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QUESTION 1                   [10] 

1. Hydrophobic interactions– interactions between the nonpolar molecules. 

2. Electrostatic interactions – interaction between positive and negative charges. 

3. Hydrogen bonding– formed when a hydrogen atom is bonded to a small but highly 

electronegative atom.  

4. Van der Waals forces– weak, short range electrostatic force of attraction between 

molecules. 

                                          (4) 
1.2 The large dielectric constant means that substances whose molecules contain ionic 

bonds will tend to dissociate in water yielding solutions containing ions. This occurs 
because water as a solvent opposes the electrostatic attraction between positive and 
negative ions that would prevent ionic substances from dissolving.     (2) 

 

1.3 A strong acid, fully ionises/dissociate completely producing high [H+](aq) ions from 
     water.                          (2) 

 
1.4 The pKa value of an acidic group is the pH at which the protonated and unprotonated   

species are present at equal concentrations.                   (2) 
 

QUESTION 2                              [18] 

2.1 A peptide bond is a type of a covalent bond that is formed between the carboxyl group 
(COOH) of one amino acid and the amino group (NH2) of another amino acid forming 
the sequence CONH and releasing water (H2O).  (2) 
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2.3 Cysteine  (1) 

2.4  
1. Proteins as enzymes catalyse biochemical reactions. 

 
2. Regulatory molecules 

 
3. Synthesis of DNA and RNA molecules 

 
4. Protein forms antibodies and immune system elements as part of the body’s 

defence system that fight infections. 
 

5. Structural make up body components, support body function, give cells shape. 
 

6. Movement cell or muscle movement. 
 

7. Act as carriers and storage certain molecules. 
 

8. Transport oxygen and allow passage across membrane or to other body sites. 
 

9. Hormones and signalling molecules.  
 

10. Act as receptors.  

 
                 (10) 
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QUESTION 3      [17] 

3.1 Enzymes are soluble protein molecules that can speed up chemical reactions in 
cells. These reactions include respiration, photosynthesis and making new proteins. 
The fact that enzymes remain chemically unaltered by participating in a biochemical 
reaction distinguishes catalysts from substrates. Without enzymes life would be 
practically impossible. In addition, enzymes are highly specific for substrate. For this 
reasons enzymes are sometimes called biological catalysts. (3) 

3.2 Cofactor is a non-protein chemical compound that binds tightly to the enzyme, aiding 
in the function of an enzyme.  

Coenzyme is a small, organic, non-protein molecules that carry chemical groups 
between enzymes.  (4) 

3.3  
Zymogen, also called Proenzyme, any of a group of proteins that display no catalytic 
activity but are transformed within an organism into functional enzymes, especially 
those that catalyze reactions involving the breakdown of proteins such as digestive 
enzymes. Zymogens are enzymes released in inactive forms, necessary to prevent 
the enzymes from digesting the cells that produce them.  

Ribozymes (ribonucleic acid enzymes) are RNA molecules that are capable of 
catalysing specific biochemical reactions, similar to the action of protein 
enzymes. (2) 

 

3.4  

1.  Compartmentalisation/localisation 

2.  Enzyme production and degradation 

3.  Irreversible or reversible covalent modification 

4.  Allosteric control (regulated by inhibitor or activator binding) 

5.  Activation owing to environmental change 

6.  Isozymes 

7.  Feedback activation or inhibition 

8.  Induction or repression  (8) 

 
 



QUESTION 4      [15] 

4.1  
The allosteric site is a binding site on an enzyme different from active site that 
allows molecules to either activate or inhibit (turn on or off) enzyme activity.    

The active site is the region of an enzyme where substrate molecules bind and 
undergo a chemical reaction.     (2) 

4.2  

1.  DNA is a nucleic acid, one of the four major groups of biological macromolecules. 

2.  DNA is generally found as a double helix, composed of two chains, or strands 
that are antiparallel with nucleotides held together by hydrogen bonds. 
 

3.  All nucleic acids are made up of nucleotides. In DNA, each nucleotide is made 
up of three parts: a 5-carbon sugar called deoxyribose, a phosphate group, and a 
nitrogenous base. 
 

4.  DNA uses four kinds of nitrogenous bases: Purines are adenine (A) and  guanine 
(G) while pyrimidines are cytosine (C), and thymine (T).  
 

