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Abstract

metal-containing

Academia Sinica,

Superoxide dismutases ( SODs) are
enzymes that catalyze the
dismutation of superoxide radicals to oxygen and
hydrogen peroxide. Three classes of SODs,

Fe-SOD, Mn-SOD and CuZn-SOD, have been

distinguished according to their bound metals.
The Fe-SOD is essentially a prokaryotic enzyme,
while the CuZn-SOD is essentially an eukaryotic
The Mn-SOD is present in both
prokaryotes and eukaryotes. The Fe- and Mn-

enzyme.

SODs appear to highly similar in the primary
structure, three-dimensional structure and other
physiochemical properties, but have no resem-
blance to CuZn-SOD. The Fe- and Mn-SOD can
be traced to a common ancestor, whereas CuZn-
SOD has evolved independently at a later time.
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¥ DNASMRSIEANEDE, SEHARGESHEHEERHE. DNA BRGMEELRIERF 2,
LM . DNA ZHIF DNABERSAMIE EHEHEMN. &L DNA 85 %5 = 458 BiE
Bir, #EH DNA A TRMMK. HK, B DNAEFRHLNEETY S5 DNA SHGIEN, §
Bl FEEREMIEEBE. B/5, DNABE Z4 NER. MMR 254185 . L& DNA 188 o B{HH
FWH R, MEER DNA BETIREMS, FERELRERRE, NS MM EREEL.
X DNAME, DNAKEH, MEFEAY, BERUIKRER, BRERESE, WiE

AR, WEAE TS L ER
HHER. BARAMEMEEYVH EHERE
#, HER DNAWBGMEREWH RE, U
B 1 G AR BTV R B R A I B R R A R o
RE LA, RAMEBAHEIMLENR. &
B DNA iR HR 2, HARNRFE R
HESHRE, HFEFEMETHRY DNA &
HESRBERMEE DNA #i15. A LAAE
X, WMEADNABERYE, HAEZFEALRE
SN, BRI LR BRI, B
ith, HIEY DNA @2 E 0, XtF Mgy

EBEFHY.
1 DNA BEREMRERREH

HHIXE. DNA |t R B R fR. —R#H
- EEE LEN, AREERFRET
(apoptosis), XFEMBEEARIR T EMELL.
“RBHGREBEN, FKES— RS
il 40 B R B A R AR, I DNA Z#), B
140 B 4> 34, LLaEE G iR DNA # A T 18 48
M, Bt DNA 28 R4 BRI #15 DNA, M

WA H #A: 1995-10-16, %[5 B 87, 1996-02-02



- 414 - EMFSENHIRHR

Prog. Biochem. Biophys. 1996; 23 (35)

B RATE. HESET DNA Bif5 {552
R e EE R Rk e Aw, B
T AERE. (Hi\ A 7E 40 i 5 B 5% #f1 DNA
ERPEEEEHOEEERE, E£DNABE
HREUEEEFEHR. HOgEREE2BEEWHEN
1.1 ‘AR IERRES

MAEEIE D, (cycin D) 2 G, BidiHu
HMMEE. £ G $¥HEREE2REFTFR 5
CDK4 (cyclin dependent kinase) %54, {Eif#
AN S HA, #HA SHAE cyclin D1 N H
HE. HATIAN cyclin Dy B HEH bel-1, 1E
SRR AT ER G E RAY EHE
EH 2R FRB F A cyclin D, m&RETI
E/RAR LM RSN, FSEIRR
12 Cyclin D, & & 53 B % 7% 12 16 48 A o
RN G, BISEA S #, [E B30 &l 5 15 DNA &
BE. S§EZE cydin D, MHBERELS
PCNA (proliferating cell nuclear antigen) % &
SEHE. PCNA B DNARESEF S (Pol §) fil e
(Pole) BYBBNE H, &2 DNA E §lf1{& & By
LER. BHZHRGE PCNA TEZNEH 2
i, RIHARERIEEF K M Triton-100
MR R AEY) PRIV K. Cyclin Dy 5 PCNA
2 5 ME T PCNA 893X # 4% 3 # & 17,
MM 7 DNAEEDIFE. ¥ cyclin D, &K
K55 CDK2. CDK4 fl PCNA ik # ik
—EESAN G, B AN, KA HEH
F cyclin D, fil PCNA FiE A& 52 £ 4Rt
YR ET 4 40 M DNA & & 28 5 % 18 41 g 4 2%
FeJL, HAILES CDK2 il CDK4 # 4k 5 H
S cyclin D, RIEFREH MM, H DNA
BERHEXBH 1/3 £4. LiR4 R0
cyclin D, ZE4H M G,/S $AS K& S (check-
point) PR EBEEM. WHE cyclin D, #ik R
H, RTHMR G,/S HEmiEE SpiET
Thik, BSR4 MA TEsLB)
1.2 AREAMREHRNARRES

