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Brent & Ptashne, 1985

fA)
.- o) ccigic : )
GAL4 .5‘“ activaticn domain
protein GAL4 DNA-binding 5
domain facs gene ° .
| — - Factores transactivadores:
Lok | GENE ON
NNA ° . e
B)
‘ ) eDominio unién a DNA
1::?; % . . ° o
chimare eDominio activacion
. eModulares
ONA-binding TATA GENE OFF
site for GAL4
*Mecanismo de accion en eucariontes debe estar
@% conservado por intercambiabilidad
- *No hay necesidad de interacciones especificas ni
QNA binding TATA ; GENE ON . .
site for lexA daduty cambios conformacionales como producto de las
RNA interacciones.

Figure 9-35 The modular structure of a gene
activator protein. Outline of a domain-swap
experiment that reveals the presence of independent
DNA-binding and transcription-activating domains in
the yeast gene activator protein GALA. A functional
activator can be reconstituted from the carboxyl-
terminal portion of the GAL4 protein if it is attached 10

the DNA-binding domain of a bacterial gene regulatory

protein (the lexA protein] by gene fusion techniques.
When the resulting bacterial-yeast hybrid protein is
produced in yeast cells, it will activate transcription
from yeast genes provided that the specific DNA-
binding site for the bacterial protein has been inserted
next (o thern. (A} The normal activation of gene
transcription preduced by the GAL4A protein. (13) The
chimeric gene regulatory protein requires the lexA-
protein DNA-bInding site for its activity.

GAL1 is normally responsible for activating the
(ranscription of yeast genes that code for the enzyines
that convert galactose 1a glucose, For the cxpctin-wn‘;
shown here, the control region for one of these pvno;
was fused to the E coli lacy gene, which codes f(;t thé
enzyme f-galaciosidase (see Figure 9-29;. p.
galactosidase is very simple 1o detect biochemically
and thus provides a convenient way (o monitor the
expression level specified by a gene control region;
facZ thus serves as a reposter gene (see p. 321 l.‘ |
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Experimento de
"activator bypass" de
Ptashne.

Cell, Vi 81, 359-363, May 5, 1995 Copyright © 1998 by Cell Press

Contact with a Component
of the Polymerase Il Holoenzyme
Suffices for Gene Activation

Alcide Barberis,*t Joseph Pearlberg,”
Natasha Simkovich,* Susan Farrell,”
Pamela Reinagel,* Cynthia Bamdad,"?
George Sigal, ¥ and Mark Ptashne*
*Oepartment of Molecular ang Cellutar Biology
*Program in Biophysics

$Department of Chemistry

Harvard University

Cambridge, Massachusetts 02138

[ 11 Tala =2 |
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AL et

Figure 8. Potentiation by GAL11P and Activation by GAL1 ! Tetherad
10 DNA

(A) A DNA-bownd molecsie fused to GAL4(S8-97) does not activare
HANSCOPUOA T GALT T wikd type colls. GAL Y1 and a subset of the other
Components that comprae ANA podymerase || holcenzyme are shown
Transcripicn faciors TFIID and TR, wesch are not part of the Roloen-
IyMe descnbed by Xoleske and Young (1994). are not shown

(8) GAL4(30-97) works a3 an activaling region in GAL? 1P colis be-
Cause it specifically wieracts with GALIIP and therely recruits the
FINA polymersse Il holoenzyme complox 10 the promoter

(C) A sequence-speciic DNAbInding modude fused 10 GAL? or 10
GAL11P) recruts the holosnzyme 10 the promoter and activates ¥an-
scnpton

Summary

In yeast strains bearing the point mutation called
GALT1P (for potentiator), certain GAL4 derivatives
lacking any classical activating region work as strong
activators, The P mutation confers upon GAL11, 2
component of the ANA polymerase Il holoenzyme, the
abllity to interact with a portion of the dimerization
region of GAL4, The region of GAL11 affected by the
P mutation is evidently functionally inert in ordinary
cells, suggesting that this mutation is of no functional
significance beyond creating an artificial target for the
GAL4 dimerization fragment. From these observations
and further analyses of GAL11, we propose that a sin-
gle activator-holoenzyme contact can trigger gene ac-
tivation simply by recruiting the latter to DNA.
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Figure 3 GALS Residues 50-37 Constoute an
GALTTP Cals

