Sinalizacao celular:

Como as células se comunicam

Profa. Dra. Livia M. A. Tenuta




Hypothalamus
Pituitary

Sinais
fisiologicos:

Adrenals

Pancreas
Kidneys il
Ovaries e gquimicos

(female)

e elétricos

Testes
(male)

75 trilhdes de células




Topicos a serem abordados

Meios de aconmumazaEED cealldar

Caracteristicas e nmeaarssmes nmotdecldaess da

comunicacao ceélldar

Tipos de transdutores de sinais e sua acao

Canais iiomoos
Integrinas

Receptores estam#Aionss
Receptores aamupbéaiibzs a poodédnaas G

Regulacao dizs vias de sSmaizzgEam cedlldar




Comunicacao celular

Transferéncia direta de sinais eStremss e qUUINMCOGS
através de junoéess coonumosaniess eatrige odlulEs

adjacentes

Comunicacao local por substancias quimicas que
se diffundem no nraro extiraoe ik

Comunicacao a longa disgtmuea pela combinacio
de sinais a&trooss tteaspootéadss ppor ofulEs
nervosas e SHmaEss oquimoeonss tteauspootéadss no

sangue




Meilos de comunicacao celular

Juncdes comunicantes

lons

f \ f \ Pequenas moléculas
Aminoacidos, ATP,

AMPc

Sinais elétricos

passam diretamente




Meilos de comunicacao celular

e 7 Proteinas conexinas

i Wit = T — Espaco intercelular

1 —Membrana celular

Citosol

Musculo cardiaco,
figado, neurdnios do
cérebro, pancreas,

ovario, tiredide




Meilos de comunicacao celular

Sinais autocrinos e paracrinos

‘\/_\ \ Receptor

/

N

&
_







Substancias
autocrinas/ppaaacimass

Neuromoduladores
Citocinas

Eicosandides: pmsstiggadoiags, trooinoxxanes e

leucotrienos




Meilos de comunicacao celular

Hormonios

[ Cell

ndocrine without
cell receptor

No response 0

L Response jl




» - High blood
glucose

@

Pancreas
Low blood
glucose
Glycogen Glycogen
1. ¢ V1
Glucose Glucose
Pyruvate Pyruvate
\
CO,
Muscle: Liver:
Insulin stimulates Glucagon stimulates
glucose uptake and glucose synthesis

consumption and export



Meilos de comunicacao celular

Neurotransmissor

¥

Neurdnio
Sinal
elétrico

F o

¢
¢ ¢

®




a) Sinalizacao neuronal: sinais
elétricos sao gerados e
conduzidos e entao
neurotransmissores sao
liberados.

b) Sistema endocrino:
hormonios sao secretados
na corrente sanguinea e
levados ao tecido alvo.

(a) Neuronal

signaling V' S
- e /
Nerve
impulse
Target
cells \ .
™ _.é 2 i @ /‘
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%
'/ Nerve Contraction Sec:{etion
impulse i .
?
- G
£ % " = .
< 4 o Metabolic
' change

“« 7 Bloodstream

A

(b) Endocrine signaling



Meilos de comunicacao celular

Neuro-hormonio

without with
receptor receptor

No response

Response




(1)

]

@)

4)

)

(6)

SNC (Centro de integragdo) Neurbnio Neurotransmissor

eferente

Neuro-horménio

Célula-alvo

Horménio

Célula endécrina

'.u.o Neurotransmissor
e y Ani
a Neuro-horménio
m @ Hormdnio

B classico

Célula
endbécrina

LEGENDA
S Estimulo

Neurénio
sensitivo

Neurdnio
J eferente

SNC
(Centro de
integragao)

Célula-alvo




Citocinas

Desenvolvimento cekildar
Diferenciacao celular

Resposta imunuGgeca




Citocinas xxnoomaoomiss

Hormonios
produzidos ppor g@amndiuzs espeecdizabdass
armazenados e examttzimstee libeesadss
Citocinas

atuam em esgExttio maass amplo de cadlidess adivm
sintetizadas ssbb diemamdia




Caracteristicas gerais da
sinalizacao celular

. o sinal (il Siwizato) inttesgge @M wm
receptor

. 0 receptor ativa mecanismos celulares, produzindo
um Ssgumdim ssnzl ou unmaa mudanca na adwodade de
uma proteina asiusar

