Vision contemporanea (unificada) de la expresion génica

-\ 3 polyademfation |

Orphanides & Reinberg, 2002
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30-nm chromatin

fibre of packed

Contexto cromosomico
de los genes.

Figure 1 Packaging DNA. a, The
organization of DNA within the chromatin
structure. The lowest level of organization
is the nucleosome, in which two
superhelical turns of DNA (a total of 165
base pairs) are wound around the outside
of a histone octamer. Nucleosomes are
connected to one another by short
stretches of linker DNA. At the next level of
organization the string of nucleosomes is
folded into a fibre about 30 nm in diameter,
and these fibres are then further folded into
higher-order structures. At levels of
structure beyond the nucleosome the
details of folding are still uncertain.
(Redrawn from ref. 41, with permission).
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Figure 19.14 The most exposed positions on DNA
recur with a periodicity that reflects the structure of the
double helix. (For clarity, sites are shown for only one

strand.)

Sltes exposed to DNAase |

INTINTAN:

Figure 19,12 Sites for nicking lie at regular intervals
along core DNA, as sean in @ DNAase | digest of
nuclei. Photograph kindly provided by Leonard Lutter
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Accesibilidad diferencial del DNA segiin actividad génica

Southern Blot con DNA gendmico de pollo

DNA de eritrocitos DNA de oviducto

globina globina

ovalbumina ovalbumina

v
v

[DNasa] [DNasa]

— Hipersensibilidad de genes a DNasa es tejido especifica
— Locus Control Region (LCR) regulan accesibilidad; modulares

Resistencia a DNasa dada por varios factores, compactacion de cromatina
y modificaciones covalentes, p. ej., metilacion en dinucleétidos C-p-G.
Analogos de Citidina (5-aza-citidina) liberan de represion al impedir metilacion.
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Transcripcion: regulada a nivel de iniciacion.
Mecanismo se basa en interacciones DNA-Proteina.

Q Elemento o factor trans

'L h

Elemento cis

Elementos cis: permanentes, aunque de accesibilidad variable.
— Promotor (distancia fija)
— Enhancer (modular y variable)

Elementos trans: regulados (disponibilidad y abundancia)
~ Basales
~ Seiial dependientes
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Genes clase II (RNA Pol II)

Son todos los mRNAs citoplasmicos.

Sufren procesamiento: metil-7-G (cap)
splicing o procesamiento
poliadenilacion

Elementos cis reguladores:

*Se estudian generando constructos por DNA recombinante,
"Promoter Bashing" y "Linker Scanning Mutagenesis".

*Se usan genes reporteros y sistemas de expresion in vitro €
In VIVO
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Estudio de factores trans:

Mobility shift assay (gel retardation)
Secuencia especifica
Debe poder competirse 1a union

Permite definir distribucion temporal y espacial
Control de especificidad por mutaciones

; : radioactive
radioactive DINA DNA fragment
fragment + cell extract
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Purificacion en columnas de afinidad
Columnas de afinidad o rastreo de genotecas de exp.

Clonamiento...
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Table 9-1 Some Gene Regulatory Proteins and the DNA Sequences

That They Recognize
Name DNA Sequence Recognized*®
Bacteria lac repressor FATTGTGAGCGGATAACAATT
X TTAACACTCGCCTATTGTTAA
CAP TGTGAGTTAGCTCACT
* ACACTCAATCGAGTGA
lambda repressor TATCACCGCCAGAGGTA
K ATAGTGGCGGTCTCCAT Figure 9-8 The bending of DNA
Yeast GALA CGGAGGACTGTCCTCCG induced by the binding of the
X GCCTCCTGACAGGAGGEC catabolite activator protein (CAP).
MAT a2 CATGTAATT CAP is a gene regulatory protein from
GTACATTAA F coli. In the absence of the bound
\ N x4 ight.
GON4 ATGACTCAT protein. this DNA helix is straight
X TAcTGAGTA
Drosophila Kriippel AACGGGTTAA
TTGCCCAATY
hicoid GGGATTAGA
CCCTAATCT
|
Mammals Spl GGGCGG
CCCGCC
Oct-! ATGCAAAT
TACGTYTTA
GATA-] TGATAG
ACTATC

*Each protein in this table can recognize a set of cosely related DNA sequences; for convenience,
only one recognition sequence is given for each protein.

Sequence-specific Transcription Factors Are Modular

N B?n'x\. Dimerization |_] Activation |_] Regulatory
M wulg Medule Module odule
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Cierre de Leucina

Basic Leucine Zipper Transcription Factors

Figure 10.27
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Figure 822 Effect of exchanging the basic domains of GQN4 and C/EBP on the D.\':‘\-
bs"f;ng.s;;':ng..: Note that the DNA-binding specificity is determined by the origin of the § ATTGCGCAAT 3
bu.sxc domain and not that of the leucine zipper

Sterevscopic representation of bZip protein C/EBP
DNA-binding region interacting with 20 base pairs of
DNA containing the CCAAT sequence. (Top) “Dorsal
view,” looking down at a DNA double helix and par-
alled to the leucine zipper. (Bottom) “Side view,” at
right angles to the upper diagram and perpendicular
to the DNA axis. Leucine residucs connecting the two
subunits can be seen at the bottom, as <an the “scis-
sOrs grip™ in the DNA. (1f you aren’t used to crossing
your eyes 10 see the compaosite sterevimage, borrow a
stercopticon.) (From Pathak and Sigler, 1992)
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RNA polymerase |l

« Transcribes all protein-encoding genes and some small RNA
encoding genes

* Protein-encoding RNA synthesized by RNA pol Il is called
MRNA precursor (or hnRNA)

« 20% to 40% of all cellular RNA synthesis

« General transcription factors interact directly with RNA pol
and control initiation at class || genes