(A) GAL4(S8-97) fused 10 LexA actvates in
cated fuson protens were eagressed Yom the
ow copy plasmid, GALTY proteing were sapres
Fromoter on low copy plasmds. The strain e &
is JPY42 and Is 0a'¢ and ga1? . The e atec repone’ emplate
has twd LexA-bndng sites pestionsd 50 bp GPatraam of the GAL?
TATA box

(B) GALS resicue 07 is ™ cardoxyl border of the noved acuvanng
regon. Deletcn ceervalives of GALA ware expressed from the ACTY
PrOmMoter Cn a iow Copy plasmid. GALTT alleles wore INGse cescribed
In (A} The strain used in these axperimants is JPY 16 and is Sid ang
Qai13°. The integrated reponer tamplate has ™e LIAS, (an slement
that includes ™e GALE-DNGNG 3i10s) 38 £3 NAv POSItCn Upsioam
of the GALY TATA box

(C) Mutatons in GALA(S8-97) moair the novel ACvaIngG region
LexA{1-202)+ GALYS0-147)4 AN, boaring #ithes no mutations o the
AOCANG SN0 ACKT SDSULLONS, Was eXDI0S3ed Irom e ACTT pro-
Mcter On & low copy plasersd. GAL T allelos were those described in
(A} The stren used in these expecants s JPY4L2
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Connecting a promoter-bound
protein to TBP bypasses the
need for a transcriptional
activation domain

Sukalyan Chatterjee & Kevin Struhl®

FIG. 2 Connecting a promater-bourd protein 1o TEP overndes the need
for & transcniptional activation comain. interactions of LexA mybnid pro-
tewrs, TBP, TBP.associated factors (TAFs, shaded ovals), TFIIA TFEB and
RNA polymease i 31 8 promoter Conaining a LexA operator, TATA ele-
ment and ingiator (Inr), In basal transcrption (LexA alone), the inter-
acton between TBP and the TATA element is limiting {indicated by
space between the two components), therely leading to low levels of
MRNA (thin arow). Activation domains increase the_recrudment of
stability of TBP 10 the TATA element, thereby stimulating transcription
(Ick arrow), The target of the activation domain is not specified n the
dustration (see text for discussion). A similar increase in transcription
ocours when LexA is directly connected (thick line) to TBP. See text for
detalls and limsations of this model.

Pol ll

Stimulation of RNA polymerase Il

transcription initiation by
recruitment of TBP in vivo

Natacha Kiages & Michel Strubin

Department of Genetics and Microbiclogy, University Medical Cenrtre

(CMU). © Avenue de Champel, 1211 Geneva 4, Switzerland

a b
-8 T8P Myc.TBP
“His AT -His AT d
vector @ TOP + + +
~ Myc-TBP + +
(RFX Y TATA sMax-rex @] ) Max-RFX  + + g
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veie-aex B2 B3
ey o
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dedi— me o= = o= h
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oot

1 Recruitment of TEP t0 @ target promoter stimulates ANA poly-
e Il transcrption initiation in vivo, 3, Schematic representation of
rategy. MYC-HLM-Z and MAX.-HLH-Z designate the helx loop-helix-:
ne-rpper dimerization makifs present in the human ¢-Myc onco-
1in and its panner Max, respectively’. Tx refers to the transcription
ninery. b, SUAINS coNtaining 8 Mis3 allele with an upstream RFX-
ing site and expressing the indicated TBP ang AFX dervatives from
nid DNAs were tested for growth on medium lacking histine {~His)
nainang 10 mM aminctriazole (AT). Growth on AT requires induced
Is of hs3 expression. ¢, Efect of deletion of the RFX-binding ste,
sertion of a point mutation in the his3 TATA-box (TAGA), on the
ty of cells expressing Myc-TBP and Max-RFX 10 grow on 40 mM
4, Quantitation of his3 RNA levels by S1 nucicase analysis, Strains
growth phenotype shown in b were analysed for Ws3 (+1 and +13
scrpts) and dedl RNAS. The level of dedl RNA was used as an

