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TATA-binding protein (TBP) & TFIA & OHIL{EMIE. RNA £Y 25—+ II
WZERE) I BB BRI B 2 HELHAFHD 1 > TH 5, TBP OHIA
1-T& % TBP-like protein (TLP) X TBP & #) 40%DMFEVEZ RS H 32 EHT
& b, TBP Fl#kic TFIA & DHAER %78, TLP-TFIIA OfH A1E/ X TBP-TFIIA
HAFH XD BB ZETH S 2 EDESASNT VS, ZDEYFERITIEA
W2 h%  REN TS, AW TIE TLP-TFIA AR S 24T, EinT
F68103 TLP-TFIIA HEHIC X > TED K I LM THHAI N5 D0 2W 600127 5
HE2HNE LT Z2iTo72, ZDfiR. TLP-TFIIA #{3{41%. TATA box 7’1 ¥E
—4&—% TATA-less 70— =T L TREAEHZART Z LB DIk,
9 TLP ICk o> TilfliZzZ217 570t —4—¢ LT p2l #Ein 1D ki TATA-less
TaEe—%—% L1 & 25, TLP-TFIA #H&#IZ p21 7ue— —ZiBHEL
TWEZ ERINTz, TLP i TFIIA @ p21 TATA-less 70— 4% —\DfsE %
fRHEL ., TFIHA LWz 7ne—2 =2 b L Twiz, £72, p21 TATA-less
FRE—4F—\% p53 K{FNE7aE—5 —THY, TLP & TFIA 2 X 2%k
pS3 AN TH B Z LW oIz I N P EDZ L6 TLP-TFIIA #&453 p53
DI TRRICIERI L T 5 2 E DS 2 &, TLP-TFIA #EE1KD TATA-less
7 —%—IZBT 38 LEHER R Iz, —/iT, TATA box 7RE—%
—2%f U Cid TLP-TFIA AHAAE NI IITEH 233 2 E B S T > 72, TLP B3
TFIIA % VR EHIZGZ 5882 L IRz E 24, TLP X Taspasel 12k 5
TFIIA D 7aty vy 7ZHELTWE I ENHLGN LK, SHICTFIIAD 71
2 v 7 TATA box 70— —DiGM bIicpE E IN TV &6, TLP A3
TFIIA 7 vat s v 7% 55T TATA box 7’1t —4% —DiGPE{LZ i3 5
EVHETINZRIBL 72, AN K 5T, TLP X TATA-less 7ut—4%—=¢%
TATA box 70E—%—ZNZHUH LT TFIIA %4 U Z=F RN 2 E 2 8 L |
Zhc ko TZa— OV RIEEHIEIN - £ UCoOREZ R 7 LT 3 igtkss#s 2
b,



¥

BART 7' € — ¥ — A DG HIAETE A4 (PIC @ pre-Initiation complex)
DG, AR T-FE P 2 Hilf# 3 % i b HE L PO 1 D TH %, TATA box 13iF
fr 7' v € — & —fHRICHET 2 HERLTITH Y, E T DEEBETOEXZ 20%D
Bin7ue—%—I1cH 505 [1], TATA box IZix TATA-binding protein (TBP)
Z1ZU % & L HAEEE R (TFIIA, TFIIB, TFIE, TFIIF, TFIIH) 234 L.
RGBT I PIC RS N2 2 L THEDBB I N % [2-5], TBP @ TATA
box ~NDEIE 2 FEAIZ X TFIA O & S %-¢dh % [6-8], TFIIA % TBP, TFIIB &
I PIC @ a7 2T 2 HAKERTTH D, TBP-TATA box OFfItEZ LA X
¥ 3 ZEIZE>TTATAbox 70 € — % —DIEMAGLICEHS L T %, —/5 . TATA box
Z w7 aE—4% —7Tid TATA box 70 € —4% — L1387 - 7 HEE TR E 235
RENTWB EEZS5NTW5,TFIA 1Z TATA-less 72 E—% —Icxf L THIEH L
THEEEELZH->Tw 2 2 LB I N w5, 20 X 912, TFIIA I& TBP-TATA
box fE& % ZENT 2 FAEENT- £ L COBBICNA T BEa 7 7 F = —¢
LCOMBEELEL TS [9-11], M EoFEEIZ, TFIA 24 2 c7 oe—%
—IEEEFIE L T2 2 EZRE LT\ 505, 2 O 5 T-BRE IS I3 AR 72 A 22 15
3%\,

TFIIA & a, B. v D 3 DD¥721=y oI NsEHEEKTH S (8],
TFIIAa 8 X O TFIIAB X 1 DDi#EsT (TFIHA-L) Ica—F3InTEH, ZOEK
T X HEFIEERFO TOAL ICHRY T %, BERE TOAL & 3% 72D | HFLEHO TFIA-L 2> 5
4: U % TFIA wiBkfE (TFIIA« 8) 1%, Taspasel 12X > T QVDG 7 3 / BBl E
T3 7uky v /%2352 LT, TFIAa & TFIIAB DEEY 72 =y F 241
3 [12, 26D Y 7=y FMITFIIAy Lt&AT 22 Tha TFIA(a/B + v)
2T 5, 7R A3NT a, B Ly oS ZDHn TFIA HEKIT, BE
IZBWTTEMER TFIIA O3 FETH L L I NEFTEIONTEL, R T ADMET
TEROBRR I BT, &R ICpE - T Taspasel 12 & - T TFIA kA 7oty v 7
INp 2L TIRETHEERE 2 S L, BAPRRRRVELETFOHE2Z LA IE 5
[13], £7, b FEEMIETH 5 HeLa il TIX, 3L A ED TFIIA 2870+ X X
NERETHEEL TV 2H2 5 S, 72w A8 TFIA MHERIEETCcH 2 2 LAWK
BINTW5, 7272 L—JiTld, TFIA BB AESSEETEELICE O Tv 2 Lo ) @G
bdH 5 [12, 14, 15], TFIIA %Z RI8 L 7= XenopusRIZF4E D IR EHE 2 4 U 2 25,
7uk A%ZF7\» TFIA §ilkifk28AT2HICL>TZENSDOERDMET 2 2
EBOLD-> TS [12], % 72 P19 MPEEEMIIC 35> TiE TFIIA BRI TFIIA v
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& TBP & & %12 TAC (TBP-TFIIA containing) &K & FEIE N 5 208 AR %
L. invitro CHEJEHALEEZ AT 2 EBMEINLTW S [14, 15], 206 D
&, TFIHA gii{kE X V7 0 2/ TFIIA 12 Z N0 ZF 8RR RN &g 2 b o
ZEERBRLTWDS, DLEDORMA S TFIIA @ 7 a x> v 7O HigisRE 21 5
T 52 EiE, TFHA IC X 2 G FEREOMIHICEETH L LEZ 6N S,

TBP-like protein (TLP) 1%, TFIIA f§& K FD 1 D& LTHEINAZHATTH D |
BHHEA SN TWE Y X7 HodTldm by TFIIA a2 [16, 17], TLP
X TRF2 L WIH AU THHRIGNT WS, TBP 77 3 Y —=IldTH7 N 7EHD 1D
TH5 [18-21], TLP Ix TBP & ¥7: ) TATA box ~DFEAHREDIKIE L TV 5 —J5 T,
TBP @ TFIIA & XX TFIIB &7 2 /i#l3 TLP IZB W THREINTE D, FHEEIC
TLP |2 TFIIA & TFIIB IZF5&TE 5, TLP IZ> a7y a oD TCT€EF—7% 3
2> 7'ut—%—% DPE (downstream core promoter element) {777 7 1€ —
F—, IHWIFERA N VEETFI IAY—DTRE—Y =L, HED TATA-less
70— —ZER L Tw s L) HEBLINTw S [21-23], —/T, IhZ
TD In vitro FTOHRE D)6 . TLP 12 TATA box # &> 7 u € —4% — &2 Il d
LHEEEZ B 5 TWAB I Ebbr> TS, 2D L H I, TLP 1 TATA box 7€ —
Z—B LW TATA-less 70 E€—% —DMjfO 70 € —% —iHEICHE L2525 L)
TH 5, TLP @ TFIIA ~Df5EE /113 TBP & TFIA MOfEE 1L D b ix 50005 < .
TLP & TFHA (ZfFBE LI S WEEBREERZIVIRT 5 2 03D >TED[17]. 2D
TLP-TFIIA MHAAMEHDSHIENIC B W CEIE FRBOFIEICE S L Tw s 2 & 13fHR
ICHES o, FHE, UIAED N FE TDL L DIFERIRD S TLP I X 2 #5
IZiE TFIIA & DFSEMWNEETH 2 Z EIRBINTE L, L Ladrs, Mlai
W22 TLP OZENCBI L TE F AL N 23% <. TLP 28 TFIA &2/ L T
ED LX) BT e =I5 FMI L T3 D0, 2 L TENLITOEETD
TLP I2 k> THIFEIZIN TR R3Ot o L BEAHIKIZELHSLICIN T RD
27,

TLP HEREDOAEIZEH S T 6 OREZFERT 572012, TLP DR KRDOFHETH %
TFHA #5&M 128 H U Cals RG22 17 5 72, ApF9ECix, TLP-TFIIA #HA.
EH 23 TATA-less 70 € —% — ¥ X X TATA box 7’0 € — % — % Hfii § 2 R % %
4252 LT, TLP WEEFRABUCMIZTHE 2 E L7z, % OfiE TLP-TFIIA #
ERiE TATA-less 71 € —% —2xf L CIXERGTEELE AR & L CTHRET 2 25,
TATA box 71 € —4% —IZxt L Tix TLP-TFIA M A 1EH A3 TFIA Hil{kD 7' a2 >
V7 RHET LI LTI R Z B L T2 2 EDH G ISR 5 7z, BLEDRS



W6 TLP 23 TATA-less 7’u € —4% — & TATA box 7’0 € — % — DM IR
e HEFRRE 2 & b TLP 1386 B2 eiEiciilill 4 2 7 — N VIRERTH 5
EBRBEI NI,

ML E J7iE
MG, A, PV A7 av

fEtricid e b OREMIETSH % Hela Mifld, B4R HCT116 #Milg & % v>1d p53
RIAHCT116 % 72, HeLa ffifid & HCT116 fiifiziz DMEM- Low glucose,
DMEM-High glucose (RIYG#i3E) Rz T 5% CO,, 37°C T L7, v 7
oAa¥y I F (CHX), MG132, = FAR¥F  (ADEHEE) ¥ xF LA LEFS
F (DMSO) 2D L., MifaisgEh ooz 7z, BEfilE~0 77 A2 Vb %
WIE siRNA @O F 7 v 27 = 73 a viZiZ Lipofectamine2000 (Invitrogen) # >
7o TLP B X O TFIIA @ / v 7 7 v IZHW 7z siRNA OESNIDA T o) Th 5,

TLP sense = 5’-UAACAGGGCCCAAUGUAAA

TLP antisense = 5’- UUUACAUUGGGCCCUGUUA

TFHA a B sense = 5’-GAUGGGCAGGUGGAAGAAG

TFIA a B antisense = 5’-CUUCUUCCACCUGCCCAUC

7TI9AIF
WFLERBL 77 A S F
FH-TLP, FH-N37E., FH-R52E, FH-R55E, # LT FH-MyoD DXl 77 2 3 F
IZDW T, SCHCELHE D@D Th % (17, 24], FH-TFUA-L (a B8). FH-TFIIA-S
(y). pClneo-FH-TBP i Z#1## t + TFIA-L, TFIIA-S, TBP & ORF & N K
IZ FLAG/A VY e 2 Fv %7 (FH % 7) »3fHmI 0, pClneo WFSEFILR 7 %
—IZFHAZI N TV %, TFIIA-L @ DGAA %544 1%, pClneo-FH-TFIIA-L Z7Jtic, PCR
IZ X BEHEAIRIC K > T I N7z, DGAA Z2¥{KiX, TFIIA-L @ 274 HFHD 7
ARIXVE2ISHFERD T ) VBT 7 2 VICEMBI N ER KR TH 5,
KIGwEFHESR 77 2 2 F
TBP, Taspasel, TFIIA-L, TFIIA-S @ ORF % pET-3a X7 # — (Novagen) (Z
Y7 ru—=r71L7%, TBP, Taspasel |2l FH # 733, TFIIA-S i2ix4 VY 2k &
FY 87 (His) BZ2nzhnd N RKmlcfimIn<tws, TLP ¥H 77 A I F
(pET-FH-TLP) (3 CEkic oy cb 2 [17],
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VR=F—=TF3AIF

LR=F =77 A FOXRZ ¥ —|2ix, pGL4.10 (Promega) #H\7-, & F p2l
7uE—%—D-2266 H5-1875 Ol %Z PCR EIC L >Te M7/ L DNA @ p2l
BRI & Bl L . pGL4.10 X7 ¥ —IZHfi A L 72, p2] Ein - O ERIG & (+1)
X, MR7ee—% =004 2EEY p21 variant-1 OEEGHHBRZIET,
p21-168/GL4, p21-65/GL4, p21-5/GL4  [HAERIC PCRIEIZIHD K HEIC L > T%
nNFno7ue—y —fEgE L, pGL4.10 X7 ¥ —IcflAAL 2 LIk > TE
B 7=, GAPDHWT/GL4 X HeLa ffifid?> 5 i L 7277 7 & DNA #3112, PCRIEIC
X o TERLL 72, GAPDHmutTATA/GL4 ¥ GAPDHWT/GL4 @ TATA box %1 % 28
WXL uEt—¥y¥—aryA 77 ThB,

PCR

2l RNA % RNeasy Mini % v b (QIAGEN) % F\»CEdsaE v il L. RT-PCR
iZ Prime Script I (TaKaRa) %\ CTEHEM D {757 [25], 1546 NG Sy
ZEFR L LT PCR Z17\ BHIEEY X 2% 7 v — A7 )V CikE) L TR L 7z, PCR
Kinix Paq 5000 DNA £V X 5 —¥ (Stratagene) #HAWTEEED{To7, EE
PCR %, Thunderbird gPCR Mix (ToYoBo) & 7300 Real Time PCR System (Applied
Biosystems) %MW C{ro>7%, PCREB XN ERE PCRIZEWT, ZNFNDELBTD
HGEYOBRBICH W 774 2=y MIDTOMH TH 3,

total p21 forward = 5’-GACACCACTGGAGGGTGACT

total p21 reverse = 5’-CCCTAGGCTGTGCTCACTTC

p21 alt-a forward = 5’-GGTGGCTATTTTGTCCTTGG

p21 alt-a reverse = 5’-ACAGGTCCACATGGTCTTCC

p21 variant-1 forward = 5’-CTGCCGAAGTCAGTTCCTTG

p21 variant-1 reverse = p21 alt-a reverse & [d]—

B -actin forward = 5’-ACTGGGACGACATGGAGAAAA

B -actin reverse = 5’-GATAGCACAGCCTGGATAGCAA

GAPDH forward = 5’-GTCAAGGCTGAGAACGGGAA

GAPDH reverse = 5’-AAATGAGCCCCAGCCTTCTC

c-Myc forward = 5’-CATCAGCACAACTACGCAGC

c-Myc reverse = 5’-GCTGGTGCATTTTCGGTTGT

o -tubulin forward = 5’-CTGGCTTCACCTCACTCCTG

o -tubulin reverse = 5’-GAAGGCACAGTCTGAGTGCT



BRCAL1 forward = 5’-GGTGGTACATGCACAGTTGC
BRCALI reverse = 5’- ACTCTGGGGCTCTGTCTTCA
TLP forward = 5’-GGAAGATTGCTTTGGAAGGAGC
TLP reverse = 5’-CCTGAGGACCAAATTGTAGCTG
INK4a forward = 5’-GAATAGTTACGGTCGGAGGC
INK4aeverse = 5’-GTACCGTGCGACATCGCGAT
LMNA forward = 5’-TCGCATCACCGAGTCTGAAG
LMNA reverse = 5>~ ACTGAGTCAAGGGTCTTGCG
TBP forward = 5’-CTGGCCCATAGTGATCTTTGC
TBP reverse = 5-TCAATTCCTTGGGTTATCTTCACA
TFIIA-S forward = 5’-TTTGGGAAACAGTCTTCAGGA
TFIIA-S reverse = 5’-CCATCACAGGCTACAATTTTCA
14-3-3 0 forward = 5’-AGAGCGAAACCTGCTCTCAG
14-3-3 0 reverse = 5’-CTCCTTGATGAGGTGGCTGT
GADDA45 forward = 5>~ ACGAGGACGACGACAGAGAT
GADDA45 reverse = 5’-GCAGGATCCTTCCATTGAGA

NS 7 27— LER—=F—=Tv&A4

24 R7L—MIcHilaz £ &, 24RMRBICTIRAIFR2EALL, /v 2 ¥ 05k
T COMHTTIE SIRNAZL A= — 7 IR N7 2789 —7F A3 FiEAD
36 RFEIRTICEA L2y 77AS KDV A7 272 a vkt 12 KED 6 24 FifEl#
IZ M % Passive Lysis Buffer (Promega) Ti#fi# L. Dual Luciferase System

(Promega) ICX>TNVy 7 =27 —BiEMEZME L/, b7V A7 27 avEn
7°7 A2 3 F DNA &#13 pRL-TK Z H\»CHi1lE L 7z, Single Luciferase Assay D54
V7 =7 —EiEMIE, BCA JEIC X o THIE L 7 MlARR D & v % 7 BiRE %
WTHHIE L 72,

RPETLRE

A e e R D FAELE STHRICHE > TiT o 72 [17], 3L 72 300 wpg offfifah iz
K BLPILAR 2 N 2 C )i &4, Protein G-Sepharose 4 Fast Flow (GE Healthcare
Bioscience) THINY v/ 7B % @ik X & 7z, Mifahhithk o FH & JRlG 8 ~
N7 131 Flag M2 77 4 =7 4 /7 )L (Sigma-Aldrich) % M\ CHRIERE S ¥ 72,
7% ¥ IgG & IgG-Sepharose 6 Fast Flow (GE Healthcare Bioscience) (2> b n



—VELTHAHLZ, I nszy v R 78— oBZH L, YAy VT
2y g4 v TN 7,

JIAY TRy T4 VT

12.5%® SDS-RVY 727 )7 3 K5 (SDS-PAGE) % H\CTEEE D ik,
% 2378 % Immobilon-P PVDF x > 7L ~ (Millipore) ICHEE X%, REPUA &
KIS €7, 1 ZXbifkic v bifkz LT icR 7, pb3 ¥ifk (Santa Cruz), GAPDH
ik (Santa Cruz). p21 (CDKN1A) $iff (Santa Cruz). B -actin $if& (Ambion) .
P17 FLAG M5 $iff, o-tubulin iff (Santa Cruz) ZWFNbFEMmE R > T3 H D
ZfEH L7, TLP ¥ifk, TFIIA a B Hitk, TFIIAy ¥ifkizZznZhofiiiziEicy o
FICHRZEL 7DD 2L 72, AFRAECTHEI NI R TH 5, 2 KPuFIix, Hi
< A 1gG-HRP & %\ 3Hi7 ¥ ¥ 1gG-HRP % 72, #Hici3 ImmnoStar Zeta
(FGHEER) 2 vz,

r a5 uEkkE (ChIP)

7 v F o3 Saramaki 5D 7'a b a— L&, ~HEREL o7
[26], Mz 10 ems> ¥ — L CTHEE L 722, 1% ANV A7)V T e FCEE L7, fllasht
WX ZF LI L, 7 a<F 2l L7z, WIEWES v o) 78 LSRN FH-% v o8 7
Blx., FEYiA L Protein G-Sepharose 4 Fast Flow (2 X 254 & $1 Flag M2 7 7 «
=T A =R RETZENENREIE L 72, & 37 TR L 72 DNA
X7/ =/ 7ua Vsl =y ) — VB ko THELL . FFRIN 774 v —
ZMWTPCR THIIES 2 2 & TIITL 72, W77 74 ~—DRHIIZLITOEY) TH
%

