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O cérebro consome diariamente 120 g de glicose e as heméacias 30 g

Quadro 14.1 Fonte de energia para diferentes tecidos
Composto

Tecido Glicose Acidos Corpos
graxos cetOnicos

Cérebro

Hemécias e leuccitos

Medula renal

Retina

Mucosa intestinal

Figado

Adiposo

Musculos esqueléticos e cardfaco
Cértex renal

+++++++++

++++
+




Gliconeogénese: regulacio metabdlica integrada!

—_—

MUSCULO
(esforgo Infenso)

Gicose

Lactalo

ARxnina 2
e MUSCULO
Uréla ' (pjum)



FIGURE 29-10 Variation of liver glycogen levels between meals.

Lunch Dinner Breakfast

s

€

8

-~

o

g

o

o | l | | | 4=
5 8 am Noon 4pm 8 pm Midnight 4 am 8 am

FIGURE 29-9 Electron micro-
graphs showing glycogen granules Time

(darkly stained material) in liver
cells.




The important pathways of glucose metabolism. Note that the
glycogen degradations pathways end 1n -/ysis, while the glycogen
synthesis pathways end with -genesis.

GLYCOGEN
Glycogenolysis Glycogenesis
Glucose Glucose
Glycolysis Gluconeogenesis
Pyruvate

|

(Lactate)



Glycogen

Glycogen ,,_, l‘ Glycogen phosphorylase

Glucose 1-phosphate

v

| Glucose 6-phosphate |  pENTOSE

Phophoglucomutase

PHOSPHATE
GLYCOLYSIS . Muscle, Liver PATHWAY
/ brain Glucose \
6-phosphatase
Pyruvate l Ribose + NADPH
o v
Lactate CO,+H,0 Glucose
Blood for use by

other tissues



Glycogen granules




Revisao: polissacarideos da glicose

'é um polissacarideo de reserva energética dos vegetais. As batatas,
arroz e a mandioca estdo repletos de amido, armazenado pelo
.vegetal e consumido em épocas desfavoraveis pela planta. O homem
'soube aproveitar essas caracteristicas e passou a cultivar os vegetais
produtores de amido. Os p3es e bolos que comemos s3o feitos com
farinha de trigo, rica em amido. Lembre-se que para o amido ser
aproveltado pelo nosso organismo, € preciso digeri-lo, o que ocorre
!pnmelramente na boca e depois no intestino, com adigao de agua e a
participac3do de catalisadores organicos, isto €, substancias que
favorecem ou a

Glicogénio

'E um polissacarideo de reserva energética dos animais; portanto,
‘'equivalente ao amido dos vegetais. No nosso organismo, a sintese de
glicogénio ocorre no figado, a partir de moléculas de glicose. Logo,
figado de boi e figado de galinha s3o alimentos ricos em glicogénio.

E o polissacarideo de papel estrutural, isto é, participa da parede das
células vegetais. Poucos seres vivos conseguem digeri-lo, entre eles
‘alguns microrganismos que habitam o tubo digestivo de certos
insetos (cupins) e o dos ruminantes (bois, cabras, ovelhas, veados
etc.).




Estrutura dos polissacarideos de glicose

|

Ligacdo glicosidica
Alfa 1,4 (amilose) e
Alfal,4+ 1,6
Stanchtina

O w

o\ o

Ligacéo glicosidica
Alfa 1,4 e Alfal,6
ramificacdes

Glycogen ’ b ‘ ] | Tormn : T

o™ 3 P % Yee 5., e
. O WA On ~ 8 s ;.
/<8n b‘\ /< o ?\ ; s
[+ o [+] - ~ - /
| ! b i LT _ ) ol
- .~ 3 y .
. - - &

Cellulouf/ fiber



Acucares redutores: aldeidos ou grupos hemiacetais sao oxidados na presenc¢a de oxidantes
brandos!

