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Glycogen metabolism



Glycogen
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Blood glucose can be obtained from three sources: diet, degradation
of glycogen and gluconeogenesis.

Glycogen is a rapidly mobilized form of glucose which is stored in
both liver and kidney to raise blood glucose during early stages of
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it exists also in muscles but it does not raise blood glucose because muscles using it immediately for energy generating

When glycogen stores are depleted, glucose is produced from
amino acids in specific tissues. e sl s S Losie
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Glycogen works as fuel for synthesis of ATP during muscle
contraction
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Structure and function of glycogen

1 400 g make up 1-2% of muscle weight but 100 g make up 10% of
liver
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O Glycogen is a branched chain homopolysaccharides made of a-D-

glucose linked together by a (1-4) glycosidic bond in the linear chain
and a-(1-6) glycosidic bond in the branches. Ll s oz s s 59 oSl
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O Fluctuation in glycogen stores: liver glycogen is not affected by short
fast (days) but decreased in prolonged fasting.
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Glycogenesis
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for liver, kidney and muscles

d 8_?_%urs in the cytosol and requires energy supplied by ATP and

A. Synthesis of UDP-glucose: from glucose 1-phosphate and UTP by
UDP-glucose pyrophosphorylase ......s.uop i ures st e oo s uop s

B. Synthesis of a primer to initiate glycogen s%/nthesis: Glycogen
synthase is responsible for making the a(1- 4) linkages in
s w56 1glycogen. This enzyme cannot initiate chain synthesis using free
'C“h';',?}g‘;;;;fs“glucose as an acceptor of a molecule of glucose from UDP-
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C. Elongation of glycogen chains by glycogen synthase

D. Formation of branches in glycogen: branches are present almost
every glycosyl residues which has more solubility than unbranched
and increase the number of non-reducing ends where Glu-UDP can
be added and this will accelerate the rate of glycogenesis.

Branching occurs by branching enzyme (amylo a(1-4) =2 a(1-6)
transglucosidase) followed by elongation using glycogen synthase
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Glycogenesis

Glucose 6-phosphate
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Glycogenesis | gi>gSuladl (2955

Synthesis of glycogen from glucose for storage
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e Primer formation on glycogenin (tyrosine residue)
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o Branch formation
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glycogénolysis
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O  From breaking of a(1-4) produce glucose 1-phosphate

O Breaking of a(1-6) release free glucose = s s agis) s
A.  Shortening of the chains: 1 branch i gy el Jaia

A
A. a(1-4)is cleaved by glycogen phosphorylase until four
glycosyl units remain on each chain before branch point

B. The enzyme utilize pyridoxal phosphate which is required as
coenzyme

C. The resulting structure is called limit dextrin

¢ yadl dadi L8 dds IS Je Ju3eSls Olasg &)j AT i e oSl My 9w gd dawlgs a(‘]-4) s @ ]
Aelun @3S Collrall JluS gyl Oldwgd @yl ssseian | o

é":"” u;)_“us.\.lb a.‘il.}.” Syl S T



glycogenolysis

oo B Lk (a(1-4)) oBslsll J8U @33l
lglizy @ (g oyall anl aze dny ¥l 1y3oSlall Llay

B. Removal of branches: it involves two enzymes: ol At Jzsall e By )

A. oligo a(1-4)-> (a(1-4) glucan transferase: removes the three of
the four glycosyl residues at a branch. Then it transfers them
to the nonreducing end of another chain.

B. The remaining a(1-6) single glucose residue is removed by
amylo- a(1-6) glucosidase activity J5 (a(1-6)) abeall 55508l sy ol
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Both enzymes are called debranching enzyme.
C. Conversion of glucose 1-phosphate to G6P:
Occurs in cytosol by phosphoglucomutase. s boms s pos 2
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In liver, G6P is translocated in ER by G6P translocase and then
converted to glucose by G6phosphatase. Sl ) a6 35Sk J85 i S 3
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No G6 phosphatase in muscle so G6P enter glycolysis
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glycogenolysis

e 55l ag3gilll Jlodl s

D. Lysosomal degradation of glycogen e
small amount of glycogen is continuously degraded by the
lysosomal enzyme a(1-4) glucosidase.

deficiency in this enzyme causes accumulation of glycogen in
vaccuole in cytosol (glycogen storage disease type Il (pompe
disease))
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Regulation of Glycogen metabolism
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0 cAMP Integrates the Regulation of Glycogenolysis & Glycogene-sy\

U The principal enzymes controlling glycogen metabolism-
glycogen phosphorylase and glycogen synthase are regulated
by allosteric mechanisms and covalent modifications due to
reversible phosphorylation and dephosphorylation of enzyme
protein kinase in response to hormone action

0 cAMP is formed from ATP by adenylyl cyclase at the inner surface
of cell membranes and acts as an intracellular second messenger
in response to hormones such as epinephrine, norepinephrine,
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0 cAMP is hydrolyzed by phosphodiesterase, so terminating
hormone action, in liver, insulin increases the activity of
phosphodiesterase
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» when muscle glycogen phosphorylase b is bound to
glucose, it cannot be allosterically activated by AMP
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» In the muscle, insulin indirectly inhibits the enzyme by

Regulation

increasing the uptake of glucose, leading to an
increased level of glucose 6-phosphate-a potent
allosteric inhibitor of glycogen phosphorylase
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Regulation of Glycogen Metabolism | c>sSuladl jasl audass

Brief summary of allosteric and hormonal regulation | _i3e,¢ly L:;}L}mgjiil bl yaiae jasle
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e Glucose-bound glycogen phosphorylase b
is not activated by AMP.
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e |In muscle, insulin increases glucose uptake
— raises glucose-6-phosphate, which
inhibits glycogen phosphorylase.
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£, Net effect: favors storage when glucose is abundant
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GLYCOGEN

IS
ROLE OF CALCIUM IN MUSCLE Phosphodiestera
= > 5-AMP DEGRADED
During muscle contraction,

Py 1 r

sarcoplasmic reticulum.

Ca?* binds to the calmodulin
subunit of phosphorylase

kinase, aclivating it without
phosphorylation. Phosphorylase
kinase can then activate glycogen
phosphorylase, causing

glycogen degradation,
Nzo\
Profein
P- 3
Protsin phosphatase 1 £ 6~ Insulin §
ROLE OF AMP IN MUSCLE Insulin

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




Regulation of Glycogen Degradation | (x>eSul=dl =5 pudais

o Brief summary of hormonal and allosteric control | sssiwg!3ly Liseyall pabiiill paie paile ————
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Metabolic characteristics Regulation
ocours.
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Regulation of Glycogen Metabolism | (s sSalodl (il aalsis

Brief summary of metabolic characteristics and fed vs fasting regulation | slually goidl dl> 3 aubiiilly oYl jailasl) paiie gaile
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Glycogen storage diseases

» They result either in formation of glycogen that has an abnormal
structure, or in the accumulation of excessive amounts of normal
glycogen in specific tissues as a result of impaired degradation.
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> A particular enzyme may be defective in a single tissue, such as the
liver, or the defect may be more generalized, affecting liver, muscle,
kidney, intestine, and myocardium. 551 a5 55 1 S oo oo T3 s 3 Lo e 5] 05 8 <
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» The severity of the glycogen storage diseases (GSDs) ranges from
fatal in infancy to mild disorders that are not life-threatening
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