Ps; ZH ZAAT A AMIThEE R H HE,
EWFFR I MR — M EE, K29 50%

HIEMEBERREGEZEEN T, XV P,
MTFHEFERNAWBREHEEFEEE.
DNA Z#h a5 P REFIA, ZEEHG
# pS3 EHRE—IHEHEF, TETESEM
EAMEXELIELGE. pS3BRTHERXHAEMN
BFHEL, EDNABREI BB AEEZEE
H.
1.2.1 p21 5 DNA B E. P, ERH (CIP1/
WAP1/CAP20) R pS3 S REMY. p21 &
H & ¥ # CDKM il & 5, 5 cyclinD, 3% F 45
& CDK4, MWMH T cyclin D,/CDK4/PCNA
HEWWMELEE, ERREEEG M §
CDK2 %54 WIFH I B MOt A M #0. XREmkE
BB L5 DNA #E AN F U, p21 B
TR -4 A ey i 72, il 5 PCNA 4
FHEBEWH DNA B EHD. b R,
p21 R[4 HeLa 40 MM 2 T HUE KFAY
SV40 DNA H #l. p21 5 PCNA %45 & #%
DNA B SEM, M MH] < 5% DNA 898 5.
&3 PCNA & DNA & E B & 8 8L 4,
M p21 FERMH K4 DNA W& K, MiE
& DNA G RF R/, EIAHK p21 A1
W DNAMBE, ERGRIELTXA. 7
FEF AR P AR M AR A PKO 40 id #k 42
B, {K# T HUEM SV40 DNA 72L& i,
4522 315 B BURL DNA 7] DL 78 B % 4 &
2. BERNEZRFTMAEZD 21 EHQ, WA
i SV40 DNA ) & i, 1 A %0 JT R DNA
HIEE, FIH p21 X DNA &R 0 HE AT A
s, AT B DNA & B3 ) %4 SR B
ﬁlbj.
1.2.2 GADD45 5 DNA & &. GADD4S
(growth arrest and DNA damage inducible) &
pR3FFREH N —FMELOR. EIEHER
Ps, f9 A KL 40 g (5 1055 40 B ¥k ML-1 89 {2 ;R
i, R Z 58 5T S GADD45 Fik B .
GADD45 B &Rk T 40 A BA kR . ek
HEE 3% 40 i BT R X GADD45, ARE5 3| 4
FPH-RIC KR G RE I B AR BRI, HF
XTERHY 15% Z£ 4, B GADD4S By =AM
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14N S B, GADD4S M 146 Bk A S #
FRE RS PCNA & &L, EHRRE
B, KI GADD4S BLL5 PCNA 44
BEMHEXFER, EAM GADD4S EH
B PL AN cyclin D, f1 PCNA E &% L B#H 1
PCNAKEH, AMEHLEM#EE, HIET
AR BETR. B EF] PCNA 7€ DNA E #l
FRrERN EEEH, GADD4S 5§ PCNA 454
VAR DNA &, {E2 GADD45 5 PCNA
MG FHAME DNA BE. EIMFABRA /Y
LR RFAAMA L RIE Tx &0

2 DNAHiGBRERS%EE DNA His

2.1 BZERUBREERS
2.1.1 NEREZEFBESME: BERVIRE
B FZ 4% (nucleotide excision repair, NER) &
BEARPEAE R AN — A EEBE
% . NEREF KRG SIEREEER, £
BEHEEAHETEMR (XP). Bloom % & 1E.
Cockayne i &1L, Fanconi #i LA E4ME "
skHEZEN R IRAE (AT). X NER SRpg 8
5 BEAE, 1590 NER SRES S A 22 8
ARERBEMEERERRE. B, sfiEAEM
cyclin Dy, PAK p53 i%5F#) p21 #1 GADD45 5§
PCNA%: &, #u NER {28 %4, T H p53
R[5 ERCC3 B4 4, a5 53 #ith DNA
AR08

