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1.1 #E

GERED. BEFRAOETHS I LRI RBRVESS, LY NIRRT
2 DEHIDAFw 7. DNA £ mRNA 24T 5 KisiE, ThEBOEDAT v 7
FOBEWTAFI vy LY VEED, IHEONTAENFORREL EBIT, Z<OE
AFEINEEERTFOSETERINI LD TEE (M 1.1, HEOR)MFRE,
WA R. SERRITEERTOMESE TH 5. FAFTRY 7 A2/ DGR T
AL TN F— WKL, —EOTEIND SEMEEEESHTHWF LT
W5, FEEORRBIE, BERTIEY Y FIVEEROR FRELT, FATAS
2 OMERHC R RIZEE 2RI T SROZRIZA VAR T A VA DR 5 5%
0. FVESOMBHEIC RS U CEETRB 2T 5, MREY. BEow,
. FERAEEOEDDBIES, EXCENO—EEXRLTNS LN THBET
2anEAD,

MOEMBSIZHRVEBELASND X DI, WERITIEANBEREL, T2
AT B S & EIET B, 10 FREEIC OF B BET- RN, ZEHEIICEE)ICH

'm#&twm\@%#Dﬁ@ﬁ%ﬁ:fAﬁﬁﬁ?é:&m%@m%<mmoﬁﬁ%

L. DR EA L AR ORBROIE S EENRE U, LA LHTS
2RI & S 5T, PHERD S BERISRE, & 5Iidk DERO &R
BgEREL. 25 EOBBREMEEAL TN ZEBBIELE,



1.2 FPFEOER
1.2.1 RERGOERA N AL

FRMIEICIE 3 RO RNA R U A 5—+F (RNA polymerases), pol I, pol II, pol I
PEIET B (Woychik & Young 1994; K 1.2), Z#151d12~16 BREOY 71z
v kS 72 B E KR T, ZHENEI rRNA, mRNA, tRNA OREICEES L TH
%. poll, pol Il LB DI DBETF DIEZ2H - TWADIZH L, pollliZk hD
Ba 10 FREEE b EbNE, ¥V EED—- RTRETOEREEHESTHL,
E£7-. pol I DIBAH Ty M, CARMMC 77 3/ MEFISE R DRS
N7 K AA > CTD (C-terminal domain) 2SEFFEL, MORY AT —EIZEVD 35—
SORMESTWS, Z0 CTD i, ZHABETRIAOHE, &2 mRNA
DAT T4 7 E0D Tz pol 1 RMEHLITHEEG L TN EEZSNTRDN,
T OFANIATH 5.

1.3 1t pol Il REEFKIGORWEERLEBDTH S, KU AT —BIIRMTT
OF—% —%3T2 2 S TET, HAHBERT (general transcription factors;
OTFs) & XZN2—HOBERTOMITEED L. mHAODAT Y 7 ELUT, HAEHR
ERT& pol T T IE—F — LIt L, BIGARIEAK (preinitiation complex;
PIC) 2T 5. CHNEEEMMRIRE (preinitiation) &1 5. TR AT
K3y EAmboE, FOE—F—DNA OEZRLNEID, BEEEYOERE
EHIZ pol I N7 OE—F - EEEND. N AREFBRBMES (nitiation) WD
Z0%. pol I AT, M7 EHEEYOEREFT. Bk DNA & 0 EEb
T 5, TS R TNENIEEMERE (elongation), TGS (fermination) &
W3, polll @ CTD &, BHAK N & fERISICO T TR Ve nd &
meEnTnd,

Riz. BABERTFCOWTHZ L2V, in vitro TOREFHHKRERZHE LT,
TR (transcription factor) 1A 225 H &5 6 OO HEARFERFOFEE S L7z
(Orphanides 5 1996; 4 1.4). ZOHT, TFIA EOLCHIE Y RN - M = VA ARS
LKL T WS, 27— RzakdhibofRb iz, TFIA 2k < 5 DO REAREN
T polll ZEESD &, WTIUEE MEMRT 5 2 ENTED. |
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N5 QEAERE RT OHF T TFIID 137 0E—4—O TATA box ZF&HL. H.b
7|2 R L T\W5, TFID & TBP (TATA-binding protein) &WH HLY T
—w k&, TAFs (I'BP-associating factors) &5 10 BREOFY 712y bh

YA Ej(fﬁEAﬁi“Cdé 2 AR ER BRI TBP OB THATH S, TFIIB {4 TBP
® DNA §i& 228t L, & 512 TRIF 23| 3¢ 5= %9 5, TFIF @KL
B HERSIC bREET 5 2 EAASN B HE—DEFRTTH L. TFIB EHEEH
L. polll BTOE—F— LIZB 225 HEET S, TFIE & TFIIH O i Z i)
L. TFIH # 7/0%®—4— LIcB| &E&FE 5@ & 27 %, TFIH BEREFRTOHPT
Me—. AU B —PEECFF—PIEE o BRI A L TH Y, pARE Sl
DNA D& ERLICHE L TWSHWREEND 5.

1.2.2 HEESBOHIE A AL

Bt ﬁﬁ’ﬁﬁliﬁJ;’«Sii%i{ﬁ?@ﬁﬁgéﬂftr%ﬁﬁ@\ Ze RIS YNSRI B D, IS
LR AFED. BATRRMREETASIR T (transcription regulatory factors)
BB (01.3). N5ORTIIEEISFBROEEETEHE N, LIREA i
B 5 OVIIEIT S EEZ 5 BA, THETE OERITRE ARG TH D &I
EUsNTWE, BEERGRTE. EAEGRT SV polll EEBEFEZIIMERN
CHEERL., chbeToe—F— LiZiEFEHI LT, BRIARTE AR DB E
(T 2 EBEXONTELDTH D, |

L LB RIS 0 S ME0 IR E T, Tofic, BT, BUri ﬂ&%gﬁ

4@%Aﬁﬁ@‘5ﬁ3:§}i}ﬁﬁ\ﬁf'§‘% pol T ® RNA AREE L#ETOY A XN5HHE
2 2 &, MANOL < OBET OREMEIE, By UdEr [ DWRER AN 2
“$ 5. ZLT. bLAED mRNA BEE ST, ey >R IR igee)
RNV, fEo T, RIS TEERRIEBRME LR 05

BRI D . RO &S I ERIES R EGHEHOELERAT Yy T THE T LN
B 5 ETns TET, 0, ¥WEWIT pol I OMELZERIET 5 [ AR ER T
(general elongation factors)] BHIWTHRA XN~ (9 1.5). TFIF, S, Elongin,
BLL & o 7= HA B T30 TS pol 1T & HARI MM L. MHREUSE(EET S
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EREA LTS (Uptain 5 1997; Shilatifard 1998), s 0H B, TFIF W)
ROTED . RERBRIGICBHATH S, £z, Elongin, ELL EBETEDOREDLD
RE 5N ET o THBY ., HERISOHEIVEYZICEIERRIRERD T LAVRRE
Nz, o, BEERHRTON DM, ERICHRKGEBHEMELTNS L
PUEE N, DE DIMRRAR. PIARISERR Y AT — YT DNA L2
F0ETBRRTIRRL, BB S NEKINTD S ERMoTEREDTH S,

1.2.3 ixERAER DRB

= DI ER SO {5 2T 5 LTHBICHEDRY — I &2 D2 DB, FH
DRB (5,6-dichloro-|3-D-ribofuranosylbenzimidazole) TH% (Yamaguchi 5 1998),
DRB i3 1.6 KR Lir £ D i 2O X 7 LAY RERETSH D, pol L IZL D
B RAIAEN E L THEL XV AISNT WS, DRB id poll < pol IIl DIRE
T3 e < B U\, Ao s, DRB RS OMEEMZIHET S z LS
5nETro TS (Chodosh 5 1989). ZDREEMN S, ATP EWEET D RINEHE
HZHEE LTV B B Z N5, BIRENZ &I, DRB i in viveo ©27)— R/ in
vitro BEERIZ BV TIRET2M < HET 5 5 IEHIOFHINZR TIMEDR 2
efi L7321 (Sehgal 5 1976; Zandomeni 5 1982), D% D DRB ORI pol IT O
RNA AREIEZEDSDTHEARFENTTHZL, MORAERRTTHD LT
SR, 05 RETIE. DRE B OEFEILET, 5%\ DRB (K7
EENIEET 7 S AR TE 5, DRB Y I X Il BT ORE 2RI ICHET SO
. T ORTOME S ELUEIE EHA 5D,

DRB i3%7. b FMaEREY 1)V A (human immunodeficiency virus; HIV) D
(EITEIAREE S LTH BN TS, HIV DR U iR 3n T, DRB
13 HIV OB 2H < [T % (Chritchfield 5 1997), HIV OYEENET ) LD
LTR (long terminal repeat) 7 AE—5—&D BBET 2 A%, RBPERZIE. € Dfx
B S BRA AL D 50 bp 1F & T D TAR (Tat response element) By T LT
L¥> (Jones & Peterlin 1994; X 1.7), TAR {Z RNA TLARELTHWE, AT
I TR 7 & 5T, pol [T O EIIGEILET 2 &E A 5N%, Lo LAl
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WEsZY, HiVica—R XN7-Tat ¥ 2NN BER—BRBTS &, Tat IO TAR

g A UTHERGOEILZMRL, F U RFEERLT 5. T72DB5 Tat i, i
ETRBRRAEERTE NS 2 EMNTE S, Tat OIEAEHOMNIL, HIV BHoe
DHLIED O TdH %, DRBIE Tat [Z & BBEIE LR BHTHEERT. &
DITEMH, ']/:)RB OERIZED SR TITE~, Tat OERICHESEL TS EER
55,

1.2.4 PiFiEEMERT DSIF OFEHR

BAED &S BERIcETE, A3 DRB (AR IR I B B B T O Rk %
AT, in vitro IZBWVWTEREK R, & b Hela M ORIMIHIE (uclear extract;
NE) Z2HWGRI T I ENTES. JOREIEDRB ko TH<HEEND, ZOD
B E R ARV O— AN T4 (P1D) 1Z&D 3 DOWMBIABELIZLET S, 3
LS OEAEERT & pol L1k 1 M KCLIAHESZ, PLO KRNz (1 1.8).
> OEAOBEAVTREERBERIT I LRI TERN, JOmE L DRB IR
W (L—> 1,2, Z2IE5IC0.3 MEHES P.32MAS L, DRB &2
REE L (L—> 34), ZOTEMD, P.3 O, HANRERE URICIEABE
7. DRB K EHEICE 5T 5RTFOEENLTNS ZENSMoT. D
Bt 7 v A R/ick D, P.3 &0 DRB @2IE#EKR T DSIF (DRB sensitivity-
inducing factor) &HEEIT 5 Z LTI Lz (Wada 5 1998a).

DSIF KL ToNETRESNZMAZK 1.9 KEEDR. &L 7= DSIF i,
160 kba (©160) & 14kDa(pld) @ 2 DOHTLZy M SMKIN TN 2 D0
BURTF REDEEL, BERTHERNS, WHOTF Ty b EBIEHEICHAT
BB T LMo . Ei. pl60 (T BB L, R ETRoEC
7. p160 A pol Il EMBMICHI AT S C NS o =, DSIF O &E1d in vitro
TREMIIARE XN, DRB 2L EFET 2130, £MIC&->TE DRB C&k 5 TICER
ERME LD, HBWIHBET S LA L2 (Wada 5 1998a).



1.3 AHRO B

AWFEOEEIE. pol Il OHERIBEHIMET 5K FHOFE LMITTH L. FhIZ
BT, EEMEMEHN DRB 2V —)l &L TR, #4138 DRB KFAR
B A2z B B KT DSIF % FE L7224 ZOBBIORFEZRFARESLTH
LA BE X BN B, 2T, DRB OEMICBEDBRTET NS HBMCL,
DRB ORISR MNITH I LE2—D0RBKE L,

LA L DRB i1® < ETHERRDILAMTH V. DSIF 2T OMORTIEARO L
e G LTV AT THS. Th5ORTH in vive THERE, T5IZELD
D ERBSRENWNITED O T2 ONERERD, MR Y T a—F
ATz,

Sk LSz, DRBIBEEAELTOY I A L BETIIEMTIOT, T DYEH
b 5 RT-H - WREME EEZE XS5 NS. DRB Offfi&2iE L T, {15 SR D FT
NORAMITHBREER LM TESLES D, e, BEMERTELD mRDE
Sl & BB D > TWBREIED E W, i DRB O WZBEH SRS HIV
Tat & OEEHRBEI, N5 OMITIREAEHETH S, THIRERICLITE,
RNA R U A 5Pl 5 REHED RNAZBRT 20 TE—F—ThH 2,
$M%Kiof\:@%H&w%mﬁi@ﬁtéﬁﬁﬁmfééiﬁKméﬂ%ﬁﬁ
H5,



L4 ABHOME yopy

Wﬁ?@%&ﬁ%%ﬁ?é@?ﬁ@ﬁﬁ&%ﬁj&%bt$%iﬁ$ﬁéﬁw\é
55 BREN TS,

%lﬁrﬁﬁjfm\$%i®%%%%5\é%%ﬁﬁlﬂthko$m%®9%
r. KB OMEER LT,

50 % [WEIRESMERT DSIF O SHkAE Tk, DSIF OFHC pl60 O F A
£ UEEER S MCT B 2 &, 7 LT DSIF Ofilapgfe 2 s Z e 2 AL L
7. DSIF i p160 & pld WS 2 DOYT A=y M55, (DNAZH—=>Y
DS, TS IR OISR T Spt5. Sptd Db NEERS TH BT EBHM DT
0160 & pld I CEEREAHERRT 5 Z LER L, TOHAIEDS p160
O KA S Ui, E7e. DSTF EHICAETS pl60 OFUERE L, p160 O K
Aq BRI Ui, HEORRICEDE, RIFU b - %54 TITEAT
% p160 ZRAEFFE Uiz, ZOZRAZ T, DSIF A% in vivo THERF & L T
BT EEB M Uiz, DSIF OBHEREDZI, R s ORI S LT
2T LACEBE TS, 2T DSIF ORBNY —> 2HRzETH, pl60 i34
I KRy MRICEAEL TWiz, £z, pleo AR R L, A EIcE
U LB T E o T, TALE OFEE, DSIF 3, BAEHTH I 5SS
IR BT, el & b IIRT B AU AR & N,

2 3% [YHREEMERT NELF OFEE kS <3, DRB OEREHEN D
| % 7=, DRBEZHERT in vitro BEFHBMAE ML, DRB (AFN/ET
BB D B ET 2T _M 5 < BT BT &2 ANE Ui, FlEREAN T
DRB B2 2 Hiaf U7z 5, DSIF &13572% DRB B M#ER T2 WL, <
1% NELF & 4K 7o, SNELF 13 5 508 ) XTF 1665 &N T /2. DRB
RS 13 5 W OET: P-TEFb $4ETH D, DRB OFFR NS 3 DORT
Il LIRS T SV Fe. P-TEFD e 7)) — 7 & 0 R & Nzl
EILERTTH 0. polll ® CTD %V VLT ¥ F—HTo b 5. BEMIMRYT O
m DSIF & NELF i3 L C pol Il O ERSEMHTH L, €L TCTD @
) L LN P-TEFD MEOE 2R T 2 Z EAHB L2, DRB J P-TEFb @
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FF—PEEERSH®ET S5 ENS, DRB I, DSIF & NELF 2 & B mENHZ
P-TEFb 2ME#T 2 D Z2HEL TV EEDNS.

w5 4% [NELF ORE &8 T3, NELF 9722y MOBERMHTY 5 & &b
1. NELF O OO FHEZ2IRT 3 2 &2 A& Uiz, DNA Z O—= > J Off
5 NELF OR/N 7=y M2 RD &5, HERHOERS >\ HTHB T E
JEII L7, RD OFEEESM L, RD 28 NELF 0 —###-> Twd Z &ML
OHETHMDIZ. K. NELF 4 >/87 BOBEFEEERI L, Flag 77
AL 7 RD 2RI HET 5 X 575 HeLa Milatk 2RI L, Flag sk
<. ZOUEYERIE LD FlagRD 2SDEAKEREHLE. T2 &, RANNDE
B4z RD A ® 4 DO NELF 712y hABEE 1, NELF DA TIER
LRI A AR L T WS T EDD Mo Tz, Eiz, [HsER7E) NELF Ea#E
AT, B DOY 1oy b NELF EEICHERTH D ZEMIRBRE NI,
NELF & {0 RET & O EMER 2R L2#ER, NELF i DSIF BLUIEY
pol T &3 208 U B{ER pol T LIFHEE L7an T EDVHBIU 72, A R OFER,
CTD ®Y V#kAS NELF & pol Il ORI B ZHE L T0d Z AR S0NER D7,

w5 TRIG] T, APRORREE LD, RHFFEREOEEE ZR . Kz,
5 M7= H1H I W T, DSTF ° NELF QAMFREICD WTEBZL, RO
RNz,



Birth

spermatogenesis

embryogenesis cell cycle

morphogenesis apoptosis
cell differentiation

organogenesis genetic disease

neurogenesis

metamorphosis memory
sugar metabolism

lipid metabolism regeneration

stress responses
hormone responses
immune system
tumorigenesis

viral replication

aging

Death

Figure 1.1 Transcription regulation plays essential roles in many
biological processes. See text for the detail.



RNA polymerase | RNA polymerase I

(pol ) (pol 1)
subunits 14 12
1 (18S, 5.85, ~100,000 (protein-
target genes 28S rRNA) encoding genes)
The largest subunit has
features ’ the repetitive C-terminal

domain (CTD)

RNA polymerase il
(pol i)

16

>100 (tRNAS
& 55 rRNA)

Figure 1.2 Eukaryotic RNA polymerases. Eukaryote has three
different RNA polymerases, namely pol |, pol Il and pol lll. They are
composed of 12-16 subunits and are responsible for transcription of
rBRNA, mRNA and tRNA genes respectively. The largest subunit of
pol Il has the unique C-terminal domain (CTD), which contains a
heptapeptide sequence repeated 26 times in yeasts and 52 times In

humans.
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Initiation factors
(GTFs) polli

Gene-specific
transeription factors

“assembly/ |
preinitiation|

Elongation factors

Figure 1.3 Basic mechanism of transcription by RNA polymerase 1L
Transcription reaction consists of distinct steps called preinitiation,
initiation, elongation and termination. Preinitiation has long been
regarded as the most important regulatory step. However, recent
studies indicate that elongation step also plays a critical role.
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subunit(s) function

TFIA 3 mediates activation signals
stabilizes TBP-TATA interaction
TFIB 1 stabilizes TBP-TATA interaction

recruits TFIIF and pot Il

TFHD TBP binds TATA element
recruits TFIIA and TFIIB

TAFs >10 | mediates various activation signals

TFIE a recruits TFliH |
' B stimulates TFIIH catalytic activities

TFIIF | RAP74 | recruits pol li
RAP30 | enhances elongation

TFIH 8 functions in promoter opening and clearance
possesses helicase and kinase activities
pol Il 12 transcribes mRNA

Figure 1.4 Factors required for transcription in vitro. Six general
transcription factors (GTFs) were identified using biochemical
complimentation assays. See text for the detail.
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1) Many general elongation factors have been identified, which
are implicated in tumorigenesis

subunit (size) ) features
TFIF RAP74 (74 kDa)
RAP30 (30 kDa)
sl (38 kDa)
A (110 kDa)
Elongin B (18 kDa) interact with the von Hippel-Lindau
. C (15 kDa) tumor suppressor gene product
ELL (80 kDa) encoded by a putative proto-oncogene

2) Several activators reportedly target, not only initiation, but
also elongation step of transcription

Figure 1.5 Elongaiton step of transcription as a critical target for
its regulation.
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DRB (5.6-dichioro-1-g-b-
ribofuranosylbenzimidazole)
- nucleoside analog

- inhibits specific, but not random,
transcription by RNA polymerase ll

ATP

franscriptionally inactive transcriptionaily active

- phosphorylation?
- conformational change?

