Horménio antidiurético (ADH; vasopressina)

" o AN " Ocitocina
L O C al I Za(; ao an ato m I C a d O S Hormbnio liberador de corticotrofina (CRH)
Horménio liberador de tirotrofina (TRH)

p rl n C | p al S c,) rg éo S en d c,) C r| n O S Horménio liberador de gonadotrofina (GnRH)

Horménio liberador de hormdnio de
crescimento (GHRH)

Somatostatina

Dopamina

Hipotalamo — . —
< ) > Horménio de crescimento (GH)
Hipdfise Prolactina

Horménio adrenocorticotréfico (ACTH)
Horménio estimulante da tireoide (TSH)

< /} Horménio foliculo estimulante (FSH)
: ireoi Horménio luteinizante (LH)

Tetraiodotironina (T,; tiroxina)
Triiodotironina (Ts)

| /ALMMW\ 3 Calcitoning
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Classificacao Sinais
quimicos
@ Quanto a distancia em que/atuam:
> endocrinos '( hormonios.)

> paracrinos

> autocrinos




(c) Endocrine

(b) Paracrine

743 R

Hormone
molecules

Endocrine Bloodstream Target
cells cells

FIGURE 34-86. Hormonal communications are classified them, (b) paracrine signals are directed at nearby cells, and
according to the distance over which the signal acts: (¢) endocrine signals are directed at distant cells through the
(@) autocrine signals are directed at the cell that produced intermediacy of the bloodstream.




Classificacao dos sinais
quimicos (hormonios)

@ Quanto a sua natureza quimica:

»Proteinas e peptideos
» Esterdides

» Derivados de aminoacidos (aminas




Natureza quimica de
outros sinais

> derivados de acidos graxes(acido araquidénico):
prostaglandinas , leucotrienos

> gases:. NO ( 6xido nitrico); CO\(monoxido de
carbono); H,S ( acido sulfidrico)

> nucleotideos

> aminoacidos ( ex: glutamato, glicina ) e
derivados de AA (ex: GABA, serotonina)




Caracteristicas comuns

de todos os hormonios

> Receptores especificos nas células/-
alvo

»Concentra¢cdes muito baixas.(10° a
10 -12 M)

> Nao criam reacoes novas

> Nao sao secretados sempre com a
mesma velocidade




Hormonios proteicos e
catecolaminas

» Mela-vida curta

»Induzem respostas rapidas

»>N&ao sao ligados a proteinas |EEEEGEEEEEE

plasma membrane

plasmaticas especificas o
»Receptores localizados na =

membrana plasmé_tlca hydrophilic signal

molecule

»Atuam através de segundos mensageiros




Hormonios esteroides e
tiroideanos
» Mela-vida longa
» Induzem respostas mais prolongadas

»Sao ligados a proteinas plasmaticas especificas

INTRACELLULAR RECEPTORS

small hydrophobic
——._ signal molecule
2 @

»Receptores intracelulares e )
n UCIGares carrier protein

» Atuam atraves do controle

)
\0
/ \nucleus

da transgrlgé() gén|Ca e/Ou intracellular receptor

estabilidade do mRNA



Comunicacao entre as
celulas pelos sinais

quimicos
1. Sintese

2./Liberacao

3. Transporte

4. Deteccao do sinal ( receptores ):reconhecimentc

5. Mudancas na célula-alvo ( resposta fisiolégica )

6. Remocao do sinal ( termino da resposta )




Hurmﬁnius

Fator de crescimento

/o

Antigeno

1--..._____' .
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sinalizacao
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=
h Proteina recaptora
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9

Profoinas intracelularaes sinalizadoras

Proteinas Enzima
de transporta metabdlica

l |

Alteracao Metabolizmo

nio alterado
fransporte

iGmico

|

Proteina
reguladora
do geana

:

Exprassao
génica
alterada

L l Proiainas alvos

o—0o D

Proteina do Frotainas do
citoesquealeto  ciclo celular

| |

Alteracio da Alleracio no

forma ou do crascimeanto

movimeanto o na divisao
calular calular




Mecanismos de
transducao de sinais

@ 1 —/Receptores —\acoplados a proteinas G

(GPCRs ) - alteram a/atividade 'de enzimas na
membrana plasmatica




EXTRACELLULAR
SPACE

CYTOSOL

plasma
membrane




Receptores GPCR

@& Genoma humano codifica mais de
1000 membros desta familial!!

