GLYCOGEN METABOLISM

glycogen – approx 1 day’s worth of stored energy


liver – highest concentration




glycogen here serves as buffer




rapidly depleted upon fasting




GLUCOSE 6 PHOSPHATASE – allows release of glucose after it 

is broken off glycogen as glucose 6 phosphate (which is impermeable to cell membranes); liver/kidney only

muscle – highest amt

glycogen here is for energy. 

rapidly depleted upon exercise

glycogen is branched ( allows for compactness




increases rates of storage/release

glycogen is a glycoprotein and is highly hydrated ( inefficient for large amts of energy 

storage

GLYCOGEN DEGRADATION:


1) GLYCOGEN PHOSPHORYLASE – phosphorylitic cleavage of glycogen




results in glycogen and G1P




requires PLP – pyridoxal phosphate

**phosphate involved in cleavage (takes H+ from H2PO4), promoting the attack on the glycosidic oxygen**



distance between glycogen binding (storage) and cleavage (active) 

sites limits distance between cleavages to 4 residues


2) GLYCOSYL TRANSFERASE



removes 3 residues after branch and puts them on other end of 

glycogen

also has an a1(6 glucosidase that hydrolyzes glucose at branch, 

releasing free glucose


3) PHOSPHOGLUCOMUTASE:  




adds phosphate at C6, removes at C1




G6P  can enter glycolysis





 
be dephosphorylated and exported (liver only)






enter pentose phosphate pathway



**reversible enzyme** (used in both glycognesis and lysis)

DEGRADATION REGULATION – reciprocal regulation prevents futile cycle


1) Glucagon/Epinephrine binding receptors results in cAMP cascade


2) PROTEIN KINASE A is activated


3) PKA phos. Phosphorylase KINASE 


Phosphorylase Kinase phos. and activates GlyPase


GlyPase further activated by CALCIUM binding 




inc. available glucose upon muscle contraction



PKA also phos. GS ( inactivates glycogen synthesis
   



GlyPase also activated/deactivated allosterically




AMP activates




ATP, G6P deactivate  ( glycogen breakdown inhibited




activated form, however, is INSENSITIVE to allosterics




**needs of organism take precedence**


Protein Phosphatase I deactivates  GlyPase


Epinephrine – Muscle


Glucagon – Liver

GLYCOGEN SYNTHESIS


1) UDP GLUCOSE PYROPHOSPHORYLASE



requires high energy reagent:  UDP GLUCOSE



G1P + UTP ( UDP-Glucose + 2Pi


2) GLYCOGEN SYNTHASE



makes the 1-4 linkages



requires at least a 4 residue primer (GLYCOGENIN)


3) GLYCOSYL 4:6 TRANSFERASE


transfers branches that are at least 11 residues long



branches themselves must be 4 residues apart

REGULATION – 


INSULIN triggers signal cascade ( PHOSPHOPROTEIN PHOSPHATASE act.







also freed from GlyPase by glucose

Removes phosphate from



Glycogen Phosphorylase ( deactivates



Glycogen Phosphorylase Kinase ( deactivates

Glycogen SYNTHASE ( activates


GS allosterically activated by G6P
**antagonizes cAMP pathway mediated by glucagons/epinephrine**

**cAMP pathways:  glycogen breakdown

   Phosphoprotein Phosphatase pathway:  glycogen synth **
GLYCOGEN STORAGE DISEASE – 

von GIERKE’s – liver enlargement, hypoglycemia (glycogen accum.)



G6Pase deficiency


Andersen’s – early death



branching enzyme deficient


McArdle’s – muscle cramps



GlyPase deficiency


VII – cannot exercise



phosphofructokinase deficiency

