2001; 28 (6) Sk 5EMYRiER Prog. Biochem. Biophys. « 773

RS TAH R HIRR —
2001 Fis M REBREFREES TIENA

R

(P EERE B RUE T, NS RCREEEE T P, BB £ BN DR s 8k %, kX 100101)

FEE A0 MR T R AL B AN I — AT 22 5 A B R — I 22 o B I & D (AP B R, AR X
SERER, AN SR (DNA) 2R3k ST A AL W AN AN b A i R 0] b - A AT A S

iz 2k, I ELAE I ) 5 a3 i) 32 30 i R 4a . AN RS b e DG BRI R R 1 ede FEIRL R UD AR 1Al

PEWAS (CDKs) S0P AR 11 (ceyelin) . 330G 58 DR 1 1) A S F Il 980 25 e 2 77 2 400 25 0F) % i 0 A T S 1) 34 i

Az BT 3.

KRR AW, ede REPA, A UDED ¢ HCR Ik S, AN YDA

FRoES Q253

BRI (cell eycle) A& fRIE 4 Y 1 A 184 5 (1) Y432 (cell division) A& A KN A iy 4E
R, AT, ERIRPIRGAEAT SRR RUE, BE AR ERA LAY
Wl P BOCR IR, UG RsETE 7. SEmitth. — A RSN KA 1041 4911,
PR, a4 ANEEA, BPGLL S, ddr, KH %m&h%&%$umﬂ5%%m 4
G2 M M. 7t Gl W, MKAKAEKKT. 4 O J0 S A 40 4 B g SE AT, AR I
EF]— AR AIEE, 40 sk &N DNA &Rk (S) TEN 2L, 0 W 8 HE R — AN A IR A R v st
W, MBANBEDFITHEESE], BARRPETE B (G1-S-G2~M), X2 540 AR kR
MR EARLL (chromosome set), MMEHEANAT L0 fEmbil A4S ) EEAT A FPRIEHIEE B, AREIEH 58
RuTH e (G2) M. EHLSR (M) M, B Je— A R 3 £ 40 JH0 K 0 N FE AR SE TS ( programmed

EARALY RS . AR, PIASREATINIE ol death, PCD) SRAEAMAS, [k, 1) 40 1 JE 300
BTN, MTTSER— MR (1 1). S AL TR 5 AR e BT o AR, )
ERRMSIEEE S R ot 40 L 30 5 4 5 R 4 M 2 2 5

WHEM —AME A . 2001 435 DURA: P B4 %
T T = AR B AT % T e I 0% 40 it 5 300 oG
PRk a2 5K, AT 56 B PG HE ] Fred Hutchinson
P e WF 9T H A ( Fred Hutchinson Cancer Reasearch
Center) A% BG4F45 7K (L. Hartwell ), fth & LA
WFSE T 40 M J5 3 43 24 3L ( cell division cycle genes,
ede); JE[E A B 9 AE WF 9T 3K £ & ((Imperial
Cancer Research Fund, ICRF) %'« 44J; (P. Nurse)
AU SE Ry (T Hunt ), ABATT 3500 A3 T 15 40
I J 3 00 G B 73 1 A ) R M S (cycline
dependent kinases, CDKs) LA™Y CDKs 2 & A
TRWHEA (cyclin).

vell division

—

@
B

cell with duplicated chromosomes

Fig. 1 Four phases of cell cycle SRR
E1 HARE HA 4 JI\'B‘H‘E Tel: 010-64889876, F-mail: herq@ sun3. ibp. ac. en

(51 H hitp:/ / www. nobel. sef medicine/ laureates/ 2001/ celleycle_eng. jpg) WCRS HE: 2000-11-01, #5252 H: 2001-11-21



