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Glycogenolysis
Definition: The breakdown of glycogen into α-D-glucose subunits.
Site: Liver and muscle.
Pathway:
● Glycogen phosphorylase catalyzes the rate-limiting step in glycogenolysis.
● It helps the hydrolysis of the 1

4 glycosidic bond by phosphate to give

glucose-1-(P).
 يعني هو االنزايم الرئيسي اولKey enzymeسر باستخدام الفوسفات وهو ال
ّ  بيكphosphorylaseال
. هيقفpathway الinhibition  كله بينشط وإذا عملتلهpathwayما انشطه ال
● This proceeds until four glucose residues remain on either side of the branching
point (1 6 branch).  مايقدرش يشتغل اكتر من كدهphosphorylaseلحد هنا وال
● Glucan transferase transfers 3 glucose units from one branch to the other.
● A debranching enzyme catalyzes the hydrolysis of the 1 6 bond.
ن
Free glucose unit  ويطلعلناmolecule وباق ا
الل بي آخر جلوكوز ي
الزناام ه بيكرس الرابطة ي
● Phosphorylase action proceeds at the same time.
glucose-1-(P)  الطويلة ويديناbranch  بيكمل شغله عل اphosphorylase ا
● Glucose-1-(P)

Phosphogluco-mutase

Glucose-6-(P).

glycogenesis الل حصل فا
 وه عكس يmetabolism الزم احوله علشان اعرف اتعامل معا فا
● Glucose-6-phosphatase is present in the liver and helps to release free glucose
to blood by removing the phosphate from Glucose-6-(P). It’s absent in muscle so
no free glucose is released.
● Glucose-6-(P) is utilized by muscle for glycolysis to yield energy.

Regulation of Glycogenolysis
Glycogenesis

Glycogenolysis

Insulin
Epinephrine

stimulates
Inhibits in liver and muscle

Glucagon

Inhibits in liver only

Inhibits
Stimulates in liver and
muscle
Stimulates in liver only

● By covalent modification, the active form of phosphorylase is phosphorylated
(phosphorylase a), while the inactive form is dephosphorylated (phosphorylase b).

N.B: Glycogenesis and glycogenolysis are reciprocally regulated (activated and
inhibited )بالتباه.

ا  diagramمه بتفاصيله وخطوة ا  amplificationنضورية علشان الجلوكوز مامقلش فالدم

Muscle phosphorylase is different from that of liver
● It is stimulated by activation of phosphorylase kinase (b) by Ca⁺⁺ during muscle
contraction. The enzyme binds Ca⁺⁺ and is identical to the Ca⁺⁺ binding protein
calmodulin.
ال بيشبكه
 االزناام ي.active  ويغي شكله ويخليهphosphorylase الكالسيوم بيشبك مع جاء من ا
ن
بروتي بيشبك فالكالسيوم بعد كد بيشبك الكالسيوم
 وهوcalmodulin ببعض بيشتغل بنفس طريقة ا
ن ن
. تان فالجس
ربيوتي ي

Glycogen storage disease:
A group of inherited disorders characterized by deposition of an abnormal shape
or amount of glycogen in the tissue.

Examples:
Type 1: Von Gierkes’s disease is a deficiency of glucose-6-phosphatase (which
releases free glucose to blood).
● Liver and renal tubules cells are loaded with glycogen.
●Hypoglycemia (low levels of glucose), hyperlipidemia (high levels of any or all
lipids in the blood), ketosis (high levels of ketone bodies in the tissues) and lacticacidemia (inadequate removal of lactate from the circulation) are characteristic.
Type 2: Pompe’s disease due to deficiency of glucosidase enzyme (It’s the
enzyme responsible for glycogenolysis in lysosomes as some of the glycogen are
broken down in lysosomes).
●It is a fatal disease, due to accumulation of glycogen in lysosomes and heart
failure.

