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Glycogen metabolism



 و anabolism نع ةرابع metabolism لا
catabolism مده و ءانب 

 لا رسكن شلبنم مايصلا نم تاعاس ٨ دعب
glycogen ضئاف يف راصو انلكا ام درجم و 

 glycogen ينبا شلبب glucose لا نم



Glycogen

● 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
fast.

 
● When glycogen stores are depleted, glucose is produced from

amino acids in specific tissues.
 

● Glycogen works as fuel for synthesis of ATP during muscle
contraction



 يف ريصي سبو glycogen هنم ينبنم  dietary glucose لا وه همادختسا يف أدبنم يشا لوا
fasting ةليوط ةرتفل overnight وا fasting for long term لا ريسكت متبglycogen

 ةعاس ٢٤ دعب ابيرقت هلا ل peak لا لصوب fasting لا ةرتف دعب شلبب gluconeogenesis لا
 مايصلا نم

 نامك هرسكنم ةعرسب و هنزخنم لوط ىلع انحا ينعي ادج عيرس glycogen لل mobilization لا
 مايصلا للاخ هجاتحنم الم

 amino acids لا يه اهلا ل precursors لاو يهتنت ىتحل مايا اهدب stores لا

 هنم عنصا نكمم يللاو amino acid pool ك ةدوجوم amino acids لا نم 100g يدنع يف
 زوكولجلا هنم لصحبو هرسكب زوكولجلا وا ةقاطلل ردصمك هجاتحا الم و تانيتوربلا

 RBCs لا ةمه يللا ةقاطلل ردصمك زوكولجلاع نيدمتعم two organs يف fasting لا ةلاح يف
 ةقاطلل ردصمك fats لاو lipids لاع اودمتعب ايلاخلا يقابو brain لاو



Structure and function of glycogen

● 400 g make up 1-2% of muscle weight but 100 g make up 10% of
liver

 
● Glycogen is a branched chain homopolysaccharides made of α-D-

glucose linked together by α (1-4) glycosidic bond in the linear chain
and α-(1-6) glycosidic bond in the branches.

 
● Fluctuation in glycogen stores: liver glycogen is not affected by

short fast (days) but decreased in prolonged fasting.



 لا ةمه glycogen لا نم زوكولغلا عينصت نع ينلوؤسلما .. نكاما ٣ ب دجاوتب glycogenلا
liver لاوkidney لاوliver لا وهmajor 

 glycogen مهيف ٢لا skeletal musclesلا و heart musclesلا يف muscles لل ةبسنلاب

 لامعتسلال زوكولج عنصب muscleلا امنيب ةيناتلا مسجلا ايلاخل اهيطعب و زوكولج عنصب liverلا
 طقف يصخشلا

 نوكتب linear chainلاب يللا زوكولجلا ينب bondsلاو linear نوكب هنم ءزج glycogenلا
alpha(1-4) نوكب هنم ءزج يفو branched لاوbond نوكب هعات alpha(1-6) 

 advantages هلا branches هيف هنا امب glycogenلا
 liver cellلا عبت لوسوتياسلاب glycogenلل solubilityلا ديزب هنا يشا لوا
 ادج ةعيرس glycogenلا ءانب و ريسكت ةيلمع هنا يشا ينات



Glycogenesis

● Occurs in the cytosol and requires energy supplied by ATP and
UTP

• Synthesis of UDP-glucose: from glucose 1-phosphate and UTP
by UDP-glucose pyrophosphorylase

 
• Synthesis of a primer to initiate glycogen synthesis: Glycogen

synthase is responsible for making the α(1- 4) linkages in
glycogen. This enzyme cannot initiate chain synthesis using free
glucose as an acceptor of a molecule of glucose from UDP-
glucose (only elongation).



