g/mIDRNase AZZOPBSIZTIS/HMEIHE#HL L. 1% FCS/PBS
ICTISHENE L 2, Tagd VHIIVBREDD. MIBIZS00EF/R L zHiiMychi
BTA > F 2 X— MEIEIPBSICTHEHE L. FITCE# VY FHi~ U XgGhitk
(Molecular Probes, Eugene, OR) IZT6073H 1 > F a2 X— b L7z, sEE. i
1100 ngDpropidium iodide (PI :Sigma) 12 T35f1 > F 2 X— kL7, PBSIZT
3EIEH£2.5% DABCO  (Sigma) SH80%7 ) O — )LiFIC TUEL 7=,
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VI ERER

A. GANP #HEE7FFDOFEE

210-kDa DY >INV ETH S GANP LEETHH0TERET B0,
pAS2-1 bait vector IZIFA L= Gl M5 G7 ZHVY, yeast two hybrid #EIC L 5 A
D)= T8 TFo0. AV )= VDR, G5 BEIICHET Y 2\
BZ1—R958EFELT G5PR ZRIE L7z, 5-RACE HBIZTZOEEZTFD
25 cDNA (#1.6kb) Z1F/=, I X G5PR DEZFIZ 1359 bp THEREINTH
V. 453 ¥ X /B (amino acid; aa) & 1— F9 %, 53 F&IE 53.4-kDa TH 5 (Fig.
6).
TF—IN—ADRFBETHETA, T3 B 184 ZBEMS 453 BE OEBIL
PP2A DAL BY 71y hEDEIMNH D ENHSMERSTZ, NS5
DS BEFIZ, PR72 &1 38% (Hendrix et al., 1993) . PR48 &13 40% (Yan et al.,
2000) . PR59 &1 37% (Voorhoeve et al., 1999) DO#[EME %R L 7= (Fig. 7, Fig. 8)»
EHITEF—TRERETIIBBITS Z F IV (nuclear localization signal sequence;
NLS) &, WINPT HEEF—T THBEFN REF—TZ2 17T
DHDIENHLNER DTz, RERESETETIZI OA XF XF (Thaliana) @
TON2 & 44%DHFEIEZERL 7= (Fig. 8)o TON2 OHEEIIIRED E ZAHSMMIT
INTWWRL,

B. GS5PR OHH

EST 70— EDBRBOHESR. & N G5PR A% FLI20644 (GenBank;
AKO000651) L THELN/Z, THEITA G5PR &7 3 /B LX)V T 98.9%D
HEENS 7. b GSPR 1T 13 Oy OohsREINTWT, ¥/ 4
LTI3E 14 Bk k12 37,593 bp DEITHEHELTWS, §RTOIIY V%
B0k b~ G5PR BEFDEEEHIL GenBank D F—4 NX— AT AL121594 & L
TERHEIN TV S (Fig. 6),
YA G5PR cDNA KDEHMLAENGPR TV 1T VT
5754 —%EBNT RT-PCR ZfTo7z, D M. (RIE. MR, ffi. R
B, BEOVTIUTBN TS mRNA ORENRD 5N/ (Fig. 9). KiZ/F
Ty MEICK D IETERMAE. MBICOVWTI IR G5PR DREEHERL
2o §5&. YUAG5PRIT 1.6kb DBE—D mRNA & L THRH /= Fig. 10).
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z

