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RNAKRY X5 —E1I & ARG G K+ O B AEH

b L ERER A E R AR 28R
(FE T RREERD

PREE  JIEGE

RNARY A5 —FII (PolID I3HEHEZ I— F 9 2B FOEEE 21TV, A v+ % — RNA (mRNA)
FHEET D, B TOREIE T AE—2—XOBEEINED, Pl IHM TR /ot —2—ZiiiTcx
9, TOE—Z—ICHEA LTV 2 OE ARG 7 (TFIB & TFID) EMHAFEHAL T oE—%—IC
FERICHE B TE 5. XICPol IIC 3 FHDEAE A1 (TFIE, TFIIF 3 X U TFIIH) A& LT Pol TS
PRI DR ZBGT 5. Z U TG, MEKISICE 2 EMERT (SIL 8K T ELL) A Pol ITIC
EFHT %. Polllid 12fHDY T 1=y SRR EN, FLOY T 1=y MIEETFOEEICENTZ
NZTNDOERENERI-LTWVWBEEEZLNS. 2Oy 7=y +D>5H, KYT721=v FRPB1 BXTU
RPB2 i3 ZNZNDNAKEGRES K URNAGKEEZ A LTV 50, ZOfto 10/ 7 2=y  (RPB3,
RPB4, RPB5, RPB6, RPB7, RPBS, RPB9, RPB10 «, RPB10 835X U'RPB11) DIEREDZ L I3 AT
THTH%. £ TPl IVNT T 2= FDIERAR, IEMHMEICE T ZHEZHSMNCT SHNT, &
INFT =y b ERAEER Y (TBP, TFIIB, TFIE X GTFIF) X CHER ¥ (SIIE X CELL) O
FIHAE % GST-pulldown assay 7z FIUV TRl 7z, ZDF5E, RPB10 o 35K URPB10 B I DWW T IEASEE.
K- (TBP, TFIIB , TFIIE 38 X U'TFIF) EAHE/EH L TV B HA R E 7z, RICRPB10 a 38X U'RPB10
B DZEFUARRERL, ZOMEIEHOMEEZRD -, ZDFEFERPBI0 o O CAREMTFIE & OF HAEHIC
RETH BT EMNREENE. ThH5DHIE, RPB10 o ERPBI10 B ¥ 7 1= b HME G BHEIC B 7 HEAE
R U TWBEZFEL, FHCRPB10a O CARIGD R G FIMAIC EEAEAEZ 1372 L TV A 2T 5.
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Abbreviations

CTD: C-terminal domein

RPB: RNA polymerase B=RNA polymerase II
TBP: TATA-binding protein

TFIID: Transcription factor II D

TFIIH: Transcription factor II H

GST: Glutathione Stransferase
SDS: Sodium dodecyl sulfate

TFIIB: Transcription factor II B
TFIIE: Transcription factor Il E
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AL T ORI X5 GRS T OFFHINEE TH
D, EEBIERNARY AT —BIZE->TiIrbN T\,
ERAEYNCIE 3 ORNAKRY X5 —+H, RNAKY
X5—+¥1 (PolI), RNAKRY X5—LII (PolI) &
U'RNARY X5 —LI (Pol D) MELET 3. Pol I
VARV —LRNA (rRNA) 7 d— R 9 %8s DIk
BT\, PollliF A v+t —RNA (mRNA) %
I— R 92 EETOEEZ1{TS. £ L TPol L&V K
V—LOMREZTH S 55rRNA, £ hT R
77 —RNAtRNA) % O— R§ 38 (EF O 2T .
PoEt EE 7529 TR 1343 A 23 H (A EERAR)

Pol Il 12 o7 2=~  (RPB1, RPB2, RPB3,
RPB4, RPB5, RPB6, RPB7, RPBS, RPB9, RPB10«,
RPB10 8 3L URPB1D) M SR EINTWVS. TN5
Y72z o7 I/ BEYIEEAEY OB TREE
NTHO, F7-RPB1, RPB2, RPB3 & & U'RPBI11
BZNZTNABEEDORNARY AF59—ED B, B BXU
a7y ks EMHAENDS. KIGEDORNAKRY A
FJ—E¥OpY Ty MIRNAGKEEZH L, B9 7
2= MIDNAWGHEZHTS. ZTLCaP Ty
MEBgHY7az=y bBXURBYTIZY FOEED
a7 3. b OMAETER X TG, EYY
7 —RICEDE, RPB1 & RPB2 3 FNFMNDNA
A ERNAGRRICEI S L, RPB3 ERPB11 & a U7



T 86 els:
2= k LFEKEICRPBL ERPB2 OEEDAT ThH B
LELLENTVEY.  —J, BEAEYOPl IIICIEA
JGENCIZIFE LRV 8 DY T = hIMEEL, T
NEOY T =y b TEEY) O HE RS HIE
JGLTWB EELNS. TNE8DDYTIA=w +D
N, RPB4 1ZRPB7 LG AZIEN L, HERHEBHES
HIEREDO ATy TICEEELEEINTWVWSY. £k
RPB5, RPB6, RPB8, RPB10 « 35 & 'RPB10 8 & Pol I,
Pol 135 X U Pol IO THudDY 7 1= FTHD,
HHOBEZHE T2 EZA5NTWVA. Z L TRPBY
R BRI OIREIC BB A RE Z R LTS H
NS TWV3EY,