. 774 - L 5 R R

1 cdc EE

1.1 cde ZEEARIM

JE B EEkK, AT TR 20890 M 14 5E
REAIE AR, (H&E H BT 20 4, ASUR BT
FUSRA B Wi 7% 1 U 19 240 I 1 391 2% 4 T 4 2R 10 93
FHLHL A1 20 th20 60 #EAUK, W13 /KR i
X5k, M SFSHBERE ( Saccharymyces cerevisiae)
Y50 L0 ST s A ). RFR Ty, JEkX
?F*P‘I'%'d'f‘J:?b'é'iJIﬂUHqu_u - 200 1A S0 1 5 6 AT
70 AR, b 3 ok R UK SR A R R A R AR
RN A, XS A 0 F A A A5 it LR S 1 40 T30
AR, AT A 5 S B e 61 3 2 5% ) 4 190 3R 7 4
M8 S A e A PR ST, e 2. R I A,
e Dy 232 b T A9 R R U0 O 4 Y AL
N cde FEA.

cde25 mutant

W iill'll\"bl’

Fig. 2 8. pombe cells are stained with calcofluor to identify
the cell wall and the septum
B2 FARAE (calcofluor) TRZFEBEE ( Schizosacchharomyces
pombe) ASEFAREG (septum)
A R M R E I IR — 4 L T ede25 B V) 40
R H A2, ede25 UMM G2 Mk M b
WML, E el CDK2 2681k (91 A Nurse P).

1.2 cde BYTIEE

FEMEE B R R IX R IE I, eded . 6.7 .
8 ZE i DNA 32, 41 cde8 HATHE U DNA £33k
ZhAED ede5 . 140 15 %55 5 P (0 4k 5y B 1R
P50 ede3d . 10, 11 13 2598 £ 40 Mo J5T i1 43 2404,
AN, edel 4. 24 . 28 . 33 TEAESZHG R E B

Prog. Biochem. Biophys. 2001: 28 (6)
AP REEAEMC. HEERNE, i

WA cde28 MK, FHAMMMN Gl AN S
W1, AL i 1 B AN ede B P HAT
IREMaT 2, BT LA SRR N “ start”. ede K
BRIFG T 40 1t 8 300 42 s v K, Wes| T
MIRFEFEBABIX —Flk ok, hiE N5 B8
TR AR (] 3).

Fig. 3 In Saccharomyces cerevisiae ( S. cerevisiae ), major
events of cell cycle and cdc genes relate directly to them
Bl 3 ZFFEE B ( Saccharymyces cerevisiae) P, F E/IYARE
AHBHIMEEHBEXE de A
TEMRHIR BE ., M ede 5875 1) 40 B 155 i 76 1% ede ¥R 5E £
b, 15 1% ede TERMIFHAFEEEEEAT (511 Hartwell L) .

2 cyclin
1983 ¢, FHRAEWIE LT HES W HENE ( sea
urchin) I IEH, KM TH -4 A WMEA

({:}-‘(»Iin)l I HEMIESEiX & — R0 FREA N 45~
60 ku IR AFRE . T3 20K K 7 Bl 40 it & 19

ru'E‘lJT"JiEﬁt ifiy 4 i 44 R JR ) B . /TIHJIJ’] eyclin
I AERE— A ) r-JlJ WAL, NAEH—A A
%m”'.uﬂWI JE 20 1 FED 390 98 4 1 -Iﬂ#ﬂA
2. c‘ulm.L»iﬂ'ﬂi‘f]ﬁ’JHJﬁﬁi'M‘i—;”*L i ok i3k

WS, A IR e B I I8 3 b A eyclin 192
U eyelin Gb RN A OE G1 R G2 30, B
EIATH 2502, (RSSO R e b, Atk
TAEADA R A P HAALE eyelin, )\f\-?ﬂ Jfa
ATECF, I HIX R EARESE T RGBT
DRAFPE. R T X 4 0 R 303 e R AT e P T RE AR,
cyclin MR IESE GEL HESCHE S 4T A7 (transcription
factor) £5 AP SEHEAT YR . IE W RERK eyclin
A RBEMIAI — R, T W 4 i S 00 O 42 ML A 1



2001; 28 (6) MU FEEEMYIEHRE

CAECIEH T oo —
AT EH L.

