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Remarkably, embryonic stem cells give rise to different cell types
with the same set of genes
“we are our genes” stemcell /
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p— = « This makes it critical to understand the mechanisms that regulate transcription - and
g this has been my major objective, and passion, for 50 years.
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Transcription in prokaryotes (bacteria) as a frame of reference

for eukaryotic (animal) transcription
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1946 family photo on a Sunday afternoon outing
Learning to drive a tractor in anticipation of future farmwork

Note my older brothers and | (lower left) in overalls typically worn by farm boys!
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University of Washington (1965-1969) Collecting sea urchins -- the organism in which
Pols I, I1, and 11l were first discovered

« quantitative measurements of RNA synthesis in isolated nuclei and in cells during hormonal
responses in rat liver and sea urchin development 9/65-5/69

and (6/68-6/69)

1565 1, 1L, 11 1969
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Chromatographic resolution of three nuclear RNA polymerases 2/18/69

(non-specific initiation/elongation assay on nicked DNA) - ] T =
P » This work resulted in my first publication—a Nature Article!
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Of note, the paper was:

¢ submitted to Nature August 5, 1969 and initially rejected (“not of general interest”) (%)

* but, happily, published October 18, 1969 as originally submitted (&)

Fig. 9

Identification of the distinct RNA polymerases in 1969 was foundational, but...
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Early functional assignments of Pols |, Il and IlI

Amanita phalioides (the “death cap”)
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Distinct functions of RNA polymerases in the synthesis of the
major classes of RNA

Pol |

rRNA —l

Pol Il ribosome

DNA —————p mRNA

Pol lil tRNA _II

55 RNA amino acids

Protein

« This scenario is distinct from that in prokaryotes— which have one enzyme
for all classes of RNA

* and provides a convenient means for independent regulation of the global synthesis
of the major classes of RNA -- for example, during growth state changes

Fig. 11 Fig. 12
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Complex and distinct subunit structures of Pols I, Il and Il
Mammals (Roeder, 1974) Yeast (Sentenac/Young, 1993) E. Coli
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© These results revealed a molecular basis for some common enzymatic properties,
as well as the distinct specificities and regulation of the enzymes

Fig. 13
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Identification of general initiation factors for specific transcription

Original data for accurate transcription initiation by purified Pol Il

pre-1979: purified Pols (1, I, Ill) + purified genes no specific iption (20
1979: purified Pols (11, Il1) + purified genes specific 2%
extract Ng/Roeder 1979 PNAS

Weil/Roeder 1979 Cell
Segall/Roeder (1980) JBC \Matsui,’Roeder (1980) JBC

Adenovirus2 major late promoter fragment

run-off assay
536 nt
DNA —————————— actinomycin D

Polll + [+ |+ + +
DNA ++ + o+
extract + |+ |+ +
+
+

a-amanitin

Roeder

| -
chromatographic fractionation i:;‘;’iﬂ‘:n
(P11, DE52, DNA cellulose) site
/ \ 536 nt RNA —>
Weil/Roeder (1979) Cell 5
1980 HIA*, 1B, IIIC 1A, 11B, “IIC”, 1ID (radiolabeled) .
5

Chambon 1.2 34

Roeder ", e
i e = complete purification ",
Sentenac k.  cloning/validation 0 Conaway

of individual subunits i Ad1ONA+ ol I+ purtfied factor
.

Kornberg

Reinberg
A, IIB, IID, lIE, IIF, IIH ™, Sentenac
r  Siamn 536 nt RNA —

", Tiian

1992 A%, W, lIC

*gene-specific

Fig. 14 Fig. 15
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Stepwise assembly of initiation factors/polymerases into preinitiation complexes

POLIN (similar principles) POLII
tRNA gene mRNA gene
= e DNA e —
boxA boxB TATA\ .
* * core promoter l TBRITFID
] TFUIG r!urgnitlnn l TFIIA
1 TRIB
l TFUIB | TENF-POLN
} TFIE
l EoLI | TFIH

fy
PIC
= 25 polypeptides

Lassar/Roeder (1983) Science
Bieker/Roeder (1985) Cell
(human factors)

Fig. 16

PIC (44 polypeptides)

