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Possible fates of glucose after its uptake by the cells. The metabolic pathway s that 
may be followed by glucose are shown in the blue boxes











Comparison of the kinetic properties of HK isoforms. The physiological range of blood 
glucose concentration is indicated by the gray section.  The  insets show the curves 
redrawn with a linear scale of glucose concentration to better illustrate the kinetic profile
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Glycogen Metabolism

1. Glycogenesis
2. Glycogenolysis
3. Regulation Of Glycogen Metabolism
4. Glycogen Storage Disease





1- Synthesis of UDP-glucose



2-Glycogen synthesis by Glycogensynthase



3- Formation of branches in glycogen

amylo-(1,4 S 1,6)-transglycosylase



Glycogen Breakdown

A. Glycogen Phosphorylase

B. Phosphoglucomutase
C. Glycogen Debranching Enzyme

Gycogenolysis



• Glycogen phosphorylase is a dimer of identical 842-residue (97-kD) subunits 

that catalyzes the controlling step in glycogen breakdown. 

• It is regulated both by allosteric interactions and by covalent modification. 

• The enzyme-catalyzed modification/demodification process yields two forms of 

phosphorylase: phosphorylase a, which has a phosphoryl group esterified 

to Ser 14 in each of its subunits, and phosphorylase b, which lacks these 
phosphoryl groups.

Glycogen Phosphorylase



Glycogen Phosphorylase



2. Phosphoglucomutase



Glycogen Debranching Enzyme



REGULATION OF GLYCOGEN METABOLISM

1. Allosteric Regulation



2- Hormonal Regulation





3- Regulation by Ca++



GLYCOGEN STORAGE DISEASES
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THE PENTOSE PHOSPHATE PATHWAY







NADH vs. NADPH

NADH provides energy for Catabolic 

reactions and as for NADPH it provides 

energy for anabolic reactions

The phosphate group in NADPH doesn't 

affect the redox abilities of the molecule, it 

is too far away from the part of the 

molecule involved in the electron transfer. 

What the phosphate group does is to allow 

enzymes to discriminate between NADH 

and NADPH, which allows the cell to 

regulate both independently.

The ratio of NAD+ to NADH inside the cell is 

high, while the ratio of NADP+ to NADPH is 

kept low. The role of NADPH is mostly 

anabolic reactions, where NADPH is needed 

as a reducing agent, the role of NADH is 

mostly in catabolic reactions, where NAD+ is 

needed as a oxidizing agent.













Metabolism of Disaccharides: Lactose Synthesis

The lactose synthesis pathway is shown in the figure below. The following points are relevant to this figure 
(as indicated by the numbers on the figure; see below the figure for the legend of abbreviations):

1.One glucose is converted to UDP-glucose, which in turn is converted to one UDP-galactose. Another 
glucose is used for lactose synthesis without modification. Therefore, 2 glucoses are required for each 
lactose molecule synthesized.

2.Glucose passes across the Golgi membrane into the Golgi lumen by a glucose transporter (GLUT 1). The 
presence of GLUT 1 on the Golgi membrane apparently is specific to the mammary epithelial 
cell, as most cells do not have this glucose transporter on the Golgi membrane. The transport of 
glucose is not active (not requiring energy), and is apparently not rate limiting. But it is affected by 
glucose levels in the cytoplasm. The Golgi is shown in the image below, along with a secretory vesicle (SV) 
that contains a casein micelle (arrow).

3.UDP-galactose is actively transported into the Golgi lumen, and transport of UDP-galactose into the Golgi 
lumen may be rate limiting to lactose synthesis. UDP-glucose is not transported into the Golgi.

4.Lactose is a nonpermeable disaccharide which can not diffuse out of the Golgi membrane or out of 
secretory vesicles' membrane. This characteristic is important for milk synthesis because it is the synthesis 
of the nondiffusible lactose which results in water being drawn into the Golgi.

5.The UDP generated from lactose synthesis could be inhibitory to lactose synthesis if it accumulated in 
the Golgi lumen. However, UDP is rapidly hydrolyzed into UMP and inorganic P by nucleoside 
diphosphatase (NDPase). UMP is actively removed from the Golgi, while the inorganic P diffuses out of the 
Golgi.

6.The lactose synthesis reaction is essentially one-way, that is, lactose is not hydrolyzed to form glucose 
and galactose. The very high levels of lactose do not inhibit its own synthesis.
7.The lactose synthase enzyme activity is composed of:



GT = galactosyltransferase

a-LA = a-lactalbumin

NDPase = nucleotide diphosphatase



Hormonal Regulation of 
Carbohydrates Metabolism
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Hormonal Regulation of 
Carbohydrates Metabolism
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