o, AT MM FTEME A% DNA #
EWVEAR T#HE -2 0AH. s REE T
", AT BFRwBYEL RS TF5 5B
MEULEE-3- 3 Es (P1-3) fEfL WEMMEFIAEX
EHHL, 58 TORL. TOR2 & M & H
HAMFAFREQALEBRBREE G 40% ~
50%A8[F]). TWH 5B rad3 A E & FIENE
(19% #H[F, 40% ML), P13 HEERBWAG
SEFREF NN 5Y, TEHEARSE O WE
iE, RECBEASBE LR BEER (PIP) B B%AEBE
LR _BER2 (PIP,) AR, TEAMRARK. ok
FREEEEM. TORL M TOR2 W 7E #4143
G, Wil K EThEE, T rad3 X T G,/M ##

RAUNER, 255 DNA SRS, FHB 4
MAMHBUARGEE. H] L AT £H
MIEER[REE W EE. HulxEFNMLFYE
TEMETRE, HEAANRMENESER
)\E}‘]Tﬁ[g}.

2.1.2 HFREMFEBER . NER XN AREE#
BHEARR, REBEERMBERBEALZEXER
WBERE; Rl —EEEFENBEERAHE
FHOUSHIFLE; EER—ERNAREASHE
HEWARFE. Tornaletti 210 H# BN %
PCR (ligation mediated PCR, LMPCR) 3%
P RH SN EF ARG SHBEEER, LW PaXE
EHexa EARMAF T RS R ZB&K
(CPD) MMERE B, X &0 5 3% 5 R AY
(R BRI P, RAF SRS, A Py 3 [N X
WiiEZHa NER R B E LBRRESH
P, R R EHEEFRH.

NER BB EHIEGUTFTH A —
RGO REMBMME L. BEROEZEER
PR REWBERWET, BFREOK
SEMTERL. B/MEM BRI AUERE M T S5, X
A AT (15 E B8 & Y1 T DNA #1538
fii. ZRAEFHAMBEEERE, TTEZHTF
Yty [RAEH 2 R PTEL. Psy 26 H 288 P05 b 18
HAETHE, vJiEERTROREHRENZEE
. —REXESYREEHEENHES
5. NER & £4 + ERCC2 fil ERCC3 R#%
FEF TFIH B A MM . EEHEE R
TATA & RAEEEH (TBP) 5Hflh—4H
XHFEESE TATAE, MG RNA RSB R
M RE FEYE TFIH &4 LEF G,
REEE I SFe7E T 5 G Y e R o ah it
RNA §%, %4 6f% DNA #5568, TFIH
PR S, FNRNABSBESY L@
Tk, iENERBEZSEBEBRGMLSE. BT
TFIHAHM 25T NER BH £4, HitLE
RHEMBEEEIERREMNE, RIETRREHE
Eﬁ‘f{'{“u'“].

2.2 DNASERER%
FRZIUEH L, DNA ERBE 2%
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(mismatch repair, MMR) Zh#E 3 50 S 3 &
EHARREE N, S O-F & 5 Eng.
DNA RHEHXBE (MGMT) HREE A 40 B bk Xt
A6 At 5] 4 iR 32 Fir B0 R 5 728 0 8H ok e 6 4 3 R
(SCE). EHFRARTREEM MY —IMEEXRH
EMIEFIIARES, HRTIEFFIHEE
AR, 7E80% MEEHIEERBEERE
W% (HNPCC) K49 15% 8y 8UA 1 K%
B, RAAEMTREAREEFIGFE, RRES
fl MMR 85 R4clkbg, 47 HNPCC B #&
7% & B MutS [F] 98 # F hMSH2, U &
MutL [ {2 FE hMLH1., hPMSI 1 hPMS2 #:
EEAE, XEEFNREESEH MMR 24X
i, EMEFEANREEMM, 5k EE
#4p02) BT HNPCC, EREEMTEFESR
REENBAERHEEEFL LT MMR &
HEFZEED. BRryk, SRAEERBAR
FRIERATRE TSI ME, mEE. B
. FENBEMEMENERTESA MMR £
EHRHE, UK HNPCCHAEAMIERREF
FIM B A KB R EEFE MMR 25 H it
R