. a atividade mettdinbioza da cééllda alvm se attre

. 0 evento de tteanssblgEEo cesssa e a cdia nesttomma ao
seu estado re-estimuilo




Especificidade

By &
\/

1\)

Receptor

|

Efelto




Receptor in cytosol

Receptor

Lipophilic 4 in nucleus

signal <
molecules

Lipophobic or
lipophilic
signal §
molecule

Receptor on surface
of cell membrane



EXTRACELLULAR CYTOPLASM

FLUID
@ Reception © Transduction [ € Response
Receptor
TR Activation
| — Q — —*a—} of cellular
/( . __ responses
Signal-transduction pathway
Signal
molecule

Plasma membrane
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Amplificacao

Sinal
Cascata Enzima 1
Enzima 2 Enzima 2 Enzima 2
Enzima 3 3 3 3 3| 3] |3 3| |3




Initial
stimulus

.
N

Inactive A Active A

;
N

Inactive B Active B

:
N

Inactive C Active C

v
N

Substrate [Prnduct)




Oligosaccharide
chains of
glycoprotein

Glycolipid

Lipid

Nonpolar bilayer

fatty acyl
chains

polar heads

Peripheral
protein

Integral protein Integral protein
(single trans- covalently linked (multiple trans-
membrane helix) to lipid membrane helices)

500 a 100.000 receptores na membrana de uma célula!



Quatro classes de receptores de

membrana

/ m.f:ﬂ;; \ Meio externo
Receptor

Canais
1IONICOS

Meio interno
: Receptores
Integrinas Receptores ' adpos .
enzimaticos 9

proteina G



Canais @ g e
9

I0NICOS o
~Na"K™ ATPase

Plasma
membrane

[Na*] High
[K*] Low
[Ca?*] High

[CI7] High




Na*, K+, CI

l

[t

H

Voltage-sensitive
protein

l

g o
Cellular response
% -

hange in membran
permeability to




P 0
4
CH,

Acetilcolina



Subunit folds into four
transmembrane o helices

Acetylcholine
binding sites

o Subunit
(B,Yy,d are homologous)

Inside

M2 amphipathic helices
(a) surround channel



Leucina

Residuos polares

2 acetilcolina

Aberto

Fechado



Acetylcholine
binding sites

Continued
excitation

Inside

(a) (b)
Resting Excited Desensitized
(gate closed) (gate open) (gate closed)

ACh



Acetylcholine

receptor-ion
channels
+
W '~
Na .» Action b3
—+ g
-+
+8 —



antage-

+1- Axon of gated K*
+i- presynaptic channel
neuron
Voltage-
gated Na™ + K*
channel
f +
1 @ y K.‘l.
Na' Actlcm
Jpotenhal
N !
;j.
/
Ca a3 E
Vol +1- _|Becret.01:{ N
olted- i vesicles containing |
gated Ca®* S acetylcholine

Acetylcholine
receptor-ion
channels

Na® s + Action' +
el T
v
-+
" -1+




Quatro classes de receptores de

membrana

/ m.f:ﬂ;; \ Meio externo
Receptor

Canais
1IONICOS

Meio interno
: Receptores
Integrinas Receptores ' adpos .
enzimaticos 9

proteina G



terminus

131



Signal

/ molecules

Integrin

Meio externo

Meio interno ——~ Bridging protein



Immunoglobulin-like
‘domains

Lectin domain

Ligand-binding Adhesive
(binds _carbﬂhydrates}

region domain

Plasma
membrane

Inside Integrin Cadherin N-CAM Selectin




Actin filaments

Plasma membrane



Glycoprotein ligand

_ Glycoprotein ligand
for integrin

for P-selectin

Integrin -






EXTRACELLULAR CYTOPLASM

FLUID
@ Reception © Transduction [ € Response
Receptor
TR Activation
| — Q — —*a—} of cellular
/( . __ responses
Signal-transduction pathway
Signal
molecule

Plasma membrane
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Amplificacao

Sinal
Cascata Enzima 1
Enzima 2 Enzima 2 Enzima 2
Enzima 3 3 3 3 3| 3] |3 3| |3




Signal Extracellular
molecule fiuid

I

(Membrane receptor)

_[ Signal transduction by J
affector proteins

o] 7

alter channel

/
[Smggmggnuaj —— Cat*, AMPc, GMPc,
| | IP3, DAG

Increase
[ Protein h'"““) (inlracallular CHE""J

l l
(T"“;r;;:r.l':*“) F*";l‘::;*::,:ﬂ'"ﬂ

. Cell response .'