Oxidation of Glucose
Glycolysis ^Anaerobic oxidation ^
•Glycolysis is both principal route for glucose metabolism and the
main (ﺑﺲ ﻣﺶ اﻟﻮﺣﯿﺪpathway for metabolism of fructose,galactose and
other carbohydrates derived from diet
glucose ﻣﻦ الATP ازاى اﺣﺼﻞ ﻋﻠﻰ ﻃﺎﻗﻪ ﻓﻰ ﺻﻮره
•its occurs in cytosol of all cells
mitochondria  ﻣﻌﻨﺪﻫﺎشRBCs ؟ ﻋﺸﺎن الmitochondriaﻃﺐ ﻟﯿﻪ ﻣﺶ ﻓﺎل
•so in RBCs (no mitochondria ); glucose is the main metabolic fuel
and metabolized by anerobic glycolysis
•It can function under aerobic and anerobic conditions
O2  ﻋﺸﺎن ﻫﻮ اﻟﻮﺣﯿﺪ اﻟﻰ ﺑﯿﺪى ﻃﺎﻗﻪ ﻓﻰ ﻋﺪم وﺟﻮدanerobic ﻃﺐ ﻟﯿﻪ ﻣﺴﻤﯿﻨﻬﺎ
•The ability of glycolysis to provide ATP in the absence of oxygen is
especially important bec allows skeletal muscles to act at very high
levels when oxygen supply is not enough
•Glycolysis can be represented by the following equation from
glucose to lactate:
Glucose + 2ADP+2Pi —->2lactate +2ATP+2 H2O
Steps of Glycolysis:

1)Phosphorylation of glucose to glucose -6- (p) catalyzed by
glucokinase in liver ,hexokinase in muscle (ATP supplies
phosphate)
ATP 1 ﯾﻌﻨﻰ ﺧﺴﺮت
2) Glucoses-6-(P) is changed to fructose-6-(p) by phosphohexose
(isomerase)
 ان اﻻﺗﻨﯿﻦfructose و الglucoses  اﻟﺤﺎﺟﻪ اﻟﻤﺸﺘﺮﻛﻪ ﺑﯿﻦ ال: ﺣﺎﺟﻪ ﺗﺴﻬﻞ ﺣﻔﻆ اﺳﻢ اﻻﻧﺰﯾﻢ
6  واﻻﺗﻨﯿﻦ ﻋﺪد اﻟﻜﺮﺑﻮن ﻓﯿﻬﻢphosphate ﻓﯿﻬﻢ
3) Phosphorylation of fructose-6-(p) to fructose-1-6 bisphosphate by
phospho-fructo-kinases-1 in presence of ATP
 و ﺣﺼﻞ اﺳﺘﻬﻼك اﻟﺠﺰيءfructose ﻣﻦ الcarbon  ﻋﻠﻰ اولphosphate ﻫﻨﺎ اﺿﺎف
irreversible reaction  ودهATP 2  ﯾﺒﻘﻰ ﻛﺪا اﺳﺘﻬﻠﻜﻨﺎATP
4) Fructose-1-6 bisphosphate is cleaved (divided) by Aldolase in to
two phosphorylated trioses:
Glyceraldehydes-3-(p) and di-hydroxy acetone-(p)
C3  واﻟﺘﺎﻧﯿﻪ ﻋﻠﻰC1  ﻋﻠﻰphosphate ﺑﻘﺴﻤﻪ ﻻﺗﻨﯿﻦ ﻓﺒﻘﻰ واﺣﺪه ﻋﻠﯿﻬﺎ
5) dihydroxy-acetone-(p) is converted to Glyceraldehydes-3-(p) by a
phosphotriose isomerase
 واﻻﺗﻨﯿﻦ ﻋﺪد اﻟﻜﺮﺑﻮن ﺗﻼﺗﻪP ﺑﺮدو اﺳﻢ اﻻﻧﺰﯾﻢ ﺟﻰ ﻣﻦ ان اﻻﺗﻨﯿﻦ ﻓﯿﻬﻢ
this reaction is reversible . Now 2 molecule of glyceraldehyde-3-(p)
: ﻗﺒﻞ اﻟﺨﻄﻮه اﻟﺠﺎﯾﻪ ﻻزم ﻧﻔﻬﻢ ﻛﺎم ﺣﺎﺟﻪ
 وﻛﺪا ﯾﻌﻨﻰATP اﺳﺘﺜﻤﺎر ﻓﻰ الATP  ﺑﻌﺪ ﻛﺪا ﻫﻨﻄﻠﻊ2ATP ( ﻓﻰ اﻟﻠﻰ ﻓﺎت اﺳﺘﻬﻠﻜﻨﺎ١
 ﺑﯿﺤﺼﻞ ﻋﻦ ﻃﺮﯾﻘﯿﻦATP( اﻟﺤﺼﻮل ﻋﻠﻰ ال٢
(Substrate-level )
2ATP  وﺑﯿﻄﻠﻊenzymes  الcatalytic  ﻓﯿﻪ الreaction ودى ال