B-actin forward = 5-"TCCTCAATCTCGCTCTCGCT

B-actin reverse = 5-GCCGCTGGGTTTTATAGGGC

GAPDH forward = 5-CTCAAGACCTTGGGCTGGG

GAPDH reverse = 5-TCGAACAGGAGGAGCAGAGA

Myc-u forward = 5-GGCGTGGGGGAAAAGAAAAA

Myec-u reverse = 5- CGTCCAGACCCTCGCATTAT

Myec-d forward = 5-GAGGCTTGGCGGGAAAAAGA

Myc-d reverse = CTCTGCCTCTCGCTGGAAT

ITA-S forward = 5’- CTTCCCTGACAAGGCTTGAGT

ITA-S reverse = 5- CAGAACTGAGCTGACGACCC



TBP forward = 5-CTCAAGAGCTTCGCCCCTC
TBP reverse = 5-AATGTCACTTCCGCCAGTT

Mz 2 82 EDORGH

FH-TBP, FH-Taspasel. TFIIA ¢ 8. His-TFIIA y 3 KW BL21 (DE3) #RIZE
Hira X9, M2 ¥ v 7 H DFBLZ isopropyl-1-thio- B -D-galactoside (IPTG)
THEL 72, Mz E#E Ny 7 7 — (500 mM NaCl, 10 mM imidazole, 1% Triton
X-100, 10% glycerol, protease inhibitor mix [PI mix]) (2% L. MA@ O
fHHaZ & v )7 HIEPL Flag M2 77 4 =74 =/ )V E 721k Ni-NTA 7h 0 —2X

(QIAGEN) ZHWTHEH L 72, TFIA a B 137 72 IME T3, TFIIA o B
R7F FORREMTICHEET 24 ) T 2F 2 VEfrds Ni-NTA € — Rk
NTHET 5, M2 Y VXV HORE L 78— X3EM Ny 7 7 —T 3 MPEH L |
M2 740 —2AE—=X% 713 Ni-NTA € —=XIkEA L7-fHaZ ¥ o3 7 E 1%, FLAG
RTFREREFIA I —VTHEH L, RS 7 HOHREIX CBB $flc
Lo THEL 72,

TFIIAa & TFIIAB %721 =v F QMO 70, 1 pg OREH TFIA o B Wik %
M2 7hu—RAE—XILHiGE S8 FH-Taspasel & 7uks v 7Ny 77—

(20 mM Hepes-KOH [pH 7.9], 5 mM MgCl,, 100 mM KCI, 0.2 mM EDTA, 5 mM
dithiothreitol, 10% glycerol) HC 37°CT 1 KEIG I ¥ 7z, @O X >TM2 7
An—2AE—XIkEA L CT\w5b FH-Taspasel ZfRE L., 7ut 28D TFIIAa 37
2=y & TFIIAB 7=y b %47, TFIIA 23 Taspasel IZ k> C7axs v 7
INTW3 Z Lk, SDS-PAGE &SR EiE I X > THERR L 72,

PV 7+ 74 (EMSA)

EMSA 3##Y v R0 EZ W {fr>7, 7u—7ikt t GAPDH 7Jut—%—
6 EHELL 72, GAPDH 7' 1 € — 4% —® TATA box [fit7] % 3 - 2 A4 DNA % (sense:
CGGTTTCTATAAATTGAGCC) %. T4 PNK (TaKaRa). y-*P-ATP & 37°CT 1
IR SOS & &, DNA Z B L 72, SUG#)13 Sephadex G-25 (GE Healthcare
Bioscience) #2727V A CTorlifEHE L . EMSA (21 80,000 cpm D% DNA
ZREH L 72, EMSA K)i5/Y v 7 7 — (20 mM Hepes-KOH [pH 7.9], 5 mM MgCl,, 100
mM KCI, 0.2 mM EDTA, 5 mM dithiothreitol, 10% glycerol) #C 50 ng & TBP
%z 40ng @ TFIIAy .40 ng @ TFIIA a B %+ .37°CT 30 TGS 5 Z & T,
TFIIA-TBP M Z BRI ¥z, Z D%, ROMKICEERR L 72 2 A8 DNA 2iZ <



37°C T30 HRIKIGIE 2 2 T, ¥V 7 E-DNABEKRERI ST, ¥ 37
B-DNA &K% 4% RV 77 VL7 S RV CERIKE L, A—F79477 7«
— TR L%, avXRXT 42 ar7yeA Tldk, REGRD 2 K8 DNA % SO
Z 7., EMSA T I N7y v XV E DT D 7- 121k, EMSA UG KE# & > %
7H EHIZ0.5 ng DFiEZINA 72,

T B i 5 B
AR L < 1k pb3 RIEM O HCT116 fifm (8x10*#) % 6 )X 7L— hIcE &,
HEFRCHIaE R HE L7z, WEIZ 3 S TiTo 729 A, ZOEMEEEEL 72,

70 F VR ST DB

7 mF UGy oML, Xie & DJjikE e [27], #iidz NETN100 /¥ v
7 7— (100 mM NaCl, 1 mM EDTA, 0.5% NP-40, 20 mM Tris-HCI [pH 7.5]) Ti&
fRL. Bz r7u~F vIEEAmS E Lz, 7ueF Ly % NETNIOO Ny 7 7
— T2 L. ZDHB L v F %2 NETN420 /Sy 7 7 — (420 mM NacCl, 1 mM EDTA,
0.5% NP-40, 20 mM Tris-HCI [pH 7.5]) AR L. 20 L%z 7 a5 VG &
LTI L 7,

n LB

A D T — %1% 3 [BIDL LD L 72 EEiD & 3 5 17 7 — & OFEE I BEHE(R
#ER L, TRNT—YDOEE%1Z. R (ver.3.0.3) % H\>T Bonferroni o /5%
THEHEL 72 AR TIZ p<0.05 ZHEAKEELE L7z, ZNFNOKICE T 2 EEAIL,
TFOEYICTAY Y A7 TR, ¥ p<0.05, **; p<0.01, ***; p<0.001

RES
TLP / v 7 %7 I & 86 T HEDOEH)

TLP |2 NF1, TAp63 # & & —#d TATA-less 7a€—4% —IZfEG L. 26 DiE
o 7R E2EEALT 2 —/5T, TATAbox 70 E—% — 1A T 7 et —% —if
PEALRE & S 7 [28-30], bR N T OSSR 2> &, TLP I& TATA box 7'0 € —
Y —MHIT 2EENH 2 2L HMESIN TV EH, MIEAT TLP 258D & 9 &g
B ZIT> T3 D0, ZDEMBRIIRZTER2ITIFHS I I Tk b, filg
WNIZE 1} 2 TLP OEEEHIfHE 2 KT 272012, T TLP 0/ v 7 ¥ v &% {7
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W, MIRNOBEEFOFBEL V2T L 72 (K1), & PCR THEDBELR T DO
BREZHELZEZATLP 2/ v 787 v LEMIRICE O OREBETFHEL N LDZE
R o, EREPCRICE> TN LEETDI L, TLP /v 7 ¥ 7 vick-
THEEFHEED ER L 728G 72, B-acting, GAPDH, c-Myc., a-tubulin % L
T BRCA1 %L EDBHO-72, 61, TLP 2 v 7% /I X > THREMET L7
EIETI21E, GADD45  p2l EETBRO»- 7, —H T, BRETHEHEL L
EH L o l8m b S BEROh - 72 h3, 245 13 INK4a, LMNA, TBP, TFIIA-S,
14-3-30 ThH o7, TLP / v 7 &7 VHIIIZE T % 46 OEIET-FEBURNT D fitH
225, TLP 23RS VIR F-OFEBIFHET ISP G- L T\ 5 2 LRI il

TLP 13 70 € — % — DI RN E 2T ) WEIRE SN TVWDE T L5,
INSDBETOI/OE—Y—%FRIEZATLP /) v 757 Il k> THEDI E
F L7815 7 (B-actin, GAPDH, c-Myc, «-tubulin, BRCAI) (% TATA box 7
0E—% — BB XN 2EEF (TATA box B{ET) THE I Edbhr o, F1-.
FEIHMET L 72 GADD45 & p21 5 T1d. &£ b1 TATA-less 7u€—¥ —%2H L T
W5 ZELHENITKR o7 (TATA-less EInT), p2l BEFIE ERE THRD 25D
Tue—¥—%23t, LWl 7o —% — 13 FICEER T pb3 il S 13
TATA-less 70 E€—% —TdH 3 [31], TLP %/ v 7 ¥~ L -#MildTlZ. p53 3
& T H2EBDBIEFDOHILL OUDMET LT, GADD45 L p2l EinFide d
IZ p53 DIEHEE T TH 5, DAEDORED 6| pb3 1T & 285 T-FEBIHE I TLP A3
BIRL T3 Z LRI NIz,

TLP I2 kX % p21 BT DG E AL

TLP 2k % pb3 # L7z 7 uE—% —HlfAEREZH S 22T 5720, & b p2l #
ZT7D i TATA-less 70 E—% —%2EF )NV & L@z iTo7%, Hhdo X 9 i,
t b p2l BisiE B TioZznFn 250 7ae—¥—%24L, Fiii70E—
% —IZ1 TATA box BLHIDSFEET 275, Lt 70 € —% —i% TATA-less 7’0 E—%
—TH 2 (KM2A), Lifi TATA-less 7u€—% —»513, p2l BEFOEEEYN
V7Y bD1D5TH%p2lalt-aPEEI NS, ZOEEEYIZ. TiR7ut—47—
POHEE X% p2l variant-1 E[d—DF VN7 EH%Za—FLTWa I EBHSNT
W3 [31], 3. TLP %2/ v 7 %7 v LMIlICE TS mRNA L )L Z R E
A, TLP /v 7% ik > T p2l altta DFRBEEMET T2 L L b, p2l BiET
DIBDEEGEEYRHET L T0E I EBbhrot (X2B), £7. TLP #@EFH X
¥ 2L p2lalta DFHEIREML 72 (K 2), Ukl T, pb3 #RIEL Alla<
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iZ. TLP OERIFI L ) v 7 ¥ 12k % p2l alt-a DFBEOEFIIMITTH - 7
(¥ 2C, RFEELDOBZL), Y EOFERD S, TLP 13 pb3 RAFMNIC p21 Bk 7o € —
§—miEH LT 5 2 EBTRBRI N,

TLP & TFIIA I X 2 a7 p21 b7’ e € —% —OiEHE L

RIZ, TLP @ TFIA #5 &2 p21 BE T DB 5 2 2 82 BET L 7o, T
1X. #% D TLP £ %4k (R55E. R52E, N37E) % H\>7-, R55E 12 1F% 7 TFIIA #
H% B o, RE2E £ N37E 12 TFIIA & ofiethz R L ERIKTHZ, 2o
O TLP ZE 546 % i OB S B S 8 72 £ 2 A, p21 alt-a DFEBLIZ RE5E #@FIFEE T
ZEFAER TLP 054 EABED ERZR LA bDD, RG2E & N37E Tid p2l alt-a
DEAZFIEEAER SN o7 (K 3A), M EOFER2 S, TFIA & DAL
TLP OHREIEELRBICAETH 5 2 E WA I, p2l Bt 7 e € —% —0iEE{L
IZB 1 % TFIIA D52 5202 F % 72012 TFIIA / v 7 % v L Z#lldco p21
alt-a OFHEOZMNMZHEL 72 (K 3B), ZDfiH. TFIIA ©/ v 757 /IZ k-
T p2l ® mRNA 254§ 2 L LI BHRBR WS,

TLP-TFIIA %3 p21 BT B 70T —% —IC5 2 2 ER BN T 270, L7
27— VL R=—F—=TvAZiTo/, £9. TLP 2%k p21 L 7vEe—%—
TEHALRE 2 MIE L7, BP2ER TLP & R55E 13 p21 5+ i 7 u € — % — gk
3 MM E ERXE 75, RE2E, N37E FZt A7 ue—% —iEHALEEZ R S %D
o7z (K4A), T OfERIE, TLP 2RI X 2 NEEM p2] alt-a 1L o TR S (K
3A) £ —87 %,.p21 B 70 E—% —I3 TFIIA OBFFHIC X > THIEME LS 1,
TLP & TFIA o 3EBE S8 TFIIA O BIKFNIC 7 1€ — 8 — 215 L 72 (X 4B,
4C), EBIZ TFIA D/ v 7 %7 i p2l B 70 E—% —DiEE2E T S8 (X
4D), TLP 73 p53 fAAMIC p21 B 7u®—% — 221G L 72 2 £ 25 KiZ, p53
RABHINEZ 35\ TFHA 23p21 B 70— — %G LT 2008 9 2kt L7,
p53 REMIEICE TV E 7 27 —¥ T vt A Zfroik 25, TFIA 1% p53 RIE
ZfF Tl TFIA X p21 B 7w Ee—% — %G kc& %> 7% (X 5A), pb3 )k
A2 RIS 70T —Y — % HOEEITICE VLT AR EIE S 1 (K
5B), DL EDFKEHRL S, TFIA 235 TLP & L < pb3 A p21 Rt 7 u€—%
—ZIEHALL T3 2 ERE N,

TLP k¥R 7% TFIIA @ 7’ 1 € — ¥ — &
TFIA 28 p21 EfR7RE—% —IcfEH LT3 &I fERDY 5. TFIA 2820 F
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M7RE—F—ICHEALTVRE0E) % ChIP 7 v & A TR AMBHT Tl p2l
Bin 1D 3 >0 (T TATA box 71 € —4% —fHi%, i TATA-less 7' 1 € —
Y —fE, JE7me—% ) 2RV (M6A), 2O, TFIA X TR 71 E
— % —® TATA box fHIHICHER L FEA L TWwa 2 EITMA T, Lifi TATA-less 7u &
— 7 —IZHEE L TWE I EBHs SN (K6B), Eii7v€—4%—~o TLP
DIEEDHEABE L7 2 A, TLP bFHL 7rE—F =S L Tw (K60C),
—Ji. 2O L7 mE—% =2k TFIA #AaM%2 KR L7 TLP BRMAEIXIE E A
AEERET, TLP @ p2]1 L 70— —~DfE4 1213 TFIIA & OBIRIME DS H
THBIENTIERINDG (K6C), 7. TLP Z@FIRE L Mz <k, TFIA 7
0E—% —fEiaE) p2l LR7uee—F —RERNIHEMLTws 2 en3n (K
6D). TLP %3 TFIIA % p2]1 ER7RE—F—~V) 7L — b T EIBH 5 2 LR
XN, MLEOFER L D, TFIA & TLP 3M MR p21 iR 7a€®—4% —IC
fifr L. ph3KEMIC p2l BIETF ORI ZIHEFEM L T3 2 RSN,

TLP 12 & % TATA box 7’1 € — & —{E{E: D il

TLP % 7 v 7 %7 v L 1Ml T% { & TATA box BB FOFREMB ER LI & h
5 (1), XIZTLP 23 TATA box 70 & — % — % Hfi§ 2 RO @bt 217> 72, X
1 IR LZk9ic, TLP 2/ v 742 v LMild<Tld TATA box EETTH 3
GAPDH & c-Myc OFEBIRIFEM L 7223, /v 77 v EFKHC TLP 2 EA I ¥ T
AN TLP & v R 7B ZEIE 5 £, 0o OBEETFHBEIH S 4, W
DFBL VIE I\ (K 7A), ZOfEHE S TLP IZMIEA < TATA box Efix
T-OMHNEAT VB Z DR E N7, TLP 12 X 3 TATA box JEfE T Dl & TFIIA
L OB WIS 272012, GAPDH & c-Myc % &85 o TATA box #{s T
D70 € — ¥ —FHgA~ D TFIA #5468 % ChlIP i X - TR L 72, ZDF5HE, TLP
%7 v 28y LEfilco, TFIIA @ TATA box 70 & — % —~DFEE ORI A
Honz (K7B), ML EDOFERA S, TLP X TFIIA %3 TATA box 70 € — % —~ff
BT2IEZHIELTWS 2 ERBINS L EDIZ, TLP 2 TFIIA O EEIL%
ML T7rE—F —iEE2HIH L Tw 2 TREMEDSE 2 6 e,

TLP 12 & % TFIIA %4 L 72 7'v € — & — {43 TATA box FLFNKE L T % H>
EI) B 570, p2l #E@51- & GAPDH &5 19 TATA box 7RE—¥ —8
T znsERM e —Y—%2HWIL 72 7—E¥T7 vt A 2TV . TLP D7
OE—8 —~DFEz T, TLP /v 7 %7 5T Tld, TATA box fildlz &>
p21 BIET 7 v € —% — 3 RICIHEHAL S 417223, TATA box Fidl % R I 7k
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TRE=F—TIXTLP /v 7 ¥ itk 370t —y =G0 LRIZEI & %o
7= (" 8A), 7[Akkic. GAPDH @ TATA box 7uE&—% —DiEMD TLP / v 7
&k ) BER LT, TATA box filflz AR I 7€ —4% —7Tl3 TLP
2y ¥k B ERIERTE R 2D (X 8B), TLP 2 k% TATA E{EFD
7uE—4& —licix TATA box BLHISHETH 5 Z EWmEk, TLP /v 7 ¥
TN KT RE—F —DEEIL SN AR R IC—E L T, BAEM TLP (3 GAPDH
TATA 7'v € —% —Z Il L 7223 (X 8C) . TFIIA 5 &1 % K& L 72 TLP & %44k (R52E,
N37E) Tl& TATA box 71 € —% —DHIfII#L 2 & 2o 72, £ 72, TFIIA 12 TATA
7ae—8 —z2iGHET 2@ E 03D 53 (X 8D-a) BRI TLP IX TFIIA 12 X % TATA
box 7uE—%—DiEMHEZHEL % (K 8D-b), Z4UIxL T, N37E ZER{KIX
TFHA 2k 3 7€ —% —JEHALICEE L2 5. 2 % d > 72 (K 8D-c) . DL EDFERD 5 |
TLP i% TFIIA %4~ L C TATA box FLFMKEFINER T 7' 0 € — & — O 2 Il L
TV I EBHSPE ST,

P2k % TFIIA 7uty v 7 OHE

fit\> T, TFIA @ TATA box 7B E—% —~DFEEDITLP 12 Xk > THE I N 21
&% gt L7z, TFIIA o B 13 Taspasel 2k 270Xy v /%% C a/Bf ¥ 721=
v MZR2 2 EPRESINTED, Zo7uky v ZEIEMEAN TFIA G2 3
fliv 200N ELRNES [12], TLP 370t 2D a/B 7212y DAL
57, TFIAa B RIBKICHIES T 2 2 L BbroTwb 7o [17], TFIIAa B i
ik 7axs v 7L TLP OBGIEIC O WS L7, ETHoIc, TLP o
RELN, v 2812k 3 TFIA 7 v 8 2 EDIREEND BN O WTIRHT L 72,0
TFIA a B Rk IZMIEA TR IC Taspasel I2k 2 7 atvs v 7 %2521 57204
ZETHH ., 2O Z Er®EINTw 5 [32], FHFFiZ, Hela fifaiic

BT 5 TFIA o B HiBKAED M IE 30 DA FTH o7 (KM9A), L L 4536 TLP
ZBRFEBL L 72T TFIIA a B HilkiAD ¥ v 8 7 EREPZFE L CHMML (K 9A,