A, X — AUk A F 7k

3 CDKs

3.1 cde2 5 CDKs B9
4k W R B R Z JE, M R B B B

( Schizosacchharomyces pombe) RO H TR 4% 4
i IR G IE Y ede2! ™, I BRI ede2
FHHRERE cdc28 LA 69% M [RIYETE, 35405 —4
34 ku (AR AW (p34°?), HLIhAE AT LAAHE AL
(rescue), 5 G1/S Fl G2UM i imet ™. i
TGRS F I R LB T HLEZ
A [, ABIEUESE T N ede2 SRR cde28 H
13 64. 5% W R ME. Rk, Z00TIA R BL ede2 (28)
XJQIIIIILJ}]” VIR P2 LR 7 SO AR e R JEH

REARAE 1990 4EFR T« MU 2l i1 1 8 B
.L'J . A < R BRI VE AT HES ) H R A
PP AT TUAZ 40 0 b A A — AN 3R R ) 23 -7 DU I
MR B U AT F ede2 ST I B 1
B cyclin 45 & A RS, X — KRB
WSS 7K BT 458 18 edc28 YR i — 3. cDC2 Al
CDC28 il AL de i IR CDKs KB
3.2 CDKs HIThRERE AT
3.2.1  Djfie: UTHEORAE TR AW 40 M0 SR 301 2 T
7t ceyelin 1 CDKs 205 Je AR J8) B is % i 45 v
O ZDh e B oI A0E H A M. 5t A M
W47 K MPF ( maturation promoting factor) 1%
ARG, B p34“PH eyclin B A2 B - O HF 5T 0
%, LT A7 T R RE RN IR TR A0 L1
ALY, RPN MO ) — S R T
cyclin 5 CDK [ 45 & Wois SLHR 75 v, 7e1k — T

HEWH, CDK N AEAL WAL, cyclin 2 i 47 WP 3
(P& 4y, &3 Gk i AL [ 1) 36 4% 1 R T 304D

HA, 5 DNA SHIMA 425 085G KIRE
SR, M IKEh a0 i . {22, CDKs iy
A0 F8 W) Az A 1) R AR 4y - DL A T Bk — 2D T
gyltel,
3.2.2 RS AR, BAR CDKs /241 iy
& maRER e, (HILRAARPEE, KEHE=
AAKE EBEAT Y a CDK 35 1k 32 B RE AL R0 2
BERRAL . B, 5 Theld A1 TyrlS #% 0 fR
fRE, SETPERDED Theld A1 TyrlS 2 BRIL I,
B b, CDK 3 PESZ cyelin 45, CDK 44
L cyclin 45 G A WEERE T, 10 cyclin [ 55 5%

Prog. Biochem. Biophys. « 775 ¢

AR5 B Ak Bt 4 M S 30 i A A, A T O R AR A
CDK 7r T W ER fk, /™ 2B W 935 7%, . CDK
36 M ok wT DL o 4 R ( cyclir dependent
kinases inhibitors, CKlIs) HEATUTY. il B4
MIAE G1/S ¥R I A7 el N 7 9 P i i B, R
f CKIs B f5, S WM CDK A figRM AN, S5
SEAEH] T DNA 56 © 4 K B0 30 &
HF4 pl5. pl6. p21 F1p27 %!, FrLl CDKs i
M 5% 1) 5 53 KO T8 51 5 AT (Rl 45 181 3 = Al
Bz CDKs 35 MBI 15 # R 3. CDKs 1if#%
B2 I PR T Ak R, AL (e ) 4B T T 4N
JE SR 4 8 4 1 o A

cyelin

Fig. 4 CDK2 cyclin A complex
El4 CDK2cyclin A E54)
A UVBI R P AL CDK2, A7 83 15 3L eyelin A, cyelin A

PR DA N B CDK2 AL Az, JF AR5, (518
http: / / www. sdse. edu/ Kinases/ pkr/ 3DV xray/ eyelin/ Cdk2 eyelin. htm)

