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Regulacion hormonal:

Hormonas y factores de crecimiento hidrosolubles
Receptores de membrana

(transduccion de senales, forforilacion, activacion,
traslocacion al nucleo...)

Hormonas liposolubles

Receptores intracelulares

(factores de transcripcion localizados en citosol o en
el nucleo, traslocacion al nucleo y/o activacion...)
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Regulacion hormonal

Es frecuente que un mismo factor de
transcripcion controle a un gran niumero de
genes. Esto se debe a la existencia de elementos
de respuesta para ese factor en los promotores o
potenciadores de esos genes.

Ejemplos:

*HSE: elemento de respuesta a choque térmico
*GRE: elemento de respuesta a glucocorticoides
*SRE: elemento de respuesta al suero

Respuesta a hormonas esteroideas mediada por

elementos GRE.
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Estas hormonas se sintetizan en respuesta a un gran variedad de actividades
neuroendocrinas y controlan crecimiento, desarrollo de tejidos y homeostasis
corporal. Todas tienen un modo de accién similar: se unen a un receptor
citoplasmico haciendo que este se una al DNA y active la transcripcion

Lipid-soluble hormones control the
activities of nuclear receptors
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Domain structure of nuclear receptors

1 [ |! J |553 Estrogen receptor (ER)
| [ |946 Progesterone receptor (FR)
B |777 Glucocorticoid receptor (GR)
1[I ] |a08 Thyroid hormone receptor [TR)
1| [ [ [a32 Retinoic acid receptor {RAR}

HN-| |

|—CDDH General primary structure

Variable region DNA binding
(=100-500 aa} domain (=68 aa}
Amino acid
identity 0 42-94%

Hormone-binding
domain {=225-285 a

15-57%

a)

A EXPERIMENTAL FIGURE 11-16
In vivo transfection assay
measures transcription activity
to evaluate proteins believed to
be transcription factors.

The assay system requires two
plasmids. One plasmid contains the
gene encoding the putative
transcription factor (protein X ). The
second plasmid contains a reporter
gene (e.g., lacZ ) and one or more
binding sites for protein X. Both
plasmids are simultaneously introduced
into cells that lack the gene encoding
protein X. The production of reporter-
gene RNA transcripts is measured;
alternatively, the activity of the encoded
protein can be assayed. If reporter-
gene transcription is greater in the
presence of the X-encoding plasmid,
then the protein is an activator; if
transcription is less, then it is a
repressor. By use of plasmids encoding
a mutated or rearranged transcription
factor, important domains of the protein
can be identified.
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Reporter
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Deletion mutants of the
(a) Reporter-gene construct GAL4 gene in yeaSt with a
UASGAL reporter-gene construct
UASge  TATA demonstrate the separate functional
domains in an activator.

(b) Wild-type and mutant GAL4 proteins Binding f-galactosidase
to UASGN_ activity
1 74 730 923
Wild-type N_C + 4+t A EXPERIMENTAL FIGURE 11-17 Deletion mutants of the
GAL4 gene in yeast with a UASGAL reporter-gene construct
DNA-Dinding Activation demonstrate the separate functional domai tivat
domain ‘domain parate functional domains in an activator.
~ (a) Diagram of DNA construct containing a lacZ reporter gene and
Sﬂ‘ ‘881 - - TATA box ligated to UASGAL, a regulatory element that contains
several GAL4-binding sites. The reporter-gene construct and DNA
| | 84g + 4t encoding wild-type or mutant (deleted) GAL4 were simultaneously
introduced into mutant (gal4) yeast cells, and the activity of
N-and | |923 + 4t B-galactosidase expressed from lacZ was assayed. Activity will be
C-terminal high if the introduced GAL4 DNA encodes a functional protein.
deletion < | ‘ 792 + ++ (b) Schematic diagrams of wild-type GAL4 and various mutant
mutants forms. Small numbers refer to positions in the wild-type sequence.
| | 755 + + Deletion of 50 amino acids from the N-terminal end destroyed the
ability of GAL4 to bind to UASGAL and to stimulate expression of
l:l 92 + - B-galactosidase from the reporter gene. Proteins with extensive
deletions from the C-terminal end still bound to UASGAL. These
l:l 74 + - results localize the DNA-binding domain to the N-terminal end of
L GALA4. The ability to activate p-galactosidase expression was not
entirely eliminated unless somewhere between 126—189 or more
l:l 74 624 l:l 881 + e amino acids were deleted from the C-terminal end. Thus the
Internal activation domain lies in the C-terminal region of GAL4. Proteins
deletion l:l 74 738 l:l es1 + +++ with internal deletions (bottom) also were able to stimulate
mutants expression of -galactosidase, indicating that the central region of
l:l 74 768 I:l 281 + o GAL4 is not crucial for its function in this assay. [See J. Ma and