— > 5-8). TFIA & OfEEMED 72> N37E ZEAATIZEFARI TLP ICH o - X 9
7 TFIIA a B HiBRARDZEERIZR S e > 72 (K9A, L — 13-16), 7z,
TLP /v 7257 12k > T TFlIAa B HiSKADLEWIFMET T2 2 L23bah (X
9B). Z45 DfEFRIZ TLP 53 TFIIA a B HilkfkD vy v 72 HEL, TFIIAa B
RIENAR 2 2B L T B0 L& Z 5, TFIA a B HiBkkDZE{lix N37E £ 5
ROBMBFHKIATIIRL 6o &6, TFIIAa B HIEREDZEIZIE TLP O
TFIIA ~DFEEWEDIMHETH 5 L EZ sz,
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TLP 73 TFIA ¢ B HilifAD 7nx s v 72 HEL TR E30EIEHSNIZT 5
=&, SR SR FEE FH-TFIIA % v 798 % 175 72, FH-TFIIA % fifiic 5681
IV T, HEICEHREN S FH-TFIIA # V87812 T 2% TLP o 7utk s v JfHE
RNF 7% gkt U7z, SR FH-TFIA IENAENE TFIA & FRIBRIC 7a s v 72 %1 <,
a/B 7=y bEKIN(KIC, L —r 2),KIZ.FH-TFIIA & & &2 FH-TLP
Z Ml B X & FH-TFIIA @ 7’0 o v ZRIRNELT 202 8 9 %2 7208,
WifH@E D . TLP &/ A TFIIA o 7’ a X v 72 HE L <2 OilE o &z
TLLblicY 721y PR EEZHA IS (K 9C, v—V 3), 2D—JT,
N37E 1 FH-TFIIA ® 7 a X o v FRIRIGEERZ 5.2 ko7 (KI9C, L —r 4),
FREDENT % . Taspasel Ik 2 7 ats v 7 %&3Z1F 7%\ TFIIA 25k (DGAA) %
FAWTITo 72 & 2 A, TLP 1% DGAA £ BARICIZBEE R ZELRIRZ R E o 7 (X
9D, L — 4, 5), TFIA Rk L <)L D28 TLP 1< X % TFIIA a B Ein 7Dl
HL )L TOREITIZZR NI & 2R T 72901 RT-PCR IZ & > T TFIIA a 8 &5 1D
mRNA B2 HE L7z, ZDfEH., TFIIA @ mRNA L X)LZ TLP OEHFHIES /v
77 N X o TCEFHE T, TLP & TFIIA o B DEEE Z{ilffl L T TFIIA a B HiEKA
BICHEZ 52 T0W5DTIREWI LR EN (M 9E),

TFIIA a B HIEMED AL EEN L EXF v - 70T 7Y — LRI K oIk T
5HDTIERVWI EZRT DI, fildz 265 7e7 7Y —L0HERTSH %
MGI132 LB L T, TFIA & v )7 EEZHE L, TFIIA o B Hilkf&EI:Z MG132 AL
BECIEEM L 2o 72 2 EZ2MER L7z (X 10A), I 512, Taspasel ZfENIZE
R % & TFIIA a B HISRAEDLA L 7 (X 10B), L EDOF;HEH 6 TFIIA a 8
HilfRIT 22X F v - 70T 7Y — 20RO TIE % <, TFIIA o B Hifk{EDA
LZEMIZ Taspasel 1Tk 3 70ty vy JICEHNT B ZEBHE N E o, 22T,
TLP 23 TFIIA a B Wik Ic#5& L CTaspasel ICk B3 70ty v 7 ZHEL T3
EIADEHSICT B0 KLY o378 % 72 in vitro T DRI % T - 723,
invitro IZEWTH, FEH TFIA a B FiBEA IS Taspasel Ik > T 7 vt v
BT 5 EVHFERENG SN (K 10C), TFHA o B HilKAIZ TLP 2 Z 72412
Taspasel 12X 3 7nuty v 7B ZiT>7 & 2 A, Taspasel 12k % TFIIA«a B Hi
ko 7axy v JROE TR s (K 10D, L—r 1-6), —/ T, TFIA
fE AR &2 R X R 754K TLP 12, Taspasel 12 X % TFIIA a B Hiljfkod 70t >
VIIIZE RS Z o (10D, L —v 7-11), DL EDO#EFE D & TLP 1% TFIIA
ICBEIHEA T 5 H T Taspasel 12k 2 TFIIA a B Hili{AD 7uts v 72 HEL T
WpZEBEZLNT,
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71+ 2RI TFIIA 12 & % TATA box 71 € — % —DigtAk

TLP X TATA box 7u€—%—%2#llffll+2 2 Licmz <, TFIIA o7ty v/
ZHET 2 LIRS 5, TLP 12 Xk 3 TATA box 7u € —% —o#filix TFIIA 7
ey JOHFEIZLEDBDTHS ETFRIN, L2 LEDS, TFIIAD 7ut >
v 7h3 TATA box 70t —% —DiEMHbic ENZ T OEZ 5 2 2013 21 F TH
MECINTIhho70 TFIIA 7at s v 793 TATA box 7' v € — 4% —iEMAkIC
BN E ) D ORE 21T 72,

TFIA o B Hili{& & TFIIA«/B 7 2=y k ® TATA box #E &% EMSA 12 X -
TN T 372012, F 9RO IC KEH TFIA % 5% Taspasel & &+, TFIIAa/B
Y72y bEAEKRT S EE DI, KL DGAA X Taspasel Ik % 7uaks v 7%
R EEMERLL (X 11A), TFIA«a B kA £ 7213 70t 2% TFIIA o/ B
Y 7a=vy bZMHTEMSA 217> 7, f58 TBP (35 CTI3%5E L 72 TATA box i
BRI o7 (KM 11B, L— 2), TFIIA OFEICE VD LE LY VR0
BH-DNA HEERBER I (M 11B, L—r 3), 2L &, TFIIA D 7atks v
TOAMICE>T 2 BEORLIBHEZ/RTS 7 PNV FOBEIE I, TBP,
TFIIAy & TFIA o B HilifEH 5 13 DGAA ZEAEDFH A A DL TIIBEED A Z
7% v 87 E-DNA HAKRBER I DI L (¥ 11B, L— 3, 5-6). TBP,
TFIIAy & 7vX2 ABITFIIAa/B ¥ 7 2=v F 2 MZ % LBEEDOPCP/NI Ly v
R7EG-DNA EEEIER SN (K 11B, L—r4), TFIIAa B (H B\ a/B)
F72IE TFIAY D EL 5 Z R\, ¥ v 87 E-DNA HAKIZER S vk )
-7 (X 11B-b), FEEEGEDE A TATA box DNA & 25547 TATA box DNA % >
leavRy4yarvryef kR, B4R TATA box #a v X541 ¥—& LTl
HALZEGEIZDOART 7 ENY FOHEPEI -2 6, 2N6D 2D 7 b
Ny RIRE ?b IZ TATA box FLHIEFRINICTEK E - ¥ v 8 7 E-DNAE AR TH 5 2
ERInt (K11C), £/, Fradifkz w7z EMSA EETlX, 2o OBHIIE
DELTe 2 2HEHD Y v )V H-DNA HAKIZ E I TBP HifIc UG L 727, I
5DEAEHRICTBP BEFNTWE 2 LR a iz (11D, L—> 2, 5), — /T,
7uw ZABTFIA /B 12 & > THA L BEEDO/NS 722 7 b3y Fid TFIA Hiff(C
FOG L 7=Dizxt L, TFIIA o B HiEEDIRINC X > TH L 2 BEEDORKE k> 7 b A
¥ R TFIA $ifkic Ktz 5 S ehpro7 (K 11D, L —v 3, 6), Bl Ed EMSA

DFERS . 7w A TFIIAa/B ¥ 72=v +Z TBP & TFIIAy %4 L T TATA
box 7’0 E—% —IKEATE %5, TFIIA a B HilX{&kix TATA box 71 € — % —IZf
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BTHIENTERI EDXRBEI N,

MRANIZ B W TS FEROHEAFEAIME o N 20 E ) 2SI T 5720 B4R
TFHA £ X O DGAA Z%4A® TATA box 70t —% —~DfEH % ChIP I X - THE
filiL 7z, ZDOFEE, AR TFIA (X GAPDH &5 1 ® TATA box 7’70 —4% —~D
FEEDRD & N3, DGAA BEARTIZ TATA box 70 E—4% —DEHIZRD 5
Nnrot (M12A), ZoOfEER»S, TFHA X 7vuvy v 7 %2%T5 2 Ei1I2ko>T
TATAbox 70 E—% —~\(EATE S X HI2% D 2 DRI N7, TFIIA a B HilK{A
E7uxe AR TFIIA o/ B DHNENTOEEEDE W Z /R 72912, TFIIA a B HilkAE
7 AR TFIA a/B @ TFIHA y ~OERMM: %2 et L 72, TFIIA o B BiEk{A & 7
ot AM TFIIA a/B 1 & HIz TLP 12 L TR E DRSS M2 R L 7223, TFIIAy
WL CiE7av 28 TFIHA o/ B D553 TFIHA a B Hifk{E (DGAA) X b oG
R L7 (K 12B), TFIHAy 1. TFIIA«a/B 73 TBP & & HICLERY V%7
H-DNAEOGHEZIBKT 2 7-0IChHRKFTH B 6  TFIIAa/B & TFIIAy
& DAL TATA box 70— —DiEHEIICE > TRHETH D EEZ NS,
FHE, 7uks vy IDOHEMEICK S TATA box 7mE—¥ =itz Q& 25,
TFIIA a B HikkfE (DGAA) X TATA box 70 & — % —iEMALEEZ 12 & A E RS e
S7DIIH LT, 7t AR TFHA a/B 1 TATAbox 7rE®—% —ZiEMHL L 72 (X
12C), Y EofEERE S, TFIIAa B O 7ut s v 7EfElZ, TFIIAa 8 28 TBP £ k
" TFIIA y &1L C TATA box 7’2 E—% —~§E& LT TATA box 70 € —4% —
ZIEHALT 27 DICRBETH S 2 EHs I N, DLEDFRILS, TLPIZ XL %
TFIAa B 7ut s v 7 DHEIX, TATAbox 7€ —% —DO{lDHEK &% 5 Z &
DRI NI,

TLP / v 2% vick 37 u~F 4 TBP Bk

TBP 1% TATA box 7' €—% — DI LICAZHTH D, TFIA 13 TBP-DNA #5é
EEALT 5 2 LT TBP %2 % 2 % [8], TLP iZ TFIIA BEEEZ I 5 2 & 23R
Iz, TLP 25iiaA D TBP-DNA fiAic b EL2 52 T 3 RN E 2 5
Niz, ZOWBREEGEES 2 72912, F3Ffifds kI X > TN O 7 v <5
A& TBP B2 ME L7z, YHELZEY, TLP 2/ v 28 v 35L, zuwF vIich
Abfwéﬂwwgﬁﬁ% ML 7= (I 13A), ChIP iC X > T#i%td TATA box
7TRE—F—IZB} S TBPEARZ M L 2R TLP 7 v 7 ¥ Uil T3 TATA
MmﬁﬁA@ﬂBP@# %#ﬁMLTD%ED5F%ﬁ%6h%(NI$HOCﬂ%
DTLP 7 v 7 ¥ %7 » &2 517 5 TBP @ TATA box fHI~DfE A= O NIE TATA
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box BIEFDFHHL L EMBILTE D, DLLEofER) S, TLP 2% TFIIA #%8E % BH
ETLHZETTBP OEBIAT- L LTEIWCT WS Z LRI T,

TLP 1 X % il f i s il

TLP / v 7 %7 VRl 8 2 @85 T-FBEIT DR R 2 6 . Ml T TLP 3% <
DBEFHBUTEE L EZ T ZEBHS N ER S (K 1), TLP I X 28651
FEBDZALHINERERE 1T & D K 9 1T 2 02 285 L 703, TLP O A eI X - THfl
N E DAL L T\ % 2 b o7 (X 14), TLP @ /7 v 7 ™7 v 3 s
ZROEZ Y7 (K 14A-a), 72, TLP 2/ v 7% v LM, filgGES
PRy FIC k> THEEIN A MLIc#iEZ2 " L7 (X 14B), TLP / v 7 %7~
12 & B ffaREsE B X OSIISE~DEIZ, TLP /) v 7 %7 Ik > C p2l Bz T
% GADD45 SBIE T OFKBIMMET §2 2 L ICBRRAT 2o REVWE-BbNR S, L
L2356, ZD%HRIE pb3 REMIETIZRRMIFIc > b DD, pb3 RIBEMHT
IZBWTH TLP @/ v 75w VIFMlEE 2 RE ST 2 &L I EEIMEo . (K
14A-b), 46 DFfERIZ, TLP 2% pb3 (KAFH 72tk & pb3 IKAEN L&D 2 DD
M X > CEIEBETHREZPFH L, 24U X o THIIBESIH S w3 2 L 2R
LT3,

TLP O @ERFFEIC X > THINEREAHEE (KT 2 23, TFHA FE&athoREL
R52E, N37E ZS{kCI3EpAER TLP & Hiik U -CLAasgiEinflag 2T LTz (X
14C), 512, TFIA D/ v 7 &7 VIFMEEFZEEL, I 51T PRy FTH
L Ml S s & v RS o (K 14D), 26 DfERIZ, TFIIA
23 TLP il L OB TREZMEIT 2 2 L CHIlEIcEEL2 52 Cwb 2 L%
AL T3,

=13

TLP 12 X % 7 0 — )L e i85 F-F B

TBP 77 3V =% 78D 12 LT, TLP & 2 N F TG FEHHERE DI S
NTE7 [20,21], a2 a N NZTIETLP R TCT ®£F—7%2 b2 70E—%
—% DPE 7uE—%—, EAMVEEF7TRE—F - ED TATA-less 7u€—%
—%, ZLT? 7 AT FEREEEE T TATA-less 70 E—4% —%FE L
THEMAL T 2 2 et ST 5 (13, 21-23], ARW9ETIlE, & Ffidic T TLP
23 p53 AT 23 Bl < TATA-less 7’0 € — 4% —Z2iEMEA(L L T3 2 & I12nZ <. TLP
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23 TATAbox 70— — 2l 2HFE L 2D Z /R L7 (K 15), & Fo4dE
EF D) 20%H3 TATA box Bty Z2 b o L v 9 HFED S, b MMM BT TLP 2347
J LA RICEBETREZHGL TV 2 EBTHINS, EBIC, PMFEERE LT
Tote Xy — 7 v —%2 M7 RNA > — 27 = v 2T OfE R & . TLP 0 /
v 7 ko T MlIEAO 30%it < DBIETHENLE T2 Z Lhbd o7,
ZDXH%RYT 7 LTA FBETRIELICIE, TLP-TFIA AR I X 21EEH %
BRI 2B S TR BT 2SEE S L T B EHEIE NS, Tab b, TLP IZfiEA
DB T FBL 2 i 2 7 a0 — HOVIEEHIEKCTH b | Z OHlEEREZ 5§ 51
X TFIIA 2303 ChH % L Bbh s, T Te 7 ADFRICET 5 TLP BT
2 awYay LT TLP 12k 32 7t — % —HIfHtERE O IZEA THW 25, &
FAIRIC BT 5 TLP BEREDMENTIZIE & A EfTbIN T I oz b, ABFZERIE
t M5 TLP OEBMHO 7O DEELAAZ 525 2 LMz ns, —J
T, YayyaynNITHREINTS L)% TLP @ 7'u € — % —JifitkiE» e b
ML BT ENZITRAEIN T L0 >TE ST SR DL 5 T A3 31
ERBEA9,

TLP-TFIIA @ p53 K171 7 B G5 AL

TLP %Mt DHR G FA 7 K 7R AR B S IR RS & T a0k 2 a v a N
IZD PCNA BETFICEWTTTICMEIN TS [33], ZOMETIE, >Yavya
7 NI TLP \FERGAIK 7~ DREF % 4~ L € PCNAEE T~ LA L TG %2 i3
3 EPRINT DS, AFZEIcETId, TLP 1x p21 Lif TATA-less 7a€—%
— @ pb3 AN LIEELIC N Z LS I I (K 2C, 5B). p21
TATA-less 71 & — % —DiEHAKIC1Z TFIA 248 ThHh H (K 3), TFIIA 12 & % p21
TATA-less 70 & —% —DiEMAL S £ 72 pb3 EFNTH 2 (K5), T s DHHKIC
M Z . TLP & TFIA 2SHifaN CIEH IC B IciiAa 3 2 2 &5 TLP 13 TFIIA & p53
DIEEIEMALE AR, $7 b B p53 @ binary cofactor & L THEEBEL T35 & %
EZ N7, TLP 370 € —% — LIfEA L T 5 &0 ) G IFEELR ST 525,
TLP D7 v —% —§EEaDdDaryt ¥ A2 DNARVIIFEI N TV, 8%
5 ZDHHED 1 2%, TLP 23Mhd DNA #5&1HE S v 8 78 % /i L CGES Tl
Y7 NV—FENBDTHA9H, TLP 1 p53 % DREF d X 9 7% DNA fi&H 1%
ML T7aE—F—RhicY 7 V—F 3, ZORKFE LT TFIA o TLP £y 7’ 1 €
— & —~\DOFEEDHE I N, NIRRT OB 2 iEELT 200 EE2 6N
%, TLP-TFIIA &I k> THIl SN A 7- iy 7ue— 8 — 2 A TE L 2 &
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I Z T, pb3 &\ 9 iy 7 s AN DERE A F5Y TLP-TFIIA &R A/FH
RT3 L ZHOPIC L RICB W TAIMIE RGO CHEELRERZ O LED
%, p53 13 p21 > GADD45 7 & D ek e il il o el sl i B 5 % < D3R
T X9 5 REN R DAMHIRT-TH % 23[34-36]. TLP-TFIIA #EE14623 p53 %24
L 7= 855l 2 47> T\ 2854, TLP-TFIA &K S £ 72 pb3 EEREE T DR E H]
BNCBES L, 2 AMIBIPE R 208§ 2 & I < 2w, F19E, TLP & TFIIA %3 p53
RAFINC HIRERE IS IR 3 X OHIIESE 2 755 L T AR o Tk b (X14) .\ TLP
& TFIIA OMHAEFHBBAMEERZ > LM EEn s, 2L, p2l
TATA-less 70 —% —% €TV & L ARG CH S 2212 7% - 72 TLP-TFIIA A&
IZ X 2EEEIHEEE S ENZ D ph3 N e —8 — ETHRON D0 IEbH
STELT., TOMBEZART 2701213 & 0 BN LRI 2179 BERH 5 9,

TLP & TFIIA 7u x> v JOHERF & L THEET %

72 BEEGIRR RN 7 7 v o 2 G O UIWE, MIRAE, SRR, 2 L Cillie
JETT 22 &0 MlaBERE 2 H#E 9 2 % < ofilaf icBib > Tw s [37-39],
TFIIA o B HiBk{4 1% Taspasel 1T & 2 ECIRF RN 2 UM 2 521) 5 & L 239 TICHE S
NnNTEH, Zo7uks v 7IZk->TTFIIAa & TFIIAB OIS 7=y 53
41U % [12], TFIIA a B Hilk{AD Taspasel Ik 370ty v 73, =7 AICEBIT3
Fo R L BT R IC T H B & ST\ 528 [13, 40], Taspasel 12X 3
TFIA HiffAD 7a s v 7 Z2{lffiT 2 KFIC O TIREZHREDLINTE LT,
7axy v 7o 2T 2 EEIEAHTH >, FEAMIZEZEL T, TLP 28
Taspasel |2 & % TFIIA a 8 Witk 7n s v JOHER T LEHT 22 L2 5
H L. TLP @ TFIIA a B HilEANDEZDFEADS TFIIA o B Hil{A 7 x> > 7D
FHEICHETH D Z 2SI L 72 (K9.10), TBP b £ 7- TFIIA I2F5ET % D3,
TBP & TFIIA a B Hil{kD 7u Xy v 72 HEL 2d o7, YR EDO N F TD
FgefE 26 TLP 1 TBP Xk D & TFIA 12X L Tld 3 icmm B (TLP: Kb
(M)=1.52x10°, TBP: Kb (M)=1.04x10%) #b25Z L3> Tw3 [17], TBP iX
TLP X H % TFIA IZHEE LT WS, TLP X 0 figff L9 v, Z4ucxt L ¢ TLP 1.
TFIIA IZHEE T 2 LIEFICZEICHAIREBZ MR T 21EHZ D [17], Thbb,
TLP F5H @ TFIIA & O CLE kb Gh3, Taspasel 12 & % TFIIA a B Hilk{ikD 7
utyy JHEICHRETH S ETPEINS, TN DHEFEIE, TLP 3§74 % TBP @
BPIKFTIER, TBP L3 B 22=— 0 BEELZD > TWE I E2EIRL
TWw3,
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TFIIAa B O 7' vt v 7 &k % TFIA OUREIHEEALEERE DS

