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The Roles of Amino and Carboxyl Domains in the Mouse Weel Kinases. Seung Jin Han*. School
of Biotechnology and Biomedical Science, Inje University, Gimhae, Korea 621-749. The molecular machinery
controlling cell cycle is centered around the regulation of the activity of maturation-promoting factor
(MPF), a complex composed of a catalytic Cdc2 and the cyclinB regulatory subunit. Cdc2 kinase is
inactivated by phosphorylation of inhibitory kinase, Weel. It has been known that there are three differ-
ent Weel kinases in the mammalian cell, WeelA, WeelB and Mytl. To investigate the regulatory mech-
anism of Weel kinases, the phosphorylation and degradation of WeelA and WeelB were checked in
the Xenopus oocyte cell cycle. When Weel kinases were injected into frog oocyte, WeelB was more
stable than WeelA. WeelA and WeelB kinase were phosphorylated by many kinases such as PKA
and Akt. The roles of amino or carboxyl terminal in mouse WeelA or WeelB kinase were investigated
using chimeric constructs. The degree of protein phosphorylation, degradation and cell cycle pro-
gression were different between chimeric constructs. The amino domain of WeelA was implicated in
the protein phosphorylation and degradation while amino domain of WeelB and carboxyl domain of
WeelA were involved in the activity regulation. These results suggested that the domains of Weel
kinase have different and significant roles in regulating the Weel kinases in the cell cycle progression.

Key words :

N B

Maturation-promoting factor MPF) 2% £+ cell divi-
sion cycle 2 kinase (cdc2)/cyclinB E3HA)& AL HGs
B L9 YA 2AARA, g8 ATV 23 AE
Hieto, Bt BRAS QU OZR AEFINE 2
o1 MPFe] 84& 24529949 cyding 2%, &
ARG A p27¥, p21P o] Aol o) 2AH o) A
U (8], o3 Eaol A Qlatsl, @A} J)Eo 2 2 o]
Zt}. CDK activating kinase (CAK)= MPFE ¢14vs}sle] &
& 38 W[5, Weel, Mytl, Mik Q14854 s 84
& ‘flzﬂﬁb"i, B2 Cdc25 €148t 4w MPFE 8434
ZItH2]. Weel 9Q4H8t a2 cde2/cyclinB B34 9] o}w] 4t
NE T F09 F REFH] A=Tyrl5H S A44s}sta, Mytl
& Thrl49} Tyrl5& QAAtalgte 24 A B4 A 71
oj sl AEE G2A M F7]29] ME F7] o]go] Hx
HH7,10,13,17]. 57N 7] (Xenopus laevis) 2] da}ol = 5
21 9] maternal Xenopus Weel (XeWeelA)7} EA)3}1=|qh, 4
A Foe ABA frele zygotic WeelB (XeWeelB)7} £7)8}
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o] 27] TAGA ] Tols}ir, WeelBE gastrulation 0] <]
A7l EE EEso] AT £Fo #d3t o
Mytl Qs EAE AE e de A7 Fagle] HAzIF
H A&z oz d@ A2 Weel ¢13H8taAE =3 Crke}
9] A%-& F35}o] apoptosisoll = ol A QloH14].
EHFENME WeelA 71 BE Z3 oA @ad o] gl
a, FH2ol 2AE U WeelB, A7 WeelB = 3 dajol 4]
A= A02 Hol3,11] @& 72 2] WeelA9] ortholog
2 AZ otk o] d o] AHEL Weel 4 ELE
o] MZ & 71 93] 2-E Aolge A S A ET
E3] WeelA9} WeelB= 54 48 Uehll& kinase £1¢)
F2 ANEAEAS ZAT o EuRle Fl2EA |
/30l iRt} oA g A& Weel Q1431 g 49
, 7128 T Qlo] o3t -l F Weel Q4stas
ARgte F5& A g agEg B dy
A H WeelA9} WeelBe] Uat N X327 23 ¥8&
31, PKAS} Akt 91413 &40 o8 Weele] Ql4bsl &
stom, Zkzte] ojui, 7tE A TH| S X &
g chimera ©¥l A& A|zs}e] 7} =o|Qlo] §49 Q14t3l,
24 9id kg ge vAe JFS AEE.
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-MA)ol} A, ECL Western blot detention kit GE Healthcare
(Piscataway, NJ)olA, DMEM 3} fetal bovine serum&
Invitrogen Corp. (Carlsbad, CA)oll A 793} t}. mMessage
mMachine™ & Ambion Inc. (Austin, TX) o4 F¢38}a] A}
433, 59g dFe] Q& & ZE AL Sigma-Aldrich

Chemicals (St. Louis, MO)oj| X ¢ 5}o] AL&-s14th.

