Regulagdo Metabdélica Geral

Interferéncia direta ou indireta nas reagdes quimicas que compoe
o metabolismo dos organismos vivos.

Atua aumentando ou diminuindo a velocidade das reagoes
(aumento de enzimas, de substratos e/ou de metabdlitos).

Efeitos propagados por todas as diferentes vias metabdlicas.



Estratégias de
Regulagdo Metabolica

Alteracoes das atividades enzimaéticas []

1. Regulagdo alostérica
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3. Regulagdo hormonal
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Coenzimas sao efetuadores alostéricos importantes

Tabela 19.1 Enzimas alostéricas e seus efetuadores.

Efetuadores alostéricos

Enzima Negativos Positivos
Fosfofrutoquinase 1 ATP, Citrato AMP, Frutose 2,6-bisfosfato
Frutose 1,6-bisfosfatase Frutose 2 6-bisfosfato

6-Fosfofruto-2-quinase
Frutose 2,6-bisfosfatase
Piruvato quinase
Piruvato carboxilase
Piruvato desidrogenase

Isocitrato desidrogenase

a-Cetoglutarato desidrogenase

Camitina acil transferase |

Citrato liase

Acetil-CoA carboxilase

Fosfoenolpiruvato
Frutose 6-fosfato

Alanina

Acetil-CoA, NADH

NADH

Succinil-CoA, NADH, ATP
Malonil-CoA

Acil-CoA

Acil-CoA

Fosfoenolpiruvato
Frutose 1,6-bisfosfato
Acetil-CoA

Piruvato

ADP

Citrato




A modificacao covalente regula a atividade das enzimas

Tabela 19.2 Modificacao da atividade enzimatica por fosforilagao.

Via metabdlica Enzima fosforilada Forma
Glicogendlise Glicogénio fosforilase quinase Ativa
Glicogénio fosforilase Ativa
Glicogénese Glicogénio sintase Inativa
Gliclise e gliconeogénese 6-Fosfofruto-2-quinase Inativa
Frutose 2,6-bisfosfatase Ativa
Piruvato quinase Inativa
Piruvato —» Acetil-CoA Piruvato desidrogenase Inativa
Lipdlise Lipase Ativa
Lipogénese Citrato liase Inativa
Acetil-CoA carboxilase Inativa

3-Hidroxi-3-metilglutaril-CoA redutase Inativa




A acao hormonal regula a atividade das enzimas

Tabela 19.3 Efeitos metabélicos de adrenalina, insulina e glucagon.

Adrenalina Glucagon Insulina
Glicemia 1 T l
Glicolise - l 1
Gliconeogénese 1 ) If
Glicogendlise 1 1 l
Glicogenogénese - ] Il
Lipdlise 1 | !
Lipogénese - l 1
Cetogénese = 1 |

T = glicenma ou velocidade da via aumentada; | = glicemia ou velocidade da via diminuida.



Integragdo Metaboélica

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

-Adaptagoes ds oscilagdes didrias das
concentracoes de nutrientes.

-Adaptagoes das necessidades
fisioldgicas.

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




O que sdo hormonios?

https://youtu.be/-SPRPkLoKpS8

https://www.youtube.com/watch?v=NSIxpnkdau8



https://youtu.be/-SPRPkLoKp8
https://www.youtube.com/watch?v=NSIxpnkdau8

Hormonios

- Biomoléculas produzidas em uma determinada parte do corpo que regulam fungdes a distdncia
- Agem em baixas quantidades/concentragoes
- Essenciais para a homeostase de organismos multicelulares

- Agem por meio de receptores especificos nas células-alvo

Regulagado

Biossintese — Estocagem — Secregdo — Transporte —

Reconhecimento — Resposta Celular — Degradagdo



Hormones

¥
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Steroids ' '
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Insulin glycagon) derivatives (prostaglandins
Adrenal Sex hormones ¢ glycagon) (Thyrodial  cytokinins)
Corticol hormones | hormones)
(Corticoids) ; ;!
Female sex h%?,m OS:X
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Hormonios podem ser classificados pela maneira na
qual sdo transportados de uma célula para
outra e pela atuagdo sobre seus alvos

endocrine paracrine autocrine . :
intracrine



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

Peptide Hormone

Short chains of linked
amino acids

Oxytocin

@ﬁ@

Protein Hormone

Long chains of linked
amino acids

o 3" 1
5@‘&\

Human Growth Hormone

ol wf,
)

\ 74

Steroid Hormones

Derived from the
lipid cholesterol

Testosterone

Progesterone

Hormonios podem ser classificados de acordo com sua estrutura quimica

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

Peptide or amine Steroid or thyroid hormone
hormone binds to enters the cell; hormone-
receptor on the receptor complex acts in
outside of the cell; the nucleus.
acts through receptor
without entering _
the cell. o
4 f P
i~
% Rec Plasma

7

=

A OO
Altered transcription
of specific genes

Second messenger
(e.g., cAMP)

Altered activity of Altered amount of
preexisting newly synthesized
enzyme proteins

FIGURE 23-4 Two general mechanisms of hormone action. The pep-
tide and amine hormones are faster acting than steroid and thyroid

hormones.