 ﺑﯿﺪﺧﻠﻮ ﻟﺴﻠﺴﻠﻪ ﻣﻦ الFAD او الNAD ودى الrespiratory chain) ﻻﻣﺎ ب ال
3ATP  وﺑﯿﻄﻠﻊmitochondria  ﺑﺘﻜﻮن ﻓﻰ الcompounds
glyceraldehyde ( ﻓﻰ اى ﺧﻄﻮه ﺟﺎﯾﻪ اﻟﻰ ﻫﯿﻄﻠﻊ ﻫﯿﺒﻘﻰ ﺑﺎﺗﻨﯿﻦ ﻻن ﻋﻨﺪﻧﺎ اﺗﻨﯿﻦ٣
6)Glyceraldehyde-3-(p) oxidized to 1,3 bisphosphoglycerate by
glyceraldehyde-3-(p) dehydrogenase
The enzyme is NAD dependent NADH+H+ is produced
(6ATP)
6 ﻓﺎﺗﻨﯿﻦ ب3ATP  ﻃﻠﻊglyceraldehyde  ﻓﻜﻞrespiratory chain ﻋﺸﺎن دى
In this reaction
Oxidation is accompanied with release of energy: which is captured
by inorganic phosphorus, present in the cell and forms a high
energy bond in position 1 of 1,3 bis-phosphoglycerate
7)1,3 bis-phosphoglycerate is donate phosphate to ADPby
phosphoglycerate
Kinase and forming ATP and 3-phosphoglycerate
 واﻟﺨﻄﻮه دى ﻛﺎﻧﺖ2ATP ﻫﻨﺎ ﻋﻤﻠﺖ
(Formation of 2 molecules ATP by substrate level
phosphorylation )
ATP 8 ﻛﺪا ﻋﻨﺪى
8)3-phosphoglycerate is isomerized to 2-phosphoglycerate by
phosphoglycerate mutase
9)Dehydration 2-phosphoglycerate to phospho-e pyruvate catalyzed
by enolase; which is dependent on the presence of Mg". Enolase is
inhibited by fluoride.
10)transfer of high energy phosphate group of
phosphoenolpyruvate (in position 2) to ADP is catalyzed by
pyruvate kinase to form 2 molecules of ATP per molecule of
glucose (at this step).

8molecule of  ﯾﺒﻘﻰ اﻟﻤﺤﺼﻠﻪstep1,3  ﻓﻰ2  واﺣﻨﺎ ﻓﻘﺪﻧﺎATP 10 ﻛﺪا ﺑﻘﻰ ﻣﻮﺟﻮد
ATP
Enol pyruvate is product of reaction will be isomerized to pyruvate
(non enzymatically). Pyruvate kinase reaction is irreversible.
anaerobic  اﻟﻠﻰ ﺟﺎى ﺑﻘﻰ ﻟﻮ. pyruvate  ﺑﯿﻨﺘﻬﻰ بaerobicﻛﻞ ده ﻛﺎن ﻛﻼﻣﻨﺎ ﻓﻰ ال
11)Under anerobic conditions, the reoxidation of NADH (produced
from step 6) through the respiratory chain is prevented
 ﺑﺲATP 2 اﻟﻠﻰ ﺟﻢ ﻣﻨﻬﺎ ﺑﺎﻟﺘﺎﻟﻰ اﻟﻤﺤﺼﻠﻪ ﻣﻦ الATP 6 ﯾﺒﻘﻰ ﺧﺴﺮﻧﺎ ال
. Pyruvate is reduced by the NADH to lactate, the reaction is
catalyzed by lactate dehydrogenase
This allows glycolysis to proceed in absence of oxygen by
regenerating enough NAD for another cycle of the reaction
catalyzed by glyceraldehyde-3-phosphate dehydrogenase.
 وlactate  و ﺑﯿﺤﻮﻟﻪ لpyruvate  ﺑﯿﺘﻔﺎﻋﻞ ﻣﻊnadh ﻓﺎل٦  ﻋﺸﺎن ﺧﻄﻮةnad "اﺣﻨﺎ ﺑﻨﺤﺘﺎج
" ﻋﺸﺎن اﻟﺪورة ﻣﺎ ﺗﻮﻗﻔﺶnad ﺑﯿﺮﺟﻊ ﻫﻮ
12)Under aerobic conditions pyruvate passes to mitochondria and
changed to acetyl CoA oxidation in Kreb's Cycle.
N.B
. In RBC's; glycolysis always ends with lactate, even under aerobic
conditions, as no mitochondria in RBCs. ﻓﻤﻔﯿﺶrespiratory chain
In vigorous and severe muscular exercise, anerobic glycolysis
proceeds with production of excess lactate resulting in muscle
fatigue.

