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The Methods and Applications of In Vitro
Genetics. Shi Guoli, Chen Defeng ( Institute for
Molecular Biology, Nankai University, Tian-
jin 300071, China).

Abstract In wvitro genetics is a method for
isolating and studying functional nucleic acid
molecules in test-tubes based on their special
phenotypes (e. g. binding properties, catalytic
properties). In wvitro genetic provides an effec-
tive, active method for determinating and artifi-
cial evolution of nucleic acid function sequences,
so it was widely used in investigating the regula-
tion of gene expression and biochemical reaction.
The progress of in wvitro genetic methods and
applications in recent years is reviewed.
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T A4 cyclin-CDK 33 il L MRG TS YE T 8 5 4B . p15. ple. p27 BIRZRST ., Mi1E
G HIRHERG/SREAWEPREER. #—FHHRRN, p21 X pS3 HE, E pS3 M FH
DNA {55 & &9 MR R, p21 EELARSTRESE. SRSEHRNRE, REK

EARME ., FEEEATRERVTER.
XMW p21, ARABAE, S, £l

p21 & 1992 4 Xiong %! BF 97 A K
(cyclin) FKHFH R HKEE (CDK) BRI
H—MESER, HE5L# cyclin, CDK K 1¥
MAMEHE (PCNA) 4RNUERK, ZES
MRHEETENHR, MAFETHILAM.
KE, =AHFRNDASHNNE CDK2 &
A, H4&M p53 #5E QM Z 04K mH
DNAASBMEL 3 Mg, HHSE p21 B
#EH Cipl. WAF1 1 Sdil. X 3 MEEFFIHE
[, WEEAREEK 6p21 XK. MM, Al
ZHE T P p21 AEME CDK EH4E. MWk
DNAAR. ZHAR pS3 HEFAEH KM
EEAZBENTIE. BEFRHEA, &3
p2l ZEAMNME., HEARZREFHRESR
HEEH.

1 p21 5% CDK #MHIEF

p21 E F Cipl 2 of B & — K 7% X2 i it
AZAHMSE COK2 HEAEFAMER?. &
4 p21 EEAEEKIMLES & CDK2. CDK4,
CDKS 71 CDK6, 4 CDK3 #1 CDK1 A %5
&S . RBIESTRA p21 5 A KA
B cyclin A, D1, E4H, X% cyclin 5
CDK2 &4 . AP EREW p21 WH cyclin A-
CDK2 B¢ {t H1L AAE A, p21 Wil cyclin
A-CDK2. cyclin E-CDK2. cyclin D1-CDK4 3%
Bt RbEH, & cydin BRESYNRIBK
p21 M. Ckshsl B AMIKRPSNAM G PLE
4 CDK # Sucl AIEMER, HW4 & CDK2
(B ) HBE iE 1, p21 X4 & F Ckshsl
¥ cyclin A-CDK2 U EWHI/EH, #¥Hp21 5
Ckshsl A][A]B}45 & CDK2.

p21 ZEIEE K 48M+F 5 PCNA. cyclin, CDK
PIMEEE R FE, ZUEES CDK RF K

BEEMIHEBEERAER, XEERRT
HEEYWT p21 EAMTEDP). & pS3 EHEGRE
HETEHMS, CDK 5 cyclin A —BEE K
fF7E, CDK RA¥EEEE.

FEAN Z 15k 40 B F0 Bl NIH3T3 40 i +F,
SR p21 TTHH DNA & 8%, Xl 1E
F A gkt Tk By SV40 T HLEREHL, FH p21
EAENTETAMER. p21 @ WH cyclin-
CDK, fEHAEERER{L Rb EH (B M R4
Mi98, retinoblastoma), {KB%#E{k Rb §E5 E2F
ERE S HFEREYE. E2F BRHAEH
AN SHNEREF, HEEWFESERS
MK EMEE. S ROERESYN E2F A
BREEEN, REL cydlin-CDK BR ik
Rb, E2F 5 Rb & J&, E2F A A iH#EEE
Fik.

p2l EBEAN T RRE, 8% 40 E 3
HEHITHER CDK REHEEH cyclin 4F, &
FHiE#EEF CDK W# EH-F. % p21 2 /5,
X —% CDK M E FEBSFMAHR S 55
Hok. BERRANMIASECE F o B 3075 40 A 3 At
HF farl, FIEHAM G, HIFHK. EWIA DY
MKy, ELF 4 ARG COK W& HF
pl6, pl5. p21 Fl p27 L F. pl6 5 cyclin

