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INTRODUCCION

s Sistemas de comunicacion entre las diferentes
células
= Sistema endocrino: formado por células

especializadas. Secrecion de senales quimicas:
hormonas

= Sistema nervioso: rapido y eficaz. Liberan
neurotransmisores



INTRODUCCION
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DEFINICION HORMONA

= Mensajeros quimicos que
coordinan las actividades de
diferentes células en los
organismos multicelulares.

= Se secretan directamente a la —_— S~
sangre o al liquido intersticial. '

= Sintetizadas por tejidos
especializados (glandulas) en
respuesta a estimulos

células productoras
de hormonas

sistema
de vasos
sanguineos

especificos.

= Alteran especificamente las
actividades de ciertos tejidos
susceptibles

células diana
con receptores




DEFINICION HORMONA

s Son reconocidas especificamente por receptores
(proteinas)

= Pueden desencadenar la aparicion de segundos
mensajeros intracelulares (Ej: AMPc)

= Actuan como catalizadores de reacciones
preexistentes:

= Regular el crecimiento

= Regular el desarrollo y las funciones metabdlicas de
muchos tejidos

= Coordinar procesos biologicos del organismo.
= Sintesis y secrecion reguladas por sistema nervioso



CLASIFICACION DE HORMONAS

= En funcion de la distancia a la que actuan:

" Hormonas autocrinas

célula productora de hormona
y célula diana .
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= Hormonas paracrina
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hormona unida
a una célula

" Hormonas endocrinas
" Feromonas
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células diana



CLASIFICACION DE HORMONAS

= En funcion de su estructura quimica:

Hormonas peptidicas

Preproinsulin Proinsulin Mature
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Figure 23-5
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company

Hormonas derivadas de aa

Tyrosine — L-DOPA — Dopamine —
Norepinephrine — Epinephrine

Unnumbered 23 p907
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H. Freeman and Company

Hormonas esteroideas

Cholesterol
v
Progesterone
Cortisol Testosterone
(glucocorticoid) 2
Aldosterone
(mineralocorticoid)

Estradiol
(sex hormones)

Unnumbered 23 p90sh
Lehninger Principles of Biochemistry, ifth Edition
2008 . H.Freeman and Company,



Source

Hypothalamus

Pituitary

Gonads

Adrenal cortex

Thyroid

Gastrointestinal tract

Pancreas

*Peptide or polypeptide.
'Steroid.
*Amino acid derivative.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Hormone

Gonadotropin-releasing hormone* (GnRH)
Corticotropin-releasing hormone* (CRH)

Growth hormone-releasing hormone* (GHRH)

Somatostatin®
Thyrotropin-releasing hormone* (TRH)
Luteinizing hormone* (LH)

Follicle-stimulating hormone™ (FSH)

Corticotropin® (ACTH)
(adrenocorticotropic hormone)
Growth hormone* (GH)
Thyrotropin* (TSH)
(thyroid-stimulating hormone)
Prolactin®

Oxytocin*
Vasopressin®
Estrogens’ (estradiol)

Progestins’ (progesterone)

Androgens' (testosterone)
Glucocorticoids® (cortisol, corticosterone)
Mineralocorticoids’ (aldosterone)
Triiodothyronine® (T5)

Thyroxine? (T,) (after conversion to Ts)

Gastrin®

Secretin®
Cholecystokinin®

Somatostatin*
Insulin®

Glucagon*
Somatostatin*

Function

Stimulates LH and FSH secretion
Stimulates ACTH secretion

Stimulates GH secretion

Inhibits GH and TSH secretion
Stimulates TSH and prolactin secretion

Stimulates cell development and synthesis of
sex hormones in ovaries and testes

Promotes ovulation and estrogen synthesis in
ovaries and sperm development in testes

Stimulates steroid synthesis in adrenal cortex

General anabolic effects in many tissues
Stimulates thyroid hormone synthesis

Stimulates milk production in mammary
glands and assists in the regulation of the
male reproductive system

Uterine contraction and milk ejection
Blood pressure and water balance

Maturation and function of reproductive
system in females

Implantation of fertilized eggs and
maintenance of pregnancy

Maturation and function of reproductive sys-
tem in males

Diverse metabolic effects as well as inhibiting
the inflammatory response

Mineral metabolism
General stimulation of many cellular reactions

Stimulates secretion of stomach acid and pan-
creatic enzymes

Regulates pancreatic exocrine secretions
Stimulates secretion of digestive enzymes and
bile

Inhibits secretion of gastrin and glucagon

General anabolic effects including glucose
uptake and lipogenesis

Glycogenolysis and lipolysis
Inhibits the secretion of glucagon



TIPOS DE RECEPTORES

proteina portadora
ligando
lipofilico
ligando
hidrofilico

lespuesta celular t
respuesta

celular

receptor de la
superficie celular

receptor
intracelular

hormona hidrofilica hormona lipofilica



MECANISMO DE ACCION

= Selectividad
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= Segundos mensajeros:
AMPc, GMP, calcio,
fosfatidilinositol...