Pol IAVEIE T EDOIEERNMEN LG FAT
fdicid, EAREERT EMEN % EHE {TFIB,
TFIID (TBP & £ %1 TBP-associated factors & 0 ik
&N%), TFIE (TFIIEa 35X UTFIEB X b KRk E 1
%), TFIF (RAP30 3 X U'RAP74 X DK SN %) B
K UTFIIH (XPB, XPD, p62, p52, pd4d, p34, MAT
34, MAT1 B X UceyclinH)} DA TH 2 M9 | 25
FIHADBRICIE 7O E— 2 —ICE T TFIID S L, X
I TFIIBDW CPol I & TFIIF, % L CTFIIE & TFIIH
WG LR B RE SR ZE S 5. TFIBIX, TATA
element & L G FAMEN E 2 A SEOMZ#ZZ LT
D, TFID X TBP & %% TBP-associated factors & D
K5 & 1, TATA elementICHt& U F I iz B BAUAE
ERET HEER LT\, Fiz, TFIETFIH & Pol
Noaaonay kv, TFIHOCTD F+—vOiE ik
LIcE5 LTWw3™ , ZUTCTFIHIZ 9OV 7 2
— "SR, N H—YiEM, CTDFF—vinMt
ZHL, BELIMCDNABEICES L TWb T N
HoNTW3™ ., b ORAIEERF & Pol 1D
HEEIKRTH 2 ERREGIRE, 55K - ORER
LixoTED, IEORIENIC W CEERKEZH-
TW5.

Pol I &R OV 7 2= IO EEH %%
7T, Acker 52 ZPollIY 7 1= FIOMHEANEH
% GST-pulldown assay Cif\CT3 0D, RPB3 5 K U'RPB5
MPol I Z KT I H Tz b HOMREZ R iz LT
LT e RLTW3. %7z, Bushnell 5 (ZPol Il &
A B K¢ (TFIB, TFIE, TFIF# XU TFIH) O
FHEAE F 7% BIACORE Tif-X, Pol IIATFIIB, TFIE
BXUTFIF BT 52 EZRLTWVWAS. Z LK
3, Cramer 5% 134K Pol 1172 XER[EIHT T, Pol
MO ARG S M Lz, L L, PolllOF LD
Y7oz b ERARERF & OMHEAERHZ I
NIz ARu.

Z T T, KX TEPol I/ 7 2= + (RPB3 ~
RPB11) ORERER ENTS % 720D —4 L LT, 5
BRI A B FOREE BN (TBP, TFIIB, TFIE X
OTFIF) 3 & ClEEMEICS LTV A HERT %

g5

(SHBXTELL) & Pol IVNY T = FOMHANEH %
GST-pulldown assay % U Ta\7z.
B &
Pol IIY 7 .= k RPB3 /»» 5 RPB11 @ cDNA D Hig

RT-PCROF v I (BOEHRINGER MANNHEIM) %
il L, HelLafifid Xk O it L7zmRNAZEER & LT
WL B G EITH> 12, ThZThoy 71—y D
open reading frame (ORF) Z#HlEd % K I 5Kikme 3
KUt degenerate primer % iat U, WilE G SHEY) T
% % cDNAZ g & LT 0.5 uM primer, 25 mM dATP,
25mM dGTP, 25mM dCTP, 25mM dTTP, cloned pfu
buffer 35 X U pfu DNA ;K1 A 5 —+ (STRATAGENE)
11U G, fa& 50 ul TPCR (94°C147,55°C 1747,
72°C 5751 x 25¢cycle) 211> 7z, HiIEE N7z DNAW
& 0.7% 7 Ao — 27 )V CESKKENIC X b L QIAX
(QIAGEN) T#7 )L X b [El{ L7z. RPB3, RPB4, RPB5,
RPB10 o 35 & U'RPB10 8 0 ORF D L il 41| 0D FR i
7 u—= T OFRICAER G 7% DNAKIBRBEZEERAL A
FIE LT IT, Fh 5 O % Kunkel i 2
TUTNOWL, 7/ MeEZRWERZEAL, i
FEEZEERN 2 L7z, RPB3 X 125 KFH D7 2 /g
7’1 ) > DCCC%CCTICZ Z Sma T i 72 L 7=.
RPB4 (X 37 /HD T 2 /i XF Y > DCAT% CAC
ICZEZ Nde IENi Zi U7z, RPBS X 172 HFHD T 2
WA YA T DATC% ATTICZE 2 BamH 1 7%
U7z, RPBI0 a (& 32 EHDT I /7 AT F
0D GAT 7% GACICZE 2 BamH 18 7% L 7z. RPB10
B3I FEHDT 28T F D GAT% GACICZE Z Nde
LEhiz i LTz,
Kunkel %

