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How do cells maintain life?3
UNIT

AREA OF STUDY 1

What is the role of nucleic acids and 
proteins in maintaining life?

Outcome 1
On completion of this unit the student should be able to analyse the relationship 
between nucleic acids and proteins, and evaluate how tools and techniques can be 
used and applied in the manipulation of DNA.

Key knowledge
The relationship between nucleic acids 
and proteins
• nucleic acids as information molecules 

that encode instructions for the 
synthesis of proteins: the structure 
of DNA, the three main forms of 
RNA (mRNA, rRNA and tRNA) and 
a comparison of their respective 
nucleotides

• the genetic code as a universal triplet 
code that is degenerate and the 
steps in gene expression, including 
transcription, RNA processing in 
eukaryotic cells and translation by 
ribosomes

• the structure of genes: exons, introns 
and promoter and operator regions

• the basic elements of gene regulation: 
prokaryotic trp operon as a simplified 
example of a regulatory process 

• amino acids as the monomers of a 
polypeptide chain and the resultant 
hierarchical levels of structure that give 
rise to a functional protein

• proteins as a diverse group of 
molecules that collectively make 
an organism’s proteome, including 
enzymes as catalysts in biochemical 
pathways

• the role of rough endoplasmic 
reticulum, Golgi apparatus and 
associated vesicles in the export of 
proteins from a cell via the protein 
secretory pathway

DNA manipulation techniques and 
applications
• the use of enzymes to manipulate 

DNA, including polymerase to 
synthesise DNA, ligase to join DNA  
and endonucleases to cut DNA

• the function of CRISPR-Cas9 in 
bacteria and the application of this 
function in editing an organism’s 
genome

• amplification of DNA using polymerase 
chain reaction and the use of gel 
electrophoresis in sorting DNA 
fragments, including the interpretation 
of gel runs for DNA profiling

• the use of recombinant plasmids as 
vectors to transform bacterial cells as 
demonstrated by the production of 
human insulin

• the use of genetically modified and 
transgenic organisms in agriculture 
to increase crop productivity and to 
provide resistance to disease.

VCE Biology Study Design extracts © VCAA (2021); reproduced by permission.
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Cells 

CELL THEORY
The cell theory is a foundation stone in the study of 
Biology. The cell theory states that:
• all organisms are made up of cells
• new cells are produced from existing cells
• the cell is the smallest organisational unit of a  

living thing.
There are two different kinds of cells—prokaryotic 

(found in bacteria and archaea) and eukaryotic (found 
in protists, fungi, plants and animals) (Table 3.1.1).

Differences also occur within the group of 
eukaryotic organisms. A typical plant cell has cell walls 
made from cellulose that provide structural support, 
chloroplasts that are the site of photosynthesis, and 
large vacuoles. These features are not present in animal 
cells (Figure 3.1.1 a and b).

Table 3.1.1 Cells and their features

Type of cell Feature Example

eukaryotic distinct organelles such as ribosomes as well as membrane-
bound organelles including nucleus, mitochondria, 
endoplasmic reticulum, Golgi apparatus, lysosomes, vesicles

organisms in Kingdoms Protista, Fungi, 
Plantae, Animalia, but not Bacteria and 
Archaea 

prokaryotic lack membrane-bound organelles; nuclear material present 
as a single, circular thread of DNA; plasma membrane 
surrounded by cell wall of protein and complex carbohydrate; 
relatively small cells; feature circular threads of DNA called 
plasmids

organisms in Kingdoms Bacteria (bacteria, 
cyanobacteria) and Archaea (includes 
some extremophiles)

a  plant cell b  animal cell

ribosomes

nucleus

plasma
membrane

cytoplasm

Golgi
apparatus

mitochondria

chloroplastvacuole

cell wall

plasmids (circular threads of bacterial DNA)

bacterial
chromosome

c  bacterial cell

HB_2_SWB-Fig3-1c

Figure 3.1.1 (a) Plant cell, (b) animal cell and (c) bacterial cell

REVISION
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ORGANELLES
Organelles are subcellular structures with specialised functions (Table 3.1.2).