Roeder, Parker, Sharp, Guarente, Reinberg.... Labs (1988-1993)
(human factors)
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HDNAR G AL FORMOBITH S Z LS R D T L7z, Fig 174784V T,
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TS EINLH 0D, 5S RNABEETOEGICIEES ZWE W) EREIESNT L, 5SEET
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DNase7 v N 7Y ¥ b7 v A IZ X BTFIIAD 70 E— ¥ — &% 7 LTV F $, 19804E 12T b 72
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JEOBERI EMO THLNMI L2, T—F ¥ - Z VT HPEEAEYWORER T L TRd —
W THLDNARBRETF — 7 THAInT7 A Y H—FF—7%2HMTHEZoNFICd ) F L2 F
7ov BB, 7O0E—F —ICKE T ATFIIARZ OB OTFIICOE B ZMRE L. FFEn 7o € —
7 =123k A LR WTFHICAS, tRNABETF TR OIS X 912, TFIIBXPol 1% EREMICEIH 3 %
ZrE AN ALELTRLE LA (Fig 18). iU, FEBAEWIZ BT 2 8 is 745 R0 iz 5151
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KEBEBAEYDOAH = AL L3R L), W20 TT (Fig. 3).

The 5 gene-specific TFIIIA Mechanism: TFIIIA acts to facilitate binding of a general initiation factor

* purified in 1980 on the basis of a functional transcription assay
N B tRNA gene 55 RNA gene
® shown to bind and activate the 55 RNA gene
= prototype DNA-binding transcriptional activator in eukaryotes boxA  boxB boxA boxC
Transcription Assay Purified TFIIA Promoter binding TFIIA l . )
(Pol Il + 1B + 1IC) (SDS/PAGE) (DNase Footprint) / The flfst defined mechamsr_n_
s RNA TFIIA - + TFIIIC +— Promoter TFIlliC 1 of action for any gene-specific
2 e TRHA recognition transcriptional activator in
| TFms TFIB | eularyotes
Distinct from prokaryotic
l Pol Il Pol lll 1 mechanisms (activator->Pol)
55 RNA >
o g v
<—37kD
- - —
@ =25 polypeptides
PIC Engelke/Roeder (1980)
l NTP Lassar/Roeder (1983)
(1980) Bieker/Roeder (1985)
ol (1984) cDNA a¥p tRNA 55 RNA
(= deduction of zine finger motif by Aaron Klug)

Fig. 17

Fig. 18
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o TRESINTVE T, Fig 20CE LD TWVol), ZhHD% IIMEOEGR LD~ RS —
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OWFZEIE. MLy 2% 2 5 R & FF oG HE N+ O EHER 2 R L B OM T 2 £ T b O
T9,

Master Transcription Factors for Different Cell Types

Gene/cell-specific activators for Pol ll-transcribed genes

(emphasizing the physiological significance and power of transcription factors)

©1981-85 GR, SP1, HSF, USF (6 labs) by col
B-cell

e currently ~ 1,600
/ | @

wwwwwwwwwww Pluripotent | Isiet f-cell  Brown fat Neuron Cardio-  Hepatocyte  Neuron Sertoli
stom ceoll myocyte
b, ,' From Lee and Young (2013)
@ Kyoto Prize
Q,

activation domain

nnnnn

DNA binding domain

DNA

- many are master transcriptional regulators of cell fate/differentiation

Nobel Prize

he Nobel Foundation

Fig. 19 Fig. 20
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HEWFRNCIEEICEE L NSO EZ BT 2 TORD Z A7 1%, Pol IIIZ & - TliE S5 @5+
O, BT M RGEECR T OEABFE 252 THY. CORTHPV-ATT
T —F BTNV —EMIHEA LB =7y MEET EOBERBRTEA RO K & #
FEICED X ITEETLON? L) RN RMWIZEZ L) & T5bDTLA(Fig 21). KEBW
22l INHIEIBHMAHESETH D Z 00, HEHERFIESHMETEE L 7-Pol TR RGH & 72
JTIREREL 220 72D T D%, LEAWRZIEEALHH 725, L% T v 412X 0, 1990
ERFNHEBOMIERIC L > TRIESN T L7722 ZO—#%Fig. 2I2F & HTwEd, 22 Tid,
A EIE I CERE CHRTFHEAAL TS, IADICE, RWCER LT 4 ¥V x Y Oii%
EWPoTzvarTaonLRe, REN—7DOWREICBWTL MR THEE S /2, TFIIDOTAF
72y A EENFET. EHALHIKN T EAROFCTOIRIEETH 2 L BDON D3OV 72
Sy ISR b AT 4 T —F —BAEKIE, B U a— U N—= T ORI L B EEERe AL
7 v e A ICHED X CTHE I, RNAKRY A5 —PIIEEENICHEERNT S22 EdmEINE L,
RoFERIL, EILFT v 412DV T, ThzoTl MIBTHEL., X512, BEEEILKN
T~OEBENLHEEZ IR LT L TAFE AT T—F =L W) WMBEOMK T & &, — I
LT OB E T, 72, BAIKICB T 50CT 18 L OCT 2h%E & L 72 & {5112k L TR
T, BHIAR R 2 05 LR 7. OCA-BL B L F Lze TNEKEYD & LT, Mg - B4R
SR o Rz R L2235 ) £, Fig 23TlE. A 74 T— 7 —OREREIC DO W TR 2 R
LTwET, AF 4 T =% =3RRI, TN = LSRR AN T & ARG 28
OBELELTIEHLTYE S, MAbRMICRLAZ@EY, )V H Y FERE L7ZTRPPPAR Yy
(PPART V=) % EOBNARIVE V28 AKIE, MEDIY 7 2=y b2l L TATF 4 T —% —EHESE
HALTBY, SZTHLGHPLTCYE T, COERNZMEERIZ. 7u0E—% — LOIRIRG