METHODS. All the proteins are expressed from CEN-ARS vectors™
undcer control of yeast TBP regutatory sequences'. The Mye dimenza-
tion molf derived from pVP-Myc73 (ref. 11) was fused to the N
terminus of TBP molecule 4 (ref. 14) Max-AFX contains the Ecoftl-
San fragment from pVP-Max72 (ref. 11) fused to the Agel site found
in the RFX1 coding regon’®. VP16-RFX results from the fusicn of
the VP16 activation domain cerived from pMSVP18 D103 (ref. 21)
to the ATG Initiator of RFX. The yeast strains, derved from KY320
(ref. 22), comtain his3 aligles with a sngle native or mutated RFX-
Dinding ste and 50 bp of random DNA inserted at the unique EcoRt
site in his3-A94 carrying the relevant TATA elements™, Phenctypes
were analysed by spotting 10° cells on minimal medium lacking
histiding or containing AT. S1 nuciease Protection experments were
cone 23 Cescribed™, except that the ded radiolabetied oligonuciectide
was diiuted fve-fold before Mybridization.
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Conclusiones del modelo de reclutamiento de Ptashne:

Los activadores poseen afinidad por algun componente de la maquinaria
basal.

No se requiere un cambio conformacional de la maquinaria basal (o de
RNA Pol II) para lograr la iniciacion; basta reclutar los componentes.

Las interacciones son arbitrarias y solo la fuerza de union (energia)
influye en el grado de activacion.

Lo que ocurre in vivo es el aumento de la concentracion de los
activadores en la vecindad del promotor y el consiguiente aumento de la
concentracion de los componentes de la maquinaria basal.

La maquinaria basal (Pol II et al) no se une al promotor
espontaneamente.

Efecto de "squelching".
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Experimentos in vivo (Struhl y Green)
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Lietal., 1999
Nature 399:605

Kuras & Struhl, 1999
Nature 399:609
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Figure 1 An in wvo crossinking assay for measuring TBP - TATA-box interaction.
8 GALI, ADHI. The locations of the primers used for PCR ampliticasion of
the immunopurifed DNA kagments are schematically shown. FA, formaidetryde
b, GALI(TATAm). The crossinking analysis was done using colis carmying o wid-
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tmes (0, 5, 10min) aher glucose (2%) was added 10 celis grown in galaciose-
comsining medum. In paraliel cells weore collected and total colklar RNA
Wwas prepared 10 analyse GAL T transcripts by primer axiension. b, CUPT, SSA4,
HSPE2 To analyse the CUPT promotr, colls were grown in mininal complets
macum and induced for 15 min by addition of CuS0, 10 8 nal concertration of
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e reporter, pCTL, and the LexA-GAL4L expression plasmid of control vecr,
were grown in minimal selective medium. TBP binding 10 1he Mybeid promoter was
detecied using a primer within the CYC7 sequenca and another #1the junceen of
CYC1-LacZ fusion. The laner primer was 850 used in primer-exaension analyss
of the CYC1/Z ranacripts. d, Acovasor senes. GGY) cels (gaie’ gal1id ) vans
formed with plasmids expressing different GALA-geleton dervamves”™ were
@rown in minimal salecive medium containing 2% giycerol 2% lacime #nd 2%
goaciose. TBP.crossinking 10 the GALY promoter and, 83 o conrol 10 @
sequence within the GAL 7 open reading fame (ORF) was analysed
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Conclusiones de los experimentos de ChIP:

*TBP es reclutado a la mayoria de los promotores

*Independientemente del promotor, el factor limitante en la
activacion transcripcional es la union de TPB al promotor

*Como Pol II no se puede asociar al DNA sin TBP, los
promotores 1nactivos carecen de este complejo

*[.a union de TBP se ve favorecida o reforzada por
componentes de la Pol II.
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REPORTS

Genome-Wide Location and
Function of DNA Binding

Proteins

Bing Ren,'* Frangois Robert,'* John ). Wyrick,'**
Oscar Aparicio,™* Ezra G. knnlnp.‘-’ itamar Simon,’
Julia Zeitlinger," Jérg Schreiber,’ Nancy Hannett,’ Rl iasiconn G soitiir Tl st
Elenita Kanin,' Thomas L Volkert, Christopher J. Wilson,”
Stephen P. Bell,** Richard A. Young'*+

109,

- 4

Fig. 1. The genome-wide location profitng
method. (A) Close-up of a scanned image of a
microarray containing DNA fragments repre-
senting 6361 intargenic regions of the yeast
genome. The arrow points to a spot where the
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In vitro:
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GTFs Histonas +++++
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Cell, Vol. 98, 1-4, July 9, 1999, Copyright ©1999 by Cell Press