72l R0l mRNA2| O|MIS=AL

PMSGE AL g/ 7el9 d2 8 HFHF &, collage-
nase (25 mg/ml}E A7) 3lo] Stage VI ¢ dAlE 9L F,
mMessage mMachineg o]-&3}4 43 I mRNA
€ IM300 micromanipulator (Narishige USA Inc, Long
Island, NY)g o] &3k] vl 4|74} 545). 12 = 16412 %
?Ae 500 nM9] progesterone A7 st M EF71E A7)
AR AEF719 ANE TEF Zo B v Y44
72 sy 24 dA @ 5 ple Tris buffer (250 mM su-
crose, 10 mM Tris-HCl (pH 8.0), 0.01% NP40, 0.1 mM
EDTA, 0.2 mM EGTA, 150 mM NaCl, 10 mM NaF, 10 mM
sodium pyrophosphate, 5 mM B-mercaptoethanol, 1 uM
microcystin, 4 pg/ml aprotinin, 0.7 pg/ml pepstatin, 0.2
mM PMSF, and 05 pg/ml leupeptin)& ] &ste] g3t &
4 Eeste] $35S SDS PAGEY AM4-319t.

HEUOIMS Weel Szl 9| T&t

Hek293 A 2o WeelA, WeelB = Mytl & 324358
F 1622 GG AT ESEDole] Gag 9
Mito-Tracker2 1A|7t X 23} 11, 4% paraformaldehydeE
ol gste] AFAIA & F4E 1 ple) 4-6-Diamidino-2- phe-
- ‘nylindole (DAPI) £9(1 mg/ml, Vector Laboratories, Inc.,
Burlingame, CA)0.2 @A35}¢lth. V5 & 4 (Invitrogen Corp.
Carlsbad, CA)E 1/1,0002 343} Ao A 247 HHEA)
713, ©A] FITC7} A3H8 22} 344 (Jackson ImmunoResearch
Laboratories, Inc., West Grove, PA)Z 1:1,000 H]-& 2 & 43}
of 1 AIZF ¥HA1Z1 %, ¥ An|7 Axio Vision 3.1 (Zeiss,
Oberkochen, Germany) 2.2 #33}53ch,

Chimeric construct®] H=

WeelA9] THolA 289 o}lm| itz WeelBo] 19 o)A
1999 ojrieihg ojrie TujQlo R WL ofwlicite]
A =2 redundant codong ©]&38}ad PCR Wo g
Nhel A2 & A3l AA3Y Tk AHEFH primers WeelA:
ctgaaagcaacatggctagecggtatacaactgaatttc, ctaatatggctagecgctat
gaaaaagaat, WeelB: attctttttcatageggctagecatattag, ctaatatgge
tagccgetatgaaaaagaato]t}y, 7h2E A 2o WeelA9] 569,
WeelB9| 482 ofv| it o| &5 Bfrl A2]& o] §3te] AA3}
At AF8-g primer= WeelA: caggatgaatcatgacctangcaactc
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tgtcac, gtgacagagttgctianggtcatgattcatectg, WeelB: ttatggtcta
cttaagaatgatccacce, gtggatcattcttaagtagaccataaaag©]ct.