TFIA DO¥REEVEACEEREDSERMINC IRNT S U C & 2R TIE, 5213 TFIIA 237 ut
VT ERZIT RV [12]. TFIA 7BXs v 7 OEEIZBRICIIHS HIcINT
Wixnro7z, B b TFIIA O 7ut s v 7 OEBNERLZHEICT 52720, fAlZ 7 0
& ZH1 TFIIA & TFIA BiBRIAD X A =25 4 v 7 BIFEIC O WTHRE L7228, 20
FEOR W IR IC R A a2 AT 2 2 LR E N, B2, 7 1k 28 TFIIA
¥ 7 2=y ~Z TBP & TFIIAy #4rL T TATA box DNA IZf5& T %535, TFIIA
HiEN{RI1Z TATA box ~DFiAMEZ RS v e (K11, 12), H Uz, 7ak 28
TFIIA 4 7 2=y F ®&H TATA box 71 E— ¥ —RRNLIEEIEE(LEZ R T &
WIHHETHS (M 12), ZNETo TFIA KRS S TFIIAy 13 TFIIA
HEIC U TH 2 EEZONTELD 8 S RIDMHTICE VTS, 71+ 28 TFIIA
+72=v D DNA #&E kO TATA box 7’0 E—% —0iEM(LICIZ TFIIAy 23
WEETH 5 2 LRI N, T o DFED 6| TFIA HiEE DR EEEALRED K
Jix TFHAy & OBMEOE T ISR T 2 el E 2 6515, 7 utk A% TFIIA
IZ TFIIA y & kv TFIA #f8 L. TBP #&7711C TATA box 2 fEA L CHREEMEAL
ICHERET 2720 (K11, 12), A0 TFIIAIZ TBP D a7 7 F_—% —& LTI &
EZZ2 o5, M EOFEWELS., b Mgz BT TFIIA 1X Taspasel Ik 3 7ty
Y7 %ZT BT EIZE > T TATA box JEHALEREZER T2 L W XA =X L0H
Z 6z, TLPIE TFIIA 7uty v 7% HET 2 LI FEE (K9, 10) 1z T,
TLP %3 TATA box 7R € —% — %Il T2 L WIHKEE (X7, 8) 25, FIIAHE
IZBWT, TLP 28 TFIIA o 7 ut > v 7 #HET 5 2 & T TFIIA DG G
DR EFHIE L, TATAbox 70 E—% —DiEEEZIIHIT 2 L W) ET IV EIREL 72

(X115),

TLP i k % TFIA milifED 7 va x> v il o &%

Hi D@ D . TATA box 7wE—% —DIEHLICIE 7 uwy v 7 I LTRAL 7-
TFIIA 25438Cdh b, TLP 13 2 0% fHE T % 2 & ¢ TATA box DiF!:Z Il L
Tw3 EEZ o505, TFIA HIEKA S 72, —H0EEFHEHEICEES L Tw3 &
ITHB, v A IHBICEWTIE, 7rk A8 TFIIA 7 TLP OEWE T3
TATA-less 70 € — % —{EHALICHETH 2 2 EPMEINTEY, /T, <
7 A DETRIZREIZ R O e Tk TFIA HiSKASBE E S5 L OWEVH 5 (13,
40], X 52, p2l EET D ki TATA-less 7’1 € — ¥ — (% TFIIA Hili{kIc & > Tif
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MALIN TV AREMEDH 52 CRAEROBIZL), MA T, 7 v F VHEGHIT DT
225, TFHA HifED—Blz 7 a<F VAL TV B I EXRBINTW»E (RFE
ROWEL), TN DHFED S HilEE X R D 2 2 N DIRFED TFIIA 137
0 E— & —RPEE F 2 3 TR R R R b o CEIEB TR b > Tw3 2
ERFPREING, ZLC, TLP X TFIIA o 7nty v 7L )L %Hfi$ 5% 2 & T,
TATA box 7”BE—% —8 L1\ TATA-less 7R E—% —DiHMEZ A4 F I v 7128
L ZEEAL v F L LTOXRE 2B L TOIHEEERH B, LELARDES,
TFIA RiERIRDSEERIC ED L ) ke % b > T\ 5 Dh, TLP OFBELETEZ 2L
LTHEBED AL v T2 0 %b 2 X9 LfifdNA Ry P 3EET 200, £/, 2D
L9 BRI BB T ENLTRELEHEZR - TO0R L SHBRAERIN LR
SHEIELLEINTWE EEbNS,

AT
MREZITHIICH D, THibE, TIHREWA LW HNERBRZ 1T o, Kific
B9 25k 2 RO TV R W IlEEER,. B L OSSR TARIZEZEEL T
(RS o e TRERFHAZEDIZERE, HRIEE O ERRPREIED T 2 ICHE CEHh 7 L
9,
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IX] D FiEH

1. TLP 7 v 272 ¥ 2 & %86 -3 BIZ&4L

t MIETTLP 2 v 7 50 v SBIE 5B 5 2 32 %2, HeLa fillgic TLP / v 7 ¥~
siRNA (siTLP), 7132 Fa—)L siRNA (scr) ZEA L. fildyo mRNA &% RT-PCR
WX o TR, PCRIZX>TEHESNIANAVYEF (A) B8XUO, EE2PCRICE->THLNF
BIEOHXME (scr 2 1.0 £ L7z & D siTLP OREZ) B) 2" L7z, TLP D/ v 7 ¥
VERIRIF I A vy T7ay Mk o TRD 72,

2. TLP 12 & % p21 E{s r Bl k1L

A. bk p2l BEF7vE—% —OWKX, LE7eE—Y—L T THR7BE—F—DZN
ZNOWEHB R Z RAITR L7, BREGRM S 6 1% p21 alt-a, MREGFHRSED S 1%
p21 variant-1 32 NFNEE I N3, FfRE. Lo 729—¥ 7 v THHAT 2 7 0®
— & —fHigZ R LT3, B. TLP / v 7 ¥ 2k % p2l B TORBZ, TLP %2 / v
2 777~ L7 HeLa flildic 81 % p2l1 B DO Z2NFNoiEEEY) & (alt-a, variant-1) %
HMEL, avba—)L (scr) Z21.0&EL72EEDTLP /v 7 ¥ I (SiTLP) OFRBEE
DOEXHEZ (b) 12T, C. TLP @FEIFBIC X % p2] alt-a BHEGHEDO LA, B4R (p53™7)
H B\ 13 pb3 KABR! (p537) » HCT116 flifidic FH-TLP (mTLP) % @FFH X ¥ p21 alt-a
@ mRNA L X)L % RT-PCR ¢Hl4E L 72,

4 3. TFIIA 12 & % p21 5 FHBLOWEL

A. TLP Z R D EIGE LB o ik, ¥24:% HCT116 flfaic #7454 TLP & % \» (1348 Al
TLP (R55E, R52E, N37E) ZBEFH L. p2l B THEEYDOE%Z RT-PCR k> T
@bt L 72 (a), BPAERY TLP & N37E ZBFIFHILL 72 & D p2l alt-a D E % & &= PCR CTHlE
L7#E58% (b) 12 $, B.TFIIA / v 7 ¥ 2 k % p2] BEFFBE D2, Hela filiz
WCTFIIAa B / v 7 %7~ siRNA (sillA) £7:13 2> ko —)L siRNA (scr) ZEA L., fllid
WO mRNA &% RT-PCRICX > THIEL %, PCRICX>THONENAY R T (a) B
JO, ERPCRICE>THONAFILEDOHNE (scr % 1.0 L L L ZDSITFIIAa B D
HHxHE) (b) 2738 L 72,

Xl 4. TLP & TFIIA (2 X % p21 L¥i TATA-less 7’1 & —% —DihifE{b

A, BWAERITLPE X OB TLP I X % p2]1 B TATA-less 7' 1€ — % — DO iffili HCT116
fifgic, MR3Nlzcz 72278 —=77A3IFE p2lup/Gl4 VR—F =753 AI K27
A7x7vavl, Ww7xz7—¥LEAR—F =7 v AICL>THAERM TLP &ZH8H TLP
D7ae—¥ —iEH L EHH L, B, C. A LAEEIC, p2lup/GL4 L R —% —IT/NZ T,
ZNZENICRINI27 27 —% HCTII6fildic s 9 v A7 =20 avy L Vo7 27—
YL A= —7vreAT7rE—%—iHE2HE L7, D. HCT116 fifldic TFIIAa B / v 7
Zv7 v SIRNA EFFICRENI L A=Y =T FAIRE NI VA7 27 avyl, V¥ 7
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27— XYL AR =Y =TIk Tue—¥%—EH2MEL % (a), up. down, core X
zhZFn, p2lup/GL4, p2ldown/GL4., p21-5/GL4 DL E—¥ —7F A3 F%HET, (b)
SIRNA WX B TFIIAa B/ v 7 ¥ ViR E D LAY 70y b THE L 72,

5. TFIIA 12 & % p53 k¢ s 7 v € — % —ifitk{k

A. TFIIA @ 7u € — % —{EM Lg% p53 KEMIETHET L 72, X4 & FHikDFHEE% p53
KA HCT116 #ifz F v i > 72, pb3 KM HCT116 fifidic, Z2nZFhomInix
727 —¢EHIC p2lup/GL4 (Up) F7-1% p2ldown/GL4 (Down) Z F 7 v A7z 7
Yavl, W72z 7—¥LER—F—TvEAICk)TuE—%—35%%2HEL 7, B.p53
INEEIR A RBESE TR E—Y—LEA—F—ZHWT, TLP B XU TFIIA D 7u€—% —
TEMELRE 2 e L 7o, BPAe M HCT116 flifiic, 2588 p2lup/GL4 & L dbicznZzho L7
L= IVAZ7 2y avl, TRE=Y—iHEEEHEL 2,

B 6. p21 7@€ —4% —~® TFIIA, TLP D&

A p2l BT 70— % —HHOMIEX, XH IR S 3 D DHRIIC T ChIP figft
#fro7-, a; av Fu—)L DNA fEE, b; p21 B 7u®—% —4EHE (pb3 IS %2 &
). ¢;p2l Fifi 7 u € —% —fHik (TATA box fit5]% &) B. 7 1< F e TFIIA O
i, HCT116 filfidic 8\ T, AR S e 2 N F NOFEISIC NTEYE TFIA 23654 L Tw 5
£ % ChIPEIC k> THE L7, C. B4R TLP & X OV RA TLP @ p21 Lifii 7 u € —
8y —~Dfk#r, FHTLP, FH-R55E, FH-R52E, FH-N37E O¥%Bl 75 A3 FElzar
— VR Y —%ZNZ HCT116 M8 AL, 24 Kfilo = b A P (50 M) #.
i FLAG M2 7 v — A2 X % ChIP f##i#f7-> 7., PCRICX-> T, p2l k7 vnEe—% —
FHIE 2 L OV a v b r—)L DNA fHi~® TLP o5& 8 %2 4fi L 72, PCR DNV R 7 F L
EDNRFNVIZRT, £/, FHTLP Itk > THONINVY FT 7% 1.0 L LIz EDZ
NEFNDL VT FNVIREDOHMNEZ G D RZ NIRRT vee; VN7 EEZFEB L wvway ba
—VR7 ¥ —%m7Y, D. TLP #RIFEIC X 3 70 € —% —#E4 TFIA 2oZ1{t, FH-TLP,
FH-N37E % @R FHH S &, 24 B0 b K FAB % T 72 HCT116 #lifig% [>T, ChIP
Zfiol, ZNEND 70— —FEBICH A L T b TFIIA &% PCR I X - TR L 7%,

% 7. P{ERE TATA box BIET-0 TLP iz X 5 £10 3
A. BT TLP 1 & 2 WEMER (S 7 0 S B, HeLa flfic siRNA & & &1 TLP 835
FIAIFEFIVAT 2y a v L, 48 Will#L I RT-PCR %7\, EHt PCRIZ L >TH
(EVESEEE T (GAPDH. c-myc, TFIIA-S) @ mRNA #t% Jll5% L 72, TLP ® mRNA L ~ )L i%
PCR 12 k> CHISE L %, B. 7 mvF v 4 TRIA ROf@fT, Hela fidc TLP %/ v 7 4
7 ¥ L.TFIIA a B $ifk% FH\»7z ChIP k2 & - C TFIIA @ 7 v < F v f&& % T L 72, ChIP
SV FMEER PCRIC K > TER L, IgG & A 132024 1gG %7213 TFIIA o B itk
IZ & BB % "7, Myc-u & Myc-d 1Z, c-Myc iz T O R 7 €= —L i 7
OE—¥—%ZZNZIURY, p21FUR F, p2] B TIEEFANAS 5-7018 20 5-6833 1247
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A.p21 EET-D TATAbox 7RE—¥ —%2 WLy 7 27— 7 v+ A, HelLa flifdic
BICRINIZLE—F =77 AIFNESIRNAZ NSV A7 27 avyl, 7uEe—% -Gt
ZMEL 72, (a) p21-168/GL4, p21-65/GL4, p21-5/GL4 IZflAA £ 7 p2] MEETF 70
T — & —FIEOWIKX, TATA box DIEIFRFAMTRL Tw5, NEEETHL Y >4
TNy 7 27 —BiEHEIC T 3L Y 7 27 —EiEEE (b) L ZolE (¢) 2L
7zo B. E F GAPDHTATAbox 7RE—F —%2 WAL s 7 27—X¥T7 vt A, A LFHERIC
L<. TLP 7 v 7 %7 VHlildic 13 2 GAPDH 71 & —% —iEtE 2 3R, WEtEHETH 3 7
SAZITNY 7 27 —RIEERICWT BENE (b) L2l (¢) 2" L7, C. TLP &
X OZEHEA TLP (R55E, R52E, N37E) # GAPDH Yu&—4%—%2 4 OLRKR—F—L L}
IZHelaflifldic b 727273 a v LTy 727—E7vkA 2T, MWL 7
7 — iz WE L 72, D. TLP & TFIIA o 4t3 81 TATA box 7’1 € — & — Gt~ D FEE,
TFIIA % TLP (b) %713 N37E (¢) & & &2 HCT116 fifidic 5 S ¥, p21-168/GL4
LR —%—%HWwTp2l TATAbox 7R E—4% —DIEWZHFHR7, av bu—)LDERy S
—Zffllc b I A7 2o a v L&D TueE—S =2 1.0 LT, VT 2T —
CIiGED R 2R L 72,

X 9. TLP ® TFIAa B 7ut > ¥ ZH#HEN

TFIAa B # v 37B% 722 v 7uay bl LZ, A, filldN TFIA«a B8 12T 3
WEFEHL TLP o8, TLP % 721k N37E ZBFIFHIL X ¥ 7 HCT116 filld% 2 12 ki
CHX MLE L., %D TFIAa B ¥ v 2 EHEDE%ZH#HNI, B.TLP /v 7 %7 v D
TFIAa B 7 v X0 E~D¥EE, TLP % ) v 7 %7~ L7 HeLa flilg% A & [k CHX 4L
HL L., TFIA o 8 Hilk{AE%ZF 7, C. TLP @ TFIIA a B Hilk{AD 7 at s v I~ D2,
HeLa fffifidic FH-TLP % 7z1% FH-N37E %# FH-TFIIA o B8 & & HICHBLX ¥, TFIIA o B HifEK
HhEE XN TFIA a B Hilkiko 7oty v 7 CHEL K TFlIAa 7212 =y F OEZHFHN7,
D. JEUIWTA TFIIA 28 544k DGAA ICh$ 2 TLP 5%, C L [FfEIc. Hela fffdic FH-TLP
¢ FH-TFIIA @ B % 7213 FH-DGAA %381l & ¥, TFIA ik EZ#M 7=, CEXUOBILE
WL MRS F B E 8 72 FH-MyoD (33k@ ¥ > 8 7B B O NEiEsE & L <7, E. RT-PCR
I & % TFIIA @ 8 mRNA O, FH-TLP % %3 & ¥ 7= HCT116 fliflgic 3 \»T RT-PCR #
TV, #EP TFIIA o 8 mRNA &2 M%E L 72,

X 10. TLP IZ & % Taspasel I X % TFIIA a B fililifd 7a ks v 7 D

A.TFIAa B % > 827D MG132 ALBEic k 2522, HCT116 fiid% MG132 & CHX T
ZNFNORBWIEL, Y2 2% v 7ay MckoTTFIIAa B ¥ v 87 E% BRI L 72, B.
P FBLL 72 Taspasel @ TFIIA a B Hii{A~D{EH, FH-Taspasel Z HCT116 #llfd i
FFEBLS¥, TFIIA o B HilKARDOZ L Z R L 72, C. in vitro 5:fFT® Taspasel 12 & %
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FH-Taspasel kiE¥. 37°CT 1.5 FFEIRIGZ 7, 2%, VT A¥ v 7uy bickoT
TFIA % v % 278 %BH L 72, D. in vitro ©® Taspasel 1 & % TFIIA o 8 Rk 70t
v 7 ~D TLP O2, 12 ng OFEHI TFIIAa B & 6 ng OF5%1 His-TFIIAy Z. 50 ng 75
200 ng OEOMTHE FH-TLP LEXT 37°CT 1 BEKIG I ¥ 7%, 50 ng DRGHl
FH-Taspasel /A CT& 512 1.5 RIS W7, KBk D TFIIAa B % V8V BE %7 T A
grv7uay b THRIEL 7%,

11. EMSA 2 & % TFIIA-TATA box DNA # &6 D iRt

A. F58 TFIIA a 8 & X U8 DGAA O in vitro &fE T 7ats v 7, 20 ng Dkl
TFIIA a B8 & k58 DGAA % 70 ng O K5# FH-Taspasel &E¥ T 37°CT 1 BRI X)G E 1 72,
Tary v 7oRMEY RSy 7ay FTHRIL 7, B-D. EMSA (X% TFIIA/TBP @
GAPDH TATA box 7’0 € — % —~Ofi & hT, F# L 7% TFIIAa 8. His-TFIIAy . 2L T
FH-TBP %#f#iffl L T EMSA %#{7-7, B. RFIcREINMAaGbE Oy v 7 H%
EMSA KIGIZH W72, Processing + ; Taspasel 12X 2% 7uty v UM EZRTHE SN
TFIA % v %78 (a/B) #7277 (BbEBXOCTHHENS a/B LM—TH3), C. I
B DNA ZffifL7cav T4 a v 7y x4, ¥4EM GAPDH TATA box 7R E—% —
DNA & %\ 3Z BRI D JEREH; DNA %2 EMSA KIS HIC A 72, A E X OZERMD a
X7 4% —DNA B FzhzndTodEh ¢Tb s, HEM; 5-
CGGTTTCTATAAATTGAGCC, Z#H ; 5- CGGTTTCCAGTAACTGAGCC, D. HEyifk
ZfH L7 EMSA, TBP X O TFlIA a B IR T 2R B fitkd 2 widar tr—) IgG #
EMSA GBI Z THEEEZITo7, aB B a/B 20 Fh, TFIIA«a B FilkikE 7
ot 2B TFIIAa/B 7 2=v b &Y,

X 12. B TFIIA @ in vivo 28T 58 =
A.TFIIAa B © 7 a<F Vi, B4 FH-TFIIA o 8 (WT) % 7213 FH-DGAA (DGAA)

% HeLa fiflc 5Bl & ¥ 7, (a) TFIIAa B # v 7B 7uty v REZI LAY VT
oy MZkoTHE L7, (b) ChIPIZX->TFH-TFIIAa 8 & FH-DGAA @ 7 a < F v
&% #~7-, GAPDH TATA box 7a %€ —% — (GAPDH pro) 2%} % ChIP & 7'+ )VIZE
& PCR T L 7z, p21FURZa v Fa—)L & LT L 72, B. JRE TFIIAa B D ¥ v
X7 G AR DT, FH- TFIIAa B % 7213 FH-DGAA % HeLa filfdic ¥ &, FH
Ay v BEE M2 7hR—AE—X% O CREVRL 72, LR L 2 TLP &
TFIIAy 2w 2% v 7ay h TR L7, C. K& TFIIA I2 X 3 TATA box 7R E€—%
—DiEMAL, FH-TFIAa 8 £7-13 FH-DGAA ORI 75 2 I FE2MFITREINL R—%
— B ICHiEcr I A7 2 a v, WY 7 27— T v RAICEOTALE T 2T —
YiEE % HE L 72,