Quatro classes de receptores de

membrana

/ m.f:ﬂ;; \ Meio externo
Receptor

Canais
1IONICOS

Meio interno
: Receptores
Integrinas Receptores ' adpos .
enzimaticos 9

proteina G



ECF

Ligand

ICF

ATP +

L/\UL Active binding site

Protein

¢
£
X

ADP +




Receptores com
atividade de
tirosina-quinase

COO™
_|_
H;N—C—H
CH,
Z

AN
OH

Tirosina

Insulin bound to
receptor sites

Extracellular
space

5
#" Tyrosine -
kinase !
domains

| Autophos-

phorylation
Carboxyl-terminal  site
domains
Target
protein
Intracellular

Cytosol insulin effects



l

Alvos:

Efeitos metabdlicos MUSCULO, FIGADO,

TEC. ADIPOSO

t incorporacéo de glicose (musculo e figado)

! sintese de glicogénio (figado e musculo)

| degradacdo c

1 glicolise, proc

0 glicogénio (figado e musculo)

ucao de acetil-CoA (figado e musculo)

t sintese de acidos graxos (figado)

{ sintese de triacilgliceréis (tecido adiposo)



@

Insulin receptor binds

insulin and undergoes
autophosphorylation on its
carboxyl-terminal Tyr residues.

@

Insulin receptor

Cytosol

MAPK moves into
the nucleus and
phosphorylates
DNA ° nuclear transcription
,l. l factors such as Elk1,
New proteins activating them.
@
Phosphorylated Elk1

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

cell division.

phosphorylates IRS-1
“ on its Tyr residues.

@

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.

@

Activated Ras binds and
activates Raf-1,

®

Raf-1 phosphorylates
MEXK on two Ser residues,
activating it. MEK
phosphorylates MAPK

on a Thr and a Tyr residue,
activating it.



IRS-1, phosphorylated

by the insulin receptor,

activates PI-3K by binding

: to its SH2 domain. PI-3K
~— converts PIP, to PIP;.

PIP,
PIP,
@

PKB bound to PIP;
is phosphorylated by

©)

GSKS3, inactivated by
phosphorylation, cannot

convert glycogen synthase

(GS) to its inactive form GSK3
by phosphorylation, so (inactive)
GS remains active.

e PDKI1 (not shown).
(" GSK3 )~ Thus activated, PKB
= phosphorylates GSK3
& on a Ser residue,

inactivating it.

GluT4

Glycogen
@ Glucose

@

Synthesis of
glycogen
from glucose
is accelerated.

PKB stimulates movement
of glucose transporter GluT4

to the plasma membrane,

from internal membrane vesicles

increasing the uptake of glucose.



IRS-1, phosphorylated

by the insulin receptor,

activates PI-3K by binding

~ toits SH2 domain. PI-3K
~ converts PIP, to PIP,.

©)
GSK3, inactivated by
phosphorylation, cannot

convert glycogen synthase PIP,
(GS) to its inactive form GSK3
by phosphorylation, so (inactive) (B4 PP
GS remains active. ©)
NE CONSEE PKB bound to PIP,
'r_‘a“V?r el is phosphorylated by
v\ 11, , glicogénio PDK1 (not shown).
(" GSK3 ) ~___Sintase Thus activated, PKB
= phosphorylates GSK3
& on a Ser residue,

inactivating it.
GluT4

@ Glucose

@

Synthesis of
glycogen

from glucose
is accelerated.

PKB stimulates movement

of glucose transporter GluT4
from internal membrane vesicles
to the plasma membrane,
increasing the uptake of glucose.