Figure 1.6 Transcription inhibitor DRB. DRB is a nucleoside anaiog
and specifically inhibits pol Il transcription elongation. DRB is
supposed to inhibit an ATP-dependent reaction that is essential for
transcription, probably a phosphorylation reaction.
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Figure 1.7 A model for Tat activation of HIV transcription.
Transcription elongation of HIV genome normally terminates at an
element called TAR, which locates within ~50 bp downstream of the
transcription start site. TAR acts in cis as an RNA element, and
forms. a stem-loop structure that may directly impedes pol i
elongation. The HiIV-encoded transactivator Tat binds the TAR
element and releases the paused polymerase. -

15



Hel.a nuclear exiracts

P11
0.05 0.3 1.0
o TFUB, TFID, TFIE,
d TFHF, TFHH, pol llelc
- dispensable for transcription - necessary and sufficient for transcription
- induces DRB sensitivity - insensitive to DRB
l
-  P.3 rDSIF
DSIF (DRB sensitivity-inducing factor) DRB + = +

composed of two subuniis, p160 and pi14

Figure 1.8 Identification of DSIF. HelLa cell nuclear extract was
separated on a phosphoceliulose (P11) column into three fractions,
‘namely P.05, P.3 and P1.0. P1.0 contained most of the GTFs and pol
I and was sufficient for transcription in vitro. However, this
transcription was not sensitive to DRB and the addition of P.3
restored DRB-sensitivity. Using such assays, DSIF was purified
from P.3.

16



& %‘

- composed of p160 and p14.
- Both subunits are essential for function.
- p160 binds pol Il.

- induces DRB-sensitivity.
- represses transcription in vitro when the large amount is used.
- activates transcription in vitro in the low NTP concentration.

human DSIF

Figure 1.9 Properties of DSIF

17



o HHESMERT DSIF QR & ee

2.1 5

DRB {k7Ei07s iz B M2 H 5 K7 DSIF 2t b HeLa i DRI (M
1.8), K87z DSIF I 160 kDa (p160) & 14 kDa (p14) @2 20F T 1=y b
PER0. M19WRLELI BEEEKDZ EARSNER STV, LAL, &
RELTRDE D125 < DEMANEREINTNSD.

(1) pl60 & pld O—KEEEL?

(2) pl60 & pld BEWKKATLON? THELES EDXDIT?

G) BERBYZIINZETHS ple0 O L OFIRIERICEIEZOH 2

(4) DSIFIREDLSICpolll EFEATHOM 2 iz, DSIF id pol IT ORI
B, HELSDDMNT ,

() DSIF idinvivo T, EQLIBFEHERIZLTNLON?

AETIL, LEO LS 5N ESEAT, DSIF OFIZ pl60 @ RAA U REZR
ez d 52 &, 2L T DSIF OMENEEEZHLMNCTE L% By & L7,

18



2.2 MEHETFIR
9.2.1 DSIFp160 3L pld ® cDNA Y a—=>7

Wada 5 (1998a) ®HiEic & 0, HeLa Ml OBtk L 0 DSIF 2 KREMHE L7,
10 pg @ p160 25 A7Z mono Q 7%, 7.5% SDS (sodium dodecyléulfate)-PAGE
(polyacrylamide gel electrophoresis) 12Xk D /2 HEL . pl60 D/ RAEGOH Lz,
BV pl60 & > )87 B % Lysyl-C L RRTF & —¥ (Wako) KL DIHEL. %+
5 J= 2 TF KAl HPLC (high performance liquid chromatography) (24>
NS T3 ERAE T B VAR Lo TR Lz, TORER, 4F0T I /B
%], DWFAK, SWVRLK, DMLEFPAQELRK, DNRFAVALDSEQNNIHVK #Y&5
Nic. F—FR—ABRBLIEETS, ZRSRVWTNBHHOMFITH 2 T LA
WLk, 22T, BHO 2 AOBRFZTC. ROXIBEGT I, 5-
TT(AGCT)ACATG(AG)A.T(AG)TT(AG)TT(CT)TG(CT)TC-3’, 5-GA(CT)ATG(CDT-
(AGT)GA(AG)TT(CT)CC(AGT)GC(AGCT)CA(AG)GA-?)’ EEARL. INBETS5A
& L. HeLa mRNA & ¥ RT (reverse transcription) -PCR Z{172 072, 28
4+ 1 V. 416 bp ® DNA BiFr IR = 7z, 4% 70— & LT, Agt-10 HeLa
DNA 54 TS5 —% AT Y—22F Ui, ~2x1087 7 —V &0 3 DOBET H—
UHVEB L, 2SN TRS 2.0 kb RE O SMHL DNAZE AT/, 5l cDNA
EEET 5 7-%. RACE (rapid amplification of cDNA ends)-PCR OFEEHWE
(Frohman 5 1988). pl60 ¥ 5 Hy7x 7 5 1 % —. 5-CGGCACAATGAGG-
CCTGTGT-CG-3% W T, HeLa mRNA &0 148 cDNA Z&H LIz, BIATHR
BT 54— ET I H—TF T4 %M T PCR % 2 B DR LIEHIR, ~1.8
kb @ 5K DNA BMESNZ, INs & —7 T3 T UTRR. &K cDNA
1713 1087 7 2 /% 21— KT % ORF (open reading frame) 23FEL. € Wz LR
D4 O0F ) BEASTRTEENS ZENH Lz, ZOBEFIE Genbank
accession No. ABO00516 [IZBEH TN 5.

pld i, TTICwmE SN TWD E  SPT4HREX 7. SUPT4H (Genbank accession
No. U43923) @ cDNA fd#1% tic 754 ¥ —%& il L, HeLamRNA & 0 RT-PCR
IR O HIEL 7z,
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2.2.2 TIAI FOHE
pl60Aacidic _

pl60 @ 1-175 7 3 /B & RM LIERE, pl60Aacidic ZFHHT 5720, pBS-
DSTFyy,, 108 £41% p160 cDNA @ BamHI Wit %, pBS-DSIF oy, @ BanHI i
ALK, 207 A3 RO Xbal (filled-in)-EcoRI (filled-in) Wil % pET-14b
(Novagen) @ BamHI (filled-in) H{fiZ#FA L. Z41% Spel & Xhol T@Jl’ﬁ?b\Mﬁng
bean nuclease JLF L. FH#EfET 5 Z & T pET-pl160Aacidic 2457z,
pl60Ap14BD

pl60 @ 176-314 7 3 J W% RILZERIK, pl60Apl4BD EMET 570
pBS-FLAGp160 1Z% %415 p160 @ Pvul (blunt end)-Sacll A %, pBS-FLAGp160
® BamHI (Mung bean nuclease WLBN)-Sacll #ALICFHALZ, ZOTTAI RO
Ndel-Apal IfJ5 % pET-DSIFp160 @ Ndel-Apal HLic#HAT %I &T phT-
pl60Ap14BD Z4F7z,

pl160ANusG

pl60 @ 314-516 7 3/ W% RIE L7z 2Bk, p160ANusG ZHHET D70
pBS-FLAGp160 125 ¥15 p160 @ Ndel-Pvul (blunt end) i}y %, pET-DSIFp160
® Ndel-Smal ZALIZfBEAT % Z & T pET-p160ANusG ZfF72,
pl60Arepeat

p160 @ 758-936 7 I/ W% /RIALIZESIE, pl60Arepeat & HiLT 572
pBS- 1)160Cterm % Neol Wt Klenow JLEL, & LT Smal H/MELT 5 Z &ick D,
758-936 73 /g% 21— RT3 DNA Kify 2fkk Lk, OV A FO Smal-
BstEIl Wi J5 % . pET-DSIFpl60 @ Smal-BstEIl #{7 WZHI AT %52 &T pET-
p160Arepeat 377,
p1l60AKOW1 5 L X AKOW2

p160 @ 421-447 7 2 /B LU 473-499 7 I/ MEREL LR,
p160AKOW1 LK AKOW2 #FHE T 2728, PCRIZED N overlap extension
i (Higuchi & 1988) %W/, RIEEML %G ATZIES HINOLERT T4 X —Z Bk

14/
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L. 2E@®PCRIZHL-D TESNFEREZEGE p160 cDNA Wi fr 2 pET-14b AT
27 & T, pET-p160AKOW1 3K pET-p160AKOW2 5 l.
GST-pl4
~ pBS-DSIFpl4 25 pld O BamHI Wi %. pGEX-5X-3 (Amersham
Pharmacia) ® BamHI BACHEAT S Z & T, pGEX-pl4 2157z,
Flag-p160 3 X X Flag-p160ANusG

pBS-FLAGp160 3 X X pBS-FLAGp160ANusG @ EcoRI ¥ %2 pCAGGS (Niwa
5 1991) @ EcoRI EHLIFHAT D Z & T, pCMV-FLAGp160 B X O pCMV-
FLAGp160ANusG Z &7z,

HA-p14

pBS-DSIFp14 2 & £ 5 pl4 @ BamHI (filled-in) Wik %, pCAGGS AEAARTH
% pCHA @ BstEII (filled-in) HAricEAT S Z & T pCMV-HAp14 %157z, pCHA
13 HA ¥ ~—7, YPYDVPDYA %2 R BEFIZZTATY D,
p160-GEFP

pBS-FLAGp160 % EcoRV & BstEIl THL L. Klenow ML=, pl60 O 1-
980 7V X /A — KT 5%, GFP FOFI TS5 A3 K pEGFP (Clontech) @
Pstl (blunt) ¥ALICHEAT S I & T, pEGFP-p160 1T,

2.2.3 KIBEHEZ p160 BIU pl4 OFRE

r-DSIF 3 r-p160 & r-pld % 10:1 TRALZHDTH D, INHIEHis /% N
Eﬁﬁﬁ%‘{ﬁﬂ'btﬁbﬂ LT, KB L 0RE, B8 U7k, pET-p160 BL U pET-pl4 2T
AN AR BL21 (DES) #RICEAL, 100 pgml 7> EZ Y 2 B T2 LB WsEs:
Hirp . 37°CTHiE U7z, 600 nm (B BEWEEDT 0.6 1272 5 72l T IPTG (isopropyl-
D-thiogalactoside) Z#&IEEEA 1 mM L7258 KDIWTMMA. S 51T 4 KRG U 72.4C,
3000 x g C15 230 U THEAZEIR L. PBS (phosphate buffered-saline) T 2 IH]
Pedth, KRR LT 1/50 230 1xBinding /N 7 7 — (Novagen) (8 L7z,
U5 B WEE0IC 30 2>, MFFWREFEL /2%, 4°C, 13,600xg T30 0mL L, &5
R 0.45 pm DT A VY —IET I ETI Ak L=, T 2 b N

I

Iz
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#3 /» (Novagen; His-Bind resin) 27771 L, RSN BICKDHmZ Y >
KB, B8 rpld 38R & < EHiE TRETERN, r-pl60 IRHD
I O EAMCEI E N, Ei, BHENCIIE < OGMENDEENTHE, €2
T, TREEBIIT LAY - TVNTT 4 TEKKEER (HALA R-) T,
AED® DR . 1-pl60 & r-pld & > /87 BB T & N JIRL ., XL
v h2 6 M VY =V L HREBHIC THM L, 0.1 M KC1 £ A7Z HGE [20 mM HEPES
(H 7.9), 20% glycerol, 0.2 mM EDTA, 0.5 mM dithiothreitol]. 9724 H HGE.1
HGE AT 013 KCl ORERERT) L TBINT 2 ILILLD B LTz,

in vitro TEERL 7= p160 LU OFFEM4 2TE T 5/, pBS-pl60, pBS-
160y mm & 5 V31 PBS-D1600; 0 %024 2 HIREER TEIM L7z, C RIHIZE RIR
U= Rk A T80T 2 54101, pl60 @ ORF WG Uiz, BHLLZT I A B
% T7 % %W T3 RNA polymerase THE L2, ¥ FMIRRIIRT 12— N2
B3R % (Promega) ZHWT, [®S] AFF 2 DEE T THERLUZ,

2.2.4 pl60 & pld OMHENEM OMFEHT
in vivo 23513 A EAEH

pCMV-FLAGp160 (10 pg) HL U pCMV-HAp14 (10 pg) BB BH B WITHAE
HET. 2x 108/H® HeLa Mz k5> A7 22 a > Lk, 20 48 M,
f1% 500 pl @ High Salt /Nv 7 7— (50 mM Tris [pH 7.9], 500 mM NaCl, 1%
NRM»&mmfﬁ%b‘ﬁbﬁwiﬁéﬁto:@54t~h%2%aWﬂmgMz
B o ?/ﬁﬁi (Sigma) & 2 W], 4CTRAL., Iz 20 ul O protein G
Sepharose (Amersham Pharmacia) & 1 #gfi, 4C TiRA L7z, High Salt /N 7 7
T 3TN LT Bs, G % 50 pl ® SDS B> 7Ny Ty —THIlL, &
ENBYINTEEAL) TAY T 4 YR OMHT Lz, Flag-pl60 XU HA-
1ﬂ4ﬁJﬁthﬁ%¢ﬂiﬁﬁﬂAcmCAaiﬁW(GmmBRD<b%ﬂ%%wﬁﬁéﬁ\
ECL (enhanced chemiluminescence) i3 (Amersham Pharmacia) Z MW Tnlfl
L7z,
in vitro 12517 S 1 AL H
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~5 ug ® GST (glutathione S-transferase) & &I GST-pl4 5 NI E %R
20 pl @ glutathione Sepharose 4B 1> (Amersham Pharmacia) &#E S 7.
- N%. invitro THIRL, [®S] X1/ p160 DR AAB L UFHEH L, 100 pl
® NETN )Av 77— [50 mM Tris (@H 7.9), 150 mM NaCl, 0.5% NP;40, 1 mM
EDTA] . 1 B§, 4CTRALK. NEIN T 3 [P L, #6570z
50 ul ® SDS ¥ > TNy 7 7 —THH L. SDS-PAGE BXURINATTTT 4 —
o & O fiRH LT -

2.2.5 in vitro G S

HeLa Ml Oz, BEOZORATEINE—AHF A (P1D) HE5 P.1, P.3,
P1.0 13 Wada 5 (1998a) OHEICLDFAML ., WHEOHFME LT, A—/N—
A4 LET S A R pTF3-6C2AT 2/ (Wada 5 1991), Z#Ud, 380 Mk
DFT = I EE I WIRFIEY & U % RGN AR Wada 5 (1998a)
O FHECiES T2, X 2.8 T, P1.0 2 pl), P.3 (4 ul), r-pl4 (3 ng), r-p160 HBNIEE
OFEEM (30 ng), =L T pTF3-6CAT (250 ng) ZH A 20 pl DRI % 45 77
30CTT LA rFar—a iz, 22 2.5 pl @ NTP mix [##E 60 pM ATP,
600 pM CTP, 5 yuM UTP, 80 pM 3.0-methyl-GTP (9"XT Amersham Pharmacia),
B8 50 units ® RNase T1 (Gibco BRL)] €L T 2.5 pl DNy 77 —B BN
DRB (Sigma; 10 mM, T.% /—J)VHIZTA by 7, HYEEE 50 pM) Z2IRINT 5 &
. IR BE 3 . 10 ARG &L S IR EY Z 8%IRFZNE PAGE
ok DR L7, —77. | 213 T, HeLa Bl (4 W) B pl60ANusG
(0-200 ng) %G ATEIEHE R LR T LA > FaN—va L, LEOFET
izt 7z,

996 NINATIHVarENTTLI—ETvEA
| HeLa S3 @iliiZ. 10%4 15 101i#% (Cansera International) LU L-Z)VF I~
%% fu77 minimal essential medium (= A-T; MEM) ZHWWT, MfkERAOT
oy a ETHEF L, 6em OF 1 v 22l 3x 105H DM E &=, 20 IRF IR B2 L RR
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WET Y SRR VS 7 i (Ausubel B 1995) 12k o T, 4 10 ug @ DNA (S ug
PR UL R —TTAI R, Bix72R&O pCMV-FLAGp160ANusG &£ZEN7
)y B I AT7xrar iz, DNA-CaPO, DL 6 FEIRICERE L 72,
i % 48 FERIRICEI L. 300 pl QRSEEMIMEMEEK R >F) 2HLTI 1L
— b &%@b"f:o FNHONY T o —-FiEEIE. V2 ) A—F— (Berthold;
Lumat) ZHAWVWTHEL ., TOEEIY > N7 EmEH WT#EL, pCMV-
FLAGp160ANusG & ERWEEDEE 1 & L7zARHE (fold activation) TKL
oo

2.2.7 GFP EHOGEEMER
Hela Mg % HN—H 5 A (12x32 mm, JE X 0.12-0.17 mm) b I,

pEGFP-p160 2V VAN I AERED b I AT varliz. hI Y AT T
53> ® 48 EHIIC. Hoechst 33342 (Sigma) ZHIREE 2 ng/ml £725 K5 23
HIIRINL. 3512 30 A >Fa~—ar Uiz, MiBoMFELLmZ ML TH
NeHSFAEATA BF ¥ 28— Nune) LICEE, Fv 2 N\N—NEIZHERNZ S
NARET, YoFaTIck 0BEH LR, TNERTENIMEOLHMEE (Zeiss; Axiovert)
Itk 08 L. ASA400 ® 35 mm B 5 — 7 1 b Fuji) THE L.