H OH

O\C/ O\C/

CH,OH

o OH H—C—OH  cu* Cu*——>» Cu,0 H—C—OH
—  HO—C—H \ » HO—C—H
OH H—C—OH H—C—OH
OH H—C—OH H—C—OH
CH,OH CH,OH

Fehling's Test: H H



Acucares redutores € nao redutores




Ligacoes glicosidicas no glicogénio

CH,OH

OH
HO

OH

Alfa-1,4
Alfa-1,6
CH,OH CH,0OH CH,OH
O
OH OH
HO o
CH,OH OH CH,OH OH CHOH OH \Cl-lz CH,OH

XS RO

OH OH OH



Nomenclatura da estrutura do glicogenio

Non-reducing .

ends )
\ \\\ .
-
\\\\
' | a-1, 6-linkage
. ; “(branch point)
[ / ' Ve
| J
' !
|| 'o. ; \//
|' a-1, 4-linkages
' ., . e
" o" /" 3 >~ \
/e Raducing end

Non-reducing ends



Estrutura do glicogénio

Nonreducing ends
Glycogen particle:
~100,000 glucose units
many honreducing ends
only one reducing end

) e

® Reducing '1:;. R
end
a1 — 6) branch points




Granulo de glicogénio: o
glicogénio € uma molécula
altamente ramificada no
centro da qual ha um dimero
da proteina glicogenina, que
esta covalentemente ligada
ao polissacarideo através de
um residuo de tirosina .



DEGRADACAO DO GLICOGENIO

Quando o organismo esta em periodos de jejum, ou no musculo durante
atividade intensa, o glicogénio ¢ degradado.

O glicogénio hepatico ¢ degradado produzindo glicose livre, que € exportada
para o sangue para manter a glicemia (concentragdo de glicose sanguinea) nos
periodos entre as refei¢coes e jejum noturno.

No musculo o glicogénio ¢ degradado para fornecer energia para a contragdo
muscular.



A sintese e a degradac¢ao do glicogénio ocorrem, respectivamente, através da
adicao (sintese) e remoc¢ao (degradacao) sequencial de residuos de glicose nas
extremidades nao redutoras do granulo!

Sintese

Sintese > pe

~ =N
Gl

)
.3
LJ
.

Degradacao
12-13 residues between
S ® each branch point

- o
- Y O
Y Ud
L 3
S - o,
egradagao ®
-

»
000002

.....oooo.oooooo...
=&
0

.\0....
Degradagdo . Only ONE reducing
end per molecule



A glicogénio fosforilase catalisa a degradacao do glicogénio
através da sua fosforilacao

CHZOH CHzOH CH20H CHzOH
HPO42_
OPO32‘
Glycogen Glucose 1- phosphate Glycogen
(n re5|dues) (n - 1 reS|dues)

Glicogénio + Pi S Glicose 1-fosfato + glicogénio
(n residuos) (n-1 residuos,



FIGURE 29-13 Glucose monomers are removed from the nonreducing ends of glycogen by the
enzyme glycogen phosphorylase, which uses phosphate to split the glycosidic
bond, rather than water. The resulting product, glucose-1-phosphate, is subse-
quently isomerized by phosphoglucomutase to glucose-6-phosphate or dephos-
phorylated in preparation for transport to other tissues.

CHon CHzOH CH:OH

o 0 -
H 3
\OH H ¢/ \OH OH P
i 0 OQO
OH OH OH

H

3 (Glucose),

Glycogen ~ P,
phosphorylase

CH,OH CH,OH
-0 0
\\
OH + OH P
HO OPO,* HO
OH OH
Glucose 1-phosphate (Glucose),,

DhOSDhO_CﬂUCOﬂ’UIHS&

— Glycolysis

Glucose 07—

Glucose-6-phosphate



_a-1,6 linkage
._.-mm}-O-O-O-O—CORE

gp. 1.4 linkage
Phosphorylase '
8 @@ Glucose 1-phosphate

B S -0 cone

Transferasel

B-B-B-0-0-0 OD-O-O-O-O- CORE

H,0
O
L 2 o 200000, 0,0,0,000 -

a-1,6-Glucosidase



Processo de desramificacao de glicogénio

A, Q

Outer glycogen chains
(after phosphorylase action)

lTransferase

ppt‘}\ﬁo@p ’
-,Oo()\ H,0

«-1, 6-glucosidase

e ...;:'o'-:w W‘}\ g

\ Available To
further phosphorolysis



CH,OH

(o
HO
OH CH,OH CH,
H,0
HO 0\ \’ O, o]
CH OH + OH
OH 2 a-1,6-Gluco-
O sidase HO oH RO OR’
OH OH OH
RO OR!
OH
Glycogen Glucose Glycogen

(n residues) (n - 1 residues)