Prentice Hall 2002 " EROSELS Fig 21.10 RNA polymerase Il from
: S. cerevisiae (yeast)
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Transcripcion basal

GTFs:

RNA Pol II (12 subunidades)
TFs, al menos 30 proteinas esenciales

Para Pol Il se hablade TFII =—>»

Factor mas estudiado: TF 11D
Se compone de TBP (TATA binding
protein) y TAFs (TBP Associated Factors)

TF IIH: actividad quinasa que fosforila
CTD (C terminal domain) de Pol 11

Al menos dos modelos de
formacion del complejo de
1niciacion.
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GTFs & TFICs
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Activacion transcripcional:
factores transactivadores y elementos cis

*Accion a distancia
*Modulares (orientacion y posicion), distancias optimas.
eIntercambiables: contexto independientes

Comportamiento tedrico de elementos unidos a DNA:
efecto de concentracion efectiva
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Brent & Ptashne, 1985

A
aodis
GALS )5 activetion domsn
protn GAL4 DNA-binding
T domain
. T
TATA
18]
texAs [©
GALS
thim«vtf
peoteln |
ODNA bincd g TATA
site for GALA
DNA binding ’AiA

site for lexA

Flgere 935 The modular structure of a gene
activator protein. Outline of a domain. swap
experiment that reveals the presence of independem
DNA-binding and rransceiption-activating domains in
the yeast gene activatoe protein GALL. A funciional
activater can be reconstitned from the carboxyl-
terminal portion of the GALA pratein if it Is attached 1o
the DNA-binding domain of a bacterial gene eegulatory
prrotein (the JexA protein] by gene fusion techniques,
When the resulting bacterial-yeast hybeid 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 them. (A) The normal activation of gene
transcription produced by the GALA protein. (1) The
chimeric gene regulatory protein requibres the lexA-
protein DNA-binding site for its activity

— Factores transactivadores:
| aeneon
INA . . . ,
eDominio union a DNA
eDominio activacion
_ *Modulares
— .
GENE OFF
*Mecanismo de accién en eucariontes debe estar
conservado por intercambiabilidad
SRS *No hay necesida de interacciones especificas ni
| GenEon . .
cambios conformacionales como producto de las
e interacciones.

GALA i nonmally responsible for aetiy
transcription of yeast genes thar code
1hat convert galactose to plucose
shown hiere, 1he control region for une of 1these Rrnes
was Jused to the £ cofi facZ gene, which codes fl:'l (‘-nc
enzyme I-galactosidase (see Figure 9-29). p.
ralactosidase is very simple 1o deteet bioel

HIK

anng the
foe the enzyines
For the expeniments

: . temically
thus provides a convenicnt Way lo monitor 1y
expression level specified by a Rene conty

ol region:
facZ thus serves as a e

Bene (see p. 321)
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Experimento de
"activator bypass" de
Ptashne.

Col Vol 81, 300208 Wy 5. 1994, Copyright © 998 by Cet Prass

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

Aicide Rarders. ' Josesh Pearberg,”
Natlasha Simhovich,* Susan Famed,*
Pamels Neinagel.* Cynthia Bamaes, *!
George Sigal,’ and Mark Ptashne*
'Dopartment of Mlecufiar and Collula: Bology
Frogram in Blophysios
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Connecting a promoter-bound
protein to TBP bypasses the
need for a transcriptional @ Poll

activation domain

Sukalyan Chatterjee & Kevin Struhl®
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Conclusiones del modelo de reclutamiento de Ptashne:

Los activadores poseen afinidad por algin 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
espontancamente.

Efecto de "squelching".
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La transcripcion no ocurre sobre DNA desnudo

In vitro:
1o 20 Tx
Histonas GTFs +
GTFs Histonas +++++
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eLa activacion
transcripcional en
eucariontes requiere
mas pasos que el
simple reclutamiento.

*Aunque el estado
basal es represivo,
existen muchos
mecanismos de
represion especificos.

Coll. Wol 98, 1.4, July & 1995 Copyright ©1999 by Cell Press
Fundamentally Different Logic
of Gene Regulation in
Eukaryotes and Prokaryotes

Kevin Struhl
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H2AZ

Histone tail modifications

Nature Reviews | Genetics
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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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(8) Desacetilacion de las histonas dirigida por represor

Rpd3 Desacetilacién de las

colas N-terminales
de las histonas

Hiperacetilacion de las

colas N-terminales
de |las histonas

N«umammmwrmm El dominio do
demo’wwmummwmmun
elemento de control hacia §° especifico (URS1) de los genes que
regula. El dominio de reprasidin de Umes fiya Sin3, una subunidad
de un compieo multproteico que incluye la histona desacetilasa
Rpd3. La desacetilacdn de colas N-terminales histdnicas, en los
nucieosomas de la regudn del siio de unidn del Umes, inhibe la
fyacion de factores de transcripcion generales a la caja TATA, con
1o cusl se repnme |3 expresdn adnica. (b) Hiperacetilacdn de las

colas N-terminales ce las histonas dingwda por actvador. El
domimg de fijacdn al DNA de la Gend interactia con secuencias
activadoras haca 5' (UAS) especificas de los genes que regula
El dominio de activacion (AD) de la Gend interactua entonces con
un compleyo multiproteico de hestona acetilasa que incluye B
subunidad catalitica GenS. La ultenor hiperacetdacion de las colas
N-terminales de las histonas en los nucleosomas cercanocs al
sibo de fijacdn para ka Gend facka el acceso de los factores oe
ranscnpoion generales Necesanos pars la ncacion. La represion
y actvacidn de algunos genes en los eucarnontes superores se
produce por Mecansmos similares.
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