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Chapter 15

Principles of Metabolic Regulation:
Glucose and Glycogen

Enzyme Regulation

What is the “BLUE”?      Molecular Biology  or  Gen Biochem 2
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Which reaction is driving this sequence?  
Which has the most negative ΔG ?
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Role of AMP-activated Protein Kinase
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Metabolic Regulation Functions To:

1. Maximize efficiency of energy source use, stops futile 
cycles.

2. Partitions metabolites and enzymes (Ex alternative 
pathways – Glycolysis and PPP).

3. Use best suited energy source of the immediate need of the 
organism (glucose, glycogen, fatty acids, amino acids).

4. Shuts down biosynthesis when products accumulate.

What is a Futile Cycle?  Have we seen one already?

Which Enzyme Controls Glycolytic Flux ?

Experiment: purified enzymes added to liver cell extract 
carrying out glycolysis with own enzymes.

Flux Coefficients Determine Flow Path
Elastisity Coefficient Depends on [S]
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Metabolic Response Coefficient

R C εR = C . ε

Insulin Regulation On Muscle Cells

Hexokinase-1 Regulation in Muscles

Glucose-6-Phosphate is a negative allosteric regulator of 
Hexokinase I and II

So how many binding sites on Hexokinase I and II for 
Glucose-6-P are there?

Glucose + ATP Glucose-6-P  +  ADP

Potential Futile Cycles between Glycolysis and 
Gluconeogenesis
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1.  Hexokinase Isozymes

Check out Box 15-2 : 
ISOZYMES, the 
example is Lactic Acid 
Dehyrogenase (LDH)

Hexokinase IV Regulation in Liver

Glycogen

Hexokinase IV is also called Glucokinase

Glucokinase=Hexokinase IV
Signal Sequences: 300-310 ELVRLVLLKLV

says export me to the cytoplasm.

347-358 QIHNILSTGLR

says associate with GKRP

Glucokinase Regulatory Protein = GKRP
Nuclear Localization Sequence:  PKKKRKV  (prototype)

+ Importins α and β

Fig 27-42
pgs 1104-1105

NLS = Nuclear Localization Sequence.

4-8 aa’s of which there are consequitive 
K’s and R’s.
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Phosphoprotein Phosphatase is Stimulated by 
Xylulose-5-P

Xylulose-5-P also stimulates fatty acid syntehsis

Phosophoprotein 
Phosphatase can 

Recognize Different 
Proteins



4/28/2010

10



4/28/2010

11

PEP Carboxykinase Regulatory Region is Complex Glycogen Granules, Liver Cell

Glycogen Phosphorylase Glycogen Phosphorylase and Debranching Enzyme
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Phosphoglucomutase Liver Transports Glucose to Blood

Not a Cytoplasmic Enzyme

Glycogen Synthase uses UDP-glucose

Synthase

or 

Synthetase

There is a 
difference!

NDP-sugar Pyrophosphorylase
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NDP-sugar Pyrophosphorylase

+ H2O

The Cori’s

Discovered Various Glycogen Diseases Cori Cycle in Rapid Exercising Muscle and 
other ways Muscle becomes Anaerobic
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Cori Cycle
Glycogen Synthase

Branching Enzyme
Amylo (1 4) to (1 6) Transglycosylase

Glycogenin
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Covalent Modification Discovery of c-AMP



4/28/2010

16

Phosphorylation Cascade with Ca++ and AMP

Phosphorylase is Also Regulated by Glucose 
Allosterically

Glycogen Synthase Regulation



4/28/2010

17

GSK3 in Phosphorylated to Inactivity

Glycogen Synthase and Phosphorylase Are a 
Protein Module
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Difference Between Liver and Muscle 