TRANSDUCCION DE SENALES

1.G protein-coupled 2a. Receptor tyrosine 3. Receptor guanylyl 4. Gated ion channel 5. Adhesion receptor (integrin)
receptor kinase cyclase Opens or closes Binds molecules in
External ligand (L) binding Ligand binding activates  Ligand binding to in response to extracellular matrix, changes
to receptor (R) activates an tyrosine kinase activity extracellular domain concentration conformation, thus altering its
intracellular GTP- binding by autophosphorylation.  stimulates formation  of signal ligand interaction with cytoskeleton.
protein (G), which regulates of second-messenger  or membrane
an enzyme (Enz) that cyclic GMP. potential.
generates an intracellular
second messenger (X).
Vil . @ @
—_— a = —
. \\— N E
\ 6 EntIn
Plasma
membrane
2b. Kinase activates Kinase
transcription cascade
factor, altering
gene expression.
Nuclear
envelope
. 6. Nuclear receptor .
/ faotein Hormone binding allows ;/ V& Aeldlls
mRNA the receptor to regulate w mRNA
. . : the expression of - , gl
IANVANANAX DNA specific genes. VAVAVAVAVAV DNA
Figure 12-2

Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

Ligando
Receptor ¢ NH;
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Proteina G



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS
@ @ ®

Gg with GDP Contact of Gg Gg with GTP
bound is turned  with hormone- bound dissoci-
off; it cannot receptor complex ates into a and
activate adenylyl causes displace- By subunits.
cyclase. ment of bound Ggo-GTP is
GDP by GTP. turned on; it can
activate
adenylyl cyclase.
GTP Y

@

GTP bound to Gg is hydrolyzed by the protein’s
intrinsic GTPase; Gg,, thereby turns itself off. The
inactive o subunit reassociates with the 3, v subunits.



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

s Efecto de adrenalina

o Epinephrine
binds to its )
specific B-adrenergic
receptor. receptor

\\\||||| '/, o

Inside

9 Hormone-recept 9 Activated G, o Adenylyl l’ 9 cAMP e Phosphorylation

or complex separates from cyclase @ activates of cellular
causes the GDP Ggg.s Moves to catalyzes the — PKA. — proteins by PKA
bound to G, to adenylyl cyclase, formation causes the
be replaced by and activates it. of cAMP. , " cellular response
GTP, activating Many Gg, c’;‘d" r;\ucjeotnde to epinephrine.
(S subunits may be PERAP——
activated by one |
occupied 5-AMP o AMP is
receptor. degraded,
reversing the
activation of PKA.

Figure 12-4a
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS
Proteina quinasa dependiente de AMPc

empty cAMP sites
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TRANSDUCCION DE SENALES:
RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS
MENSAJEROS

= Efecto de adrenalina:
favorece la glucogenolisis

http://www.youtube.com/w

atch?v=GGWYGC4KR Q

http://www.youtube.com/w
atch?v=bNkuE7UHuU7M

Epinephrine
!

Epinephrine-receptor

fHepatocyto b —/_; e N
@I

ATP e Cyclic AMP

pe i
cyclase 20x molecules
Inactive PKA ’ Active PKA

7 10x molecules

7
¥/
Inactive @ Active
phosphorylaseb === phosphorylase b
kinase > Ve kinase
) |1 00x molecules]
¢
Inactive glycogen @ i Active glycogen
phosphorylase b .~ phosphorylase a
/ |1 ,000x molecules
@
Glycogen - Glucose 1-phosphate
10,000x molecules|
many

steps

& Chucoss J

A 4
Blood glucose (10,000x molecules|

Figure 12-7
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company


http://www.youtube.com/watch?v=GGWYGC4KR_Q
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TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

Some Signals That Use cAMP
as Second Messenger

Corticotropin (ACTH)
Corticotropin-releasing hormone (CRH)
Dopamine [D-1, D-2]*

Epinephrine (3-adrenergic)
Follicle-stimulating hormone (FSH)
Glucagon

Histamine [H-2]*

Luteinizing hormone (LH)
Melanocyte-stimulating hormone (MSH)
Odorants (many)

