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Hormonios

- Biomolécula produzida em uma parte do corpo que regula funcdes a distancia
- Age em baixas quantidades
- Essencial para organismos multicelulares

- Age por meio de receptores na celula-alvo

Biossintese — Estocagem — Secrecao — Transporte
— Reconhecimento — Amplificacdo — Resposta —

Degradacao



Biossintese de Insulina

- Peptideo de duas cadeias, sintetizado como proinsulina

- Armazenado em granulos de secrecao

Preproinsulin Proinsulin Mature
NH, insulin

+
NH,

. +
Signal s + Hs;N—
sequence §F 3

{

S
A chain B chain

Signal sequence C peptideq/__ﬁ;jﬁ’;:_ ;



Secrecao de Insulina

® Glucose Glucose transporter

L~ GLUT2 Extracellular space
Pancreatic g cell
Glucose %/
hexokinase IV %
(glucokinase)
Glucose 6-'phosphate a
glycolysis
~ §

V., citric acid cycle

+| - ¥

+H - oxidative

+H - 'phosphorylation

2 @ iateit

+||- el

L

K+(__-_...-—-<"' K
ATP-gated [c.2+14 :
K* channel [ ] Insulin )
granules OO OO
In.sulin
secretion

v ;»“\Voltage-dependent
Ca?* channel

depolarization

ca2+

- Células 3 possuem GLUT2

- Células B possuem glicoquinase
- 1 glicemia = 1 ATP

- ATP inibe canais para K*

- Despolarizacéo

- Ativacao da entrada de Ca?*

- Secrecao de insulina

- Sintese de insulina



Sulfoniluréias no Tratamento da DM Il

- Inibem canais para K* sensiveis a ATP
- Aumentam secrecao de insulina

- Eficazes em resisténcia periférica a insulina

@GNCOSG Glucose transporter
L~ GLUT2 Extracellular space

‘ Pancreatic g cell
Glucose %%
Ihexokinase v %
(glucokinase)
|

Glucose 6-phosphate
lglycolysis
\
lcitric acid cycle
1oxidative

<

m
+ —
+ e
+H - phosphorylation
1|2 @ ratent % e
+[|- ot
? 2
K* = =
K* \ ”
ATP-gated 2414 :
el . Insulin 0 OOO ©)
granules OOOO

Insulin
secretion

J N\ Voltage-dependent
depolarization Ca2* channel

ca2+



Agonistas de K,pS na Hiperinsulinemia

- Insulinomas levam a hiperinsulinemia e hipoglicemia

- Tratamento definitivo = remocéao cirdrgica

- Tratamento medicamentoso = ativadores de K,1pS

@GNCOS@ Glucose transporter
‘ L~ GLUT2 Extracellular space

W Pancreatic 3 % N
Glucose V/ %
hexokinase IV ?2; %

”

l(glucokinase)
Glucose 6-phosphate
lglycolysis
\
Vin lcitric acid cycle
+ill - (i
+| = oxidative
+H - lphosphorylation %
Iz @ arert L
+§l - et
- r—
) §2 =
Ku.———T K 0
ATP-gated c.2+14
K* channel ICa 7

Insulin @ ® o 3
granules_ﬁ Oogo ot

secretion

J\\Voltage-dependent
Ca?* channel

depolarization

ca2+




Insulina e Receptores Tirosina Quinase

- Receptor contém dimeros «a,
onde se liga a insulina

- Subunidades [3 se autofosforilam

- Ativada a acao tirosina quinase
sobre outros substratos

- IRS-1 é fosforilado

(@) Phosphorylated Elk1

(D Insulin receptor binds
Insulin insulin and undergoes
N autophosphorylation on its
0\ carboxyl-terminal Tyr residues.

(@ Insulin receptor
phosphorylates IRS-1
on its Tyr residues.

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

Cytosol

(@) Activated Ras binds and
activates Raf-1.

Nucleus (G Raf-1 phosphorylates

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

on a Thr and a Tyr residue,
activating it.

ERK moves into
the nucleus and
DNA phosphorylates
nuclear transcription
factors such as Elk1,

activating them.

New proteins

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

cell division.



Insulina — Efeitos Sobre Metabolismo de

®

GSK3, inactivated by
phosphorylation, cannot
convert glycogen synthase

(GS) to its inactive

by phosphorylation, so

GS remains active.

N

”
—
~

N

ZITA Y

Glycogen

@

Synthesis of
glycogen
from glucose
is accelerated.

