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Artificial Transcription Factors as Tools for Gene
Expression Manipulation
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B OE HERTRARAHARAE TR T ELW — AR AHNEF AF¥ D DNAB SR AR R AL HBEAF AL, HF R
AALANEMBTAS AR IR ENA, ATHEBFHAASMSE, TULAARAEHHRLT ARG DNA RS EH
BERAFERAHMAAREHHBOEAIHIET. ATALHEE T DNAK SR AN S A GH, BHNEH, 524
HEAGRA IO AAMRE A, RH DNA RER R G PANEN Ibp F7, F THRLABE A BN RA LS, 5 ABET
AERAR AR ZEGRKADNAAFESR. FRLOALHAR T RS WBA R EERR LR Indl 8 #8, R R
MEEAHERTALIERETAANGE. AFALHARTCRALABHL BHRFUARBES FRAFHT S
EEEE .

X AIHRAT, B3, LBE4RT, AR
FESES Q756  XRRIAE A X EHS 1000-3061(2005)03-0341-07

Abstract In this new era of the genome, the complete sequences of various organisms (from the simplest to the most complex
such as human) are now available, which provides new opportunities to study biology and to develop therapeutic stralegies. But
the paucity of research tools that manipulate specific genes in vivo Tepresents a major limitation of functional genomic studies. In
nature, the expression of genes is regulated at the transcriptional level primarily by proteins that bind to nucleic acids. Many of
these proteins, which are termed transcription factors, are typically consist of two essential yet separable modules: DNA-binding
domain { DBD} and effector domain (ED) . Attempts to control the gene expression by artificial transcription factors are based on
the application of this rule. Among the many naturally occurring DNA-birding domains, the Cys2-His2 zinc-finger domain has
demonstrated the greatest potential for the design of novel sequence-specific DNA-binding proteins. Each zinc finger domain,
which comprises about 30 amino acids that adopt a compact structure by chelating a zinc ion, typically functions by binding 3 base
pairs of DNA sequence. Several zine fingers linked together would bind proportionally longer DNA sequences. Ideally, these
artificial DNA binding proleins could be designed to specifically target and regulate one single gene within a genome as complex

as that found in human. Such proteins would be powerful tools in basic and applied research.
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EREEEEY MR LPRENARE S ABR
EEA ARBEAHI LR IFFAMERA  RFT LG
EESmEE: X - ETEREAEYERABHENERRER
EHEERN HTHRAATFRETXHEEMEM" .

H % R A T ( Transcription factors) 7+ A M A% EAH
#E F (General transcription factor, GTF) 5 FF 7155 & #9 ¥ F H
F. HiBZREESTLFFAARREANRRTNEE,. 1%
TFIIA . TFIIB TFIID . TFIIE &4 B TFIIF % & & , € {1 A3 E 1
KEEAENFRENAMENBECESTE SRNAK
4% N H ¥ R FTR A E &4 (Preinitiation Complex, PIC), A
MASEEERNER. RANEAFREESTRAER
P X Py DNA M T B0 R e R E BRI W
HEHRT .

FROFFIHEREFHEHTHEN S DNAZG R E AW
{ DNA-binding domain, DBD) 5% 5 £ ¥ 3 ( Effector domain, ED)
WHEIWHE. DNAZESEHEBENERLHMFESGH
MR DNA RS E R FEFRE SR EER UL
WEEKR - P HBEETF (Acivaor) R EMHE F
(Repressor) ,BEB I RENHERANELY . HRER,
EBEHRRES QM BERAN , FRREIMALLE
A DNA B EEMBESREEHBRAEGE—E, Ak
WERAHEFHFIHRESEARROEREAT BALR
B T ( Antificial Transcription Factor, ATF)™*"" ,

1 ATHFETHEHN

WA ATHFEAFIERLB DNAESEHRES
HEHRAE AR, RPHOATLEFETHERA
WHEEMEARRETFHDNASSEHES S —#E R
FRTHENFHBASE—-RAGBNREED. FIM,
1985 4F , Brent BB ZH T Cad ¥ FHUELEALES
HME LexA EHH DNA B A EHBERSE B, BRRFE
HFHAFTUERTEA LA BATHFEANE S FHEE
HTWHBEENRR, Y4BT A3 B LB FR N domain swap
experiments":l: o A FhEE LN DNA S S SHE AN
MEHHEBEEATALHZETHRE,

