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ENERRIZE A S RMDEITICE. EENICRFIN:-ZLDE)Y ALF=D
X —ENEBELGR/EZE>TVWAIEMNBLMNILG>TETNS, ThoDFFH—H(F
SEIA*F—+H (mitotic kinase) EFEIEH, Cdc2. Polo-like. NimA-related.
aurora/Ipl1-related, warts FF—HLEENEEND, FRAFFT—EFXThEhRELHE
AT T G2-MBIZTERIESh SN, CThohEDLSITHEAL THEEL TULSHZD
WTIE, ZOBNTHDEETHS.

aurora/Ipll FF—E 773 —ETEEYICEVTHRPOETITEELR/BZ
HoTWAIENDLM>TINS, EFTIE, 3 BROKEQATRBEINTUINS (aurora-A,
-B, -C)o BINTH. TAHDSHEDVEDTHSH aurora-A [FFEBIEFDUVEDELTEADL
hTWAEELGRIEFTHD, LHLEAS, aurora-A DEIEHL L G2-M D EFTIS
BB EDOERBNDVTIXBESMIZ>TLVELY,

BERIHREDOBULER aurora-A DEBAKZERL . invivo IZHITH T DHEE
FBHOMILESERA -, TOFER. aurora-A DRBEEHITLLITHRBIZHL TD
SEMEEIE Cde2-cyclin B DEMEICEKFEL TSI EEBAS M LT, Cdc2-cyclin B (. B
£ aurora-A 2 U E{ELIELNZ &L Y., aurora-A D EMEAEIZ(E Cde2-cyclin B D T T, M
BEHNLEERMAMIEEL TV SEERLNS, TLT, aurora-A DERILEOEZHERTHS
G2 #BOMRIZ. ZOREETIIOM0 DI arTHIEIZKY. aurora-A DHEEE
FEL. #ML- 57X BRBEZAVTHRUOEAIHTIHREEE=F—LT=
aurora-A OB F X I RBOEALBESE -, D& aurora-A M, 53 R AR
[CBVWTHALHDOBREEBL TSI EETBLTLVS, 512, aurora-A (£ DNA BF
I2&Y G2 FxyIRAUMNERENLE. FOFHEAIMEN ST EITMA, IS
aurora-A OWMEBREFBTEHLE G2 FvIRSIUIDBRET HEEHLM LT,

hibdDlekY, aurora-A DRBEFREERBICHBIATOT, TOHERNY
FEHEBORECETORELLSY /LOFRREMEZE(THAI LN TREEHh
f=o



Abstract

Evidence is accumulating that various evolutionarily conserved serine/threonine
kinases play a central role in the regulation of mitotic events. These kinases, known as
mitotic kinases, include Cdc2, Polo-like, NimA-related, aurora/Ipl1-related and warts kinases.
Mitotic kinases are activated during the G2-M phase with different timings. However,
regulation and coordination of these mitotic kinases during the G2-M transition remain
largely unknown.

Aurora/Ipl1-related mitotic kinases were proved to play key roles in mitotic
progression in diverse lower organisms. In human cells, three homologues of
aurora/Ipl1-related kinases (aurora-A, B, C) have been identified. Among the homologues,
aurora-A is considered to be a potential oncogene. However, the regulation of aurora-A
activation and commitment of aurora-A in the progression of G2-M phase are largely
unknown in mammalian cells.

We demonstrated that aurora-A is activated depending on the activation of
Cdc2-cyclin B in mammalian cells. Since Cdc2-cyclin B does not directly phosphorylate
aurora-A, indirect pathways may act for activation of aurora-A kinase. Microinjection of
anti-aurora-A antibodies into HeLa cells at late G2 phase caused significant delay in mitotic
entry. Furthermore, activation of aurora-A at G2-M transition was inhibited by DNA damage,
and overexpression of aurora-A induced the abrogation of the DNA damage-induced G2
checkpoint.

Aurora-A is activated downstream of Cdc2-cyclin B and plays crucial roles in proper
mitotic entry and G2 checkpoint control. Dysregulation of aurora-A induces abnormal G2-M
transition in mammalian cells and may lead to chromosome instability, which results in

development and progression of malignant tumors.
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4. BBE—%K

Ab: antibody

asyn: asynchronous

ATM: ataxia telangiectasia mutated
ATP: adenosine triphosphate

CIAP: calf intestine alkaline phosphatase
CDK: cyclin-dependent kinase

cDNA: complementary DNA

DIC: differential interference contrast
dox: doxycycline

DTB: double thymidine block

DTT: dithiothreitol

EDTA: ethylenediaminetetraacetic acid
EGTA: ethylene glycol bis (beta-aminoethylether)-N,N,N9 N9-tetraacetic acid
FACS: fluorescence activated cell sorter
GST: glutathione s-transferase

IP: immunoprecipitation

PAGE: polyacrylamide electrophoresis
PBS: phosphate buffered saline

PCR: polymerase chain reaction

PI: propidium iodide

PP1: phosphoprotein phosphatase |
SDS: sodium dodecyl sulfate

Tris: tris (hydroxymethyl) aminomethane



5. RO REEN
5-1 PRPFF+—HE & RYMBMK

HRRIEZORGIRBEERIC - DORMRIZS TEZ S0, ERLGSRYE
BITLLECTIRAESLL, COSRMICE.. @ROSIVRT VT, REE 8. RERER.
FEO . TBEMHEEOR K. REEDOS M. ERESHEV RN HEE
EhTFbhd, ChoOSRAI T MIELLTAREOERD') L BIEIZE>T, HifE
S TS (Nigg, 1995) COHBI AT LOERZITHEENIZRESA-BLDLIY R
LAZY FFH—ETCHD DX FT—H I BT FT—H EMEIEN . Cdc2-cyclin B.
Polo-like, NimA-related. aurora/Ipl1-related., warts ¥ F—ELGEMNEENS (Hirotaetal.,
2000, Nigg, 2001)s SR SN HHIFF—HAREDLSIZHBENTNEO,, HBLNE
EDOFSICHALTHELTWSOANEERT LI LE. SRADH HBMENSSIZAT
BHTEETHS,