5.  There are ten bases per helix turn.  (5) 

 

4.3  
The Melting Temperature (Tm) is defined as the temperature at which 50% of 
double stranded DNA is changed to single-standard DNA. The higher the melting 
temperature the greater the guanine-cytosine (GC) content of the DNA.  (1) 

 

4.4  

1. Messenger RNA (mRNA), which is the message for protein synthesis  

2. Transfer RNA (tRNA), which carries the amino acids during protein synthesis  

3. Ribosomal RNA (rRNA), which forms important parts of the ribosome  

4. Small RNAs, which include the small nuclear RNAs (snRNAs), involved in rRNA and 

mRNA processing, and micro-RNAs (miRNAs) and the small interfering RNAs 

(siRNAs), which are both involved in regulating gene expression.  (5) 

 

 



 
4.5  

Introns are the transcribed part of the nucleotide sequence in mRNA, which is 
known to carry the non-coding part for the proteins. 

Exons are the transcribed part of the nucleotide sequence in mRNA, responsible 
for the protein synthesis.              (2) 

 

QUESTION 5      [11] 

5.1 
  

1. Degenerate, or redundant, because a single amino acid may be coded for by 

more than one codon. 

 

2. Unambiguous means no codon specifies more than one amino acid. 

 
3. Non-overlapping means that successive triplets are read in order. Each 

nucleotide is part of only one triplet codon.  

 
4. Universal means that it is the same for all living organisms and in all types of 

DNA/RNA) however there are some few exceptions.  

 
5. No punctuation means successive codons that are contiguous are not 

separated by noncoding bases or groups of bases.            (4) 

 

5.2 Post-translational modification (PTM) refers to the covalent and generally 
enzymatic modification of proteins following protein biosynthesis.  (2) 

5.3   

The reading frame refers to the three possible sequences in which a single segment 
of genetic code can be read (e.g. from mRNA to encode proteins), which is 
determined by three possible starting points  (3) 

5.4 The primary tRNA function is to deliver amino acids required for the process of 
protein synthesis. Transfer RNAs are carrying amino acids to the ribosome, where 
the actual protein synthesis takes place. The molecule is directed by the 
corresponding codon (a three-nucleotide sequence) in a messenger RNA (mRNA).  

            OR 

The function of tRNA is to carry an amino acid that corresponds to its triplet 
nucleotide sequence (anticodon) from the pool of amino acids in the cytosol to the 
site of protein synthesis (the ribosome).         (2) 



QUESTION 6      [13] 

6.1  

1.  Provide instant energy to the body: Glucose is metabolised to release energy in 
the form of ATP.  
 

2.  Reserve food: excess glucose is converted to glycogen for storage. 

3.  Carbohydrates form other biomolecules: Carbohydrates in excess are 
converted into other biomolecules of physiological importance such as fats and 
nonessential amino acids.  
 

4.  Detoxification of the body by metabolism: Excretion of many drugs and toxic 
waste in the form of glucouronyl conjugates. 
 

5.  Act as reaction intermediates or accessories: Carbohydrates participate as 
reaction intermediates in some vital reactions. This function of carbohydrates is 
seen extensively in various cellular reaction. Carbohydrates are also chemical 
constituents of many hormones, vitamins, enzymes etc. 
 

6.  Constitute genetic material: Carbohydrates form a part of DNA and RNA in the 
form of deoxyribose and ribose sugars. These are 5 carbon monosaccharides 
formed from heptulose sugars by pseudo-heptulose pathway. 
 

7. They are constituents of all the cellular organelles. Carbohydrates are also 
components of cell organelles like the cell membrane, mitochondria, nucleus, 
endoplasmic reticulum. 
 

8. Transport of oxygen: Glucose is taken by red blood cells. These are the types of 
blood cells which lack mitochondria and other cell organelles required for 
production energy. 
 

9.  Aid in gut motility: Indigestible fibrous material absorbs water in the guts, swells 
and increases the load. This load is useful to increase intestinal motility and 
expulsion of waste (feces). Thus carbohydrates help clear gut and prevent 
constipation. Hence, when you feel constipated, have banana fruit and notice the 
change. 
 

