
Close your eyes ,breath and let us 
Start our easy lecture   



 
  Why do we need to store carbohydrates in muscle? ٌػشا

 َسحخديها وقث انحاجه 
 

  Why carbohydrates are stored as glycogen? 
 

  Overview of glycogen synthesis (Glycogenesis) 
 

  Overview of glycogen breakdown (Glycogenolysis) 
 

  Key elements in regulation of both Glycogenesis and 
Glycogenolysis 
 

Objectives .. 



 
 

 Location of glycogen in the body 
 

         skeletal muscle & liver  : 
        * 400 g in muscles (1-2% of resting muscles weight) 
         *100 g in liver (~ 10% of well-fed liver)                       بؼد الاكم 
 contaction فٍ انؼضهه َكىٌ انجلاَكىجٍُ فٍ كًُه اقم      فٍ حانه ال 

 
 Functions of glycogen: 

 
1-Function of muscle glycogen:  
fuel reserve (ATP)   => (during muscular exercise) 
 
2- Function of liver glycogen:  
a source for blood glucose  => (especially during early stages of fasting)  
 يثم نًا َكىٌ َاًٍَُ

Location &  Functions of Glycogen .. 

Both (liver & 
muscles) are 
storege sites 

جسحخدو  contractive musclesانـ

 نذنك لا ًَكُُا حسابه  Glycogenانــ

! 

وبما أ ن امعضلات مٌتشرة في جميع انحاء , ُذٍ امًس بة مكل عضله على حدٍ 

 المخزن في امعضلات أ كثر من امكبد  glycogenالجسم وس تًتج أ ن وس بة 



 .. Glucose 6-phosphataseالاىزيم 

,  ُما امكبد وامكلية , موجود في مكاهين فلط 

لى   glycogenويلوم بتحويل امـ ..  Glucoseا 

ذا الاىزيم مفلود في امعضلات ولذلك تجري  وُ

ثلف عيد  ومكنهفس ُذٍ امعملية في امعضلات 

Glucose 6-P  1وبذلك تم ثوفيرATP  خلال

 ُذٍ امعملية في امعضلات



*باخحصار  

َهاَه 
 انجلاَكىجٍُ

muscle 

ATP 

liver 

 جهىكىس



ػًهُات جحصم 
 نهجلاَكىجٍُ

اياا اصُغ جلاَكىجٍُ 
 واسًُها 

glycogenesis 

او اكسز جلاَكىجٍُ 
 ونسًُها

glycogenolysis 

 ٍ  هذول انؼًهُحٍُ نهجلاَكىجُ
 بشكم كبُز يُظًات<



 
 Glycogen is a branched-chain homopolysaccharide made 

exclusively from a- D-glucose 

 

  Glucose residues are bound by  a(1 - 4) glucosidic linkage 

 

 Branches (every 8-10 residue) are linked a(1-6) glucosidic 
linkage 

 

 

  Glycogen is present in the cytoplasm in the form of granules 
which  contain most of the enzymes necessary for glycogen 
synthesis & degradation 

 

Structure of Glycogen .. 

من الجلوكوز  4ذرة امكربون ال ولى من الجلوكوز ترثبط بذرة امكربون رقم *

 الملابل

 الملابلمن الجلوكوز  6ذرة امكربون ال ولى من الجلوكوز ترثبط بذرة امكربون رقم *

 



 

Structure of Glycogen .. 

 linkage glucosidic) 6-1(a< =امتي وردت في امسلايد امسابق  Branches pointتمثل  امـ

 



 
 :خصائص انجلاَكىجٍُ   

  branched 

 Polysaccharide  

Homopolysaccharide 

   اَه َحكىٌ يٍ جهىكىس يزجبطٍُ يغ بؼض بزابطه وهٍ

 a glucosidic linkage 

 وحدات  جلوكوز يكون فيه تفرع(10-8)كل   

 

 

 باخحصار



 
Glycogenesis:  

     Synthesis of Glycogen from Glucose 

 

 

Glycogenolysis: 

     Breakdown of Glycogen to Glucose-6-phosphate 

 

 

Metabolism of Glycogen in Skeletal Muscle .. 



 
1-  Building blocks: UDP-GLUCOSE 
 

2- Initiation of synthesis: 
      Elongation of pre-existing glycogen fragment       
    OR 
    The use of glycogen primer (glycogenin) 
       

3- ELONGATION: Glycogen synthase  (for  a1-4 linkages)   

 
 
4- BRANCHING:  Branching enzyme  (for a1-6 linkages) 

GLYCOGENESIS 
(Synthesis of Glycogen in Skeletal Muscles) 

الجلوكوز موحدة لا يس تعيع أ ن يتحول ا لى جلايكوجيييسس ا لا ا ذا حصل له 

activation بامـ َ متصاك  Uredines DiPhosphateويتم ذلك عن ظريق ا 

A protein attached to glucose unite 

Enzyme that can not initiate synthesis but 
it can only elongation pre-existing chain 

Specific enzyme for 
formation of branch point 



 

Synthesis of Glycogen .. 