HO

HO

HO

H H
3 N
‘/\ N CH,
\/
Epinephrine

(B-phenylethylamine)



5 10
*H3;N-His-Ser-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Tyr-

15 20
-Ser-Lys-Tyr-Leu-Asp-Ser-Arg-Arg-Ala-Gin-

25 29
—Asp-Phe-Val-GIn-Trp-Leu-Met-Asn-Thr-COO"~

Glucagon



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

Protein ~~ X Protein

kinase A kinase A

Phosphorylase ,~/— ~ Phosphorylase
kinase kinase

Phosphorylase ~— ~ Phosphorylase
b a



® Gl\ucagon/ Epinephrine

/

[ |
@ 7T11/I 0000 00000 000000600000
@ e ] oo 000 00 @o oo000 00O OO

Sop M () Adenylate
ATP— fAMP cyclase
Protein Kinase A
Phosphorylase l N hosphorylase ©
Kinase kinase e
| ®)
Glycogen Phosphorylase

Glycogen Phosphorylase —— i
(active)



Regulation of Glycogen Phosphorylase Activity

The enzyme responsible for phosphorylating glycogen phosphorylase b
to activate it, is phosphorylase kinase which is a downstream target of
glucagon and epinephrine signaling.

Epinephrine or Glucagon

Glycogen J/l Glycogen

phosphorylase b  Phosphorylase kinase  phosphorylase a

ATP ADP
\/ ’
“ [
Pi
HO OH Protein
phosphatase 1
INACTIVE {(X ACTIVE
(T State) (R State)

Insulin



inactive GPCR
EXTRACELLULAR SPACE

CYTOSOL

inactive G protein

" extracellular
signal molecule

Atividade ‘GDP.
GTPasica G

activated GPCR

activated activated
a subunit Py complex



A sintese de glicogénio comeca com a ativagao da glicose-1-P em
UDP-glicose

0
P
HN' CH
HOCH, O=C CH
L D 0 O O N
0 - | .
OH H) + ~0—P—0—P—0—P—0—CH, O
3 | = H--._.
HO O—P—{) o- o O “H I.I
H OH 0O H H
HO OH
glucose-1-phosphate |
M
v 0 O
O ;
O—pP—0Q—P—0
HOCH. © , ©
H A 0O H :
H 0 [
OH H
HO O PO 0
H OH O SR ==L
O

HO OH
uridine diphosphate glucose (UDP-glucose)



OH 2
HO o)
OH E

Glucose 1-phosphate

OH

\ / \ / \urldlne + PP;

/\ /\



CH,OH
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HO
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\P/ \P/

) )
I" /’\
’ A AY

O 0 0-0

O I 0
o_0 0.0

CH,OH CH,OH
o) o)
+ OH OH
HO o) OR
uridine
OH OH
Glycogen

(n residues)

|

CH,OH CH,OH CH,OH
o]
uridine + OH
OR
OH
Glycogen

(n + 1 residues)



Sintese de glicogénio: alongamento e ramificagao

HOCH,
H 0 0

0 I :
ONEY/0—p-0-r—o-{Uane] + LA
0

H OH 0O
Glucogen
synthetase UDP
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g enzyme }u

O O : ~
O A2 X
Q ~ A s 3
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DURING EXERCISE OR FASTING

Glucagon (liver) or
epinephrine (muscle and liver) Adenylate

\ cyclase
‘050.
3 '::.‘ XA AA
»

Protein /\ Protein

kinase A kinase A

Phosphorylase ,~—Phosphorylase Glycogen — Glycogen

kinase kinase synthase synthase
‘ b
Phosphorylase .~ Phosphorylase (inactive}
b a

Glycogen,, T» Glycogen,, _;,

Glucose 1-phosphate
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- glRS-@ —> Protein kinases
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Glycogen Glycogen
synthase synthase
kinase kinase

/N

Glycogen Glycogen
synthase synthase

PP1



Regulacdao hormonal do metabolismo do glicogénio

Hormone Adenylate
(epinephrine) cyclase
] (active)

CELL MEMBRANE

(Sumultaneous stimulation)

Adenylate

cyclase — \
"\

Series of enzymatic reactions
Ieading to protein phosphorylate

(inactive

Inactive Active Active Inactive
~ Glycogen Glycogen Glycogen Glycogen
phosphorylase osphorylase synthetase synthetase
e — | [
OPOP OH OPO?
Glycogen Glycogen
breakdown synthesis
accelerates stops



AFTER A MEAL OR REST
Glucagon or epinephrine

!