2.2.8 ALY O HFH

HeLa {2 10 ecm T4 v ¥ o i, 12 BIEICF I V> (Sigma; 200 mM,
PBS FIZTA by 27) BHUSHED 2 mM E72% &5 (IR L7z, 16 FEE LIk,
RS L, FIVORRETSHIETGLHIIIBTS Ty R Uz, EHI
8 IfukzaE L=, / 2%V ) (Sigma; 40 pg/ml, ¥ AFIVAIVEF S FHITTA
kw 27) ZKLEE DS 40 ng/ml &2 B K DITIRMU Tz, €D 30 IR 2 I B AT L
M 17 O 7 ARk Uiz, J 28— VRO 10~32 R, iz U7
SALEIZ TR L, Z® 1/5 & FACS (fluorescence-activated cell scanner) fEATIC.
0% pl60 D L/ T Oy T4 > TITHW .,

“if % PBS TR L. LY/ —)Wick 0 E Lz, Milaz 30 ins—ig, 4C
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B L =%, 500 pl ® PBS I L. 10 mg/ml RNase A Z1lplnz, 37CT
3004 >Fan—arliz., Z22auty7aEI UL (Sigma; 1 mg/ml, PBS
HIETA by )5 ul EMIA. BEFICT 16 4 > a X3 > Lie, THE FACS
52 (Becton Dickinson; FACScan) {Zh . g7z D @ DNA ShHEZRE L,
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2.3 MREBH
2.3.1 DSIFH 72w I cDNA DR

JeBEHI L 7= DSIF pl60 971y % Lysyl T BRTFF—ETHEL. sl
# HPLC TR T7F REDHL 2. 5Nz —2 &I RY OIS TR L7zfiR,
Lo0T S ) Biis DWFAK, SWVRLK, DMLEFPAQELRK, DNRFAVALDSEQN
NIHVK 287, T R—ZRBORE, NS TRTOHHBFIL > e7ed,
2D o RKDRTF REICI ‘guessmer ZdHL. PCR Z2f1/&o7z. Hela mRNA
Z4E% & LT RT-PCR L7=& 2%, 416 bp OEMIES N (K 2.1, Z DEYIT
H &9 E pl60 cDNA OPRIBMTALE L TV, ZOlRF AT 1—7 & LT Agt-10
Hela cDNA 54 75U —& A7 V=22 L. ~2x 108D T 7 =2 LD 3D0
BT 4 T O—-2DELN, WINH~2.0 kb @ 3L DNA ZEATH (M
2.1), cDNA ® 5fl#HET 57/2H. RACE-PCR 217782 77. 2[ENZH7=5 PCR D
wp ~1.8kb @ 5-flDNA @ LA (B 2.0), Y- T2y >/ DR, Thb
DOEEDSS DNA X, 1087 7 X /% 21— R T 58—~ ORF (open reading
frame) B> THO, T4 DORTF REFINTRTEHEENS T LHHHT L7z,
B NEEES S, TS TRENGT I BESIER 221087, INEX <
B 7RSI, D 2 DT I —TM 5 bl TN T % (Chiang 5 1996;
Stachora » 1997). 7

p160 cDNA O3 > Ea—F i zfiiaolt &l 5, W EER; (Saccharomyces
cerevisiae) @ SPT5 W I BT EOLEICESNFENHE SN LR TZ. 5
BJ:U%'ﬁﬁ (Caenorhabditis elegans) @ Sptb REDZ OMFAIMEZEX 2.3 R L7z,
PLE@EES:, pl60 id Spth O hREATELEZEZH5ND, 1087 VWA YA
p160 1213, BHEMEZISIAE L < THET 5. N RUHANICIEIRICRRIEY </ RICE
JEREIRA, C AREATIE 6 T X W 572 ERAINTHET B & HITHRAL
Pl KB BV TGRS I 5T % NusG &S KT EMREERT 20 7 <
WIS 72 B 4 ETE(ET 5 (Greenblatt 5 1993; Mogridge 5 1995), Z D
90 7 3 JEEIFNT DU R — LY NV BEICHBHREINTHND & DT
X1, KOW EF T E@mAHEN TS (Kyrpides 5 1996), 215 DK D HE Pk
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5. RNA BYAS—FH50id RNA EORAIEST 5 EfERER TN T
. EEROBETIE<AHTSH S,

SPT (suppressor of Ty) BEET7 7 IV —id, BRIO T ¥ AR > Ty BFEAX
MRS % X7 L HIS4® LYS2 BEFORAZEELHEBI LY T Ly ¥ —&
B b‘fﬁ!‘]ﬁéﬂf: (Winston 5 1992; Winston & Carlson 1992). HAHRE N T
TBP 7 Spt15 &A—THoklEBRENS, SPT 77 I~ EELEREFRTZ2
—RLTWBETMENS, LALINS DN, ELFRIRERITHBAL Th 5 HD
TN, SPT 77 3 U—1E, BREORBEIILIETE, W<DPOYTT 7 3
J— 2 EEINTVW5.SPTS 14 SPTY4, 6, 13, 14 EEBIT—DODOYT T IY 2R
RLTW3, BEERENZ &2, SPT13 B 14D A M H2A, H2B 2Z21Th
d—RLTWeZ &5, SPT4 5,6 MY O F RSO % & LAURR
XNTVWS. 7 OTF RS EMERE S OBEIE DWW TIRETES LY.

a1, BERHCBN T Spth 4% Sptd EHEET B WS EHZESL (Hartzog 5
1998), SPT4 Ot rEDZ, SUPT4H @ cDNA FERCHESNTBD., TOTR
XNBYINTEOHT- R pl4 (14 kDa) (iih o7z (Hartzog 5 1996), Fe4 i
DSIF p14 A Suptdh TII/Z WD ETFML, 0¥ NI EEKEEL DI, Fatd
L7 . invitro BB IETZ ORBAEEFZE A, pld LU, pl60 a3
DRB B2l 2RET 5 WO MR ERL F—IRET), Lo Tpldid SPT4 D)
NREOYTH D EORMITEL 7,

2.3.2 'DSIF p160 & pl4 DM EIEM

Bz, pl60 & pld EDAAMERIT DWW TR L7z, in vivo BB HEEMZ
WatT 270, Flag & HA EWHILE =757 %N KRN AN L 7z p160 B K
N pld ® cDNA %, HeLa MlAIC b AT7 =7 1 VU7 MO S A 2— b2
BIL, Flag*%ﬁﬁ&d%wi HA HikTA L/ 70y 54 7 LIETS, Flag-pl60
& HA-pl4 @%ﬁfﬁﬁ\%h%hﬁé& AT (K24, L—>1-4), IhHs0712—h
% Flag Pk TRBILE L, IWHMEFRRICA L/ TOy T4 2T LRESS, TO
iz HA-pld A EN TV (b2 5-8)a T OfER, pl60 & pla iTHIEA TS
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KEBRT D T ENDhoTz.

K17 in vitro 12 BW THIAER 2HH Uiz, T 2 THWWZ GST pull-down A E
BT, KEE LD GSTBIA pl4 ¥ NV HEZRRIGHE L. GST ETWVEF
FEDOEAENLTINED I LACEENT B, ZOBRMEDT LI, in vitro T
W - SR L, 08 58 L 72 p160 ¥ 2RV EE L, 517 ANORA NS, p160
11> MOV O GST B I AICRE S LR 2 DK L, GST-pld4 O T A
IR A L (K 2.5, L2 1-3). pl4 i ZH# T 1 21— (Zn finger) BO®TF
— T B TVWAED, 2Mi1 At PFL— REIMNZ OB IB XTI REHNT.
L Ui 5 2EiEsn 5 nd (U—2> 4, 5), ZOREICHRT « 27— FRELTY
nWwEEDNS, £/, 1 MKClB LU 1% NP-40 DTFET TH RO E VB S
Nz EMS (L—26). pl60-pl4 EEKBIEHITLELEEALND.

X517, pld OB ST 5 p160 OFEIHZ GST pull down Bz K DIRE LTz,
D pl60 BEAZERL, pld EOMBEMNLEE LS, M 26 FlcEEnk
O RS N, T IR SRR OOV R R T BB, YA F A
LA ERENVWERKTHS. CRRMIMHEITHEG LTS 59, N AR 0 A
T plAITEEA U, ZOEBE S S ICHL AN E TS RWERTRLIZ 176~270
BHOT 2 ) B pld EOWEIAHTHS T ENBDoTE,

2.3.3 DSIF I N ARG EIRORE

iz, DSIF PRI B pl60 OREEREEIE L. AP THWE in vitro
EERIICOWTHIATS (B 2.7, MPIEETH LOBNSNTERT T/ U1
72 B SBETFTOE—F -0 FHic, 77 2 HREEEERN 380 bp DIy
BHALET I A3 REGFOHNE LTS, JOMIE, BFHEEOIHIRT
B BHHIE S B VISR L -EFRT SRR, 45 M7 LA > Fa—2ar7d
%Z. 72 QTP UAO X 7 LA F K3 VB ETRINL, 56 % 10 5 HfT7E 5.
- PRSI YT = e R 5 RNase T1 £#MA THL T ET, KIT 380
SEDL T L& o T b T ORI & o TRHLE 1L, 380 HiEIHi - /e P8
BB, THEIRELN PAGE THEEL, A —hI94 757 1 —IKKOBRINT D,
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p160 DRI EFCH HHEHEAES, NusG MR, #DIELEERRALL

BRAEBLY. B 2.6 THLMIZ U pld MATRERBLIZEREZIERL T
NusG MRSz DWW TR, 4 B ORESEERE 1 DRETHI /2 &5 722 R BIFK
bt(ﬂz&ﬁoZhB@%i%ﬁgﬂ%%KfHE@%&VN&E&bT%ﬁéﬁ\
— I H S ACHEEIL 0B, SDS R T2 UIVT I RAVHBERL, BAETS
- LTHE LT, THH DY N EOWREAOKEEN 28A IIRLE. INHD
LS5k E pld & 3512 P10 OBERICINA DRB #E T & 2\ WA IEELE T THRE G
#5757 (9 2.8B). pl60 #MAZWE, DRB BRI RSN (L= 1, 2).
> D B O R 0 R U R R L 722 BRI A B & DRB it 2 7E
btﬁ\@wﬁﬁﬁm%fDﬁBﬂﬁﬁ&%ﬁbE@atouxm%%\%ﬁ?i/
ESAEI. pld FEE MM, NusG AR L DSIF JEPEICRETH B T AR E N,
#:17 NusG HIFIFEIS O KOW1, KOW2 30 20 7 X J BB e ROV I ClEIEZ R >
CLES ZEMD, BioEERgiEZE-> TWS Eibsd, Kz, pld £pl60 D
BERGRNERICEETH S I EbRRENTZ.

9.3.4 pl60 & RNARY AT —E 1 &OMALER

iz DSIF & pol 11 &EDMEIERIC DWW TR L7z, 29B TRz L D 7a—H
® p160 ZHARZ, in vitro TERF - MIRT S &ITK DB, TS EBRFEL
kpdﬂ&ﬁébk%\mﬂHKﬂ?%ﬁ%Gﬂ@u»Tﬁﬁ%%b\Zﬂ%@%i
P28 pol T & 2ICTRIT B0 &5 M &M~V (8 2.94), p160 FAEFOREGZE 100 &
LCE SRR LTe, KWETR L0l 4 D0 NusG HIFEBTH 5. NusG b
kk%%@RNAﬁU%?“ﬁK%@T%l&@B\C@%%ﬁpdﬂ«@%ﬁﬁ%
ELTWSOTEHZWAETRL . Ui UERBICIE T E B BN 5 N7z,
F9° p160 © C K&flled N KB AR NERE 5 T, HROEEEFEL <HHN
ttlé‘N%GWW%%K%§LKN$%M®ﬁﬁ(M&®5M0%573/@)
A pol Il & DA E IS TND LA Moz, LML, NusG HIEFLO AT
HEEWEEANEIER XN, O £ pol Il EORHIC I A PR @AV- R b=t E P Gy
TEIRW,
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DSIF 12 pol 1T KRS AT B 2 &40 5. pol IT DR EHAMIE L Tl B FIREREDS
27 5N%, ©OTHEEERIT 50, 4V D dC T T L— bERVEETRIG
BT . AU 2 A DNA @ S, FRmICFTF LY by @0) 2B
AL ZSETH B, WK, pol NREABRTRTBLICT AT~ ERRT S
- LETEROA. T0 dC RO RHA TN THRE < WilT B T EMTES,
- o4 = dC 5> 7L — M. THVET TRIS, TFIIF, Elongin &\ o fe A fh 5
FOERENETZOICANSNTER (Ueno 5 1992; Kitajima 5 1994; Aso 5
1995),

F U pol [1 EBRME T LA % 2 X— 3 > L. NTP ZiA TR T
&‘%E@@ﬁ@%ﬁ%%él&ﬁ?%%(E2M1V~>1moClzmﬁ%
ODSIF ZMATE TS, &< B{LARDBNBRNo T (L= 5-8) HRAIEEMET
- DSIF OUEERI LN, AEEENERD S L ERTERN o (F 8RS
§), —F. HAMERT TROF % ZORERICMATLE DS, FLWRKIEOR
s N (L—> 9-12), BhEORsHR, DSIF i pol Il CHEAET 5 5 DD, 40
ERISC S ERE XN T ERND DT,

NETOREEE DD EM 211 DL DI B .pld BT pol Il & DR
i LA & NusG AR & oficzhZh <y B 7 EN/e. M 2.11 Eidpl60
OHAIEE T Oy kL7 bOTH S, pld iaFEEIE LTS D BUKRE
2 DSIF H 7= v NUOEEIEE LTS boElES NS, %7, DSIF ik
(VN ARSI & b E2 TORBNIBEL S T,

2.35 pl60 NI F > NRAF 4 TEREKO R
%&@\%bf%%ﬁgm%%ngF@mﬁwmsﬁéﬁﬁfﬁéomwmf
®%ﬁ%&b1m\B%@@?%W%Kﬁ%%ﬁéﬁ‘%@%@%%&éﬁ%ﬁ%%
*%%Kﬁﬁbhfmém%lTpmotm4%%&ﬁﬁ&%bﬁfﬂdaﬁmkﬁ
A L. in vivo OB RIT TR EBE L 7Z, R, BEAEEEBIIRE
s T LI CERM oL (R RET), UL ZOfRN 5, DSIF AT
EEITEA L TWRWEBEBICHHDOT S 2 &3 TERh, LD DB, WM DSIF
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PN OF R T OB RIS L Twiud, &% Wid DSIF DRE NS
W% 25y T OESEEM T E, DSIF ORERPLEZEIAT, TOHRE
W TERN, F

TR DBEEELT, RIF 2 bR AT« 7 (dominant negative) 785
KEND T E BB LT, RIFY MFAFA TERBER, ThEHEEERS
b RER I S EARH BUFHRIN BED T LK D, trans WK AEROIEER
THZTLESLERGDZETHS (K 212), BETHROML WEMRIIZ B W
T. HHRFOMBNERE2 T I EOPEERANSHHELLTRAY 5%,
p160 1% pld ELEREAREHRTHDT, pld LEERTBIMNEEOIRWK D7
p160 ZSEAEE, RIF > MRAT 4 T WREENR V. DEHBERMEEL
T. NusGHFfESOREERAEZA N,

9 ANusG BRI F > hRAH T4 T A ESH, in vitro THAZ. ANusG
& N2 B % HeLa KehitiE & 45 HFHES L, DRB B2zl Lz (X 2.13A).
L—> FORFIL. DRBICLBMEQREEXLTWS. DRB 2IMA 5 L, #
%mﬁ®%§M1Oﬁ%Km%§hé(V%>1JLZ:ZANWGE2mmgm%6
& DRBRBZEDMEMETLE (L—>7, 8)s TOMIKICH Wz I
p160 B EZ 30 ng HEN TN DO T, WA p160 I L 6, 7 fHBFIFED ANusG
BAZ SN EWRD, I TELBNIEDRNE P IZRD, ANusG OEZ—iE
LT SRS LA Y FaR— Y a ORI ER R THIz. WIEME p160 & ANusG
NEXHDH 5O, HDRERMNNN DO TIEZVN LEZIEMETHD, TDHE
2138 (R Lk 5 10, FLA YFa~—a > OHE 180 HIER L EF,
DRB B A% U< KT Uiz, B LOESE, ANusG i3 invitro THFI F NRHT
o T lE. BhHRO DRB B2 BT &N - oo OHIRHT, O
LERNSRD 3 DD ENSNENND,

a)AN%GﬁPE%PF*ﬁ?47K@Whl&ﬁB\Z@ﬁ%@ﬁ%ﬁ@%%‘
BEL< pld EOFEBEERIFLTWEEEZASNL, £27C, NusG Al HEfEED R
Wz kT DSIF Gt &%k 2o, BiZh Y RTF RO misfolding DWW TR,
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C OEBN D — BT AREOBMEE R Ko e IE L HEE T NG,

@ EUEET, pl60 & pld OEARHMRA DSIF EIEICHETH DS I LD, WU
TRBENS.

(3) DSIF %% DRB &HEMNRIEFMFICRUIRTH S LM DRILDHHEIT XD
KD TRBENS.,

2.3.6 DSIF Ofllim A Hae

ANusG Z R % AW T, DSIF 2% in vivo TEEIREEFTHREN I T2 78T
v EDRE LT, AR TOE—Y—DO TRV Y Tz 7 —iltaT 28 L
F LR —F 53 K%, ANusG OFBLT I A3 REEHIZ HeLa Ml b 5>
2T ey A Uir. 48 BgicHiaE e L, )37 = I —EiE kL ANusG O3
B AL B AT, ©2.14B 2 pl60 01 L T T4 2 U T LO—#BNY R
PSINTERE p160, TN KA ANusG ICHI4 9 %, ANusG @ DNA % 3 NAELS
BN, NSO FINELET S E 2 SH TR p160 LRIV, 3 MET
i 3 51E & ANusG BB LIz 2 ENPN B, LINLITThI VAT 2 ad
PEEZFICAND BEND 5, ERGICEORNDE, I ATzIva>l
AU 1/3 FREEIC UM ERITIER THEAS RN EBTDS GF—IRE
). $eo T, WETOBAINEMAZT 2EET 5 &, ANusG i3 2 S H TR
p160 O 315, 3MHTOMBE, RBLLI LIRS, DXD, 3 A ED in vitro
THEE R F Y FRHF 4 THRMHEINRBICBLEMY TS, J0&E
STt 5P T ATy — ORI L 5T, ANusG OBREAFRIHML. &
e B A5 10 BT L R N7 (0 2.144), HIKLA ® DSIF FHE 282 R,
BB X AT &0 D T &L, DSIF 340k, MM TR EIH L TS &V Ik
MAENND,

2.3.7 pl60 OFB/NY —
iz, DSIF AEF RS9 dfapsie & E D LD IR o TV A OMNH 5N
TLEWEEZ, TOTHMO ELT, pl60 OFB/Y—ZfffiLiz. & k&
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M4 5D mRNA 2R L, J—¥> 70y T4 7LD pl60 DOFEBL 2Tz,
FOHE, N B BB ERRET R TOMBT~3.6 kb OB—NZ ROXTF
NAES N (9 2.15). ZOH A X1 p160 ® cDNA £ &EIE—H L, p160 mRNA
HEONY R THBEZEZLNSG, PO END, pl60 BHlkic k5T, Himl
c:%ﬁb‘tm% T e ST, pld D —F Ty T4 YT T TIKHEINT
B0, pl60 FkE WRARFER/NY—>%2RY (Hartzog 5 1996).

KiZ pl60 OFANRBIEZET e TOHIKEL T T 574" (Aequorea victoria) @
2694 > )N 27'& GFP (green fluorescence protein) 2\ 7z, GFP EAkOFEE R E
FERETICREOMNERT B Y O NVET, FESHETHAIN TR S, GFP
& p160 OBE S > /N7 E% HeLa MIICHEATIUL, p160 OHIBEN RIS T T
G DR BREND T THS (9216), GFP OFIRELT, MlaeEE/E
FAGOIRIE TR TE B ANET 5N D, AESROBEPURRIE L, MER Ryl
REBFAWTHEHET 5LERD D, Z OBEDSHINEN MRS ZHEL TLES A
RN o 7z |

4 2.17 13 GFP-p160. 4ild DNA &4 9 % Hoechst 33342 e g ALK
L7=. HeLa Wil O EETH S, MRIFMEEZERADRLOBOTH D, S LE)
O TFIVIILS . BIc—B LU TESNEI &N S, ple0 HICRITEYT S C EINT
Mot. UHLESLTHESE, MI—RBICFEEL Th 0 TRA&RL, Ry MRICY
HLTWDZERDND, TN RMEBKRTLONFTDE L AARHZHN, DSIF
DIRESE DRZRE SAREAER LT W B ATREEAVRIR E N D, BIRHIT, Ry MRO
BTy VNI EE LTI, AT I IRF. —HBOEERT® pol 1, £
RO A7RFOAVEEET, %< MY v2s A (auclear matrix) RT7% ENHFS N
TWnwb,

2.3.8  HNLRE KA p160 O ) ZRRAL

A SPT4, 5, 6 137 T F > & OBIMIAURIE X T 2 4%, RRCHiig /) #is O
Il ek D/ (sister chromatid segregation) G L TWAEWIHREND
% DSIF & %78 &> T S Tw sl fetkzs 2. MilEicsg 5
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p160 ORBNY — > BTz, FI V2 TRy 7LD Gl HIICHEHM L7z HeLa #l
W & A%, nocodazole AWM U CTHUOM HNCFFH L. #ERHICHIIRZ HIL
FACS % B CHIEBOEFERH~RBEEDIT, 1A/ TV T4 2 TITKD
p160 ZHH L7z (R 2.18). T5&, MBIADEA LIHITHBELOLE p160 /N>
RASHELL. KES O p160 2T OREICS T W5 T &M o7z, TO P10 %
FIAY T AT 75 —PRET 5 EBBENTICRS ZEMNE, OV M >
BGic LB bOTH B (Stachora B 1996, F—FRET), L LORE, pl60 3 M
RIS Vb E NS Z &I L. p160 @ C AR D R UBLSIZ
I% CDK (Cyclin-dependent kinase) ®2 2z U ARFNSEEELTHE0, MY
Fe By CDR B2 DY UGBS LTV S X N5, ZOU SRILOBAEINE
BRI DWW TITEMRITHTH D
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24 E£&0
AEEEEDD,

(1) pl60 3R Spts DL hREDTTHS.

