
IB HL Biology I – Unit 3 Molecular biology – Topic 2 

(topic 3 in old book)
I. Chemistry of living organisms 
a. A molecule with Carbon is organic
i. Covalent bonds – share electrons between biomolecules/biochemicals
ii. Carbon always forms four covalent bonds
iii. Exceptions like carbon dioxide 

iv. Life is carbon based but also contains H, O, N & P

v. Biochemical groupings = Carbohydrates, lipids, proteins & nucleic acids
1. These molecules interact with each other in a wide variety of ways in order to carry out the metabolism of each cell.

2. Example: Insulin (protein) that facilitates the movement of glucose (carbohydrate) from the blood stream to the interior of cells.

3. Insulin does this my interacting with protein channels in body cell plasma membrane and opening them.

4. Glucose will move into the cell by diffusion through the open channel as long as the concentration is higher outside the cell

5. The plasma is made of lipids called phospholipids. Because of the differences in polarity the phospholipids will not allow glucose to pass through the membrane without going through the protein channels.

6. All biochemical are made DNA (nucleic acids)
vi. How organic molecules bond

1. straight chains (example: lipids)
2. branched chains (example: triglycerides)
3. rings (example: carbohydrates)
vii. Monomer = building blocks of biochemical 
viii. Polymer = a large molecule formed when many smaller molecules (monomers) bond together covalently
II. Metabolism 
a. Def: is the sum total of all the enzyme-catalysed reactions taking place

i. when molecules collide with each other as they move through their aqueous (water-based) environment and undergo a chemical reaction to form a product 
b. Factors that determine whether a reaction occurs or not

i. Identity of the colliding molecules

ii. Orientation of the colliding molecules (where)

iii. The speed of the molecules when they collide

c. To increase chemical reactions cells use

i. Enzymes (proteins) to increase the likelihood that a collision will lead to a reaction 

ii. Example: ADP + P ( ATP  (adenosine diphosphate + inorganic phosphate yields adenosine triphosphate)

iii. The odds of these two reactants colliding at exactly the correct orientation leading to a covalent bond is extremely small.

iv. An enzyme acts as a catalyst for this reaction.

v. The enzyme (catalyst) enables this reaction to occur at a much higher rate and with less energy used. 

d. Catabolism = convert large complex molecules to smaller simpler molecular forms (food)

i. Hydrolysis reactions

e. Anabolism = convert small simple molecules into larger more complex molecules

i. Condensation reaction

III. Carbohydrates

a. Def:  is a biomolecule composed of carbon, hydrogen, and oxygen and are in the form of a ring
b. Fxn: structure and energy (short-term)

i. Monosaccharide  
1. Def: simple sugar

2. Ex: Glucose (blood sugar), Fructose (fruit sugar), Ribose & Galactose
a. Trioses – containing 3 carbons  C3H6O3
b. Pentoses – containing 5 carbons C5H10O5
c. Hexoses – containing 6 carbons C6H12O6
3. Structure:
 Glucose =  C6H12O6                                     Fructose = C6H12O6
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ii. Disaccharide  
1. Def: are two monosaccharides combines together (made through a condensation reaction which a water molecule is lost and a covalent bond is formed between two biomolecules). 
2. Ex: Sucrose, maltose, & lactose
3. Produced by a condensation reaction (anabolism)
4. Broken down by hydrolysis reaction  (a reaction where a water molecule is added to break the covalent bond between two biomolecules = catabolism)
5. Condensation reaction of a monosaccharide to a disaccharide =                                              glucose + galactose ( lactose + water
6. Hydrolysis reaction of a disaccharide to monosaccharide =                                                lactose + water ( glucose + galactose
7. Examples:  Sucrose = C12H22O11
a. glucose + fructose ( sucrose + water
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iii. Polysaccharide  

