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Summary The cdc2 kinase activity is regulated by its phosphorylation and depho-
sphorylation. In mammalian cells, phoshorylation of cdc2 kinase at 14-Thr and 15-Tyr
residues inhibits the activity. At the onset of mitosis, cdc2 kinase becomes dephosphorylated
at 14-Thr and 15-Tyr, resulting in activation. The enzymes which phosphorylate or de-
phosphorylate the enzyme must play very important roles on the regulation of the activity
of cdc2 kinase and of cell cycle progression. In this study, I tried to identify these enzymes
and then to clarify the mechanism of the regulation of the identified enzymes.

First, I showed that human cdc25B phosphatase expressed in E.coli dephosphorylated both
14-Thr and 15-Tyr residues of cdc2 kinase to activate it. That is, cdc25B phosphatase is
a dual specific phosphatase, specific for cdc2 kinase molecule. Second, I showed that the
human weel kinase phosphorylated the 15-Tyr residue, not 14-Thr. Then I isolated the murine
weel kinase cDNA which was 1.5 fold longer than the human weel cDNA was. The murine
weel kinase had regulatory and catalytic domain in the N-terminal and C-terminal half,
respectively. The regulatory domain was phosphorylated at mitosis and its kinase activity
was inhibited. The kinase responsible for the inactivation of weel kinase remained to be
elucidated, though cdc2/cyclin B kinase could phosphorylate the kinase. Further, as a weel
kinase regulatory protein, I cloned the 14-3-3 protein by use of yeast two hybrid system.
Since this protein has been reported to be the inhibitor of protein kinase C or the activator
of the raf-1 kinase, whether it activates or inhibits the weel kinase is very interesting subject
to be clarified in future.

cdc2 ¥ F—EBII MBI TE LVEHE LR 2RT8 GiEICiZn 3 L+ CRAESLEhS, 2D L5
IZ cde2 ¥ —EIZHMIREAR D G155 MBO—BHICORFEMEZE LD, Z DL 5 REHOLTENT
cdc2 ¥ —¥HFOBERIL, BB 1 27U U B LORES, SRz o THEAIh TWABRTEM
BE. BB TR cde2 ¥ — P2 lEk(b, BBE LT 2BRORER XU Eh HEER DTS HIHK
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BIZTOWTHET 21T T2,

1. cde2 ORER{E, BeilER{L

1—1 cde2 ZHHERIET HBER

G/ MBIZBITD cdc2F% F—POERIEINXKPLUBEDO ML A= VEBE MT) LISBEEDF
v URE (Y ) TOBERL, BB X o THIBSh TW3, MlaRHK S TR Shiz cdc2
¥ —+it tryptic phosphopeptide mapping DRERIC LT T HBLIOY OFFH», Eikd b
DA —HBERIEESN TN, 2RO D5 FORAMIZOWT HI b R b rizxt+ 5 BB eiEk 2 RE
TRLEOEBHRIZLALERLN P o, LEB-T, T 22E3°Y onThiBgERl svh
i cde2 ¥ F—FOFEMITHIB &N D LRSI, LaL, i cde2 FF—YuEH LS hsiciz
5 DRETORBBIEBLETHD LI Z LITRD. ZNETIZ cdc2 FF—FD¥ Y ORLEERL
iFcde25 7427 74— (cdc25) I2XBZ EBRRENTE R, 2Tz T OBBERL S HEA
THD20E, THIMTZ L >THEINTWEDEA 55, UTRBIVOPY Ofisd, R EL
CIA—FBEBILIN S FORAYICKBE CRIRIE cdc25B #FEM+3 L P-“TRBIUP-
BPY 280ARy PBIUVPPY DRZEUARY b, PUT OLZEEL ARy FOWFR b BAHE
Lz, LTEB-T, cdc26BizF vy VREDHZ LT ML A=V ERES LRSI T5EEE b -
TW5 DT, 2D & & cdc25B THOE Lo+ Hl & 2 b 3Bk BIEH 1T R 0B D5
FIZEAREHFIZO ERE LT &b, cdc2 FA—BIM T BLUY OFLSEERIL S,
EHESh S Z LB D b, 2L T, ThERBEBRIET S cdc2B5BIIF R VAR T 757 —2
THDHLLbILhA=UFRT 77— R EM2F T3 dual specific phosphatase T ¥, cdc2 ¥
FT—POBERIIT cdc 25 VWO B—DRF IR L > THHEE L TWAREESTRIE L VWL B,

