Regulagdo metabdlica

Interferéencia direta ou indireta nas reagoes
quimicas que compde o0 organismo.

Aumentando ou diminuindo a velocidade das reagoes
(aumento de substratos ou de metabolitos).

Efeito propagado por todas as vias metabdlicas.



Michaelis-Menten enzyme

Allosteric enzyme

Regulagdo Metabdlica

Alteracdes das atividades enzimaticas

Reaction velocity, V, —

Substrate concentration, [S]—

1. Regulagdo alostérica -
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3. Regulagdo hormonal
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Integragdo Metabadlica

-Respostas do organismo diante da
abundancia e escassez de nutrientes.

-Adaptagoes as oscilagoes didrias
das concentracoes de nutrientes.

-Adaptagoes as necessidades
fisioldgicas.

Integragdo a nivel celular e do
organismo com um todo é feita por
hormonios.




O que sdo hormonios?

https://voutu.be/-SPRPkLoKp8



Hormonios

- Biomoléculas produzidas em uma parte do corpo que requla fungdes a distdncia
- Agem em baixas quantidades
- Essenciais para organismos multicelulares

- Agem por meio de receptores nha célula-alvo

Regulagado

Biossintese — Estocagem — Secregdo — Transporte —

Reconhecimento — Resposta — Degradagado



Hormones
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Hormonios podem ser classificados pela maneira na
qual sdo transportados de uma célula para outra

endocrine paracrine autocrine



Hormonios podem ser classificados de acordo com sua estrutura quimica

Hormone Class

Components

Example(s)

Amine Hormone

Amino acids with
modified groups

(e.g. norepinephrine’s
carboxyl group is
replaced with a
benzene ring)

Norepinephrine
OH
NH,

HO
OH

Peptide Hormone

Short chains of linked
amino acids

Oxytocin
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Human Growth Hormone

: g 9, 9
/f . S ’L,
3 7 1
7, 3 LK
. . o
Protein Hormone Lor!g challns of linked - W -
amino acids ,_)@K
g ROR
{ j ~ }
1
N D
b 74
Testosterone Progesterone
OH
. HsC
Steroid Hormones I_De_rlved from the
lipid cholesterol HyC

By OpenStax College - Anatomy & Physiology, Connexions Web site.
http://cnx.org/content/col11496/1.6/, Jun 19, 2013., CC BY 3.0,

https://commons.wikimedia.org/w/index.php?curid=30148134


http://cnx.org/content/col11496/1.6/

Todos os hormonios agem através de receptores de alta afinidade

Feptide or amine Sterocid or thyroid hormomne
hormomne binds to enters the cell; hormmornre-
receptor on the receptor complex sctks in
cutside of the ce=ll; the nucleus.

acts throough receptor
withowoat enterimg

the call. . o
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FIGURE 234 Two general mechanisms of hormone action. The pep-
trde and amine hormones are faster acting than steroid and  thyroad
hormones.




Tipos de transdutores de sinal

Gated ion channel Serpentine receptor Receptor with no intrinsic

Orpens or closes in Externsal igand binding enzyme activity

response to concentration to receptor {R) activates an Interacts with cytosolic

of signal ligand (S) intracellular GTP-hinding protein kinase, which

or membrane potential. protein (), which regulates activates a gene-regulating
an enzyme (Enz) that protein {(directly or through a
generates an intracellular cascade of protein kinases),

second messenger, X. @? changing pene expression.
i
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FIGURE 12-2 Six general types of signal transducers.




Hormanios Peptidicos

Hormone Class Components Example(s)
Norepinephrine
Amino acids with OH
modified groups
Amine Hormone (e.g. norepinephrine’s NH,
carboxyl group is
replaced with a HO
benzene ring)
OH
Oxytocin

Peptide Hormone

Short chains of linked
amino acids

er—)
& @)
0—()

Protein Hormone

Long chains of linked
amino acids

Tluman Growh Hormone
. /I

Steroid Hormones

Derived from the
lipid cholesterol

Testosterone

HzC

Progesterone

OH
HC




Insulina e Glucagon
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http://upload.wikimedia.org/wikipedia/commons/6/60/Glicemia.svg

Hormonios peptidicos/proteicos sofrem

processamento pos-traducional

Proinsulin

B chain

Signal sequence C peptide

-—

FIGURE 23-5 Insulin. Mature insulin is formed
from its larger precursor preproinsulin by protealytic
processing. Removal of a 23 amino acid segment
(the signal sequence) at the amino terminus of
preproinsulin and formation of three disulfide bonds
produces proinsulin. Further proteolytic cuts remove
the C peptide from proinsulin to produce mature
insulin, composed of A and B chains. The amino
acid sequence of bovine insulin is shown in Figure
3-24.