41

61

81
101
121
141
161
181
201
221
241
261
281
309
321
341
361
381
401
421

441

CCACGCGTCCGCTCTTAACAAACTGCARATGTAGGGTCCTCTGAGCGGGAGTCAACC

ATGGACTGGAARGACCTCCTTCGCCGGCRGTTAGCGTCGCCCAACACGGATCCARRGAGG
M D W K D VL RRUPRULAS P NTD P K R
AAAAARAGCGAACAAGAATTAAAAGATGAAGAAATGGATTTATTTACCAAATACTACTCA
K K 8§ EQ E L K DEZEMUDUL PF T K Y Y 8
GAGTGGAAAGGAGGTAGAAAAAACACAARCGAGTTCTATAAGACCATACCCOGGTTTTAT
B W K 6 G R K NTNZER F Y K T I P R F Y
TACAGGTTGCCAGCTGAAGATGAAGTCTTACTACAGAAATTACGAGAGGARTCTAGRGCT
Y R L P A EDEV L L Q KL R R R S R A
CTCTTTCTACAGRGGRAAAGCAGAGAACTCTTAGATAACGAAGAGTTGCAGAACTTATGG
VP L Q R K 8 R B L L DN NEIZ RBILOQNULW
TTTTTGCTGGATARACACCAGATACCACCTATGATTGGAGAGGAAGCAATGATCAARTTAT
P L L D XK H Q I P P M I G E R A M I N Y
GAAAATTTTTTGAAGGTTGGTGAAARAGG CTGGACCARAGTGCARGCAATTTTTTACTGCA
B N F L K V G B K AG P K CIZ K Q F F T 2a
AAAGTCTTTGCCARACTCCTTCATACAGATTCATATGGACGAATTTCCATCATGCAGTTC
K v P A X L L H T D 8 Y G R I 5 I M Q PF
TTTAACTACGTCATGCGAAAAGTTIGGCTGCATCAGACAAGAATAGGACTCAGTTTATAT
P NY VM RIX V WL HQTRI G UL S L Y
GATGTIGCTGGCCARGGATACCTTCGGGAATCAGACCTGGAGAACTACATCCTGGAGCTG
D vV A 6 Q 6 Y L R B S DL EDNVYTI UL EL
ATCCCGACGCTGCCACAGCTGGACGGGCTGGAGAAGTCCTTCTACTCCTTCTATGTCTGC
I p T L P Q L D GG L R K S F Y S8 F Y V C
ACTGCAGTCAGGARGT TCTTCTICTTC TIGGACCCTCTAAGAACAGGGAAGATCARAATT
T A V R K F F FP FP L D PULRTGKTIZKTI
CAAGATATTTTGGCATGCAGTTTICTAGATGATTTACTGGAGCTAAGAGATGAGGAATTG
Q D I L A C S F L D DULUILETLURUDTZEREL
TCCAAAGAAAGTCARGAAACAAATTGGTTTTCTGCTCCTTCTGCCCTGAGGGTCTATGGT
S K B §s Q ETNWPF S A2 P &S A L R V Y @G
CAGTATTTGAATCTTGATAAAGATCATAATCGECATGCTAAGTAAAGAGGAGCTCTCCOGT
QYLNLID;KDHNGMLSI_(BRL'SR
TACGGAARCAGCAACCATGACCAATGTCTTCTTAGACCGAGTTTTCCAGGAGTGTCTCACT
Y 6 T A T M TNV F L DRV F Q B C L T
TACGATGGAGARATCGACTATAAGACCTACCTGGACTTTGTTCTIGCCTTAGAARACAGA
Y D6 E MDY KT YLD F V L A L E N R
AAGGAGCCTGCAGCTCTGCAGTACATTTTCAAACTGCTGGACATIGAGAACAAGGGATAC
K B P A AL Q Y I FP KL L D I B N K G Y
CTGAATGTCTTTTCCCTTAATTATTTC TTTAGGGCCATACAAGAACTAATGARRATCCAT
L NV F 8 L NYP F RATIQEEIL M K I H
GGACAGGATCCTGTGTCATTTCAAGATGTCAAGGATGAAATCTTIGACATGGTCARACCA
G Q D PV 8 F Q D V KD ETIUFDMKEMYVIEK TP
AAGGATCCTTTGRARATCTCACTTCAGGATTTAATCAACAGTAATCAAGGAGACACAGTC
K D P L K I 8S L Q DL I NS NGQGDTV
ACTACCATTCTARTTGATCTCAATGGCTTCTGGACCTACGAGAACAGAGARGCCCTTGTT
T T I L I DL NG F W T YEDNU RUE EEA ALV
GCAAATGACANCGRGAACTCTGCAGATCTTGATGACACATGATCTCTGCAAAATAGACTT
A N DNENS A DL DD T *
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sequence of GSPR
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EF-hands
184 453

