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Glycogenesis and Glycogenolysis 
· Glycogen, a branched polymer of glucose, represents a storage form of glucose. 
· Glycogen synthesis and degradation occur primarily in liver and skeletal muscle, although other tissues including cardiac muscle and the kidney store smaller quantities. 
· Glycogen is stored in the cytoplasm as either single granules (skeletal muscle) or as clusters of granules (liver). Glycogen stored in the liver is a source of glucose mobilized during hypoglycemia. 
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Glycogenesis and Glycogenolysis 
· Muscle glycogen is stored as an energy reserve for muscle contraction. In white (fast-twitch) muscle fibers, the glucose is converted primarily to lactate, whereas in red (slow-twitch) muscle fibers, the glucose is completely oxidized. 
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Glycogen Synthesis 
· Synthesis of glycogen granules begins with a core protein glycogenin. 
· Glucose addition to a granule begins with excess glucose 6-phosphate, which is converted to glucose 1-phosphate and activated to UDP-glucose for addition to the glycogen chain by glycogen synthase, the rate-limiting enzyme. 
· Glycogen synthase is stimulated locally by glucose, and globally by insulin. 
· Branching Enzyme is responsible for introducing -1,6 linked branches into the granule as it grows. 
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Glycogenolysis 
· The rate-limiting enzyme of glycogenolysis is glycogen phosphorylase. The other enzyme involved is the debranching enzyme. 
· Glucagon and epinephrine stimulate glycogen phosphorylase, while insulin inhibits it. 
· AMP stimulates muscle glycogen phosphorylase. 
· The glucose-1 phosphate formed is converted to glucose-6 phosphate by the same mutase used in glycogen synthesis. 
· Glucose-6 phosphatase dephosphorylates glucose-6 phosphate only in the liver. 
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Glycogenesis 
· Glycogen synthase forms the -1,4 glycosidic bond found in the linear glucose chains of the granule. 
· Branching enzyme is responsible for introducing -1,6 linked branches into the granule as it grows. 
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Glycogenolysis 
· Glycogen phosphorylase breaks -1,4 glycosidic bonds, releasing glucose 1-phosphate from the periphery of the granule. Glycogen phosphorylase cannot break -1,6 bonds and therefore stops when it nears the outermost branch points. 
· Debranching enzyme deconstructs the branches in glycogen that have been exposed by glycogen phosphorylase. 





115545 >>> 0:16:56 

SLIDE 8 of 18 
Regulation of Glycogen Synthesis 
Table I-14-1. Comparison of Glycogen Synthase in Liver and Muscle 
Glycogen
Synthase
Liver
Skeletal Muscle
Activated by
Insulin

Glucose
Insulin
Inhibited by
Glucagon

Epinephrine
Epinephrine
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Table I-14-2. Comparison of Glycogen Phosphorylase in Liver and Muscle 
Glycogen
Phosphorylase
Liver
Skeletal Muscle
Activated by
Epinephrine

Glucagon
Epinephrine

AMP

Ca2+ (through calmodulin)
Inhibited by
Insulin 

Insulin

ATP
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Genetic Deficiencies of Enzymes in Glycogen Metabolism 
· Glucose-6 Phosphatase Deficiency (von Gierke’s Disease) 
Table I-14-3. Glycogen Storage Diseases 
Type
Deficient Enzyme
Cardinal Clinical Features
Glycogen Structure
I
von Gierke's
Glucose-6-
phosphatase
Severe hypoglycemia,
hepatomegaly,
hyperlipidemia,
hyperuricemia
Glycogen-like material in inclusion bodies
II
Pompe's
Lysosomal -1,4-
glucosidase
Cardiomegaly, muscle 
weakness, death by 2 
years
Normal
III
Cori's
Glycogen
debranching enzyme
Mild hypoglycemia,
liver enlargement
Short outer branches