Elongation 

Branching 



 
1- Shortening of glycogen chain: by glycogen phosphorylase 

  Cleaving of a(1-4) bonds of the glycogen chain producing  glucose 1-phosphate 
   Glucose 1-phosphate is converted  to => glucose 6-phosphate (by mutase 
enzyme) 
 

2- Removal of branches : by debranching enzymes 

  Cleaving of a(1-6) bonds of the glycogen chain producing free glucose (few) 

 

3-  Fate of glucose 6-phosphate (G-6-P) : 
 
    * G-6-P  is not converted to free glucose 
     
    * It is used as a source of energy for skeletal muscles during muscular  

exercise (by anaerobic glycolysis starting from G-6-P step) 
 

 

 

Glycogenolysis 
(Breakdown of glycogen in skeletal muscles) 



الاَشَى انهٍ َكسز 

انجلاَكىجٍُ انً 

glucose 1-p  
 هى 

glycogen 
phosphorylase 

وَساػد هذا الاَشَى 

co – enzyme  
 َسًُه 

Pyridoxal 
phosphate 

Glycogenolysis .. 



Glycogenolysis .. 

limit dextrin: 
Molecule that limit the 
action of glycogen 
phosphorylase,, 
 
 



 
 فٍ انبداَه نًا ابغً اكسز انجلاَكىجٍُ اسحخدو اَشَى 

Glycogen phosphorylase 
 هذا الاَشَى َكسز انجلاَكىجٍُ انً 

Glucose 1-p  
 ونكُه َىقف ػًهه ػُد ثلاخ َقاط قبم انحفزع وَسًٍ هذا انًكاٌ  او بالاحزي انجشئ ب 

Limit dextrin  
 وبؼدها َبدا ػًم الاَشَى انثاٍَ  انذٌ هى يخصص نهحفزع وهى

Debranching enzyme 
 هذا الاَشَى َكسز باسحخداو انهُدرولاَسُس وانُاجج َكىٌ جهىكىس

 

 وبانحانٍ بؼدها جكىٌ انُسبه بٍُ انجهىكىس ,

glucose 1-p  

  

 شزح نهسلاَد انسابق



 
*Synthesis & degradation of glycogen are tightly regulated 

 

In Skeletal Muscles: 

•  Glycogen degradation occurs during active exercise 

•  Glycogen synthesis begins when the muscle is at rest 

 

• Regulation occurs by 2 mechanisms: 
    1-  Allosteric regulation 
 
    2-  Hormonal regulation (Covalent modification)  

 

Regulation of Glycogen Metabolism.. 

During muscle contraction 



Regulation of Glycogen 
Metabolism :  

1. Allosteric Regulation 

Important activators and 
Specific for the muscles 



Regulation of 
Glycogen Metabolism  

*Increase of calcium during muscle 
contraction. 

 

*Formation of Ca2+ -calmodulin 
complex. 

 

*Activation of Ca2+ -dependent 
enzymes,  

e.g., glycogen phosphorylase. 

 

طزَقة ػًم 

 Calcium modulating protein ..انكانسُىو 



Regulation of Glycogen Metabolism .. 
 2. Hormonal Regulation by Epinephrine : 

*Muscle contraction 
*Epinephrine release 
 
Skeletal muscle => Epinephrin/receptor binding 
 
Second messenger => cAMP 
 
Response => Enzyme phosphorylation 
 

Glycogen phosphorylase 
(Active form) 

 
 

Stimulation of glycogenolysis 

Glycogen synthase 
(Inactive form) 

 
 

Inhibition of glycogenesis 

Glucagon will not work on the muscles, because of it has not receptors. 



 

Glycogen Storage Diseases.. 

A group of genetic diseases that result from a defect 

in an enzyme required for glycogen synthesis or degradation 

 

 They result in: 

Formation of abnormal glycogen structure 

•OR 

Excessive accumulation of normal glycogen in 
a specific tissue 

 



Glycogen Storage 
Diseases .. (GSD) 
 
• GSD Type V  (Mc Ardle 

Syndrome)  

Deficiency of skeletal muscle glycogen 
phosphorylase 

 
Myoglobinemia  ي أ 

 موجودة في امعضلات

Myoglobinuria  ي أ 

لى الدم  خرجت من الخلية ا 

 يهى



Questions for review .. MCQs 

1- The total amount of glycogen is stored in ……….. ? 
 
 *Liver                                *Muscles 

 
2-Removal of branches (By debranching enzyme) will cleavage ………. Of the 
glycogen chain. 
 
* a(1-6) bonds                   * a(1-4) bonds  

 

3-An important activators and specific for muscles are: Ca++ and ……….. 
 

*AMP                                  * ADP 

 

 

4- a lot of ca will ……………….glycogenolysis 
*inhibit *stimulate 

 



 
  a lot of Glucose 6-p will....... The Glycogen synthesis 

*inhibit *stimulate 

 

A lot of ATP will………….glycogenesis 

*inhibit *stimulate 

 



Biochemistry Team 
Good Luck ^_^ 