1. Def: largest carbohydrate; polymers of monosaccharide subunits (made through many condensation reactions of monosaccharides)
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2. Ex: 
a. Starch – long chain glucose polymer used by plants to store energy in starch granules or in plant storage areas such as roots

i. Two subcomponents = amylopectin & amylose (linear) 
b. Cellulose – long chain glucose polymer that makes up most of the cell walls in plants to aid in rigidity/support for roots, stems and leaves
c. Glycogen – branching glucose polymer used by animals for energy stored in the liver & muscle tissue (break off glucose from the glycogen)

d. Chitin – tough polysaccharide found in insects & fungi used for structure and support
e. Pectin – polysaccharide in cell walls used for structure and support
IV. Lipids

a. Def: large biomolecule that are mostly of carbon and hydrogen, & oxygen (nitrogen & phosphorous in some)
b. Fxn: energy (long-term), energy storage, insulation, protective coverings (cell membrane = phospholipids ), waterproofing in plants (waxes – cuticle on leaves), (steroid) hormones, and glycolipids acting as receptors
c. Examples: Fats, oils, waxes, Phospholipids, Steroids and triglycerides
d. Insoluble in water
e. Two major types
i. Saturated Fats

1. single C bonds and a linear chain 
2. CH3-CH2-CH2-COOH

3. Solid at room temp & found in animal products
4. Ex: meats and dairy (energy & insulation)
ii. Monounsaturated Fats

1. one double C bonds and the molecule is bent
2. CH3-CH2-CH=CH-CH2-COOH
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iii. Polyunsaturated Fats

1. more than one double bond and come from plant products 
2. CH3-CH2-CH=CH-CH2-CH=CH-CH2- COOH
3. Liquid at room temp

4. Ex: veg. oils (energy & insulation)

f. Hydrogenation: cis and trans fatty acids 

i. In processed foods polyunsaturated fats are often hydrogenated or partially hydrogenated 

ii. This means the double bonds are eliminated or partly eliminated by adding hydrogen atoms. This process straightens out he natural bent shape

iii. Cis = fats that are naturally curved fatty acids 

1. Example: omega-3 (fish) and omega-6 (number indicated where the double bond is found)

iv. Trans = are fats that are hydrogenated straight  ones 
g. Triglycerides (oils in plants & fats in animals)
1. 3 fatty acids attached to a glycerol molecule through a condensation reactions 
a. Produced by a condensation reaction (anabolism)
b. Must go through 3 condensations creating 3 water molecules 
c. Broken down by hydrolysis reaction  (a reaction where a water molecule is added to break the covalent bond between two biomolecules = catabolism)
2. Functions in energy storage in adipose tissue

3. These lipids have about twice the energy content per gram compared to carbohydrates  for cellular respiration 
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V. Body Mass Index (BMI)

a. The use of an indexed value known as the body mass index as an indicator of health weight  

b. BMI reflects both the weight and height of a person 

c. To determine BMI

i. A formula based on measurements of weight and height

ii.  Formula 1 (metric units ) 


1. BMI = weight (kg)/[height (m) x height (m)]

iii. Formula 2 (imperial units)

1. BMI = weight (lb)/[height (in) x height (in)] x 703

VI. Proteins

a. Fxn: provide structures(essential to all life), enzymes, transport, hormones and defense
b. Contains a large complex polymer of C, H, O, and N (sometimes Sulfur)

c. Amino Acids are the building blocks of proteins or polypeptides (20 common amino acids – all differ from their R group) being created under the control of a specific area of a DNA molecule called a gene 
d. Each cell that has differentiated to have a specific function in a specific tissue of the body only uses the genes that are necessary for that cell type. 

i. Some genes are universal like the protein component that make up ribosomes

ii. Each specific cell type then used the genes that help accomplish the specific  activities necessary for that cell type 
1. Example: a cell of the human pancreas would turn on the gene for synthesis of the peptide hormone insulin, whereas most cells would not activate that gene even thou the gene is present in all human cells.  

2. About 20,000 – 25,000 genes in every cell 
iii. Amino acids have the same basic structure, consisting of:

1. amine group

2. carboxylic acid group

3. H bonded to a central C

4. differ in the R group or variable group 
e. Example of an amino acid:
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i. In different combos they make thousands of proteins (like the alphabet) or polypeptides 
ii. Peptide Bond: bond that links amino acids together (made through a condensation reaction)
1. Amino acids in aqueous solution (such as cytoplasm or blood plasma) the amine and carboxyl functional groups ionize.

