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Objective :

1. Regulation of glycogen synthesis
( Glycogenesis ).

2. Degradation ( Glycogenolysis ).
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Regulation of Glycogen
Synthesis and Degradation



%3 » Importance of maintaining blood
SR glucose levels.

ey e * Glycogen storage form in liver
o %, and muscle.
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¢ « Glycogen synthesis during
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OT  Glycogen degradation during
— periods of fasting.
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dIn skeletal muscle:

* Glycogen degradation occurs

: during active exercise.

*%: + Synthesis begins as soon as the
*%: muscleis at rest.




Regulation of glycogen synthesis and degradation is

accomplished on two levels :
N > Glycogen synthesis

and phsphorylase are:

First

 hormonally regulated.

)

Glycogen synthase and

phosphorylase are: — —

‘\H‘

« allosterically controlled.



The regulation of glycogen synthesis and degradation is
extremely complex, involving many enzymes.

,"‘ phosphatases

Protein kinases
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Regulation of Glycogenesis



Regulation of Glycogenesis
~

- Glycogen synthase Is the key enzyme .

It Is present in two form:

Glycogen synthase a (active form)

N which is dephosphorylated.
Yy Glycogen synthase b (inactive form)
which is phosphorylated.




Hormonal regulation of glycogenesis

Glucagon (liver)
Epinephrine (muscle, liver)
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adenylate adenylate

cyclase cyclase Insulin
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Phosphodiesterase
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Active
c-AMP dependent
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Inactive >
c-AMP dependent
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Phosphorylation

Inactive
glycogen
synthase-b

Active
glycogen >
synthase-a

-

» Inhibition of glycogenesis
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Regulation of Glycogenesis

»In well fed state: induce insulin synthesis for the key
enzyme(induction) so, glycogenesis is stimulated.

»In fasting: decrease insulin leading to decrease synthesis
of the key enzyme (repression) and hence glycogenesis is
Inhibited.

B. Induction and repression of the key enzyme: ~N

\. J
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Regulation of Glycogenesis

C. Allosteric regulation

Glycogen synthase is:
»allostrically activated by glucose-6-P.
»allosterically inhibited by glycogen molecule.

.
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Regulation of Glycogenolysis



Regulation of Glycogenolysis:

- Phosphorylase is the key enzyme

B & e A ) Covalent modification:

It IS present in two form:

 Phosphorylase “a” which is
phsphorylated active form.

 Phosphorylase “b” which is
dephosphorylated in active form.
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active enzyme
inactive enzyme

(333 Glucagon or epinephrine
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Figure 1. Cascade for the control of glycogenolysis and glycogenesis



Regulation of Glycogenolysis:

- Phosphorylase is the key enzyme.

R W B G Induction and repression of the key
enzyme.

d In well fed state : induce insulin
which leads to decrease synthesis of
key enzyme (repression) so
glycogenolysis is inhibited.
 Fasting decrease insulin which
Increase synthesis of key enzyme
(induction) so glycogenolysis is
stimulated.
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Regulation of Glycogenolysis:

- Phosphorylase is the key enzyme

B & gy C ) Allosteric regulation:
— — Muscle phsphorylase is:
» Allostrecally activated by
AMP which is increase during
B muscular exercise.
. » Allosterically inhibited by

ATP and G-6-P
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Activation of glycogen degradation in muscle

°Ilncrease AMP.

*Calcium calmodulin.
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Summary

Glycogen metabolism is carefully regulated

SO that sufficient glucose Is available

for the body ‘s energy needs.

G GP and GS control glycogen metabolism

In liver and muscle cells.

Insulin, glucagon and epinephrine control

glycogenesis and glycogenolysis.



Glycogenesis glycogen (n+1) ycogenolysis

build/glycogen breakdown
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