Parathyroid hormone

Prostaglandins E,, E, (PGE,, PGE,)
Serotonin [5-HT-1«, 5-HT-2]*
Somatostatin

Tastants (sweet, bitter)
Thyroid-stimulating hormone (TSH)

*Some signals have two or more receptor subtypes (shown in
square brackets), which may have different transduction
mechanisms. For example, serotonin is detected in some
tissues by receptor subtypes 5-HT-1a and 5-HT-1b, which act
through adenylyl cyclase and cAMP, and in other tissues by
receptor subtype 5-HT-1c, acting through the phospholipase
C-IP3; mechanism (see Table 13-5).



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

13-3

Some Enzymes Regulated by cAMP-Dependent Phosphorylation (by PKA)

Enzyme

Sequence phosphorylated*

Pathway

Glycogen synthase
Phosphorylase b kinase

Pyruvate kinase (rat liver)

Pyruvate dehydrogenase complex (type L)
Hormone-sensitive lipase
Phosphofructokinase-2/fructose 2,6-bisphosphatase
Tyrosine hydroxylase

Histone H1

Histone H2B

Cardiac phospholamban (a cardiac pump regulator)
Protein phosphatase-1 inhibitor-1

CREB

PKA consensus sequence’

RASCTSSS

o subunit: VEFRRLSI
B subunit: RTKRSGSV
GVLRRASVAZL
GYLRRASV

PMRRSV
LQRRRGSSIPQ
FIGRRQSL

AKRKASGPPVS
KKAKASRKESYSVYVYK
AIRRAST

IRRRRPTP

ILSRRPSY
XR(R/K)X(S/T)B

Glycogen synthesis
Glycogen breakdown

Glycolysis

Pyruvate to acetyl-CoA

Triacylglycerol mobilization and fatty acid oxidation

Glycolysis/gluconeogenesis

Synthesis of L-DOPA, dopamine,
norepinephrine, and epinephrine

DNA condensation

DNA condensation

Regulation of intracellular [Ca®*]

Regulation of protein dephosphorylation

cAMP regulation of gene expression

*The phosphorylated S or T residue is shown in red. All residues are given as their one-letter abbreviations (see Table 5-1).

'X is any amino acid; B is any hydrophobic amino acid.



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

Toxinas que interaccionan con proteinas G

Estructura toxina colérica AB:



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

Rib — Adenine

Normal Gg: GTPase activity HO OH
terminates the signal &
from receptor to adenylate NAD
cyclase. (”)
cholera G C—NH
toxin \ ’ ’
x
N
(I? |
CH2—0—1|>—0—£|>—04 Rib || Adenine
O}y (O}
H
ADP-ribosylated Gg: HO OH
GTPase activity is inactivated; | |
Gg constantly activates ADP-ribose

adenylate cyclase.



TRANSDUCCION DE SENALES:
RECEPTORES ACOPLADOS A
PROTEINAS G Y SEGUNDOS

MENSAIJEROS

http://www.youtube.com/watch?v=IsY
BeFgEwzk

Protein kinase Calmodulin
(inactive) (CAM)
Ca2+ - IP, receptor
SH Yg /
Ca2+ 5
’.
" !
-
Protein kinase b 4
Ca2+/ CAM {
(active) SER

Protem—@ i 7 ; ~ Protein
ADP


http://www.youtube.com/watch?v=lsYBeFqEwzk
http://www.youtube.com/watch?v=lsYBeFqEwzk
http://www.youtube.com/watch?v=lsYBeFqEwzk

TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

Medio extracelular
Sefial
O externa
1 \ Membrana plasmética
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Luz del reticulo endoplasmatico
© John Wiley & Sons, Inc. © Traduccién Editorial Médica Panamericana



= https://www.youtube.com/watch?v=Ilarixw_9ePU



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

Regeneracion de PIP,

Garrett & Grisham: Biochemistry, 2/e
Figure 34.16

e
4 ‘. Phospholipase C
Uyl

; I r” ‘|||1|| || ﬂullll II|| 1||||I|| | [I"||I | '] d”l ||] e

ﬂ o — — PP, = FIP = Pl

Inosital-1,4,5-P, | Diacylglycerol [—| Phasphatidic acid [—# CDP-DAG _

Inasitol-1,3,4,5.P, | - _/\,_ = Tnositob 1Py = Tnositob4-P

\"— = Inositol-1,3,4-P4 fk = [nositol e
Inositol1,3,4,6-0, 4—/\—. Inositol 3,4 P, —= Inositcl3-P