pBluescriptKS (—) IcY 77— fbENiZnz
NOPl YT A=y N3 %75 AI REKIGH
BW313 [HfrKL 16 PO/45 {lys (61-62) / dutl, ung 1,
thi-1, rel AINWCTE A L, 2ml®D LB-ampicillin55 i TODy,
0.5~ 1.01c%% £ T37 CTHiEF#E L7z, 200 mldDOLB
B ) 0% 04 mg/mliciz b K5z, D
HICHIGZELUZEZMA, 37 CT 1R #E L 72,
ZD1% 7 7 —YMI13KO7 (1.0x10"/ml) % 5 mlfinz 6
iR A SRR LTz, Z ORiER% 8,000 rpm T 20
D URZREL, BEZRBINLUZ. 20 LEIC L
HED1/5BAED 20%PEG-2.5 MKCIZNZ, S T15
SiE L, 8,000 rpm T 20 7m0 L7 77—V &[N L
Tz, EERE KSRV, XLy M 7mlDTrisEDTA
(TE) #EfEi (pH8.0) Ik L7z, 7 =/ — )Vt 2
[, Z7ana 74V LAAH 1 EETY, TR —)ikEk
{77z, DNAZ% 100 ulOTE #EfEi# (pH8.0) I &k
L, ZO—#ZzxFTv L7001 K (EBr) 25
7 HO—RAT )V TCESKEI L, —AREHDNA (ssDNA)
INHEE T E e H R U Tz, HEEECY | 0 —E5ic oD
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EEMWMAS>TWAEAYIXT LAF REssDNAL T
Z—=) T EE, ZO%KT? DNAKY A5 —ETHE
[ IS7Z2170, TADNA U A — 8 T LTzt 7 ia—
ATV CESKE 21T 7.
B2 INTRERY Z—\DY T rua—=27
g, HEESNzPol 1Y 7 = O DNAWHIZ
PCRIC TN K%z ATG 7% & 35 Nde IER A1, CRuf%Z
BamH LI Z X, GSTRA & %X VN7 FEBN T X —
pGEX2TL (+) (Modified pGEX2T, Pharmacia Biotech)
D Nde ITFAL D B BamH THRALIC N AR E#HT GST Z 2787
MG dT2K2ICT7 L—LZbbEe Ty 7 7u—=>
7 Uz, BEARELEIXNTBP, TFIIB, TFIIE & TFIIF 33
XU MMERFSIEELLIZ 75 A 2 RpET-FLAG3a
(Novagen) @ Nde 1 5 BamH IERNIICHIRZ > %7 D

A

RPB10a
H. sapiens

S. pompe

T87

NARERICFLAG Z 2N DT 52 K27 L— L%
bbE T 7 r7a—=71L7.

RPB10 « 35 X U'RPB10 B (DZ5 BLAAD/ERY

RPB10 « 13 CX,CX,CX,C & U 5 BRI 75 di S S0
&4 L, —RPB10 B8 1% CX,CGX,CCR & 5 JE L
I 7 S S B 2 A S 22, s Ok A
fid%liZ v FRPB10 «, B4RFRPB10 o, b kRPBI10 B,
B4RFRPB10 B IR E N TV 5 (Fig. 1A). WIhi
KunkeliBIC XD AT A4 VRV VICEZ S LI
X o THFE AR & U7 (Fig. 1A). F72RPB10 «
ERPB10 8 DN K& L < 13 CRERDWT e R
L 722 8k i3 pfu DNAKY X5 —¥ %\, PCR
(94°C 147, 55°C 147, 72°C 5% x 25 cyclelc & O 1E
I 7 (Fig. 1B).