SHAERIET BIZ(E. Cde2-cyclin B FF—EDFMENBETHLH LA bHo
T % (Norbury and Nurse, 1992), Cdc2-cyclin B AGEE (b D11, p34°? flig o7
A= wk&cyclin B I T wb A S THILITMA, p34“ D 161 EEDALA =
U UBIEIN BT E, FNIZCAe25C THRIFE—HEIZ&B p3¢ D 15 FEHOFOS
VE 4 FBBRULA VOB BENHETEHS (Coleman and Dunphy, 1994), Cdc25C
DFEEEIZITED N Right U BIESh B ENBE T, COUVBIERD1<ES
Cdc2-cyclin B BT, Polo-like ¥+ —FIZ&YiThHh TLV%S (Hoffmann et al., 1993, Izumi,
1993, Kumagai, 1996), Cdc2-cyclin B M EN BB DER LD FEEFEILTEDIENSTE
[&. Cdc2-cyclin B D EHLBIBIZIIRSTAT J4—K\wo W—THEHETHEE
RLTLS, EBITLVS &, Polo-like FF—HDEM(E Cdc2-cyclin B DFEMIZEKRFELTUL
STEARBEINTIVS (Hamanaka et al,, 1995), COZEFES—DDRESTF4T 44—
FRv) W—TDFEELETHELTINS (Abrieu et al., 1998),

Ff=. Cde2-cyclin B (FHIABEICE>THHIHER (T TV, Thbs. G2 i
FTHRKICHEL TV Cde2-cyclin B AN ITTHEN . SOOI BEET
HHZENDH >TSS, BilL. cyclin B I Polo-like ¥F—FI2&>T o BILE 21432
ETIILHTHRIZBITTHIEMEEBAEh Tz (Toyoshima-Morimoto et al., 2001),



DR RPFFT—ELFRPITEVTERIESH TSN, ChoDFEEM
Cdc2-cyclin B EED XS IZHBAL THEEShTLSD M (E, TD LA Mo TLVELY,

5-2 aurora/Ipll-related ¥F—HI7731)—

aurora/Ipll-related FF+—EDHREQATIILNANALEYMTHRESA TS,
Saccharomyces cerevisiae @ ipllp DERK TR BEIHNEESL . SROBRER K
4% (Chan and Botstein, 1993), Caenorhabditis elegans @ air-1 DEREIZDMED K
RABRNEEIL, TR RBMEESTHAT S (Hannak et al., 2001), Drosophila
D aurora-A DERFIPLEO S BAEESL | BBEHERERRT HE124D
(Glover et al., 1995), Ef-. Xenopus Tl Eg2 DMEEZEINH T 5&. S HMFEE DB R
MEEBTE S H(Roghi et al., 1998),

EFTCRIOT7IY—ICRTH5FF—H 3 3 H¥ (aurora-A, -B,-C) EESHTL
S50, ZDHRDVEDTHS aurora-A &, FLE. K. BEItE. SHEME. RRELGE
THRELTLS 20q13 IZRBHRENZLOBBIZFD—D2ELTEALATNS
(Bischoff et al., 1998, Sen, 1997 ), 7=, aurora-A (& 403 P2/, 9 F R 46 kD D+
v Az FF—ETHY. RRICKRE. LEERPTERBALTLASIENL. £
OBERIZKY IToRMBOREFHRNIIURTH—LENLIEMNBESNTINDS
(Bischoff et al., 1998, Zhou, 1998 )o LMLAEAS | aurora-A DR TE D LS54 #EE
ER/O>TVSNIDOVTORMLHEITLL,

5-3 MEEAMEFYIRIUb

MR THREAMICENT, 7/ LAOHEB LR EECHOBEMDOBRERADS
BREEREICITICLELELSND, ChERRTOMMEL T, FouoR o rekidh
DUVATLLFEY D, FuIRIUMDBEL, Hartwell SICKYHEFBRORREIZE
YiRIESN - (Hartwell and Weinert, 1989), FxuRA2 h&(T. THIBRBEMNEITT S
DIZHEGEROERNERITETTIIENRICEIIERDMABOLEEEIL-
TWABEIZ. Cho2DDEREDLGCROMIL-HIHBE LeBEshd, S8R
S ROBMILI-EBREICADHTICEDBRENTETLTLNANESIHEERTIRATA
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THd. BAEBIZIE DNA ISREBAELHE L, S RUGEROBEFENH -5
BLEEDRRGHRAN ARG EIZE>TFoVvIRAUMMERIL., MREARELET S,
DNA BFLEDREDBEMNTET 5L HMRIEFBUHRAMEEITSEIN., BHET
MG E CRENAKEVGS (. HRENFESND, FouvIRIU ORI,
BEFERCRE, BIE, HE0FRERER. RRALGEESIEREIL. ThonRE
FOWTIFBROBEEICOENEZEFZoNh TS, —BRIYICEMREASADOFIVS
RAVPRBEERELTVSEEZ LN TS, L= > T, EHlRTIREEF LR EHFDIE
BOREZRAGHCHEREBHNELSZEELY. BIEMEEDOEL-LHOTHRIEN
BEShHA, MREECEFICENGEGTEERLEGEE. JYEBHOBALE
R HIENTREEGD,

cell death ~ cell death

_ ' DNA damage

DNA damage xf repalr

cell death

MREEF Ty OB OHERE
MMERAIC(E, DNAZE M T 2SH. MRS RTIMEBAAHY . TOMICHEIELT
GIBLUGHIAFHET S, MBEAMIZ. h—L—RIHAHIENTED, AHRHE
MNETNIEFDEEI—RZEYDIHTHIENTESLN, BELMHEE—BHRIIZL
—RZEHEL. EYMIA->TEET S, BEARDLLILBUL—RIZERTESMN,
BEVRZTNIE)E2A VT HILITES,

5-4 G2 FxyIRA b
G2 BICBVWTOFIVIRSAUMEEIRRIE, FELELTZ2HEHEEALNTINS,
Tiahbh, p53 FEE Chk1/Chk2-Cde25C #RIETH D, p53 BBIILLTOEYTHS. G2
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HAIZ DNA BB ELSHE ATM F+H—EMRERESh. pS3 D 1S BEOEI ) VB
tT 5. CNoDFER. ps3 EMDM2 LDFEEHETL. MDM2 IZ&5 pS3 DEASEA
HfEh, ps3 (FERBIET S, TOER. psS3 IZKYHE L CDK 1EEL—TH S p21
MEEJSN . Cdc2-cyclin B A3lIEIEH S (O'Connell et al., 2000, Smits, 2000),