— Lithinm-sensitive steps

AN Inositol-P; || Inositol-P; [ Signal molecules

Saunders College Publishing



TRANSDUCCION DE SENALES: RECEPTORES ACOPLADOS A

PROTEINAS G Y SEGUNDOS MENSAJEROS

13-6

Some Proteins Regulated by Ca®*
and Calmodulin

Adenylyl cyclase (brain)
Ca®*/calmodulin-dependent protein kinases
Ca®*-dependent Na* channel (Paramecium)
Ca®" release channel of sarcoplasmic reticulum
Calcineurin (phosphoprotein phosphatase 2B)
cAMP phosphodiesterase

cAMP-gated olfactory channel

cGMP-gated Na*, Ca®* channels (rod and
cone cells)

Myosin light chain kinases

NADH kinase

Nitric oxide synthase

PI-3 kinase

Plasma membrane Ca’* ATPase (Ca®" pump)
RNA helicase (p68)



TRANSDUCCION DE SENALES:

RECEPTORES TIROSINA QUINASA

Garrett & Grisham: Biochemistry, 2/e

Figure 34.27
Class [ receptor (EGF receptor) Class II receptor (insulin receptor) Class IIT receptor (FGF receptor)
+
HyN =,
— + : .
N ) HaN NH; HN =,
¢ | cysteinerich =
) domain 1\ P
/ )
e
Cysteine-rich [ -
\' domain : |, Immunoglobulin:
v like regions
3 >(lym.einHIcl1
b domain 5=8
]
(=’
=

Protein tyrosine
kinase domain

S
%
~::__-'/—’

coo~ “00C

Saunders College Publishing



TRANSDUCCION DE SENALES:
RECEPTORES TIROSINA QUINASA

https://www.youtube.com/watch
?v=lab0jvBazGE

https://www.youtube.com/watch
?v=nUGGENKyUCA



https://www.youtube.com/watch?v=Ia6OjvBazGE
https://www.youtube.com/watch?v=Ia6OjvBazGE
https://www.youtube.com/watch?v=Ia6OjvBazGE
https://www.youtube.com/watch?v=nUGGENKyUcA
https://www.youtube.com/watch?v=nUGGENKyUcA
https://www.youtube.com/watch?v=nUGGENKyUcA

TRANSDUCCION DE SENALES:
RECEPTORES NUCLEARES

s Cambios en |la expresion génica mediante
activacion/desactivacion de la expresion de genes

= Mediada por hormonas esteroideas

= Receptores intracelulares:
= Familia de proteinas de union al DNA
" |[nteraccion hormona-receptor: citoplasma o nucleo



Hormona PASO 1

esteroide Hormona Célula diana
plasma- esteroide libre Ndicleo
tica
ligada
c—D

Proteina o Receptor
de choque PASO 2 nuclear
térmico

' @D PASO 3
Receptor
citoplasmatico ﬂPASO 3
gl:\?Ano fia Activacion

"activado"
PASO 4 ) ) PASO 6
/ @ Activacion DNA

PASO 5
Transcripcion
Translocacion @ /
mRNA

— . del complejo ——
PASO ESfJF{ activado receptor citoplasmatico %j&
N \7 MRNA
Traduccion

Respuesta

biolégica
mRNA
PASO 7 Sintesis proteica
FIGURA 22.14

© John Wiley / Reverté. Thomas M. Devlin
Bioquimica. Libro de texto con aplicaciones clinicas 42 Ed.



TRANSMISION DE LA SENAL NEURONAL

= Neuronas

= Potencial de membrana =
Transmision del impulso

nervioso

cerrado cerrado ablerto refractario
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TRANSMISION DE LA SENAL NEURONAL

presinapsis

sinapsis
eléctrica

sinapsis
quimica

©9® 9 00
neuro-
O O O © 20-40 nm

Sinapsis eléctrica Sinapsis quimica

2-4 nm

postsinapsis



TRANSMISION DE LA SENAL NEURONAL

célula
presindptica

de accién

potencial \

neuro-
transmisor

canal de Ca2+
regulado
por potencial

se liberan los

espacio sinaptico transmisores

canales iénicos
regulados por
ligando cerrados

canales de iones abiertos

célula

célula diana ;
postsinaptica




DEFINICION DE NEUROTRANSMISOR

= Todos los neurotransmisores cumplen las siguientes
caracteristicas:

= Se encuentran presentes en las neuronas.
= Se liberan como consecuencia de una entrada de Ca*?
en la neurona.