@ pl60 7t pld EMEMRATHC EEAL, RAMERENELL,

(3) pl60 @ DSIF LB 2 PUE L7z,

(4) p160 @ pol Il FEAMIRZERAE L7, p160 I EP T pol IT D ESIRIZHERL
mnwZ EERLIZ

(5) pl60 ® KIF > NRAF 4 TERGEHBEL, TNERNT DSIF %% in vivo
THEREERNET S Z ERHLNI LT,

6) pl60IMEINICHITHEHNS ONTHT, By NROBENY — 2 ZRT .
(7) pl60 BAHHPTHEICY PSS,
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1( (‘9 p1 60 cDNA ‘@5 8712

PCR w/ degenerate primers L0

screening of A phage cDNA library

5' RACE-PCR (1st)

5'RACE- |
PCR (2nd)

Figure 2.1 Cloning strategy for DSIF p160. p160 cDNA was
isolated using three different techniques. The 416 bp central part
(pink) was Isolated by PCR using 'geussmers' as primers. The 3'
part (yellow) was Isolated from screening of Agt-10 HeLa cDNA
library. The 5' part (light blue) was isolated by RACE (rapid
amplification of cDNA enads)-PCR as described in Materials and
methods.
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CGTCAGCCCCAGTCAGGCGTCEIGCGARCAGCAGCTGGTACCGAR CC ACCAGC AACT TC CGCA GT CGOGe

CAAGACTGCTGTCTTTCCCAGCAGCAGOGEARGATGTCGGACAGCGAGGACAGCAACTTTT COGAGEAGGAGGACAGCEAGCGCAGCAGTGACGGCEAGGAGGCCGAGGTAGACCARGAG
M8 s®@ s x F s @® 8 Rss@e@®ErEV
— i

CGGCGGAGIGCAGCGGGCAGTGAGRAAGRAGAAGA CTGAGGACGAAGAGGAGGAGGAAGAGGAGGAGGAATATGATGAGGARGAGGAGGAAGAAGATGATGACCGACCCCCCAAGAAR

R ks aArcs@®cEOOO P@@@@@@@@é@c@@ rEOOEEEEOOO R * e kX

COCCGCCATGGAGGCTT CATTCTGGACGAGGCTGATGYTGACGRTGAGTATGAGGACGAGGACCAGT GGGAGGA! GAGGACATTCTAGAGAAAGAAGAGATTGAAGCCTCCRAT
cr 11O VOO EEE® OO A O tOrEO IO = =

e ————— ?
ATCGATAATGT" C *GTTCT CGCCTGCARAACCTCT! GGGACCAGCGAGAAGARGAACTGGGCGAGTATTACATGAAGAAATACGCCARGTCRTCT
I D R YVLDETDHZ RSSGARRTLZG QN NULWRDGOQREEE L G E Y Y M KK Y A K 8 8

GT T 'CTGATG T CTCAGACGACATCACCCAGCAGCAGCTGCTCCCAGGAGTCARGGATCCOARTCTGTGGACT GTCARATGTAAGATTGGGGRGGAR
VGETV!GGSDELBDDITQQQLLPGVKDPHLHTVKCKIGEE

CGGGCCACGGCCATTT CCTTGATGCGCAAGTTCATT GCCTRACCAGTTCACAGACACGCCC( \GATCARGTC: ACCAGAGC, A TACATCTACGTGGAGGCC
RATAISLHRKFIA!QFTDTPLQIKSVVAPEHVKG!!!VEA

TACRAGCAGACCCACGTGAARGCAGGCCATT AACCTGCGGCTTIGGCTACTGGRACCAGCAGATGGTGCCCATC CAGACGTGCTCAARGTGGTGAAGGAG
!KQ‘I‘HVKQAIEGVGNLRLG!WNQQHVPIKEHTDVLKVVKB

GTGGCCARCOT ACCARRGYCC C ‘MCMGCGGGGCATCI‘ACMGGATGACA’ITGCTCRGGI‘GGRCTACGTGGAGCCCAGCCAGM\CACCATL'I‘CCCTGMGATGATCCCA
VA!LKPKSHVRLKRGI!KDDIAQVDIVEPSQKTISLKHIP

CGCATCGACTACGATCGCATCAAGGCCCGC, TIGARAGA T “CARAAGGAAGAAGITTAAGCGGCCTCCACAGA ‘GATGCTGAGAAGATCAGGTCCCTGGGG
RID!DllIKARMSLKDWFAKRKKFKRPPQRLFDAEKIRSLG

'CTCTGAT TTCCTCATCTTT ACCGTTACAGCC TTTCTGTTC AGCTTCGCCATGTCTGI 'GATCACGGA AGCCARCA
GDVABDGDFLIFEGHR!SRKGFLFKSFAMSAVITEGVKPT

CTCTCTGAGK ARAGIT CCRGCC! TGACC AGCACAGGGARGGA CAACTTCCARCC CAAC TGT
LBELBKFEDQPEGIDLEVV‘TESTGKEREHKFQPGDIVEVC

TCATCAACCT X G ARCAAGATC ATGCCCARGC GGACCTCAAGGACATGPT GGAGITCCCAGCCCAGGARCTTAGA
EGELIILQGKILBVDGIKITIHPKHEDLKDHLEFPRQELR
——
ACTTCAAGATGGGGGACCACGT GARGGTGAT" CACAGGCCTC ATTTC ‘CTGTTCTCTGACCTCACCATGCAT

K!FKHGDHVKVIAGRFEGDTGLIVR‘IEEIFVILFSDLT'HH

GAGCTGAAGGT! CCCCCGGGACCTGCAGCTCTGCTCAGAGACAGCATCAGGT GTGGATGT CRAGC GUTGETGCAGCTGGA 'CCAGA 14}
ELKVLFRDLQLCSETASGVDVGGQHEHGELVQLBPQTVGV

AT 'GACTAGRAC CTTCC 'GCTGAAC CGGGAA 'GGTGACTGTCAGACATCAGGCTET ' CARCCGCTTTGCT! ! CTCA
IVRL_ERETFQVLIH!GKVVTVRHQAVTRKKDHRFAV}\LDS

GAGCAGARCAACATCCATGTGAAAGACRTCGTTAAGGTICATT )CCCCACTCAGGCCGAGA TCGCCATCTCTTCCGAAGCTTCGCCTTCCTACATIGCARGRARCTG
EgNRIHVKDIVKVIDGKPOH53GREGEIRHLFRBFAFLHCKKL
GTGGAGAACGGGGGCATGI TTGTCTGCARGACCCGCCACE TGGC ICAAAGCCCCGI‘GATGIGACCAACTICACCG[‘GG!KGGCMGCGCCTATGAGTCGCCGGATU

VENGGHE‘VCKTRHLVLAGGSKPRDVTNFTVGGFAPMSPRI

AGCAGCCCC, CCCCAGTGC GGTCAGCGTGEGCGECITTGGTAGCCCAGGTGGCGEL 'GGCAT CA CGGGGCC ACGAACTCATCGGCCAGACC
SSFHHPSAGGQRGGFGSPGGGSGGMSRGRGRRDNEL G g T
GTGCGCATOTC COTACARRGGCTACATCH ARGATGCCAC CCACGGCCCGT TGCACTCCACCTGCCAGACCATCTCTGTGGACCETCAGCGE

VRISQGP!KGIIGVVKDATESTARVELHSTCQTISVDRQR
AR—— N

CTCACCACGGTGGGCTCACGECGCCCEEGCGGCATGACCTCGAL ACGCCC TCCCAGACGCCC GGGICTGGCTCCCGAACACCGETGTACGGCTCA
LTTVGSRRPGGHTBT!GIRTPHXE_IS‘QTPM!GJSGSRTPM!GS
CAGRCACCCCTCCA CGCACCCCACACTACGGCTCACAGRCGCCCCTGL AGCCGCACTCCTGCCCAGAGT GGGGCCTGGGACCCCARCARCCCCARCACGCCG
IQTPLQDIGBIRTPH!GJSIQTPLKD‘GS‘RTPAQSIGA“DPNNPNTP
PCACGGGOT AGA GCTTTC GCCCACCCGGTCCCCGCAGGCC ACCCCCAATCCCCAARCACCTGGCTACCCAGACCCCTCGTCCCCACAG

SRAEEEYEXAFDDEPTRSPQA!GGTDN'PQTPG!IPDPSSPQ

STCAACCCACAATACAACCCECAGACGCCAGGGACGCCGECCATGTACAACACAGACCAGTTCICTCCCTATGCTGCCCCCTCCCCACARGETTCCTACCAGCCCAGCCCCAGCCLCCAG
VIIPQ!NPAH!II'I‘DQFSP!AAPSPQGS!QPSPSPQ

AGTI‘ACCACCAGGI‘GGCGCCMGCCCAGCAGGCI‘ACCAGMTACCCACI‘CCCC}\GCCAGCTACCRCCCI‘ACACCGTCGCCCATGGGCTATCAGGCTAGCCCCAGCCCGAGCCCCGI‘I‘GGC
SIHQVRPSPAG!QNTHSPRS!HPTPSPMA!QASPSPSPVG

TACAGTCC CRCC TCCCTCCCC .|.ACAACCCAC}\CACGCCAGGCTCAGGCATCGAGCAGAACTCCAGCGACTGGGTMCC}\CI‘GACATTCAG(?EGABGGI‘GCGG
!SPM'!PGAFS,_PGG!NPHTPGSG’IEQNSSD'NVTTDIQVKVR

GACACCTACC CAC T CAGACA ATCCGCAGTGTCAL GTGCTCTGIGTACCTGARGGA AR TETCAGCATTTCCAGTGRGCAC
DT!LDTQVVGQTGVIRSVTGGHCSV!LKDSEKVVSISSEH

CTGGAGCCTATCACCCCCACCARGAACAACRRGGTGAAN 'CCT AGCCACGGGCGICCTACTGAGCATTGATGGT 'GTCCGTAT CTT
LEP!TPTKRHKVKVILGEDREATGVLLSIDGEDGIVRMDL

GATGAGCAG(?I‘CMGATCCTCMCCTCCGCTL‘CC‘I‘GGGGMG(.'!CCTGGMGCCTGMGCAGGCRGGGCCG(?I‘GGACTI‘CGI‘CGGA’I‘GAAGAGI'GRTCCECC'ITCCTI‘CCCTGGCCCI'I‘G
DEQLKILRLRFLGKLLEA*

GOTGTGACACAAGATCCTCCPGUAGGGCTAGGC T T COTTTTGIITTTCCI TP TAGTTTTCCATCT T I T CCCTCCCTGGTGCT CATTGGARTCTGAGTAGAGTCTGE

GGGAGGGTCCCCACCT’I‘CCTG'I‘ACCTCC’I‘CCCCACAGCTI‘GCTTI‘I‘GTTGTACCGECTITCMTAAAMGAAGCPGMGGTCTMMMMCTCGTGCCGMTTC
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Figure 2.2 Nucleic and amino acid sequences of p160. The obtained
peptide sequences of purified p160 are underlined. The putative
nuclear localization signals are double-underlined. The acidic region
are indicated by an arrow and acidic residues within this region are
circled. Four stretches with similarity to E. coli NusG are named
KOW1 to 4 and indicated by arrows. The hexapeptide repeats are
indicated by open boxes.



NusG homology

human
DSIFp160

GC.elegans
Spts homaolog

S.cerevisiae
Spt5

Figure 2.3 Evolutionary coservation of p160. Human DSIF p160, the
Caenorhabditis elegans Spt5 homoiog of unknown funcion and
Saccharomyces cerevisiae SptS are schematically alighed.
Positions of the acidic domain, the highly conserved region and the
C-terminal repeats are marked by boxes. Numbers in the boxes
indicate the amino acid identity within those regions. Also shown at
the top are the regions with similarity to E. coli NusG.
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Hela
cells

Flag-p160
Ha-P14

P w/

input a-Flag
Flag-p160 ~ + = 4+ - 4+ - +
HA-pi4 = =+ + = = + +
o

a~HA

12345678 bilot
w@ ow

anti-Flag
affinity
column

Figure 2.4 p160 interacts with p14 in vivo. pCMV-FLAGp160 and
pCMV-HAp14 were transfected into HelLa celis either individually or
in combination. The cell lysates were immunoprecipitated with anti-
Flag antibody. The lysates (10% of the input, lanes 1-4) and the
immunoprecipitated materials (lanes 5-8) were analyzed by
immunoblotting with anti-Flag and anti-HA antibody.

i

(
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p160: synthesized in vitro using rabbit reticurocyte
lyaste, 35S-labeled

G8T-pi4: expressed and purified from E. coli

glutathione
Sepharose
column

123456

Figure 2.5 p160 interacts with p14 in vitro. [35S] labeled p160 was
incubated with either GST-p14 afiinity column (lanes 3-6) or control
GST column (lane 2) under various conditions. After extensive
washing with the same buffer, bound p160 was eluted and
analyzed. Lane 1 represents 20% of the input. The binding and
washing conditions were as follows: NETN buffer (lanes 2 and 3);
NETN+10 mM ZnCl2, 10 mM MgClz2 (lane 4); NETN+10 mM EDTA
(lane 5); NETN+1M KCI (lane 6).
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Figure 2.6 Region of p160 responsibie for p14-binding. Various
forms of [358] labeled p160 were produced in vitro, and their
interactions with GST-p14 were analyzed as in Figure 2.5. These
results are summarized below.
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Adenovirus
E4 promoter

A= o
IRy
RNase T1

1) incubate transcription components with the template for 45 min at 30 °C
2) intiate transcription by addition of NTPs lacking CTP

3) elongate transcription for 10 min in the presence of RNase T1

Figure 2.7 In vitro transcription assay.
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N
kDa $ t? *:?'%* v és é" C template
; P1.0, rpi4 NTPs
r-pi60 Wi/mt tpRe stop
45 * 10 v
- preinc. - efong.

B

ao® @t pe0d soVB0 s epett oWt (oW?
DRB - + - + - % - + - % - % - + - %

10 11 12 13 14 15 16

D DSIF
activity
WT . +
Aacidic < ™ ’ -
Ap14BD N -
ANusG ~N -
Arepaai TN o+
AKOW1 A\ -
AKOW2 7 N\ -

Figure 2.8 Regions of p160 required for its function. (A) SDS-PAGE
analysis of a series of p160 deletion mutants. r-p160 wild type and
various mutanis were expressed and purified from E. coli, as
described in Materials and Methods. Aliquots of these proteins (20
ng) were subjected to 7.5% SDS-PAGE, and stained with silver. The
positions of size markers are indicated to the left. (B) DRB
sensitivity-inducing activity of the p160 mutants. r-p160 wild type
and mutants were assayed for their DSIF activity, as diagrammed in
- {C). Three different preparations of the recombinant proteins were
tested expect for Dp14BD, and the representatwe experiment was
shown. These resuits are summarized in (D).
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pol Il binding domain

Figure 2.9 Mapping the region of p160 involved in pol li-binding. (A)
In vitro translated p160 wild type or its derivatives were incubated
with purified pol Il (250 ng) and anti-CTD (8WG16) monoclonal
antibody (BabCo) (2 ug) for 2 h at 4 C in a buffer containing 20 mM
HEPES (pH 8.0), 20% glycerol, 100 mM KCI, 0.5 mM EDTA and 1 mM
DTT. The immunocomplexes were precipitated with protein G
Sepharose, washed three times with the same buffer, eluted with
SDS sample buffer, and analyzed by SDS-PAGE and fiuorography.
Input (In) lanes represent 10% of the inputs. (B) Summary of the
results. Relative bindings to pol li are calculated using NiH Image
software, and are Indicated to the right. Wild type binding is
expressed as 100. The positions of the KOW motifs are indicated by
black boxes.
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3'ceccecece

DSIF  TFIIF

elong, 2481624816 24816 min

Figure 2.10 Elongation assays using an oligo dC-tailed template.
Effect of DSIF on pol I elongation was directly determined using an
oligo dC-tailed template as described in Materials and Methods.
DSIF showed no detectable effect on pol il elongation, while TFiiF
greatly enhanced elongation.
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Figure 2.11 A modular structure of p160. Results of deletion
analyses were schematically summarized. Regions required for p14
-binding, po! ll-binding, and DSIF activity were indicated with thick
bars. Also shown at the top is a hydropathy plot of Kyte and
Doolittle. The N-terminal acidic region is very hydrophilic, while the
p14-binding region Is relatively hydrophobic.
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REQUIREMENT
- forms a complex with other component(s)
- lacks some function(s)

USEFULNESS
- The factor's function can be analyzed by
reducing its activity in vitro or in vivo.

acidic
pi60 [EZZ
14- ———
bi%ding
, DSIF
activity

Figure 2.12 Dominant negative mutant.
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template

HelLa NE NTPs
+p160ANusG +DRB stop
¥ 0-180" Y 10 ¥
preinc. elong.
A preinc. 45'
p160ANusG = 30 80 200 (ng)
DRB

endo. p160 =30 ng

A A A A

"M% 17% 17% 32%

preinc. 0 45' 180
p160ANusG - 200 - 200 - 200 (ng)
DRB - + =~ +

A u \J \J \J u

11% 21% 17% 29% 14% 65%

Figure 2.13 ldentification of a p160 mutant that acts in a dominant-
negative manner in vitro. (A) and (B) Indicated amounts of p160
ANusG protein were incubated with HelLa nuclear extract (NE) and
template for indicated time, and transcription reactions were carried
out as diagrammed at the top. The transcripts were quantified by
BAS image analyzer (Fuji). The relative Inhibition by DRB was
calculated and shown below.
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Figure 2.14 DSIF represses transcription from various pomoters in
vivo. (A) Reporter plasmid (5 pg) containing either adenovirus E4
promoter (E4), HIV long terminal repeat (LTR), mouse somatostatin
promoter (som.), or mouse metallothionein promoter (met) was
cotransfected with pCMV-FLAGp160DNusG (0.2, 1, 5 ug) into Hela
cells as described in Materials and Methods. Obtained luciferase
activities were normalized by protein amount, and expressed as
fold activation. (B) The same representative samples were also
examined for expression of p160. The cell lysates (10 ug) were
analyzed by immunoblotting with anti-p160 monoclonal antibody.
The positions of the expressed mutant and the endogenous (endo.)
p160 are indicated by arrows.

