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GLYCOGENOLYSIS PATHWAYS
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* Degradation of glycogen to glucose -6 phosphate
in muscles & to glucose in liver.

* |t is a cytosolic process.



Glycogenolytic pathway

* Enzyme: Phosphorylase

* |t brings about
phosphorolytic
cleavage of al-4
glycosidic bonds to
yield glucose-1-
phosphate and
residual glycogen
molecule.
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SHORTNING OF
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REMOVAL OF BRANCHES:

* Phosphorolysis can not continue until branch is
removed by debranching enzyme.

* |tis bi functional enzyme.

* FIRST oligo alpha(1-4)->alpha(1-4) glucan
transferase activity removes the outer three of four
glycosyl residues attached at a branch.
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REMOVAL OF BRANCHES:
 NEXT It transfers them to the non reducing end of

another chain , lengthening it accordingly.

 THUS alpha 1-4 bond is broken and alpha 1-4 bond
IS made, and the enzyme functions as 4:4
transferase.
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REMOVAL OF BRANCHES:

The remaining glucose residue attached in an alpha 1-6
linkage is hydrolytically removed by amylo alpha 1-6
glucosidase activity , releasing free glucose.

The glycosyl chain is now available again for degradation

by glycogen phosphorylase until four glycosyl units in the
next branch are reached.
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1. a-1,4->1,4 Glucosyl

transferase
) transfers three residues to
another chain
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Major Final Product

Glc-1-P

In muscle... immediate energy source
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In liver......provide Glc to peripheral tissues

Phosphoglucomutase
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The role of glycogen in muscles and liver:

Liver

150¢g

b

Liver
glycogen

Decrease in glucose in the blood

Liver
glycogen

i

Blood— .. —

Glucose
1-phosphate

L

Glucose
6-phosphate

14 o

Glucose

|

egradation

Blood
__glucose

/'/ /

— glycogen degradation

— release of glucose to the blood

Glucose 6-phosphatase (only in liver)

Muscle
glycogen

1o

Glucose
1-phosphate

Glucose
6-phosphate

| T Degr
1 Glucose

High ATP demand
— glycogen degradation

— anaerobic glycolysis

Muscle
300¢g

h

adation

Muscle
glycogen



Regulation

Glycogen phosphorylaseis key requlatory
enzyme

regulated by

1) Allosteric regulation
2) Hormonal regulation

3) Influence of calcium



Allosteric regulation

A IES

* |In well fed state Glucose -6- Glycogen
phosphate availability is high which ~ Gucose ==> O <~
allosterically activates Glycogen e e
synthase. G e

« In contrast Glycogen phosphorylase "%
is allosterically inhibited by glucose- Glucose 1-phosphate
6-phosphate & ATP. ) muscLe

* In liver free glucose is allosteric T
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Hormonal regulation
e Activation of phosphorylase kinase enzyme is
brought about by activated protein
kinase(activated through cAMP) .

* Activated phosphorylase kinase eventually
activates inactive glycogen phosphorylase ‘b’ to
its active form,which stimulates the breakdown

cCAMP

of glycogen. ..

Protein i;_ir)ase A
ATP. ADP

Phosphorylase kinase >_<Phosphorylase kinase-P

(inactive) (active)

Phosphorylase Phosphorylase -P
(inactive) (active)

Giycogen Glucose-1-P



* Epinephrine (in liver &
muscles) and Glucagon
(in liver) stimulates
glycogen breakdown &
inhibits glycogen
synthesis.

Epinephrine
(LIVER « MUSCLE)

Glucagon
(LIVER)

cAMP-mediated activation of
PKA and phosphorylation of

| ™\

Glycogen Protein phosphatase-1

synthase inhibitor

(inactive) (active)
(Decreased (Maintenance of

glycogenesis) phosphorylation)

Phosphorylase kinase
(active)

lPhospho;yla!es

Phosphorylase
(active)
(Increased glycogenolysis)




Hormonal regulation

e Catecholamines cause
breakdown of liver &
muscle glycogen through
B-adrenergic receptors.

* Glucagon breakdowns
only liver glycogen as B-
adrenergic receptors for
glucagon are not present
on muscles.

Glucagon (liver)
Epinephrine (muscle, liver)

!

Inactive —=—p  Active
adenylate adenylate
cyclase cyclase

Insulin

Phosphodiesterase
ATP c-AMP » 5-AMP (inactive)

Inactive ¢-AMP == Active c-AMP
dependent dependent
protein kinase protein kinase

Phosphorylation
Inactive Active
phosphorylase > phosphorylase
kinase kinase
Phosphorylation
Glycogen Glycogen
phogphorylase-b » phosphorylase-a
inactive active

Glycogenolysis



Role of calcium
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ROLE OF CALCIUM IN MUSCLE

kinase, activating it without
phosphorylation. Phosphorylase
kinase can then activate glycogen

. > 5-AMP DEGRADED
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ROLE OF AMP IN MUSCLE Insulin

In muscle under extreme conditions of anoxia and depletion of ATP, AMP
activates glycogen phosphorylase b without it being phosphorylated.




