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Understandings: 

1. Distinguish between fibrous and globular proteins.  

- Fibrous proteins: for structure (no molecular function), elongated with mainly secondary 

structure (hydrogen bonding within polypeptides) and insoluble.  

Globular proteins: for molecular functions (enzyme, receptors, etc.), spherical with mainly 

tertiary structure (bonding of side chains) and soluble.  

2. Explain that proteins are polymers of 2-amino acids, joined by amide links (also known 

as peptide bonds).  

- Amino acids have an amino group and a carboxyl group on each end. It then has hydrogen 

and an R group on the middle carbon.  

Amino group and carboxyl group can undergo condensation reaction to form dipeptide with 

a covalent bond called peptide bond. 

2. Explain how amino acids are amphoteric and can exist as zwitterions, cations and anions.  

- Amino acids are amphoteric because the amino group can accept hydrogen while the 

carboxyl group can donate hydrogen.  

Zwitterions (zwitter in German means “hybrid”) are molecules that can have a positive and 

negative side at the same time. For amino acids, it is when the hydrogen from carboxyl 

group goes to the amino group of the same molecule. Note that zwitterions are neutral as a 

whole. 

 

 

 

 

 

 

 

Now, depending on the pH of solution, the zwitterion can lose or accept hydrogen. Since pH 

is fundamentally a concentration of hydrogen ions, high pH means lack of H+ where low pH 

means abundance of H+. So at high pH, the zwitterion will lose one H+ from its amino group 

and form an anion molecule. At low pH, the zwitterion will gain one H+ to its carboxyl group 

and form a cation molecule. At a pH where the zwitterion is neutral, it is called isoelectric 

point denoted as 𝑝𝐼.  Different amino acids have different isoelectric point because their R 

groups are different.  
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3. Explain the primary, secondary, tertiary and quaternary levels.  

- Primary structure is the sequence of amino acids. They are bonded covalently.  

Secondary structure is the hydrogen bonding between the carboxyl group and N-H group. It 

is still interaction within one polypeptide. It may form either alpha helix (ex. keratin) or beta 

pleated sheet (ex. Fibroin). 

Tertiary structure is further bonding between side chains. It forms a very compact 

structure/conformation. The bonds are still within one polypeptide thus they are 

intramolecular. The type of bonds may be London dispersion forces, hydrogen bonding, ionic 

bonding and disulfide bonding (cysteine has sulfur in its side chain).   

Quaternary structure is interaction between several polypeptides. This is also bonding 

between side chains with the four mentioned type of bonds. Collagen and hemoglobin are 

quaternary structures.  

4. State that a protein’s three-dimensional shape determines its role in structural 

components or in metabolic processes.  

- Depending on the polypeptide’s tertiary and/or quaternary structure, it will have a 

different conformation and therefore different function.  

5. Explain enzymes.  

- These are biological catalysts that lower activation energy for a certain metabolic reaction. 

Coenzymes are organic molecules that help to make the enzyme function.  

Cofactor is an inorganic molecule that helps to make the enzyme function, such as metal 

ions.  

It binds to its substrate by intermolecular bonds at a particular reactive site, then makes it a 

product and releases the product. Note that the conformation of enzyme changes when it 

binds to substrate, and changes back when product is released. This is the induced-fit model 

that replaces the key-lock model.  

6. Explain how enzyme activity depends on the conformation, it is sensitive to changes in 

temperature and pH and the presence of heavy metal ions.  

- Too high temperature may break the secondary, tertiary, quaternary bonds.  

Any change in pH will react with the polypeptide to change its conformation.  

Heavy metal ions like silver may bind with sulfhydryl (-SH) groups and disrupt the 

conformation.  

If the polypeptide permanently changes it is said to be denatured. Proteins have their 

optimum pH and temperatures.  
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7. Explain how chromatography works.  

- It is the same principle used to analyze chlorophyll content in leafs. As water moves up the 

paper due to hydrogen bonding, it will drag along the spot (sample of amino acids). 

Depending on the solubility, hence the charge of the amino acid, it will travel up at different 

rates.  

 

 

 

 

 

 

 

 

Positions are measured in terms of retention factors. High retention factor means high 

solubility.  

𝑅𝑓 =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑝𝑜𝑡

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑚𝑜𝑣𝑒𝑑 𝑏𝑦 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑝𝑜𝑡
 

Applications and skills: 

1. Be able to deduce the structural formulas of reactants and products in condensation 

reactions of amino acids, and hydrolysis reactions of peptides.  

- Yes.   

2. Be able to explain the solubilities and melting points of amino acids in terms of 

zwitterions. 

- Zwitterions give rise to ionic bonds; therefore tend to have high melting points of 200°C 

and above.  

Since zwitterions have two charges, they can dissolve in polar solutions like water. However, 

if the R group is large and hydrophobic the solubility will be significantly less.  

3. Be able to explain the relationships between charge, pH and isoelectric point for amino 

acids and proteins.  

- This is done above. The implication of a zwitterion is that it can act as a buffer.  
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4. Be able to describe the four levels of protein structure, including the origin and types of 

bonds and interactions involved.  

- Done above.  

5. Be able to deduce interpret graphs of enzyme activity involving changes in substrate 

concentration, pH and temperature.  

- Yes. We have learnt all this in biology lessons. If you don’t have biology, please look at my 

biology notes.  

6. Be able to explain the processes of paper chromatography and gel electrophoresis in 

amino acid and protein separation and identification.  

- We have explained chromatography above. Gel electrophoresis is also based on the charge 

of amino acid. This is an excellent way to find the isoelectric point of the amino acid. pH can 

be varied to find out at which point amino acid is static and when it starts to move to 

anode/cathode. 

The rate of movement depends on the voltage (potential gradient created by pH), size of 

amino acid and the charge of amino acid.  

Extra notes 

- Let’s be more specific on how we can distinguish proteins with electrophoresis. What are 

the conditions and steps? 

1. Amino acid mixture is spotted on the gel together with a solution with known pH.  

2. A potential difference is then applied.  

3. Now, what do we expect? They will move to different directions depending on their pI. If 

the amino acid’s isoelectric point is the same as the pH, it will not move. If the acid’s 

isoelectric point is below the pH, it will be negative because more H+ ions are needed to 

neutralize it, thus move to the positive electrode. If the acid’s isoelectric point is above the 

pH, it will be positive because less H+ ions are needed to neutralize it, thus move to negative 

electrode.  

4. These will then move in different rates due to size and charge.  

5. We can detect them by staining with fluorescence under UV-light.  

6. Then we compare the distance travelled at the given pH! 

 

 