~ 350 receptores para deteccao de
fatores de crescimento, e outras moléculas:

~500 receptores -moléculas olfatorias, de
gosto, luz

~150 receptores “ orfaos *




HORMONIOS HIDROSSOLUVEIS
RECEPTORES

(B) G-PROTEIN-LINKED RECEPTORS - GPCR

signal molecule

N M

activated

G protein activated enzyme
G protein

= receptores com 7 dominios transmembrana
= geracao de segundo mensageiro




inactive G protein
|

[

plasma
membrane

receptor protein

signal
molecule

EXTRACELLULAR SPACE
CYTOSOL

(B)

1

-
~

(C) z
=2
activated . /D
activated
By complex

o subunit




activated

signal molecule
adenylyl cyclase

receptor

activated
o subunit of
G protein

w activated




Proteinas

AMPc

PKA

Efeito Biologico

Y

Procairas



Table 15-1 Some Hormone-induced Cell Responses Mediated by Cyclic AMP

TARGET TISSUE
Thyroid gland

Adrenal cortex

Ovary
Muscle
Bone
Heart

Liver
Kidney
Fat

HORMONE
thyroid-stimulating
hormone (TSH)

adrenocorticotrophic
hormone (ACTH)

luteinizing hormone (LH]
adrenaline
parathormone
adrenaline

glucagon
vasopressin

adrenaline, ACTH, glucagon,

TSH

MAJOR RESPONSE

thyroid hormone synthesis
and secretion

cortisol secretion

progesterone secretion
glycogen breakdown
bone resorption

increase in heart rate and
force of contraction

glycogen breakdown
water resorption

triglyceride breakdown




Mecanismos de
transducao de sinais

@1 /Receptores — acoplados a proteinas G
alteram a atividade de enzimas na
membrana plasmatica .

EX:

Gs — T adenil ciclase —» T cAMP — T PKA
Gi — { adenil ciclase —» 4 cAMP — { PKA




Exterior

ligand Glucagon ligand Adenosine

Stnmulatory Epinephrine | Inhibitory { PGE,
ACTH Somastotatina

Activation Inhibition

Plasma
membrane
of liver cell

? N -
s et .
J(' N 5
o A Ao X s
7 \ 3
N

&
1
Y5 S

Receptor for Adenylate  (GDP) Receptor for
stimulatory —J  cyclase = inhibitory

R,

hormone hormone

Stimulatory Inhibitory
G protein G protein
Cytosol complex complex




Mecanismos de

transducao de sinais

@ 1 —/Receptores\— acoplados a proteinas G
alteram a atividade de enzimas na membrana
plasmatica .

EX:
Gs — T adenil ciclase = T cAMP — T PKA
Gi — J adenil ciclase — 4 cAMP — | PKA




Extracellular
space
Plasma
membrane

Cytosol

Endoplasmic

reticulum B W
\
| \,
) ~rrnnay Cellular
“::‘ response P,
<
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\" .l
P

channel




Araquidonato

Diacilglicerol

Fosfatidilinositol-4,5-bisfosfato (PIP,)

Inositol1,4,5-trifosfato (IP,)




Hormone PIP, DAG Protein

. Receptor : kinase
Exterior C
Cytosol
L Protein
{inactive)
G q Phospholipase C . - - ] ., Cellular Saniican 7

G profmin / response

’ Protein PI

| (active)
.

L .o S

(! a8

v Cellular
response

IP,-sensitive

Ca’’ channel

Endoplasmic
reticulum



Algumas respostas celulares conhecidas
serem meédiadas pela via fosfatidil inositol

Inal externo Tecido Resposta celular
Vasopressina Figado Glicogenolise
ACH Pancreas Secrecao de amilase
ACH Muasculo liso Contracao

ACH Cél. f pancreas Secrecao de insulina

Secrecao de prolactina
TRH Hipofice anterior Secrecao de TSH
Serotonina Gland. salivar (inseto) Secrecao de histamina
Fatores de crescimento Fibroblastos Sintese de DNA
GnRH Hipofise Liberacdode FSHe LH




Sweet
Odorants tastant

Epinephrine  Light

UcAMP]  T[cAMP) l[cGMP] MPy T[cAMP] T[cAMP]

A l
® ® * Kl u *®

P Ca?*,Na* 1P Ca2t TP Ca*Na* K+




Mecanismos de
transducao de sinais

@ 1 — Receptores —\acopladossa proteinas G/( GPCR)
alteram a atividade de enzimas ha membrana
plasmatica ou canais i0nicos.