Calmodulin are calcium
modulating proteins and
directly activates
phosphorylase kinase
without involvement of
cAMP.




Regulation of liver and muscle glycogen metabolism:

State Regulators Response
Liver
Fasting Glucagon 1, Insulin | Glycogen degradation 1
cAMP 1 Glycogen synthesis |
Carbohydrate meal Glu 1, Glucagon |, Insulin 1 Glycogen degradation |
cAMP | Glycogen synthesis 1
Exercise and stress Adrenalin 1 Glycogen degradation 1
cAMP 1, Ca®*-calmodulin 1 Glycogen synthesis |
Muscle
Fasting (rest) Insulin | Glycogen synthesis |
Glucose transport |
Carbohydrate meal (rest) Insulin 1 Glycogen synthesis 1
Glucose transport 1
Exercise Epinephrine 1 Glycogen synthesis |
AMP 1, Ca**-calmodulin T, Glycogen degradation 1
cAMP 1 Glycolysis 1




GLYCOGEN STORAGE DISEASES

ecinaeucnsest o I
6.
Repeat steps
TYPE |b: GLUCOSE 6-PHOSPHATE l P P . . .
TRANSLOCASE DEFICIENCY

® Affects liver and kidney GLUCOSE1-P + GLUCOSE  (Ratio~8:1)

® Fasting hypoglycemia—severe

® Fatty liver, hepato- and renomegaly

® Progressive renal disease

® Growth retardation and delayed puberty

® Hyperlacticacidemia, hyperlipidemia,
and hyperuricemia

® Normal glycogen structure; increased
glycogen stored

® Type |b is characterized by neutropenia
and recurrent infections

Glucose

® Treatment: Nocturnal gastric infusions
of glucose or regular administration
of uncooked cornstarch

GLUCOSE




GLYCOGEN STORAGE DISEASES
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: » TYPE Il: POMPE DISEASE
NONREDUCING . (LYSOSOMAL o(1-+4)-GLUCOSIDASE DEFICIENCY)
ENDS _ .,. o Inborn lysosomal enzyme defect

o Goneralizod (primarily liver, heart, muscie)

o Excossive glycogen concentrations
found in abnormal vacuoles in the lysosomes

o Normal blood sugar levels
o Massive cardiomegaly
P o Enzyme replacomont therapy avallable

o Infantile form: early death typically from
hoart tailure

TYPE V: McARDLE SYNDROME
ELETAL MUSCLE GLYCOGEN PHNOSPHMORYLASE
MYOPHOSPHORYLASE DEFICIENCY)

o Sheletal muscle atfected; liver enzyme normal

o Tomporary woakness and cramping of
sholelal musche after exercise

o No rise in Dlood lactate during strenuous
erorcine

o Normal mental development
o Myoglobinemia and myoglobinunia
o Relatively benign, chronic condition

o Migh level of glycogen with normal
structure in muscle

:,"m'mm! o Normal glycogen structure

Glucose 1-P
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structure)

complications

Affected Enzyme defect  Clinical features Tissue needed  Qutcome
Type tissue for diagnosis*
1(Von Gierke's  Liver, Glucose-6- Hepatomegaly,  Liver If patients survive
disease) intestine,  phosphatase hypoglycaemia, initial hypoglycaemia,
kidney stunted growth, prognosis is good:
obesity, hyperuricaemia s a
hypotonia late complication
2 (Pompe's Liver, Lysosomal Heart failure, Leukocytes, Death in first 6
disease) muscle, o-glucosidase  cardiomyopathy liver, muscle  months; juvenile and
heart adult variants seen
3 (Forbes' Liver, muscle Amylo-1, 6- Like Type | Leukocytes, Good prognosis
disease) (abnormal  glucosidase liver, muscle
glycogen
structure)
4 (Andersen Liver 1,4-0-glucan Failure to thrive, Leukocytosis,  Death in first 3 years
disease) (abnormal  branching hepatomegaly,  liver, muscle
glycogen  enzyme cirrhosis and its



Disease Deficient | Organ | Glycogen | Clinical Features
Enzyme | Affected | Structure

Type V Glycogen ~ Muscle ~ Normal  Muscle cramping,

McArdle’s  phosphorylase (increased  fatigue, myalgia and
amount)  Myoglobinuria witf

strenuous exercise

Type VI Glycogen Liver ~ Normal  Fasting hypoglycemia,

Her's  phosphorylase (increased  ketosis, hepatomegaly,

amount)  Pypertipidemia (less
severe than Yon Gierke’s)
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