Fundamentally Different Logic
of Gene Regulation in
Eukaryotes and Prokaryotes

Kevin Struhl

Department of Biological Chemistry
and Molecular Pharmacology

Harvard Medical School

Boston, Massachusetts 02115

L.a activacion
transcripcional en Prokaryotic Eukaryotic

SILENT ERrOmaRa>
STATE %E‘y

eucariontes requiere
mas pasos que el
simple reclutamiento. P b

Aunque el estado
basal es represivo,
existen muchos

mecanismos de -
represion especificos. Nean 3 e

“igure 1 trmammmumryommtwyom

Figure 2. Hypothetical Intermediste States of Eukaryotic Transcrip-

\ctivators (A) and repressors (R) Interact respectively with anhancer tion for a Given Promate:

| ENH) or operator (OP) sequences and affect transcription by pro- Activator A binds (0 unmodified nucieosomal templates, leading to
taryotic RNA polymerase (RNAP) or the eukaryotic Pol Il machinery successive recruitment of chromatin modifying activities and the
TFIID + Pol I holoenzyme). In eukaryotes, recruitment of chromatin creation of an extended domain of active chromatin structure that
nodifying activities by activators or repressors leads to altered chro- permits binding of activator B and subsequent recruitment of the
natin structure (depicted by color or DNA within nucleosomes). See Pol B machinery. Binding of activator A is transient, but the recrulted

ext for detalls. chromatin modifying activities remain stably associated for ex-

tended times. The existence, order. and stabiity of the indicated
states can be developmentally regulated, but will vary according to
| the specdic promoter,
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Activacion v Represion transcripcional por acceso a cromatina
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Activacion v Represion transcripcional por acceso a cromatina

1. Regulacion por
modificaciones a la
cromatina:

metilacion (DNA e

histonas) y acetilacion de
histonas (HATs yHDAC:S).
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Activacion v Represion transcripcional por acceso a cromatina

1. Regulacion por
modificaciones a la

cromatina:
metilacion (DNA e

histonas) y acetilacion de
histonas (HATs yHDAC:S).

2. Regulacion por
remodelamiento de
la cromatina
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1. Regulacion por
modificaciones a la
cromatina:

metilacion (DNA e
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Activacion v Represion transcripcional por acceso a cromatina

1. Regulacion por
modificaciones a la CantoiL tlon
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cromatina: ] 05,
metilacion (DNA e s

transcription
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Reemplazo en genes activos

Nature Reviews | Genetics

Compactacidon en cromatina silente
(Fibra de 30nm)

Figure 1| Nucleosome structure. a | Structure of a nucleosome core particle (front and side view)****. Histones are
shown in light grey, and the DNA helix is shown in dark grey with a pink backbone. Basic amino acids (lysine and
arginine) within 7 A of the DNA are shown in blue to emphasize the electrostatic contacts between the DNA
phosphates and the histones. b | A schematic of DNA wrapped around a nucleosome. Examples of histone tail
modifications (Ac, acetylation; Me, methylation) and histone variants (H2A.Z and H3.3) are shown. Arrows indicate the
replacement of canonical histones with histone variants. Part a courtesy of S. Tan, Pennsylvania State University, USA.
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Figure 19.25 Acetylation of lysine or
phosphorylation of serine reduces the overall positive
charge of a protein.
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{a) Desacetilacion de las histonas dirigida por represor

Rpd3
/— Sin3
-

Ume6 R_ :

Octamero/
histénico

{b) Hiperacetilacion de las histonas dirigida por activador 5
J‘,.\\(\

Ac Ac Ac
Ac Ac Ac
Ac Ac Ac
e /
——Ac il
Ac Ac Ac
Ac Ac Ac
Ac Ac Ac

A Fig. 10-58. Papei de ia desacetilacion y la hiperacetilacion
de ias colas N-terminales de las histonas en el control de la
transcripcion en las levaduras. {a) Desacetilaciéon de las colas
N-terminales de las histonas dirigida por represor. El dominio de
fijacion al DNA (DBD) del represor Ume86 interactia con un
elemento de control hacia 5’ especifico (URS1) de los genes que
regula. El dominio de represién de Ume6 fija Sin3, una subunidad
de un complejo multiproteico que incluye la histona desacetilasa
Rpd3. La desacetilacion de colas N-terminales histonicas, en los
nucleosomas de la region del sitio de unién del Ume6, inhibe la
fijacion de factores de transcripcién generales a la caja TATA, con
lo cual se repnme la expresion aénica. (b) Hiperacetilaciéon de las