EX:
Gs —> T adenil ciclase » T cAMP — T PKA
Gi/— { adenil ciclase » { cAMP — { PKA
Gq — T fosfolipase C -» TP, (Ca**) e DAG — T PKC
Gaust _, 1 adenil ciclase —TcAMP, T PKA — {P K
G, — T adenil ciclase - TcAMP —»TP Ca**¢Na* — TP Cl

G,;— T fosfolipase C » T IP;— T P Ca**




In intracellular
storage

B. Role of Ca2®

4 Ca?®-Calmodulin

CAMP




Adenylyl cyclase (brain)

Ca2*/calmodulin-dependent protein kinases (CaM
kinases I to IV)

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)
Glutamate decarboxylase

Myosin light chain kinases

NAD™ kinase

Nitric oxide synthase

Phosphoinositide 3-kinase
Plasma membrane Ca®* ATPase (Ca®* pump)
RNA helicase (p68)

R L

Glicogénio fosforilase quinase



Mecanismos de
transducao de sinais

@ 2 ~ Receptores — gue sao\Canais ionicos

EX: Receptor nicotinico da ACH
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Figure 12-25
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Mecanismos de
transducao de sinais

3 —/Receptores — que/sao Enzimas
- Tirosina quinase EXx: insulina; EGF
- Guanilato ciclase Ex: ANP
- Ser/Thr quinase Ex: TGF -
- Tirosina- fosfatase




RECEPTORES TIROSINA KINASE
autofosforilacao

signal molecule

CYTOSOL
tyrosine  2\A
kinase Q
domain

inactive receptor kinase activity
tyrosine kinases stimulated by
cross-phosphorylation

(A) NORMAL RECEPTOR ACTIVATION
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Dimeric receptor
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Active

Signaling




plasma membrane

C;b @AP _kinase-kinase-kinasg )-.CYTOSO
r W
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protein @ @ ADP
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F ADP
' 1

, : gene ene
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Insulin

RECEPTORES
TIROSINA KINASE

Tyrosine-
kinase
domains
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Insulin
receptor

Phosphoinositides — 3-phosphorylated

phosphoinositides

\.S6 kinase/

s |
MAP v i
kinase Other |
SH2-containing
L proteins |
« = *

Signal? Signal? . Mitogenic signal
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Insulin

1
Insulin receptor binds
insulin and undergoes
autophosphorylation on 1ts

carboxvl-terminal Tyr residues.

9

Insulin rece

phosphoryle

ptor

ites IRS-1

on its Tyr residues

T IRS1

Py

Cytosol

Nucleus

7
|

N
v P
SRF Elk1- P

v

- v
New proteins

Phosphorylated Elk1
joins SRF to stimulate
the transcription and
translation of a set of
genes needed for

- () Oon.

=
Plorb2)) GDP
~¢Sos> 1

A —~
e’

GTP—> Ras ', .

MEK ”\3\5“

R P
MAPK ) ¥,

MAPK moves into
the nucleus and
phosphorylates
nuclear transcription
factors such as Elk1,
activating them.

3

SH2 domain of Grb2 binds
to (P)-Tyr of IRS-1. Sos binds
to Grb2, then to Ras,
causing GDP release and
GTP binding to Ras:

4
Activated Ras binds and
activates Raf-1

)

Raf-1 phosphorylates

MEK on two Ser residues,
activating it. MEK
phosphorylates MAPK

on a Thr and a Tyr residue,
activating it.