49



p160

Figure 2.15 Northern blot analysis of p160. A multiple tissue
Northern blot (Clontech) containing 2 mg of poly(A)+ mRNA per
lane was probed for p160 expression. Northern blotting was
performed using a standard technique with a random-labeled 417
bp fragment (from 1528 to 1944 nucleotides) of the p160 cDNA. A
human g-actin probe (Clontech) was also used to confirm
equivalent loading of intact RNA (not shown). The positions of size
markers (in kb) are indicated to the left.
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' 160-GFP
HelLa Y P \ green
cells fluorescence

nuclear / \ cytoplasm

Figure 2.16 Determination of subcellular localization using GFP.
The jellyfish green fluorescence protein (GFP) ylelds a bright green
fluorescence when expressed in cells and illuminated by blue or UV
light. Detection of GFP can be performed with living cells. GFP-
fusion to a heterologous protein allows for its in vivo localization.
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GFP-p160 - overlay Hoechst 33342

Figure 2.17 Subcellular localization of p160. pEGFP-p160 was
- transfected into Hela cells. 48 h post transfection, cells were
treated with 2 ug/ml Hoechst 33342 for 30 min and examined with
the fluorescence microscopy Axiovert (Carl Zeiss). The images
were overlaid using the Photoshop software (Adobe).
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Figure 2.18 Cell cycle-dependent phosphorylation of p1 60. HelLa
cells were synchronized using a double thymidine block and a
subsequent nocodazole block. 40 ng/ml nocodazole was added 8 h
after the release from G1 arrest and removed 30 h after the release.
At the indicated time, aliquots of cells were either lysed for
immunoblotting or fixed for FACS analysis. Electrophoretic
mobility of p160 was changed due to phosphorylation during
mitosis.
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w3 HHEEMERT NELF OFE SfH

3.1 ¥ /
ImB%%thm% LT, YiBEE KT DSIF OREIKSI L. LU DRB
034’[2‘)515]1‘;&&%7&@% EMZLTWL 7e®izid, & DM /=% T DRB KFH72H- 5 ML
EREBRTONEND B, TITET, TORDBEGFREMILIL, LHETET S
%513 DRB OEMICED B OKRTFERAET 5 I &E2ABEOANE L. TLTC
5LEY SO—FIi2 k0. DRB OAEREMERS ML TNI D EF AT,

AT D LASEICROMATHEEE, D)) — itk b DRB OEEOERN
TH 5D EBRPDNBZRTHNEE SN, T P-TEFb (positive transcription
elongation factor b) EIEEN S ILE HERT T, ZOFEEE cyclin T & CDK9
(PITALRE) 257225 /T HU > {l;@%?%ffﬁfc (& 3.1; Marshall & Price
1992, 1995; Marshall 5 1996; Zhu 5 1997; Peng b 1998)°P-TEFb {d pol I CTD
BEECY VBILL, FOFT—BEED SO R/GER T DRB W&o TELL
& Xxh 5, P-TEFb i3 %7 HIV (human immunodeficiency virus) @ Tat 5 IND
B &AL, Tat LJ:%%E(%I%MVE@?LTM% EAURENTWVWS (Mancebo 5
1997; Zhu 5 1997; Wei 5 1998),

P-TEFb OFEAIESE S LT, K32 LI REFNNZTENT NS, TIEDE,
P-TEFD 13 CTD % U »ELd 5 2 &\ & 0BG EFEET 2. DRB 20U
BENET 5 T & TS EIET S, L L ZOEFICRAEL &6 2 D0
WA d B, H—iz, P-TEFb ©V 2 B{LOEIIEANSIZ CTD 7200 ? 2 D OH
DR L TN B M5 E V- Ty BT L b EEBERAE JISIHEYT SR TR, H—

. Rl CTD MMEMZ L LTS, CTD Y S E D LD IMENCEET D
@@?Cﬂyuyﬁmwﬁﬁﬁﬁﬁ®%#mm CEENZRERBROVDEDTH D,
OTD B RIS S RIS CEEIY Vgkahs (113 k., €OV
IR B I R A R LT S £ < OPREME L THRDH, i
if%@&ﬁﬁli%ﬂﬂﬁ# R Lz tnid e <7,

54



DSIF & P-TEFDb #i4tiz, DRB (KGEWRIEEREICED o TVWE I ENE, TIN5
OB T B AR LA LT\ 5 AIREIEANE 25 i, 28Ty AR TIIHIET
A, b DR %E Y — K73 in vitro 15 A Tt L, P-TEFDb % DSIF DED
R BIRD 5% 7 &0 &k DI AR IET 5, £V S §REEE (Wada 5 1998b).
LR, 2 b RERCRE 5735 IS ORI TH D, MBO L
2. DR R OB E N,
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3.2 MELEHIE
3.2.1 HEEHRT & polll OFHE

DRB B A RS E ERRR R WY 52, PLO & HGE1 124 LTEfTL
. chERANY 77— TEHE/L LK 60 ml @ DEAE (diethylaminomethyl)
Sepharose FF 45 2 (Amersham Pharmacia) 7 7 J A Liz. AT L&EFM/INY T
7%'@‘75’6?@’4‘&\ a4y N7 % HGE.3, HGEL.0 ZRAWTHEHLE. 0.3 MENZ
1.0 M (NH4)2804 % A72 HGE 123 UTENT L Phenyl Superose HR5/5 715 A
(Amersham Pharmacia, 1.'0 ml) &7 T I4 Lz ey NV EE 1LOMM5 0M
(NH4)2804 @ 15 ml OEAREE THH L7z,

HABERTONIE, TENICHT 25iEEH WAL TaYT 4 2 TIEK
D3EEF L7, Phenyl @il 0 H i TFID, TFIH Bl U polll BEENTNWE,
RERBERETINSEDA 5 NS ZERWTHERBR L, $#i2 TFIB, TFIE, TFIF %
Mz v NI ETEERAL. INOHIRAY X0 EOHEEE Wada 5
(1998a) DFIEICEL B, |
P.1/P.3 conc

P.1&P3 % 12ml $FDRAL. BEHONH)2504 ZEMTBETMAT4CT—
BB L. 4C. 13,600xg T30 0mLT 5 I &ickD, HhiLiey >IN E BT
x w70, Y% 3ml O 0.5xHGE.05 (WML, [Ny 77— L TEH L,
P-TEFb

ABHZETH W= P-TEFDb i&, HeLa M 2O LB TH D, T OTFHE
(= P:TEFb ® CDK9 971y MHT B4k (Santa Cruz) ZHWEA L/ T
w54 Y& 0B L. P-TEFb 0% <13 PLO IKHENTHO, tiROA T
AHES T T-E TS, Phenyl OFEGHIN IZHEWHINZ, Z DI E T )V
L. P-TEFb & L THWZ,
pol Il

5 8.12 TH W/ pol 11 iX Usuda 5 (1991) OFFEH-> Tl L7z, K314 T
v 7= pol Ilo 35 X pol 1la & Kim & Dahmus (1988) $EU Lu & (1991) O Jjik
IZ L ORI 7=, £72, pol [Ib i Buratowski & Sharp (1991) DI EITHE, pol Tla

56



% 30°C T 30 4% 0.25 pg/ml OFE MY T TREMET S Z LT DB L.

3.2.2 in vitro ¥rE-FHE AR

REOENE LT, A—/N—21 )V LTI X3 R pTF3-6C2AT 3K pML-
dC2AT 2 Ve, ZHEIRT T/ U1V AD B4 BROEERMBET T OE—5 —
OFEF T, 380 B 270 HED J/ 7 = VHEEEEERVWIREEYE GRT 5
(Watanabe 5 1990; Wada 5 1991). pTF3-6C2AT (25 ng), pML-dC2AT (225 ng),
BLOREL Y 2SI ERT G AT 20 pl ORUGHE 30C, 45 2T L1 > Fa
R— a2, Wada 5 (19983) OFETHERE, BLUEOROBERZITE
77o P1.0 ZHWEIRERIZBNW T, 2u1 ® P1.0 conc (Wada % 1998a) ZH Wiz,
EHERRICB W TIZ, P1.0 H3E O Phenyl O D ) (5 pl), 'TFIIB (30 ng), rTFIIE
(o, 5 ng; B, 3 ng), rTFIIF [RAP (RNA associated protein) 74, 15 ng; RAP30, 15 ng],
Z LU CRENZEFTTIE P-TEFb B2 (6 w) 2w/, DSIF IZBEL T, P.1/P.3
conc (2 ul) & % \\Wid rDSIF (p160, 30 ng; pl4, 3ng) 2/,

3.2.3 NELF k58 \

HeLa &% 120 ml (9 840 mg) K VFHEL 7= P.3 B/ () 200 mg)E, HGE
ZRAWT KCLEEMN 015 MiZkbdLO/mWL., 2z HGE. 15 TYH{k U7z DEAE
Sepharose FF 754 (60ml) 7 751 Lice AT LZRNY 77 — T L. &b
&% )87 E % HGE.225, HGE.3 B L UWHGELO %l TEREFIAH L7z, p160 14
TBHHTA L T O T4 > 7 Ukchilt, DSIF & 0.3 M OB s hz 2 &
B4 7228, NELF §& £ 0.225 M KCl QBB ICistl & 17z, 0.225 M I HHTFS)
%2 10 mg 3. HGE.225 T¥{k L7z HiTrap Heparin 575 A (Amersham
Pharmacia, 5ml) IZ[E3ET 794 L. BT LEENY 77 —THE#, HGE3 B
LOVHGELQ % H W TR H U7z NELF {5 #£13 0.3 M KCl QBRI S Mz,
Z O (¢ 5mg) %, HGE 20T KCLIREEA 0.25 MIZ/2% K DA L mono
Q HR5/5 779 /» (Amersham Pharmacia; 1.0 ml) (&7 7 I L7z, BT L % el %
A N E R 025 5 0.4 M KCL OEELNE (15 ml) Tt Uz, 0.30 M A
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I SN2 IEHE S %2 7 — )L L, 0.756 M (NHy)2:S04 %23 A2 HGE 128 LU TEDT
L7z. 241 (9 0.8 mg) %Ki Phenyl Superose HR5/5 1 I LY 751 L. 0.5 7
5 0 M (NHp):S0, DEMRAE (15 ml) T U7z, EikE) %27 —)V L, HGE.11Z
WL TEN Lz, Z31% mono S PC 1.6/5 575 . (Amersham Pharmacia; 0.1 ml)
KT TIA LY VNS EE 0145 035 MKCL OEMAR (1.5ml) TEHIL
7z, NELF {E#:1Z 0.23 M KC1 fHEIEIN X 41, 66, 61, 59, 58 BL U 46 kDa D5 >
NN ENEN: STl E N, 20 NELF Ho) %, X512 HGE1 THiMEL 7z
Superdex 7 )V A&7 5/ (Amersham Pharmacia; 2.4 ml) 27 7 Z- L7z, NELF
OIROY Ty b3S 2 I U, 22 300 kDa QLB ICHEH S 172,840 mg
® HeLa B & 0 2-3 ug % NELF 97212y ARSI,

8324 AVTACT 7L — hEAWEIRE G

FUT dC T TL— b dC3.8 G SN HEI K OFM L Kitajima 5
1994), R HIZIE, dC3.8 (100 ng), pol I (0.5-1.5 pl), T L THHEIT L2 'Cbibl <
OMDY N ET%,. 20 pl ® 6 mM MgCle Z25E 0.5xHGE.05 H1T 30C. 30 7>
7L AYFar—arylik, 22 3 pl ® NTP mix (IRE 50 uM
ATP/CTP/GTP, 10 uM UTP, &N 1 puCi[a-32P] UTP) 2MA T, MENEZHM
L. 2D 2, 4,8, 16 MEICKINHKZ 5 ul $O0W L., KEEEILE . EEY
27 /) - 70aRVAHEBIATS ) — VI TEIXL, 40 cm KO 8%
JRRZM: PAGE Tt L7z,
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3.3 MREBR
3.3.1 HBZIMENT OFHHE

ST bk B0, HeLa BHEE S ARV A—AT T LENTD &,
DSIF 3 P.3 12, F&AEDHAEFERT & pol 11 PLO mMEHINL (X 1.8),
ZZTPLO ZHIZAE L. WEKIGOEBRERSZ.

FREROBRT,. 3 DOEAEERT TFIB, TFIE, TFIF 3##A 5 > NIHT
g B T LT E, THDOMMELER 3.3 [T, TFIIB I3 His M 5 > /3
PEEUTKBETRESE, —v A ILTHER L, TFIEE2D0Y 712
v ha& B BB NS RAECKBE TR T, BAROD FhEHET L
Iz X DEERLL 7=, TFIIF % RAP74 & RAP30 &\ 2 D0Y 712y Mp5Ia DA%,
CNSENF 2O TN AEAVERBR TR CHREREE, IIL2 28
WS VL, 2R ENORT OR#ESE%E CBB (Comassiee brilliant
blue) Hea L. FHMEZHERL .

4. DSIF I 2 fEEOEREA WL (K3.4). ~DiEZJ)L—RT, P.1ZP3EF
BHEAL HRRY CESTLALEBL TEH LSO THS. I —DId, pl60 &pl4
% His BIa 4y > /878 & UTHEICRIBE TR - BEL, FEVLTRELZDD
CH B, pl60 E= v 7 IVH T L THEL 2R CORIENINS M o Tz, TN
55 ¢ 773 SDS-PACGE IC Lo THTFRICETVWTHE L, 2ROYAXDED%EMH
LU THWE,

3.3.2 DRB OZ)F%R 7 in vitro 5 BHERR OHE L

P1.0 % DEAE Sepharose. Phenyl Superose & 2 RDA I LIZNTR LIS, 85
AHEERT-& pol T 13 3.5A O & SN %R Uiz, ZORERT, TFIID, TFIIH, pol
[l 24T Phenyl OFRiE VWS GFT) &, 3 D OHILA HAKE R T rTFIIB, rTFIIE,
YTRIIF &0k DIEGRIGE RT3 2 EATE R, jt4 O PLO ZH WG REB
LT DR RC 2 FE o DSIF BL5 % 2 € DRB B2 L L7z (% 3.5B).
45EPLODRTIE, CAETORFEE KL T, &6 50 DSIF £iHs DRB E%
MEEFELE (L—2 1-6), 4. MR BWTIEZ )L Kz DSIF 1 DRB &
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SPEREE LA K% DSIF 12 DRB B2 T 5 et cEahro (-
>7Jmo:@%%\ﬁwHPEDmF%&WK\DmFuﬂKDRBﬁﬁ%ﬁﬁm%
BB RTOFENTNS T EARBREN,

BOEEREELIDDHEM 36 DEDITRD, IEHRELDSIF O 4580 OAEDHE
DT, RS LR R 5 - & E 0 DRB BEZENRE DN, ZO &R
5. P1# 5\ P.3 iz DSIF LSt® DRB BZEFERTFAFENTNS I L, €
LTk, ZORTIE PLO KHEELTHBO, HERR TREMMNTNS C & D
2 TR NI,

T DIES BTN D BT, ROEREFTIR- foo FEROIRE RIT rDSIF 20
2\éBK%mLTmEmPlﬁémMPB%mifat(HaﬂnTé&RS@%
ez UC. B%c DRB BegitsdEane (b—> 11-18), 554 P3 6
DSIF iX&EN TV AR, DSIF ZfRr< & DRB Baenkbini (L—>238-10) Z
L. P.3 E4OZ)EIT DSIF UAAOHOR T T d EfEES NS, P.1 I
30k S iEEERD 5T (P RET), TORTRPIICHFELTHD &G
PND. ZOBOMEEENS. 20 DRB B2M#ERK T2 NELF (negative
elongation factor) &7z,

3.3.3 PiEHERT NELF ORH

213 & OFHEELR I 1DSIF 2N R EET v AR &ELT, NELF OFsH 2T
7257, P.3 %XKIZ DEAE Sepharose 1 9 ACAAT, 0.225M, 0.3 M, 1.0 M @ KCl1
TR LT, A L7 T 0w 54 27 Tz & T % DSIF i3 0.3 M ICi i = e
28, NELF [ 0225 M OEAMCEIRE N (0 3.84). T7abb, ZOBKET
NELF & DSIF #s4lAlid s 2 &M TER, 7y ARIC 0225 M #HIT
0.225) EMATNS &, FORICKSFLT DRB EZHEAHH SN, FHICHENE
B OEROEER S N (K 3.8B). rDSIF % SUSHRN 5k < & DRB k2O
g ZEMG, 2o DSIF & NELF Offif ORTFH ZN5 OBRITBHATH S &
EDW Tz, |

:mu%@ﬁﬁﬁmmm\7?/@4»XE4fm%w&wtmz‘@%@%mm
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BSHAWSNSET T A VA XERYEET (major late gene; ML) T OE—%
—HEH L. 2RONYROSE, TOWREEY (270 Hil) HNEUlET 5.
TRS 200 T OE—F —FRARCARORSHENERTH, ML 7HE-5 —0
4% DRB OB 2 2o < WEADH 5 (K 3.12 728). LA L ZHUIHHE O
HARRIEE OBV L2 bO TR, BITREENORSDEVICIESHOIEL
#2505, EEEMOEWVWIESH DRB EZHAR <, %/ DSIF, NELF, P-TEFb
T AREE BBV EVIERMESNTND (T—FRED).

NELF 8l s K 3.9A 17T . DEAE Sepharose OEPE T DSIF E0HET 2
ZEMTE, Wi 5ADRAZN ILEMLUE, LAUKEOBET, MIREND
DRB RS HEAR X ICEFT 5 2 &M Wiz, kia aiid 2Bz, P-TEFD
REBRRICABLTWEZEDHHLE, 1L/ 70y T4 2T THNZEDS P-
TEFDb 17 v A RiCHEEAESTENTHE ST, 7 )b— R/x P.3 kO NELF B5
IS HDOITWAETHEERE W (F—y R E ), HHEE L 7z P-TEFb B4 & R
> & DRB B2 U, f&iic NELF 285835 2 & T&Ek, K3.9B I
BB OYE A 7F mono S T& OFIR= D D724, DRB E3ZEE P-TEFb 7#{E F TD A,
90 75 26 FHL D OEMCKRILEN, T2 NELF IO EN TV T END
NG, mono S WADY >IN B EFRBIZTHN/ZET A, NELF {FHEICHR LT
WHXND 5 ODONY ROERTE R, —FH, —EROEE NELF #HET T, #50
wEdl | 7= P-TEFb ORNOEAEMADE, AL/ TOyT 4 2T THRTED P-
TEFb & 28212 LT, DRB EZEMNFHEE SNz (M 3.9C). £-oT, P-TEFb il
S ORI, TN P-TEFD HEAHoTVBBOEBA BN, LA EOFHR, &k
i1z DSIF, NELF, P-TEFb &\ 5 3 DO R T2 fifE L T DRB B2 M ANHE S 115
HEBRRDENL TE T,

mono S ® NELF Fi% 247 )V A7 T MMM z& 25, NELF ORMTH S 5D
DN RIFZEBEICL, 9 TEH 300 kDa OIS 1172 (1 3.10), b g5
DEY RTF KO SDS-PAGE J:r#@ﬁ\ii?-@m 66, 62, 59, 58, 46 kDa T % . LR
TR, 5OONY RZFFERBEICRGI NI ENS, NELF & L1l
DAFORL YT -TIRAENNETREND, WTTUILTH ZOFR, NELF O
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ﬁf@é59@%0&7?Fﬁ@é¢%%mbfw5:&ﬁ%@éMto:hB@N
S EESTEOIEIC ANS E EERI & T B, 2OLHRY Ty MERZR
FTREZMSNTHE 5T, NELF ZHFHORFLEEEILGNS.