In vitro kinase assay?t Western blot

Hek 293 N £% 10% FBSEZ ¥ &3sl= DMEM (Invitrogen
Corp.)oll A 70%7} =% w & F Lipofectamine 2000™
(Invitrogen Corp.)& o]8-38l4] WeelA9} WeelBE F A A%
39t} 2447 3 A EE Tris-NP40 lysis buffered solution
(50 mM Tris (pH 7.6), 150 mM NaCl, 1 mM EDTA, 0.1%
NP40, 4 pg/ml aprotinin, 0.7 pg/ml pepstatin, 0.2 mM
PMSF, 0.5 pg/ml leupeptin, 1 pM microcystin-LR, 1 mM
NaVO,, and 1 mM NaF)ol A st8 &, d4E2 g 439
S 29 At 1 ugd anti-V5 A1 & o] &8t WA AG
% WYAAAZ phosphorylation buffered solution (50
mM Tris-HCl (pH 7.6), 5 mM MgCl, 1 mM ATP, 4 pg/ml
aprotinin, 0.7 pg/ml pepstatin, 0.2 mM PMSF, 0.5 pg/ml
leupeptin, and 500 pCi/ml [y-"PJATP (3,000 Ci/mmol,
New England Nuclear Science Inc., Boston, MA)o| A PKA
catatytic subunit (Promega Corp., Madison, WI)& % 715}
3087} WA AT §-8E-S 8% SDSPAGES o &3ho] ¥
23 & FE =FAA A FEE FAHUC
Western blotS ¢ A= W YA A28 SDS-PAGEXE mem-
braned] &7 V5 8 A1} anti-phospho Akt substrate 3}3)
(Cell Signaling, Danvers, MA)E 2417t %9 AH#stx,
1:5,000 )& & horseradish peroxidase7} £-& 23t 34| (GE
Healthcare, Piscataway, NJ)& 1A17F A& g &, ECL ¥hj o
2 gwas Fasgo.

2 ¥ 13

AZ 7 EHFEIE WeelA, WeelB 1811 Mytl, 3
7FA FF9 Weel kinase7} EAgtha g4 ok A4
o] WeelA T A3 WeelB gl A2 26%9] oju|= T HQ)
BFEE 2L, 8% 7128 =9, kinase 4§ ZE
7 2RSS 5 7B%Y] eSS Zded 2y
Mytl ¢14+3} & A& kinase 7 ¢S A 9)3lie THE Weel
kinaseS 3} 79 454& YehliA gethFig 1). V571 &
Y WeelA, B 2181 Mytl kinaseZ Hek293 A|Zo] FAAH
A F AZUY HAE BFHEE W, WeelAs)
WeelBe & ol 2 2A5l= ¥t o Mytl kinasee F
2 & o|Ro] ERE o EA3IYtHFig. 2). o= WeelAs}
WeelBo|| 2+ nuclear localization signal (NLS)& F3 & & o}
ok A go] £33 Mytlole X814 dethe A
7 YA 2PE2 2 dFqMe FE WeelAs)
WeelBE Hluwste] 159 Aojd g 33tz stgth

WeelA9} WeelBe] ztol & tstaat 242he] fAA
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Kinasge domain wemm WeelA 646 AA
26% 73% 38%
z Kinase domain - WeelB 555 AA
N 1% 29% 2%
g Putative NLS site — Kinage domatn st Myt1 490 AA
1 i ] [l i i
i J 1 i J i 1
1 100 200 300 500 600

Fig. 1. Comparison of domain organization in mouse WeelA, WeelB and Mytl proteins. The WeelA and WeelB share highly
conserved kinase domain (73%) and have weak homology at the N (26%) and C terminal (38%) regions. However Mytl
is poorly conserved in all domains. The putative NLSs (nuclear localization signals) are indicated by shaded boxes.

DAPI MitoTracker V5

Fig. 2. Localization of Weel kinases in the Hek293 cell.
Hek293 cell were transfected with WeelA, WeelB
and Mytl and incubated for 16 hr. After incubation
with Mito-Tracker for lhr, the cells were fixed with
4% paraformaldehyde and mounted with DAPI con-
taining mounting solution. The cells were observed
under the microscope with X100. The transfected pro-
teins were detected with V5 antibody with FITC- con-
jugated secondary antibody. The mitochondria was
stained with Mito-Tracker to show cytosol and nu-
clear was stained with DAPL. WeelA and WeelB are
expressed in the nuclear, but Mytl is exclusively resi-
dent on the outside of nuclear, ER.

WeelA

Wee1B

Myt1

£ in vitrod JmMessage mMachine™-& o]23}4] mRNA
2 AAE F, 94 F] mRNAE 257729 stage IV &
kel vl A FAL ATk A e dAle AEF77L G29) 1)
Aot geiol FA =i, #2)¥ dalol progesterone,
%= insulin like growth factor (IGF)& 28 A
EZF717F AADT A7 B9 ATF7) ARe F22
o AHe 9 By {72 #2% § 9ok 47 o
¥t %o WeelA = WeelB mRNAE FAE & gl g
ol FHHL FHE & YEE 164%S wjFsigeh 1 %
Ztzke] Aol 500 ng] progesteroned A &3}, 8A17F &
WalE Azsle] gl A el S Western blotg o] &5ta] &
A3 th(Fig. 3). Weel Q1Abgl a4t AﬂlETﬂ AqA &o
58, Weel A} WeelBE A3 A