A

Pl - M, Pl i
e =g { i \
Gy Bl il e e Oy s D= The - Sae B =Cpt- S -Lod- T e S5 | -0 g T -y A
v ']
% :I
i, WH 5 - ¢
17 1 L

Fre-al Asp-Gb- e L e -Uyd -Gl Ser #e- ooe Wt - Alg Lo Tyr-Lew Val-Coya-Eiy -Gk oLy Phe—+te-Tyr TheFro-Lys-The

B

I proinsulin

profmsuiin
fransport wrcrelony
| et vesice 000 TPEANS  yegiciy

A B T

pancreatic
3

o
L

g-cell

B

Irimi e

nsulin " ﬁ%{f_—l

J

\



Discovery of Insulin

“insulin”= Latin for “island”

» 1889: Frederick

15t removal of pancreas from a dog to Banting
determine the effect of an absent (1891-1941)
pancreas by Oskar Minkowski
1921
discovery of insulin
successful treatment of de-pancreatized
dog with insulin
« 1922;
15t tested in a 14-year-old boy of diabetes
in Toronto
» 1923;
Nobel Prize in Physiology & Medicine

Charles

Best
(1899-1978)




Regulagdo da Secregdo da Insulina
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- Células B possuem GLUT?2

- Células B possuem glicoquinase
- 1 glicemia = 1 ATP

- ATP inibe canais para K*

- Despolarizacao

- Ativacao da entrada de Ca?*

- Secrecao de insulina

- Sintese de insulina



Ifoniluréias no Tratamento da IT

- Inibem canais para K+ sensiveis aATP
- Aumentam secrecao de insulina

- Eficazes em resisténcia periférica a insulina

@ Glucose Glucose transporter
" GLUT2 Extracellular space
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\gonistas de Karp Hiverinsulinem

- Insulinomas levam a hiperinsulinemia e hipoglicemia

- Tratamento definitivo = remocgao cirurgica

- Tratamento medicamentoso = ativadores de K,rps
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Vias de sintese e degradagdo de glicogénio

DEGRADACAO SINTESE

Glicogénio Glicogénio
(n residuos de glicose) (n + 1 residuos de glicose)

UDP
P S glicogénio
3’--. i sintase ">~ Glicogénio
(n-1 residuos de glicose)
UDP-Glicose
PP,
UDP-glicose
pirofosforilase "\ Tp
v
Glicose 1-fosfato Glicose 1-fosfato
Tfosfog"comutase fosfog'lcomutase?

Glicose 6-fosfato Glicose 6-fosfato
H,O0 ADP
) glicose [

P ., B-fosfatase glicoquinase .+ ATP
| 7] R, 00 ke
Glicose Glicose

Fig. 13.5 Esquema geral da degradacdo e sintese de glicogénio no figado.



Regulacdo do metabolismo do glicogénio
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Regulagdo da glicogénio fosforilase
(degradagdo do glicogénio)

2ATP 2ADP
phosphorylase
T form M(inase -
(inactive) -
ﬂphopm
phosphatase
2P; 2H,0
A

ATP
and/or - = Glucose —/|

G6P

L 4

R form
(active)

Phosphorylase b Phosphorylase 4

© 2008 John Wiley & Sons, Inc. All rights reserved.

bR

génic
fosforilase .~ v 3 Glicose 1-fosfato ( (OH®))

2. Enzima desramificadora
(glicesil transferase e wl-6 glicosidase)
Atividade de uma Unica enzima.




Regulagdo do metabolismo do glicogénio

Insulina
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Regulagdo do metabolismo pela Insulina

e V14,
= Insulin — to brain, adipose, muscle
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TABLE 23-3 Effects of Insulin on Blood Glucose: Uptake of Glucose by Cells and
Storage as Triacylglycerols and Glycogen