3.3.4 NELF & DSIF 2 & B 107 Ea)

Jeiz. NELF & P-TEFb OB DWW THNZ (% 3.11). T Tk DSIF Z2—
2912 TH 5. P-TEFb 344 FT NELF £/ 5 &, DRB L3RI U <ii
BRI LR (L—2 1-6). T ZICP-TEFb 4 2MA 5 &, ZOMGIEMRR TNz
(L—> 7-12). [ L7=EE1E DRB I &> THOMHE Wzl &2 b, P-TEFD B
IS DENEIE P-TEFb H &M TVWB T ERDN S, LA LOFESE. P-TEFb 24T 55
D F 1T NELF OEBEHIH BT Z MBI LTz,

Jiz. NELF & DSIF QBRI DWW THINz, &2 T P-TEFb  DRB ® KK
MZ T, NELF & DSIF Zaabd TnAks s, ThENBMTIRIEE
f SIS T DI Ly TEEMA D EHHTIK 8.11 THRLHNZ LD I3RS
HEMERE N, FBCEVEFEDOEMbERINE (M3.124). TOIERS
NELF & DSIF i3Hditic@n TG 2 iE e 2 50 EHER 505, €I TUDHTH
T dCFy T L— R EAN, 25 ORTH pol [ OMERCERIERT 550 E
5 U7z (5 8.12B). DSIF BMTIRARER LS e <plnrofk (U
—3 5-8), NELF Bt itz o ik L < glg s (b—> 9-12).
LAL. MiEEEEE5 & polll OWERENE L HIKEh, BEENIMZEA
Eﬁﬁ%mm<mofbiot(v~>13m%uimﬁ%dmm&ﬁ@ﬂﬂimu1

AR U CHE RS EIET 5 2 &0V 05 7.

DRBIZIEE AELTOY 5 A G2 2 &n 5, DSIF & NELF O
BHER &2 0 ISENE & THENS, JHE TIKRESNEERERRTIIV TN
& pol I DM (LT 5RFTH 5. DSIF & NELF 3 pol [l Ofifiz Hih)I m
T 5, HLWHFTY —OHEAMERTEESEZ 5N,

3.35 polll CTD @Y ME{kiz & % il
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P-TEFb 1z % U L ORI pol 1T @ CTD TR VWM ERBEINTNS. L
EREETHIUL. OTD OV E{LIREC & > T NELF & DSIF Oz Rz
WO B B AREHEA D 5. pollLizid, U E{LALO polllo, FEY R{LELD pollla,
ZLTCTD Z/RIE L7 polllb @ 3EHIDY 1 TINFEET % SO UIEEME B RETT %
F3b. 25 SHHA® pol Il 2N ENFAE L /=, pol Tla & pol 1o i3, Kim & Dahmus
Cw%)ﬁiULuB(wm)@ﬁ&ﬁib\Hdﬂ%@@&NVvFiUﬁ%'%%
L. bR, TRETIAWTE R pol I1d, K42 2 BLE O pollla T
%%, pol b 13 pol Ma &FE MU T IV TRENMRTD ZLITRDMHLE
(Buratowski & Sharp 1990).

ZN5 3O pol 1 DEEMEEME %, DSIF & NELF OFFAE N R7Z3IFAFE T
T~ (2 3.14), 3 DSIF & NELF OIEFE FIZBWT, £0F1 7O pol I
HERBEOMEEEER LR, ZORE. CTD OFHE, H50WiED VE{LKRRIZ pol Il
DI IS U\ © &V o, & 212 DSIF & NELF 2MAZ &5,
polTla & pol [Tb 12 L < MMl E N7z DIkt L.y pol lo i3 % - 7o HIfIR)RE SIS
Mo de. BEo Ty CTD @V Mi{kid DSIF & NELF i & 23 247 615 @ & 25y
Sz EREBENA, OTD U VEBEOBRERMEKRIC OV TEINETHEA SR
S TN T2, T TELNERERN S, TOEMO—DIZ, A DM ERF DI
B0 EBWEND D EEZSND, —H, pol ITb 2% pol Ta & FIKICHIH 7z
L5, CTD 13 DSIF & NELF 12 & 2 HI 0 B a0 & En o 2. 1€
C. DSIF & NELF 78 CTD 24U Cpol TT EfEBHLTND EVWI L2l Lid7a
WEEZBNG, |

S NETOREA 5, DSIF, NELF, P-TEFb OBf%. B & DRB K{FHIER G
TN TH 3.15 O & 5 72 EFIVAET B % DSIF & NELF [ i3#i91C pol 1T
ERIEEHHT 5, P-TEFb OE a0 EEGEEHTILEEST LEDN, @R
Rﬂﬁbﬁ@ﬂ)%U>MM?5:&T:@M%%ﬂE%L\%Em%ﬁiﬁﬁ<o
DRB 1320 P-TEFb A% T 0w 795 Z&T, MERUSEMET 2.
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DRB @21 2R TG EM R 2 ML L 7.

DRB (&I 5 I B 53 5 SRR MIHIR T NELF 2F5E L 7Z.
NELF 3520871y hh67R5 EBbND,

NELF iZ DSIF &% L T, i pol I DR KIEZEHT 5.

Z OHIEE P-TEFD i2& % CTD 0V VLTI B E NS,
BLEOEESL CTD %4 L7 EQRT (P-TEFb) EAQKT (DSIF & NELF) i<

L B MERSHEOMMANH S h &R TER.

64



- identified as a facor that releases paused polymerase

- CyclinT-Cdk9 complex whose kinase activity is
sensitive to DRB

- strongly phosphorylates the pol Il CTD

- responsible for transcription elongation stimulated by
HiV-encoded activator Tat

) human
P-TEFb

Drosophila
P-TEFb

Figure 3.1 Properties of P-TEFb (positive transcription elonagtion
factor b).
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Aboriive @E@sﬁgﬁaﬁém

DRB ————-l(

Questions
- Is the functional target of P-TEFb
really the pol I CTD?

- If so, how might CTD phosphorylation
influence elongation?

Figure 3.2 P-TEFb, CTD and elongation. See text for the detail.
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E. coli lysate

l Ni2+-NTA agarose

0.005 0.06 1.0 Mimidazole

\

His-TFIIB

TFIF
SF9 lysate expressing
both RAP74 and RAP30
P11
| !
01 05 0.6 MNaCl
Q Sepharose

0.1 0.5 M KCI

TFIF

Figure 3.3

E. coli lysate
DEAE Sepharose

]
|

0.2 03 1.0MKCI
Q Sepharose

]
|

5 1.0MKCI
= (NH4)2804 ppt

Preparation of recombinant GTFs.

TFIES)!
E. coli Iysafe
DEAE Sepharose

0.3 1.0 MKCI
SP Sepharose

JIRR
0.1 0.2 0.3 1.0MKCI

TFIER

TP”EQ
| TPugg
I~

w

Preparation

procedures for rGTFs are schematically summarized. Also shown
are the final preparations of rGTFs stained with Commassie brilliant

blue.
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P.1/P.3 conc
P.1+P.3

C =~ precipitate w/
= satuated (NH,)2S0,4
1
sup  ppt
* resuspend in 1/10
volume buffer
P.1/P.3 conc
p160 p14
E. coli lysate E. coli lysate
Ni2+-NTA agarose I_Ni2+-NTA agarose
i | | | |
0.005 0.06 1.0 Mimidazole 0.005 0.06 1.0 M imidazole
recover from refold protein w/
preparative SDS gel 6M guanidium-HCI
refold protein w/ His-p14
6M guanidium-HCI
His-p160
INFTWash  Eluate r-p160 r-p14

r-p160 116

"% 14
| (kDa)

Figure 3.4 Preparation of DSIF. p160 and p14 were expressed in E.
coli as His-fusion proteins and purified with Ni2+ affinity column.
The r-p160 eluate was contaminated with many degradation
products (left), and therefore further purified from preparative SDS-
PAGE. The final preparations were shown to the right.
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A Hel.a nuclear extract
P11

|
P1 P.3 P1.0

} | e

1
DSIF DSIF 0.1 0.3 1.0

Phenyl
B 1i0 ‘;
7 5
oFT HF
(IID, IH IE
\polll
B reconst.
P1.0 (rq)FT, r-TFIB
« : =-TFIE, r-TFIIF
P.1/P.3 conc
rDSIF
DRB

1 2 3 45 6 78910

Figure 3.5 Reconstitution of DRB-sensitive transcription. (A)
Diagram for reconstitution of DRB-sensitive transcription. Hela
nuclear extract was first applied to a phosphoceliulose (P11)
column, yielding three fractions P.1, P.3 and P1.0. P1.0 was
sufficient for transcription in vitro and further fractionated on DEAE
Sepharose and Phenyl Superose columns as described in Materials
and Methods. (B) Examination of DRB-sensitivity. Using the P1.0
transcription system, both crude (P.1/P.3 conc) and purified (r-DSIF)
preparations of DSIF induced DRB-sensitivity (lanes 1-6). Using a
reconstitution system employing the Phenyl Superose flow through
fraction (¢FT), r-TFIIB, r-TFIIE and r-TFIIF, however, r-DSIF could not
induce DRB-sensitivity (lanes 7-10).
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DSIF
crude —= - pure

P.i/P.3conc | rDSIF
P1.0 ves ‘yes

reconstitution yes no

transcription system
pure <e—p crude

HYPOTHESIS
- A factor required for DRB-sensitive transcription in addition to DSIF
is present in either P.1 and P.3.
- The factor is also present in P1.0, but is depleted from the
reconstitution system.

Figure 3.6 Interpretation of the result shown in Figure 3.5.
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reconstitution (¢FT, r-TFIB, r-TFIIE, r-TFIIF)

P.1/P.3conc 2 wl
P.3 dil 15 3 6 1.5 3 6
r-DSIF 2 2 2 2 u

DRB - + -+ =+ =+ = & = 4 - + = + = +

1 2 3 45 6 8 9 10 11 1

13 14 15 16 17 18

V¥ NELF Is required for DRB-sensitive transcription
in addition to DSIF.

Figure 3.7 Identification of NELF (negative elongation factor). Using
the reconstitution system employing ¢FT, r-TFIIB, r-TFIIE and r-
TFIIF, effect of crude and purified DSIF preparations was compared.
r-DSIF alone could not induce DRB-sensitivity to this system (lanes
11 and 12). However, further addition of P.3 (P.3 dil) restored DRB-
sensitivity (lanes 13-18), suggesting the presence of another DRB
sensitivity-inducing activity in P.3. This activity was termed NELF.
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A B -rDSIF
" D22 |

DRB - + - + - + - + - +

a-p160 |
blot :
E4
/ \\\\ ML
P.3 -  DA5 D225 D3 Do

DRB - + - + =~ + = + ~ + - +

Figure 3.8 Separation of NELF from DSIF on a DEAE Sepharose
column. (A) P.3 fraction was subjected to a DEAE Sepharose
column and step-eluted with 0.225, 0.3 and 1.0 M KCI. The presence
of DSIF p160 was examined by immunoblotting (top). NELF activity
was examined using the reconstitution system plus rDSIF (bottom).
(B) Increasing amounts of DEAE 0.225 M fraction (D.225) were
added. D.225 induced DRB-sensitivity and the production of short
transcripte in a dose-dependent manner and DSIF-dependent

manner. :
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- EL L
Hela nucllef:: f""t" act B (ﬁfn'a'é) IN 16 18 20 22 24 26
I ! DRB = += 4~ %= db=bmdt=d= b
0.1 0.3 1.0 T
| DEAE &4 4 8 (.
I ] I | :
015 0225 03 10 +
|Heparin

s s o T P-TEFb
0.225 X . /
mono Q DSIF

EL -
0.4 (wwEr!BE) INFT 1416 182022 24 26 28 30 32
[ » ! :’
0.25 =~ Phenyl
0.5
mono 8 0
) 0.35 kDa |
0.1 TSuperdex 200
NELF
C rio _ fr EL -

¢frct 34 56 7.8 9,1011,1213,14

+NELF
(monoS)

Figure 3.9 Purification of NELF. (A) Scheme for NELF purification.
NELF was purified from P.3 using a system employing ¢FT, r-TFIIB,
r-TFIIE, r-TFIIF and r-DSIF. The P-TEFb fraction derived from P1.0
was additionally included in the reactions at the later steps of
purification. (B) NELF activity on the mono $ column. mono S
fractions (2 ul) were assayed for NELF activity in the presence or
absence of the P-TEFb fraction. NELF activity was found at
fractions # 20-26 in the presence of P-TEFb. The mono S fractions
(2 ul) were also resolved by 7.5% SDS-PAGE and stained with
silver. Five different bands of 66, 61, 59, 58 and 46 kDa (indicated
by arrows) appeared to be co-fractionated with the activity. IN,
input; EL, eluate. (C) Fractions around P-TEFb were assayed in the
presence of constant amount of NELF (mono S). The presence of
P-TEFb was monitored by immunoblotting with o-PITALRE
antibody.
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A
670 kDa 158 kDa

W NELF likely consists of five different subunits
with a molelular mass of ~300 kDa.

Figure 3.10 Gel filtration analysis of NELF. 50 ul purified NELF
(mono S) was applied to a Superdex 200 gel filtration column. 8 ul
aliquots of the eluate fractions were analyzed by 7.5% SDS-PAGE
and silver-staining. The five polypeptides were co-eluated at an
apparant molecular mass of ~300 kDa and termed NELF-A to -E in
the order of their molecular weights. Positions of the native
molecular weight marker were indicated at the bottom.
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P-TEFb
DRB - 4-+-+-+-+-+

NELF 0.7 2 0.7

v NELF potently represses transcription in the absence of P-TEFD.

v P-TEFb reverses its repression.

Figure 3.11 Regulation of NELF activity by P-TEFb. Effect of
purified NELF (mono S) was examined in the presence or absence
of P-TEFb as in Figure 3.10. Without P-TEFb, NELF potently
repressed transcription, while in the presence of P-TEFb, the
repression was partly relieved in a DRB-sensitive manner.
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B NELF 2 2
r-DSIF 2 2
elong. 248162481624 8162 4816 min

A

NELF k 1 2
r-DSIF -062 6 -062 6 ~062 6 pl

v NELF cooperates with DSIF and
directly represses pol il elongation.

Figure 3.12 Synergy between NELF and DSIF. (A) Cooperative
action of DSIF and NELF on the promoter-specific transcription.
Indicated amounts of r-DSIF and NELF (mono S) were added to the
reconstitution system lacking P-TEFb. The two transcripts are
generated from the adenovirus E4 and major late (ML) promoters.
Transcripts from the ML promoter are less sensitive to DSIF and
NELF. The vertical bar indicates the accumulation of short
transcripts caused by DSIF and NELF. (B) Cooperative action of
DSIF and NELF on the dC-tailed template. Pol Il and the dC-tailed
template were preincubated with indicated protein factors. NTPs
were added, and elongation proceeded for indicated times.
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HeLa nuclear pelliet pol lia
* solublilization *digest w/ 40 pg/ml

chymotrypsin
* (NH4)2SO4 ppt p0| “b
Heparin Sepharose
PPPPPPPP
_BE—SE’I PPPPPPPP
0.5 pol lla | IO

0.15 DEAE-5PW

pollib L ]

0.5

0.5
m mono S
T 0. T 0.35
0.1 0.1
pol llo pol lla

Figure 3.13 Preparation of pol lio, pol lia, and pol llb. Pol lia and pol
llo were separated on a series of column chromatography as
described. The CTD-truncated form of pol Il (pol lib) was generated
by mild digestion of pol lla with chymotrypsin.

-
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pol llo pol lla pol lib

DSIF & NELF = + - + - +
elong. (min) 24816243816 248

1624 81624 8162 4 816

v Pol llo and pol lla show differential sensitivity
to DSIF and NELF

Figure 3.14 Effect of DSIF and NELF on different forms of pol Il
The different forms of pol Il were assayed for elongation on the dC-
tailed template in the presense or absence of DSIF and NELF. Pol
lla and pol lib, but not pol llo, were suseptible to DSIF and NELF.
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Abortive elongation

Processive elongation

1) DSIF and NELF are negative
regulators of transcription elongation.

2) P-TEFDb normally anti-represses the
negative effect of DSIF and NELF by
phosphorylating pol I CTD, thereby
allowing transcription o occur.

3) In the presence of DRB, however,
the anti-repression reaction is
inhibited, and DSIF and NELF
continues to repress transcription.

Figure 3.15 A model for the mechanism of action of DRB.
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# 4% NELF O#iG & HHE

4.1 J¥im

5 3 S5l 35\ T, BRUETERT NELF 2, M U7, 8 NELF 280
T2 OHERED - $uE B 5 A U, NELF 2 5 DOBMY 71y M55 T E &R
Lie. LinL. ZOATREEZEARTH D, ZOMIE LTE 525 Mhiid
AAHETH D
$$TM\%B%T%Bht%%%$ikﬁme@dWA%%%L\%@ﬁji
:vb%ﬁ%%%@ﬁ?é:&%ﬁ~®am&bto%LT%:&B%B&E%WK
Eﬁ%\NMFﬁde@@EW%%%%ECWQ?%%%%ﬁTéZ&%%:®E
&Lz, .
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42 MEIEHE
42.1 NELF-E ® ¢cDNA 7 Q—=>7

2 ug oY Ty FEFE NELF WHE T AL, 7.5% SDS-PAGE
4 EEL 7. 46 kDa ® NELF-E N> REFOHL, FIVHT Lysyi-c I RS
F 5t (Wako) 12 DL LTz, B 572 R T F REWH HPLC Ic k> THHEL.
CRT VAR ED T BEAERE L., BENE 2 DO
RSLSEQPVMDTAXAXEQA 340X RTQIVYSDDVYK i, £ b RD BIET 4 5 P4
xNBT 2 BEAO—MEZEI B LT,

42.2 PiRD FilkORE

GST-RD @& > X7 A% HET 50, &£ N RD cDNA ® ORF (Cheng & 1993)
% PCRIcTHIIBL. 79 A3 K pGEX-5X-3 IZHA LTz, T OHEAMARINIHINS —2
T>¥— (ABD I2& 0O#R L7z, GST-RD WA DHbo MRICTHBE I E,
glutathione Sepharose 4B # 5. (Amersham Pharmacia) ZHWT, fimaNi
Fklc L DR U7, MUz GST-RD ¥ > S/ HEREETOA Y E - T¥aNs
Rz Ty MoES L7z, 8 ANCE 2 REDR, SE X /=4 (Harlow & Lane
1988) 12 L D HuM g ZRME L 7z,

423 RDOAL/TATY—¥ar
# RD Hilllisd 2 Wi L iz (T LA L—2) ¥ 10 ul 2, 20 pl @

proteifl G Sepharose CL-6B (A;nersham Pharmacia) & 4CT 1 KfliEA L. Pk
KT E L Uz, KiT-% NETN [50 mM Tris (pH 7.9), 150 mM NaCl, 1
mM EDTA, 1% Nonidet P-40] T 3 [, HGE1T1 EI¥Ed L 72, 200 pl @ HeLa
W 2 A T 4CT 2 BRE Lz, €0 LigZRIRL, Fi Iz T PR E E AR
SO UTce TOBREERRDBLITAN, B 2 BB 214 [l U 7z B e
LTz, ‘

RD OBEORER P RD Hifk 2 MWz L/ THY T4 I X DPNT,
kil 2 ul = SDS-PAGE T/ EEL . 2% polyvinylidene difluoride ~/ « 5 —
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FiciEE L, 7y k% BLOTTO [25 mM Tris (pH 7.4), 135 mM NaCl, 2.7 mM
KCl, 5% non-fat dried milk, 0.02% NaNz] ., 4CT 1N —BYAF T LT
%, F0w hEH RD ¥k (BLOTTO T 1:200 FH), A a3V THENTFY
— PR LR T v b 1gG 2 KBiE (1:2,000 R, Dako) EEIEAYICA > FaN
—33>L. ECL ¥v k (Amersham Pharmacia) ZHWCTHNS N BERE
L7,