MDTQKDVQPPKQQPMIYI|CGEC|HTNEI KSRDPIR|CREC|GYRI MYKKRTKRLV VFDAR

MNHPTSTGGTAFNPPRPATMIYL| GRRNTIQAKEVIR HRVMYKMRTKRMVQFEAR

MSREGFQIPTNLDAAAAGTSQARTATLKYI|CAEC [SSKLSLSRTDAVR|CKDC|GHRI LLKARTKRLVQ FEAR

S. cererevisiae

RPB10B
H. sapiens
M I 1 PVRICFTCG]K | VGNKWEAYLGLLQAEYTEGDA LDALGLKRY|CCRIRMLLAHVDLIEKLLNYAPLEK
S. ¢ isi
M IVPVRICFSCGIKVVGDKWESYLNLLQEDELED GTALSRLGLKRY[CCR|RMILTHVDLIEKFLRYNPLEKRD
RPB100 mut1 RPB10B mut4
l —eaEe— CREC | | -erfeer CCR |
SGES SFTSG
RPB100. mut2 RPB10B mut5
[ CGEC —eREC— ] | cFrca —eeR— ]
SRES SSR
RPB100. mut3 RPB10p muté
[ —eaEe— —eREE— | | erree— —G6R— |
SGES SRES SFTSG SSR
RPB10a. MDTQKDVQPPKQQPMIYI[CGEC]HTNEI KSRDPI R[CREC]GYRI MYKKRTKRLVV FDAR
RPB100. T1 IlcGECIHTNEI ksRDPI RICREQGYRI MYKKRTKRLVV FDAR
RPB10a T2 MDTQKDVQPPKQQPMIYI[CGECIHTNEI kSRDPI RICREC]GYR
RPB10p M 11 PVR|CFTCG]K | VGNKWEAYLGLLQAEYTEGDA LDALGLKRY|CCR|RMLLAHVDLIEKLLNYAPLEK
RPB10B T3 | VGNKWEAYLGLLQAEYTEGDA LDALGLKRY| RMLLAHVDLIEKLLNYAPLEK
RPB10B T4 YTEGDA LDALGLKRY|CCR|RMLLAHVDLIEKLLNYAPLEK
RPB10B T5 M1 1PVR[CETCGK | VGNKWEAYLGLLQAEYTEGDA LDALGLKRY| RML
RPB10B T6 M1 PVR[CFTCG]K | VGNKWEAYLGLLQAEYTEGDA L

Fig. 1. Amino acid sequence of RPB10 « and RPB10 8, and mutagenesis of RPB10 « and RPB10 8. A, (upper part) amino acid
sequence alignment of RPB10 o« of Homo sapiens, Saccahromyces cerevisiae and Schizosaccharomyces pompe. Zinc-binding
motifs are boxed. (lower part) mutagenesis of zinc-binding motifs. Two cystein residues of each region are substituted to serine
residues by Kunkel’s method. B, (upper part) construction of the N-terminal or C-terminal truncated derivatives of RPB10 «. The
deleted portions are underlined in the full-length sequence. The zinc-binding motifs are boxed. (lower part) construction of the
N-terminus or the C-terminus truncated derivatives of RPB10 8. The deleted regions are underlined in the full-length sequence.

The zinc-binding motifs are boxed.
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D 2AVE

FTNTNOMEEAZFFDZ IS HREXRT Z—T
KGE BL21 (DE3) pLysS {hsdS gal ( A c1ts857 ind Sam 7
nin5 lacUV5-T7 genel) } ZIPEHAH U724, LB-ampicillin
B335 30 CTODg MY 0.6 X TS, AV 1
WFFHS5 7 bR APTG) Z 1 mMICK% X5k
Huchnz, 2RI REZFEL, X 5IC 3Rl E
1157z, £72RPB10«a & RPB10 3 DA E KD & 2%
7 DOAREIRAED o Te Tz 2 2R 7 FBEEE 7 23 °C
Tfio7z. GSTEEZ 827 %SDS- KU 77 VU )ILT7
2RV (10%) ETESKEL, s —TUU T
k7 )V— (CBB) Yt TZD¥HZ MR LT (Fig. 2).
GST-pulldown assay

% GST-Pol IVNY 7 = FEEB A 7Z 50 wl (1:1)
DT IWEF A>T 70— XA 4B (Amersham Pharmacia
Biotech) % 4 °C CTHEE%{20 mM Hepes-KOH (pH7.9),
1 mM EDTA, 10% Glycerol, 1 mM DTT, 0.5 mM
PMSF, 0.01% Triton-X, 100 mM KCI}FhC 1 B§fijts s
L7z, ZLUTGSTRIE Z V87 DA LT LY v %48
BT A4CTAEPE L. DL ERLDGSTRE
2N B LY VICHEMET 2 KD ICHE L.
B2 LY VITNAREICFLAGT Y b — 7 % 27 7%t
U 7 BAZ 5K T (TBP, TFIB, TFIIE 3 & U'TFIIF)
F I MERN T (SIBXUELL) Z&4ESGL, 4C
TH—X2) = A =T 1REES L. EGE,
LY v PRl OEE R IV 4°CT 4 Bk L, LY

g5

SV TINy T 7 —EiRG L TEME, SDS-H
U770V 7 2RIV 10%) ETESKEILE. &
Binputic I LI VICEENS 1/10 BOFLAGL. Y h—
T2 772 Ut BRI KT (TBP, TFIIB, TFIIE
FBEXOUTFIF) 723 PERT (SIEXTELL) ZHE5K
kENL 7z
I AZXYTHay b

SDS- KU 7 7V )L7 I R )VES KTl L 7z
% >/ 787 72 Immobilon (Millipore) Ict 2 K5 A #55
EA W7 Iy b U (200 mAEER T 1 KERETE),
ECL Western blot detecting system (Amersham
Pharmacia Biotech) I THiH L7z, &8 1 XPiikid
(ANTI-FLAG M2 antibody, SIGMA), 2 X i & (&
Affinity purified peroxidase labeled Goat anti-mouse IgG
(KPL) ZfH L 7z.