10. They play a role in other physiological roles. Since, they are components of 
many bio-molecules they have further role. They have role in blood clotting, 
immunity, fertilization.  (6) 

6.2 Lactose intolerance is the inability to digest significant amounts of lactose, the major 
sugar found in milk. Lactose intolerance is caused by a shortage of the enzyme 
lactase, which is produced by the cells that line the small intestine. Lactase breaks 
down milk sugar into two simpler forms of sugar called glucose and galactose, which 



are then absorbed into the bloodstream. Not all people deficient in lactase have the 
symptoms commonly associated with lactose intolerance, but those who do are said 
to have lactose intolerance.  (4) 

6.3 Galactosemia: An inherited disorder of galactose metabolism that occurs in 
newborns and can result in damage to the liver, brain, kidneys, and other organs in 
infants due to the accumulation of galactose derivatives in the body.  (3) 

 

QUESTION 7     [16] 

7.1 The melting points of even-numbered carbon fatty acids increase with chain length 

and decrease according to unsaturation. A triacylglycerol containing three saturated 

fatty acids of 12 carbons or more is solid at body temperature, whereas if the fatty acid 

residues are polyunsaturated, it is liquid to below 0°C. In practice, natural acylglycerols 

contain a mixture of fatty acids tailored to suit their functional roles. For example, 

membrane lipids, which must be fluid at all environmental temperatures, are more 

unsaturated than storage lipids. Lipids in tissues that are subject to cooling, for 

example, in hibernators or in the extremities of animals, are also more unsaturated. 

Long chain ω3 fatty acids such as Alpha-linolenic (ALA) (found in plant oils), 

eicosapentaenoic (EPA) (found in fish oil) and docosahexaenoic (DHA) (found in fish 

and algal oils)                     (5) 

 

7.2 Structure of sphingolipids. Sphingolipids are a class of lipids with a polar head group 

and two nonpolar tails. The core of a sphingolipid is an amino alcohol called 

sphingosine.  In sphingolipids, the hydrophobic region consists of a long chain 

sphingoid base with generally 18 carbons, such as sphingosine, which is linked to 

the acyl group of a fatty acid via an amide bond (R2). The hydrophilic region (R1) 

consists in the simplest case of a hydroxyl group in the case of ceramide.    (4) 

7.3  

Niemann-Pick disease is a rare inherited disease that affects lipid metabolism, or 

the way fats, lipids, and cholesterol are stored in or removed from circulation. 

Niemann-Pick disease have an abnormal lipid metabolism that causes a build-up of 

harmful amounts sphingomyelin, which accumulates in various organs, and causes 

irreversible neurological damage. (3) 

7.4 Cholesterol is an essential component of cell membrane that is needed to maintain 

proper membrane permeability and fluidity. It is also needed for the synthesis of 

Steroid Hormones, Vitamin D and Bile Acids. Cholesterol is required for building and 

maintaining animal cell membranes. Cholesterol also helps in the formation of your 

memories and is vital for neurological function        (4) 



QUESTION 8                [15] 

8.1  

Oxidation of even number fatty acids  
 

Oxidation of odd number fatty acids  
 

 
β-oxidation of fatty acids result in cleavage of 
two-carbon units from the carboxyl end of fatty 
acyl-CoA forming acetyl CoA.  

 
The acetyl groups participate in the Krebs 
cycle to form coenzymes NADH and FADH2.  

 
These are then oxidized by giving up the 
protons and electrons to oxygen present in the 
mitochondria to synthesize ATP by oxidative 
phosphorylation. 

Oxidation of odd number fatty acids undergo 
the same pathway, but it results in propionyl 
CoA as an end product along with acetyl CoA 
molecules. This occurs during the last β-
oxidation cycle when the fatty acyl-CoA with 
five carbons is split into a three carbon 
compound and a two carbon compound unlike 
even carbon chain length fatty acid.  
Acetyl CoA enters the Kreb’s cycle but 
propionyl CoA then has to go through another 
pathway to form Succinyl-CoA which then 
enters the Krebs cycle.  