—7 . Chk1/Chk2-Cdc25C B BIZLUTDBYTH S, ThHbhH . ATM ITKYY B
e 21+, EHIELT Chk2 ¥+ —+H 1k Cdc25C D 216 ZEE DL EVBET 3, Uy
B{badh sz Cde25C & 14-3-3 ERETBHKILY IMIREEN D, COHR. Cde2
[FEEEIZBDELG ISBEOFOL U E 4 BRBDALF =D DR VU BIEARIS4E
UEMSIE LS, Tz, £MRIZEKS DNA 85 DNA DHEBREE TIX, ATR IZ&Y
Chkl FF—HEAFEREIh, TORIEROBBIFERILShEIIEMNTESh TS
(Matsuoka et al., 1998),

5-5 ABMRDBH

EBL=&3I, EFGEBFF—E 0O B0 S REFRIBICE T 5BREPEDE
SO R FF—E LBAL TERL TS DOV TIZEMIC T > TULVELY,
BRI SREFFT—EDVEDTH S aurora-A FF—HEITEBEL. COFF—ENS
HAODLBRFIZES Cdc2-cyclin B ¥ F—HEEEDKISLRERICHIDNEREILT -,
F1-. ZLOEAE THERBEL TS aurora-A FF—H A%, RIFICHEEMBICENTS
RBETDHEITEY. G2 FvIRAUMIEDIIGFHBEERDDMIONTHREIL
f=o

12



6. A&
6-1 MRERENSRTTIaY

TRTOIEEMIIIEI DMEM/F-12 18 (GIBCO BRL#L) IZRRRE 10%D 44
IRM;%& (Fetal Bovine Serum, BIOWITTAKER #t) M 1=£,M T, 37°C M 5%CO, &%
SRS TR IEELT-, COST HIfR R Uf Ratl HIRD IS X723 3 (21X, Fu gene
(Roche) ZHUL V=,

6-2 HikDEN

N1 & L2 I o aurora-A FifkiE. FEVL (Za—D—50F RI74M4b)
[Z300pg @ GST # & N K aurora-A (PI/E 1-129)BBZBLT 2 AMIZ—ED
R 1—NTRELZFTV. 31 ARICERALI-, COMBLIYERFIOUTETENIN
KIHA aurora-A (7/B4 1-129) ERZHEE I Affi-Gel 10 gel (Bio-Rad ) ZRAL
TP 24=T4—BIL 1=, 1 aurora-A M;K(TS Vb (Fisher 344) 12 100ug @ GST #£&
aurora-A (£R) BEBZ2BMIZT—EDOASVa— /L TREZITL. | h B HRCLFM
L. FDMEZEH aurora-A MFELTHLV =,

6-3 faREX D B

Hela #IBBIZA T IV B 43P 2% (Hirotaetal., 2000) ZALNVT S HEHIZE#AE
Bz, THHL. ET 2mM OBV APV AY DIFMT 24 BREIEELT -, TD&, 13D
LE)J—AL. 16 BEEE. BU 2mM OY IO AU DS TIEEL ., HREFHE
S HRMICE S, Ratl #HiRa% S IR HICRIERT BI01%. BEBE Ipgml (ThD K
3724743V (F0Kkt) ZWBRICMA. 12 FREEELT:,

6-4 FA—HALpAM)—

#fa%E ) FLU/EDTA TIZTEURER, PBS (TTHHL. 70%T2/—ILIZTEEL
f-. EE#. #R8% PBS IZT#i%#L . 100pg/ml ) RNase A (Sigma #1) 12T 30 LB,
25ug/ml @ propidium iodide (PI: Sigma $t) T 5 43+f. DNA Z#& &L=, TDO&. Hla%
FACScan (Becton Dickinson #1)Z FALNTREL -tk . MR E A DML Cell Quest VI
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(Becton Dickinson $t)T4T27=.

6-5 ITREVTOYhLRELE

HREIOTFP—HAEER2—DDUTIL (Sigma #t) 2L NP-40 BEE (0.5%
NP-40, 50 mM Tris, pH 7.4, 150 mM NaCl, 15 mM MgCl,, 20 mM EGTA, 1 mM DTT, 1
UM okadaic acid) IZTBEL -, COMRRML #EZ SDS{EL .. 12% O Laemmli 4°
JU (Laemmli, 1970) 5L &, 12.5 % Anderson 4°JL (Anderson et al., 1973)IZTE Rk
BiL. —kOtE/a—X AT (Hybond; Amersham pharmacia #t). 1Z 140mA T 1.5 B
RMEEL=. A2 TUUE SHAFLINIAYD PBS [TTTOvF I LI, —Rintke
RISz, —RiuEEL T, IDRE/YO0—F /LA Flag itk (MS; Sigma-Aldrich #t).
74 X4 aurora-A ik (N1), v h aurora-A %, T HRXE/HIO0—F )L cyclin B
4K (Transduction Laboratories #t) . ¥ XE//O0—F L a-tubulin ik (B-5-1-2;
Sigma #t) ZHERALT=, DFIZ. 0.3% Tween 20 3L PBS T3 ERkF#H. RILAFIH
—EHE 2 RABTRESE =, 512, 0.3% Tween 20 ZE L PBS T 3 @iki%ik.
Amersham # D ECL LR EERB VX TLEZRAWT, BEBORBEHA -, AELE
[&. LT DMLATo =0 £, MRS HIAE 14,000 g T 20 SHEDHR. LEEERGEL
4°C T 1 BMRESE. 5230 ul DFOTAY GIA PHR—AE—X (50 % RS
—: Calbiochem %) #MATRIESE =, 5% . E—XQEHFIEVITRETOYRZ,
BRYDE 5 in vitro kinase assay IZFLV =,

6-6 in vitro kinase assay

KIELRESGHELROBREEANTIERSE. VOBIERGBEE (50 mM
Tris, pH 7.4, 50 mM NaCl, 10 mM MgCl,, | mM DTT) T 3 BT, UV BIERE(E
10 uM D — LK ATP (Sigma #t) . 10 uCi @ v -[**P]ATP (3.000 Ci/mmol; Amersham
Pharmacia $t). #XUEH (aurora-A [ZIZEXP H2B $BLMEERR H3 ; cyclin B
RBEEXF—HIZIZERRY HDZEEE 30 ul O RERIZT 30 °C T30 7T Kit
[ SDSHY TNy TP—EMAT=#.95°C TSHMBERLTRTSE . chbDH
TIE15%DRIPIVILTFEFF L TCRRREBLI=-DL ., F—+50FT574—%1T>
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T=o