BLOZOHOHMEMEH DO, G LR ICEE L N — ATy =y — 2B B L &
To TOEFIVRNIEFET v 212DV TWETH, Fig 4TBRETLEY .. ~ 7 ZEHEHMES
M % W 72PPAR y MKAF BRI AR E T VICBIFAMEDL v 2 7 b7 v 2412 & o THMGES
NFELe A= NV OMERENRMIRLIZE ) IS, BHEFME~ Ay —L T2l —¥F—
PPAR y IZBIF H2FERFIZ X o THRIBMEA~NE LT 52 e TE T, AMO/SHA VT, ANV
Ly FOIZ & » Tt L7 IR 2 49 b L2 ifiie 2 R L CwE 3o A/ SAR VIR ENT
W5 X912, MED IKHMEFIZH U4 T CldEifa~& 5t T& 9. S HICPPARy ¥ —5 v b
B TORBEIRELTCFE Lz ZORITIEAT 4 = —%—, BAAWICIEIMEDIY 722y O
RE & AP 2 B OBGEZ WREIC L 72D T,

Pol Il activator function involves different types of coactivators
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Gene/cell-specific activators for Pol ll-transcribed genes .
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Early [TF"D/TAFS: Tjian (D ila); Roeder, Berk, ( Both lly required
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activation domain -
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o surprisingly, the activators failed to function with highly purified Pol Il and initiation factors
* functional biochemical assays then identified essential coactivators in the early 1990’s

1990’s | Mediator: Young, Kornberg (yeast); Roeder (human) :I for activator function
OCA-B: Roeder (human) - selective for OCT1/2-bound genes in B cells

Fig. 21 Fig. 22
Mediator mechanism: bridge between diverse enhancer- MED1-de.pe|.1dent adipogenesi:r: ofmouse
bound activators and the basal transcription machinery embryonic fibroblasts expressing PPARy2
(model based on biochemical assays) fibroblasts (MEFs) inducing factors 20 P ytes (fat cells)
Fondell/Roeder (1996)
nuclear receptors Yuan/Roeder (1998)
Activator Ligands (¢) — TR Malik/Roeder (2004)
‘Ge/Roeder (2002)
. &
Coactivator
Mediator i ® =2
wild type MEFs MED1- MEFs
m MED1/- MEFs show impaired PPARy target gene expression
Pol Il and General L ‘Ge/Roeder (2002) Nature
Initiation Factors
Fig. 23 Fig. 24
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WIS, MBI 2 ARKDIREZZB L, 70~ F Y IZB T 5EEHEICOWTHTL T L7,
WEADTHELDO@EY, 77 ADNAIZI T A My EMEEH L. DNAD Sy & — AL & 5 o
BN THH X7 LAY — 2 E R L E 9 (Fig 25). £ ODMRED. SHREEERICI -
Ty FEWICHRNZEBMIIBWT, X2 LF VY —2atFtoZhbne X s YBEHOTEF VAL - A F )L
-V VB - 2 X F AP THAZEZHONIILE L, 2OZEN, 7u~F VHilo
WA CAEH 3 A ORI %2 ) T L7 (Fig. 26 )0 ZOHIZid, wiak L7z, B2 i
ATPRAFEID 7 a = F Y FRESEHRFR e A M Y BHiR TR L EENE T, SO DOHEFIIMONSE
B X o THASNT L7225 B bid, LA L BB ZE DOm0 729012, TS OfiEF D
MATIRERE L TARD Z LB R S N MR OMEICB LD EZ R > T E L, 2% 525