4 I8 (checkpoints) FIE

WA 15 K B R BT 1 A i R 0 1 B R 5K

Ab, JEHIFST T TR RE A0 T AR U, AE A
AR T <RI A S, EARANE, JE—
A-}s-ifrm&f’!-,mﬂ’?i AT — ANk se k. B, £
HAGT7E DNA SHI 5 G A e AT (K 5).
mwmi (O EREI IR e 7 S IE L ]
BN 3252 X G2k ol 28 Ah O S, 40 i A 300 1) 3
FEaEEiR, WL, 941 l)l\Aﬂx
RedEAk . Wi el 5 ) 57 B, QEIIJLHEUJ'I’.U{J
ANHE B HEN T —ASBEAREO . R 58 i R t}ﬁH“r.{u,
o, ﬁéjﬁ’a-}ﬂ;[kl)S’cJLr‘L'#Mai%..-.mu!uﬂﬂuﬁﬂﬁ%&:,



« 776 -

AFEM MK/ . DNA Z i . FiaE{k41%E & DNA
YA, Bln: AR AR E] DNA 145 4 5L
JCAth S0 2 BRI 40 e R 30, a2 O T PRkl i A 2
BRI A X059 DNA HEATI5 5. AT % i T
5407 By 5 2 1) B DM S AR B4 457 DN A (1) 52361 T
SRRt R A L. S V2 R A B,
S iE AR, MR R ARSI TS <R
0 MM IEN rad9 . rad 17 1N, AN, gl
FAHUE cde2 . edc18 LA DNA G B a th Y
<RI R P, e Jm"l{i%i}lﬂl
VA FHR AR AR, IGE R . X—#M&

P A TRATT 0T 2 i S S0 R 4 R DR B A RN

damaged

[INA

unreplicated
M phase

DNA
) Yy .-

replicated

DNA

Fig 5 “ Check points” monitor that whether the chromosomes
are complete or relication is normal . Cells can not enter M phase
until these events are satisfied
Bs5 “#hs HNECHKREREXEIRETEE,
AEXLERETHRE, M aEEN ME

5 B X

WA 2%« G0 RN 5 R 1R A B R e 22 0 9
J&& T ASBr AU, A0 S SO sk A e I ke
A DL 3O M e AR A e, S R A i R
AFSE R () %5 5 HESh T HUHS 254 1t & BRI 412
JUF B f JE T L s BE DR 1 B 05 RN, dr 4R
U1 &5 21 20 M R O PL]. VR gk L R 4
K 2 5 A0 A I R R 8, a5 50 A% 4 1 A
WS AR EE RNy, XN AR R, F3
M R s, RIS MM PRI, PR R e
P FREAA R AL IR, BRI, Ao 3 DR I RT A — 2R A
JHO 3005 . A Y ) S 1) SR I 5 1 S A Y T TAE
JERE T #r s 12.

S FE 5L MR ER

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

Tk, TSR R AW I R A A
REMIREM. IRIA R Bt R rh, o0 5 e 45 41 i s
LA KRB TR —HERE W& s m
B iR A N T 2 S AN [E R 2 R &
e, ANCURTAN ML A, eSS A i oS S A
MR R SE. RN, REEYFRRERA
BT 4 M R U IR ABIE S, A ) A A 4 PR L
IR, LEIRAOR Y] T AR iR A G o 42 1 I 4 i
A1 i1 e

2 ¥ X M

I Nurse P. Regulation of the eukaryotic cell cycle.
Cancer, 1997, 33 (7): 1002~ 1004

Bartlett R, Nurse P. Yeast as a model system for understanding

European ]

(=]

the control of DNA replication in eukaryotes. Bioessays, 1990,
12 (10): 457~ 463
3 Hartwell L H. Macromolecule synthesis in temperature sensitive
1967, 93 (5): 1662~ 1670
4 Hartwell . H. Cell division from a genetic perspective. ] Cell Biol,
1978, 77 627~ 637

5 Hartwell L H. Genetic control of the cell division cycle in yeast Il :

mutants of yeast. ] Bacteriology,

genes controlling DNA replication and its initiation. ] Mol Biol,
1971, 59: 183~ 194

6 Reid B J, Hartwell L H. Regulation of mating in the cell cycle of
Saccharymyees cerevisiae. ] Cell Biol, 1977, 75: 355~ 365