Tipos de transdutores de sinais hormonais

Gated ion channel Serpentine receptor Receptor with no intrinsic
Opens or closes in External ligand binding enzyme activity
response to concentration to receptor (R) activates an Interacts with cytosolic
of signal ligand (S) intracellular GTP-binding protein kinase, which
or membrane potential. protein (G), 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 gene expression.
®
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Iagandt::ndmg to X ',
extracellular domain 56 Adhesion
stimulates enzyme / receptor
activity in intracellular = .;,1 : -Bmds molecules
IR [ - o in Mdu
= s matrix, changes
5 conformation,
e thus altering its
e interaction with
Steroid receptor cytoskeleton.
DNA Steroid binding to a N\
\ nuclear receptor
A ! protein allows the
mRNA receptor to regulate
Nuclear l the expression of
envelope Proben specific genes.

FIGURE 12-2 Six general types of signal transducers.




Hormonios Peptidicos

Hormone Class

Components

Example(s)

Amino acids with

Norepinephrine

modified groups GH
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

@)
©
(o)

@ﬁ@

Protein Hormone

Long chains of linked
amino acids

Human Growth Hormone

Steroid Hormones

Derived from the
lipid cholesterol

Testosterone




Insulina e Glucagon

Alimento
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Hormonios peptidicos/protéicos sofrem processamento pds-traducional

Preproinsulin Proinsulin Mature
NH insulin
INH3
Signal X bE . .
sequence N HyN NH;
S— -8-8+
C A |B B chain

A chain |
S

Signal sequence C peptide

FIGURE 23-5 Insulin. Mature insulin is formed
from its larger precursor preproinsulin by proteolytic
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.

N terminal
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C terminal
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Regulagdo da Secregdo da Insulina

@

Secretory Vesicles

e K-ATP : o: ® Voltage-Gated

Channel Ca™ Channel
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- Células p possuem GLUT2

- Células p possuem glicoquinase
- 1 glicemia = 1 ATP

- ATP inibe canais para K+

- Despolarizagao

- Ativagdo da entrada de Ca2+
- Secregdo de insulina

- Sintese de insulina



Acoes moleculares hormonais da insulina no metabolismo

D\
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Cell growth "“ Axon growth
Development .




DEGRADAGAO

Glicogénio
(n residuos de glicose)

P, .
Glicogénio 3

(n-1residuos de glicose)

A 4
Glicose 1-fosfato

Glicose 6-fosfato

H,0
glicose

P ., b-fosfatase

Glicose

Insulina nas vias de sintese e degradagdo de glicogénio

SINTESE

Glicogénio
(n + 1 residuos de glicose)

!

UDP

glicogénio )
sintase y

Glicogénio
(n residuos de glicose)

UDP-Glicose
PP,
UDP-glicose _
pirofosforilase «“I\_ yTp

Glicose 1-fosfato

Glicose 6-fosfato
ADP

glicoguinase . -

Glicose

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



Regulagdo do metabolismo do glicogénio pela Insulina
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Regulagdo do metabolismo pela Insulina

~\V77,
= Insulin Tto brain, adipose, muscle
21N
Pancreas
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TABLE 23-3 Effects of Insulin on Blood Glucose: Uptake of Glucose by Cells and
Storage as Triacylglycerols and Glycogen

~ Insulin —
-—

lucos _ _ y ' Metabolic effect larget enzyme

T Glucose uptake (muscle, adipose) T Glucose transporter (GLUT4)
(Amino - A T Glucose uptake (liver) T Glucokinase (increased expression)
| acids T Glycogen synthesis (liver, muscle) T Glycogen synthase
| Fats  Glycogen breakdown (liver, muscle) 1 Glycogen phosphorylase

T Glycolysis, acetyl-CoA production (liver, muscle) T PFK-1 (by T PFK-2)

T Pyruvate dehydrogenase complex

Intestine T Fatty acid synthesis (liver) T Acetyl-CoA carboxylase

T Triacylglycerol synthesis (adipose tissue) T Lipoprotein lipase

Lymphatic
system



Insulina e Glucagon

Alimento

Alta taxa
de glicose

Figado absorve a glicose
e armazena na forma de
glicogénio

Figado quebra o glicogénio
e libera glicose

Celula

Baixa taxa
de glicose




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 clinicamente para tratamento agudo de hiperglicemia