6-7 73AR=F

HeLa #BB80D cDNA 5475 —%&&HHBEL . PCR I T aurora-A 0 cDNA Z1EHEL
fzo T 5D PCR EWIL pGEM-T Easy RXO4— (Promega $t) [ZH&HRAAF DS,
cDNA DEFNES —7 U RIZTHERLT-, D, pcDNA3 RJ4— (Invitrogen #t) 12
FAAT, GST #E . HEIVWIERF DU TRI ENT: aurora-A EEDEBIZIE,
aurora-A D N K#% (1-387 % ¥) #% pGEM-T Easy aurora-A ## %! 1L T PCR THIEL .
pGEX4T-1 R4 — (Amersham pharmacia biotech ) 330U\, pRSET Ry%2—
(Invitrogen 1t) IZFMENMAHAAT, pUHDI0-3 RU4— (HBREORAL—%4&
[ZTELM=, ) IZI&, pGEM-T Easy aurora-A &Y )Y H LT= aurora-A @ ¢cDNA Z#AAA
.

6-8 aurora-A SHBEN Ratl #EEHDERN

pUHG 10-3 aurora-A &K UL, teteracycline transactivater & Hygromycin i {4:&{=
F%4DptTA-Hyg" Ry48—% Ratl HIFIChS2 X 71531, 200 pg/ml O hygromycin
(F0F#1) & 10 ngml @ doxycycline (Sigma ) 22 HBERTIEBEL., /O—L ZHM
Lt=.

6-9 RA4IAALoxHOay

HFBE (2-10mgml) O NI BERUTaO—LD 1gG %, FhEh G2 #ik
[ZEIEH&t - HeLa #MIBADMRREIZ, A2/ R IX70 SR (Olympus #t) (CEFLI-T
IRVRILZHEBET/I04/42P194— (Eppendorf ) #ALNTRIIR( DO
= O B

6-10 B LS3TR A A=Y
HelLa #iBA%AT T4 1 (Biopteches) TIEEELT -, EBHK(XTI/010Dx)
LIV OERIZ. BERBE 10%0O 45 RM;E (Fetal Bovine Serum, BIOWITTAKER #t)
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#MAT-pH7.2 O L-15 1K (Sigma 1) ITANBZ | BREHC-DEBEBEORE
[FZERIILAAILTELRIZEST=. AT F1avald. AT Culture Dish System (Biopteches
$t) (2T 37°C (¥ LT=, EIfRIL SenSys-1401E CCD H+5 (Roper Scientific )%
1)2 78R TX70 SEHEER (Olympus #1) (ZEEL TERBL=. ifkEr/O0400 930
f=1#. DIC 1% 10x UPlan Apo ®¥IL.> X (Olympus 1) ZBEWLTEREL, hAS v
VA—RUT4ILE—IF MetaMorph E{§EEY I+ (Universal Imaging $t) ZFBAULNTH|
HLT-, EfRIX. 50 ms DEBHFHET 3 SEICIEBLI, £ FRAOH--EREIME
T5. ThThOEGERE TR 3IRT O ZBHARMICERAEZEITREL
f=

16



7. REBER
7-1 Eb aurora-A FiEDER LT D RFRE

Ek aurora-A DOWREZBASMNZT B8, 2 FFETED aurora-A 10T E7 T«
=T —REVYFR)I0—F LVREEERLz RIRELTIE N Rig# 5 (7/88
1-129) Z AL, COHAE N1 fifkeR D41z, HeLa MMM BEZAN=-ITREY T
AT 424 (2T, N1 HikIE# 46kD DB —D /U RERBLT- (Fig. 1, lane 6), ZhIZ
XU, RAERTIE A CHERB LA A2 T= (Fig. 1, lane 5), 512, i Flag Hifk & N1 ik
(X COS7 MBIBIZTHE RISt /= Flag-aurora-A #E LB ETHE#EL /- (Fig. 1, lanes 2 and
4), ChioDEFERIE. NI RAEDER aurora-A (2 TAEVERMEEZEDIEERLTLNS,

~
w
9 Fig. 1
< < Flag-aurora-A (lanes 2 and 4) #3U &, Flag-mock
g g (lanes 1 and 3) % COS7 MM TH B¢ 1-4k
- = e a L & HeLa MR O MMM EE (lanes 5 and 6)
8 § 8 8 £ (p) %SDSIEEAUTIULTIFFLETREKE

L.=rAEO—REICEELT-, ZL T, #i Flag
P& (lanes 1 and 2) . i aurora-A ik (N1 Hidk
& TD1H7=; lanes 3, 4 and 6), AR IgG (lane 5)
TIIREY TAvT1o5 Ltz - FRT—hH—
(FHERIZTRT .

Blot: &
1

7-2 aurora-A & G2-M MICREREBF AT M M) @bshd

BRIEET. NI HRAEZRAVTaurora-A DMRAERICH T2 RE S EREHRT-,
COBHEITI28. HeLa HIBEA T IL-H 43P TS IR HI-EFEL. 43>
VI —RBRSRADRT $HETYUTLEREMIZEURL (Fig. 2A and 2B),
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aurora-A OEBEBHE (T —R# 8-9 B D G2-M HAIZ£ <, aurora-A DEIEFKEN R AN
1)—R# 7-7.5 B CHIRLT- (Fig. 2A, panel 1), CODEE)EIR (L Anderson
SDS-PAGE Y AT LERWNSELYBRRICRAHIEMNTES (Fig. 2A, panel 2), Ff=, =
OBEABE IMNEEAEENTHD /25— ILERVSERAKBEICELT
KYERLIZHi>T= (Fig. 2D, lane 5), COR R /a4 ) —ILLEBZ L -G L& T
HoNT-BIEKEIE! (Fig. 2D, lanes 3 and 5) (7 LA TART78—t (CIAP) A
BETLHEICLYSELICRIABA(CE#LT: (Fig. 2D, lanes 4 and 6). —hoDHE
B[ aurora-A NHOHBBRNICUVEIEShAIEEZRLTIVS,

time from DTB release(h) 0 3.5 7 7.5 8 85 9 9.51010.511 12

Lagmmii = == i o - (1)
aurora-A ;