1—2 cde2 #i%B{T 8%

DREROBBEHRERD cde2 ¥ —B 2 Bib+ 28851 weel ¥ F—FPThB Z LBFREH
Tz, B weel ¥+ —+1iZ Ser/ Tyr dual kinase THBDTH T 2L+ 5 - L3 sh
7Zhs, EBZ cd2 ¥ F—ERFOPY OB EBBILTHZ LEREEhTWS, LaL, BRICBW
TIEM T OBBIEEODOBEEREINTHARNT 255, B weel ¥+ —Piz" T 2BEL3 2 1EH
R2NDHRH LARN. ZRTIRE MRT Y RAZBNTIHE S THA 2, KIBETHRELZE k weel
FT—EEAVWTZEOEGEZRELZEZA, & b weel FF—Pitcd2 FF—FOFus v BES
BT D8, B weel ¥+ —FLRARY, tyrosine specific kinase THAAHEMBE N L E 2
bhlc, LL, TRETHEEIN TV b weel ¥ —VPRBBLEB L THATEIW2H8D1 T
HBHT L, in framelTiifa FrE2 bl &b 2Ot k weel ¥ —¥ M full length Tiz7%
WeEBZX LNIOT, FitvU X weel ¥ —BDr n—= %8R4, b b weel ¥F+—FPD kinase
domain VI, X, XIZHYTIEINE e —TIZHANWTRZ V== 52Ty X weel FF—+
TEREHEBLE (M138B). <7 X weel ¥+ —Pi34£E2258bp, C46HDT I /b2 Y,

1 646
mouse NHe- C-terminal domain -COOH
\ 93% homology Y
human NHz- -COOH
1 432

B1 <=7 ZXweel &b b weel OB
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t b weel ¥ F—EDIMEORITHolc, TRk NOEREFIZHET D L, U X weel FF+—
TOCHKMIZD2 Lt b weel ¥F—FIIT I /BN TIZ%DMFEML D -8, BY DN K
R3BDLIZvT RARCDOBIFEL Tz, LAL, Z0O NFKRUTEFRICHEE L TWS bITTidk
G RITRoTRUAweel ¥FF—ELRILEZS R D OE b weel ¥ F—ERBEShEZ, 2D R
weel ¥+ —Fik N FKRliz Ser / Pro £72ix Thr/ Pro £ WHEFINL S FET S Z L BN Th - 2.

NE20 A NVARTREE LYY X weel ¥ —Eitt FObDLFE#E cd2 X F—FDFus v
BREOHZHEBILLIZZ 10, v T R weel ¥ F—BLELMT 28T 3EREE LN R
HohLRole, LPL, vV A weel ¥ +-—FPIECBBRILIC LT ) v 2@ERILT S L EbIT,
cde2 ¥ F—B0Fu v VREZBEBRI T2 Z L5, BERFEHEE Ser / Tyr dual kinase TH3 Lz
o BEDLLE b weel ¥+ —F b NEKURFEETHEE) VREPBRILTIOTHSS. ke,
cdc2 ¥ F—VYIHELT, FET TO weel FFH—FPOBERLOESE BT S & cde2 FF—PHET
T weel ¥+ —EOBERIAIMHI HEMT B L5, w7 R weel ¥+ —Fit cde2 FFH—Fick -
Tt hiclnwzd. ZOBEBRILIZE) VBREZBBRILT IO Thoz, ZDXdiZe b, <
T A, NWTHO weel FFH—E LD Y imvitro CARLE-BRE TR T 2883 3EEE D
e e Bnd o, ™ T kinase i3 weel ¥+ —¥ L 2L BICTFETZ DD, HD VT EDEREIIC
X co-factor ELE LT IO, WTFHICE LHEETRIRHATH B,

2. ¥ X weel kinase DEMHE

2—1 TIRX weel OREERL & FEH

I cde2 X+ —EOFEHIT cdc25 & weel ¥+ —¥ % LT" T kinase DIEHDONAS 212k -
THREHIRTND 2N 2D, Wz, cdc25, weel ¥ —E% LT T kinase D & DiEH:
DHIEPEHITIERAT > TND LWL D, ZTHE T cde2d OFFEMIE mRNA ORBIC L > THBEESHh T
WHEEZLRTWE, LML, ¥4 27 ) Vit o TEEIESND LS BER cde2 ¥ —Fitk b
BRI THEELEIND L O BEBR Sh, MIREAETEHET 2BROBQ RSN OEMEHIHS
ZEHIhT,

I TEREIZRBNTY X weel ¥ +—FOMBARTOELETALEZ A MBI THERILIN
DZ W in vivo, in vitro CRENTZ, in vitro BNV T Z OB O—EIE cde2 ¥ F—Fick B
ZEBRREINTER, cd2 FF—EIZ ko THBIL Siz weel ¥F—F L IEBERILEID weel FF—
P OIRERICERA Do 7o, L L, Z OB LA weel ¥7—¥% M #IOMHRHIKT T incubation
T35 & T Tidd 54 SDS-PAGE LOBEIEREN, cdc2 ¥ F—E¥ o F 2B+ 35N 2
DDLIEED Le, LEeBoT<Y X weel FT—EOiEEIT cde2 ¥+ —Yic X 28 T3 <,
BOMBRERNRXF—PiIc L VBRI hmBEns LERST LN, LaLRBDS, cd2 ¥
F—PRIBZBBREOBRITOVWTE L L X, cd2 FF—PIT Lo THEBIL SRS 1T 83EE
HBEBRLEZITHLbEZOLND L, £z cde2 FF—P IR L2 BRILIIBREORE/LICESE LT
EHEZBND,