1.1 DNAZSZHE

BAMEATHERTHE TP EAN DNA 5§ S5 H
HEEXRRS I EEAERERSEAAABERERE,
FEOLEMH DNA ZEAEHBAR-REAEETHE
(triplex-forming oligonucleotides, TFOs) , Bk £ B8 ( PNAs) LX B B Bk
B polyamides) % °- , TFOs 5 PNAs #5231 5 ¥ ¥ 51 &
Eﬁﬁ’ﬁﬂﬁﬂ%ﬁ?ﬂﬂ‘];ﬁﬁ%ﬁﬁﬁﬂﬂ%iﬁﬁ‘é DNA E) /7
wEARFTFEFIRI A, Dervan FEEBITH T T LUHRIR
% abp RFIM BB T, EOLHA DNA S EEHE
AERRE-SER- AN LENFRUREESEE, X
EEHERANERAFHEXHANARBL" Kb
PEEBUHNGRE SRmEmEZRE.

C, H, S5 854 & Miller ZF7E 1985 R B o 72 4F BN 19

HRET TRIA R EBA ", RS KPR WE DNA
BEABR (motif) . EALEEET, KAF 20 BRREH
CH, BiEEW. 8—1 G, BiEA T KA 0 MEER
AR EREEGTHRHER S -1 « BEE GBI AKER
BERETR2 M CysBEMZ M Hs BES—/ 20" B TH
EARETHER(E 1" BREMTF—BFE. B
HHETMEE. EEERTA L HBREE, HAERKA DNA
=2 7 RN
(b)
5-AIC G CiC CAIC'G Ci-3'
3-1ig 6.6 6 TG C G5
FEFFTIREY

UK o ofrgd 8

: 7y Yy
COOH NH:S’ ’l)_(S' Pw‘.)_(;( ﬁzcoon
B EHRmHsmE R . H, B85 Zi268
5 DNA #9iRBIfE FBLR

Fig.1 Zinc finger structure and DNA recognition
mode of CyH; type zine finger protein Zif268

HHEEH Z2s AE 3 M EERT, BERY R 3
BFEE. FF zipes SHE DNA RVIHEERAFERES
MR X HRFEH 2B RT CH, #i85 DNAERAR
HAEC B HERT(MENTFE)N « EMHA DNA
BAH T, ET o IS E BB RIAT DNA WBEEX
P B HIARE 3 ~ dbp FFF, 3F L8 i 8 1 T 5 HE AL Y
HES(E L), #-FHHREE, SEELTHFIH
SHEHXHEIERL cBEMNSE - 11236 iBEMK. £
AN EATE N ARGEAE K ERX N IH
HER RTLUBIAAATHFFIHEREMEHREATL. It
5h,C,H, BRI AR IR SN &) DNA BR3E, In 5-F 3EH
,&.%ZM}:

MM FHMA DNA S &M, CH, BRiEAREHIE
E, Fln,FE DNA G EEMEsE TASEMBRE R
LRAEWT REERNMEFER ., W CH, 88 R LHAR
BlXFF;HERTFaUE T FEATER CH, S#EXT
HARNFIIMEEANSHEEXZANRY  NLTELEN
Ay SRR ER, WA LU TSRS, WNE
it bt THEES DNA F5 BRGNS 2RSS
A8 CH, 8. GH, B#EHX LK ESFERERIAL
HFEFESRITPE®RA DNA S8 RE, MEEA
MY —wBIEEHRT GH, HGREWLIIESH
CCHC RIS )T REFF R LR 51 RNA 5, X R BE X 4R
BT MM AER"Y . RTHIEEHRHX S M DNA
HEAEMBHRE, BNALZEATHZATHRRUFES
WiEH DNAZEASEWEN, ANATH#IBERZE. AT
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FRETAREM SE T RERITS . BE R0 —
PrAFAERMNEBEEONKBRE,
1.2 %R 4540