DI RS 4% E CDK4, HERIA—HMEHAKR A

RIFEREBH 4 ple B MTS1 EFE % . pl5
5 pl6 AR E R EHE R4S CDK4 f1 CDKS,
# TGFR (% {k & K B F-B, transforming
growth factor B) 3IEEM G1 BN & B 1E
H. p27RE5 21 EMED, EMH AR
YR TGFp F¥E i i ) 5 | &2 40 B & B G, BAME
WP EEER. G4l &K 2 (interleukin-2,
IL-2) % TARMAEALEPHEE p27 RiE.
X REFH, WREIIMESHFoES T
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CDK #1515 40 M R 35 .
2 p21 EEFIES ps3 1A

El-Deiry &4 | 284 p21 A
AP AT AERMIERER pS3 MIENER
WAF1. WAF1 B3l FTX&F pS3 W& & 1L
=, WEA pS3 4G A WAFL Bah+5
REEEER, THRIZ pS3EFHREE
KRR, EF p21 AIM# CDK H¥ ps3
%S, ABERIE DNA ZRFES pS3 &
iE, p53 NH#E p21 ik, p2l @M E CDK
SIEMMFENE G ¥, EZH DNA FEXR
ML,

Dulic® g LB IE 3L T p21 &5 9 40 B x4
DNA #45 1F 4 &9 40 B JF AR T 8 I R, v 58
MEAZFERRAEME (NDF) HME G,
BIMAHEA SKI, AMEHMERE S cyclin E-
CDK2 k&K p53 kMK, p1 # pS3 S
HHm & CDK2 % #E. Leonardo %6 41 3F 3z,
YLy ST S NDF Bf, DNA B BABE
BN, ARBIMAAMUELARY G, Bk
WARH MY, MRS p53. p21l KEIFEKTE
ik, B pS3. p2l 2 H5\WH TR G, #
REL BT .

25 pS3 A FHBEM B R AM G, #AFHK
BEK, B p21 b, EFH GADD4S i &K
mdm2. GADD45 7E H % 58 41 5| #2 DNA #i45
B A pS3 %%, HAEMMR P S PCNA 438
Y& S, W FRiE GADD4S  [H | 41 i) 40 M 4=
k. REREERVNELEHFTR, HRAELER
KUHES 5 DNABRHEELR. mdm2 7[H
pS3 %S, HW L& ps3, M HERHIEE
. mdm2 R[#L% pS3 1E R HLE| =AY 52 15 30 i
A, HEREY DNA #4618 5 S F 49
N R

BRp2l EEBTF LA pS3 WE
R, EEFERN G BENTR pS3 FER,
{H p21 B9 RA WA R pS3 W HR, mLHE
BT RS p21 MILEHHEZEFD (myo-
genic D, MyoD) H#!® . #i% S 8 M54

MR E WAyt B, p21 AWM
{HR I p53 iKW, RFHITRE p21 PRE
AR # pS3 &7 Rk f7lo).

p21 FTRE[E pS3 —HRBEMIEER.
p21 ZEEALE AR 6p21, BRIEIED
MR, SNEE. BRI ERED, pS3 A
FAEREREE 6p21 KB%E, F p21 7HE
HMEERED. EERE R R YRR
AR p21 MAFTE. ¥ p21 AR A Jifi BRI
AR H1299, BB 40 M R SW480 K i &
4188 & DEL, WLZE 3|6 B /Y 30 ) 40 A 38 7
fEH.

3 p21 &4 PCNA %] DNA XSEE S

Waga %1€ B8 T p21 %t DNA #15 K M
MH—E. YHAMEHAN S HIE DNA #ith
Bf, p21 EEIH cyclin-CDK 15 7418 40 fig 42 11
A DNA & ¥, MHAME S PR 4L DNA
weet, NHEN p21 &4 PCNA EBMH
DNA & #| 5T

IE# A NDF & p21 MO E&ERXFE,
AL FEA, FEX cyclin-CDK FEHRMHT,
p21 A[5 PCNA EE 4 4 3 M# DNA B4 B
3 {EYE. MIA SV40 EE 41 DNA #4h 5 il &
AOra KM, p21 v EEMF KE PCNA &
DNA & #i, T A% E cyclin-CDK 8 £ 7.
p21 Xt DNA K& i g9 40 &) v] b 2 B & PCNA &
i, ZAEHMH DNAFRABEFEEIRmE
5PCNAMZA . p21 M DNA W&, {E3f
AMEEHEEEEWNER, KW p21 M
DNA & i B 28 B Bt T FE A2 bR B B . K p21
Al 5 DNA B E i, {EAR# M5 DNA
B2 d B/ B DNA & ).

p21 EHBEA[4E cyclin-CDK 17 48 i &
B, XA[44 PCNA i DNA Z#|, @ExH
HpIl EANRRE CRESMHERAESS
E§ (glutathione S-transferase, GST) MEEE
B, RUXFRINEESH LT p21 N il C
WY, p21 N# 5 GST W@e
FEHAEES LR FRIH cyclin-CDK, p21 C
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%5 GST MR -& & B U u] 410 ) B A% 44 Sh 52
A4 SV40 DNA & 5 % .