| MMR 520 5350 40 B T 55 1b i J [ 7] B
ETSIEFHIIERXEA ED. Markowitz
LU0 11 EEMTERBREF N KBHE
MHEF R 9 BkH TGFRI 2% & mRNA #
R, AREREILEEE TGFRI K%
. ERAEHMIERREFIINEREKXIE
FHERIELI, MO LM TEERARERF
P K EHEE R AF 3 #% B3Il mRNA B
b, TGF-BII KZEFHFZH M EERELERF
B R, BER 5% 709~718 BEIFF 10 4
HERESKENNE, SEBBEEE. BiE
# TGF-BIl 353 4& cDNA F A X 46K 7 9% 48 g
BE, WTDARREX E A M7EAR B & b Bom i,
B TGF-BI1 K2R R R AEM B Rt 2
ETEEIEA. TGF-8 Ml £ Fh#k & 48 4
K, MWREKFMHEIER. TGF-B Mk 40
HERMERAIERETIES P EE R ELTH
#. pl5 BH 5 CDK2 #1 CDK4 454, Mmmim

#l CDK2 1 CDK4 5 cyclin D, 454, #4180
EEG B, mHMERAER™. EHKH
TGF- %k # R fE TGF-8 AeEEIEH, #
RERBUBEMIRER .

grbFriA, DNABER—INEZRNER
%), B5 DNA B, HENAREAHES
BRAE—EY. SEX—IEBNEERERNR
WO RSBHARESHEEANEERRE. Xt
DNA {5 HLE 89 A PRK 75 B F X Fk & 72 B L
R BEANIR, BHBFRHEABIRS. a.
RN B ESEEABFFEN P,
MMR S5 H ® 4, HEUM®SEE; b, 3
. BB, BORANAKM . HATEET R
Ml EBEEESI LT, FRET SR NN HR
L. R4 XK (knockout) WIEHEER
/MIDNA R ZEEHWHEFR, BEE
BFHRXEERMIEEEE, tLE TR
TEEBER AEANIER. o LITHYHIEH
MFRFTHEITEM: DNABE RSB G
Af Xt A A R AW 32, K HNPCC
8 40 Bt 2 > — R B B2 5 Y e A 7 A
M52, 35 45 dnfe] 9 315X L6 25 4 1 I 8UHE 1|
BT H¥E. Hoh, BEEXT R4 DNA 7
HEEREHINR, C2WER T T NHKE
S FEEBAT, WH4IMEFHEME; UK
i 5 IE 5 % 54X b 7 40 P Y Bl P 2 T 11
HEERIT RS, DR RNGT RO ER.
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The DNA Repair and Cancer. Huang Changhui,
Fu Jiliang ( Key Laboratory of Medical Molecu-
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Abstract

Second  Military

DNA damage is the cause of gene

mutation and contributes to cell transformation.
The cellular response to DNA damage is complex
in its components and regulation. First, DNA
repair need cell cycle arrest to avoid mutation
accmulating in generated cell. Second, there is
strong connection between repair and transcrip-
tion. Third, nucleotide excision repair and mis-
match repair are important pathway of mutation
avoidance. If any event mentioned above was
altered, mutations would accumulate, and the
chance of tumor developing would increase. The
relationship between DNA repair, transcription
and the cell cycle, and the cell transformation
were discussed.

DNA repair, DNA replication, cell

mismatch

Key words
cycle, nucleotide excision repair,

repatr, neoplasm

‘B EBAE B 5 CDI 7E4HAE A B P aI1E A

el EIRHE

(Jes AT i B IE B B, AL 100034)

WE CHRBEBHEZHRT, 3 cyclin-CDK £ 40 B & 8847 A 4E B ALH A AR E G Sl .
WJLAESE, CDK M H 1 (CDIs) ik R——pl6 Ml p21 M5 M BF, REEHAREHEA
(eyclin) 5 CDI7EiHY CDK #EHE AR MRV E e EEM S, NiEwdamegmsait, it

@RS EEMEKR.
XEiE HMRAEH, ARAIED, CDK, CDI

1 Cyclin S40EEHAEE [V

241 A 1 R A BT — R PR R R A
M, ERMMERFEAENIRE. ARA
EA VAL B BF 5 2 56 T 40 R 4 4T A2 3 A0 52 A AR
KPR S S, FFARIER & F 3% R 7 IE W 2
17, WA L0 R MmmEm k. EFRR
H B 40 S A 2 ORI E AL WA, A A
M, ETHFEOREINKBT LW SE e

B ERELAL ABRAFHFEREESE
DNA Bl 5 R ARS ROEGS
SERPANTTE . B ETA KA R L H2
W BRI R RS ENFES
Ko MR RS TR E 5 15 3 RAEE
At B REFEEE ¥ CDKs MEA]
ME—BES TARBED (cycin) M.
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