. 2, Metabolic effect Target enzyme
1:“:0; [ . | +Glucose —Glycoge ASrea K F
1_5 i ATP ) T Glucose uptake (muscle, adipose) T Glucose transporter (GLUT4)
Liver  pyruvate e / T Glucose uptake (liver) T Glucokinase (Increased expression)
i ,q,,.i,., acids  p Jtrl- Brain\3" T Glycogen synthesis (liver, muscle) T Glycogen synthase
| aclds L Glycogen breakdown (liver, muscle) J Glycogen phosphorylase
Fm ycolysis, acetyl-CoA production (liver, muscle -1 (by -
T Glycol I-CoA prod (I le) T PFK-1 (by T PFK-2)
T Pyruvate dehydrogenase complex
H T Fatty acid synthesis (liver) T Acetyl-CoA carboxylase
lnfﬂ-ﬂmﬂ ﬁl T Triacylglycerol synthesis (adipose tissue) T Lipoprotein lipase

w
Lymphatic % ATP +
system o



Insulina e Glucagon
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http://upload.wikimedia.org/wikipedia/commons/6/60/Glicemia.svg

Biossintese e Secregdo de Glucagon

- Peptideo com 29 residuos de aminodcidos

- Produzido nas células a das ilhotas de Langerhans
- Secregdo estimulada por hipoglicemia, epinefrina, aumento de aminodcidos séricos
- Secregdo inibida por insulina, corpos cetonicos e uréia

- Usado cliniamente para tratamento agudo de hipoglicemia

Pancreas

e 4 5 10
[ e LN *HzMN-His—5er-Glu—-Gly—Thr-Phe-Thr-5er-Asp-Tyr-
«a cell (glucagon) 15 ID
& (insulin)

f Bl -5er-Lys—Tyr—Leu—-Asp=Ser-Arg-Arg-Ala=Gln-

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

Glucagon

Blood
vessels

(somatostatin)



Preproglucagon r

Proglucagon
LA~ Psck2 Psck1/3
A F@‘?:.:%’ggﬂg dominant dominant
NV . %

Glicentin-related
pancreatic peptide

A
(
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| 6Pt )

Intervening peptide 1 .  Glucagon | IP1 Oxyntomodulin

Major proglucagon
fragment

F

~ Glucagon Glicentin

Darleen A. Sandoval, David A. D'Alessio
Physiological Reviews Published 1 April 2015 Vol. 95 no. 2, 513-548 DOI: 10.1152/physrev.00013.2014

IS



Sinalizagdo do Glucagon

Epinephrine (muscle) or
glucagon (liver) 7™ Adenylate
receptor cyclase

e nJ R A $ 4
DR DOOOONNSD
RO KOO~

Trimeric B
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~~ \Cyclic
ATP AMP
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Protein ~~ '\ Protein

kinase A kinase A
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Phosphorylase .~ ~ Phosphorylase
kinase kinase
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Phosphorylase .~ Phosphorylase
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Regulagdo do metabolismo pelo Glucagon

fﬁg:?cretls
K _'_H_-d_ﬂ"-
S
<N s e
—Glucagon-— T
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m 6-phosphate Brain CO,
[l 2 e o F TABLE 23-4 [Effects of Glucagon on Blood Glucose: Production and Release of Glucose by the Liver
. Glycogen Glucose
Liver glun::rnuugmis Metabolic effect Effect on glucose metabolism Target enzyme
T Glycogen breakdown (liver) Glycogen —— glucose T Glycogen phosphorylase
1 Glycogen synthesis (liver) Less glucose stored as glycogen 1 Glycogen synthase
1 Glycolysis (liver) Less glucose used as fuel in liver 1 PFK-1
T Gluconeogenesis (liver) Amino acids T FBPase-2
Glycerol —> glucose 1 Pyruvate kinase
Oxaloacetate T PEP carboxykinase
T Fatty acid mobilization (adipose tissue) Less glucose used as fuel by liver, muscle T Triacylglycerol lipase
Perilipin phosphorylation
T Ketogenesis Provides alternative to glucose as T Acetyl-CoA carboxylase

energy source for brain



Hormohios Amino

— TIPS
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Amino acids with

Norepinephrine

modified groups ok
Amine Hormone (e.g. norepinephrine’s NH,
carboxyl group is
replaced with a HO
benzene ring)
OH
Oxytocin

Peptide Hormone

Short chains of linked
amino acids

Protein Hormone

Long chains of linked
amino acids

Human Growth Hormone

Steroid Hormones

Derived from the
lipid cholesterol

T4 QR
— 1
{ j,.‘
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Y
bl )
Testosterone Progesterone

s

OH c=0
H,C HsC
o} 0




BIOSSINTESE DAS CATECOLAMINAS

%DG rl;oo
HyN—C—H 'HsN—C—H Tirosina
([,H éH
: : Tirosina hidroxilase Etapa limitante da velocidade da sintese de NA
' D >
Fenilalanina OH.

