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First, we studied how the TCA cycle proceeds by oxidation-reduction reactions to 

produce energy by formation of ATP/NADH/FADH2. The next lectures include further 

explanation of metabolism: breakdown and synthesis of molecules such as 

carbohydrates, lipids and proteins. 

*The scheme above shows the steps in which food is transformed to higher-energy 

molecules in a simple way: 

1) Hydrolysis of complex molecules to their component binding blocks which can be 

absorbed in the body. 

2)Conversion of the building blocks to acetyl CoA. 

3)Krebs (TCA) cycle and oxidative phosphorylation  

*There are many processes related to carbohydrate metabolism: 

1)Utilization of glucose to produce 

energy (glycolysis). 

2)Gluconeogenesis: the process of 

making glucose from non-carb 

sources (like lactate, glycerol, α-

keto acids) during periods of 

fasting or starvation.  

3)Storage of extra glucose as glycogen (glycogenesis). 

4)Release of glucose from glycogen when blood glucose is at fasting level 

(glycogenolysis).  

5)Glucose is utilised to generate energy by the process of glycolysis. It’s also used to 

make NADPH and ribose. NADPH carries electrons and is needed in reductive 

biosynthetic pathways like the synthesis of steroids and fats. NADPH is also needed to 
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maintain glutathione, a major antioxidant that neutralises harmful oxidants (will be 

discussed in detail later on in the course). 

6) Glucuronic acid is synthesised using glucose. It is a highly soluble compound that can 

bind to substances such as hormones, drugs and toxins to facilitate their transport in 

order to detoxify the body; once conjugated to insoluble compounds, it solubilises 

them. Glucuronic acid plays a role in drug metabolism.  

7) Sugars are interconvertible: can be interconnected to each other (fructose to glucose 

or glucose to mannose...etc), so there are no essential/nonessential sugars. 

Carbohydrates should make up 50-60% of a person’s caloric intake, preferably complex 

sugars. 60% of them should be in the form of starch, and about 10% should be sucrose. 

Other sugars like lactose from milk and fructose from fruits & honey are needed in small 

amounts. It is worth noting that there’s no specific sugar requirement since sugars are 

interconvertible.  

*Refer to biochemistry1 lectures for classification & naming of carbohydrates.  

 

 

 

 

 

 

 

 

 

 

 

 

 

# of 
carbons 

Generic 
name 

Example 

3 Triose Glyceraldehyde 
4 Tetrose Erythrose 

5 Pentose Ribose 
6 Hexose Glucose 

7 Heptose Sedoheptulose 

9 Nanose Neuraminic 
acid 
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• Carbohydrate Metabolism: Digestion of Carbohydrates 

In the mouth, saliva is secreted and contains the 

hydrolytic endoglycosidase enzyme α-amylase. 

This enzyme hydrolyses glycosidic bonds in starch 

from the middle. Due to this random hydrolysis, 

we get smaller molecules like maltose, isomaltose 

(similar to maltose except that the bond is α 1-6) 

as well as some tetroses and trioses. We also get 

limit dextrins due to the inability of α-amylase to 

hydrolyse α 1-6 bonds. Disaccharides (lactose & 

sucrose) are resistant to amylase thus remain 

unaltered. Cellulose can’t be digested by humans 

but is a dietary fibre that aids in the movement of 

food in the intestines. The partly digested carbs 

then arrive to the stomach, where the acidity of 

the gastric secretions inactivates α-amylase. When 

the acidic stomach contents reach the small 

intestine (duodenum), they are neutralised by 

bicarbonate secreted by the pancreas, and 

pancreatic α-amylase continues the process of 

starch digestion. At this point, most sugars have                                                                

been hydrolysed to maltose and isomaltose. 
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On the walls of the intestinal mucosa, there are a few disaccharidases that are 

responsible for the hydrolysis of disaccharides into their monomers (glucose, galactose 

and fructose) which can then enter blood circulation: 

1) Sucrase-Isomaltase complex 

It consists of two enzymatic parts- isomaltase 

and sucrase- protruding from the mucosal 

cells into the intestinal lumen. The precursor, 

called pro-sucrase-isomaltase, is a single 

polypeptide chain; it is then split into two 

enzymatic subunits extracellularly. Each 

subunit is a domain with a catalytic site. The 

subunits aren’t entirely separated and are 

still associated together as a complex. Other 

domains of the protein form a connecting 

segment (stalk) and an anchoring transmembrane                                                       

segment that extends into the inside of mucosal cells.                                                                                                                                                  

The sucrase domain has both sucrase + maltase activity. The isomaltase domain has 

both isomaltase + maltase activity and performs most of the α 1-6 hydrolysis. 80% of 

maltase activity is carried out by this complex. 

2) Maltase-Glucoamylase complex 

Glucoamylase is an exoglucosidase enzyme. This complex doesn’t undergo splitting and 

remains intact as opposed to the previous complex. It cleaves terminal α 1-4 glycosidic 

bonds in limit dextrin to form maltose or isomaltose. 

3) Trehalase  

It hydrolyses trehalose, which is a disaccharide of α 1-1 linked glucose.  

