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Glycogenolysis

* Glycogen breakdown serves different purposes in liver and muscle:
* Muscle—ATP production within the tissue during activity
» Liver—furnish glucose to other tissues (supply for ~24 hours)
* Glucagon (acting in liver) and epinephrine (acting in muscle) trigger
glycogen breakdown by initiating a G protein-dependent signal
transduction pathway that results in phosphorylation and activation of
glycogen phosphorylase

Variation in glycogen levels between meals and during night

Liver glycogen content

Lunch Dinner
| | |

% I l
8am  Noon 4 pm 8 pm  Midnight J4am




Fuel supplies in extreme situations--starvation

Fuel Tissue Fuel Reserves

(9) (kcal)
Glycogen Liver 70 280

Glycogen Muscle 120 480
Fat Adipose 15,000 135,000

Protein Muscle 6,000 24.000

Energy use in order of preference:
(1) Glucose from food

(2) Glucose from glycogen

(3) Glucose from gluconeogenesis
(4) Fatty acids from stored fat

(5) Amino acids from protein




Liver glycogen is depleted in a day
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FASTING: Low glucose EXERCISE

Glucagon from pancreas
Epinephrine from adrenal medulla

LIVER

(
Glycogen = Glucose

o

Lactate ., Glucose- & Glycogen
\_ 6-phosphate el

Epinephrine | |\ @

Glucagon MUSCLE CELL

4 )
_—> Glucose

Active pathways: Pyruvate

1. Glycogen breakdown, Chapter 21 ‘ ‘

2. Gluconeogenesis, Chapter 16 ¥ _|_Lactate O, + H,0

3. Glycolysis, Chapter 16 1T U

4, Citric acid cycle, Chapter 17 *

5. Oxidative phosphorylation,
Chapter 18

Figure 21-14
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Epinephrine (muscle) or
glucagon (liver) 7T™M
receptor

Figure 21-15
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

Adenylate
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Glucagon Adenylyl
receptor cyclase

GLUCOSE ABUNDANT GLUCOSE SCARCE
(glycolysis active) (glycolysis inactive)
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Glycogen synthase







DURING EXERCISE OR FASTING

Glucagon (liver) or

epinephrine (muscle and liver) Adenylate

\ cyclase

B
7~ \Cyclic
ATP AMP
Protein ~~ X Protein
kinase A kinase A
Phosphorylase ,—\Phosphorylase Glycogen — Glycogen
kinase kinase synt:ase synthase
b
Phosphorylase ,—~Phosphorylase (inactive)
b a
Glycogen,, T» Glycogen,, _,
Glucose 1-phosphate
Figure 21-17
Biochemistry, Sixth Edition
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AFTER A MEAL OR REST
Glucagon or epinephrine

Protein

kinase A l
Y

Phosphorylase — Phosphorylase Glycogen/\Glycogen
kinase §. i WVRRSR. kinase synthase \___~ synthase

A l A
Phosphorylase /—\ Phosphorylase
b

\_/ a

Glycogen breakdown Glycogen synthesis
inhibited A stimulated
Protein
phosphatase 1
A

Glycogen synthesis
required

Figure 21-18
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company



DURING EXERCISE OR FASTING
Epinephrine or glucagon

|

Activated

/)rotein kinase I-\

ATP °~ ADP ATP ° ADP

Active

Inhibitor
Glycogen-binding Inactive

region

Figure 21-19
Biochemistry, Sixth Edition
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Figure 21-20
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Figure 21-22
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TasLe 21.1 Glycogen-storage diseases

Glycogen
Type Defective enzyme Organ affected in the affected organ Clinical features
| Glucose 6-phosphatase Liver and kidney Increased amount; Massive enlargement of the liver.
Von Gierke or transport system normal structure. Failure to thrive. Severe
disease hypoglycemia, ketosis,
hyperuricemia, hyperlipemia.
I a-1,4-Glucosidase All organs Massive increase in Cardiorespiratory failure
Pompe (lysosomal) amount; normal structure. causes death, usually before
disease age 2.
1} Amylo-1,6-glucosidase Muscle and liver Increased amount; Like type I, but milder
Cori (debranching enzyme) short outer branches. course.
disease
1\ Branching enzyme Liver and spleen Normal amount; very long Progressive cirrhosis of the liver.
Andersen (¢-1,4 —> -1,6) outer branches. Liver failure causes death,
disease usually before age 2.
'} Phosphorylase Muscle Moderately increased Limited ability to perform strenuous
McArdle amount; normal structure. exercise because of painful
disease muscle cramps. Otherwise patient
is normal and well developed.
Vi Phosphorylase Liver Increased amount. Like type I, but milder
Hers course.
disease
Vil Phosphofructokinase Muscle Increased amount; Like type V.
normal structure.
Vil Phosphorylase kinase Liver Increased amount; normal Mild liver enlargement.

structure.

Mild hypoglycemia.

Note: Types | through VIl are inherited as autosomal recessives. Type Vil is sex linked.

Table 21-1
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