2001; 28 (6) M FEE5EMEHERE

Prog. Biochem. Biophys. « 811 -

lats % [F £ 240 i B HA Fn B g & & P B91EFB

PREGRE XA 5
( Lty 52 B AL dr Rl e
BT s g e, R 200433)

T. S. GREGORY

{ Howard Hughes Medical Institute, Yale University,

School of Medicine, Department of Genetics, New Haven, CT 06536. USA)

o

WE  lats JEP (large tumor suppressor gene) I HLAE SRR L, AE N BURLA P B AT AL L AL G sh g
ML B BRI Lars FEBIM D RE QA (R Rmi LR, LS AR 2 T BUM R 10 R R BERR LY Lats
5 Cde2 &%, S5 M08 W FE 00 a0 - A0 e RGE TR, eT RES S AR AR A PR AN IR T B AL A S
N laes FERITYREMWEST, ST DLAL A S B A P 5Tl L ah 4 AL T8 D e 0 Jr vk,

FBRIR  lats FEDH, PRRTAMGEOSEDA, MR, AR, A0 R, DO, B, BUEd

FRSES Q34

TR A0 L F Y 1 S R AR R RATTRAN T
AR 9 400 ) DR T A G BRI 2 ORR d HL A A 8
PR, T CLS SR A A KR S0 AL e AT 4
i B IR 7 1) B R ( eyelin- dependent protein
kinases, CDKs) It 43l gt I‘ZI, [T NGRS R
(eyclins) 45 RS B 154 CDKs 1% ME, B
() W B 1k [ N K. CDK [f 49 @ N 7 ( €DK
inhibitors, CDIs) tHIE [n] 284 [n] 454 CDKs 3
Yk, CDIs 1 #2020 o B8 30145 56 oo v e 2 O B A
FHUL. ONZE 1 Jie e 440 61 5 RT3 5 A7 40 I 39 97
PN 7 19 D) g, e A e H % BRI 20 55 CDKY/
cyclin LG WIIGIEVE. i T8 400 6 A% A1 (1 € 42 2 A 4
S FEUIA B R 2 T fE, AT S0AH i) 4 5
s 7k

lats Jf!-p\]( large tumor suppressor gene), MAR wis
JEPST | 5 BLAE W ( Drosophila melanogaster)
KU, ERTREg L 22 R A e R,
PRI RE DR, Bt € A L Bl A v A TR 5 ]
HUESAL PR IS A, IR HoAE CDKs S 75
/SRR TP A

1 lats EEBEIMELTE

SRg AT VE 2 I FL B R, . DhfiefR sy 2
SENL VSRR E S RS L 5w S Y R VRS &
PE, A0 SRR e A TSR R AT R E . R
i B 5 AR TRTIE ¥ (mosaic screen), 1] LAMIBEE
FBERBLUIRIIE N, 43 5 S 2 2 5 189 74 i 5 K
IEEE RS Al PN S

Lats i DR Al A 38k ik AR Ui 06 025 3 5 IR i TR 2
. ARG B lars SEAE, TGRS A4 0 Y
B, ARG AR Lats- /- 1R FP AL 23 8 1 B R ih
B ARFEAIE N laes 58748, TS| 1 1% 4 14
RAE Lats-/~ 50 BEH M ML RO EEA R, K
1 Lats-/ B 58 B W] 38 B AR KNI 175, Lats AN [R5
A7 K PR 98 A 1R 28 5 1 A8 R TT L B oh AT AN [ (10 ke
Be: oK ARAMFALG A0 TG, o A5 R S AR XS
AT AT AN B B 4 B B oE, Hh AT R
A, FEORMEANERER, R B AL
BEBE, g9 2R G R AR AR, IR A AR
7 | AR

2 lats RTMAERISE R Z IR T E LR M

lats FA% 5 g FLAT 5 SR rp LAt fik 987 410 7l 2k
K, i dises large 1 ( dig)!™ Fl giant larvael
(1gh) 1 G 5 e AN [ (R AT D, J 1 1) 58 42 4 I
POEF 2R A I SRS, T AAE SR — e 4 UV S
RAZTORE, AR AR PRAE 55 B 7B A i 3E
Grebiig ok, A DL RO R TR R R DA I 3 1 e R,
AL — B B I lats A TCRE, WAL G
BRI ATE S UNL S PN AN S S e SO o
5534k, T J) B2 R 4 L DU 9 B A . X R