4.2.4 TFlag-NELF OF#

Flag ¥ 7 %&fMmML7% RD % SNZ2'E (Flag-RD) 2B TRE SIS0,
PCR % fi\"T RD o N ###ilic Flag T¥ h—7 (DYKDDDDK) ZHAL, Zh%
pCAGGS IZ# AT % Z & T pCMV-Flag-RD o (=LY O

B 7 U SRV ™ A (Ausubel B 1995) 12k D . pCMV-FlagRD (10 pg)
L. BT —H—& LT pSV2neo (0.5 pg) %, 2x108{EO HeLa Mz v AT
T2y a > Uik, 24 BEEBICHIIZ 10 5705 1,000 fFARL THEZE L, 400 pg/ml
Geneticin (Gibco BRL) &5 Ju7E MEM T 28R, Lz, ZOM, 3AZ &I
Ress i L7z, 425 17 Geneticin it 0 — 2 ATV LAMI Y 2T —2H0T
BB L . Flag-RD O%E1 2 Flag M2 ¥ 01— > Hiff (Sigma) EHWEAL/ 7O
w54 AT X DMz, FlagRD 2RBEL Thin< DN ORIl (HeLa/Flag-
RD) IE. 100 pg/ml Geneticin Z& A7Z MEM HTHERF L 72, |

5 E— 2415 [ E SICHEE E, 5% BT (Moregate) £F AL S-MEM %
FIWT, Al 2 U —RICHEIE S §2, 30 1 (1 2x1010Hilll) ORFRIN 5%
YA A RS U, MM 4C. 2,000 x g TEIULL, PBS T 2 B L7z,
LB BRIEII TN T4CTHA- 2. Moy bz 250 ml © 1 mM
phenylmethylsulfonyl fluoride %% A/7Z High Salt /N 77— (W L. Dounce %Y
REDFAP— AN THEM L. 7/ L DNAZZWEIT L7205 VAl I RERlA
e U7-7%. 13,600 x g T 20 AL, L2 EE, MG TTRLLEZ. ZOLE
B 045 pm O 7 4V F—IEL T, MREMEEERE Lz, 20550 40 ml
% . i Flag M2 Hifk77 5 4 (Sigma, 1 ml) {2 0.4ml/h DOFHRTT T I Uiz, Fil
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DES FTY) 2ENL, 79 LCEEY 754 Lk FT2). 75 4% 10 ml © High
Salt )Ny 77 —T 2 EJE#H L (Wash1 & 2), ¥5I2 5ml @ HGE.1 T 1 [EPE#LL

(Wash 3). #1&1k®, 100 pg @ Flag peptide (Sigma) 4 HGE.11ml 20

S AEIAT. LYY 2B X i, b HMKE L, iz R Lz (Eluate 1).
C OEMEEE 5 4 WEVELE Eluate 2-5). SDS-PAGE 12 & BfRHTORER
Flag-RD 22T 4 A£@ NELF ¥ 722y pAMEREINS Z EINVHI U 72,
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43 HEREBE
43.1 NELF-E cDNA O B

RO T NELF 2 KEHFHE L, NELF BHRTAY 1oy hOOEDIEE
B N5 NELF-E Q57 3/ Belisl ke Uz, 46 kDa O NELF-E % Lysyl-C T
L RRTFFH P THE L, W HPLC TRTF REHBELz, HENERTF R
5T R AR CEdT L. RSLSEQPVMDTAXAXEQA, RTQIVYSDDVYK & 13
5 95073 JREAIEER, ChbEIYEa—FRFELLHKE WIHMBRD &
WS BRI Ny EO— LA~ Lz (4.1, RDiE 3807 = JENS55
5 R ET. D&M IR T VR ®R) ETANTHEIE ©) O
@ 3R LEiFlic &k B (Levi-Strauss 5 1988; Speiser 5 1989; Cheng 5 1993).RD
Bk LTHULIEY S VB EMIEY 3 BRI 60 7 2/ Bl A TERURAYE
#L. RD BF—7 EEHTV5, £z, CARSflicid RRM (RNA recognition
motif) EIEEND RNA #5& 1K AL S EOEBIA N REMCII DA 2 > BHATT
2B EIBRIRINAEOA YDy N RREEDFET S, fic RD ®F—7 %&
By L I E LTI AT 94 2 VBT 5 ULT0K £ 2/ A 51T
w5, Ul 70K 13 RRM EF—7 8o TNB T EME, RD b EEAT I ¥
FEET 3O TRV EFRINTNE, L LEOEROBERISHICESXT
4 FHATH o 20

RD 7% 5.2 M7= 1990 4R RRM 7 7 2 U —0O# b 472 < .RD & RRM #fii5
A RRM 02 3k >4 AR &R RN TN/, A% 0O RRM TR W AlHEfE
SR RT . L LA OF 5 AR EFORKLEE TS, B 42 IORT
£517. RD ® RRM & HIFAHEDEW RRM 2R DR TAHE < Hoholk, Z0OZ
L5, RD @ RRM ASHER T H 5 THEREIE 1 & Bh LS.

FUAOHFT Iy b7 3 BEAERE L, DNA ZHEELE (55 R
Ty, RD BRI N T &, & LTHE— ORISR HTH- T EM B,
RD %2 #7\ 0 & LT NELF Ofthi &iEd T 7,

4.3.2 i RD ¥tk MW ot
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RDﬁ$%KNME@ﬁ71:vF@~9T@%#%#@5t®\RDK%T%%
@E%%btoé&@RD&)N?E%k%%T%ﬁ\ﬁ%%QL\:h%?wbm
1) 3K U Gags U CHiiB 248 7. ZOFikEHWTRD OFEEA L/ TRy T A~
Ziz X DA (K 4.3A). 9" Hela ORI VWS &, BIFE—/N>2FORD
DD/ ')”)1/75\1«1 5. PR ORRIEAIEEICE W I ENND. K WU 72 NELF
ﬁ%ﬁmmﬁ)%%N5&\MO%D&RD@N)F%@&?%E(waﬂout
DR, F5% NELF i RD OF £ 2 T AP0 5Nz,

Kz, NELF OiF#gH OH NEAL) TOYTF 4 2T REDTN, TEHE
DEAE Sepharose, heparin Sepharose, mono Q &, NELF {ifE &5¢ 41Z—38 LU TRD
@N)Fﬁ@ﬁéﬂt(@43Eo*ﬁ\%@@$X$tWDwXEﬁ%%NK&C
2. RDIFP.1 Zide<miEnairo 72, P.3 & P10 WCIRFEREFEL TV,
ZOEEEIIMAOTHEOTHD (K 3.6). PLO DB RZ MWz & &I NELF O
gﬁﬁﬁﬁ%hﬁ#oﬁ%%%?i<ﬁ%?%60i&@%&\mﬂiMﬂF%&&
H&bkﬁﬁb®$ﬁ%%b\NME@%&E%T@%Z&%%<%@%MEO

4.3.3 Flag-NELF O%piksil

NELF Ol 20T 1T, 47280 NELF & 2/ BEHS T EE3AH
KTﬁéo%@tw\ﬁ@%mMTNMEE%@Li5&ﬁ£ko%@ﬁ%%@44
’ﬁﬁ‘ifﬂwﬁﬁ%ﬁ%btRD&h@ﬂDE%ﬁ?4?>ﬁﬁ?t%KHda
ARSI > A7 7¥arl, Flag-RD % RERLADICHBIT BB ERNIT 5.
RD #MbORET- & N THEEREZR L Thiud, Z OB T NEE RD &
SN E LD - Ty Flag&bﬁé‘w?ﬁéﬁm\%hﬁéhét%j KIZ Z ORRD 2
4twb%%%b\ﬂ@h@%lmmbtﬁ7ATN@RD%aﬂ@‘@%%@?
7 = 7 THEEIZIE 500 mM NaCl, 0.5% NP-40 & 3 ji L WARATHIE L, JERFHL
B, BB WEROHAER THEA L TO SR TERVIL 2. T LTk A e
L% BREIE O Flag X7 F REHWTHHT S,

Flag-RD ZRERRAYIC CRBT S 3 OOk B L Y h o)L ORI D T A1
CRNEHEL. AT A VTR AT R T (0 4BA). T ESRERG
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\ CHFT 5 & ~48 kDa ORIAIC Flag-RD O/\N> RV HE THRABTE R, 3
S hO—IWz bW < Db OIEER 7N > R B SN, WHZ T2 &
Flag-RD WA T 4 ADHFRIZNY RASKEHRE NI L0505 RORAT
%LELD%)9KM%@LKNMF%%Lkﬁ\ZhB&%%?ét\4$®%
81X 4172\ > RiZ NELF-A, -B, -C, -D £A— O/ T82RL TN L. Flag-RD 3%
ﬁ@%\WE%RD&DB%%k%WOHL@%%\RD&)N?EM%@WT:&

E49®ﬁUNf?Ft@@T?ﬁﬁ@%@&%&bfﬁé:t\%DTthﬁw
BT OEAHEEEGORETHHTE L EEZ 5N, T LTRSNLES
f% Flag-NELF SIERT &1CT 5. KT, 30 LOAE T —#3AH 5 Flag-NELF O
ﬁ%%%%ﬁat(ﬂ45&°H&AE®9>N7EM%EDEQKH<#\%ﬁ®
&%Tﬁ?AiD%Wﬁéh\&7?F%mt$0%§®%th&M%FﬁEWé
U, R VAL OB A CIHE RIS N Y RIZA L, BEAE B DD
BYRTSF RETNSEERENTN S,

Flag-NELF % NELF {245 L TWAN ES R, FYTdC F o7 b—hEAL
THE L7 (9 4.6), Flag-NELF ZB%4ZTMNA % &, DSIF IZfk7 LT polll @
@Eﬁﬁ%ﬂﬁbkoML®%%\m@NmmviM%Fﬁ%%ﬁbfﬁb\ik
NELF iEH: 1213 RD 280 5 DORY RTF R THHTH S T LWRE SN,

434 NELFOAL/T47Y—ar -

KizEuE. NELF Q=% 50 7)V— FRRTHLMILLD EB AT, TOMRH
%%%K%%TéoE47@7»77thﬁm@W®®%T\&6ﬁ%ﬁABC@
S ST TE ET B, CORMD A BIRS EIEHARDN, 205 AR
AREETE. &S ORMEICIEEL <3, £ 5 OB A 25T 5K
2 APEIEL. A RBATRNABLIEN. 20, A ZHETHHET DAY
fEL. HIINT A IR L2200 B LISV, |

£ 51k & L. RD Hifl T NELF % HeLa SIRLOBAIHEN 51 ET 5 T
L AR ATz, HeLa Bz RD DETIRARTNAN | BWiE4MEEL. RD OfFF
TaAL) TayT 4 o TITL DR EZ A, 4EELIZEE, FF5E4Z RD R
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CBBNB ZENDD 0T (B ATA). —F5. A2 PHVORUET 5 N TRE{LZH
7. RD UAORET b ki~ 4t, DSIF @ p160, P-TEFb, polll Wb
Z{LIIERD 5T, RD O3RRIICHRES NI EMNDDo T, |

Rz, TS OINIKOEEEE 2N (€ 4.7B). HA L)V OBEE I,
EORHIK D E L EB oz, LML DRB B2z 5 &, RD 2FREA
U 7 e 12 3510 T DRB IRZHEAE L <HAbN TV B T LD 7,

T ORIHIRICRE 2 75 NELF /A 2R U TAaJz (X 4.84).D.225 &5 O DSIF
B4rEi Y )L— K73 NELF B4 TdH 5. D.225. }% NELF, Flag-NELF O\
NEMAFBES. ALV OBEERICIEEASEET S 2/<, DRB &
SHEER Lo, DL ORE, NELF 2RI IC 31 T DRB AR T i
EHEIREB R R T I EAEND BN, e, IR OFsRIL DRB 77 T,
D% 0 P-TEFb iF MM A 5 N4 F T, NELF MR 23 L7z, EIRIRT B
EHTES, THRINETIAELNAERE., $5WEK 315 OETIVER<—HK
T5. | | |

KIBE L A Z @RD 255, H® L, RD %Kk U e o NELF Wik %
AT BN E S MR, Lo LiEEEO rRD 2iA TH, DRB BZIEREE LA
Mot (04.8B), ZOTEMD. RD OFfFH T AL > TRD OB T, NELF
TERICRER MO T 1y PRI E VBRESNZEERL 5N,

435 NELF¥ 7=y hOERME

Flag-NELF QRS0 Y —> %R 5% &, NELFOB & EOYT1zy b
X OMRBINTNS (& 45B).Hilk A 5 1 T 517z Flag NELF A —75
R WIS A, A B mono Q BT A L. H T LKA L
# Flag-NELF % KCl OHBEAR TR L7z & 25, 2 00—/ AlT2 &
BN D 2. (K 4.9A), HEIREE DK WALEICIE I E NS B2 1T NELF-B & -E
(Flag-RD) DHHAEL, HILEOEH W E— 7 ICRETOY T 1oy MAEERATY
F ZOZEMS. NELF-ERD 2o 712y hOZNTB Y71y MIED
W< BN OIS T B 2 EAURE X N7z, LN T B-E @A EANRRICIEL S
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NTVWBD, HDVITERORTCROEAEDS A C, DY Tazy hAVERELT

EZBEZLND,

Flag-NELF ® 2 DO Y —27 0%, RD ZRA Ui s AW TS Lz,
M 4.9B IoR L& 52, A > 7y b O Flag-NELF BE U 0 &40 DRB Bk
BRI X 75 B-E HAHIToE ezt ok. BEOHR, NELF-B &
NELF-E 720 Clid NELF EHICARTATHD, BOOYTIZy MoBETHI T
EDID T, | |

Bmémmﬁﬁmn@mFE%%bt&%m;mmonﬁmTﬁﬁgwﬁwﬁKﬁ
HEAEIE NTz. B-E EAKRSHBNICASREES 0TRSO, H BWWid Flag-
RD AERE X &0k B ALWENZONEHNT 572, Hela HilibiEe
4 momo Q 5 A L. U & 51 KOl OHUREEARIC & D F i L fca Wt
(D RD OEAEERA L TOy T4 T IREOFANETS, HA9A LFAULIK
RD OO R Uz, ZEL, (EHEEOE—21d, BRREO TN
TN Mo Tz ~(5‘-“w57£<éﬁ*‘)o DL OER, EHEOMENICE, ZEDRNDE
OO BE GARNEE LTINS Z EWRBE Nz, L LENIHIIBA TERO S 2
BB RELTOEONESH, BEQEIARNTH 5.

4.3.6 NELF LR EOMEEH

iz, NELF OIERBM 255 MY 2584 & LT NELF DK & DY
Ko7 AR B A L7 (9 4.10), Flag-RD ZRBIT 5 MlakkE 1> 1)L O
RKEX O I 2 TS L (Dignam 5 1983), JEIELO K DI Flag Pk ZEHWT
Flag-NELF ORBEF7Eo72, 727 LTI, WiFO&I1EEPAIL, NELF &
TR 5 A AT TS £ D12 Ui, o 27y by RO, KA
2 RD PiEDA L/ T Y T4 I DN E A, Flag-RD 31 & AEHEHE
| MR E Nz, —J7. WIEE RD V3 Flag & 7 &$i=lo\ 26, 3Rl 0 @ [m)
. SRS FlagRD %5519 B HIRE TIZNEERE RD OFESIRAE L <
EFLTWAZEWNMoT @RD, L= 1,4, TOILN5, AEANIZ RD O
BB S IR £ D757 ( — RNy 7 M OTHET 5 2 EMFIREND, 2T
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B2 LC. Flag-RD 2W1EM: RD E4)R A< BEMD D, Flag-NELF HEHTE
RENEEEZLND,

XT. TOX> & TFCDSIF, polll, P-TEFb OXBEA L/ T Oy T4 27
Z L DFREE TS, pl60 & pol T O—IWAFEABMZEIRINDS Z EWRRIND T,
5. P-TEFb {32 > hO—bLIUVT, HEBBEERIBM 2Tz, BLEOKR,
NELF 1% DSIF 3k pol T LM EICHEMERT 5 Z &AW S Lo 7,

ZNETRHWTE pol 1T Hifkid, SWG16 &\ 5 pol I @ CTD @I 28/ 1
— PR TH S (Thompson & Burgess 1996). 8W(G16 12 pol ITo & pol Ila DI %
WERLE BN, T THW/ HeLa *z*mmmdz pol Ilo MFE A EFTENTWAAW
7. polTa O/ KOBIKIHE NS, NELF-pol Il DEAERAL CTD OV > 8
{LIREBIZ & o T;‘%f;%ﬂﬁ‘é‘l‘é%#ﬁ%ﬁ?%f:&b\ B3 WSRO pol I Hifkz A NWTH
7. B3 13U 2E{LA CTD (pol Ilo) ZHRMICHRHMT 2P TH D Mortillaro 5
1996), ZDFE5, 8WG16 OFER SITXIRATIZ, pol Ilo SRR R I A <R H
XMoo . D EOEER, NELF 3 pollla SI3HEE T %45 pol llo LA LR
WZ ERW S ETED T,

pol TT ® 2 FEFE D HIA % AWt/ 5, DSIF & pol Il DHEER® £/, CTD
D) SELIRIEIC & > TR 5 T EAHB LTS (F—FREF), &oT. CTD
U S O HshE O — >l DSIF-pol I, NELF-pol T OAHAAEA ZHI#T 5 T L2E%
F ENB. THETORREEEDSEM 411 Ok 5ic/%, DSIF & NELF i3t
SAH91Z pol IT (D CTD BSOS EfEE L. ERIGENHTT 5. P-TEFD 41 CTD
21 ST B E, U SEMEE CTD 4 DSIF & NELF 2 B0 7Z L) | iRz
fRRT %
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44 F&¥

KEEEED D,

(1) NELF-EZRD WSRO Y > NIELE Tz,

(2) NELF Offiff/skslE2H L L7z,

(3) RD iZ NELF-A~-D &R ICREBREEHRZRMRL THD.