Table 3.1.2 Organelles and their functions

Organelle Function

nucleus cell reproduction and control of cellular activities; contains DNA

ribosomes protein production; proteins produced by free ribosomes are used within the cell

mitochondria aerobic cellular respiration

endoplasmic reticulum 
(ER)

transport of materials such as proteins and carbohydrates within cell; involved in synthesis of 
substances, e.g. protein, lipids, glycogen

rough endoplasmic 
reticulum (RER)

endoplasmic reticulum with associated ribosomes; ribosomes synthesise proteins and are 
transported throughout the cytoplasm on ER; proteins produced on ribosomes associated with 
endoplasmic reticulum are exported from the cell

Golgi apparatus protein production completed; proteins packaged for dispatch from cell

cell wall structural support in plants

plasma membrane encloses cell contents; regulates passage of materials into and out of cell

cytoplasm reservoir containing cell contents including water, ions, dissolved nutrients, enzymes 
and organelles

lysosomes contain enzymes responsible for breakdown of debris

vacuole storage facility for fluid, enzymes and nutrients

chloroplast photosynthesis

Molecular composition of organisms
The cells that make up living organisms are themselves composed of key chemical elements. Those that occur in 
greatest proportion include carbon, hydrogen, oxygen and nitrogen. These elements combine to form a variety 
of important biomacromolecules. Biologically important molecules can be grouped into two types—organic and 
inorganic (Figure 3.1.2).

• C, H, O
• energy rich
• cellular respiration
• structural role
 (e.g. cellulose cell
 wall in plants)
• building blocks:
 carbohydrate
 polysaccharide
 composed of
 simple sugars
 (monosaccharides)

• C, H, O, N
• enzymes
• structural
• carrier
 molecules
 (e.g. haemoglobin,
 protein channels in 
 plasma membranes)
• building blocks:
 amino acids

• C, H, O
• fatty acids
 and glycerol
• plasma 
 membrane
 structure
• omega-3
 fatty acids
• building blocks:
 fatty acids
 and glycerol

• C, H, O, N, P
• DNA and RNA
• contain genetic
 information
• cell reproduction
• protein production
• building blocks:
 nucleotides

• site of
 chemical
 reactions

• required for 
 cellular
 respiration
 (aerobic)

• required for 
 photosynthesis

• protein
• nucleic
 acids

• enzyme
 ultra-
 structure
• phosphorus
 in DNA 

biological molecules

organic inorganic

water mineralscarbon dioxide

nitrogenoxygen

carbohydrates lipids

protein nucleic acids

Figure 3.1.2  Chart of biological molecules

REVISION
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BIOMACROMOLECULES
Biomacromolecules are formed in condensation 
reactions. This involves a chemical reaction in  which 
two smaller organic compounds are combined to 
form a larger organic compound and water is a by-
product of the reaction (Figure 3.1.3). When polymers 
are constructed in this way the reaction is called 
condensation polymerisation.

This is true for the synthesis of all biomacromolecules, 
including lipids and polymers of carbohydrates, 
proteins and nucleic acids.

Figure 3.1.3 Some possible condensation polymerisation 
reactions involved in the formation of biomacromolecules

The relationship between 
nucleic acids and proteins
Common to all living things on Earth is the presence of 
the genetic material deoxyribonucleic acid (DNA) 
(Figure 3.1.4a). The DNA molecule stores the inherited 
characteristics of organisms and is transmitted to 
subsequent generations through reproductive processes 
in every species.

NUCLEIC ACIDS—DNA AND RNA
The structural unit of DNA is the nucleotide (Figure 
3.1.4b). Nucleotides are named according to the 
base that each includes. The bases in DNA occur in 
complementary pairs:

Adenine (A) pairs with thymine (T)
Guanine (G) pairs with cytosine (C)
Adenine (A) and guanine (G) have a double-ring 

structure and are known as purines, while cytosine 
(C) and thymine (T) have a single-ring structure and 
are known as pyrimidines (Table 3.1.3). Nucleotides 
are chemically bonded together to form polymers 
called nucleic acids. Nucleic acids are essentially 
information molecules that contain the coded 
instructions for protein synthesis. The sequence of 
nucleotides in DNA is significant because of its role 
in protein production. A specific DNA sequence that 
codes for a particular protein is called a gene. The 
genome is the total complement of all of the genes 

compound compound new compound water

A B+

+ +

+ H
2
OA B

Examples:

carbohydrates
glucose glucose maltose water

+ +
proteins
amino acid amino acid polypeptide water

+ +
nucleic acids
nucleotide nucleotide polynucleotide water

+ +
lipids
glycerol fatty acid lipid water

in an individual organism. The proteome is the full 
complement of proteins in an individual. An organism’s 
genome is intrinsically linked to its proteome.