Receptores com atividade de
guanilil ciclase

O O
N
HN
A
AL LY

NH,

J

5!’
guanylyl : O_CH2 O

cyclase \

O=P|’ —i) OH

O~
GTP Guanosine 3',5"-cyclic monophosphate
(cGMP)



Acao do a&WHP — segundo mensageiro

Rim e iintestino:

Mudancas no traasppaee i0DItco e reteEan de dayiza
Cérebro:

Desenvolvimento

Funcionamento no acdtdto
Coracao:

Relaxamento ((estllzz a flonga de comitey@@o do nmsiselao
cardiaco, petn estiimullo da boomiba de essttussén de Ca *+)




Receptor da
Receptor do guanilina

fator atrial ~_ (Peptideo
natriurético  ntestinal) e
+ endotoxina
Extracellular 1\ITH3 Hgld\rI—.\_,-
ligand-
binding
(receptor)

domains

_____________________

_____________________________________

Intracellular

catalytic é%% K p
(cGMP- N e Q
r‘.

v 9 Heme £5 Fe
|

COO™ COO~

forming)
domains

Guanilil ciclase ativada
Guanilil ciclases de por NO soluvel
membrana



Fator atrial natriurético

Liberado pedtess cduizs do afino do cooagé®o e
ele esta distendido pp&lo wolume de ssagyee

aumentado

Rim: ativea guemiill cootdsse nes células diss ducios
coletores

Aumento da esxoegé@o de Na * >>> aumento exarsEn de

agua
Musculatura libsa dios VasSos SR mesns:

Relaxamento (wesmtlitdéa@aon) >>>> aumento do flfiMro

sanguineo >35> diminuicao da pressdao aattaral




Receptor da
Receptor do guanilina

fator atrial ~_ (Peptideo
natriurético  ntestinal) e
+ endotoxina
Extracellular 1\ITH3 Hgld\rI—.\_,-
ligand-
binding
(receptor)

domains

_____________________

_____________________________________

Intracellular

catalytic é%% K p
(cGMP- N e Q
r‘.

v 9 Heme £5 Fe
|

COO™ COO~

forming)
domains

Guanilil ciclase ativada
Guanilil ciclases de por NO soluvel
membrana



NH, NH,
g NADPH NADP™*
NH Oz NH
Ca2+

(CHZ)S NO synthase ’ (CH2)3 +NO

CH—COO CH—COO
"NH, "NH,

Arginine Citrulline

Tratamento de angina: nitrovasodilatadores



Degradacao do c€abiiP

Fosfodiesterase
Converte WP a 5’-GIWIP
Varias isoflommas
Sildenafil (Waagea)




Quatro classes de receptores de

membrana

/ m.f:ﬂ;; \ Meio externo
Receptor

Canais
1IONICOS

Meio interno
: Receptores
Integrinas Receptores ' adpos .
enzimaticos 9

proteina G



Receptores ligados a proteinas G

3 componentes esssan@AES:

Receptor de mesnthasntaa @M 7  SEQMEMio0S

transmembrana
Proteina G ((muima oquee se ligm a mudiediideo de

guanosina)

Enzima na memiberea oue gera wm  Ssegunao
mensageiro imiteaedlildar




Signal molecules
bind to receptors

fons @ &
S)

G protein-
coupled
receptor

G protein

hange in membran
permeability to
Nat, K+, CI

et sl |

H

Voltage-sensitive
[ protein J

L 5

'Cellular response




HO\ -
H04< >7(‘JH CH lJ\rTH
—CHy—NHy
\ / \
CHs

Epinefrina
(adrenalina)



@

Epinephrine binds to Adenilil ciclase
its specific receptor. Proteina G
NH; () i
| | ®
Receptor
serpentina

@ ®

The occupied receptor G4 (asubunit) moves Adenylyl cyclase
causes replacement of to adenylyl cyclase catalyzes the

the GDP bound to Ggq and activates it. formation of cAMP.
by GTP, activating Gg.




NH, NH,
A\ A\
O 0O 0O ;IN> PP; K\N ‘ N>

DR N Vi 5
O—lID—O—Ii—O—Ii—O—CHz 0 p— O—CH, 0
O 0~ 0~ cyclase
H H
H H H H
OH OH O=I|’ —aO0 OH
O~
ATP Adenosine 3',5'-cyclic
monophosphate

(cAMP)



@ @ ®

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

@

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



Adrenalina
ativa a

glicogénio
fosforilase

Forma ativa = “a”

Forma menos ativa = “b”