 , ATP ل جاتحب و لوسوتياسلاب متتب ةيلمعلا و enzymes 2 يدنع يف glycogenesisلا
UTP لا ينبا ناشع ةقاطglycogen 

 glucose-6-phosphate ل glucoseلا لوحب glucokinaseلا يشا لوا

 لقنب سب( glucose-1-phosphate ل هلوحب phosphoglucomutase enzymeلا نيدعب
 )١ ةنوبركل ٦ ةنوبرك نم تافسوف ةعومجم

 ىلع UDPلا فيضب UDP glucose pyrophosphorylaseلا ميزنا .. اهارو يللا ةوطخلا
 UDP-glucose يدنع علطبف زوكولجلا

 linear لمعي ناشع alpha(1-4) bond نّوكي شلبب glycogen synthaseلا كيه دعب
chain لمعب سبف elongation 



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 α(1-4) � α(1-6)

transglucosidase) followed by elongation using glycogen synthase
 

Glycogenesis



 همسا ميزنا مدختسب branches لمعا ناشع
branching enzyme نع ةرابع وه و 

aminoacids همسا و amylo alpha (1-4)—
>alpha(1-6) transglucosidase enzyme 

 لمكب و glycogen synthaseلا يجيب نيدعبو
 elongation سب لمعب ينعي branchلا



Glycogenesis

 ةعبس لك دعب
subunits بكرب 

 branch يدنع



glycogenolysis

● From breaking of α(1-4) produce glucose 1-phosphate
 

● Breaking of α(1-6) release free glucose
 

• Shortening of the chains:
• α(1-4) is cleaved by glycogen phosphorylase until four

glycosyl units remain on each chain before branch point
• The enzyme utilize pyridoxal phosphate which is required as

coenzyme
• The resulting structure is called limit dextrin



Glycolysis زوكولج ريسكت  
Guconeogenesis زوكولج عينصت  
Gycogenesis ينجوكيلاج عينصت

Glycogenolysis ينجوكيلاج ريسكت  

 نم ةينات ةرم عجرب نيدعب glucose-1-phosphate ل اهرسكي ناشع enzyme اهمزلا alpha(1-4) يشا لوا
 endoplasmic reticulumلاع هيدوب و glucose-6-phosphate ل هلوحب phosphoglucomutaseلا
 هعلطبو زوكولجل هلوحبو

 تافسوف ةعومجم اهيلع ام free glucose اهنم علطب alpha(1-6)لا

 glycogen phosphorylaseلا ةمه glycogenolysisلاب اولغتشب يللا تاميزنلاا
 debranching enzymesلاو

 رخا ميزنلاا داه ينعي ةعبرا سب يدنع لضي ام دحل زوكولجل رسكب glycogen phosphorylaseلا هنا ريصب يللا
 هيمسنم جتانلا و coenzyme ك peridoxal phosphate جاتحب ميزنلاا داهو مهرسكب ام زوكولج تابح عبرا

limit dextrin 



B. Removal of branches: it involves two enzymes:
• oligo α(1-4)-> (α(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.

• The remaining α(1-6) single glucose residue is removed by
amylo- α(1-6) glucosidase activity

   Both enzymes are called debranching enzyme.
   C. Conversion of glucose 1-phosphate to G6P:
       Occurs in cytosol by phosphoglucomutase.
 
In liver, G6P is translocated in ER by G6P translocase and then

converted to glucose by G6phosphatase.
 
No G6 phosphatase in muscle so G6P enter glycolysis

glycogenolysis



 debranching enzymesلا
 ةعبرلاا نم زوكولج تابح ٣ ليشب oligo alpha(1-4) —>alpha(1-4) glucan transferaseلا وه دحاو لوا
 amylo alpha(1-6) glucosidase همسا ميزنا اهكسمب ةبح يدنع لضب و chainلا لوا ىلع مهلقنب و

 endoplasmicلاع glucose-6-phosphateلا يدوب translocase enzymeلا اهدعب يللا ةوطخلا
reticulum لا كانه وglucose6phosphatase كيه دعب و لوسوتياسلاع علطتب و زوكولج ل اهلوحب و اهرسكب 

 liverلاب تراص

-glucose-6 ل هلوحب و glut-4 قيرط نع زوكولجلا لقنبف glucose6phosphatase انع يف ام muscleلاب
phosphate هنم عنصبف glycogen ةقاطلل ردصمك همدختسب وا 