[X] 13. TLP 12 & % TBP ® 7 u=F v #i& o adHfHk
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A. 7ua=F VIEEAES (Ch-free) & 7 u<F viEAHS (Ch-bound) 12E1F % TBP
Do, TLP 2 v 2 8 Hlild o 7 a5 Y IEREAHIS & 7 a < F VS Gy 2 8L,
TBP 4 v 2B %Y LAY 70y b THili L7, Alpha-tubulin & £ 2 > H4 32 h %
nru<F AT E 7 a e F UREAETONEERESY o7 HE LTRIEL 72, B.
TBP @ 7'u € — % —&i&rf@ht, TLP / v 7 5" UAlldic 8> T TBP #ifk % Hlv>T ChIP %217
Vo, [XIHICR & U7 DNA SIRIC 517 2 TBP &% i L 7. 1gG & TBP i3 2 h 2 h IgG
F7:1% TFIIA a B Hifkic X 2 kY 29, p2lFUR &, p2l EEFEEHARD 5
-7018 72 5-6833 IZfiiE T %5 a2~ b u—)L DNA ik # /R 9,

X 14. TLP & TFIA 12 X 2 Sl fuBgsiii o il

A.TLP 7 v 7 %7 vl oMl inE i, B4 7 (p53"") (a) & % V213 p53 KIEM (p537)
(b) ®» HCT116 fliffiic TLP » v 27 % %7+ siRNA (siTLP) ¥7z13 2> b o —)L siRNA (scr)
ZEALZE, Mildz 6 X7V — ML CZ2NE ORI L, Miekzkik, B.o
FERY FEARMICE T2 TLP /2 v 2 % villdo Mg, TLP 2 v 72 v
SiRNA (SiTLP) # F 7 v 27z 27y av L Mildz b X2 F (ETO) 2 &Lk cz
NZN ORI U, Mgz %2 72, C. TLP %7 SUA e oo M fe s ik 2, TLP £ 7213 %
DM (RG5E, R52E, N37E) ZBFIRII 7%, 6 K7L —FIZBWLTZNZNDRE
fiRs# L Mila8ce ez 72, D. TFIIA 7 v 7 ' v il o Mlasg s, (a) 545 HCT116
ffE I TFIIA 2 v 7 %7 > siRNA (sillA) F7:132> F e —)L siRNA (scr)Z B AL, A
X OB L FRDERZT- 72,

Xl 15. TLP-TFIIA M HEAEHIC X 3 7 me—% —Jiffi X h = X L DS

TLP (X Taspasel 12X 2 TFIIAa B ® 7ut s v 7 %ZHEL ., TATA box Es D iEMAL
ZMHIT 2, TLP 3 % 72, A TFIA & %\ 13 TFIA miBiik & 54 L. TLP 252 & 3 5
7aE—%—DiEHALICIER T %2, K&, TLP 1& TFIIA © 70 € — % — D&% Fi§ 5
TEICkoT, BEZ /O —NLICHIBIL TR EEALSND,
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TATA-binding protein-like protein (TLP) binds to transcription factor I1A
(TFITIA) with high affinity, although the significance of this binding is
poorly understood. In this study, we investigated the role of TFIIA in tran-
scriptional regulation of the p21"¥"/€iP! (p2]) gene. It has been shown that
TLP is indispensable for p53-activated transcription from an upstream
TATA-less promoter of the p2] gene. We found that mutant TLPs having
decreased TFITA-binding ability exhibited weakened transcriptional activa-
tion function for the upstream promoter. Activity of the upstream pro-
moter was enhanced considerably by an increased amount of TFIIA in a
p53-dependent manner, whereas activity of the TATA-containing down-
stream promoter was enhanced only slightly. TFIIA potentiated the
upstream promoter additively with TLP. Although TFIIA is recruited to
both promoters, activity of the upstream promoter was much more depen-
dent on TFIIA. Recruitment of TFIIA and TLP to the upstream promoter
was augmented in etoposide-treated cells, in which the amount of TFITA-
TLP complex is increased, and TFIIA-reactive TLP was required for the
recruitment of both factors. It was confirmed that etoposide-stimulated
transcription depends on TLP. We also found that TFIIA-reactive TLP
acts to decrease cell growth rate, which can be explained by interaction of
the p21 promoter with the transcription factors that we examined. The
results of the present study suggest that the upstream TATA-less promoter
of p21 needs TFIIA and TFIIA-reactive TLP for p53-dependent transcrip-
tional enhancement.
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Structured digital abstract
e TLP physically interacts with TFIIA beta and TFIIA alpha by anti tag coimmunoprecipitation (View

interaction)

e TFIIA alpha/beta physically interacts with TLP by anti bait coip (View interaction)

Introduction

Transcriptional regulation of an RNA polymerase 11
driven gene is governed by a particular set of gene-
specific DNA-reactive transcription regulatory factors
and their associating transcriptional cofactors. More-
over, general transcription factors such as TFIID

Abbreviations

(transcription factor IID) and TFIIA are assembled
at a promoter region to conduct transcriptional initia-
tion [1-3], which is enhanced by gene-specific tran-
scription  regulatory factors through functional
interaction.

ChIP, chromatin immunoprecipitation; gPCR, quantitative PCR; siRNA, short interfering RNA; TBP, TATA-binding protein; TFIIA, transcription

factor lIA; TLP, TBP-like protein.
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TATA-binding protein (TBP) is an essential compo-
nent in TFIID that binds to the TATA-box promoter
element [2,4-6]. TBP-like protein (TLP, also called
TRF2) has been identified as one of the TBP family
proteins [7-9] and has been shown to enhance expres-
sion of TATA-less genes such as NF-1, Cyclin-G2,
TAp63 and Weel [10-12]. TLP is unable to bind to
the TATA-box, and a consensus TLP-binding
sequence has not been determined so far. In the Dro-
sophila PCNA gene, TLP is engaged in transcriptional
activation as a cofactor for a transcription regulatory
factor called DREF [13]. Although TLP is usually con-
centrated in the cytoplasm, it translocates to the
nucleus in a particular cell-cycle period or when acti-
vated by a genotoxin such as etoposide [12]. Hence,
TLP is thought to be involved in gene regulation
related to growth control and DNA damage response.
Recently, we have identified p21 (p21""/C*1y as one
of the TLP-target genes [14].

p21 is a CDK inhibitor and causes cell-cycle arrest
at G; or G, phase [15,16]. Since p21 also participates
in apoptosis, DNA repair and tumor suppression in
some cases [17], p21 is regarded as a major gene for
cell growth regulation. The amount of intracellular
p21 is regulated at the transcription level, and its
expression level is enhanced by multiple transcription
factors [18,19]. The promoter-enhancer region of p21
contains several binding sites for p53, which enhances
the promoter activity. p53, which works for genome
homeostasis, is a typical tumor suppressor and major
regulator of the p27 gene [20-22]. The human p2] gene
has two major promoters: a TATA-containing down-
stream promoter and an upstream TATA-less pro-
moter [23,24]. TFIID is recruited to the TATA-box of
the downstream promoter together with p53 upon UV
irradiation, but it does not participate in regulation of
the upstream promoter [24]. We have found that activ-
ity of the upstream promoter absolutely depends on
TLP and p53 [14], and these two factors form a com-
plex in cells [14,25].

The most attractive property of TLP is its potent
TFIIA-binding ability. TFIIA is another member of
the family of general transcription factors [3].
Although TFIIA binds to TBP to some extent in order
to potentiate TFIID-dependent promoters, it is also
used for TATA-less promoters [3,26,27]. In higher
eukaryotes, TFITIA consists of three subunits including
TFIIA o, p and v [3]. TFITAap is encoded by a single
gene and is cleaved into individual o and B subunits
[3,28]. We have found that TLP binds more strongly
to TFIIA than to TBP [29]. Although TLP is mainly
localized in the cytoplasm, mutant TLPs with impaired
TFITA-binding ability display a diffuse localization

TLP and TFIIA in p21 gene regulation

pattern [29]. However, the significance of the TFIIA-
binding ability of TLP in transcriptional regulation
has remained to be clarified.

In this study, we investigated the contribution of
TLP-TFIIA interaction to p2/ gene regulation, and
we found that mutant TLPs with weakened TFIIA-
binding ability exhibit decreased transcription stimula-
tion activity. Moreover, etoposide, which stimulates
p21 gene expression, facilitated binding of the
upstream promoter to TFIIA and TFIIA-reactive
TLP. One reason why TLP possesses a strong TFIIA-
binding ability may be elucidated through this study.

Results

Transcriptional activation function of mutant
TLPs for the p21 promoter

We previously constructed various kinds of mutant
TLPs [29]. Among them, N37E and R52E have weak-
ened binding ability to TFIIA, and N37E is a more
severe mutant than R52E for TFIIA binding, whereas
R55E binds to TFIIA as strongly as does wild-type
TLP. In this study, we first investigated in detail the
intracellular TFITA-binding strength of these mutants
by co-immunoprecipitation assays. It was confirmed
that wild-type TLP and RS5E exhibited significant
binding to TFIIA, whereas N37E did not bind to
TFIIA (Fig. 1). We further investigated processed and
unprocessed forms of TFITAa/f and found that R52E
binds to the o and B subunits of TFIIA but does not
bind to uncleaved TFIIAop (Fig. 1, lane 12).

The human p2/ gene produces mainly alt-a and var-
iant-1 transcripts from the upstream and downstream
promoters, respectively (Fig. 2A) [14,23]. Knockdown

vec TLP R55E R52E N37E
Inp 1gG M2 Inp 1gG M2 Inp IgG M2 Inp IgG M2 Inp IgG M2

FH-TLPs - o ”7 o o
TFIAGR - = - -— -
TFllAa - - = e o -
TFIIAR .- - -*: -:

TBP | s - i - —

123 4 5 6 7 8 9 10 11 12 13 14 15

Fig. 1. TFIIA-binding ability of TLP. Co-immunoprecipitation to
detect the interaction between TLP and TFIIA. Extracts of HCT116
cells into which FH-TLP (TLP) and its mutants (R55E, R52E and
N37E) had been introduced were immunoprecipitated with M2
beads (M2) and examined for indicated proteins by western blotting
using specific antibodies. Inp, input.
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Fig. 2. Activation of the endogenous p27 upstream promoter by TFIIA-reactive TLP. (A) Schematic representation of the promoter region of
the human p27 gene. Transcription start sites for the upstream and downstream promoters, which produce alt-a and variant-1 transcripts,
respectively, are shown by arrows. Dotted lines (I and Il) represent promoter regions included in luciferase reporter plasmids. (B) Effect of
TLP knockdown on p27 gene expression. Amounts of whole p27 transcripts (p21) and alt-a (alt-a, p21 alt-a) in HelLa cells were determined
by semi-quantitative RT-PCR (a) and RT-gPCR (b). Control siRNA is depicted as — or scr. Each mRNA level for scr (open column) is assigned
as 1.0, and relative mRNA level for siTLP (solid columns) is shown. Arrow, position of the specific signal. (C) Effects of overexpressed TLP
and its mutants on mRNA transcribed from upstream (alt-a) and downstream (variant-1) promoters. HCT116 cells into which TLP or its
mutants had been introduced were assayed for p27 transcripts by RT-PCR (a) and RT-gPCR (b) using specific primer sets. The relative
mRNA levels for TLP and N37E are displayed as ratios to the mRNA level for vec (lane 1). vec, empty vector. (D) Transcriptional activation
of the upstream promoter by mutant TLPs. HCT116 cells transfected with indicated effector plasmids together with a reporter plasmid
(p21up/GL4) carrying p21 promoter-containing DNA from —2266 to —1875 were examined by luciferase assay for transcriptional activation
function of the native and mutant TLPs.

of endogenous TLP resulted in decreased production activity for the upstream promoter compared with that
of whole p2] transcripts, mainly due to the decreased of wild-type TLP and R55E (Fig. 2C). To obtain
level of alt-a transcripts (Fig. 2B). An overexpression direct evidence that TFIIA-reactive TLP potentiates

experiment confirmed that alt-a is specifically depen- the upstream promoter, we performed a luciferase
dent on intracellular TLP level. Next, we investigated reporter assay in mutant TLP-overexpressed cells. It
the transcriptional activation function of the above- was demonstrated that RS55E enhanced promoter

mentioned TLP mutants. R55E, which has a native activity as much as wild-type TLP did, whereas R52E
TFITA-binding ability, considerably enhanced alt-a and N37E had less effect on promoter activity than
production (Fig. 2C—a, lane 3), whereas RS52E and did wild-type TLP (Fig. 2D). These results suggest that
N37E exhibited almost no effect (lanes 5 and 6). R52E TFIIA-binding ability is required for the transcription
and N37E showed decreased transcription stimulation stimulation function of TLP.
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TFIIA sensitivity of the upstream promoter yielded 4.0-fold activation (Fig. 3A-b, lanes 1-3).
However, this additive effect was relatively small (1.8-
fold) when N37E and TFITAap were used (Fig. 3A-b,
lanes 4 and 5). A dose-responsive effect of TFITA on
TLP-dependent promoter activation was observed
(Fig. 3A-c), suggesting physical and functional interac-
tions between TLP and TFIIA. To exclude a possibil-
ity that overexpressed TFIIA increases the amount of
TLP protein, we examined the expression level of TLP
and TFIIA and confirmed that TFIIA does not exhi-
bit a significant effect on the expression of both
endogenous and exogenous TLP (Fig. 3A-d). The
downstream promoter was potentiated only slightly by
TFIIA (Fig. 3B). Therefore it is suggested that the
upstream promoter is much more sensitive to the

Since TFIIA-binding ability of TLP was found to
affect the transcriptional activation function of the
upstream promoter (Fig. 2C,D), we investigated how
TFIIA works for p2l promoters. Overexpression of
TFIIAaf considerably stimulated the upstream pro-
moter (Fig. 3A-a, lane 3). Since TFIIAy exhibited lit-
tle effect (Fig. 3A-a, lane 4), the concentration of
TFIIAy in cells seemed to be sufficient for the
upstream promoter. We further investigated the coop-
erative effect directed by TLP and TFIIA in transcrip-
tional regulation through co-overexpression of
TFIIAaf and TLP or N37E. Although the activation
degree of TLP for the upstream promoter was 2.6-
fold, co-overexpression of both TLP and TFIIA«f
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Fig. 3. Activation of p27 promoter by TFIIA. The promoter activity in a reporter plasmid was examined in response to TFIIA in normal
HCT116 cells. Cells were co-transfected with TFIIA expression plasmids for TFlIAaf (I1Aap, [IA) and TFIIAY (lIAy), and activities of the
upstream promoter in p21up/GL4 (A) and downstream promoter in p21down/GL4 (B) were determined. (A-b) Cells were transfected with
TLP and TFIlIAap or N37E and TFIlIAap to investigate the additive effect of the transcription factors. (A-c) Cells were transfected with a
constant amount of TLP and an increasing amount of TFIIAaf. (A-d) Expression levels of TFIIA and TLP protein were determined by
western blotting. (C) Cells were co-transfected with TFIIAap siRNA (+) or control siRNA (—) and the indicated reporter plasmids. (C-a)
Luciferase activities were determined for the upstream (up) and downstream (down) promoters; core, core region of the downstream
promoter without a TATA-box in p21core/GL4 plasmid. (C-b) Effect of TFIIA knockdown was checked by western blotting.
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concentration of TFITA and that TFITA-binding activ-
ity of TLP is involved in this process. Knockdown
experiments revealed that the upstream promoter is
much more dependent on TFITA than is the down-
stream promoter (Fig. 3C-a). The effect of downregu-
lation of TFIIA by short interfering RNA (siRNA)
was evaluated by western blotting (Fig. 3C-b). We
then investigated whether TFITA-dependent activation
of the upstream promoter occurs in p53-deficient cells.
As shown in Fig. 4A, however, TFIIA did not activate
the upstream promoter in p53-deficient cells. More-
over, the upstream promoter harboring a mutant
pS3RE did not respond to TFITA in addition to TLP
(Fig. 4B).

Recruitment of TFIIA to the upstream promoter
of the endogenous p27 gene

It has been reported that TFIIA can be recruited to
some TATA-less promoters as well as TFIID-depen-
dent TATA-containing promoters [26,27,30,31]. In this
study, we demonstrated that TFIIAof activates the
upstream promoter additively with native TLP
(Fig. 3A-b,c). We investigated whether TFIIA is asso-
ciated with p2/ promoters. Although we detected chro-
matin-bound TFIIA in the upstream promoter region
(p53RE) as well as the downstream promoter region
(TATA-box) (Fig. 5B), the amount of TFITA was lar-
ger for the downstream promoter (Fig. 5B-c), possibly
due to TFIID-assisted recruitment. We performed
TFIIA knockdown experiments to examine TFITA
function for p27 gene regulation, and we found that
the production of alt-a mRNA was dependent on the
amount of TFITA (Fig. 5C). The amount of p21 vari-
ant-1 (Fig. 5C) and the total amount of p2/ mRNA
(data not shown) were also decreased in TFIIA-
depressed cells.
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Recruitment of TFIIA and TFllA-reactive TLP to
the upstream promoter in etoposide-treated cells

Previously, we demonstrated that p53 and TLP are
recruited to the same region of the p2/ gene in etopo-
side-treated cells [14]. In this study, we confirmed that
p53 (Fig. 6A) and TLP (Fig. 6D, lanes 1 and 2) were
substantially recruited to the upstream promoters in
cells treated with etoposide, which is one of the typical
genotoxins. Figure 6B shows that large amounts of
TFIIA bind to the upstream p53RE-containing region.
Furthermore, we found that exogenous TLP but not
N37E increased the amount of upstream promoter-
bound TFIIA (Fig. 6C). These results indicate that
TFIIA-binding ability of TLP is required for recruit-
ment of TFIIA to the upstream promoter. We next
determined how many mutant TLPs are recruited to
the promoter in etoposide-treated cells. Exogenously
expressed TLP and RS55E clearly bound to the p53-
responsive element (Fig. 6D, lanes 2 and 3). On the
other hand, R52E and N37E showed decreased bind-
ing signals (lanes 4 and 5) although these proteins were
substantially present in cells. A further chromatin
immunoprecipitation (ChIP) assay demonstrated that
the amount of promoter-bound wild-type TLP was sig-
nificantly increased by etoposide, whereas that of
N37E did not change and was lower than TLP, even
though amounts of N37E were higher than those of
TLP in nuclei of control and etoposide-treated cells
(Fig. 6E). Consequently, R52 and N37E, whose chro-
matin-binding results were overestimated (Fig. 6D,E),
were demonstrated to have weakened promoter-bind-
ing abilities compared with wild-type TLP. We then
examined the effect of etoposide on TLP-TFIIA inter-
action. A co-immunoprecipitation experiment revealed
that TLP and TFIIA form an intracellular complex in
etoposide-treated cells upon DNA damage (Fig. 6F).

Fig. 4. p53-dependent promoter activation
by TFIIA. Promoter activation function of
TFIIA was examined in a p53-deficient
condition. (A) Experiments similar to those
for which results were shown in Fig. 3A-b,
B were performed using p53~/~ HCT116
cells, and activities of upstream and
downstream promoters were determined.
(B) Cells were transfected with expression
plasmids of TLP, N37E and TFIlAaf and
the activity of the upstream promoter
carrying a mutated p53 response element
(p53RE) was determined.
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The same result was obtained when exogenously
expressed FH-TFIIA was examined (data not shown).
Lastly, we investigated whether activity of the
upstream promoter is modulated by TLP in etoposide-
treated cells. TLP knockdown resulted in a decrease in
upstream  promoter-driven mRNA  production
(Fig. 6G, left two columns). We found that the net
quantity of knockdown-directed decreased mRNA
production in etoposide-treated cells was twice as
much as that obtained in normal cells (Fig. 6G, right
two columns). We have confirmed that etoposide
enhances transcription from the endogenous p2/
upstream promoter [14,23]. These situations suggest
that etoposide-augmented promoter-recruited TLP,
perhaps together with TFIIA, works for activated
transcription from the p2/ upstream promoter.

Negative regulation of cell growth by TLP and
TFIIA

In the above-described figures, we showed that TLP
and TFIIA potentiate the upstream promoter of the
p21 gene and upregulate anti-mitotic p21 protein. We
then examined how TLP and TFITA affect the growth
profile. Knockdown experiments demonstrated that
reduction of endogenous TLP resulted in elevated pro-
liferation for both normal (Fig. 7A-a) and p53-defi-
cient cells (Fig. 7A-b). However, the rate of
proliferation acceleration caused by depression of TLP
was much higher for wild-type cells than in p53-defi-
cient cells. Moreover, overexpression of N37E exhib-

ited a slight but significant growth-inhibitory effect
compared with wild-type TLP (Fig. 7B). Knockdown
of TFIIA also resulted in acceleration of the cell pro-
liferation rate (Fig. 7C). We next examined the effects
of TLP and TFIIA on the profile of etoposide-trig-
gered cell death by knockdown experiments (Fig. 7D),
and we found that both TLP (Fig. 7D-a) and TFIIA
(Fig. 7D-D) accelerated cell death rate in a DNA-dam-
aged condition. Since TLP and TFIIA play a negative
role in cell growth and since association of the two
factors is implicated from the results shown in Fig. 7B,
these factors might modify the expression of growth-
and apoptosis-related genes including p21.