Insulin Signalling Pathways

Glucose Insulin .
l l receptor

Membrane

GLUT4 @

vesicle

- Ras
complex

GLUT4 Glycogen
vesicle synthase

1

Glucose Lipolysis Glycogen Glycolysis Protein
transport synthesis synthesis expression
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Mecanismos de
transducao de sinais

& 3/— Receptores — que sao\ Enzimas
- Tirosina quinase Ex: insulina; EGF
- Guanilato ciclase Ex: ANP
- Ser/Thr quinase Ex: TGF - 3
- Tirosina- fosfatase
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Mecanismos de
transducao de sinais

@ 3 -+ Receptores'— que sao ‘\Enzimas
- Tirosina quinase EXx: insulina; EGF
- Guanilato ciclase Ex: ANP

- Tirosina- fosfatase




TGF-p

ol

CYTOSOL Smad?
serine/ . . or
threonine “type-|l type- : Smad3
kinase TGF-B TGF-B
domain receptor receptor

TGF-3 BINDING TO A TYPE-II PHOSPHORYLATED TYPE-|

RECEPTOR CAUSES THE RECEPTOR ~ RECEPTOR RECRUITS AND
TO RECRUIT AND PHOSPHORYLATE PHOSPHORYLATES Smad2
A TYPE-I RECEPTOR OR Smad3



by pe-l ‘ CYTOSOL
TGFp - Smad2 or
receptor Smad3

saerinef

threonine — l'!-"FJE -| PHOSPHORYLATED
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TARGET GENES
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!_—H

\__S-ulher genea regulatory proteins
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DNA | —
TGEFP response *
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Mecanismos de
transducao de sinais

& 3/— Receptores — que sao\ Enzimas
- Tirosina quinase Ex: insulina; EGF
- Guanilato ciclase Ex: ANP
- Ser/Thr quinase Ex: TGF - 3
- Tirosina- fosfatase




Mecanismos de
transducao de sinais

@ 4- Receptores — gue ndo sao enzimas
mas se assoclam a enzimas

( tirosina-quinases) citosolicas

EX. GH, eritropoetina, leptina, prolactina,
citocinas ( interferons ), etc.




cytokine receptors cytokine

CYTOSOL

SH2
domain

BINDING OF CYTOKINE ACTIVATED JAKs STATI

CROSS-LINKS ADJACENT PHOSPHORYLATE
RECEPTORS, AND JAKs RECEPTORS ON AFTER STATs DOCK ON
CROSS-PHOSPHORYLATE TYROSINES SPECIFIC PHOSPHOTYROSINES
EACH OTHER ON TYROSINES ON THE RECEPTOR, THE JAKs

PHOSPHORYLATE THEM

STATs DISSOCIATE
FROM RECEPTOR
AND DIMERIZE VIA
THEIR SH2 DOMAIN

STATs TRANSLOCATE TO NUCLEUS,
BIND TO DNA AND OTHER GENE
REGULATORY PROTEINS, AND
ACTIVATE GENE TRANSCRIPTION

other gene
regulatory proteins

\

cytokine response
TARGET GENE TRANSCRIPTION

element in target gene

Figure 15-68 Molecular Biology of the Cell(©-Gartand Science 2008)



Leptin receptor
monomer

Plasma membrane
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Mecanismos de
transducao de sinais

® 5-Receptores —\Intracélulares (nucleares) —
alteram a transcri¢cao genica e a sintese de
proteinas. EXx:

Hormonios esteroides: testosterona, estrogeno
glicocorticoides, etc.







Estrogen receptor

Progesterone receptor

Glucocorticoid receptor

Thyroid hormone receptor

Retinoic acid receptor

—COOH General primary structure

Variable region DNA binding Hormone-binding
(=100-500 aa) domain (=68aa) domain (=225-285 aa)

Amino acid

-94% K70
identity 42-94% 15-57%
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A. Mechanism of action of lipophilic hormones




Interstitial
flunid

Call —
membrans

Endoplasmic
reficulum

Mew
proteins

R .
_._._.J-r-I..“
-

B L
w; ‘ ﬁ n
- Translation

LA\

ran&:npunn
prncueeu mANA

/ca-.;

o)

Most hydrophobic steroids are bound to
plasma protain camiers. Only unbound

homones can diffuss into e target call,
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Cytoplasm or nucleus.
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Conversas
cruzadas




EGFR RTK

JNK an d p38
pathways




O tema é realmente
complexo, embora
fascinante!!!