Protein

kinase A

!

l

Phosphorylase — Phosphorylase Glycogen/\Glycogen
kinase b

Glycogen breakdown
inhibited

A

Phosphorylase
b

kinase

!

~~
__~

I

Protein

phosphatase 1

synthase

Phosphorylase
a

synthase

A

Glycogen synthesis
stimulated

Glycogen synthesis

required



Hormonal regulation of Glycogen Metabolism

Adenylate
cyclase
(active)

Hormone
(epinephrine)

st |

S AMP
P, c
ATP

o/

CELL MEMBRANE

{4 (Simultaneous stimulation)

Adenylate
cyclase

(inactive) / \
1

|
/,/ e

Series of enzymatic reactions
Ieading to protein phosphorylate

&\\
=
/—\\

Inactive Active Active Inactive
Glycogen Glycogen Glycogen Glycogen
phosphorylase phosphorylase synthetase synthetase

OH 0 PO3%

Glycogen
breakdown
accelerates

| |
H U O PO

Glycogen

Synthesis Glycggg:

Accelerates synthesi
stops

Insulin

Insulin Receptor
Substrates [IRS-P]

ii%

Active protein kinases
phosphorylate & inactivate

/ glycogen synthetase kinase

Protein phosphatase -1
dephosphorylates
glycogen synthetase,
activating the enzyme and
restoring glycogen
reserves.
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TasLe 21.1 Glycogen-storage diseases

Glycogen
Type Defective enzyme Organ affected in the affected organ Clinical features
I Glucose 6-phosphatase Liver and kidney Increased amount; Massive enlargement of the liver.
Von Gierke or transport system normal structure. Failure to thrive. Severe
disease hypoglycemia, ketosis,
hyperuricemia, hyperlipemia.
|} a-1,4-Glucosidase All organs Massive increase in Cardiorespiratory failure
Pompe (lysosomal) amount; normal structure. causes death, usually before
disease age 2.
]} Amylo-1,6-glucosidase Muscle and liver Increased amount; Like type |, but milder
Cori (debranching enzyme) short outer branches. course.
disease
v Branching enzyme Liver and spleen Normal amount; very long Progressive cirrhosis of the liver.
Andersen (¢-1,4—> a-1,6) outer branches. Liver failure causes death,
disease usually before age 2.
Vv Phosphorylase Muscle Moderately increased Limited ability to perform strenuous
McArdle amount; normal structure. exercise because of painful
disease muscle cramps. Otherwise patient
is normal and well developed.
Vi Phosphorylase Liver Increased amount. Like type |, but milder
Hers course.
disease
Vil Phosphofructokinase Muscle Increased amount; Like type V.
normal structure.
Vil Phosphorylase kinase Liver Increased amount; normal Mild liver enlargement.

structure.

Mild hypoglycemia.

Note: Types | through VIl are inherited as autosomal recessives. Type Vil is sex linked.



A causa da
Sindrome de
McArdle é um
gene defeituoso
que produz uma
enzima chamada
glicogenio
fosforilase

Estudos de ressonancia magnética (RMN-31P)
mostram niveis elevados de ADP em células
musculares de pacientes com doen¢a de McArdle

300 —

McArdle
. | disease  pgroy
Light ERETGIE acclimation
s 200 leading to to light
i— cramps exercise
o
a) Light /
=< 100 Heavy
\\Iormal
0

Rest Exercise Rest Exercise



Hormone Adenylate
(epinephrine) cyclase
' (active)

1‘.’
//
y,

0
)
S

p
o\‘/
/

/TRMP

CELL MEMBRANE

(Sumultaneous stimulation)

s,

Series of enzymatic reactions
Ieadmg to protein phosphorylate

Adenylate TG
cyclase &\\
(mactlve) \ /—\
Inactwe Active Inactive
Glycogen Glycogen Glycogen
phosphorylase synthetase synthetase
McArdles’ disease is caused by an
absence of muscle glycoge.n' s Glycogen
phosphorylase enzyme activity. breakdown synthesis
accelerates stops

Subsequently, glycolytic activity slows and ADP accumulates. Creatine phosphate is hydrolyzed
during strenuous exercise, yielding a more alkaline environment in muscle cells.
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