2. This ionization does not alter the covalent bonding pattern but it does make the functional groups look a little different 

3. Carboxyl group has lost a OH- group and each amine group has lost a H-  to produce a water molecule 
4. Those order of amino acids is determined by the DNA sequence for the gene  
iii. Example of a peptide bond between two amino acids: 
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f. Levels of proteins 

i. Primary- the sequence of amino acids within the protein 

ii. Secondary – repetitive shapes of a helix or a pleated sheet (spider silk)

iii. Tertiary – a globular shape (enzymes)

iv. Quaternary – two or more polypeptides combined together to make a single functional protein (haemoglobin) 
g. Examples and Functions:

1. Examples of proteins used for Structure
a. tubulin- microtubules (cellular highway -cytoskeleton)
b. spider silk made by spiders to construct webs 
c. fibroin made by some insects for webs

d. collagen is the main protein of connective tissue (skin, tendons & ligaments) 
e. keratin in animals
f. Rhodopsin a pigment found in the retina of the eye that is useful in low light conditions 
2. Example of a protein used for Transport – hemoglobin to transport oxygen in the blood
3. Example of a protein used for Movement – myosin or actin in muscles 
4. Example of a protein used for Hormones – insulin, TSH or LH  

5. Example of a protein used for Defense – Immunoglobins or antibodies to create an immune response 
6. Examples of proteins used for Enzymes (most common)- acts as a catalysis and lower activation energy of the reaction 
a. Amylase – catalyses the breaks down of carbohydrates into glucose

b. Pectinase – catalyses the break down pectin (holds plant tissue together) so pectinase - added in making juice so there is a higher level of juice taken from the fruit
c. Lactase – catalyses the break down sugars in dairy products. (lactose) 

d. Rubisco ( catalyses the first reaction of the carbon fixing reactions in photosynthesis  

h. Enzymes

i. Def: protein that changes the rate of a chemical reaction by lowering the activation energy (catalyze biochemical reactions)
ii. Involved in almost all metabolic processes

iii. Process of catalyzing a chemical reaction: 
1. Substrates come closer to active site on the enzyme and the substrate attaches to the active site. 
2. The substrate molecule is specific to the active site on the enzyme  
3. This forms an enzyme-substrate complex. 
4. This lowers the activation energy for the reaction.
iv. Active site: specific portion on the enzyme that is specific to a certain substrate (substrate is a molecule which will bind to the active site on an enzyme)
v. Enzyme-substrate specificity --- where a specific substrate will attach to a particular enzyme’s active site so the enzyme can lower the activation energy of a reaction. 
E + S ⇌ ES → EP ⇌ E + P

where E = enzyme, S = substrate(s), P = product(s).
1. lock & key model
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i. Activities of proteins depends on temp and pH (enzymes have an optimum level for temp and pH)
i. If temp or pH is too high or too low the protein cannot function properly and the intra-molecular  bonds can be disrupted.

ii. The result is that the protein loses its normal three dimensional shape and function

iii. A proteins function is directly dependent on its shape. As long as the peptide bonds and covalent bonds remain intact the protein will return to its normal shape and function if it is returned to its normal temp or pH 

1. Example: enzymes have an optimal temp and pH that is required so the enzyme can work effectively
iv. Denaturation: structural change (shape change of the active site) in a protein will result in the loss of its biological properties – substrate can not attach due to change in shape and not form enzyme-substrate complex
1. Due to extreme temp and pH (too basic or acidic) 
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VII. Nucleic Acids

a. Def: complex biomolecule that stores cellular information in the form of a code and aids in protein synthesis
b. Made up of C, H, O, N, and P

c. Arranged in three groups (double strand)
i. Nitrogenous Base (A, T, C and G)
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ii. Simple Sugar (pentose 5 carbon sugar – deoxyribose & ribose sugars)
iii. Phosphate group

d. Collectively called = Nucleotide (monomer) 
e. Ex: DNA 

i. Deoxyribonucleic Acid – a double helix of nucleotides (made of deoxyribose sugar)
ii. Fxn: contains all info to form all enzymes, structural proteins, & cell activities (Self-replicating, located in the nucleus and has only one type)
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f.  Ex: RNA

i. Ribonucleic Acid – a single strand of nucleotides (made with ribose sugar)
ii. Fxn: forms copies & transfers info from DNA to make proteins (made from DNA, located in cytoplasm and has three types = mRNA, tRNA and rRNA)
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