®w R

Pol 1Y 7= v b HAREER 7B XCHER T O
FHEAEH

GSTZEZNAKIHICHE & /2Pl IVNY 7 = b
(RPB3 »" 5 RPB11) %= KM CHBLE ¥ SDS- KU 7
7VIVT 2RIV (10%) TEXKEZIT, SEid 2
R OB U (Fig. 2). —75, JEARE R
¥ (TBP, TFIIB, TFIIE, # X U'TFIIF) & fiEK ¥ (SII
BXUELL) IZNKIHICFLAGT Y F— 7% 7 2R &S
SHTRGE THETE .

GST
GST-RPB3
GST-RPB4
GST-RPB5
GST-RPB6
GST-RPB7
GST-RPB8
GST-RPB9
GST-RPB100:
GST-RPB10p
GST-RPB11

- 0OOVWONOOUORWN =

— b

(+) induced
(-) not induced

Fig. 2. Fusion proteins of GST with various small subunits of Pol II. The fusion proteins were extracted from induced culture by
addition of IPTG (+) or non-induced culture as control (—), separated on SDS-polyacrylamide gel and visualized by CBB staining.
The molecular masses of the protein standards are shown in kilodaltons on the left.
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GST-Pol IVNY T = NG R 2 INT 72 T IV R F
F T ra— X 4BIcHEA &, FLAGDE v —7
2T MU e S ARG R 2 287 LIRA L,
GST-pulldown assay # 17> 7z. Z D445, TBPIZRPB3,
RPB5, RPB6, RPB7, RPB10 « 35 & U'RPB10 8 & #H
HIEH L, 59WiaA 5 RPB4 35 X U'RPBS I & fHEHAE
H U7- (Fig.3, lanes3, 4, 5, 6, 7, 8, 105X 0 11).
TFIIBIZRPB7, RPB10 o 33X U'RPB10 8 L fHEAEH
L7 (Fig. 3, lanes 7, 10 33K ¢ 11) . TFIIE (3 TFIIE
a BRUTFIE g O 2 FHOY 712w M SEHKD,
TFIIE « (&RPB3, RPB10 o 3K U'RPB10 8 &AHEAE
AL, £90Wiah 5RPB4, RPB7 35 X URPBS I
HLAHHEA/EH U7z (Fig. 4, lanes 4, 5, 8, 9, 11 BXU
12) . TFIIE B I&RPB10 o 33X U'PB10 B8 LHHHAEH L
7z (Fig. 4, lanes 11 383X '12) . TFIIFOY 7 1= v
kT3 % RAP74 35 X 'RAP30 [ZRPB10 « 35 & FRPB10
B EHMHEAEH L, HHICRAP30 & RPB10 o 1355 < fili ey
7z (Fig. 5, lanes 11 33X U12) . —75, HWERTFTH
%SI#HBELTELLIZPol IO/ T 2=y k&, TD5%
HTEMEEER RS S NEh o7 (Fig. 6) . LLED
MR Z X EDTZE D% Table 1 1I/R-9.

RPB 10 o 3 X URPB 10 8 & EAHLE R 1O EAER

RPB10 « 35 & U'RPB10 8 £ TBP, TFIIB, TFIIE,
BXUTFIF & DHBEEHANZED 570D T, RPB10
a £ RPB10 8 D & DFEEMN T N 6 HARTEE R 1 & D
HAEHICE S L TW2 O ZFEED Tk TN .
RPB10 & RPB10 B 137 NZ N HAIHCX,CX,;CX,C ,
JEHALT CX,CGX, CCRAZ M ghis SRy EF — T 2
9 5. @, WIS ESIEDNANOFESICE S L
TWBM, UG -Z 8N EHEERICE S
LTWBEDNNSNTWBEDTY, BN IS