hidroxilase :

Dopa

ki OH A O,
Fenilalanina Tirosina

DOPA descarboxilase
OH
Dopamina o,
OH 4 )/

OH,
Noradrenalina | ()

\ Dopamina f-hydroxilase

Adrenalina e Noradrenalina
sintetizados pela supra-renal funcionam Renlietaboiamisa brmetit e ¥
como neurotransmissores (sindpse ho Lo R
cérebro e no musculo) e como como

hormaonios que regulam o metabolismo no
(figado e no musculo).

oM. Adrenalina




Sinalizagdo de epinefrina: resposta a um estresse ambiental/metabdlico

Epinephrine (muscle) or

lucagon (liver
ghueagan) ) receptor

Trimeric B
G protein

Adenylate
cyclase

BDEN

7~ ™\ Cyclic
ATP AMP

|

Protein ©~~ '\ Protein
kinase A kinase A

Phosphorylase .~ Phosphorylase
kinase kinase

|

Phosphorylase .~ Phosphorylase
b

a

- Usado clinicamente em parada cardiaca,

choque, anafilaxia

TABLE 23-6 Physiological and Metabolic Effects of Epinephrine: Preparation for Action

Immediate effect

Overall effect

Physiological

T Heart rate

T Blood pressure

T Dilation of respiratory passages
Metabolic

T Glycogen breakdown (muscle, liver)
1 Glycogen synthesis (muscle, liver)
T Gluconeogenesis (liver)

T Glycolysis (muscle)

T Fatty acid mobilization (adipose tissue)
T Glucagon secretion

1 Insulin secretion

|

}

Increase delivery of 0, to tissues (muscle)

Increase production of glucose for fuel

Increases ATP production in muscle

Increases availability of fatty acids as fuel

Reinforce metabolic effects of epinephrine

W 8T F!gg!l
tml 25 Angls
UNi-AMP® unit dose pak

=]
ke Epinephrlnﬂ
:‘.I.?;I?E Ill Injection, use
g, S 1 mg/mL}

Ny _

OH

ZT

HO

HO

By Roland Mattern - Roland1952, Public
Domain,
https://commons.wikimedia.org/w/index.php?cur
id=5902493



Hormonios

A i i
H 0 0 0
RGO e >
0
E:j 0 0 0
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Turosi Hooc-G~NH2  Hooc-G~wNH2  Hooc-G~NHZ
wrosine H H H

Thyroxine [T4] Triodothyronine

(T3]

"Heverse T3"
[Inactive]

«thyroxine (also known as T4 or L-3,5,3',5'-
tetraiodothyronine)
triiodothyronine (T3 or L-3,5,3'-triiodothyronine)

Tireoidianos
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Hormonios Tireoidianos

Parameter

| Ty T

1T, T,

Basal metabolic rate

Carbohydrate metabolism

Protein metabolism

Lipid metabolism

Thermogenesis

Copyrght © 2006 by Elsevier, Inc.

!

| Gluconeogenesis
| Glycogenolysis
Normal serum [glucose|

| Synthesis
| Proteolysis

| Lipogenesis
| Lipolysis
1 Serum [cholesterol|

L

-

1 Gluconeogenesis
1 Glycogenolysis
Normal serum |glucose|

1 Synthesis
1 Proteolysis
Muscle wasting

T Lipogenesis

1 Lipolysis
| Serum |cholesterol]

'

Table 48-1. Boron & Boulpaep



Hormonios Esteroides

Hormone Class

Components

Example(s)

Amine Hormone

Amino acids with
modified groups
(e.g. norepinephrine’s
carboxyl group is
replaced with a
benzene ring)

Norepinephrine
OH
NH,

HO
OH

Peptide Hormone

Short chains of linked
amino acids

Oxytocin

Protein Hormone

Long chains of linked
amino acids

Human Growth Hormone

Steroid Hormones

Derived from the
lipid cholesterol

Testosterone Progesterone

s

OH c=0
H,C HsC
0 0




Glicocorticdides

Doenca de Addison's autoimunidade contra o cortex adrenal

Doenga de Cushing's hipersecregdo de glicocorticdide

GLUCOCORTICOIDS
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