ARG R N, Howard Hughes Medical Institute, Yale University,
School of M edicine, Department of Genetics, New Haven, CT 06536.
USA. 8 S HJCRRE R A i, il 200433,

Tel: 021-65642518, F-mail: Tian. xu®@ yale. edu

RS HIW: 2001-01-09, 352 HIW: 2001-02-23



- 812 - S F 5L MR HER

lats F37 G M LU Y A 70 40 i s o 4 gk, o HLAL 2R b
JEE BB (1) 2 AL e T2 A 3R e 1, i A
20 M0 1 A ek R R e Y

3 lats 5 40A0- 40 AR (8] i LAY AL

AR R /N T 5 O LA 23 5 40 48 B 0 R Y
lats FEASHI LRIV, Lats V] HELEANA A /N 448 HL
Hl R, R T R, SRE R
ST AN i I ok A E D (R R, 4 RE BRI 0 1E e K
AN MY R REIEI — N I, B R UL Ak AR,
T 4R AR 2 /N1 5 4 i 494 i 2 ) 3 4
Fid- £ i 1) AEE R Y5 A B, AR K R
JErR DNA S BRI 22 53 38R A A0 SRSk op i 2
TG 5 I 40 M A 1 I sk r 30 RN Y s L A A S
AN S AR, IR N BB R R AR T
TEATHESh .

lats FR7% A 58 35 03028 JLmi 3% 0 IS L (1) K/ BB
B LT lats Hik Ay PRI IE 7O B b ) S8R 40 e, W]
iok M TE T B BRI, A I X 5 ) K N
L TEH 1 R I, VT2 lats S5 AL FE R 5848 1)
7y 1 S R L AT SR IR A 0 R0 W A o P 8K 1 i
K, I At S v 40 43 S 0 i DR AR A 58 A AN AH
[FIfF). B, 1F minute fk5 AT IR IER, 55 40
ek S84 B 1T A 40 P DU RSB AS A2, AT A e S
(A 2 /N 1T S35 40 i ) £ 38 TR A R/
VRIEHLEL  laes SEAANMUA B (V) 3d BE 345 R B, X
S 5 AR A1 i 7 P A ) L A 2 4 i e £ 400 ol 4
W4T (AR 5 5 THIA7AE B P

4 AHB Lats1 REE lats hRERIEIRER

R lats FERAE NP PR PEFER (hLats1)
OB s b, hLats1 cDNA 5 JUR1H lats cDNA —
FE. 76 lats AT RAR P RIE, JIRRL lats K
RGEIBAETE, JEaT ] lats kG A4 S0 A b
T . X RN hLats 1 5 2 S0 o i3
THIIEDD Lats R PEAEROT

ek, AN Las [RIEIEDN mLats1 5225
FE, EZeHU( C. elegans) FIFERE( S, cerevisiae) "
A E] lats FERI 5> T ce-Lats-1 F1 se-Lats-1. 1X 4%
WABER T RA SRS AT C i 3
Ah, ERAGFPER N S, XY Lats 81 E 0] GEAE
F A I A BAT AR DI RE.

DL 73 2545 2 A9 S (G s 28 W% B} 19 Dbf2
I Db20, A, AWEAILE QU A0 A% Dbi2-AH K iR

Prog. Biochem. Biophys. 2001: 28 (6)

[ Ndr) "7 215 Lars 28 73 5 AR & 105 210 A Lk
(41 hLats1 1 Ndr 44% (W2 3L R )7 5] —FF), HiE
CATEZ AN T Lats N 3 9 D<€, A A & Lats
FLEMFEEY). I, JoR RN Ndr, &2 Lats
() C i o0 I ASGE PR KL Lats ZAFMIRAL. LLATIA
91 Lats 76 N R I LS 97 AS R i > 21
T B2 0 N T Lats N S i B8, I HL & 10 i sl
S AR AT Lats F1 Dbf 358G 3B 45 43 19 72 40, e LA
B AT AL R Lats 76 A R .