The complementary strands of the DNA molecule 
are described as antiparallel because one runs 5' ➞ 3' 
while the other runs 3' ➞ 5'. Figures 3.1.4c and 3.1.5 
show a simplified representation of a molecule 
illustrating this antiparallel arrangement.

Figure 3.1.4a The DNA in the nucleus of cells unravels to reveal a 
double helix.

Figure 3.1.4b Nucleotide

Figure 3.1.4c Nucleotide polymer—single-stranded DNA

P S P S P S P S

A T G C

P

phosphate

pentose
sugar

nitrogenous
base

5′

S

S

S

S

S

S

S

A

T

C

GS

S

3′

KEY

REVISION
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Table 3.1.3 DNA features

Feature Examples

Purines double-ring structure adenine, guanine

Pyrimidines single-ring structure thymine, cytosine

Figure 3.1.5 Nucleotides arranged in complementary pairs

Nucleic acids occur in two forms—DNA, which 
contains the genes, and ribonucleic acid (RNA) 
(Table 3.1.4). There are three kinds of RNA. All nucleic 
acids are composed of nucleotides, however, while 
DNA contains the base thymine, in RNA thymine 
is replaced with uracil. DNA is a double-stranded 
molecule (Figure 3.1.6), while RNA is single-stranded.

Table 3.1.4 Role of nucleic acids

Role

DNA DNA contains the instructions for protein 
synthesis.

mRNA Messenger RNA is a copy of the DNA template 
strand, which takes instructions to the ribosomes 
in the cytoplasm.

tRNA Transfer RNA is the molecule that brings amino 
acids to ribosomes during protein synthesis.

rRNA Ribosomal RNA is synthesised in the nucleolus 
and forms part of the structure of the ribosomes.

Figure 3.1.6 The helical structure of DNA. Two complementary 
strands form a double helix joined by base pairs guanine (G) and 
cytosine (C), and adenine (A) and thymine (T). 

GENE EXPRESSION
The genetic information stored in DNA is used to 
synthesise the amino acid sequences that form 
polypeptide chains and then functional proteins 
through a process called gene expression.

The genetic code
The genetic code is a set of rules that defines how 
the information in nucleic acids (DNA and RNA) is 
translated into proteins and functional RNA molecules. 
The information in DNA and RNA is stored as a three-
letter code of nucleotides. In DNA, this three-letter code 
is called a triplet. When a DNA triplet is transcribed 
into mature mRNA, the triplet is then called a codon.

Table 3.1.5 on page 6 shows the 20 amino acids of 
which polypeptides are composed, and the codons that 
code for each amino acid. A codon is composed of three 
nucleotide bases, hence the term ‘triplet’ code. To use 
this table, select the first base of the codon from the 
first column, read across the row for the second base, 
and then select the third base from the last column. The 
genetic code is considered ‘universal’ as it applies to 
almost all organisms on Earth. Because some codons 
code for the same amino acid, the genetic code is 
described as ‘degenerate’.

5'
end

3'
end

3'
end

5'
end

A

A

S

P

S

P

S

P

S

P

S

P

S

P

S G C

G C

C G

T

AT

T

P

S

P

S

P

S

P

S

P

S

P

C

G

A

A

G

C
T

T
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N O

O

O
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N

N

N N

N N
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N

N

N

N
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N

N
H

H

C
CH
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H
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H

adenine (A) thymine (T)
(DNA only)

H

H
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guanine (G) cytosine (C)
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Table 3.1.5 Genetic code

First 
position 
(5' end)