/CHE—D@ (®)—0—CH,

e e
Fosforilase a
\ o 2 glicoses
® ®
0 0
CH, CH,
Gle Gle
Fosforilase a
fosfatase \ .
2 Pi
v
OH OH
CH, CH,
Gle Gle

Fosforilase b

T [glicose]



Adrenalina
ativa a

glicogénio
fosforilase

Forma ativa = “a”

Forma menos ativa = “b”

/CHE—D-{E) (P}~ 0—CH,
= e

Fosforilase a

® I ®
0 0
CH, CH,
_ l [glicose]
Fosforilase b
guinase
OH OH
CH, CH,

T b Sk
all Py T

Fosforilase b



Fosforilase b
guinase é
ativada pela
proteina
guinase
dependente
de CAMP
(PKA)

Inactive PKA

Regulatory subunits:
empty cAMP sites

Catalytic subunits:
substrate-binding
sites blocked by
autoinhibitory
domains of R subunits

Regulatory subunits:
autoinhibitory
domains buried

Active PKA

Catalytic subunits:
open substrate-
binding sites

A B




@©
Epinephrine binds to
its specific receptor.

Adenilil ciclase

Proteina G

1?'H3ﬂ i

Receptor
serpentina

"
@ &) @
The occupied receptor G4 (asubunit) moves Adenylyl cyclase
causes replacement of to adenylyl cyclase catalyzes the
the GDP bound to Ggq and activates it. formation of cAMP.
by GTP, activating Gg. i}
cAMP
@ ; ; d / cyclic nucleotide
E;{?A]ﬁl?’{?tlvate phosphodiesterase
5'-AMP
® @
Phosphorylation of cAMP is degraded,
cellular proteins by reversing the
PKA causes the

activation of PKA.
cellular response to

epinephrine.



One signal
Geprotsin 9'/ molecule

u

coupled
receptor

Adenylyl

Cell

response

Protei
mmj?//
Phosphorylatede— QO OO QOO

i

ST SE S
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Epinephrine | x molecules

Epinephrine-receptor

complex

()

| |

/rHepatocyte

ATP

Inactive PKA

Inactive
phosphorylase b
kinase

Inactive glycogen
phosphorylase b

Glycogen

L/——;G-gu w\

~

/Active PKA
p - ‘ 10x molecules

é Active
» phosphorylase b

// kinase
/ ‘ 100x molecules
v
@ Active glycogen
_ phosphorylase a
i —
/ | 1,000x molecules
@
» Glucose 1-phosphate
| 10,000x molecules |

A

~

Gl;me j/

Blood glucose | 10,000x molecules




Glicogénio sintase
Fosforilase b quinase
Piruvato quinase

Lipase sensivel a hormonio

Histona H1

Histona H2B

Sintese de glicogénio
Degradacao do glicogénio
Glicolise

Mobilizacao de triacilgli cerdis e
oxidacao de acidos graxos

Condensacao do DNA

Condensacao do DNA




NH,

NH,
N7 N\ N7 N\
K\)NiN> H,0 KN | N>

\ O
8 ; I 5
O—CH, cyclic nucleotide “0—P—0—CH,
0 phosphodiesterase | 0
H H 0% 0 0 H
H H A H H Adenosine
3’ | 3' 5'-monophosphate

O=P—-O0 OH Cyclic AMP _ ! _ OH OH (AMP)
| Metilxantinas

(cafeina; teofilina —
chd)

O-




ACTH

Dopamina

Adrenalina

Hormonio foliculo -estimulante (FSH)
Glucagon

Paratormonio

Prostaglandina E1, E2

Somatostatina

Hormonio tiredideo estimulante (TSH)

Histamina (H2)




@

Hormone (H) binds to a Extracellular
specific receptor. space

The occupied
receptor causes
GDP-GTP exchange
on Gg.

)]

G,, bound GTP,
moves to PLC and
activates it.

@

Active PLC cleaves phosphatidy!-
inositol 4,5-bisphosphate to inositol
trisphosphate (IF;) and diacylglycerol.

Phospholipase C
{PLC)

Plasma
membrane

Endoplasmic

reticulum
®

IP; binds to a specific
receptor on the endoplasmic
reticulum, releasing

sequestered Ca2 -

Diacylglycerol and Ca® “activate
protein kinase C at the surface
of the plasma membrane.

Phosphorylation of cellular
proteins by protein kinase C
produces some of the cellular
responses to the hormone.