~
AR

Glicogénio

form

—

$ 0=

S
|

(@ IRS-1, phosphorylated

by the insulin receptor,
activates PI-3K by binding
to its SH2 domain. PI-3K
converts PIP, to PIP;.

PIP,

= P|P3

@

PKB bound to PIP;

is phosphorylated by
PDK1 (not shown). Thus
activated, PKB
phosphorylates GSK3
on a Ser residue,
inactivating it.

GLUT4

O Glucose

®

PKB stimulates movement

of glucose transporter GLUT4
from internal membrane

vesicles to the plasma membrane,
increasing the uptake of glucose.



Insulina — Efeitos Sobre Metabolismo de Glicogénio

Ser'* OH OH Ser'
side | | side
chain CH, CH, chain
|
Phosphorylase b
(less active)
+ insulina
- glucagon glucagon
: -7 (liver)
+ glicose (6P) 2P,  2ATP @t
phosphorylase a phosphorylase b
phosphatase kinase
(PP1) szo 2ADP ®K\ epinephrine,
~Mca?*1,} [AMP]
(muscle)
o\CH CH/0
G i Paul
Phosphorylase a
(active)

/
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Biossintese e Secrecao de Glucagon

- Peptideo com 29 residuos de aminoacidos

- Produzido nas células a das ilhotas de Langerhans

- Secrecéao estimulada por hipoglicemia

- Usado cliniamente para tratamento agudo de hipoglicemia

Pancreas [/
=

._,z/‘

« cell (glucagon) .

/ 2 cell

(insulin)

Blood
vessels

(somatostatin)

5 10
*H3N-His—5er-Glu-Gly—Thr-Phe-Thr-5er-Asp-Tyr-

15 20
-Ser-Lys—Tyr-Leu—Asp=Ser-Arg=Arg-Ala=Gln-

25 29
-Asp-Phe-Val-GIn-Trp-Leu-Met-Asn-Thr-CO0~

Glucagon



Biossintese e Secrecao de Adrenalina

(Epinefrina)
OH
: : ~ N
- Sintetizado na adrenal @V
HO

- Precursores: fenilalanina e tirosina OH
- Primeiro hormonio biossintético (ndo-peptidico)
- Usado clinicamente em parada cardiaca, e

choque, anafilaxia J| Epinertc

1:1000 (1 mg/mL) L
praact o lght, Knep smpels 0



Efeitos Periféricos do Glucagon e Adrenalina

Epinephrine Glucagon

- Receptores de 7 hélices Myocyte i . Hepatocyte
- Acoplados a proteinas G @ |

- Cerca de 50% dos medicamentos agem por Prot. G! '

ATP —— Cyclic AMP
Epinephrine  f-Adrenergic Adenylate adenylyl 20x molecules

cyclase

Inactive PKA Active PKA
,_.._—" 10x molecules
1} [Ca?*]-=======mmememn ~o ¥

Inactive "@ Active
phosphorylase b =———y phosphorylase b

kinase R kinase
z l 100x molecules I
NG , Inactive Active
ar” N %\qu:)c glycogen =———p glycogen
phosphorylase b phtl)sphorylase a
\L MAMP] == ==== == e e ~ ,'|1,000>< molecules]
Protein ©~~ ™M Protein ‘@ it
kinase A kinase A /,
4
J :
Phosphonylase ~— — Phosphorylase
kinase kinase
Glycogen =———3 Glucose 1-phosphate
Phosphorylase ,~, Phosphorylase l 10,000x molecules
b a P |
NH, NH i
A | 5 1
o o o0 L Py ) Glycolysis ! Glucose
A & I !
et il Ve el o B Y Adernylyl cyclase 0 A By : l
1
0 0 0 \""/ \—-/ Muscle contraction ! Blood glucose
A c e} IV By |
OH OH i | ) .‘> 0 OH i |10,000X molecules
]
‘C~P-0~P—-0OK 0
e e

ATP Pyrophosphate CAMP
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Teobromina e Cafeina

- Inibidores da fosfodiesterase
- Aumentam AMPCc
- Aumentam efeitos da adrenalina

- Promovem emagrecimento

Epinephrine  f-Adrenergic Adenylate

7y Cydic
- AMP

|

Protein ©~~ N Protein

kinase A kinase A

l

Phosphorylase ~— — Phosphorylase
kinase kinase

Phosphonylase ~ , Phosphorylase
b a

O /CH3
H.C
3 \N N
0 riJ N
CH




Controle da Massa Corporal

Leptina — produto do gene OB
Teoria lipostatica

Food
fat synthesis ®«---\‘|
> |
|
~ Adipose | ../’
\ tissue <
i 1§ |
fat B oxidation :
', .
@)--- Apetite voraz
Energy, heat Obesidade