Anderson = ﬁﬂi‘ﬂ't-ﬂﬂ!‘; = (2)

aurora-AlP  (ystone H3)
kinase activity

cyclin B

cyclin B IP

(Histone H1)
kinase activity

@ - tubulin

1 23 45678 91011 12

Fig. 2A ¥IBEARBIZETS aurora-A DRJLFMN
TN Y A0, TOysIZ&Y HeLa $l3% S IR MICERL. Y 13D %) -2,
BRMCYUTLEERLE-. $BOYUTILERLT SDS-PAGE 170\, &Hilk
(cyclin B: panel 4, Cdc2: panel 6, @ - tubulin: panel 7) ZEWVWTHITRAEY TAF 5%
7otz ALY TILERNT, Laemmli %L \& Anderson 0 SDS-PAGE &#IZT
SDS-PAGE Z{TL\. N1 HifdZAL\T aurora-A DI IREY TOvF4U T %721
(panels 1 and 2), $ aurora-A AAZ ALV -RELRES KL EHELTERN H3 £H
UL = in vitro kinase assay Z1T>1= (panel 3), R#kIZH cyclin B k% AL V-G E:TBHE
EthE, EEELTEARM, HI 2Rz in vitro kinase assay 24727 (panel 5),

7-3 aurora-A EMEDEE)IZ. cyclin B EEF F—EDEFLEFFHFTLTNS
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R AR 1T S aurora-A EEDELZEA ST, £ aurora-A D invitro IZ
HITHEEFRELZHE 7=, HeLa Mfa i H AN SR IXREL 1= aurora-A ZRALT, A
HEARREEBT L LT- in vitro kinase assay 217271z (Fig. 2C), cyclin B @+ F+—+ (I
Ab H1 #HRBIZYVEBELT-OIZHL. aurora-A (FERR H2B EER b H3 8L
[CUUBELT=. ZL T, B4 XA MZ RS L 1= HeLa M3 H & XY aurora-A %
R EEEL., EAM H3 22 E EL T in vitro kinase assay Z1To7= (Fig. 2A, panel 3),
aurora-A DFEMIE, FTI-HA42DY TOuo/ho))—RE7THBTERL, 7 RHE
BOMBEAEZ 58S BB TRAEL > (Fig. 2A, panel 3). COEEDEEIE cyclin B
MEXF—HEOEFNEFIZFMALTLV 2 (Fig. 2A, panel 5),

time from
DTB

release (h)
DNA content asyn.

Fig. 2B HeLa #il30) F &R
HeLa#il8EH TIL- 91300 TOuHIkY SHEMICABSE -, 413005 —2%, 8
BIISH T IWEEURL , 7O—H A hAN)—E1TL, $HE #AET OB SR ERRLT -,
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Histone H

1 2A 2B 3 4 (kD)
aurora-A IP - =325
kinase
activity " 16.5
cyclinB IP . "325
kinase
activity = 16.5

B

1 2 3 4 5

Fig. 2C aurora—A ¥4 —1t & cyclin B B
FT—tEDEHEBREOLE

/2% ) — LA (50ng/ml T 16 BFR) L
= HelLa MR D& KY | i aurora-A Hi
R U cyclin B EERALTERELE
REABL. RABERMZER/ELT in
vitro kinase assay {1271z, # FRY—h—
EEMIZET,

7-4 aurora-A O FERXYEBEICLYHFEEh TS
HARAMIZH 115 aurora-A FEMD LR &, TOEEXBEOHBRLEAL T
(Fig. 2A, panels 2 and 3), aurora-A DJEEAUVBEICLYEEShTOAINE SN ZE
AB1=8, /a5 ) —)V B % LT Hela Ml RIS HI1C CIAP RELI-3. D LAEL
HLE®D &Y aurora-A ZREILEEL . in vitro kinase assay Z1T27= (Fig. 2D, lanes 7 and
8), CIAP JAEEL = aurora-A (&, MEZEL TIVEWNERELEL T, BIBISEEARALT
W= oD IERY, aurora-A [ RABFRMICUVERESh, TUTHRYVEEIZKY
FEEShDHIENTEREND CHODRERIE, Walter 5D TN EIEIE LTS,

aseydJajul

laynq

i"

)

. . Jaynq
| anoyw

—n

dVvID

nN

-
<)
(2]
o
a
]
N
o
®
8 £ o
> F >
i 5 ) - o
Raud .- Blot: anti-aurora-A
4 5 6

: . IP: anti-aurora-A
. 3-4 Histone H2B
7 g Phosphorylation

]
\
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Fig. 2D aurora-A ¥4 —
Y DRR') (b

% (lanes 1and 2). 9
R (lanes 3 and 4), /
a5 — LB
(lanes 5 and 6)D#HHAHH
% 100Unit @ CIAP
TRELLOD, £
BELELENDE
SDS-PAGE L., N1 #i{&
ZHAWTaurora-AD™H T
AR TOT4UT %47
2fz. /aAFJ—IL BB



HOMBMEEE CIAPRELI-L0 (lane8), £-IXMBLAEVLD (ane?) LYREXELT- aurora-A
AT .ERb H2B B E ET B in vitro kinase assay £1To7=,

—&—— aurora-A
— & —cdc2

-
o
o

-~
4]

kinase activity

N
(3,

(% of maximal levels)
o
o

o

0 35 7 75 8 85 9 95 10 105 11 12
time from DTB release (h)

Fig. 2E aurora—A FF—4H & cyclin B BB X +—C D EEILOEANER
Fig. 2A panel 3 &5 DT—2ET U RAMN)—IZTHIELE . F5T71ELT=. aurora-A
FF—t & cyclin B RBX+—EOFHIZBALT. TAFLOBKES 100%&LT=
EEDOEFHMITH T EHEMDOREET OV,

7-5 aurora-A M FEIZ cyclin B BMYXF—E O FRICEFLTIND

ER2ORIE. aurora-A OFERIEDFAZ T H cyclin B BEFF—H DiFEM(E
DEAETLIZIZREM. HDANELULBA TSI EERLTLVS (Fig. 2E). T T,
E 4 1%, cyclin B B#E¥X+—1 (3 aurora-A DFEMHIED LHRIZHDIDTIZLELIEE R,
ShoDFREICETHERICOVTRRTH . BLAIET . FTI-H/13¥0 Tn
&Y —R & 7 BB MER%E CDK 1> EE 42— T# 5 butyrolactone I & olomoucine
[CTAREEFTL. Y —R 8.5 B§MIZT aurora-A D;EMFEA 1=, butyrolactone I >
olomoucine TRE 45 LAY G2 AT LTz (data not shown), ZDFE. cyclin B BiiE
FF—EF1HTHL, aurora-A DFEELMFESHA TLVZ (Fig. 3A, lanes 4 and 5), “hlc
L. invitro IZELVTIE, butyrolactone 1 IZ&Y cyclin B BEX+—H D FE-ADH EH
T=DIZHL . aurora-A O EE(TINE ShiZh->T= (Fig. 3B). choDIEEY, G2-M K
#1715 aurora-A DEE [ cyclin BEEX F—V OFHIKELTLAIEN TSNS,