Discussion

Previously, we demonstrated that TLP, which is one of
the TBP family proteins, is involved in regulation of
the upstream promoter [14]. The most attractive prop-
erty of TLP is its stronger TFITA-binding ability than
that of TBP [29,30], although the functional signifi-
cance of this property has not been elucidated. Bryant
et al. [31] reported that mutant TBPs with decreased
TFIIA-binding ability showed decreased transcription
activation function in vitro. In this study, we demon-
strated that Asn37 and Arg52 of TLP, which corre-
spond to TFIIA-reactive Asnl89 and Arg205 of TBP,
respectively [31], are required for TFIIA binding in
human cells (Fig. 1). N37E and RS52E exhibited
decreased transcriptional activation functions for the
endogenous upstream promoter, while R55E, which
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Fig. 6. Recruitment of TFIIA and TLP to the p27 upstream promoter upon etoposide stress. Etoposide-induced recruitment of pb3 (A) and
TFIIA (B) to the upstream promoter. Normal HCT116 cells treated with etoposide were subjected to ChIP assay using specific antibodies.
ChIP enrichment was determined by gPCR. (C) Amount of chromatin-bound endogenous TFIIA was determined by ChIP using o-TFIIAaf
antibody. Cells transfected with an effector plasmid (TLP or N37E) and empty vector (vec) were treated with etoposide, and chromatin-
bound TFIIA was detected for three regions as shown in Fig. 5A. (D) Binding of mutant TLPs to the upstream promoter of the endogenous
p21 gene. Cells into which FH-tagged wild-type and mutant TLP had been introduced were subjected to ChIP assay using a-FLAG M2
beads after etoposide treatment. Results are shown in the left panel. pb3RE, an experimental p53RE-containing upstream promoter region;
control, negative control region. Nuclear TBP and exogenous TLP proteins were determined by western blotting. \We assigned the signal
intensity of TLP (lane 2) as 1.0, and relative intensities of experimental ChIP signals are displayed as ratios to that of each TLP (right panel).
(E) Amount of chromatin-bound TLP in etoposide-treated cells. Enrichment of chromatin-bound TLP or N37E at the upstream promoter
region was determined. Cells treated with etoposide (E) or a solvent (V) were subjected to ChIP (left panel). Nuclear TBP and exogenous
TLP proteins were determined by western blotting. Relative intensity of experimental ChIP signals (E/V for each TLP protein) is also shown
(right panel). (F) Association of TFIIA and TLP in etoposide-treated cells. Cells treated with etoposide or a solvent were harvested and a
co-immunoprecipitation assay was performed. Material immunoprecipitated with o-TFIIAaf antibody was detected for TLP. IP(IIA),
immunoprecipitation with o-TFllAap. (G) Requirement of TLP for etoposide-stimulated expression of the p27 gene. Hela cells transfected
with TLP siRNA or control siRNA were exposed to etoposide. The level of alt-a was determined by RT-gPCR. We assigned the mRNA level
of lane 1 as 1.0, and the relative mRNA level of each sample is shown.

has substantial TFIIA-binding capacity, exhibited ity of TLP is thought to be required for TLP-depen-

native function (Fig. 2C). These mutant TLPs also
exhibited decreased transcriptional activation function
for the upstream promoter in an exogenous reporter
plasmid (Fig. 2D). Consequently, TFIIA-binding abil-

3132

dent transcriptional activation. Although RS52E had
binding ability to processed TFIIA (Fig. 1, lane 12), it
exhibited little transcriptional function. Because unpro-
cessed TFIIA has been reported to be transcriptionally
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Fig. 7. Inhibitory effect of TLP and TFIIA on cell growth. HCT116 cells were treated with dimethylsulfoxide (A) or etoposide (D). (A) Normal
(a) and p53~'~ cells (b) were transfected with TLP siRNA (siTLP) or control siRNA (scr). The cells were replated and cultured. Then cell
numbers were counted at the indicated times. (B) Growth profile of TLP-overexpressing cells. Cells transfected with an effector plasmid
expressing TLP or its mutants were replated and cell numbers were counted. (C) Growth profile of TFIIAap knockdown cells. Cells were
transfected with TFIIAap siRNA (sillA) or control siRNA (scr), and the growth profile was analyzed. (D) Knockdown of TLP (a) or TFIIA (b) of
etoposide-treated cells. Cells transfected with siRNAs were cultured in an etoposide-containing medium and viable cells were counted at

the indicated times.

active [28], it is possible that binding to unprocessed
TFIIA is required for TLP function to activate p2/
upstream promoter.

TFIIA activates RNA polymerase II promoters via
interaction with various transcription factors. As is gen-
erally known, TFITA indirectly associates with the
TATA-box promoter element via TBP [1-3,6]. Li et al.
[24] showed that TFIID is recruited to the TATA-box
of the p21 downstream promoter and that p53 is associ-
ated indirectly with the TATA-box via TFIID. Indeed,
abundant chromatin-bound TFIIA was detected at the
downstream promoter (Fig. 5B). However, overexpres-
sed TFIIA enhanced the endogenous downstream pro-
moter only slightly (Fig. 3B). On the other hand, the
upstream promoter was significantly activated by
TFIIA (~3.0-fold) (Fig. 3A-a). Moreover, results shown
in Fig. 3C and maybe Fig. 5C suggest that the upstream
promoter requires a high concentration of intracellular
TFIIA for its maximal activity. It has remained a ques-
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tion for a long time why TFIIA is an essential factor for
cell growth [32], despite the fact that it works just as a
cofactor. We speculate that some essential TATA-less
genes need TFIIA as well as TLP. Results shown in
Fig. 3A-b also demonstrate an additive effect between
TFIIA and TFIIA-interactive TLP but not mutant ones,
suggesting a functional interaction of these two factors
for the upstream promoter. As already stated, the
human p21/ gene has two major promoters: a TATA-less
upstream promoter and a TATA-containing down-
stream promoter [23,24]. Although the mechanism by
which TFITIA exhibits different responses to the two
promoters of the p2/ gene is not fully understood, the
TATA-box element seems to be one of the determi-
nants. Existence of multiple promoters of the p27 gene
might have an advantage to maximize the level of gene
expression, which is governed by different sets of tran-
scription factors, when cells are exposed to different
kinds of stimuli and stresses.
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It has been confirmed that the upstream promoter is
basically driven by p53 [23]. Activity of the upstream
promoter was almost inert in p53-deficient cells
(Fig. 4A). Moreover, TLP does not exhibit a transcrip-
tion activation function for the upstream promoter in
p53-null cells. We found that the upstream promoter is
upregulated by TFIIA and is dependent on TFIIA in
addition to p53 and TLP (Figs 3 and 4). The results
shown in Figs 5 and 6 demonstrate that these three
transcription factors are recruited to the upstream pro-
moter, and etoposide, which stimulates p2/ gene
expression, increased this recruitment. Drosophila TLP
works as a cofactor for DREF transcription factor of
the PCNA gene [13]. Moreover, TFIIA can work as a
co-activator of several activators [33-36] and binds to
p53 [37]. We have observed intracellular binding of
TLP and TFIIA [29]. Furthermore, we showed interac-
tion between TLP and p53 [25]. We therefore speculate
that TLP can form a triple complex with TFIIA and
p53, and TLP and TFIIA coordinately function as a
binary co-activator complex for p53 on the p2/
upstream promoter. The fact that the native, but not
N37E, TLP stimulates the upstream promoter addi-
tively with TFITIA (Fig. 3A-b) supports this hypothesis.

In addition to p2l1, TLP and p53 are widely
involved in growth repression and apoptosis of cells.
The present study revealed that TFIIA is also associ-
ated with the function of TLP. The results presented
in Fig. 7A show that TLP-mediated growth repression
is dependent on p53. Since TLP with decreased TFIIA
reactivity exhibited a weaker growth-inhibitory effect
(Fig. 7B), some parts of TLP-mediated growth repres-
sion can be governed by at least TLP- and TFIIA-
dependent transcription from the upstream promoter
of the anti-mitotic p2/ gene. Furthermore, we observed
that TLP and TFIIA are also involved in etoposide-
mediated cell death (Fig. 7D). We believe that TLP
and TFITA contribute to this phenomenon through
interaction with the p21 upstream promoter.

Materials and methods

Cell culture, drug treatment and DNA
transfection

Human HCT116 cells (wild-type and p53-deficient mutant
cells) [27] and HeLa cells were maintained in Dulbecco’s
modified MEM with high glucose and low glucose respec-
tively (Sigma-Aldrich, St. Louis, MO USA) at 37 °C in the
presence of 10% fetal bovine serum. Cell numbers were
counted by the trypan blue dye-exclusion method with a
hematocytometer. Etoposide dissolved in dimethylsulfoxide
was added to the medium to 30-50 pum. Transfection of
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nucleic acids was performed by using Lipofectamine and
Plus Reagent (Invitrogen, Carlsbad CA, USA).

Expression plasmids for mammalian cells

pClneo-FH-TLP, which is an expression plasmid of flag/oli-
gohistidine (FH) tagged mouse TLP, was described previ-
ously [14]. Mouse and human TLPs have an identical amino
acid sequence. Plasmids for mutant TLPs (R55E, R52E and
N37E) were described previously [29]. TFIIA expression
plasmids, pClneo-FH-TFIIAaf and pClneo-FH-TFIIAY,
have an open reading frame of human TFIIAaf and
TFIIAYy with an FH-tag at their amino termini.

Reporter plasmids for luciferase assay

pGL4.10 vector (Promega, Madison WI, USA) was used
for construction of luciferase reporter plasmids. A reporter
plasmid (designated p2lup/GL4) containing a human p21
promoter region encompassing from —2266 to —1875 was
described previously [14]. The +1 position represents the
transcription start site of the downstream promoter. In this
study, we constructed two new luciferase reporter plasmids,
p2ldown/GL4 and p2lcore/GL4, that contain a down-
stream promoter region from —168 to +66 and a short
DNA stretch from —5 to +66 of the p21 downstream pro-
moter, respectively. These constructs were generated by a
PCR-based strategy using a reporter plasmid encompassing
from —2677 to +66, which has been named p21lucl as pre-
viously described [14]. Primer sets to amplify DNA frag-
ments from —168 to +66 and from —5 to +66 sequences
were as follows: —168 to +66 forward, 5-
CTCGAGGGCCTGCTGGAACTCGGCCAG; —5 to +66
forward, 5-CTCGAGGCGCCAGCTGAGGTGTGAGCA;
and common reverse, - AGATCTCGGCGAATCCGCGC
CCAGCT.

RNA interference

siRNAs were prepared by a Silencer siRNA Construction
Kit (Ambion, Carlsbad, CA, USA). Sequences for target
human TFIIAaf were 5-GATGGGCAGGTGGAAGAAG
(sense) and 5-CTTCTTCCACCTGCCCATC (antisense).
The sequence for human TLP was described previously
[14]. A scrambled sequence of a part of TFIIAap was used
as a control siRNA. Cells were transfected with 50-100 nm
of siRNA and cultured for an appropriate period.

PCR

Total cellular RNAs were prepared using an RNeasy Mini
Kit (Qiagen, Chatsworth, CA, USA), and RT-PCR was
performed as described previously [38]. Amplified products
were analyzed by agarose gel electrophoresis. Quantitative
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determination of the PCR products (qPCR) was performed
using a Thunderbird qPCR Mix (Toyobo, Osaka, Japan)
and 7300 Real Time PCR System (Applied Biosystems,
Foster City, CA, USA). All reactions were performed in
triplicate. Primer sets to detect p2l transcripts were as
follows: total p2l forward, 5-GACACCACTGGAGGG
TGACT; reverse, 5-CCCTAGGCTGTGCTCACTTC; alt-
a forward, Y-GGTGGCTATTTTGTCCTTGG,; reverse, 5-AC
AGGTCCACATGGTCTTCC; variant-1 forward, 5-CTGCC
GAAGTCAGTTCCTTG; reverse, common to alt-a reverse.

Luciferase assay

Cells were inoculated into a 24-well plate (8 x 10
cells-well™"). Twenty-four hours later, cells were transfected
with the indicated amount of a reporter plasmid and an
effector plasmid and cultured for 24 h. Total amounts of
transfected DNA were adjusted with pRL-TK (Promega).
Cells were disrupted with a Passive Lysis Buffer (Promega).
Luciferase activity in lysates was determined by a Dual
Luciferase Reporter Assay System (Promega).

Immunoprecipitation of intracellular proteins

Cell extracts were prepared as previously described [29]. Five
hundred micrograms of the extract was used for immunopre-
cipitation. Endogenous proteins in extracts were mixed with
a specific antibody and precipitated with protein G-Sepha-
rose 4 Fast Flow (GE Healthcare Bioscience, Piscataway,
NJ, USA). FH-proteins in extracts were precipitated by anti-
Flag M2 Affinity Gel (Sigma-Aldrich). Normal rabbit IgG
(Santa Cruz, Santa Cruz, CA, USA) and IgG-Sepharose 6
Fast Flow (GE Healthcare Bioscience) were used as control
antibodies. Bound proteins were eluted and analyzed by wes-
tern blotting as described before [29].

Western blotting

Proteins were separated by SDS/PAGE, transferred to an
Immobilon-P poly(vinylidene difluoride) membrane (Milli-
pore, Billerica, MA, USA) and detected by an ECL Prime
(GE Healthcare Bioscience) as previously described [29] by
using specific antibodies and appropriate horseradish-per-
oxidase-conjugated secondary antibodies including anti(o)-
rabbit IgG and o-mouse IgG. As primary antibodies, we
used o-p53 antibody (Santa Cruz), o-B-actin antibody
(Sigma-Aldrich) and antigen-purified o-TLP antibody and
TFIIAap antibody as described previously [29].

Chromatin immunoprecipitation (ChIP)

Cells transfected with plasmids were treated with 50 um eto-
poside for an appropriate time. After fixation of cells, ChIP
assay was performed as described previously [14]. Endoge-
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nous and exogenous FH-proteins were precipitated with a
specific antibody and Protein G-Sepharose 4 Fast Flow (GE
Healthcare Bioscience) and a-Flag M2 Affinity Gel (Sigma-
Aldrich), respectively. Immunoprecipitated DNAs and con-
trol input DNAs were analyzed by semi-quantitative PCR or
qPCR using p21 promoter-specific primer sets. Primer sets
for ChIP analysis were as follows: p53RE forward, 5'-CAC
CTTTCACCATTCCCCTA; reverse, 5'-GCAGCCCAAGG
ACAAAATAG; TATA-box forward, 5-TGCTGGAAC
TCGGCCAGGCTCAGCTG; reverse, 5'-CCAGCTCCG
GCTCCACAAGGAACTG: control forward, 5-TGGTAG
GCCTCTCCAAGGTA; reverse, 5-ACACATGTGACTTG
GGGTGA.

Statistical analysis

Data in this study are shown as mean + standard error of
the mean obtained from at least three independent experi-
ments. Statistical significance of quantitative data was
determined using Bonferroni’s method with R CONSOLE (ver.
3.0.3). The number of experiments used for statistical
analysis was at least three (n = 3). P < 0.05 was considered
to be statistically significant. Statistical significance of dif-
ferences between samples is shown in the figures with aster-
isks: *P < 0.05; **P < 0.01; ***P < 0.001.
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ABSTRACT

TBP-TFIIA interaction is involved in the potentiation
of TATA box-driven promoters. TFIIA activates tran-
scription through stabilization of TATA box-bound
TBP. The precursor of TFIIA is subjected to Taspase1-
directed processing to generate « and p subunits.
Although this processing has been assumed to be re-
quired for the promoter activation function of TFIIA,
little is known about how the processing is regu-
lated. In this study, we found that TBP-like protein
(TLP), which has the highest affinity to TFIIA among
known proteins, affects Taspase1-driven processing
of TFIIA. TLP interfered with TFIIA processing in vivo
and in vitro, and direct binding of TLP to TFIIA was
essential for inhibition of the processing. We also
showed that TATA box promoters are specifically po-
tentiated by processed TFIIA. Processed TFIIA, but
not unprocessed TFIIA, associated with the TATA
box. In a TLP-knocked-down condition, not only the
amounts of TATA box-bound TFIIA but also those of
chromatin-bound TBP were significantly increased,
resulting in the stimulation of TATA box-mediated
gene expression. Consequently, we suggest that TLP
works as a negative regulator of the TFIIA processing
and represses TFlIA-governed and TATA-dependent
gene expression through preventing TFIIA matura-
tion.

INTRODUCTION

The assembly of the transcription initiation complex on a
promoter region is a critical step in gene expression. The
TATA box is a promoter-proximal regulatory element that
is responsible for high transcription efficiency of RNA poly-
merase II (polll)-dependent genes (1,2). It is known that
over 20% of polll-driven promoters have a TATA box (3).
Recruitment of general transcription factors (GTFs) de-

termines the activity of TATA box-containing promoters
(TATA promoters). TATA-binding protein (TBP), which is
a main component of transcription factor IID (TFIID), rec-
ognizes and directly binds to the TATA box, and it recruits
other GTFs to the promoter-proximal region (2,4-6). Tran-
scription factor ITA (TFIIA) is another GTF and is known
to be a binding partner of TBP (7-9). TFIIA enhances the
transcription activity of TATA promoters through stabi-
lization of binding of TBP to the TATA box. TFIIA di-
rectly binds to TBP and constitutes the core of the preiniti-
ation complex with TFIIB. In addition, TFIITA has been re-
ported to have an activator-like function (10,11), implying
that transcription is regulated by TFIIA via various mecha-
nisms. Otherwise, TFIIA is a biologically significant protein
since it is essential for cell growth (12). However, compared
with other GTFs, TFIIA has not been deeply investigated
from mechanistic point of view in gene expression.

TFIIA consists of a, B and vy subunits (9). TFIIAx and
B are encoded by single gene called TFIIA-L, which is re-
ferred to as TOA1 in budding yeast. The TFIIA«p precur-
sor is processed by Taspasel at the QVDG site (13), and
processed TFITAa and B assemble into a holo-TFITA com-
plex together with TFIIAy (a/B + y). The holo-TFITA
complex has been thought to be a transcriptionally func-
tional form of TFIIA. In the process of spermatogenesis,
the TFIIA« precursor is processed by Taspasel along with
development, and holo-TFIIA potentiates the expression of
spermatogenic genes (14). In cultured HeLa cells, most of
the TFIIA proteins exist as processed forms. On the other
hand, it has been reported that the unprocessed TFIIAap
precursor itself also has a transcription activation function.
An abnormality in the development of a TFIIA-deficient
Xenopus embryo was rescued by the introduction of un-
cleavable TFIIA (13). It has also been reported that, unpro-
cessed TFIIAaB in P19 embryonic carcinoma cells forms
a complex with TBP and TFIIAvy, which is referred to as
TAC (TBP-TFIIA-containing) complex (15,16). Those re-
ports suggest that processed and unprocessed TFIIAs each
have a specific role in cell growth and development. The
function of processed and unprocessed TFIIAs has there-
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fore been studied in specific biological conditions like em-
bryonic development. Moreover, the mechanistic investiga-
tion for each form of TFIIA has been performed just by
in vitro analyses. Eventually, the intrinsic and general sig-
nificance of the processing in transcriptional regulation is
remained to be elucidated. Therefore, studies in functional
differences between processed and unprocessed TFIIA and
the regulatory mechanism of TFIIA processing are to be
carried out by using commonly used cells such as HeLa
cells.

