
INTRODUCTION

Biological molecules



Introduction

•4 main classes of biological molecules:

Carbohydrates

Lipids

Proteins

Nucleic acids

Macromolecules

Pg 66

Biomolecules made up of C, H, O 
and sometimes  S and P

DNA and RNA

Large molecules 
made up of 

smaller molecules
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Macromolecules

long molecules made up of many repeating 
monomers which can be similar or identical

Carbohydrates

Proteins

Nucleic acids

Lipids
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long molecules made up of many repeating 
monomers which can be similar or identical

monomer monomer monomer monomer monomer monomer monomer

Monomers linked by covalent bonds



Covalent bond
•Sharing of                                            
electron pairs                                           
by 2 atoms

Covalent bond

Chemical Bonds / Interactions
Pg 67 



Other important bonds / interactions 
required for subsequent topics

•HYDROGEN BOND

•IONIC BOND

•HYDROPHOBIC INTERACTIONS

Pg 67 



Hydrogen bond
• Attraction between the hydrogen atom bonded to an electronegative atom 

with another electronegative atom

H bond

Chemical Bonds / Interactions

Electronegativity: tendency of an atom to attract a shared pair of electrons 
towards itself

Pg 67 



Hydrogen bond

Pg 67 



• Attraction between oppositely charged ions.

Ionic bond

Chemical Bonds / Interactions
Pg 67 



• Attraction between oppositely charged ions.

Ionic bond

Chemical Bonds / Interactions
Pg 67 



Hydrophobic interactions
• Interaction between  non-polar molecules due to tendency of non-polar

molecules to interact with each other in polar solvent (usually water)

Chemical Bonds / Interactions

What do polar and non-polar mean?

Polar
when atoms in the molecule
do not share electrons
equally in a covalent bond

Non-polar
when atoms in the
molecule share electrons
equally in a covalent bond

C – C

C – H
O – H

S – H

other eg:

Pg 67 



Important!!!

DO NOT call ions polar or non-polar. 
They are CHARGED.



Is this polar, non-polar or 
charged?

Polar!

Water



Is this polar, non-polar or 
charged?

Carbon dioxide

Non-polar!
More 

electronegative
More 

electronegative



Hydrophobic interactions
• Interaction between  non-polar molecules due to tendency of non-polar

molecules to interact with each other in polar solvent (usually water)

Chemical Bonds / Interactions
Pg 67 



Hydrophilic versus hydrophobic

•Hydrophilic
•Water ‘loving’
•Polar molecules
•Ionic/Charged 
molecules

•Hydrophobic
•“water-fearing”
•Non-polar 
molecules

O – H

S – H
N – H

Polar



Identify the covalent, ionic, hydrogen 
bonds and hydrophobic interactions



Monomers linked by covalent bonds

Through what reaction?

Polymers

monomer monomer monomer monomer monomer monomer monomer

Pg 68 



Reaction between monomers 

• Condensation reaction

• Two molecules combine to form a larger molecule

• Loss of a small molecule (commonly water)

Condensation – to synthesise a polymer

Pg 68 



To disassemble a polymer to monomers..

• Hydrolysis reaction

• Cleavage of chemical bonds by the addition of water

Pg 68 



BIOMOLECULES
CARBOHYDRATES

Pg 69 



LEARNING OBJECTIVES

1(e)(i) Describe the structure and properties of 
α-glucose and β-glucose (in carbohydrates) 

1(f)(i) Describe the formation and breakage of a 
glycosidic bond.

1(g)(i)  Describe the structures and properties of 
starch (including amylose and amylopectin), 
cellulose and explain how these are related to 
their roles in living organisms.

Pg 69 



Carbohydrates – why study them?
https://youtu.be/sG82Fna4-AQ

https://youtu.be/sG82Fna4-AQ


•made up of the elements carbon, hydrogen and 
oxygen

•general formula Cx(H2O)y

How do we 
classify 

carbohydrates?