D &SI, cyclin B B&EXF—+ . 37545 Cdc2-cyclin B (& aurora-A M LI
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HEEMNBELMTLEoT=, RIZ, cyclin B B#EFF—+ 5 aurora-A ZEE VEB{LLTE
HIEL TODATREMEIC DWW TERR TH = /25 — )L TRELF= HeLa #lifaHH iR &Y
RAEBELT= cyclin B BEFF—HEZERLL. KBETHERLETER Ki62M:
Bischoff et al. 1998)(M aurora-A Z&EE &L T, in vitro kinase assay 1T o7z, LMWLEAS,
AR L T cyclin B BEFF—+ (& aurora-A #EE U EBIELA M >T= (data not
shown), CD#ERIL, G2-M &AIZHLVT Cde2-cyclin B [, M$EAIIZ aurora-A DY EE{E &
EEEEENTOSAIEERERLTLS,

butyrolactone| = = = 4 =

olomoucine — =— =— =— <

time from DTB release(h) 0 7 85 85 85

cyclin B-associated | | B Histone H1
kinase

aurora-A kinase

: Histone H3

Fig. 3A aurora-A DFEEIL: in vive [TBLVT CDK A EEZ—(CLYilFIEh 5.
HITN-HA3IDL TOvIEYY)—R#0, 7, 8.5 K D HeLa M Dl H & &Y 2L
BEL Tz aurora-A B U cyclin B B# & +—H% BT in vifro kinase assay #1707z
(lanes1-3)o # T IL-H A2 TRvHkY1)—RE 7 BT butyrolactone I (50uM) &
AU olomoucine (300uM) THEEL ., 8.5 Rl T LI ERHRD in vitro kinase assay &
1To71= (lanes 4 and 5), .

butyrolactone | (uM) 0 1 10 _ 50

cyclin B-associated
kinase

Histone H1

§ Histone H3

1 2 3 4
Fig. 3B aurora—A MEME(L in vitro [ZHLNT CDK AV EEA—(Z kUG Ehizly,
/%) — )VIRE# 0 Hela il H & LY RIRELT= cyclin B BEF F—HERU
aurora—A ¥ F—CEEFREL, EXLY HT HBUNE ERRY HB ZEEELTin vitro
kinase assay {727z, CDEE. CDK 4 EE #—T#3 butyrolactone [ ZBICRLI=RE
TRERICMAT,

aurora-A kinase




7-6 aurora-A & G2 FxyIRAIMILYFFEILESHhD

Cdc2-cyclin B [£. G2 FxyIRA UM KYRFERINAENRTESATNS
(O'Connell et al., 2000, Smits, 2000), LiRL7F=&S1Z. Cdc2-cyclin B A% aurora-A DiEHIL
ZHIET 57K, aurora-A [ G2 FxzYIRAUMIKYTFEILSNAITTHS,

CORBEHHAT SO FTIL- (300 Tavs TS PEMICRBSE:
HeLa #if@%")!J—AL. U)—A#% 7 BT DNA BEFI THLSTFITIIL U 0EE |
BEfT>T G2 FzuIRAUMEFMEILE, aurora-A DEMREF -, S RAIZESTL -
HRAIHBER T IOEBECT-O. V) —R& s M &Y /a8 —ILEMZ T, J—
Atk 11 B OB AT, KE9OHRO DNA SHEI(X 4n THHoT= (data not shown)o —
DERFTRIPIAD U DBIZED TRV RIKRE S OB TELTILNVGENZEETR
LTS, PRUZTAL B ZLTUWVENERTREVO SR OBRARNS))—
A% 9 BT aurora-A DFEMEAHHI>TLV (Fig. 24, 2B and 4), “h (X, cyclin B &
F+—tEOFEEO LR EBBAL T, BRI, PRUT AT NEIZLY ., aurora-A
& cyclin B BEFF—HE O FEITHF ST (Fig. 4 1anes 3 and 5), 20 aurora-A &
cyclin B lEFF+—H OF O X RELEIN-EBROB LV TIEIEM o (Fig.
4 panels 2 and 4), B2, PRIV RBESN =B TIEERKBHE (FRFR)H
BIEKENR GEMR) KYLBLLIZE-TUV - (Fig. 4 panel 2),

hoDIELY, E R G2DNABEF TV IRAMI&Y aurora-A D EEAHD
FlEhdlE, FLT. ShiEH TS Cde2-cyclin B DEHEAMAON =B RTHDEL
SEEMITELT -,
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adriamycin == = = = e -
time from DTB release (h) 0 7 9

kinase activity (1)

western — — N Y (2)

kinase activity s “’“ @)

western o e o e e (4)
1 2 3 4 5 6

aurora-A IP

cyclinB IP

Fig. 4 aurora-A O;EMIE G2 FryIRAUFCRFELESh D,
FTN-HAIDL TRvyEY))—R# 7 B O G2 #1<HS5 Hela #ilaz
FRYPTAL (0.5uM) T 1 FRELREL, TO#/a35J—IL (50ng/ml) &
mxf=. FLT, BBMIZY L TILEEBURL. aurora-A FF—t (panel 1) &
cyclin B B8 ¥ +—+4 (panel 3) @ in vitro kinase assay ZENEHERA b
H3 &AM HI 2EEELTIToz. REXELT- aurora-A & cyclinB DE
BEREHD=0, YTREY TOyT47%{T>1= (panels 2 and 4), —DFE,
aurora-A NI IRAY TOVT4UTIZIE, TR THEELT=H aurora-A 7%
ZRLV=,