Single glucose residue
at outer branch
IV
Anderson's
(amylopectinosis)
Branching enzyme
Infantile hypotonia,
cirrhosis, death by 2
years
Very few branches,
especially toward
periphery
V
McArdle's
Muscle glycogen
phosphorylase
Muscle cramps and
weakness on exercise
Normal
VI
Hers' disease
Hepatic glycogen
phosphorylase
Mild fasting
hypoglycemia,
hepatomegaly,
cirrhosis
Normal
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Glucose-6 Phosphatase Deficiency (von Gierke’s Disease) – Type I 
· Glycogen deposits in the liver (glucose 6-P stimulates glycogen synthesis, and glycogenolysis is inhibited). 
· Produces a profound fasting hypoglycemia, lactic acidosis, and hepatomegaly. 
· Hyperlipidemia with skin xanthomas; elevation of triglycerides (VLDL) and fatty liver. 
Table I-14-3. Glycogen Storage Diseases 
Type
Deficient Enzyme
Cardinal Clinical Features
Glycogen Structure
I
von Gierke's
Glucose-6-
phosphatase
Severe hypoglycemia,
hepatomegaly,
hyperlipidemia,
hyperuricemia
Glycogen-like material in inclusion bodies
II
Pompe's
Lysosomal -1,4-
glucosidase
Cardiomegaly, muscle 
weakness, death by 2 
years
Normal
III
Cori's
Glycogen
debranching enzyme
Mild hypoglycemia,
liver enlargement
Short outer branches

Single glucose residue
at outer branch
IV
Anderson's
(amylopectinosis)
Branching enzyme
Infantile hypotonia,
cirrhosis, death by 2
years
Very few branches,
especially toward
periphery
V
McArdle's
Muscle glycogen
phosphorylase
Muscle cramps and
weakness on exercise
Normal
VI
Hers' disease
Hepatic glycogen
phosphorylase
Mild fasting
hypoglycemia,
hepatomegaly,
cirrhosis
Normal
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Lysosomal -1,4 Glucosidase Deficiency (Pompe’s Disease) – Type II 
· Glycogen synthesis or degradation is not involved. 
· Instead, the deficient enzyme normally resides in the lysosome and is responsible for digesting glycogen-like material accumulating in endosomes. 
· With infantile onset, massive cardiomegaly is usually the cause of death, which occurs before 2 years of age. 
Table I-14-3. Glycogen Storage Diseases 
Type
Deficient Enzyme
Cardinal Clinical Features
Glycogen Structure
I
von Gierke's
Glucose-6-
phosphatase
Severe hypoglycemia,
hepatomegaly,
hyperlipidemia,
hyperuricemia
Glycogen-like material in inclusion bodies
II
Pompe's
Lysosomal -1,4-
glucosidase
Cardiomegaly, muscle 
weakness, death by 2 
years
Normal
III
Cori's
Glycogen
debranching enzyme
Mild hypoglycemia,
liver enlargement
Short outer branches

Single glucose residue
at outer branch
IV
Anderson's
(amylopectinosis)
Branching enzyme
Infantile hypotonia,
cirrhosis, death by 2
years
Very few branches,
especially toward
periphery
V
McArdle's
Muscle glycogen
phosphorylase
Muscle cramps and
weakness on exercise
Normal
VI
Hers' disease
Hepatic glycogen
phosphorylase
Mild fasting
hypoglycemia,
hepatomegaly,
cirrhosis
Normal
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· Glycogen Debranching Enzyme Deficiency (Cori’s Disease) – Type III 
· -1,6 glycosidic bonds are not broken down and glycogen in short outer branches accumulates in cells. 
· Mild hypoglycemia and hepatosplenomegaly are the main clinical features. 
Table I-14-3. Glycogen Storage Diseases 
Type
Deficient Enzyme
Cardinal Clinical Features
Glycogen Structure
I
von Gierke's
Glucose-6-
phosphatase
Severe hypoglycemia,
hepatomegaly,
hyperlipidemia,
hyperuricemia
Glycogen-like material in inclusion bodies
II
Pompe's
Lysosomal -1,4-
glucosidase
Cardiomegaly, muscle 
weakness, death by 2 
years
Normal
III
Cori's
Glycogen
debranching enzyme
Mild hypoglycemia,
liver enlargement
Short outer branches