4) Lactase (β-galactosidase) 

It hydrolyses the β 1-4 bond in lactose forming glucose and galactose.  
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*Abnormal degradation of disaccharides 

1) Lactase deficiency (adult hypolactasia) 

More than half of the world’s adult population suffers from this abnormality. 90% of 

African and Southeast Asian adults are lactase deficient. Another name for it is lactose 

intolerance.                                                                                                                                       

At 1 month of age, level of lactase in new-borns reaches a maximum. Lactase 

concentration gradually declines till the age of 7, where only 10% of the original 

(maximum) lactase level remains, and is retained throughout adulthood.                                                                

Due to the deficiency of lactase in the small intestines, lactose is fermented by bacteria 

found in the large intestines. This results in the formation of H2 (which can be measured 

in the breath) and CO2 which cause bloating. Other products include two-carbon and 

three-carbon metabolites, thus osmotic pressure increases causing uptake of water into 

intestinal cells which causes dehydration, and the water is flushed out of the body 

causing diarrhea. Treatment includes consumption of lactase-treated or non-dairy milk, 

as well as taking lactase in the form of pills.                                                                                                            

One cup of dairy milk contains 9 grams of lactose and will result in the loss of 1L of ECF 

in lactose intolerant individuals.                                                                                                             

It is not advisable to consume milk and sugars whilst suffering from diarrhoea since 

disaccharidases are flushed out of the body. Since there’s not enough of these enzymes, 

the disaccharides in milk and sweets will not be digested and will make it even worse. 

 

Enzyme  Bond cleaved Substrate Product 

Isomaltase α 1-6 Isomaltose Glucose + 
glucose 

Maltase α 1-4 Maltose Glucose + 
glucose 

Sucrase α 1-2 Sucrose Glucose + 
fructose 

Lactase β 1-4 Lactose Glucose + 
galactose 

Trehalase α 1-1 Trehalose Glucose + 
glucose 

Glucoamylase 
(exoglucosidase) 

α 1-4 Glucoamylose Glucose 
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2) Sucrase-isomaltase deficiency 

It’s prevalent in Inuit populations (Eskimos) where 10% of them are deficient. 

Moreover, 2% of North Europeans are heterozygous.     

 

The main cause of these abnormalities is genetics, but they can also be a result of 

intestinal diseases, malnutrition (protein deficiency), injury of mucosa (e.g. by drugs) or 

severe diarrhea.    

 

• Carbohydrate Metabolism: Absorption of Carbohydrates 

Sugars are polar and therefore cannot cross cell membranes directly; they need the aid 

of transporters. There are 2 types of transport systems: 

1)Na+-independent facilitated diffusion transport  

A glucose-transporter inside the cell (GLUT) binds the glucose via polar bonds and 

undergoes conformational changes to transport it from areas of high concentration to 

areas of low concentration, down its concentration gradient (facilitated diffusion). 

These transporters have different isoforms (GLUT 1-14) with different properties to 

meet the physiological needs of the body. They’re bidirectional (transport glucose into 

and out of cells). 
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-Mature erythrocytes, like the brain, can utilise only glucose. This is why GLUT-1 needs 

to have high affinity for glucose.  

-GLUT-2 has a high Vmax. It has a high Km and thus low affinity for glucose. When blood 

sugar drops, GLUT-2 in liver cells reverses its function and transports glucose (which was 

formed by the degradation of glycogen) from hepatocytes to the blood to ensure the 

brain and erythrocytes don’t run out of glucose.  

-When there’s high blood glucose, GLUT-2 transports glucose into β pancreatic cells. 

The entry of glucose acts like a signal and stimulates the β cells in the pancreas to 

secrete insulin, which helps bring blood glucose levels back to normal. 

-GLUT-3 has high affinity for glucose (low Km) since the brain needs constant supply of 

glucose. 

-GLUT-4 is found in intracellular vesicles in muscle/adipose/cardiac cells. When insulin 

binds to its proper receptor, the vesicles are mobilised to the cell membrane where they 

can now operate. In adipose tissue, the stimulation of glucose transport across the 

plasma membrane by insulin increases its availability for the synthesis of fatty acids and 

glycerol from the glycolytic pathway. In skeletal muscle, the stimulation of glucose 

transport by insulin increases its availability for glycolysis and glycogen synthesis. Any 

problem in insulin binding (e.g. diabetes mellitus) means GLUT-4 won’t be mobilised 

and cells will not take in glucose. 

-GLUT-5 binds fructose and has poor ability to transport glucose. 

-Glucogenic tissues (kidneys & liver) produce glucose-6-phosphate. G6P is charged and 

cannot pass through these transporters, so it goes to the lumen of the endoplasmic 

reticulum where there’s an enzyme called glucose-6-phosphatase. This enzyme 

dephosphorylates G6P into glucose; GLUT-7 is found on the membrane of the ER and 

picks up the glucose, transporting it to the cytosol and out of the cell.   

 

2) Na+-monosaccharide co-transporter system (SGLT) 

This process requires energy since glucose is transported against its concentration 

gradient. It’s found in the small intestines for active uptake of monosaccharides from 

the lumen, and in the proximal convoluted tubule in the kidney for reabsorption of 

glucose.   
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Like any other cell, the concentration of Na+ outside mucosal cells is higher than inside 

so Na+ binds to SGLT-1, which also binds glucose/galactose, transporting them inside the 

cell as well. On the same cell, GLUT-5 transports fructose into the cell down its 

concentration gradient. GLUT-2 now transports glucose/galactose and fructose into the 

bloodstream for them to be distributed.  

 

 

  

 

  

  

 

good luck :)  