M. Ptashne, 1987, Cell 48:847; I. A. Hope and K. Struhl, 1986, Cell
46:885; and R. Brent and M. Ptashne, 1985, Cell 43:729.]

modular structure of eukaryotic transcription activators

Examples

N- O NN GAL
NEVAVAVAV i V2 St O
0 Activation
N\, Flexible protein
N -0\00 C SP1 domain

Schematic diagrams illustrating the modular structure of eukaryotic transcription activators.
These transcription factors may contain more than one activation domain (AD) but rarely contain
more than one DNA-binding domain (DBD).

GAL4 and GCN4 are yeast transcription activators. The glucocorticoid receptor (GR) promotes
transcription of target genes when certain hormones are bound to the C-terminal activation domain.
SP1 binds to GC-rich promoter elements in a large number of mammalian genes.

DNA-binding
domain




nuclear receptors-transcription factors
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Response elements are DNA sites that
bind several major nuclear receptors
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Model of hormone-dependent gene activation
by the glucocorticoid receptor (GR)
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Los factores de transcripcion se suelen clasificar segun

el tipo de dominio de fijacién al DNA que contienen

(a) Helix-turn-helix (b) Zinc fingers
Helix Turn  Helix
— —
Y J Y\

/‘f, ::% &

DNA- Turn Dimer-
binding helix binding helix Finger

N i @‘\7

{c) Leucine zipper

——

-
Leucine —
ak Zipper

Los factores de transcripcion se suelen clasificar segun

el tipo de dominio de fijacién al DNA que contienen

’ Proteinas con "dedos de Zn" ‘

TFIIB, GAL4
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Los factores de transcripcion se suelen clasificar segun

el tipo de dominio de fijacién al DNA que contienen

Proteina con
cremallera de
leucina

Proteina con
hélice-bucle-
hélice

Proteinas de
homeodominio

c-fos and c-jun (the AP1 transcription factor), important
regulators of normal development, as well as myc family
members including myc, max, and mdx1. If they are
overproduced or mutated in a vital area, they may generate
cancer. These proteins interact with the DNA as dimers
(homo- or hetero-) and are also called basic zipper proteins
(bZips).

P FIGURE 11-23 Combinatorial
possit s due to formation of
heterodimeric transcription factors.

(a) In the hypothetical example shown,
transcription factors A, B, and C can all
interact with one another, permitting the
three factors to bind to six different DNA
sequences (sites 1-6) and creating six
combinations of activation domains. Each
composite binding site is divided into two
half-sites, and each heterodirmeric factor
contains the activation domains of its two
constituent monomers. (b) Expression of
an inhibitory factor (green) that interacts
only with factor A inhibits binding; hence,
transcriptional activation at sites 1, 4,

and 5 is inhibited, but activation at sites 2,

3. and 6 is unaffected.

Factor  Factor Fnt;tm
2 il
.98 22 2 g2 et e
ﬂ:i': Site 2 Site 3 Site 4 T Site 6
Q Q
R e e T
Site 1 Site 2 Site 3 Site 4 T Site 6
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D Enhancer | can stimulate the Enhancer Il can stimulate the
transcription of gene A, but its effect | Insulator- transcription of gene 8, but its effect
on gene B is blocked by the insulator. binding on gene A is blocked by the insulator. |

4 \ P ru]lei n 7 |
i ; ; ; XX 17.8 An insulator blocks the
o CenaA  Promoter = ~ Insulator = === Promoter SoGEnEB———= action of an enhancer ona
| -w == promoter when the insulator
Transcription Transcription lies between the enhancer and
start start the promoter.