Pancreas 87 5 10
RS0 *HzyN-His—5er-Glu-Gly-Thr-Phe-Thr-5er-Asp-Tyr—
y £ \ 15 20
a cell ?nuca%n)" » -Ser-Lys-Tyr—Leu—-Asp—Ser-Arg-Arg-Ala-Gln-
\ s (insulin) =
T Y & < 25 2

Blood
vessels

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

(somatostatin)



Preproglucagon

Proglucagon

Psck2 Psck1/3
ominant dominant

Glicentin-related
pancreatic peptide

Intervening peptide 1

Major proglucagon C
fragment

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



Regulacao da Secre¢ao do Glucagon

low glucose
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- Células o possuem 6LUT1

- Células o possuem glicoquinase

- 1 glicemia = { ATP

- { ATP ativa canais para saida de K-
- Despolarizagdo

- Ativagdo da entrada de Na!l* e Ca2+
- Ativagdo da liberagdao de Ca2+ do RE
- Sintese de glucagon

- Secregdo de glucagon em vesiculas



Mecanismo de Sinalizagado pelo Glucagon:
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receptor

Trimeric B
G protein

Adenylate
cyclas

NH,
o N
<X
o L O—P—0O—P—0 O<N |(| Adenilil ciclase
f‘
(‘J' (_L (|) Q o]

Glicogenolise

DEGRADAGAO SINTESE

Glicogénio

OH OH . O| 0—P—0 OH
o T 0~ P—OH _
ATP ¢ o ’ cAMP
Pirofosfato
CAMP,
Y 4 cAMP ® Ea
- O T
AMP ‘« T Q i
\1/ 4 cAMP <R:i
cAMP
PKA PKA
inativa ativa

(n residuos de glicose)

P, :
Glicogénio 3

-1 residuos de glicose)

Glicogénio
(n + 1 residuos de glicose)

UDP
glicogénio Y
sintase

Glicogénio
(n residuos de glicose)

UDP-Glicose

PP,

kinase A kinase A

|

Phosphorylase .~ Phosphorylase

kinase

kinase

UDP-glicose '

pirofosforilase

UTP

Glicose 1-fosfato

A\ 4
Glicose 1-fosfato

Glicose 6-fosfato

Glicose 6-fosfato

| /

Phosphorylase ,~  Phosphorylase
b a

H,0
) glicose
P. ™, B-fosfatase
1

[ Glicose

ADP
glicoquinase . N_ ATp

Glicose ]

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



Regulagdo do metabolismo pelo Glucagon

Pancreas
—Glucagon—
AR
Glucose 6-phosphate Brain €O, TABLE 23-4 Effects of Glucagon on Blood Glucose: Production and Release of Glucose by the Liver
Liver G'vcose; u/' Glucose 7 cne AfP Metabolic effect Effect on glucose metabolism Target enzyme
Pyruvate ) ?,tdoiz:._./ T Glycogen breakdown (liver) Glycogen —— glucose T Glycogen phosphorylase
Ketone 1 Glycogen synthesis (liver) Less glucose stored as glycogen 1 Glycogen synthase
Amino b“f co; 1 Glycolysis (liver) Less glucose used as fuel in liver 1 PFK-1
acids Fatty. e : T Gluconeogenesis (liver) Amino acids T FBPase-2
. acids % il Glycerol — glucose 1 Pyruvate kinase
s . Oxaloacetate T PEP carboxykinase
atty
co, ey TAG | Adipose T Fatty acid mobilization (adipose tissue) Less glucose used as fuel by liver, muscle T Triacylglycerol lipase
Hssve Perilipin phosphorylation
T Ketogenesis Provides alternative to glucose as T Acetyl-CoA carboxylase

energy source for brain




Transporte de Glicose através da MP: GLUT = Glucose Transporter

Processo passivo
GLUTs de 1-14; mais expressas e caracterizadas: GLUTs 1-4

GLUT2: menor afinidade por glicose
GLUT4: dependente de insulina

Transportador Localizagao Km para glicose (mM)

Dependéncia de insulina

GLUT 1 Todos os tecidos. abundante em 1-5
cérebro e hemacias

GLUT 2 Figado. células p do pancreas. rins, 15-25
mtestino delgado
GLUT 3 Cérebro 1-5

GLUT 4 Tecido adiposo. musculos 1-5
esqueléticos e cardiaco

Concentracdo normal de glicose sanguinea =5 a 8 mM.