G5PR
Fig. 7 Similarity to regulatory subunit of PP2A
72.6%
Human PP2A PR48 — it
70.3%
Human PP2A PR59 .
Human PP2A PR72 20.0%
38.5%

A. Thallana TON2

Murine G5PR

Fig. 8 Similarlity to the PP2A subunits
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Heart Brain Spleen Thymus Lung Liver Kidney Testis

G5PR
p-actin
= Fig. 9 RT-PCR analysis of G5PR transcripts
Heart Brain SpleenThymus Lung Liver Kidney Testis SP2/0 L
' . . G5PR

b-actin

Fig. 10 Northern blot analysis of mouse G5PR expression
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C. GANP & G5PR D#E&

yeast two hybrid 12T G5PR # > /N7 E 1 GANP O G5 il & OfE & ld
BOTZH, G6 L SIS LR WELFIRE RIS 5 WIE R A A RREZHEE
TH2 T ENREI NI, bait N7 ¥ —& prey N7 ¥ —DANBAIZTS G5PR
5 INVE & GANP 7 2 /)87 '8 GS HIRIIHEE MR 5Nz, TD I &L GSPR
5 2INU I GANP 7 2N 8 CBERHla T TIIHNTRHET 5 Z L2RT.
GSPR # /SN2 & GANP # /N7 E G5 fEHEMIZHEOMME THENRD 5
N5 E S MM % Flag-GANP & Myc-EGFP-G5PR % W THRRT L 7=, Fig. 11 IZ7R
L7=& 51z, COS7 Mific#EA L TEA L7~ Myc-EGFP-GSPR |IFIFFIZE A L
PEAE L 7= Flag-GANP &L L7z, Flag-GANP D NS A7z 75 > b ERAWE
pull-down assay {Z T GST-G5PR & Flag-GANP D #E & H38H 5 7p & 75 - 7= (Fig. 12).
FHE D FIF L% Flag-GANP & Myc-EGFP-G5PR D] ThgM 7=, Fig. 13 LE:
IZRY &L DIZ Flag-GANP & Myc-EGFP-G5PR 2 h 5 > A7 x %7 b L¥i-Myc T
JLBE X H7= whole cell lysate D7EA0Z Flag-GANP SHHTE, K54 73>
FO—=)VTdH%B Myc-EGFP Z b5 A7 S L7=HD whole cell lysate T3
Flag-GANP |3 S Nizmo 7z, Fig. 13 HED X 51T LR ORI 121
Flag-GANP & Myc-EGFP-GSPR " #(ICEENTHY., Fig. 13 FBROITELZZ
T L7z whole cell lysate IZ1% Flag-GANP & Myc-EGFP-G5PR 234LIC 77 L
Tz, EDOZ EXDIFHIEEOMAIT G5PR X GANP L#EBT 2 Z EMNRE
N’z

IP : anti-Flag
Mock + Wk
Flag-GANP - + .
Myc-EGFP-G5PR kS + +

el e o |~ Myc-EGFP-G5PR

Blot : anti-Myc

-- —= |gH

e | —= Flag-GANP

Blot : anti-Flag

Fig. 11 Association of G5PR and GANP
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Puli down
GST-alone + =
GST-G5PR = 4