7  Evans T, Rosenthal E T,
specified by maternal mRNA in sea urchin eggs that is destroyed at
each cleavage division. Cell, 1983, 33: 389~ 396

8 Hunt T, Luca F C, Ruderman J V. The requirements for protein

Hunt T, et al. Cyclin: aprotein

synthesis and degradation, and the contiol of destruction of eyelins
A and B in the meiotic and mitotic cell eycles of the clam embryo. ]
Cell Biol, 1992, 116 (3): 707~ 724

9 Hartwell I, H, Culotti ], P]'iilg](-‘.] R. et al. Genetic control of the
cell division cycle in yeast. Science, 1974, 183: 46~ 51

10 Hunt T. Cyclins and their partners: from a simple idea to
complicated reality. Semin Cell Biol, 1991, 2 (4): 213~ 222

11 Bandara L. R, Adamezewski ] P, Hunt T, et al. Cyclin Aand the
retinoblastoma gene product complex with a common transctiption
factor. Nature, 1991, 352 (6332): 249~ 25]

12 Nurse P, Thuriaux P. Regulatory genes controlling mitosis in the
fission yeast Schizosacchharomyces pombe. Genetics, 1980, 96
(3): 627~ 637

13 Simanis V, Hayles ], Nurse P. Control over the onset of DNA
synthesis in fission yeast. Philos Trans R Soc¢ Lond B Biol Sci,
1987, 317 (1187): 507~ 516

14 Nurse P. Universal control mechanism regulating onset of M-
phase. Nature, 1990, 344 (6266): 503~ 508

15 Simanis V, Nurse P. The cell cycle control gene ede2+  of fission
yeasl encodes  a protein kinase |1ul(-'.||liau)' r(-'.gulal(-'.d |)}'
phosphorylation. Cell, 1986, 45 (2): 261~ 268

16 Li A, Blow J J. The origin of CDK regulation. Nature Cell
Biology, 2001, 3. 182~ 184

17 Gould K L, Nurse P. Tyrosine phosphorylation of the fission yeast
cde2+  protein kinase regulates entry into mitosis. Nature, 1989,
342 (6245): 14~ 15

18 Felix M A, Labbe ] C, Dorse M, er al. Triggering of eyclin
degradation in interphase extracts of amphibian eggs by cde2

kinase. Nature, 1990, 346 [6282): 379~ 382



2001; 28 (6) Sk 5EMYRiER Prog. Biochem. Biophys. « 777

19 Hartwell L H, Ted A. Weinert Chekpoints: Controls that ensure 22 DUrso G, Grallet B, Nurse P. DNA polymerase alpha, a

the order of cell cvele events. Science, 1989, 246: 629~ 633 component of the replication initiation complex, is essential for the
20 Paulovich A G, Hartwell L H. A checkpoint regulates the rate of checkpoint coupling S to mitosis in fission yeast. ] Cell Sci, 1995,

progression through S phase to DNA damage. Cell, 1995, 82: 108: 3109~ 3118

841~ 847 23 Hartwell L H, Szankasi P, Robert C J, et al. Integrating genetic
21 Paulovich A G, Armour C D, Hartwell I. H. The saccharomyces approaches into the discovery of anticancer drugs. Science, 1997,

cerevisiae RAD9, RADI7, RAD24 and MEC3 genes are required 278 (5340): 1064~ 1068

for tolerating irreparable, ultraviolet-induced DNA  damage. 24 Zhang P. The cell eyele and development: redundant roles of evele

Geneties, 1998, 150 (1): 75~ 93 regulators. Current Opion in Cell Biology, 1999, 11: 655~ 662

Successful Exploration of the Molecular Mechanism of Cell Cycle
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Abstract The cell cycle is a successive process between two mitosis divisions. During these courses, the cellular
genetic materials, for instance DNA, are equally assigned to two daughter cells after replication. Each cell is
endowed with its own share of the parental chromosomes. The schedule of events in cell cycle happens in the
presence of regularity, precision and perfect temporal and spatial restriction. CDKs, cyelins and ede are
essentially key regulators of three families in control of cell cycle. The discovery of these regulators has important

values on both basic research and applied biotechnology.
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