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Sources of Blood Glucose

* Diet

— Starch, mono and disaccharides, glucose

— Sporadic, depend on diet
* Gluconeogenesis

— Sustained synthesis

— Slow in responding to falling blood glucose level
* Glycogen

— Storage form of glucose

— Rapid response

— Limited amount

— Important energy source for exercising muscle
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Glycogen Degradation

* Liver glycogen stores increase during
the well-fed state and are depleted
during fasting

* Muscle glycogen is not affected by
short periods of fasting (a few days)
and is only moderately decreased in
prolonged fasting (weeks).
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GLYCOGEN DEGRADATION Glycogen Degradatlon
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Lysosomal degradation of glycogen

* A small amount (1-3%) of glycogen is
degraded by the lysosomal enzyme,
a(1-4)-glucosidase (acid maltase).

* The purpose of this pathway Is
unknown.

» A deficiency of this enzyme causes
accumulation of glycogen in vacuoles
In the lysosomes (Type |I: Pompe
disease)



Glycogen Synthesis



Glycogen is synthesized by adding glucose one by one
UDP-Glucose is the active donor of glucose units
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Formation of UDP-Glucose
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Glycogen Synthesis
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Glycogen Storage Diseases

Genetic diseases

Defect in an enzyme required for synthesis or
degradation =»

Accumulation of excessive amount of
abnormal glycogen (synthesis) or normal
glycogen (degradation)

In one or more tissue
Severity: FATAL in Infancy....... Mild disorder



Glycogen Storage Diseases

* | Glucose-6-phosphatase (von Gierke disease)

(Figure 11.8 continued)
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GLUCOSE1-P + GLUCOSE (Ratio ~8:1)

TYPE la: VON GIERKE DISEASE
(GLUCOSE 6-PHOSPHATASE DEFICIENCY)

Type Ib: GLUCOSE 6-PHOSPHATE
TRANSLOCASE DEFICIENCY

L ] Affects liver, kidney, and intestine
Fasting hypoglycemia—severe

Fatty liver, hepatomegaly
Progressive renal disease

Growth retardation and delayed pube:
Hyperlacticacidemia and hyperuricemia

Normal glycogen structure; increased
glycogen stored

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

GCbSE
— Liver, kidney and intestine.

— Severe fasting hypoglycemia

— Hepatomegaly fatty liver.

— Normal glycogen structure.

— Progressive renal disease.

— Growth retardation.



Glycogen Storage Diseases

* V. Muscle glycogen phosphorylase (McArdle
syndrome)

e Skeletal muscle glycogen phosphorylase
deficiency
— Only muscle is affected;
— Weakness and cramping of muscle after exercise
— no increase in [lactate] during exercise



Glycogen Storage Diseases

* |l Lysosomes a (1->4) glucosidase =» POMPE
Disease

* Degradation of glycogen in the lysosomes
* = 3% of glycogen is degraded in the lysosomes
e Affects liver, heart and muscle

* Excessive glycogen in abnormal vacuoles in the
lysosomes

* Massive cardiomegaly
* Normal blood sugar, normal glycogen structure
e Early death from heart failure.



Glycogen Storage Diseases
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Energy needed for glycogen synthesis

Glucose + ATP > Glucose 6-phesphate + ADP
GIchate rGthate

GlucoWe UTPZUW,PE/
PP + H,O > 2P,

UDP-GI + Glycogen,, ——UDP + Glycogen,,,

Glc. + ATP+ UTP+ Glycogen,, — ADP + UDP +Glycogen,,,



The net reaction in glycogen synthesis
and degradation

Glucose 1-phosphate + UTPW

_PPT + H,0 2P,
UDP-Glucose + Glycogen,,, —> UDP + Glycogen,,,,

Glc. 1-phosph. + UTP+Glycogen ——UDP +Glycogen,,,

Degradation

Glycogen,, + P, — Glycogen, ;) +Glc. 1-phosphate



Hormonal Regulation of Glycogen Metabolism
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Glucagon Epinephrine
(l:l_!!a) (MUSCLE and LIVER)

Regulation of Glycogen Synthesis
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Ca*2 -Calmodulin Complex Function

c

\

Calmoduli
a*‘comple

Ca?* is released from the
endoplasmic reticulum
in response to hormones
or neurolransmitters
binding to cell-surface
receptors.

Cx,/r”

Calmoduin—

rTl'ua transient increase
in the intracellular Ca?*
concentration favors the
formation of the
calmodulin-Ca?*complex

O @

Active enzyme

Substrate Product



Calcium Activation of liver phosphorylase Kinase
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Glycogen Metabolism Regulation

[:J Glucagon Epinephrine
(LIVER) (MUSCLE and LIVER)

GLYCOGEN
IS
> 5-AMP DEGRADED

ROLE OF CALCIUM IN MUSCLE Phosphodiesterase

During muscle contraction,
Ca?* is released from the /—\

sarcoplasmic reticulum. The cAMP-dependent cAMP-dependent

Ca?* binds to the calmodulin protein kinase A oot riase A+

subunit of phosphorylase (inactive) (acﬂve) F
kinase, activating it without P

phosphorylation. Phosphorylase

kinase can then activate glycogen phospfmfdinse a
phosphorylase, causing (active)
glycogen degradation. ADP H0
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dphosphorylase kinase b phosphorylase kinase a
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phosphorylase b
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Protein phosphatase 1 €3 €A Insulin Insulin

ROLE OF AMP IN MUSCLE

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