Blot : anti-Flag 1“ —== Flag-GANP

Fig. 12 Pull down assay of GANP by G5PR

IP : anti-Myc
wcC
Myc-EGFP + - "
Myc-EGFP-G5PR - +

Flag-GANP + + +

w2

Blot : anti-Flag = | —=&l Flag-GANP

— —~=] Myc-EGFP-G5PR

Blot : anti-Myc

B ~=m] Myc-EGFP

Fig. 13 Association of GANP with G5PR



D. G5PR % /N7 EIZPP2A BXIUNPPS AR ZRRT S
REOD—RBOHERE. G5PR |& PP2A Qi B*U 71y hE&FEOT—%
FFOZENHEMNETR o 2(Fig. 6). PP2A LB HEI A YT 1=y b (PR65) &
it C 712y b®D AC dimer MHEREINT NS (Fig. 14). ZHUTET X T
FaBHY 7=y bAMHY, ABC trimer & L T PP2A [IEFEET S (Goldberg,
1999; Zolnierowicz, 2000; Kobe, 1999; Sontag, 2001), Z#WZ . GSPR NS £ &
¥ 7% PPase SR L TWADO T RWhETFHELE,

wBIDY T2y b

Fig. 14 PP2A complex and a possible association of G5PR

) (G5PR)

PR65 (regulatory subunit)
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INETIITFREINTNDS PP2A EEEROETININERHEL TH<, A 7L
Zw h®D PR65S ETIN T OEFIZEDRITHMEZL THWT. 1 5EIOEDIR
LOFRTNERKmHUED 1 1 BEAMNS 1 5FBHOEF—TTCHTIZy MMIHE
B95LEIN5, FE1~10BBOEF—TJTB YTy NEHERT S,
EBRIIRA)IT Flag TEFH L /= PPase I A =57 ~ (PP1. PP2A. PP3, PP4. PP5.
PP6) Z{EM L /=, PP3 i PP2B % calcineurin A £ XiEN s, TNH5DI> R
N2 F%& Myc-G5PR & RS2 727 FL. HIBENT Myc-GSPR L D#E
NERDHOSNDZNEDNE, i Flag FlATHRELREL/2BIV IS > TOy bk
ICTHER L 7. Bl Flag FIiETORBILEIZBNT, (ns) TRILDIZHEFER
BN R&FB8H7z, Myc-GSPR & Flag-PP5 & 3tib L= F DD PPase & Dk
SIZE L TIZH S MBS ah> 2 (Fig. 15). RS2 X7z h&aNi-
BEFOREIX. 10% SDS-PAGE Tl Flag-PP5 & IgH @/N> RAIZIERI U
AXTHol=7-®. ¥ Flag FIEA TR L 7=, Flag-PP5 DBREDEE. LDH 1 X
DINETIINY BIMBENBMINIIBES DEEYTH S EHEBIND (Fig.
15). Myc-EGFP-G5PR & D ®EINEIZEL D Flag-PP5 OFEESMR I N (Fig.
16) PP5S I N RimICTETERDTFERBTDAEMEDH D TPR RA 2%
FFo TW3 (Borthwick, 2001: Chinkers, 2001: Ollendorff. 1998), G5PR & D#E&
B ZEZSISITRETSHDIZTPR RAA DA A NI MEFREERICHW
7o Pl Flag HifAIZ L D Flag-TPR B K Flag-PP5 % FyF k% U 7= #H1 Myc Hik
IZ TR U7, Myc-EGFP-GSPR {2 SMIZ PP5S @D TPR R AA 2 L DS ER
L7=(Fig. 17)e N5 D#ERITHELEOMALIZIB T G5PR A PP5S & N KD
TPR RAASENL THETHIEERLTWS, FLAG-PPS IZFDMIZHTF
BEOXDNSIBVWSDRDON RERLE, 2L FSRA 72052 bD
FBHEBRICBILINMENTHDEEZTNS,