Sindrome metabdlica
Sensibilidade ao frio



Modulacao do Apetite

Arcuate
nucleus

/[Muscle, adipose

tissue, liver
“Eat more; !
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less”

/ “Eat less;
metabolize
more”

Food Energy
intake expenditure

Melanocortin
receptor

Ghrelin receptor

PYY336
receptor

Melanocortin
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Ghrelin NPY receptor

Leptin receptor

PYY;. 36 or insulin receptor

Adipése
tissue



Modulacao do Apetite — Grelina e PYY

Arcuate
nucleus

{ Muscle, adipose
\ tissue, liver

“Eat more; Neuron
metabolize

less”
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metabolize
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Food Energy
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.
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----
-
L
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.
-----
.
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.

NPY receptor

Leptin receptor
or insulin receptor
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|

Dinner




Modulacao do Apetite e Evolucao Canina

Cell Metabolism

A Deletion in the Canine POMC Gene Is Associated

with Weight and Appetite in Obesity-Prone Labrador
Retriever Dogs

Labrador retrievers

T T[T [T k
14 bp deletion

> > &

POMC sk
pro_peptde/]\&hdorphm
TAdiposity & TFood Motivation T Frequency
Body Weight in Assistance

Dogs

bie

a A




Leptina

Ventromedial Paraventricular
nucleus nucleus

Arcuate | |

nucleus Hypothalamus

Neuronal signal ,
Wia sympathgetic j Leptin (via blood)
neuron ——
Posterlor/ Anterior
pituitary pituitary

——Adipose
tissue




| eptina - Efeitos Periféricos

VNorepinephrine

N\ Hprowein cAMP cyclase

\ Adipocyte
AV IR \ ‘

~\\ 1117 ////
-;Protein kinase A=
AT TREC NN

— _expression
N of UCP gene ,

3 Adrenergic
receptor

Heat

Fatty sensitive Uncoupling

acids lipase {otein ‘({CP)

Perilipin

Lipid droplet




Porcos Nao Tem Termorregulacao por Leptina

The Uncoupling Protein 1 Gene (UCP1)
Is Disrupted in the Pig Lineage: A Genetic
Explanation for Poor Thermoregulation in Piglets

- 1 2 . 1,2
Frida Berg , Ulla Gustafson”, Leif Andersson
1 Department of Medical Biochemistry and Microbiology, Uppsala University, Uppsala, Sweden, 2 Department of Animal Breeding and Genetics, Swedish University of

Agricultural Sciences, Uppsala, Sweden

Pig has no uncoupling protein 1 @Cmmm
Lianjie Hou ?, Jia Shi %, Lingbo Cao ?, Guli Xu ?, Chingyuan Hu ®, Chong Wang

4 National Engineering Research Center for Breeding Swine Industry, Guangdong Provincial Key Lab of Agro-Animal Genomics and Molecular Breeding,

College of Animal Science, South China Agricultural University, Guangzhow Guangdong, 510642, PR China
¥ Department of Human Nutrition, Food and Animal Sciences, College of Tropical Agriculture and Human Resources, Uiniversity of Hawaii at Manoa, 1955

East-West Road, AgSci. 415], Honolulu, HI 96822, USA



Leptina — Solucao para Obesidade?

- Maioria dos humanos obesos tem excesso de leptina
- Tratamento com leptina nao reduz massa corporal

- Defeitos demonstrados em receptores (DB) e sinais de resposta



Novos moduladores de apetite

Brain
LFood intake Heart and vessels
*n/ater intake $Glucose utilization
europrotection Cardioprotection
itomat.:h ) TNeurogenesis TCardiac output
Gastric emptying 577 TVasodilation

LAcid secretion g LFatty acid metabolism

Pancreas
D = %
TInsulin secretion/ !ﬁm ?ld.ney.
biosynthesis L Diuresis
TNatriuresis

TSomatostatin secretion

TB-cell proliferation \
L Glucagon secretion
LB-cell apoptosis

{8} Immune system

Gut {0
1TGrowth B linflammation
I Motility v
lLipoprotein 1
secretion Skeletal muscle
TPerfusion
o TGlucose uptake
I Steatosis : S
White adipose Brown
igt&';gg%?gégg)ﬁon tissue adipose tissue
TPerfusion TThermogenesis
TLipolysis
TGlucose
uptake

Nature Reviews | Nephrology



Proximas aulas: - Especializacao tecidual
- Integracao/revisao
- Doencas
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