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Transduccion de Senales: Proceso mediante el
cual una célula convierte un tipo de sefal o
estimulo a uno diferente.

La mayoria de los procesos de transduccion de sefiales requieren
reacciones bioquimicas secuenciales en el interior de la célula.
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Rumbo a multicelular:

3 billion years

Age of Molecular Organization Age of Prokaryotes First Eukaryotes Explosion of Life

Key
millions of years ago = mya
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Definiciones basicas:

e Seial:molécula que transmite una informacion, y con ello coordina una respuesta,
desde una tipo celular a otras células o moléculas del organismo. La sefial puede
ser grande (proteina) o pequefia (neurotransmisor), hidrofilica(proteina, amino
4cido) o hidrofébica(hormonas esteroidales, retinoides).

* Receptor: proteina intra o extracelular de la célula blanco que une
especificamente la molécula sefial, también llamada ligando. Una célula
responderd a una sefial solo si tiene receptores para ella.

e Cascada de seifalizacion: La unién de ligando al receptor induce la activacion
de enzimas que a su vez dan origen a reacciones intracelulares concatenadas.
Ejemplos: activacion de proteinas quinasas, proteinas fosfatasas, proteinas que
unen guanidin nucledtidos (proteinas G) y proteinas que se unen a promotores en
la secuencia de ADN.

¢ La sefial es generalmente transitoria. Una vez que la sefial produce una
respuesta celular esta es destruida (ligandos proteicos por down-regulation).




(Qué le dijo una célula a otra célula?
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La organizacion concatenada de estas reacciones
las convierte en VIAS, o incluso una RED de
sefializacion.

Las reacciones de transduccién de sefiales son
realizadas por enzimas producen “segundos
mensajeros” (y, que en una via han sido activadas
por los segundos de enzimas previas).

Los procesos enzimdticos actiian como una
cascada de sefiales, aumentando el niimero de
moléculas participantes, lo que sirve como
amplificador de la sefial. Es aqui donde una sefial
pequeiia da origen a una respuesta de la célula
completa.

Estos procesos son normalmente rdpidos, varian
desde milisegundos (apertura de un canal y
entrada de iones), a minutos (cascadas de quinasas
activadas por péptidos, proteinas o lipidos) o hasta
horas y dias (receptores nucleares).

Su impacto puede ser medirse en diferentes
niveles de la célula:
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La misma senal, diferente contexto
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Gradientes y difusion de las senales:

source of
e Las células derivan su informacion morphogen
posicional gracias a la existencia de morphogen gradient
gradlentes : @ @ @ uncommitted
e La identidad de la célula (o su cells
respuesta), depende de el nimero de l l l .
receptores activados (proporcional a la @ O @ z:"";m'tte"
concentracion de ligando/sefial). Esto A B C

genera diferencias en la expresion
génica de cada célula.

* Las sefiales paracrinas no deben
difundir (solo actuar sobre células
vecinas), su migracion eslimitada por
su union a proteinas ricas en hepardn
sulfato.
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(A) PRIMARY (EARLY) RESPONSE TO STEROID HORMONE (B) SECONDARY (DELAYED) RESPONSE TO STEROID HORMONE

steroid steroid hormone
hormone receptor

\/ (0]
&
by

I—LI secondary-response proteins

receptor-steroid-hormone ] o PA L)
complexes activate primary- e .. < eo®
response genes | ' l |
(R o 1 L [ lom
o A g @ _| | ‘
® .‘ ... ® .. .:.
induced synthesis of aprimary-response  a primary-response
primary-response proteins protein shuts off protein turns on
primary-response secondary-response
genes genes

Figure 15-15 Molecular Biology of the Cell (© Garland Science 2008)

Senales desde la superficie

ION-CHANNEL-COUPLED RECEPTORS

° .
° >|ons
° " °

_—signal molecule
:l plasma
membrane

B G-PROTEIN-COUPLED RECEPTORS

signal molecule

e . - activated
inactive iInactive inactive activated enzyme
receptor G protein enzyme receptor and activated G protein