TBP-like protein (TLP) was identified as one of the
TFIIA-binding proteins with the highest affinity (17,18).
TLP, also known as TRF2, is a member of the TBP-family
proteins (19-22). Amino acids of TBP for binding to TFIIA
and TFIIB are conserved in TLP, even though TLP does not
bind stably to the TATA box sequence. It has been reported
that the affinity of TLP to TFIIA is one order higher than
that of TBP (18). We previously found that interaction be-
tween TLP and TFIIA is required for activation of TATA-
less promoters (23-25). TLP and TFIIA regulate cell prolif-
eration through activation of the upstream promoter of the
p21 gene in a p53-dependent manner. A recent study has
also shown that TLP is engaged in potentiation of several
types of TATA-less promoters of Drosophila (26,27). Fur-
thermore, in an in vitro assay system, TLP inhibits TATA
box-driven transcription by competing with TBP for TFITA
association (28). However, the in vivo role of TLP in TATA
box promoters remains unclear.

In this study, we examined the effect of TLP-TFIIA inter-
action on TATA promoters and found that TLP represses
TATA box-driven gene expression in vivo. We propose as
a new mechanism that TLP represses promoter activity
by preventing Taspasel-mediated processing of TFIIA. We
also found that the TFITAap itself is not involved in TATA
box-mediated transcription activation and the processing of
the TFITA«aB precursor by Taspasel is essential for full po-
tentiation of TATA box promoters in cultured human cells.
The role of TLP-TFIIA interaction is thought to be a criti-
cal determinant for expression of TATA box genes.

MATERIALS AND METHODS
Cell culture, transfection and drug treatment

Human HCTI116 cells and HeLa cells were maintained
in Dulbecco’s modified MEM with high and low concen-
tration of glucose, respectively (Sigma-Aldrich) at 37°C
in the presence of 10% fetal calf serum. Knockdown ex-
periments were performed as described previously (25).
Lipofectamin2000 reagent (Invitrogen) was used for trans-
fection of plasmids and siRNA. Cycloheximide (CHX)
and MG132 dissolved in dimethyl sulfoxide (DMSO) were
added to the media for some experiments.

Plasmids

Mammalian expression plasmids: expression plasmids
for flag/oligohistidine-tagged (FH)-TLP, FH-N37E, FH-
TFIIA-L, FH-TFIIA-S and FH-MyoD were described
previously (25,29). pClneo-FH-TBP has an open read-
ing frame of human TBP with an FH-tag at each of its
amino termini. DGAA mutant of TFIIA-L was generated

by a polymerase chain reaction (PCR)-based mutagenesis
method from pClneo-FH-TFIIA-L. Amino acids of the
274" aspartic acid and 275 glycine were substituted by ala-
nine in the DGAA mutant.

Bacterial expression plasmids: open reading frames of
TBP, Taspasel, TFIIAaf and TFIIAy were subcloned into
a pET-3a vector (Novagen). An FH-tag was added to each
of the amino terminal ends of the open reading frames of
TBP and Taspasel, and oligohistidine (His)-tag was linked
to that of TFIIAy.

Reporter plasmids for luciferase assay: a pGL4.10 vec-
tor was used for construction of reporter plasmids. Pro-
moter regions of human p2/ were amplified from human
genomic DNA and cloned into a pGL4 vector by a standard
PCR-based method. p21-168/GL4, p21-65/GL4 and p21-
5/GL4 harbor distinct length of the p21 promoter as shown
in Figure 2A(a). In the figure, +1 represents the transcrip-
tion start site of a promoter gene. GAPDHWT/GL4, which
carryies a promoter region from —145 to +52 of the hu-
man GAPDH gene, was also generated as described above.
GAPDHmutTATA/GLA4, which is a mutant construct of
GAPDHWT/GLA4, has a disrupted TATA box sequence.

PCR

Preparation of total cellular RNAs and reverse tran-
scription PCR (RT-PCR) and quantitative PCR (qPCR)
were performed as previously described (25,30). Semi-
quantitative PCR was performed using Paq5000 DNA
polymerase, and amplified products were analyzed by 2%
agarose gel electrophoresis. All reactions were performed in
triplicate. Primer sets to detect transcripts were as follows:
B-actin forward, 5-ACTGGGACGACATGGAGAAAA;
reverse, 5-GATAGCACAGCCTGGATAGCAA;
GAPDH forward, 5-GTCAAGGCTGAGAACGGGAA;
reverse, 5-AAATGAGCCCCAGCCTTCTC; c-Myc
forward, 5-CATCAGCACAACTACGCAGC; reverse,
5-GCTGGTGCATTTTCGGTTGT;  a-tubulin  for-

ward, 5-CTGGCTTCACCTCACTCCTG; reverse,
5-GAAGGCACAGTCTGAGTGCT; BRCAI for-
ward, 5-GGTGGTACATGCACAGTTGC; reverse,
5-ACTCTGGGGCTCTGTCTTCA; TLP forward,
5-GGAAGATTGCTTTGGAAGGAGC; reverse,
5-CCTGAGGACCAAATTGTAGCTG; INK4a for-
ward, 5-GAATAGTTACGGTCGGAGGC; reverse,
5-GTACCGTGCGACATCGCGAT,; LMNA for-
ward, 5S-TCGCATCACCGAGTCTGAAG; reverse,
5-ACTGAGTCAAGGGTCTTGCG; TBP  forward,
5-CTGGCCCATAGTGATCTTTGC; reverse, 5-

TCAATTCCTTGGGTTATCTTCACA; TFIIA-S for-
ward, 5-TTTGGGAAACAGTCTTCAGGA; reverse,
5-CCATCACAGGCTACAATTTTCA; 14-3-30  for-
ward, 5-AGAGCGAAACCTGCTCTCAG; reverse,
5-CTCCTTGATGAGGTGGCTGT; GADD45 for-
ward, 5-ACGAGGACGACGACAGAGAT; reverse,
5'-GCAGGATCCTTCCATTGAGA; p2lalt-a for-
ward, 5-CTGTTTTCAGGCGCCATGTC; reverse,
5-GGTGGCTATTTTGTCCTTGG
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Figure 1. Negative function of TLP in endogenous gene expression. (A) Effect of TLP knockdown on endogenous gene expression of human cells. HeLa
cells were transfected with TLP siRNA (siTLP) and control siRNA (scr), and amounts of mRNAs were determined by qRT-PCR. Relative amount of
mRNA with siTLP (solid columns) to that with scr (open columns) for each of the genes is shown. Knockdown efficiency of TLP was checked by Western
blotting (left panel). (B) Effect of exogenous expression of TLP on endogenous gene expression. HeLa cells were transfected with TLP siRNA together with
a TLP expression plasmid. 7LP mRNA was determined by semi-qRT-PCR (a). mRNAs of GAPDH, c-Myc and TFIIA-S were determined by qRT-PCR
(b-d). (C) Amounts of chromatin-bound TFIIA. TLP-knocked-down HeLa cells were subjected to a ChIP assay using a TFIIA«af-specific antibody. ChIP
enrichment was determined by qPCR. IgG and I1A: IgG- and TFIIA-specific immnoprecipitates, respectively. Myc-u and Myc-d indicate upstream and
downstream promoters of the c-Myc gene, respectively. p21 FUR indicates the far-upstream region (-7018 to -6833) of the p27 promoter used as a negative

control.
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Figure 2. TLP-dependent repression of TATA promoters. (A) Luciferase reporter assay for TATA-containing human p2/ promoters. HeLa cells transfected
with TLP siRNA together with the indicated p2/ promoter reporter were examined for relative luciferase activity. (a) Schematic representation of the
promoter regions of the human p2/ gene inserted in p21-168/GL4, p21-65/GL4 and p21-5/GL4. Open arrowheads show the TATA box sequence. (b)
Relative promoter activity was determined. (B) Luciferase reporter assay for TATA-containing human GAPDH promoter. Relative luciferase activity of
the GAPDH promoter in TLP-knocked-down HeLa cells and the ratios were determined as described above. WT: wild-type TATA box-harboring GAPDH
promoter. mutTATA: consensus TATA box sequence of the GAPDH promoter (TATAAAT) was mutated to gcggttg. (C) Effect of overexpressed TLP on
GAPDH promoter activity. Wild-type TLP and its mutants R55E, R52E and N37E were introduced into HeLa cells together with a GAPDH promoter-
containing reporter plasmid, and relative luciferase activity was determined. (D) Effect of co-expression of TLP and TFIIA on the p2/ promoter. HCT116
cells were transfected with TFIIA expression plasmids together with TLP (b) and N37E (c) expression plasmids, and the ratios of luciferase activity of

p21-168/GL4 (vec = 1.0) are shown.
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Luciferase reporter assay

A luciferase assay was performed as previously described
(25). In a TLP-knocked-downed condition, siRNA for TLP
was introduced into cells 36 h before transfection of re-
porter and effector plasmids. Cells were transfected with
the indicated amounts of reporter plasmids and cultured
for 12-24 h. Then the cells were disrupted with a Passive
Lysis Buffer (Promega). Luciferase activity in lysates was
determined by a Dual Luciferase Reporter Assay System
(Promega). Amounts of transfected DNA were standard-
ized with a control thymidine kinase promoter (Promega).
In a single luciferase assay, luciferase activity was normal-
ized with protein concentration of lysates determined by the
BCA method.

Immunoprecipitation

Cell extracts were prepared as previously described (18).
Three hundred micrograms of the extract was used for im-
munoprecipitation. Extracts were mixed with a specific an-
tibody and precipitated with protein G-Sepharose 4 Fast
Flow (GE Healthcare Bioscience). Exogenous FH-tagged
proteins in extracts were precipitated with anti-Flag M2
Affinity Gel (Sigma-Aldrich). Normal rabbit IgG (Santa
Cruz) and IgG-Sepharose 6 Fast Flow (GE Healthcare Bio-
science) were used as control antibodies. Bound proteins
were eluted and detected by Western blotting as described
before (18).

Western blotting

Proteins were separated by SDS-PAGE, transferred to an
Immobilon-P PVDF membrane (Millipore), and detected
by an ImmnoStar Zeta (Wako) by using specific anti-
bodies and appropriate horseradish peroxidase-conjugated
secondary antibodies including anti (a)-rabbit IgG and
a-mouse 1gG. The primary antibodies used included «-
p53 antibody (Santa Cruz), a-B-actin antibody (Sigma-
Aldrich), a-GAPDH antibody (Santa Cruz), a-a-tubulin
antibody (Santa Cruz), a-p21 antibody (Santa Cruz) and
a-FLAG M5 antibody (Sigma-Aldrich). Anti-TLP, «-
TFIIAaB, a-TFITIAYy, o-TBP and o-TFIIB antibodies were
used as antigen-purified antibodies.

Chromatin immunoprecipitation (ChIP)

ChIP was performed by a previously described method
(23). Briefly, cells were cross-linked with formaldehyde, fol-
lowed by cell lysis and DNA-fragmentation by micrococcal
nuclease. Endogenous proteins and exogenous FH-proteins
were precipitated with a specific antibody using Protein
G-Sepharose 4 Fast Flow (GE Healthcare Bioscience)
and a-Flag M2 Affinity Gel (Sigma-Aldrich), respectively.
Antigen-purified o-TFIIAaf antibody and commercial
a-TBP antibody (Santa Cruz) were used for ChIP analyses.
Immnoprecipitated DNAs were purified and analyzed
by qPCR. Primer sets for ChIP analysis were as follows:
B-actin forward, 5-TCCTCAATCTCGCTCTCGCT; re-

verse, 5-GCCGCTGGGTTTTATAGGGC; GAPDH
forward, 5-CTCAAGACCTTGGGCTGGG; re-
verse, 5-TCGAACAGGAGGAGCAGAGA; Myc-u
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forward, 5-GGCGTGGGGGAAAAGAAAAA; re-
verse, 5- CGTCCAGACCCTCGCATTAT;, Myc-d
forward, 5-GAGGCTTGGCGGGAAAAAGA;  re-
verse, CTCTGCCTCTCGCTGGAAT; IIA-S for-
ward, 5- CTTCCCTGACAAGGCTTGAGT; re-
verse, 5- CAGAACTGAGCTGACGACCC; TBP
forward, 5-CTCAAGAGCTTCGCCCCTC; reverse,

5'-AATGTCACTTCCGCCAGTT.

Electrophoretic mobility shift assay (EMSA)

EMSA was conducted with purified recombinant proteins.
Double-stranded DNA carrying a GAPDH TATA box se-
quence (sense: CGGTTTCTATAAATTGAGCC) was la-
beled with 3*P-y-ATP as previously described (23), and 80
000 cpm of the DNA probe was used for each EMSA re-
action. Fifty nanograms of TBP was mixed with 40 ng of
TFITA«y and 40 ng of processed or unprocessed TFITAaf in
EMSA buffer (20 mM Hepes-KOH [pH 7.9], 5 mM MgCl,,
100 mM KCI, 0.2 mM EDTA, 5 mM dithiothreitol, 10%
glycerol) and incubated at 37°C for 30 min to form TBP-
TFIIA complex. Labeled probe DNA was then added to the
mixture and incubated at 30°C for 45 min to form protein-
DNA complex. Protein-DNA complexes were separated by
4% native PAGE and detected by autoradiography. If nec-
essary, unlabeled probe DNA was added to the binding re-
action as a competitor.

Purification of bacterially expressed proteins

FH-TBP, FH-Taspasel, TFIIAap and His-TFIIAy were
transformed into BL21 (DE3) E. coli., and the recombinant
proteins were induced by isopropyl-1-thio-B-D-galactoside.
Cells were lysed with lysis buffer (500 mM NaCl, 10 mM im-
idazole, 1% Triton X-100, 10% glycerol, protease inhibitor
mix [PI mix]). Proteins were purified from lysates using anti-
Flag M2 Affinity Gel or Ni-NTA Agarose (QIAGEN). Al-
though TFIIA«B has no appending tags, it binds to Ni-
NTA due to an oligohistidine moiety in the central region
of the polypeptide. Affinity carriers were washed three times
with lysis buffer, and M2 and Ni-NTA-bound proteins were
eluted with FLAG peptide and imidazole, respectively.

For preparation of processed TFIIAa and B subunits, 1
wg of the TFITAaB precursor was mixed with M2 Agarose-
bound FH-Taspasel in a reaction buffer (20 mM Hepes-
KOH [pH 7.9], 5mM MgCl,, 100 mM KCl, 0.2 mM EDTA,
5 mM dithiothreitol, 10% glycerol) and incubated at 37°C
for 1 h. M2 Agarose-bound FH-Taspasel was eliminated
from the TFIIA solution by centrifugation centrifuge. Pro-
cessing of the TFITA«ap precursor was checked by SDS-
PAGE and silver staining.

Cell fractionation

A method described by Xie et al. (31) was used for prepa-
ration of chromatin-free and chromatin-bound fractions.
Cells were lysed with NETN100 buffer (100 mM NacCl, 1
mM EDTA, 0.5% NP-40, 20mM Tris-HCI [pH 7.5]), and
the supernatant fraction was collected as the chromatin-
free fraction. Chromatin pellets were washed twice with
NETNI100 buffer. The pellets were then suspended in
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NETN420 buffer (420 mM NaCl, ] mM EDTA, 0.5% NP-
40, 20mM Tris-HCI [pH 7.5]) and the supernatant material
was collected as the chromatin-bound fraction.

Statistical analysis

Data obtained in this study are shown as means =+ standard
error of means from at least three independent experiments.
Statistical significance of quantitative data was determined
by Bonferroni’s method with R Console (ver.3.0.3). P <
0.05 was regarded as statistically significant. Statistical sig-
nificance of differences between samples is shown in figures
with asterisks such as *; P < 0.05, **; P < 0.01 and ***; P
< 0.001.

RESULTS
Repression of TATA box genes by TLP

A subset of TATA-less promoters including NFI, TAp63
and p21 is potentiated by TLP through its recruitment to
a promoter region (23-25,32,33). On the other hand, TLP
is reported to have neither affinity to TATA box DNA nor
a function for activation of TATA box-containing promot-
ers (TATA promoters) (22). Indeed, chromatin-bound TLP
was not detected in TATA promoters in our previous works.
Rather, TLP was shown by in vitro analyses to repress TATA
promoters (28,32). In this study, to elucidate the in vivo func-
tion of TLP in a TATA box, we first performed knock-
down experiments to investigate effect of TLP on expression
of endogenous genes. Knockdown of endogenous TLP in-
creased mRNAs of TATA genes (8-actin, GAPDH, c-Myc,
a-tubulin and BRCAI) (Figure 1A). In contrast, expression
of TATA-less genes (INK4a, LMNA, TBP, TFIIA-S, 14-
3-30, GADD45 and p2lalt-a) was not increased by TLP
knockdown (Figure 1A). Rather, expression of GADD45
and p2lalt-a was decreased by TLP knockdown, suggest-
ing that TLP potentiates a subset of TATA-less promoters.
Additionally, expression of GAPDH and c-Myc was sup-
pressed when TLP expression was recovered by introduc-
tion of a TLP expression plasmid (Figure 1B). These re-
sults demonstrate that TLP affects the expression of TATA
genes.

We next examined the effect of TLP on the in vivo
promoter-associating capacity of TFIIA. ChIP results con-
firmed that TFIIA was enriched in TATA promoters (Fig-
ure 1C). We found that TLP knockdown increased the
amount of TATA box-bound TFIIA (Figure 1C). Consider-
able amounts of promoter-associating TFIIA were detected
in TATA box-carrying GAPDH, B-actin and c-Myc pro-
moters under a TLP-knocked-down condition (Figure 1C,
lanes 1-8). The human ¢-Myc gene has two TATA promot-
ers (34), and the amount of promoter-bound TFIIA was in-
creased for both TATA elements (Figure 1C, lanes 5-8).

We further examined whether the TATA box sequence
is critical for TLP-mediated repression of promoters. We
performed a luciferase reporter assay using p21 (CDKN1A)
and GAPDH promoters. In a TLP-knocked-down con-
dition, the TATA box-harboring p2/ promoter exhibited
higher activity than that of the control one (Figure 2A).
Similarly, the GAPDH promoter was significantly elevated
by TLP knockdown, while mutation of a canonical TATA

sequence to a non-TATA sequence abolished the TLP sen-
sitivity (Figure 2B), indicating that TLP affects promoter
activity via the TATA box sequence. Consistent with the re-
sults described above, TLP overexpression donwregulated
the activities of TATA-containing GAPDH (Figure 2C) and
p21 promoters (data not shown). Additionally, we exam-
ined three TLP mutants R55E, R52E and N37E. While
R55E has normal TFIIA binding ability, R52E and N37E
have been shown to be defective just in TFIIA binding abil-
ity (18). TFIIA-reactive R55E exhibited a repression effect
on TATA-promoters as the wild-type TLP did (Figure 2C,
lanes 2 and 3). Notably, R52E and N37E, which do not
interact with TFITA, did not affect those promoter activ-
ities (Figure 2C, lanes 4 and 5), implying that TFIIA re-
activity of TLP is required for repression of the TATA pro-
moter by TLP. We then examined a synergistic effect of TLP
and TFITA on the TATA promoter. Exogenously expressed
TFIIA potentiated the TATA promoter of p21 (Figure 2D,
panel a), and that promoter activation was suppressed by
TLP overexpression (panel b), while the repression was not
restored by N37E (panel ¢). These results suggested that, al-
though endogenous TLP does not associate with the TATA
promoter, it represses TATA-containing genes through in-
hibition of TFIIA activity needed for TATA promoters.

Inhibition of TFIIA maturation by TLP

We next focused on the mechanism of TLP-mediated re-
pression of TFIIA activity. Since the TFIIAap precursor
is processed into mature o and B subunits by Taspasel (13),
the processing is a key step for intracellular TFITA activ-
ity. To investigate the effects of TLP on TFIIA processing,
we performed overexpression and knockdown experiments.
The TFIIAap precursor has been reported to be rapidly
processed into matured subunits in cells (35). Indeed, we
found that the half-life of intracellular TFIIA«a was less
than 30 min. However, the amount of TFIIAap signifi-
cantly increased in a TLP-overexpressed condition, and the
half-life was prolonged to over 1 h (Figure 3A, lanes 5-8).
Stabilization of the TFIIA«af precursor was not observed
for the N37E mutant (lanes 13-16). In turn, TLP knock-
down resulted in destabilization of the TFIIAaf precursor
(Figure 3B). To demonstrate the inhibitory effect of TLP
on nascent TFIIA protein, we examined the processing effi-
ciency of TFIIAaf by using exogenously expressed TFIIA.
The exogenous TFIIAa precursor was processed into each
subunit like the endogenous one (Figure 3C, lane 2). As ex-
pected, TLP, but not N37E, decreased the processing rate
for exogenous TFIIAaB (Figure 3C). Moreover, the pro-
tein level of DGAA mutant TFIIA, which is not processed
by Taspasel, was not affected by TLP overexpression (Fig-
ure 3D). The amount of TFIIA transcript was not affected
by TLP (Figure 3E). These results suggest that processing
of TFIIA« precursor is inhibited by TLP.