RS R S, AMTER(LE DNA & &5 Wt
TEAMFEZURERETESEE - ENMBER, KER
THEEEUFEES I DNA S5SNI RER .}
SEEEAMREEATHEG T ZRAERHET " , 1E
ERESEXANB S FERSE T RER ZILTHR
FETHS SV S(HNERSEMHE FHOERTE, WE
EAF—-TMERAER"T . Al XEERNEELRE
B, mMEEAEAREROFRTMENRAS ., B, 8
MMATHZEFHETHERSEN L AR MOEMNEH
BURTATHFHETREND6E.
1.2.1 BiESHE. §HOESWEE % G NF-«B 1 pss
TH" (288-548aa™ ) LU R K U F % 46 5% 5 45 # (Herps
Simplex Virus) B VP16 %% . ) F] VP16 i) 413-490 {1 | &
BRI LR A MBS ( L) AR RE ™ F O
#B VP16 &) 437-447 {i W & M DALDDFDLDML o 8 L4 7= 4
ARMBERER" BRI E7-8 M E 2™, % # DDFDL 5
TEER.MATRBOMERA" . 14 VPI6 B2 ¥
BERE K fF B, Reza Yaghmai 25 fEWF 50 o i B3 VP16 19 2
TI3TURATBRE AR ERBEAM THEANER
M FHERFHOBELR" .

750V Z WA AH(amphipathic helix) B8 31 K SR E
XEEET 1500 ATBKtLEREA LB ZEFOKE DY . K
FREFBALMEREFHRNA G+ FH TRENE Fh
EE—ENEEER .
1.2.2 AR FRMDRHSHEE R FET KX
9 KRAB ( Kriippel-associated box } 45 #§ 3" # SID ( Sin3a
interaction domain)E5HII™ . KOX| E— R EEMEFWH
AT 2 hox]l ZEEMH. KOXINE 1~ EEMRAEE
EWMAFERMEES. X5 M EBRER RN ZE R
HAE®EEBEXFH, B KRAB . KRAB & # SID 5
SRR A LA AT R LA — B R IR BE 8 R0 O o] o o R R4
WA MBS T. BRI AN KRAB 455 5 7 i 3
MBI R R R, TIPSR R R R R O
FEA . I SID 55 H I E S 5 R TA Sin3A B F HE%K
EOFA AlEmYPaFmeER" .

74k B BT I WRPW ™ H COVC T thBER B
RMHEESEFOEH, Ed wRPW B3 HESERSTHR
& EF Grouchol EAXEDFHE R TLE) M B MW H &
EERAEE.
1.2.3 WAZEHEBNEE. X, ANBEEATIEZETFY
WMEER FHEAMSEN BN, W2 TiF £ mEis
FHERATESFIINFRED. AT DNA #ITERE S
WM. U ERMEN TSR SFISFNEEN
EMEATHERE" ATESTEHYSENFER,
BEEHASE. EDNA PR SHEEE WRAT

TR ATLUERNEHFLIAR B, Eie
H#rZEERA . WA, Bushman %38 HIV-] WS BS
MM SHEHERE TR AN E SR ™ ; Beretta 25 F A 4
T EHETFASERGFINFHEY . AMNBALR
EUBECHERAATIHRZEF. BAESIREEIK

L e
2 RAESREI DNA FFHEHES

HF—TBEMATHZEFmMES . BIEELS TEES
FHHHFFEEEYEEN., AVENPFEXRENER
HEGS MBRATHZH T NERETRT . EAE TRER
FEEOEHE. ERCIIMER. WaFR AIHFHETF
MFEFIRFREEREL DNA G AL W (B AR R SRS
HIRLHM B, KB RIAH DNA FFNBHESAE
WRATEFETHEEEN LK.