BEE I Fig. 27\ R LT E T, BT EHMLF L@, $5RIDNA%Pol IRBAANT- & & I
XL L, FFRNTHY) RSB EELREEL R T3, ROMREREIL, I— =T L V=D
g L B, DNAD R b Y ZffoTra~F ViEEICHAANSO LA &, 20 X9 AR
BWBIIIHEINAGZEEZRLE L, 2F ), PSS TOWAERNY LRI X A = XA FEES R
DT, ZOWRIZ, TROLDOHRPLZHDT vt A %Pol II. #ERHHBHNTRE T XF RGN
T OIS FSELRMAFLIETHH L, WEEOWHI S N8R 7 o< F » OFEHEIL %
B L T L7z 2070 b a VBT 5 3EMI3Fig 281IRLTWE A, VA - & FFADOTIEICHE
W EH LR TR G E 27 T E— 5 — 2E) SHAIDNA L, NI 7)) TTRILERI M X
FoCcruxFrERELET, LT, SZIWORLTWAEIHIC, B LS rffEzR>orux
F o, WHIERFR T EF VG VAT 2T —ERAFINVETFT VAT 27— L EHITEEE,
ra<FraBHiLET. INSOBH LI, ZOMOTRTOREAREGNTFOMREE LT
ORI, F 72138 L7zPol II. BB T-. WEHEALER T, hRRET-& & b I25 S8, 10024
FoOMHEBZARIXRTF PGl su<xF oo b L BRIN-EMREE Y X724 L
HBOFET, BEITRXZELEELT, COYATFLAOZaxF VIBRICIZHEMO L 2 b v, BT
BOWEBRE ALY, FEBHIENLIHOL AN HHRZETOT, ZORICEIDL A U BHiOR
BRI R 2T S, S F ST MR TS AEEN R BER ZOEHERICOWTHS 2T
LZENTEFT L INLOHEREO—EIL Fig. 2ICF L0 TWE T, wMIE. B A MY OBAICH
B LMHOTNVE =V AF VIS VAT 25 =¥, LAMVH3/HATEFVES VA7 =
77—, p300DFREEDFHNTICH Y MAFE Lze €DK, 7HE—F —FIBIIBWTL A My DFEL) T
VRIERBHITHAFN LT VAT 25— THASETIHAKR L B Tp300DHEREZ AT L £ L 720
FronE, TN (Fig 29)13, R 2 F 865 & & b ITHEMLR HRERN 0 EIC B

Genome (DNA) organization within chromatin Activator function involves different types of cofactors
enhancer ‘ DOI‘eIATA\

1| linker histones (H1)

renin )
(discovered by Core promote:
other labs) hromatin remodeling factors ' TFIID(R‘“QMM" 0
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/
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Fig. 26
Strategy: analyze reactivation of repressed Establishment of defined systems for activator-dependent
chromatin templates by purified factors in vitro transcription of recombinant chromatin templates
Polll + DNA template o
T Promoter Initiation factors g
— = Active (“pr )
template i - general repression mechanism
-> gene/tissue specific activators activator sites  TATA
histones N
(chromatin assembly) Knezetic/Luse (1986) 5 y - g
Lorch/Kornberg (1987) Chromatin Activator binding +  Preinitination Complex
Workman/Roeder (1987) assembly Chromatin modification Formation Transcription
nucleosome Pol Il + prYC———
chromatin b, initiation factors 3 P N
- Inactive DNA + histones**  Activator Nuclear Extract NTPs STOP
NAP-1 Acetyl transferases OR
Methyl transferases ~ Pol ll

Pol Il, initiation factors ACF TFIID, llA, IIB, IIE, IIF, lH (initiation factors)
Activators (ACT) Mediator, PC4 (coactivators)
Cofactors (COF) SlI, PAF1C (elongation factors)

coF Y An/Roeder 2002, 2004

**wt, mutant or pre-modified histones Guermah/Roeder 2006
“ % . ) o Kim/Roeder 2010
S g Aﬂ‘ -- establish causal effects of histone modifications
Porad TAIA = - ———Aahn -- establish direct effects + mechanisms of coactivators
A%
Fig. 27 Fig. 28
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G B EMALEIR T O H 5 AN 2B ERREEEZH O ML E Lz, 2L CTied EE R I,
2 b R BN G 2 AR B E 2. TEZETLE ), T, A MO TEF VLB
LA FNWALTICERZEANT S MR TOREN LD L VIHIFERLORENTZH DT,
19974E R Z D212, B X b Y BHIH T 2552 { DGR 7 S RREENICBHTEX 2 L RSN Eh D
by, ZOL)LBEPBO TCTEETH BBV W2 BwEST, 2L T &1
AT v 2 A REIRFET v A 2 51E. B A N B LG OMBABRO AR S BEATR
GRERBRIFAEINTOETA, MOBELICARDEFTH, TOLH) BW%IE. AV EBfiICOVWTT
HMENLHRRNRZHHT 5 ETHEZ 5720 T,