Desacetilacion de las
colas N-terminales
de las histonas

Hiperacetilacion de las
colas N-terminales
de las histonas

colas N-terminales de las histonas dingida por activador. El
dominio de fijacién al DNA de la Gend interactua con secuencias
activadoras hacia 5° (UAS) especificas de los genes que regula.
El dominio de activacién (AD) de la Gend interactia entonces con
un complejo multiproteico de histona acetilasa que incluye la
subunidad catalitica Gen5. La ulterior hiperacetilacion ge las colas
N-terminales de las histonas en los nucleosomas cercanos al
sitio de fijacion para la Gend facilita el acceso de los factores de
transcripcidn generales necesarnos para la iniciacion. La represion
y activacion de algunos genes en los eucariontes superiores se
produce por mecanismos similares.
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N-terminales de las histonas dirigida por represor. El dominio de
fijacion al DNA (DBD) del represor Ume86 interactia con un
elemento de control hacia 5’ especifico (URS1) de los genes que
regula. El dominio de represién de Ume6 fija Sin3, una subunidad
de un complejo multiproteico que incluye la histona desacetilasa
Rpd3. La desacetilacion de colas N-terminales histonicas, en los
nucleosomas de la region del sitio de unién del Ume6, inhibe la
fijacion de factores de transcripcién generales a la caja TATA, con
lo cual se repnme la expresion aénica. (b) Hiperacetilaciéon de las

de las histonas
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colas N-terminales de las histonas dingida por activador. El
dominio de fijacién al DNA de la Gend interactua con secuencias
activadoras hacia 5° (UAS) especificas de los genes que regula.
El dominio de activacién (AD) de la Gend interactia entonces con
un complejo multiproteico de histona acetilasa que incluye la
subunidad catalitica Gen5. La ulterior hiperacetilacion ge las colas
N-terminales de las histonas en los nucleosomas cercanos al
sitio de fijacion para la Gend facilita el acceso de los factores de
transcripcidn generales necesarnos para la iniciacion. La represion
y activacion de algunos genes en los eucariontes superiores se
produce por mecanismos similares.
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Targeted Recruitment of Set1 Histone Methylase
by Elongating Pol Il Provides a Localized Mark
and Memory of Recent Transcriptional Activity

Huck Hui Ng,'“ Francois Robert,**
Richard A. Young,”* and Kevin Struhl'*
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Transitions in Distinct Histone  10aucust 2001 voL 203 SCIENCE
H3 Methylation Patterns at the
Heterochromatin Domain
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La remodelacion es un paso M

previo a la activacion de la o oma oo o hromat
maquinaria basal.

Preguntas:

. Como se regula la
activacion transcripcional
in vivo'

. Porqué son necesarios e S
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Remodeling factor facilitates binding of
Activator #2 to chromatin
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Call, Vol. 103, 667-678, Novombar 10, 2000, Copyright ©2000 by Cell Pross

Ordered Recruitment of Chromatin Modifying

and General Transcription Factors
to the IFN-3 Promoter

Theodora Agalioti,*S Stavros Lomvardas,'S
Bhavin Parekh,’ Junming Yie,” Tom Maniatis,?
and Dimitris Thanos'$
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Figure 2 | Mucleosomal landscape of yeast genes. The consensus distribution of nucleosomes (grey ovals) around
all yeast genes is shown, aligned by the beginning and end of every gene. The resulting two plots were fused in the
genic region. [he peaks and valleys represent similar positioning relative to the transcription start site (T55). The
arrow under the green circle near the 5" nucleosome-free region (NFR) represents the T55. The green —blue shading
in the plot represents the transitions observed in nucleosome composition and phasing (green represents high
H2A.Z levels, acetylation, H3K4 methylation and phasing,|whereas blue represents low levels of these modifications).

The red circle indicates transcriptional termination within the 3" NFR. Figure is reproduced, with permission, from
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