2.1 NEMR

B, AMNESE A AEEEAT BN XRER
B 3, UL B e S MR 0 FT R B B W T A8 B — 1 x
HIRME. RFEREE - SEUTERE, BB L
B DNA TP ERE AR, MR
BEMUAEENZEFL TR, TR BESHERT
PAA T8 it (rational design) 1 %+ 588 FF I g s s> .
EFRAMEBRRIZESHEE L HAAEEFETH
M. HATEERITFGANSRSEEF-HEEHERE
LSRR R iH B obp P FIFH 7 P REAS S A KEA
KRN AMER. TR AMNEN @S FERANTESF®
HAEEADEERRINN ECRXEN DNA RV A S
GH. ERNBEIEENEREERTRRYE BRELT
AR AENEXREU B AR RS L,
2.1.1 MEGRBLER: SEEBRREEFETLEAOSE
RO E RO AR I —MEBG N FE EHENEEY
WLl TREFRF A DNA HE RS E U ET B 55
A DNA B s Sl Bk 58 WA 3k R e A R .
B4R, B. A Christy % % T & i°f W B (& B R B & B B 7 DNA
SHEEROHTSBMITITH . 4 26 =B E
KELRBHENRT ATHRTRENITUERERT
TESHAREERREE S . B LM REABE RS
TEXEMRLL Zipes M =i v A A S Rmaagn,
HTHRENERELYEFNRE E—1TXEFES A6
E—rRERATHY BRI EABEREA AT LM
L7 . Al Sk REER B 3 - 4bpDNA # — 4~
BRI AR EEX S TRRE S KT LA &
K DNA HF B B R EE K.

MRAEERTIERAMERLTH N DNA SR BE
WS RH WA LU F =8 AT 287 (Paralle selection, {01
B 2a) “JBF 0 3£ " ( Sequential selection . G0 B 2b) L4 & “FG 36 43
1% X% " { Bipartite selection, i1 B 2¢)71-%,

ERRMS AR L Z6 PR S BESR(ET XY R
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(c)
*

= o—]

SR

F1 F2 F3
*

e e

F1 F2 F3

) | — |
@ %, Clone ’
\g & new library
F1 F2 F3 F1 E2 F3
* *
— S— C— ===
FI F2 F3 FI F2 F3 Splice
ic Clone
lSphu: new library
*
[— |

F1 F2 F3 F1 F2 F3 F1 F2 F3

B2 4R TR 6 e R

Fig.2 Strategies for selecting zinc finger polymers
with novel DNA-binding specifities

ENMHERETREAFI RS BESEE, KEFE#E
WERPERT ARMBEICEY, FERETRBTARY
R, B2 BRE W —BRRITBNEM 9bp DNA FE 51, 53 B
BAAA=FREHEISX op BFFAIBRESHN=4
BEANER BhRFERERMIENR LAY DNA BB,

CEITIE R (E 2a) RH# Zi68 % 15 (F2)M o 8
BEXREERY AL B FSB=f(FR)EH
Zi68 MIFF Y BRI B R U . AR ENNB.FL Y
B ESEERH, FENEFIRITE R MNMACE(E 2
HESIHT), B, B—KHFEHTLERSRTME 24
ESEMHA3bp FAKBEET, —RBEUE . BEK
MHERBAEREICHERER, REA TRSHF R obp
REFMMFEER, “FAmE" REmiRe s/ 8k
T RANETER, Rz EE AT 8], @S KR
ARERBRAERE. BRLK EERESWIAY DNA FEF K
BHE SRR MEAERRER(RA 1b)., Lk
EEERMBENIERN 2 RIS 5-GNN-3' s & 5'-
ANN-3' o 5 K Al BRR ) 7 K b M 9 R RIS R,

M P R 2 0 (1 2b) A EF X I T 0 % B9 1 R B T
Ry, FRME LR ZiR6S B ()M o MEEX R
EMA AL, BB (FOS5E =1 (F2)IEH Zines KF
I HEREHERSE, MAZEXERRDI 5% T DNA
FF(E 2R EHMEEROEEGE, FRBHORE
ERAXE.HE B EFN R ERFN P, FxB 0
BHEVE R0 F2, 75 Ko 3B 0 A B 9 BEVLIL B 40 F3, TR AT
gk, XH.F-LHEREAARTN— 1B, R58H#
TS RASER L - SFABANSEEITRREY
RSO, BARMRNG TN % BB T #8885 2 8 49 by
FfER HREBENIBDPETERANMAETN UE,
BEMEHT