La mayoria de los activadores eucariéticos forman dimeros

* Homo y heterodimeros

(a) Homodimer Heterodimer
(Jun - Jun) (Jun - Fos)

(b) Leucine zipper

=
2
o
N
o
DNA E DNA-lbinding
o domain

Figure 7-22. Molecular Biology of the Cell, 4th Edition.
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TFs en el genoma humano

Hoimo saplens Approximate
number of genes

Gene family Sead Found All Organism (TFs/total) Percent

i indingyk 5. cerevisiae 224/6569" 24%
Znc ;T:d: |:g‘ T;é 3‘:? :]'gé C Hegons B24/19548% 2%
EHLH a2 25 nz7 o mngv:ogmrer 74411 3525: 5.5%
B-tcaffelcs 77 0 a7 H. sapiens (MBI 1962/24652 8.0%
BZip 59 12 73 H. sapiens (Ensembl) 1982/ 21787 0%
MHR 49 (1] 49

Trp cluster e 2 46

Forkhead 38 4 40 W » Known Hox dlustens (4)
Bromodomain® 14 2 17 = Known Zinc Finger chusters (8)
Frre 16 1 17 & Found TF dusiers (15}
Jurmnaonii & 7 13

E2F 9 1 10

Cwvarfin 9 0 2 ! n

Paired box 9 1] 9 "

Heat shock & 2 &8

Tubby* 5 2 7 s
AF4E 7 (1] 7

RFX & (1] &

Methyl-CpG-hinding* 4 1 5
AP-2 4 0 4
TEA® 4 o 4
Pocket domain (Rb)* 3 (1] 3
GCM=d 2 (1] 2
Other 214 14 228
Coactivators and corepressors 111 1 122 ! 2 a 4 s 8 7 8 ° Dol i
Structural 80 39 ng
Total 1468 494 1962

ﬂ El" H | ﬂ
13 i 15 16 17 18 18 20

Factores de transcripcion: dominios de interaccion con DNA

* Helix-turn-helix
« Zinc-fingers
* basic domain

Helix-loop-helix

Helix-Turn-Helix COOH

(A}

Figure 7-

y

iy

lambda Cro

tryptophan repressor lambda repressor

fragment

recognition
helix

CAP fragment
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Factores de transcripcion: dominios de interaccion con DNA

= 'g.o  ZINCFINGERS
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Eigura 7-18 part 2 of 2._Molecular Biglogy of the Call_dth Edition,

Factores de transcripcion: dominios de interaccion con DNA

DIMERIZATION MOTIFS: THE LEUCINE ZIPPER

s
=0 SCHEMATIC OF A
LEUCINE ZIPPER
BETWEEN TWO a-
HELICES

MODEL OF TWO a-HELICES
JOINED BY A LEUCINE ZIPPER IN A
PARALLEL COILED COIL STRUCTURE

c
N
N c Figure 12.16 Crystal structure of the bZIP domain of GCN4

bound to its DNA target. The DNA (red) contains a DNA target for the|
bZIP domain (yellow). Notice the coiled coil nature of the interaction
between the protein monomers, and the tong-like appearance of the
protein grasping the DNA.

WEAVER 2e: FIGS. 12.12,12.13

WEAVER: FIG. 12.11
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Factores de transcripcion: dominios de interaccion con DNA

helix-loop-
helix proteins
bind to the DNA

binding domains of
enhancer elements

B

Helix-loop-
helix protein

Figure 7-25. Molecular Biology of the Cell, 4th Edition,

Estructura modular de los factores de transcripcion

-Poseen una estructura modular: dominio de unién a DNA,  dominio transactivador
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Domain swap experiments
show DNA binding domains
and activation domains are
interchangable.

Replacement of the DNA binding domain
with a different one will change the site at
which the activator will act, but not affect its
ability to activate a target promoter. In other
words, the DNA binding domain can be
altered without affecting the activation

domain, and vice versa.

Actividad de un
TF quimérico
lexA-GAL4
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ACTIVATING RNA POLYMERASE Il TRANSCRIPTION 77

GAL4

147-881

GALY LEXA

1-147 & - 1-87 A _——
Gene on Gene off

Domain swap
GAL4
1-147

Gene off Gene on

Fig. 5.4 A domain swap experiment. The isolated DNA-binding domains of Gal4 and LexA
have little eftect upon gene expression. However, either can stimulate transcription when
linked ta Gald residues 147-881, which include two activation regions. LexA, is the
operator DNA sequence recognized by LexA.
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