insulin

§ progestereonc]] ¢

Prog -+ - +
Conc(ng) H,0 10 5 251 10 525 1

Fig. 3. The regulation of mouse WeelA and WeelB in the
Xenopus oocytes meiotic cell cycle progression .
Indicated amounts (Conc, ng) of in vitro synthesized
Weel kinases (upper panel: WeelB, lower panel:
WeelA) mRNA or H:O were injected into the stage IV
Xenopus oocytes. After 16 hr incubation, the injected
oocytes were treated with 500 nM Progesterone (Prog)
to induce oocyte maturation. The expression of the
Weel proteins were checked by Western blot analysis
using V5 antibody.

§ FESE ANEZI1Y AN} FAE mRNAY] B
o vlEstd XAFE <l & 4 dAch(data not shown).
H% YY) mRNAS AR Bede 98 A
o & Zol7l AUt Y vectors] FLFH promotor, 17
1 FY3 3 untranslated regiong o] g3t F2Y S 314
Lng, odd adte UdY Aojgte Hoe UdE ¥
S el kgAY AT ALEHAY. 53] WeelA 4 %
% progesterone X2 F(AMEF7)7} AAD F) R &
udo] #HLNT, Y% WD SDSPAGE a4 o %
=7h A48 ¢ A 2712 e A& & 5 Ao
o]# 3 w A o] SDS-PAGER | ) o] ST 9] 7A 4L
T2 gl o] QA3 £ gl B8 93 ubiquitina-



tionol o] dojdc} Gl A9 A A
A 27k aMAe FAAS F V5
QAL FAIY. 1 F AT

g s oz YA P
PKAd g <itgl =& =AslArhFig 4A). 7|Ed)
WeelBw= PKA9| 93 <atstdche 217} S{l‘}igﬂi[ 1
PKA9) 9|3 WeelA9] Q4312 #aatt) Weel 214H3}
"4 A71904+s184 (autophosphorylation activity) g 7}
A3 Qonz, PKAS 7} 84 $e AL WeelAs}
A4t e B 4 o (Fig 4A, 56,8 lane), PKAZ
AN B A2t 1 B2 5 AATHFg. 4A,
7 lane). o3 Qltsle 2 4 A e PKAY AR
H89E Azt 428 & ARNon2(Fig. 4A, 8 lane),
WeelA9] Q14¥3l= PKA 50]49 g & 4 9t} o2 &
A8t7] 938t in vitro AA}, %S B3] S°-Methioneo]
$HE SRS B olvlo] PRAZ Brkarel Qlaks)

2337] 9
o g3te] B
#7) 221N 528 9

KASH [y-"PIATPE o] &3]

A
P 1gG \'£]
Co =« « + * - - + +
H89 * -
z2p
B
18 Tfn  WeelA WeelB WeelA WeelB

2" Tfn Mock Akt Mock Akt Mock Akt Mock Akt

" Akt p Sub Ab

Fig. 4. Phosphorylation of Weel by PKA and Akt. A. Wild type
WeelA was transfected into Hek293 cells and cell lysate
was used for immunoprecipitation with control IgG or
anti V5 tag antibody (V5). The immune complex was in-
cubated with or without PKA catalytic subunit (Ce) and
10mM of H89 in 5 pCi/ml [y-"P]ATP containing kinase
buffer and separated on 8% SDS-PAGE. B. WeelA or
WeelB transfected cells were co-transfected with Akt
construct. Immunoprecipitates were subjected to SDS-
PAGE followed by Western blot analysis using an-
ti-phospho Akt substrate antibodies (left panel). The ex-
pression of Weel kinases was confirmed by Western
blot using anti-V5 antibodies (right panel).
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4 SlUthidata not

< PKA9Y| 93] WeelA$} WeelBr} ¢l
Astd 4 leg FWske Aotk 13y WeelA9l PKA
of o3 AANSA T} vHERE T Ql4atst B4V} B4
seAe BRI,