Single glucose residue
at outer branch
IV
Anderson's
(amylopectinosis)
Branching enzyme
Infantile hypotonia,
cirrhosis, death by 2
years
Very few branches,
especially toward
periphery
V
McArdle's
Muscle glycogen
phosphorylase
Muscle cramps and
weakness on exercise
Normal
VI
Hers' disease
Hepatic glycogen
phosphorylase
Mild fasting
hypoglycemia,
hepatomegaly,
cirrhosis
Normal
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Glycogen Branching Enzyme Deficiency (Andersen’s Disease) – Type IV 
· Glycogen is produced only in long linear form. 
· Infantile hypotonia, cirrhosis, death by 2 years. 
Table I-14-3. Glycogen Storage Diseases 
Type
Deficient Enzyme
Cardinal Clinical Features
Glycogen Structure
I
von Gierke's
Glucose-6-
phosphatase
Severe hypoglycemia,
hepatomegaly,
hyperlipidemia,
hyperuricemia
Glycogen-like material in inclusion bodies
II
Pompe's
Lysosomal -1,4-
glucosidase
Cardiomegaly, muscle 
weakness, death by 2 
years
Normal
III
Cori's
Glycogen
debranching enzyme
Mild hypoglycemia,
liver enlargement
Short outer branches

Single glucose residue
at outer branch
IV
Anderson's
(amylopectinosis)
Branching enzyme
Infantile hypotonia,
cirrhosis, death by 2
years
Very few branches,
especially toward
periphery
V
McArdle's
Muscle glycogen
phosphorylase
Muscle cramps and
weakness on exercise
Normal
VI
Hers' disease
Hepatic glycogen
phosphorylase
Mild fasting
hypoglycemia,
hepatomegaly,
cirrhosis
Normal
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Muscle Glycogen Phosphorylase Deficiency (McArdle’s Disease) – Type V 
· Reduced levels of glycogenolysis in the muscle. 
· Muscle cramps and weakness on exercise. 
Table I-14-3. Glycogen Storage Diseases 
Type
Deficient Enzyme
Cardinal Clinical Features
Glycogen Structure
I
von Gierke's
Glucose-6-
phosphatase
Severe hypoglycemia,
hepatomegaly,
hyperlipidemia,
hyperuricemia
Glycogen-like material in inclusion bodies
II
Pompe's
Lysosomal -1,4-
glucosidase
Cardiomegaly, muscle 
weakness, death by 2 
years
Normal
III
Cori's
Glycogen
debranching enzyme
Mild hypoglycemia,
liver enlargement
Short outer branches

Single glucose residue
at outer branch
IV
Anderson's
(amylopectinosis)
Branching enzyme
Infantile hypotonia,
cirrhosis, death by 2
years
Very few branches,
especially toward
periphery
V
McArdle's
Muscle glycogen
phosphorylase
Muscle cramps and
weakness on exercise
Normal
VI
Hers' disease
Hepatic glycogen
phosphorylase
Mild fasting
hypoglycemia,
hepatomegaly,
cirrhosis
Normal
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Hepatic Glycogen Phosphorylase Deficiency (Hers’ Disease) – Type VI 
· Hepatic glycogen phosphorylase deficiency is usually a relatively mild disease because gluconeogenesis compensates for the lack of glycogenolysis . 
· If present, hypoglycemia, hyperlipidemia, and hyperketosis are mild. 
· Hepatomegaly and growth retardation may be present in early childhood, although hepatomegaly may improve with age. 
Table I-14-3. Glycogen Storage Diseases 
Type
Deficient Enzyme
Cardinal Clinical Features
Glycogen Structure
I
von Gierke's
Glucose-6-
phosphatase
Severe hypoglycemia,
hepatomegaly,
hyperlipidemia,
hyperuricemia
Glycogen-like material in inclusion bodies
II
Pompe's
Lysosomal -1,4-
glucosidase
Cardiomegaly, muscle 
weakness, death by 2 
years
Normal
III
Cori's
Glycogen
debranching enzyme
Mild hypoglycemia,
liver enlargement
Short outer branches

Single glucose residue
at outer branch
IV
Anderson's
(amylopectinosis)
Branching enzyme
Infantile hypotonia,
cirrhosis, death by 2
years
Very few branches,
especially toward
periphery
V
McArdle's
Muscle glycogen
phosphorylase
Muscle cramps and
weakness on exercise
Normal
VI
Hers' disease
Hepatic glycogen
phosphorylase
Mild fasting
hypoglycemia,
hepatomegaly,
cirrhosis
Normal
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Glucose-6 Phosphatase Deficiency (von Gierke’s Disease) – Type I 
· Glycogen deposits in the liver (glucose 6-P stimulates glycogen synthesis, and glycogenolysis is inhibited). 
· Gluconeogenesis is severely impaired as well. 
· Produces a profound fasting hypoglycemia, lactic acidosis, and hepatomegaly. 