 Second position Third 
position 
(3' end)U C A G

U phe
phe
leu
leu

ser
ser
ser
ser

tyr
tyr
STOP
STOP

cys
cys
STOP
trp

U
C
A
G

C leu
leu
leu
leu

pro
pro
pro
pro

his
his
gln
gln

arg
arg
arg
arg

U
C
A
G

A ile
ile
ile
met/
START

thr
thr
thr
thr

asn
asn
lys
lys

ser
ser
arg
arg

U
C
A
G

G val
val
val
val

ala
ala
ala
ala

asp
asp
glu
glu

gly
gly
gly
gly

U
C
A
G

Amino acid abbreviations

ala alanine

arg arginine

asn asparagine

asp aspartic acid

cys cysteine

gln glutamine

glu glutamic acid

gly glycine

his histidine

ile isoleucine

leu leucine

lys lysine

met methionine

phe phenylalanine

pro proline

ser serine

thr threonine

trp tryptophan

tyr tyrosine

val valine

The sequence of amino acids represents the coded 
instructions for constructing polypeptides, the building 
blocks of proteins. The completed protein is the form 
in which the gene is expressed. Polypeptide production 
involves two key steps—transcription (Figure 3.1.7) 
and translation (Figure 3.1.8).

Transcription
• A DNA sequence is copied (transcribed) into a 

messenger RNA (mRNA) sequence.
• Transcription occurs in the nucleus.
• A DNA template strand is copied.
• mRNA is the single-stranded copy and contains the 

nucleotide base uracil instead of thymine.
• Transcription begins at the promoter region of a 

gene, a section of DNA that identifies the beginning 
of the gene.

• Exons are the coding regions of genes.
• Introns are the non-coding regions of genes.
• Both exons and introns are transcribed, forming a 

copy of the gene called pre-mRNA.
• Introns are subsequently cut out of the pre-mRNA, 

forming the final mRNA product.

Transcription process

DNA molecule unzips
↓

enzyme RNA polymerase moves along DNA 
template strand adding bases according to 

complementary base-pairing rules
↓

mRNA strand produced

At the conclusion of transcription, the mRNA 
molecule leaves the nucleus through nuclear pores and 
moves to the ribosomes where translation occurs.

Figure 3.1.7 Transcription

transcription

DNA 
template
strand

mRNA

5′

5′3′

3′

3′5′

C A T G C C T A C

G T A C G G A T G
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WORKSHEET 1

Knowledge review—scientific method and genetic 
technologies  

Scientific method
The scientific method is a vital tool that ensures a sound approach to investigations that yield reliable data and 
logical conclusions. By following the scientific method, researchers can contribute to the development of rigorous 
biological principles. 

1 A student decided to test the idea that potatoes left in a dark 
cupboard can sprout stalks by vegetative reproduction. To test 
this idea the student placed 10 similar sized potatoes in a dark 
cupboard and another 10 potatoes on the kitchen bench for four 
weeks. 

a Complete the table by entering the definition for each term and 
the instance of each in this experiment. 

Element of experiment Definition In this experiment

hypothesis

independent variable

dependent variable

At the end of the test period the student observed that all of the potatoes in the dark cupboard had grown 
stalks, some short and some long, ranging from 2 to 6 cm in length. The potatoes placed on the kitchen bench 
also showed some growth, but the stalks were much shorter and there were fewer of them. 

b Clarify which of the student’s observations represent qualitative data and which represent quantitative data. 
Explain the difference. 

Classification and identification
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WORKSHEET 1

Genetic technologies
This part of the activity aims to remind you of some genetic technologies you have heard about before and to 
consider your understanding and perspective about them.

2 a Consider each of the genetic technologies listed in the table below. Prepare a description outlining your 
understanding of the technology and write one or two questions the technology raises. 

Genetic technology Description Questions

GM foods

DNA profiling

cloning

b Discuss your responses with other members of the class. Add to your own list. Use online resources to 
refine your understanding in each case. 

3 Scientific advances in genetic research have made technologies available that are important in medicine, 
forensics and evolutionary biology. Such technological advancements deliver advantageous outcomes for 
many, but also raise issues that are often the subject of debate in the community. 

Select one genetic technology you have heard about and outline two benefits and two concerns.