Hormonios

derivados de Aminoacidos

Hormone Class

Components

Example(s)

Amino acids with

Norepinephrine

Peptide Hormone

Short chains of linked
amino acids

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

@ﬁ@

Human Growth Hormone

Steroid Hormones

Derived from the
lipid cholesterol

~
" & » C
. . i SO
Protein Hormone Loqg cha_msof linked f Yy
amino acids
Vo u ' 2
AP
a— |
{ j’\ }
{
E D
= </
Testosterone Progesterone
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BIOSSINTESE DAS CATECOLAMINAS

HyN—C—H '"HysN—C—H
i, &,
| > —
Fenilalanina TIrOSIna
hidroxilase
OH
Fenilalanina Tirosina D O} i\'\.‘_
°Pa | on {O)
. OH_
Dopamina ==K
OH )
Adrenalina e Noradrenalina OH,
(epinefrina e norepinefrina) Noradrenalina | ¢y ()

sintetizados pela supra-renal funcionam
como heurotransmissores (sinapses do
cérebro e musculo) e como como
horménios reguladores do metabolismo
no figado e no musculo

Feniletanolamina N-metil transferase

Tirosina hidroxilase l Etapa limitante da velocidade da sintese de NA

l DOPA descarboxilase

l Dopamina B-hydroxilase

Adrenalina

OH,

oH— ())



Sinalizagdo da adrenalina:

Epinephrine (muscle) or

glucagon (liver) 7™

receptor

Adenylate

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

Immediate effect

resposta a um estresse ambiental/metabdlico

Overall effect

Physiological

T Heart rate

T Blood pressure }
T Dilation of respiratory passages
Metabolic

Increase delivery of O, 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

Trimeric B T Glycogen breakdown (muscle, liver)
G protein 1 Glycogen synthesis (muscle, liver)
Cyclic T Gluconeogenesis (liver)
arp /.\y|v|p T Glycolysis (muscle)
\l/ T Fatty acid mobilization (adipose tissue)
T Glucagon secretion }
Protein ~~ \ Protein 4 Insulin secretion
kinase A kinase A
Phosphorylase ~  Phosphorylase
kinase kinase
\L RN —_— e —
Phosphorylase .~ Phosphorylase = ocoe Ll
b a ' E‘;?:,reuahrine
Injeclinr;.::s;’mu |
Usado clinicamente em parada cardiaca, choque, anafilaxia i =

ly,

(1

OH
H
HO N_
HO
By Roland Mattern - Roland1952, Public
Domain,

https://commons.wikimedia.org/w/index.php?cur
id=5902493



Hormonios Tireoidianos
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tetraiodothyronine) Nucleus

triitodothyronine (T3 or L-3,5,3'-triiodothyronine)

Transmembrane
transporter

@

y

'/ 8686680000000 909009008800060660060008060

1890800080080 0000088000060800000008600




Hormonios Tireoidianos

Parameter

LT, T,

I T, T,

Basal metabolic rate

Carbohydrate metabolism

Protein metabolism

Lipid metabolism

Thermogenesis

Copyright © 2006 by Elsevier, Inc,

l

| Gluconeogenesis
| Glycogenolysis
Normal serum [glucose|

| Synthesis
| Proteolysis

| Lipogenesis
| Lipolysis
T Serum [cholesterol]

l

-

T Gluconeogenesis
T Glycogenolysis
Normal serum [glucose]

T Synthesis
T Proteolysis
Muscle wasting

1 Lipogenesis

T Lipolysis
| Serum [cholesterol]

1

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

@)
()
(7o)

@ﬁ@

Protein Hormone

Long chains of linked
amino acids

Human Growth Hormone

~ fL—-
ot
f . )/ \J
I /)&?( 3
7% XA

Steroid Hormones

Derived from the
lipid cholesterol

Testosterone




Glicocorticoides

Doenca de Addison's autoimunidade contra o cortex adrenal

Doenga de Cushing's hipersecregdo de glicocorticéide

Bone
mY
( )Bone turnover

Increased } Osteoca { Adiposity Fat

sbealosus
lRY—’ Insulin \ T /
resistance

Glucocomco'ds > |Increased  Decreased
lipolysis  adiponectin

Increased
free fatty acids

IR | —® Insulin resigtance

Increased -
Liver gluconecgenesis

Hyperglycemia

Decreased IRS-1  Increased
Increased PTP1B  proteclysis
Increased p38MAPK

1

Decreased Increased
insulin signaling amind acids

¥ %

IR J == |nsulin resistance

Muscle

GLUCOCORTICOIDS

\\

CENTRAL FAT

= Ad.pogenes,sl PERIPHERAL FAT
n

g

BROWN ADIPOSE
TISSUE

* Differentiatio a L'P°|V$l5

BRAIN ‘ = Hypertrophy " LPL actlvuty * Thermogenesis
= Apetite = UCP-1 expression
stimulation

= Preference for
calorie-dense food
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