FEE T (B 2) A T B TR T 0L MR
HTE Zil268 B3 TR (F2) R 3 A — 4 Ddel B 67 &5, 3%

Zines MR, A FIHHENER - L EHEET
FE. RS BI# X Shp M FI AT R (E 2. hES
), REE T - EHEMNBEHSHES B, BLBAFR
54 9bp HMBFFIMBESEW . XREWATEE
T BRI, CARANERTHEEFEI®
HEUAFHEZENDRER, 5 HE" Ee itk
KRS T P 5 0 3k B B (], 45 & 96 7L 5% 384 FL 4% 1A
R Frl LA B ml R i,
2.1.2 HAh®eg: i BIEE T mE B, hire
TREESFILRAMEA B FIRRNOEIES TREEX
NEBROHBMEERE RS AN ARTEE S H
ERELREY UEHATY R B R ELE, X8E
GER B KR SR T T8 2 7 1 0 40 B v O e 4 9, I
FARE A FE R A A IR (Y5 TR 4 .DNA #2145 .
HW BN AN A FOHFEES), FARRERT
EDNAMTFHREAST RBARTINEE, BEELSME
BRI TW e &, BB ESH B IR EFETImaE e
HELRLEERMNERT., QEFEREERE%>
O HEMERBERKREREERREAR.
2.2 RBEKEFTIR B BB

AR, A THRIENEE AT ZH FERAERA
FEMA RN S{H MO RFIREM. & F ALK
BHEKRAETHE 3x10°bp, UL # 17bp (4" AT RERYH S F7
HOREFERNFIATRFUERLEALLERAAG IR A
EN. AFETEHLTTERING 3bp BT, FFIUA TR
FEETH DNA B AEHB R EEANTRETENBEAT
Hl, A TFEAES CERESBNAEZR =GN, T
REFRELEIGREATELELEBEEX, RS
HEW AN, — R ER RN EEEEATELY
HEK(linke) REATIRITHERKNEZRK B S RIS
BREE(WMA Y —ENEASA=EHEHL NS5 Bk
REme SHEE " RAMBRAEBER, R
WA WA Gald i — B LG HIR (A 32) , MR %

FR BB (A 3b)
(a)

FS F6

B3 ZHERELURZERLS DNA FH
Fig.3 Construction of zinc fingers recognizing longer DNA sequences
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3 OATHRZEFHEA

HTHBEHEEENMEASFTAT TR GRS
B R LA i R SEAL R E R
EEMRNA TWHASES. HOEEEBESSEAHEALAER
HAMYELNE S BEBED. A A B 58RIE AR
MEREES HEF-BILRFTHERES TR LR X
BREXREEEREERG A mRNA KT 170 5F
EHUABNREREN FHHERUBRFORHERMAZ
B, ALFExHEFM2EZ0%5 DN B S, 4 FHE
MERFETMHE HEARLCENATEFH FEEREER
HRGEHEEAR. A B TALRERAT LS TER
fhiit T DNA S S E MBI URFREEERAE
o, M FL R Oy S R Al LA TF B R T EE R
FREESAFAMEE ETTREFE. AFTRE &M
BIFMALE ZEFREEHINELHN BEERN RS
R R R A EERHEARSHER " — 0
HAIHFEFEETUATESEEXEREE XL
ARFH—RAMESY T HEATIHEZHFELHT
TR EEFEMERGT S MAERTSIEEAE 2
7 F TS T L

Halfhit KA B P BAREONTFEEBRRTUI Y
{allernative splice forms)  FEEBA R ZHF AL M HBEHINY
YA -REEAERET Y. AT MRS
W= g & R B SC A9, VEGF-A { Vascular Endothelial Growth
Factor UREBEH M AR RS AL R ATREER
BHAER. ZEERTFAIHERSETOSE, A4 YHEilF
FRAMTBHUERTHETHRESEA. WwEMNHAAL
EWT MM R T HEK293 40 ¥ & (4 i VEGF-A M %
HHARBHEIMNEREETI AN EE RS KR KF
R HETR ESREEEENENETF D ALE
FHFRNTEHEIAOMEZE DNAWFTEERBAMN