COS-7. b b Jurkat #Hf@. <™ A spleen 354X brain #IHIZ3H VT G5PR iZ PP5
72V T/ < PR6S. PP2Ac DB HRLU = (Fig. 18). T DHRIZINZ PR6S %
bait &9 % yeast two-hybrid screening IZ& V) PP5 & PR65 OB SENEFET S &
D& A3 S (Lubert et al., 2001), GSPR 13 COS-7. b b Jurkat fif2,. <7 X spleen
B LW brain MILIZBNT., 2 DD PPase HEETH S PR65S/PPS BL
PR65/PP2Ac L DFEETEMEZRD I ENRMB I N,
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Fig. 15 Association of G5PR with PPases
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Association of G5PR with PP2Ac or PP5
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Association of €5PR with PP2Ac or PP5
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E. GS5PRIZHIFARMIZEBNT PP2Ac £/ PPS OWTHh—HEHER TS
GSPR 4% PP2Ac BLU PPS EED XD ILEBERERR T A2MNIDNT
BEIT 5728, COS-7 #IlIZ Flag-PP2Ac B X Flag-PP5 Z2FNEFNE T A
JxlrarUi(Fig. 19). TDHRZTNTND cell lysate 2 SDS-PAGE TEHL
Pi PP2Ac Hifk & 41 PR65 HiA T/ Ow b L 7=, 95 & endogenous 73 PR6S EH
DRBIZEIZA SN > =88, endogenous 7% PP2Ac EH D FHEBIILIRT O
FIZHHBH L DIT Flag-PP2Ac DFEFIZBWTEWRICH A U7 (Baharians and
Shonthal) .
—7 Flag-PP5 ORI PP2Ac ® PR65S DRBICL HHEEZ T amh-» /=
FZTFlagPP5 & T2 A7V 3 L=fila%EH T pull down assay 1T
VY. GSPR 78 PP2Ac. PPS BLUPR6S EED LS REEHRAEL2DNIIDN
THRE L7z, TOHE PR6S 13 GSPR E—ED#EEERLE., LML PP2Ac I
PP5 ODFEEFIZHBWNT. G5PR &EEE T HHIEMEHSMTHE D L TW/=(Fig. 20).
Z 1 Flag-PP5 A% PP2Ac-G5SPR EEEKICH L TEAIT S I &R0, GSPR A
PP2Ac. PPS WENM— D protein phosphatase & DAEESHEERL . FRIZ
fE¥ D protein phosphatase EFEEEEHRLIZNWENWS T EERBL TS &
EZzZ675%,

F.GSPR D RA 7 7 ¥ —EEHNOEE

G5PR {3 PP2A OFEIY T 1=y FTHB B EFEDD—5HE, T5
IZ PPase ED#EGERLUZ. ZHUTL OB VB L DIBIEIZHB T G5PR A3
SHDFHTHREEZE L THHIENFHRENL (EEMESELRETTLER
BEEBCHLTMEY 1=y b2 7 )V—bT5RE), TZTHY &1t
DERIZHBNT GSPR NEDEIBEEEZEXLHMIIDNT PP TINN LK
AR HI, casein ZHEEE L THWRA 77—V 7 v A %2FTo/. T
PP2A TROBEHE DMLY > BTG & 7= (Fig. 21)e DTV T GST-G5PR *® His-
G5PR ZMARRDEREZT> & IAREIIHNT S PP2A FOBZEDOR U >
EEALTEHE IR LA o 72 RICPPS DR ) EE(ETE I DWW T H iR L 7= (Fig.
22), PPS 1350k LB L 7= Flag-PP5 Z A L7/=, B L%, 500 nM O
ToOFRIVBTURLZHEGE LRI EBOFEEOE{LEREL-. 75F
R > B (arachidonic acid: AA) & PP5 ZIEHALT 2 Z EMMEI N T BEH
TdH 5 (Chen & Cohen. 1997: Skinner et al..1997; Sinclair et al., 1999), AA {HHT