1 2 3 4 5 6 7 8

IR T T R R N
TBP

—-"-"---—_——

5 6 7 8
I B

.O-

1 2 3 4
| | | |
TFIB —‘. —
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BN EATL G K 7 & OMEAERICEE LTV A]
BEME 2Nz, Z T, WSRO AT A Vix
YU ISR E R A D2 FL{ARPB10 o (mutl,
mut2 3 X Umut3) 3 X URPB10 8 (mut4 , mut5 ¥
K Umut) %= E# L (Fig. 1A), GST-pulldown assay
ZiTolc. T ORR, HHERFEAESIONAKEL, CARM
BLRUZDOM 5722488 LH7RPB10 o 38 X URPB10
B IZRPB10 o £ £ & 38 X URPB10 8 £ E & A £kIC
TFIE 35 K G TFIF EMEFEH T 2 EA/RE N/ (Fig.
7, lanes 3, 4, 5, 6, 7, 8, 9 £ 10 ¥ X UFig. 8,
lanes 3, 4, 5, 6, 7, 8 9 & 10). it > TRPBI10 «
& RPB10 g Ol gl Sl AL G 7 (TFIE 35
KUTFIF) & DHAERICIEES L TRVWENRE
N7z, Z T TRPB10 o &£ RPB10 B O ¥ Ofgk A EEA
25 K FTFIE 3 X G'TFIF & O % > )8 78 -2 28
7EMEERICES LTS iR %728, RPB10 «
DONAKGZ 17O T 2 /7% RILEH72RPB10 a T1,
CAliiZ 16 7 X/ W72 R E B 72 RPB10 o T2 51k
THEER U=, £72RPB10 8 DN Kz 12 7 X /EE
KUC287 2 /W2 RETERPBIOBTI B LT
RPB10B T4, CARUiZ 18 7 /B K U327 2 /1
RS E B 1= ZEFEAKRPB10 8 T5 35 X ' RPB10 3 T6 7%
WL (Fig. 1B), T 5 RPB10 « 3K U'RPB10 8 D
IRZEFAR & TFIE o 3 XU TFIE B £ OMHE/EH %
[d] £k 1 GST-pulldown assay C il X\ 7z. Z D # &,
RPB10 o D C A7 R & 1 7= 2 FLARPB10 o T2 13
TFIE « 38 X UTFIE g EHEAFH Liah - 7z (Fig. 9,
lane 5). fit > TRPB10 o ODCA G % 16 7 X / [ 13
TFIE & O EERAICBWTEER@HEZZ LTS L&
Eond. LEOMBEHOERZELDIZED%
Table 2 IC/R9.

9 10 11 12

1. Input
B P

2.GST
3. GST-RPB3
4. GST-RPB4
5. GST-RPB5
6. GST-RPB6
7. GST-RPB7
8. GST-RPB8
9. GST-RPB9
10. GST-RPB10a.
11. GST-RPB10j
12. GST-RPB11

G s

9 10 11 12
I 1 11

as.

Fig. 3. Binding of Pol II subunits to TBP and TFIIB. The GST-subunit fusion proteins were immobilized on Gluthatione-
Sepharose 4B and incubated with TBP tagged by FLAG epitope (upper panel) or TFIIB tagged by FLAG epitope (lower panel).
After extensive washing, bound proteins were separated on SDS-polyacrylamide gel followed by immunoblotting with an anti-
FLAG antibody. Input shows 10% of the amounts used for each GST-pulldown. GST-RPB7 appears as a doublet probably due to a

degradation of fusion protein (lower panel, lane 7).
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. Input

resin

.GST
GST-RPB3
GST-RPB4
GST-RPB5
GST-RPB6

. GST-RPB7

. GST-RPB8

. GST-RPB9

. GST-RPB10a
. GST-RPB10j
13. GST-RPB11

1 2 3 456 7 8 9 1011 12 13
[ I I Y R D I I R

TF Il Ea - . > . e -+ >

1 2 3 45 6 7 8 9 10 11 12 13
| [ [ N I I D e D D B N |

© ® N o s wN

TFIER- @ -

- - =
N = O

Fig. 4. Binding of Pol II subunits to TFIIE « and TFIIE 8. The GST-subunit fusion proteins were immobilized on Gluthatione-
Sepharose 4B and incubated with TFIIE « tagged by FLAG epitope (upper panel) or TFIIE 3 tagged by FLAG epitope (lower
panel). The immunoblot was performed as described in the legend of Fig. 3. Input shows 10% of the amounts used for GST-
pulldown.

. Input
e st g
.GST

. GST-RPB3
GST-RPB4
GST-RPB5
GST-RPB6

. GST-RPB7

. GST-RPB8

. GST-RPB9

. GST-RPB10a
. GST-RPB10p

. GST-RPB11

RAP74—.’ R
| .

2:3 4 5 6 7 8 9 1011 12 13
Il ale el odlnael el b s

© ®NO O s LN

-
o

1
1
RAP 30 — 4 -

=L ke
w N =

Fig. 5. Binding of Pol II subunits to TFIIF (RAP74 and RAP30). The GST-subunit fusion proteins were immobilized on
Gluthatione-Sepharose 4B and incubated with both RAP74 tagged by FLAG epitope (upper panel) and RAP30 tagged by FLAG
epitope (lower panel). The immunoblot was performed as described in legend of Fig. 3. Input shows 10% of the amounts used for
GST-pulldown.
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Fig. 6. Binding of Pol II subunits to elongation factors (SII and ELL). The GST-subunit fusion proteins were immobilized on
Gluthatione-Sepharose 4B and incubated with SII tagged by FLAG epitope (upper panel) or ELL tagged by FLAG epitope (lower
panel). The immunoblot was performed as described in legend of Fig. 3. Input shows 10% of the amounts used for GST-
pulldown.
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Table 1. Interaction between Pol II subunits and general transcription factors

TBP | TFIIB TFIIEa | TFIIER ;ilgo ;}:ll,}; 4 SII ELL
RPB3 + - + = - - - -
RPB4 - - + - = = - -
RPB5 + - - - - - - -
RPB6 + - - = N = = -
RPB7 -+ + =+ - - - - -
RPB8 - - + - - = - -
RPB9 - - - - - - - -
RPB10o| + -+ =+ + + - -
RPBIOB| + + + + + + - -
RPBI11 - - - . - - - -
+ and - indicates successful and unsuccessful binding between them.
1. Input
1 2 3 4 5 6 7 8 9 10 2 GST
| | | | | | 1 | | |
i , : 3. GST-RPB100.