D. Lysosomal degradation of glycogen
   small amount of glycogen is continuously degraded by the lysosomal

enzyme α(1-4) glucosidase.
   deficiency in this enzyme causes accumulation of glycogen in

vaccuole in cytosol (glycogen storage disease type II (pompe
disease))

glycogenolysis



 هنا نكمم glycogenلا نم ةريغص ريتك ةيمك يف
 ةلكشلما و lysosomesلاب degradation اهلريصي
 اهلريصي lysosomal enzymeلا الم ريصت نكمم يللا

mutation ريصبف برخت و accumulation 
 glycogen هيمسنم و glycogen in vacuolesلل

storage disease وا pompe disease 



Regulation of Glycogen metabolism

● cAMP Integrates the Regulation of Glycogenolysis & Glycogenesis
● 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

 
● 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,
and glucagon

 
● cAMP is hydrolyzed by phosphodiesterase, so terminating

hormone action, in liver, insulin increases the activity of
phosphodiesterase



 وا more active ريصي ناشع phosphorylation اهلريصي نكمم تاميزنلاا هنا لبق نم انيكح
less active لا مهيلع لاثم و glycogen synthase و glycogen phosphorylase 

 هتانعم مايصلا ةلاح يف glucagonلا نم activation هللمعنب protein kinaseلا ونا انيكح و
 glycogen phosphorylase و glycogen synthaseلل phosphorylation لمعب انا

 ينتوربلاع ةدوجوم يللا رسكب وه و protein phosphataseلا وه هيف زفحتب يللا .. ينلوسنلاا
adenylyl cyclaseلا للاخ نم cAMPلا عفرتب ياه  protein kinaseلا امنيب
 adenylylلل activation لمعب هعبت receptorلا ىلع طبتري سب glucagonلا يدنعف

cyclase لا عفرب وcAMP لل لوحتبفactive form 

 ينلوسنلاا دوجوب active نوكبو direct هيلع phosphorylationلا synthase eznymeلا

 ATPلاو زوكولجلا وه يللا glycogen phosphorylaseلل inhibition لمعب يللا .. liverلاب
 ينجوكيلاج رسكا يعاد شف نيدوجوم ماد ام لوده و glucose-6-phosphateلاو



Regulation

➢ when muscle glycogen phosphorylase b is bound to
glucose, it cannot be allosterically activated by AMP

 
➢ In the muscle, insulin indirectly inhibits the enzyme by

increasing the uptake of glucose, leading to an
increased level of glucose 6-phosphate-a potent
allosteric inhibitor of glycogen phosphorylase



 و ةيلاع contractility يف اهانعم muscleلاب يلاع نوكي الم مويسلاكلا
 رسكا يعاد يف ام ريتك ATP يف نوكي المو phosphorylaseلا زفحب داه
 inhibited ميزنلاا داه نوكبف ةقاطلل ردصم هلمعتسا و ينجوكيلاج



Regulation



Regulation  ةيلمعلا لكل صخلم



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.

 
➢ 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.

 
➢ The severity of the glycogen storage diseases (GSDs) ranges from

fatal in infancy to mild disorders that are not life-threatening



 اهلريصب و lysosomal enzymeلاب نوكي نكمم للخلا هنا انيكح
mutation لاب للخ نوكي نكمم وglucose-6-phosphatase enzyme 

 defect اهلريصب تاميزنلاا نم ددع ينعي

 يدؤي نكمم liverلاب glucose-6-phosphateلا مكارت
 لكاشم لمعب نكمم و arrhythmia لمعي نكمم و hepatomegalyل
 يف هنلا kidneyلاب لكاشم نكمم و diarrhea لثم intestinesلاب
 kidneyلاب ينجوكيلاج