5ERBIEYNEDESEDRTO PPS OIEHIZN 6 FIZWE L. LML AA
IZE DEMEEI N/ PPS AND GS5PR ODEBIIIZLAERD NN T,

KIZ GSPR IZHEETHHEAHOB ) BLBEFRIERII DN TR L. °

Al oM aIE (L% GSPR THRELEL. ZOXEMERA T 75 —F
7wt ICHWE, A5 ¥ B (okadaic acid: OA)IL PP2A & PPS DG DIREY
HTHHH(Chenetal., 1994), ZD OA DEFEET. IEFEETIZBVWTHRAT 74
—F7 vt A 2Tk, RELEHORY) EBIEHEIZ OA DIFETIIBL
TH# 45 BICER L. EREBRENIEIZ AA ODEETTIEHENLD I SIZH
SEERLE, LEOERID GSPR E#89 5 PP2A & PPS OBEFETEEIT OA
ICEBHEHEZITTNWS Z ENREINIZ(Fig. 23).
BRI GSPR CBEET B H ) D EEERE AN ) D BEEI /- MCM3 27U
CEBETEANEINIIDVTHRF L. 5 & GST-MCM3 X G5PR &
LD D BIEEZTTWA ZENHBHL . £ OBEREEILX OA DI
FET® AA DHFEETFTLERL TW=(Fig. 24). ZDERE GSPR S EAKE R
THY) B EEERIX MCM3 O DB LIREEZHIH T SRR EFRFD I & At
REENT,

G G5PR OHIlANBE

PPS I3 BB ORI AIC L > T . B L HIlaE #8819 5 (Chen et al..
1997; Ollendorff and Donoghue, 1998: Borthwick et al., 2001)4%, Z @ Z &1 PPase
DY 712y MZBWTHLNTH S, TITELIL. MlaICTrS 2T
27332 L7~ET GSPR 2 EHIBEORICBNTRROBZEZRTNED
MEF Rz, COST HIAZIZ BT Myc-GSPR 138 EHIlRE O R G ICHEEZEZED
7z(Fig. 25)s G5SPR IIBEICEBR BB B]E > TNV PPS E NI ATV 3
U EROBETRONZEIIITENSHHEINTVE IS ICRZITo N/~
(Ollendorff and Donoghue, 1998). Myc-GSPR 3 A TIZ L D H< B L Tz,
PI Befa TIIM A HIOETT IRV (Fig. 26). Rl TiE Myc-G5PR 1382k
12528, AIPICIIEEICER L. R TR ROBRIZ DNA ASREEICE
M50 LEORABICED . BETHROBBENRIN/-%IZ. G5PR
IS THIREICIHERL TS, ZN 50D GSPR O#hiEIL PP &L <IT
B D (Ollendorff and Donoghue, 1998). ZD I &M 5 H GSPR A8 PP5 L iEE -EA
HERHBZEERBL TS EEDLNE,
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ViI. %

A. GS5PRIZPP2A . PPS DFHFIY Tz v MEEZ SN,

DNA S RAT7x207 33 DERTIE GSPRIX PPS &L 5 25H
DY NI ETHDZ EARENTZ, KEB53 D PPase (IfiEiEH: DL % 7S
BRERZRF>TVWSMN, PPS BM—REI R FERZRWERAT7 7y —F &L
THSN TS, 20O PP5 O N RImEIHIZIE TPR R A1 >03H 5., BEREN
EBAZIZ PP1 % PP2A &HBRL T 43%DMFIMEDH D . OA 12L& > TEERTEMES
HEXINS, ISICEBRMHRETIZIZION TPR R A1 OB COBEEEEEA %
O TS DBEREENERD TEN,
TPR RAA IEMFLOBEEZ D DRARY /X7 ED coiled-coil region &
BEE L TV 3 (Blatch and Lassle, 1999), #3N512ld,. BEPLPRNA AT 513 >
. Z N7l RICHEAANOER) X5I12i3U BBz 2 i
RERY NV EIFDERFOKRLZERASEN. E<CHBASZa hO
— T EDDOEENEE TN TN S,

B. #ifaEEl & PPs

HIENBEOEROHEGICEINIT Prs A OETICEDBE S
# 0 38 L (Ollendorff and Donoghue, 1998) . Z D Z & iZHaE OETOREY >
AL DR IZTBNTD PP5 DREIZRET S, D invive. BLKX invitro @
MAHDRIZBNT, BLILGSPR EPPSAMEETHEND T E&ERL . GANP
Id DNA BERISHIEEHOETIZBW T, it GANP BIER TR ~ Bz
ST 5 GSPR/PPS EEEBZ D) 7 —FLTWABEDIZTHEZI SN S,