7-7 N1 il EEASh - RIS R~ DEALNEND

RIZ. aurora-A DA HEARMEEFICE T HBRBERMAS-0. B2 E Q2 PEH{ (X
TIL-H A3y Tayo &Y y—R ik 8 B5fl]) D HeLa flifAIC NI Iikz <104 oz
Davl, TOHINOOMBEMN D HIFITEANT DHRFEZA L- T RABEMMICTHRE
Lizc avbA—)LEL TR, RERMBELURRL- 1gG ZRECAFOPOMIBIZT (Y
A4 23 Lz Nl k& (o042 P oavasht-BlRIE S RP~DEA
BNz (Fig.5). PRBADEADEN(Z, 2 bO—)LOMEELEELT 12 BMT
Hot=. CHHDTELY, aurora-A [FHREAMIREFICHE D TRALGHDEEEZRELTLS
2LDEBFALND,
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mitotic entry

100
—8— 1gG injected

Q —l - N1 Ab injected
@
[72]
be]
E 50
©
o
2
e
@
0
o
o ]

0

time (h)

Fig. SNI ifdZ 24904002030 - RIS S R IELD,
HTI-H A2y Tnys kW) —Rtk 8 B5M (KRENTTRLUIEM) O G2 &I
$ % HeLa MR8 N1 Hi&H DML, 2o bO— LD [gGETM QA3
tzo CORR. Ma<EL 9 BOMBITHLT. ThEhETIIO 0 DxHasllz,
o0 S RBERMET IRMESSM L -STABERBCTRENICEEL
tzo COEE. Furuno 5(1999)IZHELY ROV RF v T LB RIS
R THRYMMBELT, -, S0%DMRA I RIAEMIBLI-FBMZE21LOEL
=

7-8 Ratl #B2ICEH VT aurora-A EMBRTHL. DNA BWEEXATLRMICHRMIC
#EAT S

RIZH < 1% aurora-A DFFEBA G2 DNA BEF v IRAUMNIE5EZHEEICO
WTERRTz, D=8, tetracycline REBIB B/ AT LEALT, aurora-A DERBRZHER
BIREZS Ratl MERAHREERIL -, COKIRREIE teteracycline analogue T# 5 doxycycline
D JETEHE F TFlag-aurora-A MBI T HEMTE. doxycycline FE T CTEDRBRAHHD
#HEhd (Fig. 6). COMRKEE. 771 T4 ERULTS AR MRIZRAAL . doxycycline
DHFEETHIWVEEFRET TP I4T4a) %) )—AL., @REAHEETE -, iR
FB#A1E doxycycline DFE T CHIERIZHEITLT- (Fig. 6B left panel), 7747432 7
AY2&Y))—R# 2 BT 12Gy O X RBHETL., FHPA~DHETOREZE mitotic
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index Z¥ AT B LIZRYTRELT=, doxycycline DTEEIZKY . aurora-A /W HIMLTLY
HOKETROSRA~DEANBNT=, COTLIE G2 DNA BEF v ORI GEM
EENT-CEERLTLND, CNITHL ., aurora-A ZHEBWSES/-MI8E. X BESIZEH
PHod  REICEMICHWMMICHE AL (Fig. 6B right panel), Zh oD IE&KY, Ratl

HRAIZHNT, aurora-A DERBI(L G2 DNA BEF v IRA UM EBREETHTEMTF

gEht-,

Fig. 8A aurora-A DSEIRFAM Rat1 MK D EN

doxycycline DFE T HAWIIEFE TIZE TS Flag-aurora-A
DRBEZ. R Flag MIEFERANTIIREY TOvT(o 71T
ELT- (upper panel), 1=, A—Tso T Ehi-#ERMEEOR

+

dox
anti-Flag <»

e e R

loading e e

e am . e

NERTHLIEE. V7L —RBICTHELT- (lower panel),

irradiation(-)

irradiation(+)

16 16

1 14 dox (-)
) iy~ s ) - w— :
g 4 A \ 12 IK\ ox (+)
»
g 10 3 10 L]
©
g . il \ 5 | w¥\
2 / I., ‘\
g 6 - 7 6 4 ]
£ / ~ 4

4 T A J\V 4 I:?[ \,_

\
0 1 1 1 1 1 1 1 L 1 1 0 1 1 1 L 1 ] | 1 § 1
4 5 6 7 8 9 4 5 6 7 8 9

time from aphidicolin release (h)

Fig. 6B Rat1 MFBIC&L T aurora-A £WREHT 5L, DNA (BFICLHF Ty
SRA D EERT D,
aurora-A OHRMEHEM T Rat! MK ET 74T 02> TOusi
T S ML, doxycycline DHFEETH AWML, EFLETTII—RLI-,
JI—ALT 2 BRI, #I8% X BR12GYICTREET-£0 (right panel)
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ERBELELED (left panel) THRADEADKEE LLEBRELT -,
SR OE S DERELS mitotic index (£, V)—RABEFNFAOEBHO
SUFIZHULT, BEL-RBEETMILTESD aceto—orcein RBEF
W SRBOBISEEAILE,
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8. R
8-1 FPRM\BMIZE TS aurora-A DFEILIZHNT S Cdc2-cyclin B FEDRE

BEIZEWTY TIZ, aurora-A DEB RS G2-M HITBXKIZHESZEFXRENT
L\% (Bischoff et al,, 1998, Kimura, 1997), LMLAEMS, EDRBEFEAEREAMICE
WTRHELEZEHCRL T, WMELEER THMICRTSh TURL, Th&ic,
A2 (TENEIEZ S >T aurora-A DFEMEET AHEAD =X LI DN THMICREFTL L
S5ERH 1=, aurora-A DE BRI prophase 'S prometaphase D FF O HIRAARE B {4
BETIN-HA3Dr TOy) Y)—A% 85 B TRLMG o1, ELT, MIREARMICE
{+5 aurora-A DEABDEIL(X cyclin B DEFNEIEEIZBLEITULN: (Fig. 2A),

En1Z, aurora-A ARG FMAESN A S G2-M i TH o= COFEMEEIR
cyclin B B8#EXxF—+ (cyclin B [& Cdc2 EMEHERALT 5D TIXIX Cdc2-cyclinB F
F—HEEBZATEINER DN D) DFHIEDEILEFERIZRLTL (Fig. 24), Bo&
LS &, in vivo IZELVT Cde2 FF—H % butyrolactone | THRIIIZHIH T 5 & aurora-A
(EFFtEILEht- (Fig. 3A). —A. in vitro |IZELVT aurora-A [ butyrolactone I THllH|E
highot= (Fig. 3B)e CHODFERIE. G2-M #AIZ#51+5 aurora-A DFEMIEIZIE Cde2 ¥
FT—EDEERDETHHIEETRLTLND, LHLAEMNS | ZO#ERRIZL Bischoff 5(1998)
DM|ELITEBULEL, 53, aurora-A DFENBKRIZLELHEH (L Cdc2 FF—EDF
EMNBKICEIBHADLLITHAEBREL TS BRI BELXDBEREBSDERD
HRICOVWTEHRBTHILETELGL, LT DL WS Cde2 DREAXRASHER
ULNT in vitro kinase assay 21T > TLADITHLT, X (L cyclin BORZFARESEER
WTEREITOREVSEVLNBEELTLShELALL,