In vitro functions and cooperativity of histone modifying coactivators

An/Roeder, Mol Cell 2002 and Cell 2004

PRMT1 p300 CARM1
H4 R3 methylation = H3, H4 acetylation ™ H3 R2,17,26 methylation

Tang/Roeder, Cell 2013

p300 SETIC
H3, H4 acetylation H3 Kdme3

s showed ordered, ive i ions and functions of i in
i d di ion along with specific histone modifications

 established causal effects of histone modlf:catlons on tmnsmptmn
(mutations in modified H3 ac/me sites elimi

*** critical since we (Gu/Roeder 1997), and later others, showed that histone modifying
cofactors can also functionally modify many transcription factors — and the more
common cell-based/genetic assays show only correlations of histone modifications
with transcription and do not identify the essential substrates

Fig. 29
TaIEH LR

Fig. 30II/R T L 912, iR EZRE L T3 &, ROMFFEERICIE. MG L ORI T
— MM ZRNAKRY X 7 — ¥, [AEOEREGRIGR T, 858 X OB 255 kbR
T AR B X OEE £ R R 2lE - R LR R DNAE S 7 u< 5 &
D AL E R I NI R OB % U 22 imG b 285, Z2u~F vicikoni
M. € LTIEEICB TS X b Y BHiORRN2EH 2 EDH Y 9. Fig. 0THHEL T
T LI T DDA BEETOWREICLEL N TR ES R gM T, 272 <L 31008 1
@@%@ﬁUNT%Fﬁéi?i&@%@%uﬁﬁtfwé%%ﬁﬁéwao

NSO, ZOBROWMIEDIMBE D) T Lz, ZOHROWZEIIE. Bl 21E, XK SR 7 5
4%%?%%%%%wt%%6L<%@§®%wﬁ3%ﬁ®%ﬁ\@ﬁ%@ﬁ%%ﬁk%?éf}A
FEAT. M A A — 2 ¥ 72 L2 BIEAEMHAE A h = XL, BTN —OWREICH D A H =

Principal Discoveries/Achievements
® Structurally and functionally distinct RNA polymerases
» Cognate general initiation factors

« Gene/cell-specific

» General and gene/cell-specific coactivators

. d in the lation of transcription through use of hlochemlullv
defined systems with punﬁed factors and bil DNA and ck
o Ach in-based rep hanism and causal roles for histone modifications

in transcription

Enhancer i Activators (~1600)
s 1° level of control

Coactivators (dozens)
° 2° level of control

RNA polymerase and
General Initiation Factors
basal transcription machinery)

nucleosome ~~ PIC
“ot00 polypeptides

Fig. 30
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AL, 7aE—F —OMEMEHRERE, BEAEELIZS W THEL 2D & 2 M558 O LR B
B REHE O 2 EOMIENET 5N EF o B 2R IRG N F O 51 2 o B R i I 1
ToRERERIE. S 51213 ADZ L OFRBUIHE S N 2 G HI R 2 OB IO W2 & b EHE
HHTY,

E i

Frd DI, TRETORBICHEHBL T N2120%4 2B 2 5 KEEEAERH LR E,. A2
RLWEIEHRFCD X v & —, EEOSBHIZBIT 5% L OMEOEMK. &L TROREAOY %
MR TZABT TN RBEIEHF L ¥, Fig 3113, AOF 1) 7OMBICKE B2 52 TL
NIAY I —72HT, TNy Va2 RFOEZETHo2 A - a— 0, BHEROBEZEEL - 5
—, ZLTCHLEMEERCDOAYF—, FFVE - 7T5% 2 TY, Fig 3212 TWE DI, FAD
TOMDOFEH 27 & LT, 20124E1C 0 vy 7 7 2 5 —RETHMNIZ Y VRV 2128 F > T e,
MOBET R ERH LR BT mBEIC, COXIBAYICHEES LOWERZZETHICH2D,
R BN THIRLI L RiFE 37, SHHEH DAL H T E Lz,

Some of my extraordinary student and postdoctoral trainees

Three inspiring mentors in my early career development (70th Birthday Celebratory Symposium, 2012)

Thomas Cole William J. Rutter Donald D. Brown

(teacher/advisor) (Ph.D. Mentor) (postdoctoral mentor)
Wabash College Univ. lllinois and Carnegie Institution of
(1960-64) Univ. hi hi (Baltimore)
(1964-69) (1969-1971)
Fig. 31
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