C. DNA7S51M<TY—FEGANP & FA 77y ¥ —F

GANP @ DNA 754 v —EHEHIL DNA 751 —tERASHD
Ser® D) VEELIC K > THEICHIE AN TS (Kuwahara et al., 2001) . In
vitro IZHNT, i CD40 FIFICL BHIMT Ser'” i3 E{bEZTTED., Z
DY) A GANP IE T cell KEMFIURICTREINZRBORKF.OTREN L
HALTW3, £/, in vitro T Ser” {3 CDK2 I2& > T VB{LEZIT TNV S,
GANP EHIRIC L D FIE % ZF 72 B cell DMEDRFTRENFE XN, GANP
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D DNA 7oA <v—EiEHEbER, B CBIEEEZED GSPR #AMEICEKD
FEEZITHAREENE AL NS, BLAITHIBEAMNSEATH<ERT. GS5PR
DRBITL 2 TSer?D ) VEALDRENELT M E D NIT DV TR,
RS COST MfICBNWTIZHS N EENERDB Z EIITERN S =,

D. MCM E&E&E U CBEIZDNT

GSPR DHFZEIZ &L D41 MCM3/GANP DNA 751X —¥ZEE or-
binding HEED Y VEBEA N Z X LOREFPIZEME TOHIEEAF OETEE
EEELEILBR) CBICEBROAHZHOSNIITESL EEZIALSNS,
MCM3/GANP & EADE Y 2B LEER DU 7))L — MIEP.OPAESE B Hifg
D 0— > OILK. HEMETICEET 28k 4 25T D) E{LIRE
DOFFE RN H B EBHN 5,

D. GANP D& & BEEE

R Z AR T DR HICIE GANP 2 FA AT DNA HEICHA
72 MCM EEHREEEREE T I ENHoMNIEIN TN (Kuwahara et al.,
2001). LML, 210-kDa DN > /878 &L Tid. DNA #RIIhhb 58
BERAL, EF—TIRADM-> TN, J&IT. M. GERABICH
NHLHEREICEB U TRREZETT > TH/AE. DNA polymerase FE{L DRIz n
o7, o, BEIIIMDOLEES FEOHRMEIEIRY o, LML,
ZDYUEF, IEIIHMDSEKF & LT Nuclear Co-factor, & 5 W Nuclear
Co-Receptor DBEEMETEZINDDHD. CBP TR I EICATOAL RRIVE
CRBHEAND NeoRl BFRRWVWEINTNWE, INS DEEMBIKFOEER
KU Bromo RAA 2 EEDZI EE, LXXLL EF—70%<. ZhH0EE
EHEITHEERAMCEZHNWT, 4 RBBERNET. ZEERDFEEDHITHAR
AF04 FRIVEVBERZEROENS FOREHIEERIESI2b0EaINT
VY% (Torchia et al., 1997),
GANP S FITIET X/ EEHES D 1458,1479,1485,1942 FBHIZ LXXLL EF— 748
HFREL. O EM5 GANP 43FId glucocorticoid, estrogen, androgen, vitamin D1,
retinoic acid FD AT O RFINEBUSFEESTHRIEEHENFEINZ,
D EEBEIZHRD 2012 D yeast two hybrid BT L BBHET o712, =
DERFERIL GANP 3 TORBEZEET DL LTEETHDILEEZATVEDT,
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EHROREZRREEZICIIEEL WA, ZIREHLTBEL, AW
bait IZ LXXLL EF— 7 & FE GANP - FWiF 22 TNHRHAT B /70— GS,
G6, G7T ZfWz, /=, ROBESVHFHF I N ER, RAR, CBP TIIHX THE
INTVBHEER A A 2=, GANP EZEGAIZ 2 BEORY I —, T
72HB bait & prey ICHAL T, BRI TORE %EB-gal DERFEERT
fTo7ze ZORBRIZ, TNTNODATOA RKFNEVEZHEEBEMLTELZ E
K> THRIVEEZEEZRF L, L#ERERZEVRLIT A, IhE
TDEIZA GANP 3 FiZiddz< &H. ER, RAR, CBP R EDZBERL FET
EXERFOHEEEEEIIRE Uo7,