TEIEo- [y PR o o iy - CSTOT

T 5. GST-MUT2

6. GST-MUT3

1 Z.3 7. GST-RPB10p

| (. 8. GST-MUT4

- 2o 9. GST-MUT5

TF 1 EB _. - 10. GST-MUT6

Fig. 7. Binding of mutated RPB10 o and RPB10 3 to TFIIE « and TFIIE B. The GST-subunit fusion proteins were immobilized on
Gluthatione-Sepharose 4B and incubated with TFIIE « tagged by FLAG epitope (upper panel) or TFIIE 8 tagged by FLAG epitope
(lower panel). The immunoblot was performed as described in legend of Fig. 3. Input shows 10% of the amounts used for GST-

pulldown.

z =
Pol Y 7= v b RAEER T X CHERTD

FEAEH

Pol INY 7 2= + (RPB3 ~RPB11) D#&RE%
N % 7z®IZ, GST-pulldown assay 7% > Pol 1IN 7
2= ks EEAEER Y (TBP, TFIB, TFIEHB X T
TFIF) X CHERT (SIIH KT ELL) OHELEH%
FX7= (Table 1).

RPB10 « & RPB10 g I3 #& AL G K TBP, TFIB,
TFIE ¥ K UTFIF L HAEFH T 5 FAVRS Nz,

-

(@

DENS, BEEHHBEGARZEKT 21CHRD,
RPB10 o & RPB10 B IZFAGLE K 1 & Pol AR S A
BT % & Tl LB EZH > TV 2 AfREMEAVR
m®Xniz.

RPB10 o & RPB10 S8 I3 Pol I~IIIH5@y 7 2= b
T®% %%, —/5TFIB, TFIE# & UTFIF & Pol 1%
ICRRNEEAEEN T THE2HEEEET D &, 5
OFfEHR K v @Y 7 2= FRPB10 o & RPB10 B &
RNAKRY X S5—VORMHIC X > T, Bk REAIER
TEMHEERT 2 HEENEZ 5N 5.

F 7 TFIB>TBP R G HHARICE 5 L T35 H &K
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Fig. 8. Binding of mutated RPB10 « and RPB10 3 to TFIIF (RAP74 and RAP30). The GST-subunit fusion proteins were
immobilized on Gluthatione-Sepharose 4B and incubated with both RAP74 tagged by FLAG epitope (upper panel) and RAP30
tagged by FLAG epitope (lower panel). The immunoblot was performed as described in legend of Fig. 3. Input shows 10% of the
amounts used for GST-pulldown. It is noted that a control band was not seen in lane 7 due to probably a technical error (upper
panel). A band in lane 2 of the upper panel was also due to a similar technical error since in other experiments no GST bound to

RAP74.
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Fig. 9. Binding of deletion mutant of RPB10 « and RPB10 B to TFIIE « and TFIIE 8. The GST-subunit fusion proteins were
immobilized on Gluthatione-Sepharose 4B and incubated with both RAP74 tagged by FLAG epitope (upper panel) and RAP30
tagged by FLAG epitope (lower panel). The immunoblot was performed as described in legend of Fig. 3. Input shows 10% of the
amounts used for GST-pulldown. The GST-pulldown assay of mutant T3, T4, T5, and T6 with TFIIEb has not been done yet.

Y, RPB10« & RPB108 &G RIMRICEES LTV 5H
Wz bt EHICiE, TFIEZ TFIHO CTD FF—
i E&EOZHICKXDEBETEOREETS H Y,
TFIIF iZ Pol DM EKISICES LTV A HE OHH 5
NTVWSDT, RPB10 o 38X URPB10 B I3 TFIIE 5 &
O'TFIF 2/t U TGS X Gl EMEICE G LT
WBHREEEZ 5NS.

2 REIC 35U\ TSI & RPB6 O HAEHI DS &N T
B0%, izt FPol 1Y 7= FRPB5 & TFIIB 3
HEERT % eMmEEnT0H3™ . L L, A
7% TI& SIL & RPB6 35 & 'RPB5 & TFIIB DO #H H.AF 1%

HIHE NG o7z, JiEidPol IE AL SILE D
MHAERZHXTW5 728, X&ESHEEHR
DIICGEA RS 2 1o D FIRRIFAS RO AW FE Tl 5
NixholzEZ%. WIc51%, GST pull-down assay
DHTHENERZRETT 2D THRL, REEEED
BES>FRICKAHAFHERIRELEEZ SN
%. BUED L T A, Pol I MEKNT & DHBEIEH D
BREE LTk, /M7 o=y bOEEKRE L THER
TICHAMEHT S, ELERY 7=y b (RPB1
BIXURPB2) WMHEKR FICHEERT 522 ENEZ
bN%.
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Table 2. Interaction between mutant subunits (RPB10 « and RPB10 B) and general transcription factors (TFIIE and TFIIF)

i I N R

RPB10a + + +
B B R
e | e [+ |
o e [ [ |
}:1:3 100 + 4 . -
?I;B o - = ND ND
RPB10B + + + +
w4 * ; ;
e + + + +
o + + + +
EI;B 10B + - . -
RPB10B + - . -
T4

ITu;B 108 + Db . -
IT{};B 108 + D . ©

+ and - indicates successful and unsuccessful binding between them.