G protein




C

ENZYME-COUPLED RECEPTORS

signal molecule [

in form of a dimer - l -

- signal molecule

L @

OR

7

inactive catalytic active catalytic activated
domain domain associated
enzyme
Via NF-kB
TNFa trimer
TNFa
Receptor acoplado a ol
enzima que cataliza la
activacion de un ¥
receptor nuclear. /’ ""B
activated | [NEMO
IKK 5 ‘: NFkB
complex =
I\\\\
IKK COMPLEX
PHOSPHORYLATES IkB
Py P UBIQUITYLATION
AND DEGRADATION
OF PHOSPHORYLATED
IkB IN PROTEASOMES
coactivator TRANSLOCATION OF
protein NFkB INTO NUCLEUS
*3 * yay
LIBERATION oy
OF NFkB
}
TRANSCRIPTION OF

NFkB TARGET GENES




SIGNAL SIGNAL
IN IN

P

m protein protein GDP GTP GTP
kinase phosphatase binding  hydrolysis

aop  6TP

(A) SIGNALING BY PHOSPHORYLATION (B) SIGNALING BY GTP-BINDING

Figure 15-18 Molecular Biology of the Cell (© Garland Science 2008)

o

INACTIVE
MONOMERIC GTPase

\\/,

e
—
—

! /I\\\

ACTIVE
MONOMERIC GTPase

Figure 15-19 Molecular Biology of the Cell (© Garland Science 2008)




plasma
membrane B

A
()

ADP ADP

DOWNSTREAM SIGNALS

Figure 15-20 Molecular Biology of the Cell (© Garland Science 2008)

POSITIVE FEEDBACK NEGATIVE FEEDBACK
signal kinase positive signal kinase
A feedback

’ ’ activated
o _] P g 3 W P E kinase
’—><—| y\] -.—_»«

h | DELAY]

L 3
inactive activated highly active ~ .9, DELAY
E kinase E kinase I phosphatase -
(A) C negative
(© feedback
CONTROL: CONTROL:
I el s NO FEEDBACK ‘ ‘
3 [E—
t . | I |
g Hme— SIGNAL I time — SIGNAL
c
B g
b~ £ | NEGATIVE
R 2 FeeDBACK
3 e ‘5 _SHORT DELAY 't |
v > F -
© £ i —
s e SIGNAL
v
o
: | F— |
@y Mm-S SIGNAL ’I':E:[I:EI\\,CEK
LONG DELAY WWWWW‘
r L
: | I
ti
oy "M SIGNAL

Figure 15-28 Molecular Biology of the Cell (© Garland Science 2008)




intracellular
signaling protein

receptor signal
protein molecule

) \/ 7NN,
\

@ i)
( v
'I
@ inhibitory N— -~

rotein
endosome 4

PRODUCTION OF

lysosome
RECEPTOR RECEPTOR RECEPTOR INACTIVATION OF
DOWN-REGULATION INACTIVATION SIGNALING PROTEIN INHIBITORY PROTEIN

SEQUESTRATION

Figure 15-29 Molecular Biology of the Cell (© Garland Science 2008)

Senales desde la superficie

A ION-CHANNEL-COUPLED RECEPTORS
e ions
- ° 07 i
\ _—signal molecule
[ ]

:l plasma
membrane

B G-PROTEIN-COUPLED RECEPTORS

signal molecule

e . - activated
inactive iInactive inactive activated enzyme
enzyme receptor and activated G protein

receptor G protein
G protein




EXTRACELLULAR

Receptores SPACE

Metabotropicos
con 7 segmentos
Transmembrana

(7 magnificos)
CYTOSOL

inactive GPCR
EXTRACELLULAR SPACE

Efectos de Beta y Gamma activados:
CYTOSOL

inactive G protein
activates adenylyl cyclase; activates Ca?* channels

activates adenylyl cyclase in olfactory sensory neurons

inhibits adenylyl cyclase

activates K* channels

activates K* channels; inactivates Ca?* channels

activates phospholipase C-8

activates cyclic GMP phosphodi in verteb rod
photoreceptors

activates phospholipase C-8

activates Rho family monomeric GTPases (via Rho-GEF) to
regulate the actin cytoskeleton

extracellular
signal molecul

activated GPCR

activated activated
a subunit By complex

Figure 15-32 Molecular Biology of the Cell (© Garland Science 2008)




L eE

I 1
'O-II’-O-II’-O-II’-O-CHZ
vV AP |
e OH OH
adenyly|
cyclase NH,

o/cuzo

\ 0 cAMP
Vi | e,
P—O OH
4
0
H,0
cyclic AMP NH
phosphodiesterase 2

OH OH

Figure 15-34 Molecular Biology of the Cell (© Garland Science 2008)

activated adenylyl cyclase

activated o

subunit of

stimulatory G plasma
protein (Gs) membrane

signal molecule

N 7N

activated GPCR

cyclic AMP f

PKA ’ ;'T - ) Por ejemplo:

Proteina Quinasa A

Figure 15-36 Molecular Biology of the Cell (© Garland Science 2008)

Table 15-1 Some } induced Cell d by Cyclic AMP
(TARGETTISSUE  HORMONE  MAIRRESPONSE
Thyroid gland thyroid-stimulating thyroid hormone synthesis
hormone (TSH) and secretion
Adrenal cortex adrenocorticotrophic cortisol secretion
hormone (ACTH)
Ovary inizing h (LH) prog secretion
Muscle adrenaline glycogen breakdown
Bone parathormone bone resorption
Heart adrenaline increase in heart rate and
force of contraction
Liver glucagon glycogen breakdown
Kidney vasopressin water resorption
Fat ine, ACTH, gl i i
TSH

5-HT: Serotonina
1. Aumento de AMPc
2. Activacion de PKA
a) Fosforilacion de Ca-K

(inactivacion del canal).
* Bloqueo de corriente de
salida de K+
* Aumento de la respuesta al
facilitar la despolarizacion.
b) Efectos a largo plazo

* Aumento del nimero de Ca-K
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The following cell types are shown: retinal pigment epithelium (PE, 1), Muller cells {(2), photoreceptors (5): rods
(3) and cones (4), horizontal cells (6), bipolar cells (8): rod- (7) and cone bipolar cells (8), amacrine cells (10),
ganglion cells (11). The arrows show the direction of the light falling into the eye (and through the layers of the
retina).
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Table 15-4 Some Signal Proteins That Act Via RTKs

Epidermal growth factor (EGF) EGF receptors stimulates cell survival, growth, proliferation, or
differentiation of various cell types; acts as inductive
signal in development

Insulin insulin receptor stimulates carbohydrate utilization and protein synthesis

Insulin-like growth factors (IGF1 IGF receptor-1 stimulate cell growth and survival in many cell types
and IGF2)

Nerve growth factor (NGF) TrkA stimulates survival and growth of some neurons

Platelet-derived growth factors PDGF receptors (o and B) stimulate survival, growth, proliferation, and migration of
(PDGF AA, BB, AB) various cell types

Macrophage-colony-stimulating MCSF receptor stimulates monocyte/macrophage proliferation and
factor (MCSF) differentiation

Fibroblast growth factors (FGF1to FGF receptors (FGFR1-FGFR4, stimulate proliferation of various cell types; inhibit
FGF24) plus multiple isoforms differentiation of some precursor cells; act as inductive

of each) signals in development

Vascular endothelial growth factor VEGF receptors stimulates angiogenesis
(VEGF)

Ephrins (A and B types) Eph receptors (A and B types) stimulate angiogenesis; guide cell and axon migration

Table 15-4 Molecular Biology of the Cell (© Garland Science 2008)
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Table 15-5 The Ras Superfamily of Monomeric GTPases

Ras H-Ras, K-Ras, N-Ras relay signals from RTKs
Rheb activates mTOR to stimulate cell growth
Rep1 activated by a cyclic-:AMP-dependent GEF; influences cell adhesion by
activating integrins
Rho* Rho, Rac, Cdc42 relay signals from surface receptors to the cytoskeleton and elsewhere
ARF* ARF1-ARF6 regulate assembly of protein coats on intracellular vesicles
Rab* Rab1-60 regulate intracellular vesicle traffic
Ran* Ran regulates mitotic spindle assembly and nuclear transport of RNAs and proteins

*The Rho family is discussed in Chapter 16, the ARF and Rab proteins in Chapter 13, and Ran in Chapters 12 and 17. The three-
dimensional structure of Ras is shown in Figure 3-72.
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Table 11-2 Some lon Channel Families

Voltage-gated voltage-gated Na* channels
cation channels voltage-gated K* channels (including delayed and early)
voltage-gated Ca?* channels
Transmitter-gated acetylcholine-gated cation channels
ion channels glutamate-gated Ca?* channels excitatory

serotonin-gated cation channels
GABA-gated CI- channels

glycine-gated CI- channels inhibitory

Table 11-2 Molecular Biology of the Cell (© Garland Science 2008)