E. GS5SPR O#EEICDWNT

INETDEI A glucocorticoid ZEFMAESTF (GR) EDEBEEMAZESIZ
REINTOWARWA, LML, EETRWZ L GS5PR 2Fid PPS - F LEE
HWETHHFTHD, PP5 Id GR BFDY UIINVE) VEBLIREZGIEHTS Z
EMWRENTVBSIE—IHHERDFTHD. PP5 % GR OV UEE(LIREZKD >
ERALREEIZ U T glucocorticoid FRIVE 2 BEZMEEHIFE L 720 .GR S FOHIfE.
ENBZEEHEL TWS I EREASNTNS, FHEDRREZNETO
ZL< DHXDOTRT D FHRIETENTNE. GANP HFHINSOFRINECZE
e, ISR EVEZEHEOBGTEMERICEEL TV DD &2
CEZLNBHERS,
L TR T % GANP 2 FIZRERE THRICKIET 552872 B #ift s O
— > O DR ER L. TOMICHE DNA HE-BETFREICED-
TNBEVNSTFHENETETEEL>TL D, TOMEZHHEITBH9FELT
GS5PR * PP5, PP2A MEESEERERTFEL THHOTWEEZEA 5N S, #
WMEHFLTOWAEZETNE, SS5RIO/TFESEIIZATFOA1 REINEZEE
B EMOENDOBENEELES. B MllRMEE. MEicBT3HRIVEHRE
DEHERS>TWBAERESEZSND, ZDOZET. RERENER KIS
ERTT7VINF—RIEP. HOREBERBIBITHNAELEDREZSFL NI
TERTHIETEEREREF > TVWSEEEZS, TLT. INSO—EDH
ZREDIE, BETZLUINF—RIGICHLTATO1 REILVECEBEIKELT
NEEL DEBBICBLT. KOS FLNNTOEZ., EFENAJEEERS LM
HFEns,



GSPR B FEREE LI &R TR, FON7EHRY Bk, ) EBLomER
BIZBNWTHALL b 2DDA— I REBAZLEZEERS . B 1 ORI,
ZHETPPL, PPR2IREY ONVERR ) VB LEERICIIIFII 2P TR AN S
DEREEL T, Thod, FONRVERY D EBLEEDENEFORR
HEHHEL TR EZEZSNT W, TLUTHE— PP5S OANEDOHESTTEE
LIBWRTFELTRBEINTER, LML, SED GSPR 3 FDORERMNS. PPS
WCHRRMREEY T2y EAFEETDHI I EMNHSHIZENE, . 20
REDBEHRCY ONIER) D EBABEOMRTEDLS RERMIEERTH
ZDWTIE, BEDEIARFBA T TH . H 21T G5PR A% PP2A & PPS
DR CEEBEERDBATERE VNI ANEITS NS, ZOZEEEDD
BBET. FONTEAR) CEALOEEL L T2HEO FRXREIZHETH
2T, BEOHKEDOBERIGOENDF. HH5WIIENT I VBERENRES
TWBEBZLZEMNAHETH A D, 13720 T. PP5 ALH.0 B M85
(centroblast) IZMERZ DN, FN& b RER IEH (centrocyte) ITHERD N, 72
ERWEDEEMMNHELN>TL %, GSPR BB Y NI HBEY > BLn
FOHIHDFTHEH. TOHFFHED S DEMMEEICIILGRbD%E
BEIBHZENTES,
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X. #5E

BIFFET. GANP/MCM BEEEO ) VEBGIRIEBICEEET D5/ 5 N ER
) B LEBEEDY T v hELT. G5PR ZRIE L. B #las (k. FREAIZ
BIFSD GSPR OB GEHHEEEZHOSNITAHLETEETH S EEX
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