=B TV TIOBBRARIZETHTASRATAY LT FIZENT
(&, Cdc2 BAEgQ(FI7UHYAH TILD aurora-A HEIRIZF) D LFRIZHIDH. HAHLE
THRICHIOMNIBBORMDBHDHECHTHS, 1998 £, Andresson & Ruderman [FBR
BEROBRRAECEREEINI IO RTOY ST FILIZELT,Eg2 (X Cde2 KU
ERTHEELTLSENSZEZEIZLHTHRELT- (Andresson and Ruderman, 1998), L.H»
LAMS, FD# Frank-Vaillant Hl&, Eg2 (& Cde2 O EFHICERFELTEO TR TERILS
NBZEEBELT- (Frank-Vaillant et al., 2000), #EDRESELOARERE—HT
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5LDTHD,

G2-M 1T S aurora-A DFEHILITEFNBEH DI BILEEITLTERIS>TLS
(Fig.2A). TN, H 21X EHIEEINT- Cdc2-cyclin B AL aurora-A ZJ U B{EL. T DR
aurora-A [FFEMEIESN D EVSEREREIL Tz, LALLM, in vitro kinase assay [ZF5LVT
Cdc2-cyclin B [& aurora-A ZE &) B {ELEM 0Tz, 2D &IE. Cde2-cyclin B A%
aurora-A ZMEMIZERIET I T T ILNRHAEETELTIVS, Katayama 513,
aurora-A (X PP1 &858 L. ChBIEEEWI)UBIEER) U BEEBL THHLHHTL
AEEMELT- (Katayama et al., 2001), COMEEZEZXIZIMA D&, PP1 EFFILT D
T FIVIE aurora-A DYV EEERE TORR. aurora-A MFEHEIETHDENSTEM
THEh S, Kwon ol&, PPl IE Cde2 12&Y 320 EEDALA =MV BIESATARE
EENBELNSTEEHRELT- (Kwonetal, 1997), chODBELERDERBRBEREEX
S D&, aurora-A [, Cde2 A PP1 FFEET HILICRYFBELINEHENSET I
Ezibhb,

8-2 G2 FxyIRA M LD aurora-A DFEIL

DNA #F(Zd&Y G2 FruIRAU A EREEh S MRAIRMITEATS
DERFS =8, Cdc2-cyclin B 42 Polo-like FF—H &L \ozFRPFF—ENRFELLSQ
% (O'Connell et al., 2000, Smits, 2000), aurora-A ,Ff=. PRUPIAL U BRBIZLY G2 F
Ty ORAEDEIESh DL, FiFELEND (Fig. 4), aurora-A DFEEIL Cde2-cyclin B
DEHICEKEFELTLNS (Fig. 3) DT, G2DNA BEFvIRAU &S aurora-A D
#illl&. Cdc2-cyclin B DARFEREBL TITFHhATLSOMELALLY,

8-3 S RYIPAKECH TS aurora-A ODHEM

i aurora-A EET (IO Do a - RIS RBORMBENT
(Fig. 5)o aurora-A (353 WA T BRI T F L3 FELT Cde2-cyclin B O F i T
KELTWLWBAO ML, $HBULNEET-, Polo-like FF—HERULSIZ (Abrieuetal.,
1998), Cdec2 M+ FEAL T B=ODREST«T T4—F\vy L—TEHELTNS
DMELNEL, IS, FRIBEZMIAT 57-0H121F Cde2-cyclin B (ZBERIZBITTHE
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MRBTHLHIEN DT DHE. aurora-A D FETEIE Cde2-cyclin B D+ 972 E LN
TEEOMELNLLY,

8-4 aurora-A DMABL G2 DNA MBF v ORI OBIREET-T

aurora-A [FSFTELREDETHREL . BREFO—DLLTEASATINS
(Bischoff et al., 1998), aurora-A DMBREF[RT 5P OEDOHIEARBEDOFRREM
EFEICEASLTWWAERESNTINS (Zhouet al., 1998), LMLEHS, aurora-A D
RENFvIRAUNMIEZDREIZTOVTIEHh M2 TV, E 21T, Ratl #3540
RIZHELT aurora-A ZE BB 5. DNABEFvIRIU bR THIEERLL:
(Fig. 6B) COAN=X L OB ITHHI>TWVEWNTHAE S, aurora-A DWERICLSHF
VIORAUMHEDORENEEEDTREZHOHMBOBRILEBRTODAREELH S,
Lf=AtoT MELEHRICEVTREBEDORERE R DO, aurora-A DRBEFMEE.
HIEARIZEVLTEBICHESKGTNELESLNEERD,
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9. ¥5kR

FHRRIZHET aurora-A DRMEF I ELICHRPITHEL TDFHEEE
Cdc2-cyclin B DEMEIEKFL TSI EMBELMIENT-, LT, aurora-A OBEKEERE
BT5HE MROSRA~NDEANBET H_E&Y, aurora-A BFRAABMICE N TA
AL DBEBEZBL TS EATRBENT-, £f-. DNABEIZKY G2 FzuIRA A
BHEINhH L. aurora-A DFEMHIEAMIHI SN S —F T, aurora- A ZBRBRIEHE. COF
TYIRA DR T D EMTREN T, aurora-A [TBLDBTHREBEL TSI E LY,
ZTORMERILUYBIND G2 FruvIRAIUPDOERAHBOEEETREEDOHEEIZ
BELTLARTREME AR SN T,

LLE &Y. aurora-A DRBEER(EFICHESATOT. ZOHBRYEITEMS
EREORECHETOREELST /LADFREMEB(THAIENEAOND, S,
(& aurora-A OHEBOSSLELBEMEBINEETDOETRBRIZLSFI VIR MRS
DAN=XLOREEALHAFSIN S,
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