2—2 TYXweel BAEAFTORE

DXL, <Y R weel ¥ T —EBOEMREZRETE0 L ORFIIEERILTH o, £z cdc5 i
BWTHBBRICIEERHEEETH D Z ERBEIN TN, 2N TIIERRLDOZ 2 weel ¥ —+F
DFEEZHE L TNDDIEA 5 2 BolLiZ 72 - TEERE O two-hybrid system 2 AW THHEEDEH
BiHET5EHED v~V PBBAITDATHWS, FF—F b ek 5 BICREICKE
BTLEAETHLDT, weel ¥ T —EE2BERRILTIX T YL EDT weel ¥ F—PIIEATHE
HE % two-hybrid system T & » THBE+ 5 = L 2R A7,

Trp (), Leu (-), His (—) OBREHCEFT L8127 v —r D5 H6427 u— 8 B -gal D assay
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THEThHoTk. ZDH5BI2I v —r DY — I T U AR ToRER, 107 v0—URREICEME2 LD,
By 27 u—r3 e ERBOEFIZ2E LT\, 107 r—0561 7 v— iz onCaERE
EREL, T—FR—RALKREUY—REEZFT-ETH, T F4-3-3 £99.6%DHKER J—78
Bohi, LIz oT, 207 u— i<y R14-3-30 TH B L Bbii, 14-3-3L 5 BEF1119%4
FEDFKIT Rafl-kinase @ activator TH 5 Z L B3#EEh, signal transducer & L CHEZE Sh
THBLDTH5, LizloTIDBEETFHE weel FFH—EDOEMFAGHRFTHITEEIIEL, in
vitro TZ D14-3-38 weel ¥+~ OIFEBRICHEBE EZDINPE S PREARDI I LBBETHDI LELD
N3, ULELHB L, SEIDI v —= 7T weel ¥F—¥ D activator BRI Sh - 2 BEbh
5, 20X 5 REFORRIT weel T —ERNEELUNDOHIEZZIT TS L0 EEZT T3S,
MBREP O OBEREERZOL O YEEN LT MBOBBETORBE b LhnEns SicE
BERBWREDHD LBDNWD, £, ZOBHEOKERILL o T weel ¥+ —EOFEHIZEMBETHT
kinase DIEHZ/FOLOICRD EVIFIEREDLEZ DD, X HITIRERITBWTI4-3-33 MR EH
O check point IZHEEL TWB LW HEL, LRTL W HEIN TE & weel ¥+ —¥ 4 DNA &ED
FETREELTWS WS Z ¢:2EX2hbOED L, SHIL M PI~ESRKES weel ¥ —¥ £14-3-
Lo THAIND b LA,

Inhibitor .
phosphorylation activator
} cde25
weel kinase dual phosphatase

cdc2 / cdc2 \ / cdc2
T T o
14T 15y 147 15y 14T15y

14T kinase <:><:>

S - G2 phase M phase
B2 S»bMH#ICEITS cdc2 DEHHIEEE

FURXDEERRDER

AR RH B 2 HET 2 ER®EZFE L LT cdc2kinase L FRIN S U VERLEER DL D
BT L2 b DTHD. cdc2 kinase 1ZIEEERITL Y G2Hi 6 M BI~DOBITEFREL T35 2%, A
#i3 14Thr, 15Tyr V) VBMLiC L Y EESERI S, BY VBbic X 0 EMHEEh3, EHXz 0
it Y L ERLEESR cdc25B R R 7 7 F—E R BEF LNV TER L, £ DER O@ITHESR, 14Thr/ 15Tyr
dual phosphatase TH5Z &2FERA L. —F V VEILBRIZ OV Tt weel kinase ZEFB L, =
NEBETFLVNVTERLEOERZEIT LR, cdc2 kinase ® 15Tyr D&% Y VEE L cdc2
kinase Z R EMILT D Z L 2R EILDTZ 6> TMBI~DEAZ1T weel kinase DRIEMALISKE &
29, OB ERLY VEBMEAEET AR, ZRET TIIR+2 Tz weel kinase 15 % #i4
TEEAMETHELET S Z & % two-hybrid system OEREPSTFHIL Tz,

MRS HERET 2 ERE LT cde2 kinase OEMEEEOMEITLHROLZELT—<ThHY, ¥
LWHEBEBINLTND, ZOLSRRAT TEZOMERBIIRELEBELZREOLOT, £ D
MEZFOERTINLRAS, BERL, BRIV NVOBNLOTHY, RXEEEELRIE
THRIXELTHELGRLDOTHD LHELE,
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