We showed that the TFIIAaR precursor was not de-
graded by the ubiquitin-proteasome system (Figure 4A).
We further checked whether reduction of the precursor was
due to Taspasel (Figure 4B). We examined the inhibitory
effect of TLP on in vivo processing of the TFIIAapB pre-
cursor using purified recombinant proteins. Although the
precursor of recombinant TFIIAap was sufficiently pro-
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Figure 3. Inhibitory effect of TLP on the processing of TFIIAaB. TFIIAaB protein was determined by Western blotting. (A) Effect of overexpressed
TLP on intracellular TFIIAa protein. TLP- and N37E-introduced HCT116 cells were treated with CHX for the indicated time, and the amount of
endogenous TFIIA protein was determined. (B) Effect of TLP knockdown on TFIIA«af precursor. The amount of endogenous TFIIAaf precursor in
TLP-knocked-down HeLa cells was assayed as described above. (C) Effect of TLP on TFIIAaB processing. HeLa cells were transfected with expression
plasmids for FH-TLP and FH-N37E together with FH-TFITAa, and the TFIIAa precursor and generating a subunit were detected. (D) Effect of TLP
on the uncleavable DGAA mutant. HeLa cells were transfected with expression plasmids of FH-TFIIA and FH-DGAA mutant together with TLP, and
the amount of the FH-TFITA«f precursor was determined. FH-MyoD introduced into cells was used as an electrophoresis loading standard. (E) RT-PCR
for detection of TFIIA-L transcripts. TLP-overexpressed HCT116 cells were assayed for TFIIA-L transcripts by RT-PCR using specific primers.

cessed into o and B subunits by recombinant Taspasel
(Figure 4C), supplementation of TLP protein clearly pre-
vented the processing of TFIIAaf in a TLP-dose depen-
dent manner, while the AITA mutant of TLP, which has
no affinity to TFIIA, did not affect the processing ef-
ficiency (Figure 4D). Taken together, the results showed
that TLP inhibits Taspasel-driven processing of TFITA«.
Since TFIIA-binding ability-deficient TLP mutants did not
affect the processing rate of the TFIIAaf precursor, direct
binding of TLP to TFIIA«af was suggested to be critical for
prevention of the processing.

TATA promoter activation by processed TFIIAa 3

Since TLP repressed TATA-containing genes and inhibited
processing of the TFIIAaB precursor, we speculated that
TLP negatively regulates TATA genes through inhibiting
TFIIAaB processing. However, it has remained ambiguous
how the processing of the TFIIAaB precursor functions in
potentiation of TATA promoters.

To clarify the significance of TFIIAaf processing for
promoter regulation, we performed an EMSA to exam-

ine the TATA box-association potential of processed and
unprocessed forms of TFIIAap. First, we confirmed that
purified recombinant TFIIAaf was processed by Tas-
pasel, whereas the DGAA mutant was not affected (Fig-
ure 5A). Although TBP alone did not stably bind to the
TATA box, addition of TFIIA generated a higher protein
(TBP-TFIIA)-DNA complex (Figure 5B). Unprocessed
TFIIAap and processed TFIIAap generated two specific
complexes. The combination of TBP, TFIIA+y and unpro-
cessed TFITAap or DGAA mutant generated a faster mi-
grating complex (lower complex) (Figure 5B(a), lanes 3, 5
and 6). On the other hand, processed TFIIAap generated
a slower migrating complex (upper complex) together with
TBP and TFIIAvy (Figure 5B(a), lane 4). Since combina-
tions of TBP and TFIIA«aR, or TBP and TFITA~y did not
generate stable protein-DNA complex (Figure 5B(b)), both
TFIIAaB and TFIIAy were suggested to be required for
formation of TBP-based protein-DNA complex. A compe-
tition assay revealed that these complexes were specific for
the TATA box sequence (Figure 5C). We further performed
a super-shift assay using specific antibodies to clarify the
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Figure 4. Inhibition of Taspael-mediated processing of the TFIIAaf precursor by TLP. (A) Effect of MG132 on TFIIA proteins. HCT116 cells were
treated with MG132 and CHX for the indicated time, and the amount of TFIIA protein was determined. (B) Effect of overexpressed Taspasel on the
endogenous TFIIAaB precursor. HCT116 cells were transfected with expression plasmids of FH-Taspasel, and the amount of the TFIIAap precursor
was determined. (C) Taspasel-mediated processing of the TFIIAaf precursor in vitro. Five nanograms of purified recombinant TFITA«f was mixed with
20 ng of purified recombinant FH-Taspasel and incubated at 37°C for 1.5 h, and proteins were detected by Western blotting. Effect of TLP on Taspasel-
mediated processing of the TFIIAa precursor in vitro. Twelve nanograms of TFIIAa and 6 ng of TFIIA+y were incubated with 50 to 200 ng of TLP or
AIIA mutant protein at 37°C for 1 h. Fifty nanograms of FH-Taspasel was then added to the mixture and incubated for 1.5 h.

characteristic of these complexes. It was confirmed that
both complexes contain TBP because these shifted bands
reacted with a TBP-specific antibody (Figure 5D, lanes 2
and 5). However, these shifted bands exhibited different re-
action to a TFITA-specific antibody (Figure 5D, lanes 3 and
6). Because the lower complex did not react to TFIIA anti-
body, it was suggested that TFIIAap was not included in
the lower complex, whereas processed form of TFIIAaRB
was included in the upper complex. These EMSA results
show that the processing step of TFIIAap is required for
stable association of TFITIA with the TATA box.

We performed ChIP analyses to determine whether the
processing of TFIIA«p is critical for its in vivo association
with TATA promoters. Exogenously expressed TFIIA«p
was processed into the subunits (Figure 6A(a)). Processed
TFIIA proteins were detected at the TATA promoter of
the endogenous GAPDH gene, while the DGAA mutant
was not detected at the promoter (Figure 6A(b)). Analy-
sis of the promoter activation function of TFITA showed
that unprocessed TFIIAa is almost inert for the TATA-

containing promoter (Figure 6B). To investigate the mecha-
nism to achieve transcriptional activation by processed and
unprocessed TFIIAa3, we examined the interaction of the
TFIIAap precursor (DGAA) with TFIIAvy. Although the
TFIIAaR precursor and processed TFIIA exhibited simi-
lar affinity to TLP, the TFIIAaB precursor exhibited lower
affinity to TFIIAvy (Figure 6C). The function assay revealed
that TFITIAYy is required for TFIIAaB-mediated potenti-
ation of the TATA promoter. A dose-responsive effect of
TFIIAy on TFIIAaB-mediated TATA promoter activation
was observed (Figure 6D). The TFIIA+vy subunit is thus
thought to be required for potentiation of TATA promoters.
Indeed, the EMSA showed that stable protein-DNA com-
plexes were not generated in the absence of TFITAvy (Figure
5B(b)). Consequently, it was clarified that processing of the
TFIIAaR precursor is required for its association with the
TATA box and TFIIAvy-dependent potentiation of target
promoters. Therefore, inhibition of TFIIA«f processing by
TLP is responsible for depression of TATA genes.
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Figure 5. EMSA to detect the association of TFIIA with TATA the box. (A) in vitro processing of recombinant TFIIAaf precursor protein. Twenty
nanograms of purified recombinant TFIIAap and DGAA expressed in E. coli were mixed with 70 ng of purified recombinant FH-Taspasel and incubated
at 37°C for 1 h. Proteins were separated by SDS-PAGE and detected by silver staining. (B-D) EMSA of TFIIA and TBP to detect TATA box binding of
the GAPDH promoter. Purified TFIIAaB, His-TFIIAy and FH-TBP were used. Panel B: (a) processed TFIIAaB (indicated as Processing +, same with
af of panel b) and unprocessed TFIIAaf (indicated as Processing -, same with a/p of panel b) were used for EMSA. Processing: purified recombinant
TFITAaB and DGAA were incubated with FH-Taspasel, and TFIIA proteins were purified. (b) Indicated combinations of purified proteins were used for
EMSA. Panel C: cold probe DNA (WT) and its mutant (mut) were used as competitors in EMSA binding reactions. Sequences of wild-type and mutant
competitors were 5-CGGTTTCTATAAATTGAGCC and 5-CGGTTTCCAGTAACTGAGCC, respectively. Panel D: specific antibodies against TBP,
TFIIAaB and control IgG were included in the EMSA. o3 and /P indicate unprocessed and processed TFIIA«af, respectively.
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Figure 6. In vivo function of mature TFIIAa and TFIIAB. (A) Chromatin binding of TFIIA«aB. Wild-type FH-TFIIAaB (WT) and FH-DGAA (DGAA)
were introduced into HeLa cells. Processing of wild-type TFITAaf was checked by Western blotting (a). Amounts of chromatin-bound exogenous FH-
TFIIAaB and FH-DGAA were determined by ChIP using M2 Agarose beads. ChIP enrichment at the TATA box-containing GAPD H promoter (GAPDH
pro) and control DNA region (p21 FUR) was determined by qPCR (b). Ctrl indicates control. (B) Activation of TATA promoter. Wild-type FH-TFIIA«
and FH-DGAA were introduced into HeLa cells together with indicated p21 reporter constructs, and the luciferase activity was determined. (C) Affinity
of TFIIA«p to its interacting proteins. Exogenously expressed FH-TFIIAaB and FH-DGAA were immunoprecipitated with M2 Agarose beads, and co-
precipitated TLP and TFIIAy were detected. Inp: input. (D) A dose-responsive effect of TFIIAy on TATA promoter activation. Indicated combinations
of TFIIAs were introduced into HCT116 cells together with p21-65/GL4 reporter plasmid, and luciferase activity was determined. For dose-dependent
analysis, 100 ng (+) or 200 ng (++) of TFIIAy expression plasmid was used.
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Prevention of chromatin binding of TBP by TLP

TBP is essential for potentiation of TATA promoters, and
TFIIA supports TBP function through stabilization of the
TBP-DNA association (9). Since TLP repressed TFIIA ac-
tivity, it is speculated that TBP-DNA binding is affected by
TLP. To confirm this hypothesis, we examined the amount
of chromatin-bound TBP by cell fractionation and ChIP
techniques. As expected, the amount of chromatin-bound
TBP was markedly increased in a TLP-knocked-down con-
dition (Figure 7A). Moreover, ChIP results showed that
chromatin-bound TBP was specifically increased in the
core promoter region (Figure 7B). This TLP-knockdown-
dependent increase in TBP-chromatin binding was corre-
lated with the increase in expression levels of TATA genes
(Figure 1A). These results suggest that TLP works as a neg-
ative factor for TBP-driven transcription through inhibiting
TFIIA function.

DISCUSSION
Repression of TATA genes by TLP

Since TLP is one of the TBP-family proteins, the role of
TLP in transcription regulation has been studied (21,22).
The most attractive characteristic of TLP is the highest
affinity to TFIIA (17,18). In the transcription regulation
of TATA-less promoters, several direct regulatory mecha-
nisms of TLP have been shown over the past decade. We
previously demonstrated that TATA-less promoters includ-
ing cyclinG2, TAp63 and p21 need TLP-TFIIA interaction
for transcription activation (23-25,33,36). Other groups
demonstrated that several TATA-less promoters are also
governed by TLP (e.g. TCT- and DPE-driven promoters
and promoters of the histone gene cluster of Drosophila)
(26,27). On the other hand, the mechanism by which TATA
genes are affected by the TLP-TFIIA interaction in vivo has
remained unclear. In this study, we showed that the TLP-
TFIIA interaction has a negative effect on TATA genes
(Figures 1 and 2). We found a novel mechanism that TLP
inhibits TATA genes expression through preventing TFITA
maturation (Figures 3 and 4). Since 24% of the core promot-
ers of human genes have a typical TATA box or TATA-like
element (3), TLP may widely affect the expression of TATA
genes as a global regulator.

TLP behaves as an inhibitor of TFIIA processing

Sequence-specific cleavage of proteins is critical for reg-
ulation of cellular functions such as cell death, home-
ostasis and cell-cycle progression (37-39). TFITAap has
been demonstrated to be subjected to Taspasel-mediated
proteolytic processing for production of mature TFITA«
and TFITAB (13). Although the processing of TFIIA«p is
known to be critical in spermatogenesis and head morpho-
genesis (14,40), the regulation mechanism of TFIIA« pro-
cessing has remained unknown. We found that TLP func-
tions as an inhibitor of TFIIA«f processing (Figures 3 and
4). TLP has a specific and critical function for TFIIA«R
through its strong affinity to TFIIA. Results of this study
suggest that direct binding of TLP to TFIIA«p is required
for inhibition of TFIIA«f processing (Figures 3 and 4D).
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Although the amino acid sequence of TBP is 40% similar
to that of TLP (19,28), TBP never inhibits the processing
in vivo (data not shown). Our previous works have further
shown that TLP has one-order higher affinity to TFIIA
than TBP does (18). The high degree of stability of the
TLP-TFIIA complex ensures the prevention of Tapsasel-
mediated processing of the TFIIAap precursor. These ob-
servations suggest that TLP is not just a TBP alternative
with inadequate ability but is a unique factor with a func-
tion distinct from that of TBP.

TFITA«a B processing is required for activation of the TATA
promoter

Although the transcription activation function of TFIIA
has been studied in yeast, yeast TFIIAaR (TOAT1) does not
undergo proteolytic processing (13). On the other hand,
the significance of Taspasel-mediated TFIIAaf process-
ing in human cells has not been elucidated. Although,
from results of previous in vitro analyses, the Taspasel-
mediated processing has been thought to be essential step
for the TATA promoter activation (9), several studies
demonstrated that the unprocessed TFIIAap has transcrip-
tional activity (15,16,40). To demonstrate functional differ-
ences between each form of TFIIA clearly, we examined
TFIIA function in conventionally used cultured cells. Fi-
nally, we showed that the processing of TFIIA is required
for activation of TATA genes in human HeLa cells and
HCT116 cells (Figure 6), and the unprocessed TFIIAap is
inactive in transcription activation, which is explained be-
low. We demonstrated that there are essential functional
differences between processed and unprocessed forms of
TFIIAaB. Only processed TFITA«p is associated with the
TATA box together with TBP and TFIIAy (Figures 5 and
6). Moreover, processed TFIIAaf has transcription acti-
vation function specifically for TATA promoters (Figure
6B). TFIIAy is required for holo-TFIIA function (41),
and the present study revealed that TFIIAvy is needed for
both the TATA box associating ability and promoter ac-
tivation function of processed TFIIAap (Figures 5B and
6D). In agreement with the promoter activation ability of
processed TFIIAaR, processed TFITAap exhibited higher
affinity to TFITA+y than did its unprocessed form (Figure
6C). This considerable affinity is presumably needed for
the TATA box-activation function of processed TFIIAaf.
Thus, the Taspasel-mediated processing of the TFIIAaB
precursor is required for acquiring both TATA box as-
sociation ability and promoter activation function. Since
processed TFIIAap can associate with the TATA box in
the presence of TBP and TFIIAvy (Figure 5B), processed
TFITAap is likely to function as a co-activator of TBP to-
gether with TFIIA«. Since the unprocessed TFIIA«p does
not exhibit such ability, this co-activator function is thought
to be one of the mature TFITA«aB-specific identities.

Unprocessed TFIIAaf can facilitate TBP-TATA box bind-
ing but is inactive in transcription activation

TBP alone does not exhibit high affinity to the TATA box
(3). This is probably because TBP is a sticky protein and
tends to form functionally inactive homo-dimers (42,43).
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Figure 7. Negative effect of TLP on chromatin binding of TBP. (A) Amounts of chromatin-bound TBP. Chromatin-unbound (Ch-free) and chromatin-
bound fractions (Ch-bound) were prepared from TLP-knocked-down HeLa cells, and the proteins were detected. Tubulin and histone H4 were used as
standard proteins for chromatin-unbound and chromatin-bound fractions, respectively. (B) Amounts of promoter-bound TBP. TLP-knocked-down HeLa
cells were subjected to a ChIP assay using a TBP-specific antibody. ChIP enrichment was determined by qPCR. IgG and TBP: 1gG- and TBP-specific
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Figure 8. TLP-dependent promoter selection model of TFITA. TLP inhibits Taspasel-mediated maturation of TFITAaf and represses TATA gene expres-
sion. TLP forms a complex with both the processed and unprocessed forms of TFIIAa and potentiates TLP-mediated genes. Consequently, TLP governs
promoter selectivity of TFIIA and regulates gene expression.
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We previously found that TFIIA enhances the dissociation
of TBP dimers (18,44). Unprocessed TFITAap does not ex-
hibit a stable TATA box-association function (Figures 5 and
6), but it facilitated the formation of a stable TBP-TATA
box complex in solution (Figure 5). Other groups also re-
ported that TBP-TATA box binding is stimulated by un-
processed TFITAap (8,41). Hence, even the unprocessed
TFIIAaB can dissociate TBP dimers and orientate a TBP
monomer to the TATA box. Because processed TFIIAa
also facilitated TBP-TATA box association (Figure 5), the
TBP-TATA stabilizing function of TFIIA«p is restored af-
ter processing. So far, TATA box-association of TFIIA has
been assumed to be required for orientation of TBP to a
TATA box. Data obtained in this study, however, suggest
that even the TFIIAap precursor, which does not exhibit
association ability with the TATA box, basically has TBP-
TATA box stabilization ability, and Taspasel-directed pro-
cessing enables TFIIA to associate with the TATA box for
full potentiation of TATA promoters as mentioned above.
Consequently, we hypothesize that there are two steps for
TFIIA-mediated potentiation of TATA promoters. The first
step is orientation of a TBP monomer to TATA box DNA
without association of TFIIA with the TATA box. The sec-
ond step is TATA box-binding of TFIIA itself for activa-
tion of an associating promoter. Moore et al. demonstrated
by in vitro analysis that TLP prevents TBP-TATA box com-
plex formation as the first step through competing with TBP
for TFITA binding (28). We clearly showed that TLP pre-
vents TBP-TATA box binding in vivo (Figure 7), probably
due to disruption of TBP-TFIIA interaction by TLP. On
the other hand, it might be possible that TLP disrupts TBP-
TATA box binding via other mechanisms such as alterna-
tion of chromatin structure (45). In any cases, the present
study demonstrated clearly that the Taspasel-mediated pro-
cessing is a novel step for TLP to inhibit TATA-containing
genes (Figure 8).

TLP participates in promoter selectivity of TFIIA

We demonstrated that unprocessed TFIIAa is inactive
in TATA promoter activation. On the other hand, un-
processed TFIIAaf has much more capacity to activate
a subset of TLP-dependent TATA-less promoters (Figure
8). We found that unprocessed TFIIAaf activates the up-
stream promoter of the human p2/Cip! gene (our un-
published data), which is rather dependent on TLP. Actu-
ally, promoter recruitment of unprocessed TFIIAaB has
been reported. Takeda et al demonstrated that unpro-
cessed TFIIAap associates with TATA-less promoters of
pl6Ink4a and pl9Arf genes and enhances expression of
those genes during mouse craniofacial morphogenesis (40).
Thus, the TFIIAap precursor is likely to activate TBP-
independent and TLP-governed TATA-less promoters. Be-
cause TLP also interacts with TFIIB, another GTF, TLP-
governed promoters can be regulated by a specific transcrip-
tion preinitiation complex containing TLP, unprocessed
TFIIA and TFIIB.

We propose a TLP-governed promoter selection model of
TFIIA (Figure 8). TLP inhibits processing of the TFITA«f
precursor and accumulates the precursor. Although inhibi-
tion of TFIIA«af maturation by TLP results in repression of

Nucleic Acids Research, 2015, Vol. 43, No. 13 6297

TATA genes, TLP and accumulating unprocessed TFIIA«
are cooperatively recruited to TATA-less promoters and po-
tentiate a subset of genes.
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