  (6) 

8.2  

Oxidation of saturated fatty acids  Oxidation of unsaturated fatty acids 
Oxidation occurs in three stages:  
β-oxidation of fatty acids result in cleavage of 
two-carbon units from the carboxyl end of fatty 
acyl-CoA forming acetyl CoA.  
The first step is the removal of two hydrogen 
atoms from the 2(α)- and 3(β)-carbon atoms, 
catalyzed by acyl-CoA dehydrogenase and 
requiring FAD. This results in the formation of 
Δ2-trans-enoyl-CoA and FADH2. The 
reoxidation of FADH2 by the respiratory chain 
requires the mediation of another flavoprotein, 
termed electron-transferring flavoprotein 
Water is added to saturate the double bond 
and form 3-hydroxyacyl-CoA, catalyzed by Δ2-
enoyl-CoA hydratase. The 3-hydroxy 
derivative undergoes further dehydrogenation 
on the 3-carbon catalyzed by l(+)-3-
hydroxyacyl-CoA dehydrogenase to form the 
corresponding 3-ketoacyl-CoA compound. In 
this case, NAD+ is the coenzyme involved. 
Finally, 3-ketoacyl-CoA is split at the 2,3-
position by thiolase (3-ketoacyl-CoA-thiolase), 
forming acetyl-CoA and a new acyl-CoA two 
carbons shorter thanthe original acyl-CoA 
molecule. 

The CoA esters of unsaturated fatty acids are 
degraded by the enzymes normally 
responsible for β-oxidation until either a 
Δ3-cis-acyl-CoA compound or a Δ4-cis-acyl-
CoA compound is formed, depending upon the 
position of the double bonds. Δ3-cis-acyl-CoA 
is isomerized (Δ3-cis → Δ2-trans-enoyl-CoA 
isomerase) to the corresponding Δ2-trans-
CoA stage of β-oxidation for subsequent 
hydration and oxidation. Oxidation of 
unsaturated fatty acids requires two additional 
enzymes before entering the Krebs cycle: 
Isomerase and reductase. Any Δ4-cis-acyl-
CoA either remaining, as in the case of linoleic 
acid is converted by acyl-CoA dehydrogenase 
to Δ2-trans-Δ4-cis-dienoyl-CoA. The Δ2-trans-
Δ4-cis-dienoyl-CoA is converted to Δ3-trans-
enoyl-CoA by Δ2-trans-Δ4-cis-Dienoyl-CoA 
Reductase. Finally, Δ3-trans-enoyl-CoA is 
converted to Δ2-trans-enoyl-CoA for β-
oxidation cycles to continue, i.e., 
dehydrogenation, hydration and thiolysis. 
 

                                                              



 8.3  

 
Deamination in amino acid metabolism  
 

Transamination in amino acid metabolism  
 

Occurs when the amino group (containing 
nitrogen) is removed from an amino acid. 
This gets excreted as urea.  
 

Occurs when the amino group is moved 
from the amino acid to a keto acid. This 
allows for the nonessential amino acid to be 
synthesised from metabolic intermediates.  
 

    (2) 

8.4 The carbon skeleton that remain during deamination of amino groups can either: 

1. Be used to synthesize glucose 

2. Enter the citric acid cycle to generate energy 

3. Be used to form ketone bodies or other molecules.           (3) 

 
QUESTION 9      [15] 

9.1  
 

Vitamin  
 

Function  
 

Deficiency 

B1/Thiamine  Coenzyme in dehydrogenases 
and transketolase.  
Regulation of Cl channel in nerve 
conduction  

Beriberi, Acute pernicious beriberi, 
Wernicke encephalopathy  

B2/Riboflavin  Coenzyme in oxidation and 
reduction reactions. Part of 
flavoproteins  

Lesions in corners of mouth & lips, 
dermatitis  

B3/ Niacin  Forms part of the coenzymes 
NAD+ and NADP+ and in 
oxidation and reduction 
reactions. Assists with 
intracellular calcium regulation  

Pellagra  

B5/Pantothenic 
acid  

Fatty acid synthesis and 
metabolism  

Numbness and burning of the hands 
and feet, headache, fatigue  

B6/Pyridoxine  Coenzyme for a couple of 
enzymes involved in amino acid 
metabolism and important in 
changing steroid hormone action  

Peripheral neuropathy, convulsions  

B12/Cobalamin  Coenzyme in transfer of one-
carbon fragments and 
metabolism of folic acid  

Pernicious anemia  

Vitamin C  Antioxidant that helps to maintain 
vitamin E and enhances 
absorption of iron  

Scurvy  

   (12) 



 

9.2  

1. Pepsin: catalyses hydrolysis of peptide bonds adjacent to amino acids with bulky 

           side chains.  

 

2. Trypsin: catalyses hydrolysis of lysine and arginine esters. 

   

3. Chymotrypsin: catalyses esters of aromatic amino acids. (3) 

 
        TOTAL MARKS: [130] 

 

 

 

 

 