PPARY( Peroxisome proliferator activated receptor-y) 5 & [H
A -REWERPEENE AR E FE {(ouclear
hormone receptor}, 2 Il BRI HIF Y M EERF. -
EANTAARMES TR ERTMERER R RER,
Hit PPARYL R E TIEW M+, M PPARR EEF £ 48
FEAERE AT R AR AL, RER o
BEAMEN. Ren FMAATHFHE FEME T PPARyI
FMPPARV ORI MG ARM L2 EHR. RIS
B A BT v 53 315 A PPARYL #1 PPARY2 BT cDNA, R L 35
F PPARY2 B9 cDNA # 40 Bt op 22 35 (10 0 {8 40 B X TF 4R 70 1k,
M & F PPARY! B9 oDNA TEQM P FiZ W RIR K. i dea]
RATHFHAFAEATRITPI R AREN LIRS .

TEHR A, Revnolds R A THZHET T LAT
HIV # 5' LTR( long terminal repeat), #F M & HIV & #; & iF
David ] Segal FEFIAA THFHE THSE T HIV-L £ A B/

B (primary human cells) T EIE H . Bt A N8R 0] L0 A
THFEETFAH AN T 458 (progenitor T eells) e iH57 %
HEWE O WA Papworth 4L % BL A T 5% R [ F3f of 10
—~ M EHFEEHEASNEYETEES N RENE T
I” HSV (herpes simplex virus )i 8§ # St

W5, Bansevich % F| A 1L ¥ 36 H M 5 7 1 KRAB-A 740
IR A L FREFHR DB [ K562 HMh £
HFE(MDRIIIIEE T . Beeri EFI A 4 1~ VPI6 WFHEM LI X
KRAB I &S 7S S 35 0 00 4 S0 80S T T 3 1 4
MEFBIFEERE erdB-2 5 erbB- 3 1 FE1K M ERT erbf 2
BATHZRFEATRESHASE M ASM0R BT
NEMAXHNE CHEZHANENEREEREF
A5 Zhang FRHRA IR FATHRET EPO BA K
HEK293 ZHMu b Y ik s M 38 75 EPO (ervihropoietin) 2 B 45 X
MAalEEkPEAREIN . EZNFREES. ZEZHALT L
IE* . Rebar ¥7E/ERMH ESIAATH ZET . A LE
VEGR-ARIEREMAME#FNE LR . WEATEFNHE 74T
HEHRER S ER D s RO R R BB
A AT AN TR EEY AR P AR L AT %
HERA——%RT.

Hit AT FEFH IS0 ARTEE R T RMT
FRREE. RINGEHERARBAEELERER S
SVA0 B TH R85 & Y = B 48 5 1) . 9F 7 98 KOXI B9 KRAB
BHET -RHATHRZET HRTREHEM S0 TiF
PIRERFAMNEEAREFAME AR s KT H
MAALEFHTETTHELOGAME (XEFLE). B
SRR EREH AR ol EARNFEAEATRE HN
KRBT Ll HAEHESZEH RS ERNES F— &
BAA CHO Hi M 8 5 % 75 F 3G 3 AH f VP2 S48 3w g
B EAMCR MEALEZN T B RAFH
ALHRRTATLERERARKEH 2.7/ .

4 EBH

ATHZFATEEEEMHAR HYRI L RN ET
FREIHGH TREFNME AT M RALEZHTER
WAREE ARIALFFIATIRSIEEEXRHE FH
ER PN EURSHBEERNTHMEIRERMS
0 BAMEMEGRE ME-MHEREAT AN S
BTHERBMATHZEF RESHAREZA R,
BEITHEGEMMESH ARG A EREALIER
B R . MERRNE SRR ATER
BAFMET e mEA, EOTAE R AR AR RLAAR
WL RINRERNESFMBRE DT R IFERRGTS®/
REIEZAMA.
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