(@) NELF IEHICIZE 3, %% Wi B-E 2 TR AT, ensoy 71z
v RBETH D, |

(5) NELF iZ DSIF 3X U pollla L#EET 5%, polllo EldFEE LR,
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Figure 4.1 Molecular cloning of NELF-E/RD. The NELF active
fractions from mono S were subjected to SDS-PAGE, and the band
of 46 kDa corresponding to NELF-E was subjected to
Two obtained peptide sequences
(underlined) match part of the human RD protein (Cheng et al, 1993;
GenBank accesion No. L03411). The RD motif and the putative RRM
were Indicated by arrows. Astarisks denote Leu residues of the

microsequence analysis.

putative leucine zipper structure.
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Figure 4.2 Comparison of the related RRMs. Database searches
were performed with the BLASTP program (Altschul et al., 1990)
using the human RD protein as a query. Sequence encompassing
the putative RRM was found to share homology with a set of RNA-
binding proteins, including human Nucleolysin TIA-1 (P31483),
human TiA-1-related protein TIAR (Q01085), human inducible poly(A)
-binding protein iPABP (U33818), Drosophila translational repressor
bruno (U738469), andDrosophila anonymous 66-Da (Y10016). The
sequences were aligned using the program Clustal W (Thompson et

al., 1994).
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Figure 4.3 Immunological analysis of NELF-E/RD. (A) Specificity of
anti-RD antiserum. Anti-RD antiserum was raised against the full-
length RD protein produced in E. coli. Hela nuclear extract (2 ul)
and purified NELF (mono S, 1 pl) were subjected to immunoblot
analysis using the anti-RD antiserum. The antiserum detected an
alomost single band of ~46 kDa in the nulear extract and the
purified NELF fraction. (B) Co-fractionation of RD with NELF
activity. Various column fractions on NELF purification were
examined for the presence of RD. RD was found to be co-
fractionated with NELF activity on each column step. Notably, RD
was present in both P.3 and P1.0, in agreement with the prediction
in Figure 3.6.
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Figure 4.4 Strategy for immunoaffinity purification of NELF
complex. First, stable HeLa cell lines constitutively expressing
Flag-tagged RD are established. Second, the whole cell extract is
prepared and passed over an anti-Flag antibody affinity column.
Third, after extensive washing, Flag-RD-containing complex is
eluted with excess Flag peptide.
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Figure 4.5 Flag-affinity purification of NELF complex. (A) HelLa cell
lines constitutively expressing Flag-RD were established. Whole cell
extracts prepared from the cell lines (#3, 15 and 17) and a control
cell line (#20) were subjected to immunoaffinity purification as
outlined to the left. The resulting eluates (5, 20 ul) were analyzed by
SDS-PAGE and silver-staining. Lane 9 contains 2 ul purified NELF
(mono S). Filled arrowheads indicate the positions of NELF
subunits. Open arrowheads indicate the position of Flag-RD.
Asterisks denote the positions of nonspecific bands appeared in the
eluate from the control extract. (B) Large scale purification of Flag-
NELF. Whole cell extract was prepared from a 30-l spinner culture of
clone #15 and subjected to affinity purification on the anti-Flag
antibody column. Each step (4 pl) of this purification was analyzed
by SDS-PAGE and silver staining.
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Figure 4.6 NELF activity of Flag-NELF. DSIF (2 ul) and Flag-NELF
(Eluate 1; 4, 8 pl) were added to the dC-template assays as
indicated at the top.
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Figure 4.7 Immunodepletion RD from HelLa nuclear extract. (A)
Immunoblot analysis of the nuclear extracts depleted of RD. HelLa
nuclear extract (200 ul) was repeatedly passed over protein G beads
(20 ul) to which either anti-RD or control antibody was coupled. The
supernants (2 ul) were analyzed for the presence of RD, DSIF p160,
the Cdk9 subunit of P-TEFb, and the pol Il largest subunit by
immunoblotting. Passing twice or four times over the anti-RD beads
reduced or eliminated the endogenous RD protein (-RDx2, -RDx4),
while the protein level of the other components remained constant.
Depletion with the control antibody had no effect. (B)
Transcriptional activity of the RD-depleted extract. These nuclear
extracts (2 ul) were assayed for transcriptional activity in the
presence or absence of DRB. Depletion of RD did not significantly
affect transcription in the absence of DRB. In its presece, however,
RD depletion restimulated the repressed transcription. Depletion
with the control antibody had no effect.
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Figure 4.8 Addition of various NELF preparations to RD-depleted
extract. (A) D.225 is the 0.225 M KCI step of DEAE Sepharose. D.225
(6 wl), purified NELF (mono S; 1, 2 ul) and Flag-NELF (4, 8 ul) were
added back to the RD-depleted ectract (-RDx4). In all cases, the
addition of NELF repressed transcription in the presence of DRB,
and restored DRB-sensitivity. (B) rRD expressed and purified from
E. coli was added. Even excess (200 ng) amount of r-RD had no
effect, suggesting that other NELF components were co-depleted,
which are required for its function.
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Figure 4.9 NELF activity of Flag-NELF subcomplex. (A) Flag-NELF
eluted from the anti-Flag column was loaded onto a mono Q column
and eluted with a linear gradient of KCI. Silver staining (top) and the
chromatograph (bottom) revealed the separation of Flag-NELF into
two peaks. The low salt peak contained NELF-B and -E, while the
high salt peak contained all the putative NELF subunits. Blue and
brown lines denote the protein concentration, while red and pink
lines denote the KCI concentration. (B) The low and high salt peaks
were added to the RD-depleted nuclear extract and assayed for their
NELF activity. The input Flag-NELF and the high sait peak
complemented the defect in DRB-sensitivity, whereas the low salit
peak did not.
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Figure 4.10 NELF interacts with DSIF and pol ll. Nuclear extracts
were prepared from Hela/Flag-RD and control HelLa cells by the
method of Dignam et al. The extracts (200 pl) were
immunoprecipitated with anti-Flag antibody, washed, and eluted
with Flag peptide. Each fractions were analyzed by immunoblotting
with indicated antibodies. Input and FT lanes represent 4% of the
total amount.
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‘Figure 4.11 A model for NELF action.
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5.1 #&
AHEEREORICEERE EBbI5S R % 3 DHET D,

(1) 'p160 DR AA ‘/ﬁ’%i‘ﬁ@fﬁ%%\ p160 ® R F > bR HF 1 TEREZERE L.
DSIF OMAHREE = B i LT < BT, S OBRKITARRY )b &0
BESS, | |
© DSIF & NELF HiEE BRI E SBT3, 5L 7o U — O EARR
w# %, % DRB OEEHHNE I NS ORFOMEE> THUTE B,
@ CTDU L OBEBED —D BB DI L7z, CTD 2ALUTEBICADHER
EAMERHAO Ry NI —2 EERL TS,
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5.2 M RT DSIF
5.2.1 pl60 OE ,

AL TH B E7no 72 pl60 D KA1 /1‘%1_75:[2] 2.11 TR LU7z, p14 BX UK pol |
I &A% p160 ORI, ZN NI E NusG HIFIfRE S ORICY Y B
Jani. plé0 & pld OHEMMREFICLZETHY, 1 M NaCl L 0.5%
NP-40 77 F T Rl L 720 5 72.p160 @ pl4 F5E B A SREKI100 7 2 BRITK
DA Z EMTERN, COFEBEI S Ca—FRRLILETS, FINTH-T 2N
PEMEERREICHEDZEF -7 2RAWHT 2 &I TEah o7 T DRI LR
HIBOKIITH 0. BKEEGA DSIF 712y MHOKEIRZLTVS EERbLNS,
pl4 §58 R A > &R Lz p160 b pol L ITHKEA LT LD 5., pl60-pol Il DS
IZ pl4 1B EZ D ERDNS. | |

in vitro 12351} % DSIF EHEIC, p160 @ C KRR 0 R UEFIFABELE ST L
2 UBERHZ B B EiTic K iud, C REZE R L 7z SPT5 i3 Spts- DFEIT % A
T2z EMNTE (Swanson H 1991). HiEo Ty Z D0 K U in vivo zB
W 15 A O E R L TN AREENE X 515, BIREN C 21, z
O Ser, Thr 2 LT Tyr BEICIEHITHATHD. MAPK (mitogen activated
protein kinase) *° CDK /2 &, k& 7a¥J— —¥ OIEMEFZ 3 ATV S, FiZ, pl60
M ﬂﬁki’obl‘fmr" UL ENS 2 EMS, Z OEEAIEN T Cde2 IZ EoT
Uy LEN. {5 OB EZTTWAAREENE R 5ND.

. p160 N KM OBEIEEERS & U NusG A [F s DSIF TR RTH
% LR Te, LINUABIRICBWT, b OHBEHREIZNLMIT L&
IeEhho. pled OLDIERIEY 2/ BB AT IR, ‘“SK@E??O)E{
BIGHAL B A 2, WONDY ORF L UEFY YRTFICRON>TWS. &
FOWEAITIL. T OBmEEEL, HEECEALCA NI NI R ZEMAENT D
ZEick D, P ORFUMEREWRTZ EBFERSNTNS (Tsukiyama & Wu 1997).
#kd % & D1, DSIF &Hefafiiis OBEAURR I NTH Y, pl60 DEE M AEISAY Z
O LS EEERELTWSAREEDEZLSND.
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5.2.2 DSIF OAIFEPSHE

DSIF 13, FBEHAE O Y OEEFHIMITN 5, ROCEEOHRFICHHRE LT
2 LR EEENTWS (Basrai & 1996; Bortvin & Winston 1996; Malagon
61%®°prMFvFR®&W%E%%TC&#B\D&F@é%ﬁzmiﬁm
KBRIL U 7= 2 4 T W B TTRRHEDYE 2 515 . Re@ i AN M oo I ca
51 QLS IIEE T TV, HEHITIIREL TWD, £k, BIET OGN
CRERICET 250 AZcEIMHE T\, pl60 ROV TREKY
vEfbENnS ZEh 5. DISF FEHEASHIRAEENC & o THIM SN TH D DSIF MR
KRS REEDY A T2 v 7 BEEICEE L TW S REENEA 515, AIFRICH
WT. pl60 @ RAA SRHFEEL T pl60 @ RIF > hXATF 4 TRRFEREL
to%%hmmnamﬁwmﬁﬁ&&@%éBKMMLTm<LT\:@%&wu#'
BICERRY -V ERVEBRESD.
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5.3 ¥FRRFRHKET NELF
53.1 ETI

AW TEL MR LD, DRB OEREMICONTH 411 D& RETIVHE
% 5%, DSIF & NELF iZ pol I ICE#EEA L. AT OfMERIEZIHTT 5.
UL Lisid P-TEFb 28 pol 1 @ CTD 2V >ig{h L, DSIF & NELF % pol I 225
EBEE 5 T & T, MR EIT BT, DSIF  pol I L, MEIEAT S
%@%ﬁ%ikﬁﬂD@Uy@mmﬁﬁﬁfﬁéc&ﬁ%ﬁcfwé(?w&%éf»
DRB i P-TEFb @ THi#ifil) RisZzf#EL. DSIF & NELF @Tfﬂfﬁﬂ’?j]%’i“%{ﬁ%’é‘é
Z&T. MERGZEHET S,

pol IIb %% pol ITa & [#kiz, DSIF & NELF ot enn, CTD IR
DSIF & NELF 12 & S HE O REICIIABRETH 5. it T DSIF & NELF 2 CTD
PN OEH 2N LT pol 11 ITHE ’9"5 tEbhs, CTD 0V VBEZEDK S K
DSIF & NELF O E B ERITDOES D, CTD O U U RILE pol 11 DG
AR ERI L. pol 1 DS KA EIAY LTLEINBANZN, H BN,
1) L CTD i3 DSIF/NELF & pol 1T OFEMR %A 4 S INICHET 2 D2 Al
N, ¥/2, NELFIZRD Y712y rEAUCEREEYICHEL. 20 3%"0)@
G EEEL U TV B RREENE A 515,

5.3.2 AOMENT

DRB 117 5 Z 11 BETFOREE 2 MEMICHIHIT 5. &L TDSIF & NELF IZ& %
ﬁgmﬁﬁﬁﬂbgﬁ%t&%%BﬂéoZﬂifﬁﬁméﬂt%$@§@?ﬁw?
16 pol 11 OHEZEET2IEE 2R > TH D, DSIF & NELF V% pol IT D EZH
ﬁ?é%bﬁ&47@%$@§@?ﬁ&%i%ﬂéo$%1X59X38®$ﬁﬁ%
TEB%%&ﬁK\E&ﬁ@ﬁﬁ@ﬁ%ﬁﬁﬁ?%:t?@@f\ﬁ%ﬁﬁmﬁﬁb
BT 5N MDD, ,

DSIF & NELF 13 & O & 2 il B S 2 M 5 D725 5 b, Bl OBIFE8 5. pol
A EESRITED 5MICDNA E2F-> T oTRELS, v 7 MY BOXDIZ
FEECE < T EMRLEINTH S ‘(Uptain 5 1997). DSIF & NELF i pol Il {Z
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wol. COBNETEEEDTLED O BRI,
- DSIF OEEEERTE 1/ SPTY4, SPTS 1, RO LD ICEA R H2A (SPT13). H2B
(SPT14) & & HITSPT BTy IU—&BHEL, L ORE T R L/'CW % LYk
x5 (Winston 1992; Winston & Carlson 1992), X7 LAY — LHEE S pol IT O
MERBZEHETS Z NS XN THED Brown 5 1996 Orphanides 5
1998). 2 k> %%/ DSIF % NELF O &5 BAOHERT LRI & EDNTEBHD
HENRW. — . X LAYy — L% & o 7280 5 pol Il OHERINERET
ZRFbMEENTWVWS (Orphanides 5 1998). BAED XD, 7 OvF MG s
%3@&&%&%%&%%K%é:&ﬁ%%@&maféfméo

5.3.3 CTD /M:m%eﬁam%’l

CTD bi pol I P EET IR R AT T, INETEL @ﬁﬁfu%@ﬁﬂ
aEDTER. CTD VR R D K & TR T H50iE mRNA O Oty 7
LT s T EARBREUCET, hTh, CTD REEIAN b RSURICR T
CEEC) VBbEns ), TOU S G ARE R B 2 O BE 2R LT
2 L#EZ 5N TE (OBrien 5 1994), L Lizdts, CTD U i1k, » DNk
CTD 2D ZONRABETHS Lo s N DOMND D (Zehring 5 1988;
Serizawa & 1993; Makela 5 1995), 7 ORI BIAE OIF RIS R S NI R ER
HO—DEROTVD,

AWIC BT, RidHHT CTD OY /Mmb\ﬁh%}im%%@@“émﬂa@~9
ZB5MicLiz. CTD U S IR OMERT % pol Il A SREE & &M< ZFio T
w3, chETic. S Ed 2 D20RTA CTD R /Eﬁ%ﬂﬂkﬁakﬁi?éb‘( pol 11
CHIHEMEMAT S I EMMBNTN S iz A 5 4 T— 4 — (transcriptional
mediator) Vd pollla &fE&E L. 411:—3“@Iﬁﬁn?“&“fﬁﬁ’ﬁﬂ@fﬁ&%ﬂ%%kbTMZ) (Kim
5 1994), 5-Fv v v 7 pol Tlo EfEE L. EEAEICY 7V — rEND
(Cho » 1997; McCracken 5 1997, BLEo LSz, CTD ODU EBLIEN T AT Y
F e LTHE, a7 O polll EOREGEME LTS 3_’_% zunsb, LnLRE
N ST A ¢ AN Y AVAN SR A= RN AN RN G AF 4 T4 5-Frv L~
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7L CTD 2 %ft’&ﬁ‘éﬁ‘ DSIF & NELF i CTD PS D4 @ pol Il E#EE
L. 72850 CTD OV VBIC &> TEORENHE TN TN S,

s, & U ORI O B A% S 1T\ 5, P-TEFD, TFITH, Srb (suppressor of
RNA polymerase b) 10-Srb11, DNA-PK (DNA-dependent protein kinase), Abl &
Wo % < OFF—EA CTD % in vivo & 5 Wi in vitro TY VLTS &
AT % (Dahmus 1996), THL5 ORIz FF— ik B ) VRLIIF CER
BB 5TOESIM? —DOTRERE AL, Zh50FF — VM, 22H
= 4, ZNENOFF—POMREY A 7 ) ORE ORI OAIIER TS &0 D
bDTHD. HHVIR, INHOFIT—E PR LT 5 CTD 7 I/ BFREN R
o THY, TNEAMEFICIRILDHRERFD O BNV, P-TEFb 2 Dftd
FF—C CTD 2V VL& &, DSIF & NELF OHMEMENEENRED L DT
BT B DN, BT BRERBBES D, |

5.3.4 NELF O

NELF i3, RD & 4 DORY XJF K NELF-A~-D b%ﬂzéhé RD Bld 5
Wit RD & NELF-B O Tid NELF f& 2 fF/z/a\. RD Lt d NELF 3712y
N OfFTIc & 0. NELF Ogfehid 0 FElicBifig T & 2 S SN o,

RD 13524, & R BLUT ™ 20 EEMMESEHEH (major histocompatibility
complex; MHC) 77 5 X 1l EBICTFET A PRBEET L TR o2 (Levi-
Strauss 5 1988). RD 1T RRM KEDRES] & Arg-Asp FEMED#E VR LES RD £F
—) BALTVWD, Th5 2 DDEF—TRATIA ¥ Y TRT ULT0K & 2 /37
Bz EWHEN5/20, RD BELA TS5 LU CEET SO TR ERE
AT, UL LASSHIZKROBENS ZOETFIVIEKHNTH D, 9, RD I
NELF & & L COBEELTHY (®4.5), NELF 2 mRNA 27513271
159 % i £B D pol llo SdEEA LW (Mortillaro 5 1996; Corden &
Patturajan 1998). »

NELF 7% RNA #a7ER2H L Tn3B 00, &L TENAERICEETSH 2 O,

e o ARG, HIV IZO - RE N Tat & 2 /NI H MImAﬁA R
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st

oo IR ETE LR T & LTRSS NT VS (Jones & Peterlin 1994), Tat I
HIV @ LTR 7 0E—% — FICELEY & TAR EWS RNATL A b N
BRBEEEYT S, INET, pol Il DOER G2 REOCHTE X5 AT LA
SRt < OMFEE X F. pausing HFL. terminator LR E EIREENTNWS
(Uptain 5 1997), NELF 212 0 & 5 72EA 2R L. FE O TOMENMEOH
BB TR B DD ES D, RE LT BEDD B,
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5.4 [EZ% - THEHER

DRB 137 5 2 1l T ORE & WEMICHE T 5. &oT DSIF & NELF 2k 5
BRI D WENE EE A bN5, ZNETIAESNEEAHERTIIVS
1% pol Il OIE R (BT BT Ao TH 0, DSIF & NELF i pol I OfHEZEH
BB LW 1 T ORAMERTTH 5. EEADIHDHERTIEET 5T &
T, BERER IS OREIER S TS EBDNS,

R SR 4 TR R DA AR ST B o TV 5., B ORIMTEE, TRk
R RAT AL DA QMRS SN, EERE, SO B UV, B
1 EE DD 0BG, DSIF BLUNELF Q)%ﬁﬁ%\ HBNWEAEEZEZHETS &
LD RSB0, T E TR TR KRR MY B & S
ETHB, WA, FREIE cMYC 728 ORIEETORHE/RHFBHM L T
BEADSN, My ORBICIEFHEREOHBNEETHZEORELDH B
(Roberts & Bentley 1992; Krumm 5 1995), & o T, DSIF $&L U NELF OFEH &,
BBV IEEE R ET 5 2 12k D Mye ORMILERRENET B T SAHED
B LI, $7e. HIV 2600 ET 374 LA ORIIHIC & SR TETSH S5,
DSIF. P-TEFb 7 HIV Tat DERICREEST 3 Z ENHEINTHS (Zhu 5 1997,
Mancebo 5 1997; Wu-Baer & 1998; 5 —#7%&9). NELF iZDWTid, TS
FEERE Mo 724, NELF 78 DSIF &HSHEN, WERIOICHIFIE 2 2o 2% %
U, ORI ITE .

CRET. RETORBIHMAENE LB 0L 1, BETFOTOE—S—.
b BEEORAN. B5WRIBKSCHBEMT5b0E ok, £z, BETH
BIC BT, A EETORRARET 2 5EE LTS, JTOE— 5 —OmEN 1R
B ORETH 7. LA L. BoRBIA &/ TEREL DT, BBMRETO <
W D ICBET. TORIc. BT BOTHIE ST E AT B RS EET
5. pol Il © RNA GHIEE EBIET OV A XN 5HAT, fMlEAOE < DEET O
R L K T L MO AR E TS5, 2 LT, bLERD
mRNA AUEF 3 AU, iRy > 2 TR Al i, BhokSic,
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4 % TRSHEANE . AKBFZEIC BT, NELF 28 DSIF &3 LT, pol Il ORI
AEENHETA &R SMNI Lz, pol 1T OMEREEZRETZRFIEIBEIIND
NHBENTVWAOT, ZHUTKD, pol I @1¢-§ﬁﬁ6%$ﬂﬁﬂ'§‘éﬁ&ﬁ@fﬁﬁ%1’f

vFERFIILED &K?‘&éo
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Figure 5.1 A possible role of DSIF in cell cycle-dependent
regulation of chromatin structure and transcription. See text for
the detail.
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