Fosfolipase C:

- atua num fosfolipideo de
membrana (fosfatidil-inositol
4,5 bifosfato)

. Diacilglicerol Segundos
mensageiros
1P, J



@

Hormone (H) binds to a Extracellular
specific receptor. space

The occupied

receptor causes
GDP-GTP exchange

Phospholipase C
on G, (PLC}

)]

G,, bound GTP,
moves to PLC and
activates it.

@

Active PLC cleaves phosphatidy!-
inositol 4,5-bisphosphate to inositol
trisphosphate (IF;) and diacylglycerol.

Endoplasmic

reticulum
®

IP; binds to a specific

receptor on the endoplasmic
reticulum, releasing
sequestered Ca2 -

Diacylglycerol and Ca® “activate ‘
protein kinase C at the surface
of the plasma membrane.

@

Phosphorylation of cellular
proteins by protein kinase C
produces some of the cellular
responses to the hormone.

Plasma
membrane

Fosfolipase C:

- atua num fosfolipideo de
membrana (fosfatidil-inositol
4,5 bifosfato)

. Diacilglicerol
1P,

Segundos
mensageiros

o
“0—P=0
H O
T Je s
“0—P—0 H
=0 1 4
H 0
2 3
H H
0=P—0"

|
O
Inositol 1,4,5-trisphosphate

1P



@

Hormone (H) binds to a

Extracellular
specific receptor.

space

The occupied
receptor causes
GDP-GTP exchange
on Gg.

@

G,, bound GTP,
moves to PLC and
activates it.

@

Active PLC cleaves phosphatidy!-
inositol 4,5-bisphosphate to inositol
trisphosphate (IF;) and diacylglycerol.

Phospholipase C
{PLC)

Plasma
membrane

Endoplasmic
reticulum

®

IP; binds to a specific
receptor on the endoplasmic
reticulum, releasing

sequestered Ca? -

Diacylglycerol and Ca® “activate ‘
protein kinase C at the surface
of the plasma membrane.

Phosphorylation of cellular
proteins by protein kinase C
produces some of the cellular
responses to the hormone.

Fosfolipase C:

- atua num fosfolipideo de
membrana (fosfatidil-inositol
4,5 bifosfato)

. Diacilglicerol
1P,

Segundos
mensageiros

o
“0—P=0
H O
T Je s
“0—P—0 H
=0 1 4
H 0
2 3
H H
0=P—0"

|
O
Inositol 1,4,5-trisphosphate

1P



Acetilcolina (muscarinico M1)

Angiogenina

Angiotensina ll

Auxina

Peptideo liberador de gastrina

Hormonio liberador de gonadotrofina
Histamina (H1)

Luz

Oxitocina

Fator de crescimento derivado de plaguetas

Vasopressina




antage-

+1- Axon of gated K*
+i- presynaptic channel
neuron
Voltage-
gated Na™ + K*
channel
f +
1 @ y K.‘l.
Na' Actlcm
Jpotenhal
N !
;j.
/
Ca a3 E
Vol +1- _|Becret.01:{ N
olted- i vesicles containing |
gated Ca®* S acetylcholine

Acetylcholine
receptor-ion
channels

Na® s + Action' +
el T
v
-+
" -1+




(a)



(b)



Adenilil ciclase (cérebro)

Proteinas quinase dependendes de Ca **/
calmodulina

Fosfodiesterase do cCAMP

Quinases de cadeia leve de miosina
Quinase de NAD *

Sintase de oxido nitrico

ATPase de Ca** (bomba de Ca **)




(a) Célula beta em repouso

@ ¢ Glicose no sangue

Nao ocorre
secrecao

Y
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(b) Célula beta secreta insulina
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FIGURE 12-11 Epinephrine and its synthetic analogs. Epinephrine,
also called adrenaline, is released from the adrenal gland and regulates
energy-yielding metabolism in muscle, liver, and adipose tissue. It also
serves as a neurotransmitter in adrenergic neurons. Its affinity for its re-
ceptor is expressed as a dissociation constant for the receptor-ligand
complex. Isoproterenol and propranolol are synthetic analogs, one an
agonist with an affinity for the receptor that is higher than that of epi-
nephrine, and the other an antagonist with extremely high affinity.
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