ND: not determined.

RPB10 o 35 X U'RPB10 8 D% ¥k & TFIIE 35 KX U'TFIIF
DOHEAER

RPB10 o 33K U'RPB10 B & TFIIE 35 & U'TFIIF D1H
HYEHICDWT, KR RPB10« & RPB10 8 O ¥ i
MHEERICHETH SN RPBI0 o &
RPB10 g8 1&Z N Z N idny, JEHURIA 7 df Ss & id s
49 % (Fig. 1A). RPB10 o OHEENKE A Y1 Pol 1
DOFHICRKEVWY T2y s EMHAEERZRL, N
KD > AT A IR OBEHEIC I HTH % FHD
WEXNTWSE™ . F7=RPB10 g DMK AHCYI D
VAT A VEBEROEMICIINETD 5 ENHE TN
TWVW3™ | BEEEMIC & B 7N 5 O S EC A A
2R HEFERICEDN TV A ATRENLEZEE L T,
RPB10 « 35 & TU'RPB10 B O H §iili A Hc 41 0D R S 25 B Ak
ZHEEE L, TFIE$ X OTFIF & OAHEAEH = X7z
LT A, WG ZARY LDHERPBI0 o &
RPB10 B (3 TFIIE 3 X O'TFIIF & #HEAEH L7 (Fig. 7
¥ X U'Fig. 8, lanes 3, 4, 5, 6, 7, 8 9 & 10). X
FoFERNS, RPB10« & RPB10 B O ks & HCYIZ
TFIEH X UTFIF & OMAHAERICEREZES LT\

WeE#EZ25N%. it> TRPB10«a & RPB10 B Dl fhfd
BEHNE, D Pol Y7 2= kM thod AL H A
¥ (B ZIETBP, TFUB) OFHAELERICEE S LTV h,
& LU IEDNAKEEICE TV B AREED D 5 .
RPB10 o 35 X O'RPB10 8 D & D g A K AHE B A+
(TFIIER X UTFIF) & O BEAERHICHAENNS T2
IZ, RPB10 @ 3K U'RPB10 B8 DNAUHE L < 1 CA L
e RKRE BT Bk E 3 U AR B K 1 (TFIE 5
X UTFIF) & OHAERZFANTZ. CRIE D 16
2 R RYCE B T-RPB10 o D% FAk (T2) 13
TFIE o5 X U TFIE & #HANEH Lsh - 7z (Fig. 9,
lane 5). 743, RPB10 a O CARUIHZE AT~ & OFHH
ER D HIE 5T, PollI7 1= NRPB3 L DEH
WKHEBRL TS CR¥HEE). £z, Cramer 5IXEER}
Pol 11D X 4 i HT1C 35U C, RPB10 o O C R G 1
RPB3 & DM EEHICE G L TWBFEZHEMM L
& 5ICIERPB10 o 3V 7 a7 L v 7 ARPB3-RPB11-
RPB10 8 £ RPBI-RPB2 L DEHD AT Ik > T\
CTEREELTVS® . 2 RPB10 8 O N Al & 7=
& CARUMAIFEIK AN TFIE B & OFEEICHENEMT S
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BOMETH S, AFIEIC K D RPB10 o D CRE#IIE

BRERICBNCTEEZHETH 5 EHNHS MNIC

oz,

&

(D) Pol IVNY 7 = b EHEAEER B XOMHE
K7 DOMHELEHZFH, RPB10« 35X U'RPB10 8 135
AEEE R T EMEEHAT 2 T EAHIH LTz, ZOR5H
X OB RBESARIERICIHE VT, RPB1I0 o 8K T
RPB10 B & Pol I &1k & FARBLE N 72D & 1o
TWVWAEEEL TV ENEZLNS.

(2) RPB10 « 3 X U'RPB10 8 DZE k% HI = filthiT
DOFER, RPB10 o D CAR 1S Pol ITHE Ak & FEAHL S,
K172 Dk &1k 2 @ & LIS, Pol IESIATEKIC
EENTVBAEENENH S T & HVRE E Nz,

i

MZZBICHIz0, THREBXKUTIHOVZY
Tem RERREEm AR AAEM BRI ZIE D
HEBOERL, [FREREREEFZEE FIA R B
%, FIRFHE AP EER BEBFICHE EE#HH
7UET. XEEBREREN W EERAES
AR AR CER BRI R#HN N e LR T
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