WeelA9] 9 A|E57] 24 Fodttz ¢33 polo
like kinase (plk)ol] ¢Jat QIAtslETHE Aol Ry u} gl
oH[15], =3 34 ¥ 2 (negative feedback)e] 23}
WeelA9] 7122l Cde2/cyclinB B340 o] <lAslant
= Aol &HA UTH4]. olo & AFA e ME F7], HE
ZAo B3t SR Akte} AuroraA 214H3E &[6, 9]
o3 Weeld] 12+81E SA 34T ol & $5t WeelA

o

9} WeelBE Hek293 M X o] #AANs Akt 842 5
MNEAHESG T, 913U E FYsHc B WA
A E-& SDS-PAGEdolA #]3 3, Akt substrate specific
FAE o83t QA3 AxE 2A3YT). 17 3B B
ol AAY Akte WeelAZ 94H3A 7)1 WeelBe 14+
S} 712 3T o] 8 Avbs WeelA9}t WeelB] 214t
sto] ot 24 v)o] AolgE vtk 1# 1y Aurora

A kinasee= WeelA, WeelB BFE QAMEAI7)A EgTh
(data not shown).

WeelA$} WeelB= A9 598 84 84 TodS 713
T = E7sta, Q14bs B E8) FHo] A Ay
Bg, Z47te] 349 o= B7t ol 2F 7|} B
0}‘_;‘]; #Fstaz), zhzte] ojulx TwRlY Fl2BA &
W& A5 X838 7)w)eH(chimera) &4 & )23} 11 (Fig.
5), o]5 Hek293 A ¥ FAAHT F 1 HaA S FUs
o Zdo| SH 27t constructE 0] 8-3e] mRNAE 3
A, A7 BEATE Y g FUT F progester-
one& A3t o]FE Zhaio] o A4t} A, agx
WA oke) 7h4 AvE 245 ¢} Fig 594 B s} é‘
o] WeelA9] oju|i Tw|¢lo] &R)3t= #A$- SDS-PAGEA
X B o5k ZAE #AE & YU, T FEYY
gl o] EEHE AL FF T 5 AT o) AHe
WeelA9] o]z Zdlo] Tl g el Ql4ts}e} b4 =4
of #ogtheE A S A ST DR 2H L o 7R
71z o3 dojuhA|ut HTo) AT AEL v &
4 2 NRoE 7|EY FE drH 21 2Axk3e} gol
Astol] olgh Ao 9d|, @A 9] ubiquiotinationsg %3
£l Aol g2 #4e £3 YoH16] ol H g o] ot
A9 zAd e e NS ADAA 7 FAY &ALec) o
W Z | ubiqiting ¥4 3= ubiqitin ligase (E3)& F2 Eo)
& ofn|-ak ME S Q4se, 53] HEH olnxA 44
o Q14HsE e E AA3E A7t Bui16]. Fig. 2004 B
% WeelA: H¥%7)7} 1890 whgl SDS-PAGE Aol A]
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Fig. 5. The regulation of amino and carboxyl domains of Weel kinases during cell cycle progression A. Diagram of the chimeric
constructs of Weel kinases used in this study. B. 5 ng of mRNA coding for generated chimeric construct was injected into
Xenopus oocytes. Twelve hours later, oocytes were treated with 500 nM of progesterone and the protein expression of in-
jected mRNAs was detected by Western blot with V5 antibody.

2717 376, £¢ o] ZOIEE A2 Mo} AT}
ubiqgitination®} % & AA E&|7} S Aoz Ag=o| A
9 A7 23 AME EEoME A7+9) WeelAsl SCF
B-TrCPol 9J3f ubiquitination E& Ao2 IR QUtH15].
R, WeelB9] ofr)ic =S E3ste gy 9] 7)w e}
9 A Ao Qitgtel gl out AL olgE W
BE BT, e @ o] B=A e A dolidd
o o] 23 AHd & WeelB] ofr] it mHdle] the Q14kst
a0 o8 Qlarsts, o] 97} B Ao A stel ¥
Hgde gt Feve A& GAEL

7lvet e de] 84 3HS 95t A9 F)vEly
mRNAE &4 & 4EMFE dAld FYsa progester-
one A7) ¥ ATFIY AN F=E 2P AckFig. 6).

126

-o-H0
-=-H0+Prog
~0-Wee1A+Prog
-4 Weo1A-NB+Pg

~-Wea1ACB+Prog
2 4 6 8 10 12
Time (hr)

Time (hr)

Fig. 6. The involvement of WeelB amino domain and WeelA
carboxyl domain in the activity regulation. The mRNA
of generated chimeric construct was injected into
Xenopus oocytes (Ing/oocyte). After 16 hr incubation,
oocytes were treated with 500 nM Progesterone to in-
duce maturation. The number of oocytes displaying a
white spot on the animal pole was scored at different
times after progesterone addition.
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