5 hLats 2 —/NFTE94H 0 B HA BT A F

hLats1 (1 fff [ Ak 40 8851 T~ 40 i R 3. /64 42 4y
PRI G B BT 22 2 Y, Lasl AL
PRI IO T sAF A, 64T 2250 3N ) 391 e AE R 30
TG i, ZBERR AL B NI Lasl & A JF 4 H B,
Lats] 7 G1, S, G2 1 GO 31— BL{f-4F & e 1L (1)
B, 4R ETETE) Cde2 W5 Latsl K445
. FELAHRINE Lasl KL Cde2 i
Z (MM T5 cyclinB I E SWH Cde2 &1
25%), {HAERE G B RIS, GO 41 )
Cde2 WAL Latsl KA. B Cde2 7641 i@ JH
WP B LT R EE 1, 5 Latsl 5410 Cde2
Ft AR AN 2 4 0P S Cde2 B AR 5 ik
1, XU AT BERRAL Y Latsl A fiE 5 Cde2 45
#Ue,

Latsl /2 b & 10 N 6 XI5 Cde2 45 & 11,
FEHIXM GG R—RL 1, XUM: Latsl 7] fig /]
RGO Cde2 3 P i R4 iR R R AR R . A
R, Wb ede2 WFIEE,  AEAME] Lars W0 3 350
BEAGAL B IR 52 (R e T A A A2 0. BRI
ede2 WIHTE, AR REFNEI P ZE0RBEN lars ST E X
S A I R AL DR R,
eyelin BANY lats #HHAEH, cyclin A G Lats
AR R, T cde2 HHL  lats, cde2
R eyelin A Z [MIXFpE — M 8i4e ERAHEAEH, 3
F¥ Lats 35 609 Cde2/ eyclinA 3% M i 8 45 41 iy 184
5 1) Bt O

6 Lats FEMFL a4+ = EINH

Lats1 ZEKBIFR/N L (Lats1-/) BIBFSEIESE,
FENE Lats e — A IRHIHIZER. 256 Bor.
IXEE Lats 1-/ /s BUERBLHT UK AT 8RB RT3 KT
b FURAKT, DAEAT, EKZEE, BEEE
R, XN R A B4 2R R B L 5T AN i g8



2001; 28 (6) M FEE5EMEHERE

IDUES ChpITEnER T Ul
7 M lats BYEALTNREIRAR lats R BIRYREY

Lats fE 3 Cde2/ cyclin A TLi P FIMEH, 5
SRR A g i 9 A 2 DRI Laes 8% 5| I 2R Y
JE B AT G WA R b R A
eyelin A, LLITE Cde2/ eyclin A, AT LLEKZ) G1/S
(A8 I H2Y eyclinA FEALAH Cde2 [A) i i
Fak F, AR OR AR X R e AR I Rk AP
lats FAAMMF AT cyelin A WIAIEF B, las R
AR GEYE cde2 F cyclin A BTN  lats
R RPELE T lats 23480 R Cde2/ cyclin A
Wk, X BRI L, Al Cde2/
eyelin WG YE. lats FEARTANKIF ) eyelin A
(EAT 2207 22800 ) 1 e i, X R laes SEAZTRY A0
w4 i R S R 22 5 THIE SR IE R 1K), Lats 495 5%k
2] CDK/ eyelin 5%, XFh#E Lats 3E1F W #0E
HIRFR T CDK/ eyelin Z54), SEman il 8 G1/S
G2 M A AN [) 1 B B, iy A £ FH G 3k DRI
SRR, Ek A O S e A I R — AN B BRI CDKY
eyclin 5459, 5RO BTG 52 e 4h 0 S8 399 4 o R 1
CDK/ecyclin EG%). Lats LK MEMI 254, wI LA
R M Lars SRR JEE WA TE () 26 Y.