Introduction: Carbohydrates
Pg 69 



Carbohydrates

Monosaccharides

Single sugar

Disaccharides

Two
monosaccharides

joined

Polysaccharides

Many 
monosaccharides

joined

Carbohydrate Classification

- Double sugar

- Condensation rxn

- Condensation rxns

Pg 69 



Monosaccharides
•cannot be hydrolysed to simpler carbohydrates

•general formula (CH2O)n where n = 3 – 9

One Sugar

Carbon atoms in 

(CH2O)n 

General terms Common examples 

3 triose glyceraldehye 

4 tetrose  

5 pentose ribose ; ribulose 

6 hexose glucose 

7 heptose  
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Monosaccharides
•Show isomerism

One Sugar

Formula for hexose: C6H12O6

Same molecular formula,                                                               
different structural arrangements

Pg 70 



1) Aldose or Ketoses

2) Length of C skeleton

3) Spatial arrangement around asymmetric carbons (eg. 
glucose and galactose)

Classification of Monosaccharides
Pg 70 
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Ring form is thermodynamically more stable
pyranose ring furanose ring

Pg 70 



Carbohydrates

Monosaccharides

Single sugar

Disaccharides

Two
monosaccharides

joined

Polysaccharides

Many 
monosaccharides

joined

What is sugar?

- Double sugar

- Condensation rxn

- Condensation rxns



Find the sugar in your food







LEARNING OBJECTIVES

1(e)(i) Describe the structure and properties of α-glucose 
and β-glucose (in carbohydrates) 

1(f)(i) Describe the formation and breakage of a 
glycosidic bond.

1(g)(i)  Describe the structures and properties of starch 
(including amylose and amylopectin), cellulose and 
explain how these are related to their roles in living 
organisms.



MOST COMMON 
MONOSACCHARIDE

Glucose



Structure of Glucose
• Monosaccharide; formula: C6H12O6

• 6 carbon atoms => hexose sugar
• five OH groups arranged in specific way along 6-carbon backbone

• Aldose sugar
• Open chain form thermodynamically unstable; isomerises to form 

cyclic forms of glucose:
 -isomer
 β-isomer 

( called - glucose)

( called β- glucose)

Pg 71 



Linear and ring forms of glucose

6

1

23

4

5

Pg 71 



-isomer 

-OH group on carbon 1
is below the plane of 

the ring

C1

-isomer

-OH group  on carbon 1
is above the plane of 

the ring

C1

NOTE: -OH group is the same as hydroxyl group

Pg 72 



• Glucose is colourless
• Soluble in water due to many polar 

hydroxyl (–OH) groups
• Slightly soluble in organic solvents
• Glucose is a reducing sugar due to 

presence of a free aldehyde group 
(which reduces the Cu2+ in Benedict’s 
solution to Cu+) 

 forms a brick red precipitate in Benedict’s test 

Properties of α-glucose and β-glucose
Pg 73 
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Tutorial 2: MCQ 2

Β-glucose -OH groups at the plane 
differ from α-glucose



Tutorial 2: MCQ 2

Β-glucose -OH groups at the plane 
differ from α-glucose

What is the term that describe these 4 monosaccharides 
having same formula but different structural 

arrangements? ISOMERISM



Disaccharides
• Formed by condensation reaction between two monosaccharides

• with release of one water molecule

Pg 74 

+

+ H2O

+

+ H2O

α-glucose α-glucose glucose

maltose

fructose

sucrose

+

+ H2O

glucose galactose

lactose

Two Sugar

bond formed: glycosidic bond



Maltose formation
•Glucose + Glucose Maltose + Water

Pg 74

Condensation rxn
release of 1 water molecule per glycosidic bond formed



Maltose formation
•Glucose + Glucose Maltose + Water

Pg 74

α (1,4) glycosidic bond



•Condensation reactions are catalysed by specific 
enzymes in living cells and require energy for the 
reaction to proceed

Disaccharides
Two Sugar

Pg 74



How can glycosidic bonds be broken?

•By a hydrolysis reaction

•Involves addition of one water molecule

•Hydrolysis of disaccharides into monosaccharides:
•Chemical method

•Enzymatic method

Pg 75 



•Chemical Method

Incubating the disaccharide with a dilute acid 
at 100°C.

Pg 75 

Hydrolysis of disaccharides



•Enymatic Method

Incubating the disaccharide with an enzyme at 
room temperature.

LactoseSucrose Maltose

sucrase   
or 

invertase

glucose

fructose

maltase

glucose

glucose

lactase

glucose

galactose

Pg 75 

Hydrolysis of disaccharides



LEARNING OBJECTIVES

1(e)(i) Describe the structure and properties of α-glucose 
and β-glucose (in carbohydrates) 

1(f)(i) Describe the formation and breakage of a 
glycosidic bond.

1(g)(i)  Describe the structures and properties of starch 
(including amylose and amylopectin), cellulose and 
explain how these are related to their roles in living 
organisms.



