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CELLULAR GLYCOGEN

Why Glycogen as an Energy Storage Molecule?
1. Fat cannot be as rapidly mobilized in skeletal muscle.
2. Fat cannot be oxidized to produce energy in the absence of oxygen.
3. Energy input required to initiate fat oxidation.
4. The carbon atoms of fat cannot be used by any pathway of the human body in order to
maintain blood glucose levels for use by other tissues such as the brain. (i.e. fat cannot
be converted to glucose)
-

-

Used when intracellular levels of glucose and ATP are low
Glycogenolysis - degradation of glycogen
Muscle glycogen is fuel
for muscle contraction
Liver glycogen is
mostly converted to
glucose for bloodstream
transport to other
tissues
NOT simple hydrolysis
like dietary starch
Cleavage occurs by
phosphorolysis –
cleavage of a bond by
group transfer to an
oxygen atom of
phosphate
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MOBILIZATION OF GLYCOGEN

-

Glucose released as α-D-glucose-1-phosphate
o Catalyzed by the enzyme glycogen
phosphorylase in animals
o Enzyme removes glucose residues from the
nonreducing ends of glycogen
o Glycogen has lots and lots of non-reducing ends
o Acts only on α-1-4 linkages of glycogen
polymer
o α(16) branches hydrolyzed by debranching
enzymes
o Glucose-1-phosphate is ISOMERIZED readily
to glucose-6-phosphate and enters glycolysis
o Note that this pathway uses LESS ATP than
entry of glucose into glycolysis (bypass 1st
kinase reaction)

Regulation of Glycogen
Synthesis and
Mobilization
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REGULATION OF GLYCOGEN METABOLISM
Both mobilization (Glycogen phosphorylase) and synthesis (Glycogen synthase) of glycogen are
regulated by hormones
• Insulin, glucagon, cortisol, and epinephrine regulate mammalian glycogen
metabolism
-

Insulin:
o Insulin - Insulin is released as a result of an
increase in glucose levels, and therefore promotes
the conversion of glucose into glycogen, where
the excess glucose can be stored for a later date in
the liver
o Insulin is produced by β-cells of the pancreas
(high levels are associated with the fed state)
• Insulin stimulates the target organ/tissues to store
and conserve fuel and
decrease rate of fuel oxidation  An Anabolic
Hormone!
• ↑ Glucose uptake of muscle and adipose tissue:
o Insulin increases rate of glucose transport into muscle, adipose tissue via GLUT 4 transporter
o Insulin stimulates glycogen synthesis in the liver
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EXAMPLE:
Fasting (rest)
Blood: Insulin ↓
Glucose transport ↓
Glycogen synthesis ↓

Carbohydrate meal (rest)
Blood: Insulin ↑
Glucose transport ↑
Glycogen synthesis ↑

-

Diabetes Mellitus is a common form of diabetes where the sufferer does not have the ability to
produce sufficient insulin or are resistant to the effects of insulin, meaning that glucose cannot
be converted into glycogen. Anyone who has this condition usually has to take injections of
insulin after meals and snacks to maintain their storage of glucose needed in emergencies.
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ETHANOL METABOLISM:
-

Metabolism of ethanol alters the
NAD+/NADH ratio in cells

-

Primary site of ethanol
metabolism is LIVER
Some in stomach, kidneys, bone
marrow
Ethanol  Acetate by TWO
enzymes in liver
1.
Alcohol Dehydrogenase
(cytosol)
2.
Aldehyde
Dehydrogenase (mitochondrial matrix)

-

-

Alcohol consumption leads to excess NADH production
Excess NADH inhibits NAD+ requiring reactions in metabolic pathways because less of it is
around, notably gluconeogenesis and fatty acid metabolism
Consequences:
1.

2.

Inhibiting fatty acid oxidation leads to elevated TAG levels in liver
-

TAG’s accumulate as fatty deposits and ultimately contribute to cirrhosis of the liver (“Fatty
Liver”)

-

Fatty acid synthesis is increased and there is an increase in triacylglyceride production by
the liver.

Inhibition of gluconeogenesis leads to:
- Buildup of substrate lactate (lactic acid) causing acidosis (rarely overt)
- Hypoglycemia (low blood sugar) in undernourished people. Can lead to irreversible CNS
damage

Too much NADH greatly favors the conversion of pyruvate to lactate. Therefore, lactate, which is
converted to pyruvate, cannot be used for gluconeogenesis. Glycerol is converted to DHAP via a
reaction that needs NAD+ and is inhibited by NADH; therefore glycerol cannot be used for
gluconeogenesis.
3.

Acetaldehyde can escape from the liver into blood and form adducts with protein –NH2 groups,
nucleic acids and other compounds which may impair function. The results of which are the
toxic side effects (the hangover) - Acetaldehyde is VERY reactive

DON’T TAKE TYLENOL (acetaminophen) WITH ALCOHOL!!!
Ethanol induces production of cytochrome P450’s that catalyze the oxidation of Tylenol
to facilitate excretion
However, with Tylenol, the oxidized product is MORE toxic than the parent compound
Liver damage can result
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