IR Lats FE DR (¥ 2375 AT AE FLu R/ B 5 ke
JPRE, LA 5 DR 260 RN e R 2 ) R NS I 6 R A AR 4k
(. ek R R MG, A laes-~ 40 I #8551
S, 1BAE Lats-/~ /DR, AR E AL R R .
IX 2 W LA R R AN R 0T T 0. AE R
1, Cde2/cyclin A BEZ 5 GU/S AT, XZ4H
G2/ M [, MAEFLa 4 Cde2/ eyclin A K5
YR 25 GUM R, GU/S i iy 34
CDK/ cyclin IR G 5E . DK (AW L2 #) 1k A
1 R AT e mT A /s ORISR AT AN [F) 2R 2R 11 it
IZ\T]|6,]6]'

8 Lats ThEERYAETY

WA A WS R, N Lats T HE R
M AL R Lats 9 RR AL T BUE MR 1L
AR WA T Lats N Sl C 56095 7N &4, 1675
N B 5 oK Cde2 456 Al Cde2 KRG, i
XA TE AR 35, i 40 M0 B J00 PP Y Laes %
A (R A SO M R AL Bl A AR L B, X —
A B TIRATA S PR Lats 352 (03U

{ERWEREFL B D), AL Cde2/ eyelins 2k

Prog. Biochem. Biophys.

+ 813 -

TR ALE] M ANTG 2, H eyclin A FIT eyelin B 4
TEAT 2257 AN W) I SR B A 1. Laats o] & — 14
W Cde2/cyelin A 135 P, 10 A 5 Cde2/
cyclin BIOWE 1, AUt Lats W B85 47 22 70 A [F I
WIRIEA Y Cde2/ cyclin AW & VI, X Fl
LRI, Cde2 F1ILA CDK W] g4 A )
e SR 0, Rl RE A BE— A CDK 3%
AR Y 4703 PR BT A Y

FRIE 7R, Cde2 Fl eyclin A 76 2 Ff i 981 o
MHERIE, AEMiFLEh W, CDK/ cyclin (1) 4701 4]
T OHAE YR A L. 47K Lats 70 Cde2/
eyclin A ZGW AL B AE /DB mLats1 72 i
TP HIIE D 905z, BN Laes 135 7] e Al
SRR A K. IX R SRR 2
POAHZE LA, H SR A A B e B AT 5
FEIIRE A S T 9T, AN Laes FE DRI PR 8 <3 1k 4 00,
MRIRBIN,  lats @42 FIVE 2 5L Y 21 0 O 5F
. EAPERI = lats FER W [FIPEIER, H
EAIOTh B R — >0 ) R Rl 5
lats FAHAEIRIIE, AMEAERAE lats FEPE tfa
KAEER G R, i H AUt N h 2 5 Rk E
R 3 e [A].

2 % X M

Nasmyth K. Viewpoint: putting the cell cycle in order. Science,
1996, 274 (5293): 1643~ 1645

2 Elledge S. Cell eyde checkpoints: preventing and identity crisis.
Science, 1996, 274 (5293): 1664~ 1672

3 Hunter T. Protein kinases and phosphatases: the Yin and Yang of

protein phosphorylation and signaling. Cell, 1995, 80 (2): 225~
236

4 XuT, Wang W, Zhang S, et al. Identifying tumor suppressors in
genetic mosaics:  the Drosophila lats gene encodes a putative
protein kinase. Development, 1995, 121 (4): 1053~ 1063

5 Justice R W, Zilian O, Woods D F, et al. The Drosophila tumor
suppressor gene warts encodes ahomolog of human myotonic
dystrophy kinasa and is required for the control of cell shape and
proliferation. Genes Dev, 1995, 9 (5): 534~ 546

6 St John MA, Tao W, Fei X, et al. Mice deficient of Lats 1
develop  soft-tissue sarcomas ovarian tumors and  pituitary
dysfuntion. Nat Genet, 1999, 21 (2): 182~ 186

7 Theodosiou N A, Zhang S, Wang W Y, et «l. Slimb coordinates
wg and dpp expression in the dorsakventral and anterior posterior
axes during limb development. Development, 1998, 125 (17):
3411~ 3416

8 Edgar B A, Lehner C F. Developmental control of cell cycle
regulations: a fly s perspective. Science, 1996, 274 (5293):
1646~ 1652

9 Sauer K, Weigmann K, Sigrist S, et al. Novel members of the
ede2-related  kinase family in  Drosophila:  cdk4/6,  edkS5,
PFTAIRE, and PITSLRE kinase. Mol Biol Cell, 1996, 7 (11):
1759~ 1769



-« 814 - S FES5EMMEHE Prog. Biochem. Biophys. 2001; 28 (6)