Tutorial 2: Class Activity (page 2)

two



Reducing sugars
Pg 75 



Pg 75

sucrose



Video - Benedict’s Test
https://youtu.be/MRAVhZA_77Q

https://youtu.be/MRAVhZA_77Q


 Basis of test:

 Benedict’s solution contains copper (II) sulphate.

 Reducing sugars (having a free aldehyde or ketone group) reduce soluble

blue copper sulphate containing Cu2+ to insoluble red - brown copper oxide

containing copper (I), which is seen as a precipitate.

 Observation:

 Initial blue coloration of the mixture turns green, then yellowish and may finally

form a brick red precipitate.

blue green yellow brick red precipitate

Larger quantity of reducing sugar

How to test for reducing sugars’ presence?

Benedict’s test 

Pg 75 



Reducing sugars
Pg 76 



Disaccharides: non-reducing sugars
•Sucrose 

Non-reducing sugar

How to test for the presence 
of non-reducing sugars?

Pg 76



Disaccharides

Lactose
Sucrose

Maltose

Reducing sugars Non-reducing 
sugars

1. Hydrolyse sucrose 
to glucose & fructose 
(reducing sugars)

2. Carry out 
Benedict’s test

1.Benedict’s test

Pg 76 



Tutorial 2: MCQ 1

Disaccharide Monosaccharides



Tutorial 2: MCQ 3

5 carbon sugar 6 carbon sugar

• Which molecule in the key is sucrose? 



Tutorial 2: MCQ 6

Lactose Maltose
A 2 3
B 2 4
C 5 2
D 5 3

Five disaccharides were each hydrolysed with dilute acid, 

and the purified products were separated by one-

dimensional chromatography. 

The final chromatogram is shown in the diagram below.

If spot 1 represents the products obtained from the hydrolysis 

of sucrose, which one of the following indicates the results 

obtained from the hydrolysis of lactose and maltose?





Tutorial 2: MCQ 6

fructose

galactose



How did you arrive at the answer? 
 Sucrose is a disaccharide formed by the condensation 

of glucose and fructose with the use of one molecule of 
water.

 Lactose is a disaccharide formed by the condensation 
of glucose and galactose.  

 Hence, lactose on hydrolysis should have two spots on 
the chromatography with one spot at the same 
position as that of sucrose on chromatography.

 Maltose is a disaccharide formed by the condensation 
of glucose and glucose.  

 => Only one spot on the chromatography, at the same 
position of one of the two spots for sucrose.



Carbohydrates

Monosaccharides

Single sugar

Disaccharides

Two
monosaccharides

joined

Polysaccharides

Many 
monosaccharides

joined

Carbohydrate Classification

- Double sugar

- Condensation rxn

- Condensation rxns



LEARNING OBJECTIVES

1(e)(i) Describe the structure and properties of α-glucose 
and β-glucose (in carbohydrates) 

1(f)(i) Describe the formation and breakage of a 
glycosidic bond.

1(g)(i)  Describe the structures and properties of starch 
(including amylose and amylopectin), and  cellulose and 
explain how these are related to their roles in living 
organisms.



Storage Structural

Pg 76 

starch (plants)

glycogen (animals)

cellulose (plants)

Based on their functions, 
polysaccharides can be 
divided into 2 groups

Polysaccharides

Hydrolysed (when 
needed) to provide 

sugar for cells

Building material 
for protection



Video – Starch
https://youtu.be/UaF8vKEg0ro

https://youtu.be/UaF8vKEg0ro


•2 components: amylose and amylopectin.

•Both made up of -glucose molecules. 

Pg 78 

Polysaccharides: Starch

monomers!!

Difference between amylose 
and amylopectin?



•Unbranched

•α-glucose residues linked by (14) glycosidic bonds

Pg 78 

-C-O-C-

Amylose



Each amylose chain coiled into 
a helix

6 glucose residues for every 
complete turn of helix

helical shape held together by 
hydrogen bonds formed 
between –OH groups

hydroxyl groups of glucose 
residues project into 
interior of the helix

 no cross-linking of amylose 
chains

Pg 78 

Amylose

H bond

1
2

3
45

6





Pg 79 

Amylopectin



Amylopectin



Pg 79 

Amylopectin

 Like amylose, amylopectin is coiled into a helix 

and there is no cross-linking between 

amylopectin chains.



