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Genes contain
instructions
for making
proteins

Proteins act alone

or in complexes to
perform many cellular
functions

From Genes to Proteins

Expresion génica diferencial

Todos las células/érganos/tejidos

Expresion espacial o
Varios tipos celulares

Especificos

Siempre activos

Expresion Temporal
Activacion inducida

Expresidn génica compartamentalizada
durante el desarrollo




Compact DNA Levels of gene control
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B. Assembly of general transcription factors

Estructura basica de un promotor
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Seleccion del gen que se transcribe

Tasa de expresion
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Ej. Regulacion del gen metalotioneina
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Transcription
factors

Vanous proteins may bind to upstrear
resporse elements 1o stimulte transeription.

Basal transcription apparatus

16.24 Multiple response elanents (MREs) are found in the
upstream region of the gene. The basal

apparatus binds near the TATA box. In response to heavy metals, activator
proteins bind to several MRE elements and stimulate transcription. The
TRE response element is the binding site for transcription factor AP

In response to glucocorticoid hormones, steraid receptors bind to the GRE
response element located approximately 250 nuclectides upstream of

the metallothionein gene and stimulate transcription




9
transcription
gene regulatory proteins factors
\ /A polymerase Il
/ \ ——— RNA poly

—— gene X ——

TATA
H ) l

L )
reguiatory | soacer DNA promoter
sequence

RNA transcript
the gene control region for gene X

Activators
‘These proteins bind to genes
at sites known as enfancers
and speed the rat

of transcription.

Repressors

These proteins bind

to selected sets of genes
at sites known as silencers
and thus slow transeription.
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Integrate signals from activators
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Basal transcription factors
In responsa to njunctions

of transcription and
initate the transcription process.
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D. Alternative RNA splicing

domain (orange) that binds to LDL receptors on Gell membranes.
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Estabilidad de los mRNA

Célula Tiempo de Vidas medias de sus  Promedio
generacion RNAs
Escherichia coli 20-60 min 2-10 min 3,5 min
Saccharemyces 3h 4-40 min 22 min

cerevisiae (levadura)

Células en cultivo 16-24 h 30 min 0 menos 10h
(humanas o de roedor) (histona y e-myc mRNAs
03-24h

(MRNAs especificos)

MicroRNAs: Small temporal (st)RNAs (short
hairpin (shRNA), small interference RNA
(siRNA):

Precursor l l Duplex RNA
T .
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Degradation
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Remodelamiento de la cromatina en el
control transcripcional
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General transcription factors
C. Chromatin remodeling in transcription control




Modificacion de las Histonas H3 y H4
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2. Histone H4: sites of modification
A. Histone modification - a key event in gene regulation
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of ranscription. 1o selected sets of genes
at sites known as silencers

and thus slow transeription.

a7
,I Fepressor
&40 | Actvetor %
/4 s
£p
ANy ~
Activator = 7
L ¥4
H
\ Coding
- odon
SN S
p A - DN N NV G/ \\ ]
TATA box
Cosctivators Gore promoter

Integrate signals from activators.
and pethaps repressors Basal transcription factors
In response to njunctions.

polymerase al the start
of transcription and
initate the transcription process.

Metilacién del DNA

cytosine 5.methylcytosine
H. N7 H H N7 H
HyC
3N N
1 /zk methylation /k
N~ O N~ O
| Metil transferasa |

(2]

mC

REGIONES CG REPETIDAS FRECUENTEMENTE METILADAS

Metilacion bloquea los sitios de unién
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Islas CpG

Islas CpG: segmentos de 200-2.000pb con alta
concentracion de dinucledtidos CpG

Aprox. El 56% de los genes humanos tienen islas CpG
cercanas al extremo 5°

Housekeeping genes permanecen NO metilados

Genes tejido especifico permanecen NO metilados sélo
en tejidos donde deben expresarse.

Factores Epigenéticos

Modificacién covalente del DNA o del core de
histonas que regulan la actividad génica sin
alterar la secuencia del DNA.

Son heredables




Exclusion alélica

En humanos y otros mamiferos, existen varios genes
en que se expresan solo el alelo paterno o solo el alelo
materno, pero no ambos. El otro alelo es reprimido.

Heredable durante Ias mitosis.

1. Exclusién alélica independiente del origen
cromosémico. Es al azar
2. Exclusién alélica dependiente del origen cromasémico.

Imprinting gendmico (impronta). No es al azar.

La importancia de dos genomas parentales

distintos
|diesvery
early
Prelmplantation Fetus absent
fallure In most orstunted
normal
develop-
Extra- ment
embryonic
tissues
Diploid zygote Normal Preimplantation Fetus normal
dies
later
Fetus normal
extra-embryonic untll 40-somite
tissues underdeveloped stage
A. The importance of two different parental genomes

Impronta génica

Se ha descrito en alrededor de 80 genes que participan en el
desarrollo temprano

Se encuentran agrupados en segmentos cromosomicos
La impronta se establece durante la gametogénesis

En la mantencion de la impronta participan la metilacion del
DNA y modificaciones de las histonas
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Ej. enfermedad asociada a Imprinting gendmico:
Sindromes de Angelman y Prader-Willi

Chromosome 15
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1. Interstitial deletion 15q11-13 2. Prader-Willi syndrome 3. Angelman syndrom:
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C. Parent-of-origin effect of an imprinted region
Prader-Willisyndrome critical region Angelman syndrome
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Tmprining center regates “» Direction of transcription
Imprinting pattem M Paternal allele expressed
Maternal allele expressed
Imprinted a region under control of animprinting center W Biallelic expression (not imprinted)

E. Imprinted chromosomal region 15q11-13




La expresién génica puede ser
regulada a distintos niveles:

1.-Estructura de la cromatina

2.-Transcripcion

3.-Procesamiento del mMRNA

4.-Estabilidad del mMRNA
5.-Traduccién

6.-Proteina (modificaciones
post-traduccionales)

Formacion de heterocromatina

(silente) por:

metilacion del DNA
metilacién y acetilacion de
histonas

Promotores
Secuencias regulatorias

Splicing alternativo
Edicion

RNAs de interferencia

Regulacion de la
expresion génicay
complejidad Bioldgica

Humano: 22.726 genes Caenorhabditis elegans: 20.060 genes