10 de Nooij JC, Letendre M, Hariharan I. A cyclinr dependent kinase budding veast gene DBF2, encoding a putative protein kinase, has
inhibitor, Dacapo, is necessary for timely exit from the cell eyele a homologue that is not under celk eyele control. Gene, 1991, 104
during Drosop hila embryogenesis. Cell, 1996, 87 (7): 1237~ (1): 63~ 70
1247 19 Millward T, Cron P, Hemmings B. Molecular cloning and

11 French V, Bryant P, Bryant 5. Pattern regulation in epimorphic characterization of a conserved nuclear serine ( threonine) protein
field. Science, 1976, 193 (4257): 969~ 981 kinase. Proc Natl Acad Sei USA, 1995, 92 (11): 5022~ 5026

12 Meinhardt H. Biological pattern formation: new observations 20 Zallen J A, Peckol E L, Tobin D M. et al. Neuronal cell shape
provide support for theoretical predictions. Bioessays, 1994, 16 and neurite initiation are regulated by the Ndr kinase SAX-1, a
(9): 627~ 632 member of the Orb6/ COT- 1/ warts serine/ threonine kinase family.

13 Milan M, Campuzano S, Garcia Bellido A. Cell cycling and Mol Biol Cell , 2000, 11 (9): 3177~ 3190
patterned cell proliferation in the Drosophila wing during 21 Watson K L. Drosophila warts-tumor suppressor and member of
metamorphosis. Proc Natl Acad Sci USA, 1996, 93 (2): 11687 the myotonic dystrophy protein kinase family. Bioessays, 1995, 17
~ 11692 (8): 673~ 676

14 Simpson P, Morato G. Differential Mitotic rates and patterns of 22 Dong X, Zavitz K H, Thomas B J, et «l. Control of G1 in the
growth in compartments in the Drosophila wing. Dev Biol, 1981, developing Drosophila eye: rcal regulates cyclin A, Genes Dev,
85 (2): 299~ 308 1997, 11 (1): 84~ 105

15 Simpson P. Parameters of cell competition in the compartments of 23 Sprenger F, Yakubovich N, O Farrell, P H. S phase function of
the wing disc of Drosophila. Dev Biol, 1979, 69 (1): 182~ 193 Drosophila cyelin A and its downregulation in G1 phase. Curr

16 Tao W, Zhang S, Turenchalk G S, et al. Human homologue of Biol, 1997, 7 (7): 488~ 499
the Drosophila melanogaster lats tumor suppressor modulates 24 Hirta T, Morisaki T, Nishiyvama Y, et al. Zyxin, a regulator of
CDC2 activity. Natl Genet, 1999, 21 (2): 177~ 181 actin filament assembly targets the mitotic apparatus by interacting

17 Johnston L, Eberly 5, Chapman J, et al. The product of the with brwarts/ LATS1 tumor suppressor. ] Cell Biol, 2000, 149
Saccharomyces cerevisiae cell evele genes DBF2 has homology with (5): 1073~ 1086
protein kinase and is periodically expressed in the cell evele. Mol 25 Hori T, Takaorr konolo A, Kamikubo Y, et al. Molecular cloning
Cell Biol, 1990, 10 (4): 1358~ 1366 of a novel human protein kinase, kpm, that is homologous to

18 Toyn J. Araki H. Saugino A, et al. The celleyele regulated warts/ lats, a drosophila tumor suppressor. Oncogene, 2000, 19

(27): 3101~ 3109

lats Functon in Cell Cycle and Tumorigenesis

CHEN WerLi, DENG Ke Jing
( School of Life Science, Developmental Experiment Base, Fudan University, Shanghai 200433, China)

B ~ ~ e e ¥
I'. S. GREGORY , XU Tian
(Heoward Hughes Medical Institute, Yale University, School of Medicine, Department of Genetics, New Haven, CT 06536, USA)

Abstract  lats gene (large tumor suppressor gene), first identified in Drosophila melanogaster, has its
homologues in mouse and human. The function of lats is highly conserved from Drosophila to human. Its
function includes: as a tumor suppressor gene, lats mutation will result in a tumor phenotype; phosphorylated
Lats can bind to Cdc2 and regulate cell cycle; Lats may also be involved in size control mechanism via cell cell
communication. The study of lats function from Drosephila to human can provide a method to study gene

functions in mammals using Drosophila as a model organism.
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