Starch = Amylose + Amylopectin
Pictures not in notes



Testing for presence of starch

• Iodine/potassium iodide test

Iodine in KI 
solution turns 
blue-black in 

presence of starch 

Pg 80 

Amylose helix-iodine complex



HOW TO HYDROLYSE 
STARCH INTO 

MONOSACCHARIDES?
1. Chemical method

2. Enzymatic method

Pg 80



•Incubating starch with a dilute acid at 100°C.

Pg 80 

Hydrolysing starch: Chemical method



•Incubating starch with enzymes at room 
temperature.

Starch

Maltose

amylase

maltase

glucose
glucose

Pg 80 

Hydrolysing starch: Enzymatic method



Storage Structural

starch (plants) cellulose (plants)

Based on their functions, 
polysaccharides can be 
divided into 2 groups

Polysaccharides

Hydrolysed (when 
needed) to provide 

sugar for cells

Building material 
for protection



What makes starch a good storage molecule?

• Relate structure to function

• Framework:
• Structure
• Property
• Function

Extra handout

Reading time



A 2% solution of starch (amylose) and a 2% solution of 

amylase were mixed together and incubated at 25°C. After 

one hour, samples of the solution were tested with two 

reagents. 

Which result would be expected? 

Test yourself

reagent added to samples
Benedict’s solution 

and heated
Iodine in potassium 

iodide solution 

A Brown brick-red
B Blue blue-black
C blue-black blue
D brick red brown



Which statement describes how the molecular 

structure of starch is suited to its function?

Tutorial 2: MCQ 5

A Am ylose has a branched structure and amylopectin is
coiled to give a compact molecule for transport.

B In the breakdown of amylose and amylopectin, many
condensation reactions release stored energy.

C Th e helical structure of amylose and amylopectin gives
starch high tensile strength.

D Th e amylose-amylopectin complex is insoluble and does
not affect the water potential of the cell.



Storage Structural

starch (plants) cellulose (plants)

Based on their functions, 
polysaccharides can be 
divided into 2 groups

Polysaccharides

Hydrolysed (when 
needed) to provide 

sugar for cells

Building material 
for protection



•unbranched polymer 

•linked by (14) glycosidic bonds                                           

between -glucose molecules 

•Condensation reaction catalysed by enzyme 
e.g cellulose synthase

Pg 81

between what 
monomers?

Polysaccharides: Cellulose



•adjacent units oriented 180̊ to each other, 
•i.e. every other glucose monomer is upside down with 
respect to the others.

What do you notice about the glycosidic
linkages compared to starch & glycogen?

Pg 81

Polysaccharides: Cellulose



Pg 81

Polysaccharides: Cellulose



•hydroxyl groups (at carbon atom 2) project outwards

•form hydrogen bonds with neighbouring chains lying 
parallel to it, 

•establishing cross-linking between chains.

Pg 81

Polysaccharides: Cellulose



Cellulose – cross-linking between 2 molecules



What makes cellulose a good cell wall 
material?

Pg 82



What makes cellulose a good cell wall material?

•Relate structure to function

•Framework:
•Structure
•Property
•Function

Pg 82

Reading Time



 cross-linking of chains 

 prevents plant cells from bursting when placed in 
solutions of higher water potential.

What is the advantage of having 
high tensile strength?

Pg 82

1. Great tensile strength
Good cell wall material: 

What structural feature contributes to this?



 Long chains of β-glucose molecules and cross-linkages
resulting in high molecular weight and crystalline 
structure

2. Insoluble in water
Good cell wall material: 

What structural feature contributes to this?

How does this relate to its 
function?

Pg 82



Allows the passage of water and solute 
molecules. 

3. Large intermolecular spaces between macrofibrils

Good cell wall material: Pg 82



Which statements about amylopectin and cellulose are correct?

1. Both contain 1-4 glycosidic bonds

2. Amylopectin contains β-glucose while cellulose contains 

α-glucose

3. Both have cross linkages.

4. Both are branched molecules.

Tutorial 2: Carbohydrates (MCQ 4)

A 1 only

B 1 and 2

C 1 and 3

D 2 and 3



LEARNING OBJECTIVES

1(e)(i) Describe the structure and properties of α-glucose 
and β-glucose (in carbohydrates) 

1(f)(i) Describe the formation and breakage of a 
glycosidic bond.

1(g)(i)  Describe the structures and properties of starch 
(including amylose and amylopectin), cellulose and 
explain how these are related to their roles in living 
organisms.



Next topic….

•Molecules in cells

•4 main classes:

Carbohydrates

Lipids

Proteins

Nucleic acids