= Existen mecanismos de degradacion o captacion
alrededor de la hendidura sinaptica.

= Existen receptores postsinapticos especificos para
ellos.

= Existen agonistas y antagonistas.



CLASIFICACION DE NEUROTRANSMISOR

= Naturaleza e respuesta que generan
e Excitadores
* Inhibidores

Efecto farmacolégico o funcional

= Naturaleza quimica Péptidos
= Opioides
= Encefalinas
= Endorfinas
;. ® Factores liberadores hipotalamicos
= Efecto farmacologico  Tiroliberina (TRH)
* Somatoliberina (GHRH)
* Gonadoliberina (GnRH)
m Péptidos cerebrointestinales
= Sustancia P
= Colecistoquinina (CCK)
* Polipéptido intestinal vasoactivo (VIP)

= Rapidez de respuesta " [ eonanes

» Vasopresina

. s ;. = Oxitocina
* Accion rapida R ot (AGIED
., » a-melanotropina (a-MSH)
e Accion lenta Lipidos

®  Cannabinoides



TIPOS DE RECEPTORES

= Receptores ionotropicos: canales ionicos. Ejemplos:
acetilcolina, glutamato, GABA

= Receptores metabotropicos: acoplados a proteinas G.
Ejemplos: Adrenalina, noradrenalina



TIPOS DE RECEPTORES

Receptores principales paralos NT mas comunes

Neurotransmisor

Clases de receptores

Acetilcolina

Nicotinico y muscarinico

Adrenalina y noradrenalina

a Yy B adrenérgicos

Dopamina DA, DA,

Histamina H, H, y Hg

Serotonina ST, ST,

GABA GABA, y GABA;

Glutamato NMDA y cainato/quiscualato

Péptidos opiaceos

o, B,7, 0, €

Adenosina, AMP, ADP,ATP

P,yP,




PRINCIPALES NEUROTRANSMISORES

:@—cucu,m, c:1 CHEH,NH,
" H ACETILEOUNA
HO HO .

CH,
Dopamina Morepinafrina Sarolonina
AN CH,CH, — N*—CH,
0
3
PEPTIDOS
COOER HOEE0 AMINOACIDOS
Met-ancetalina Leuv-encelalina Sustancia P

NH, NH,, NH,
HOC CHCH,COOH HOG CHCH,CH,COOH HOC CHCH,

Acido aspartico Acido ghtdmico Glicina

NH,
HOG CH,CH,CH,NH, HOC CHCH,SO,H

GABA Acido cisteico




TIPOS DE RECEPTORES 5-HT

5-HT3 receptor synaptic cleft

Serotonina (5-hidroxitriptamina)

IONIC CHANNEL(S
S-HT 3 L = 2000000
5-HT 4 -~
5-HT33 post-synaptic membrane
5-ht 3¢
;VE G-PROTEIN COUPLED RECEPTORS +VE}
5-HT  p+— — 5HT,
5-HT1 S-HT g+ Gyyo —5hg 5-HT 4 -7
5-HT,p M »5-HT,
5-ht1E > 5-ht5A
5'ht1;:‘ """"""""""""""""" > 5-ht58
o [T
ool Gl
PLC 5-HT g 5_HT2
> 5-HT,0

Fig. |. Graphical representation of the current classification of 5-HT receptors. Receptor subtypes represented by coloured boxes and lower case designate
receptors that have not been demonstrated to definitively function in native systems. Abbreviations: 35" cyelic adenosine monophosphate (cAMP);
phospholipase C (PLC); negative { — ve): positive (+ve).



TIPOS DE RECEPTORES 5-HT,

Serotonina (5-hidroxitriptamina)

Sl synaptic cleft
receptor

phospholipase C

PIP2 post-synaptic membrane
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[Figura 4] Esquema de la distribucion de los receptores GABA,.



DIFERENCIAS HORMONAS-NEUROTRANSMISOR

Neurotransmisor Hormona
Tamaio Pequeno Relativamente grande
Sintesis Neurona Glandula endocrina
Funcion Transmision del Regular funcién o
impulso nervioso crecimiento de otras
células

Liberacidon/transporte Hendidura sinaptica Torrente sanguineoy
liquido intersticial

Tejido diana Neurona Organo o tejido diana
mas o menos alejado

Tiempo de vida media Corto Medio-largo