4 p21 SHBEFME. BERIETHXR

p21 Z25HM LM Sk B REA X
HRS LR TAES 20 M ELR E &
ShRESRA LA B R B, LAR BT 45 40 1L Y
A& p21 FFEARE. B3 p21 REHHEREF
& Myo D, Ti3E p53. Myo D & B8 4 88 5E-3F-
B € & H (basic helix-loop-helix proteins,
bHLH) &% FREKH — R, X149 K51k
MEBEIVARFAESONKRELERX
1%, cyclin D1 A[# & Myo D Xt AL 40 i & 0 B
BTSN, Xt EALHKZE+ p2l ZEFRXH 2
B, WIESET p21 fENLA MR GG fLET R A
p21 LR MERNRREN AR, &
R BERA B 40 ARk B Pt A AR R A 4t
H. HRA(RE p21 EHRSEPEEXR
B, REXARNMK THEHARARY
cyclin-CDK, [E 4l iR 1t %, METEES A
RONFEEXRR.

p21 5% & 41 DNA XK i Y BE b & 2 4
3%, Noda U3k R A 0% 1 58 89 A BLA 4
AREF M % DNA & A A p21 ZEE
Sdil ). HEHFREZNHLARFTHREREH
AT H 10~20 15, p21 RNA BN #
LR R J 40 MU PR ) e R B UIAR G . MMM
HRMEREF AR ERM R, p21 EF
RREE BN, BALER A, p21 RNA
KFPERLAMS, Bu¥m, BEEHEAS
WIRTRER B MK, SibMt, i+
p21 RNAKFIHEFRK, RAXEFES
FrEdRERNS, KEEEFEH. Hp21 &
ZACAM TP REHELERFE.

p21 B BEHMMFE B A 5 &K pS3 it
SHARBCPREERNERGFESFZSEIN. &
S i R 426 0 G 0 L 4 4 4 R L AL B B R
& Gy HARH BT, T 53 — L 40 AT i I 40 AR Y 5
EEREL, IHAMZHRAHTHE pS3HF
. SRS 40 M B IR Al A E B T AR AR

BEFFbeAE. IRELAREERKETFHF
ET2E 4Gy 8BS, BAHREEREN G,
FEMT; R LCAERKEFRFEE, WA
AEEZERET. FRETEXERTREE
A, BEXHMmERE8TEHEAR ps3, XK
XFAFEMEE M RERE. pS3 W{TEERE
HAp—FHL R B FIRIT, p21 B7 X w f
wRREEERTTFR. B Rb HRERK
myc I FEFI ZMBAEAT LR, EHTHAR
pS3 MITFTE; EHFARFFEHARRATHE ps3
HE, WEERRER CE BRYARET:
BI AN p53 TELE.
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p21
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cyclin D1-CDK4 cyclin E-CDK2 PCNA-DNA
cyclin A-CDK2 %483

l l l

PR 45 G S

1 A p21 FAFR

p2l EANEIRE S (LILLERE, X HE
MM R RN, ZEOENRERIEDD
PREEREMNEM. P21 MEAFTRXLAE 1,
LEFMH DNA A, Wl E H e BrEe
pS3 1Efk, #HmEf p21 EHBELME cyclin
E-CDK2 £ 40l A BiPELIT 7E G, #; B4 &
PCNA F DNA RS o0 HEM#H DNA & .
R BRI . 2 Ak B g b 4 i o H i A
pS3 By IS p21 F ik, JFT IE T 40 A A A
K DNA Hiil. Hujxt p21 587Z. otbx
EMELHE, BREGEEL. 2bhiigEx
BIEALASFWIE. p21 EHREL. 2kt
AT ARAEREENEN, 7EWHME
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Multiple Functional p21 Related to Cell Prolif-

eration. Meng Xiangbing, Ye Changqing
( Beijing Institute of Radiation Medicine,
Beijing 100850, China).

Abstract
control element, a CDK inhibitor. pl5, plé6,
p27 are also CDK inhibitors. They can bind with

cyclin-CDK complexes and inhibit their kinase

p21 is a new discovered cell cycle

activity. These CDK inhibitors play roles in G,
restriction point and G,/S checkpoint. Further-
more, p2l gene can be regulated by wild type
pS3. p21 plays a role in p53 mediated G1 arrest
which is induced by DNA damage. Expression
of p21 gene is 10~20 times higher in senescence
cells than in proliferating cells. It begins to
express when muscle cells start differentiation.
These results demonstrate that p21 plays a major
role in cell proliferation, differentiation and
senescence.
Key words p21, cell cycle control, differentia-

tion, senescence
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