Genetic technology: 

a benefits

b concerns 

Sam
ple

 pa
ge

s



14 Heinemann Biology 2   |   Skills and Assessment   |   Unit 3 • Area of Study 1 ISBN 978 0 6557 0026 5

WORKSHEET 2

The DNA molecule
1 a Name the molecule below.

b Identify the parts of the molecule labelled:

P 

S 

B 

2 Examine the section of a DNA molecule below.

P

S B

5'

C

A

G

C

T

A

C

T

C

3'

Classification and identification  •  Modelling                                                                                                  

a What do the letters A, T, C and G represent?

b Describe the relationship between these units.

c Draw in the complementary DNA strand.

d Explain the term ‘antiparallel’ as it relates to the 
DNA molecule.
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WORKSHEET 3

Genes, genome and the role of DNA
An organism’s genome and its corresponding proteome can be likened to a dictionary in which the genome 
represents all of the words and the proteome outlines the meanings of those words. The genome includes all of 
the genes that are the instructions for building all of the proteins in the body. 

In this concept map you begin with the genome and follow the steps to finally reach the cell’s functional 
destination—its proteome.

Use the boxes to write the definitions of the terms. Add your own branches and words to the concept map to build 
a word picture of the key structures and processes that occur as the cell follows its genetic instructions to build its 
proteins.

genome: full complement of genes in an individual organism

proteome:

genes

each gene is a read-out of a part of the genome

composed of

leaves nucleus for

mRNA codons code for

deoxyribonucleic acid

building blocks of

primary protein structurechain

nucleotide building blocks

in nucleus

DNA

transcription

mRNA

ribosomes

amino acids

coils or pleats

folds

proteins functions

Classification and identification  •  Modelling                                                                                                  
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PRACTICAL ACTIVITY 1

An examination of processes and issues around 
genetically modified food crops
Suggested duration: 60 minutes

INTRODUCTION

The development of genetically modified (GM) organisms for human 
consumption is increasing, both in Australia and overseas. GM crops 
approved for growing in Australia are currently limited to canola, cotton 
and safflower, however, many more are imported and used in processed 
foods (Figure 3.1.27). GM foods imported into Australia and used as 
ingredients in the processing of other foods include potatoes, corn, 
soybeans, sugar beets and rice. Research trials into the development 
of other GM food plants for approval in Australia continue and include 
wheat, barley, pineapples, bananas, rice, corn and sugarcane. Genetic 
modification of such crop plants is intended to confer desirable qualities 
such as resistance to pests, increased herbicide tolerance or enhanced 
yield.

AIM

• To consider an application of GM technology for Australian food supply.

• To consider some advantages and disadvantages of GM foods.

• To consider some ethical issues raised by GM technology in relation to foods.

GM 

Veg 
Oil

GM 
Marg.

GM Canola

Figure 3.1.27 GM canola and some 
canola products

Cultivating GM canola
Commonly known as canola or rapeseed, Brassica napus is a widely grown crop in 
Australia used in the production of vegetable oils and spreads such as margarine. 
Canola oil is an ingredient in many dairy blends and canned foods. Canola crops 
are a familiar site in rural areas, identifiable by a sea of fine, yellow flowers. 
Unfortunately, canola crops compete with weeds for space and soil nutrients, 
which compromises plant quality and crop yield. The use of traditional herbicides 
to control weeds also impacts on canola plants. Genetically modified varieties of 
canola are tolerant to herbicides, that is, application of herbicides kills the weeds 
but does not damage the tolerant canola plants.

The soil bacterium Agrobacterium tumefaciens is typically used as a vector in the 
genetic transformation of canola. After bacterial plasmids are treated to carry 
a herbicide-resistant gene, the transformed bacteria are introduced to tissue 
culture from the canola plant. The bacteria infect the plant cells, which grow 
into an undifferentiated mass called a callus. Each callus grows into a plantlet 
that exhibits the desired herbicide resistance. The genetic transformation of 
Agrobacterium tumefaciens is shown, in part, on page 28.

Case study  •  Classification and identification
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PRACTICAL ACTIVITY 1

1 Select from the terms below to correctly label the stages of the GM process for canola, above.  
Terms may be used more than once.

    endonuclease        recombinant plasmid        herbicide-resistant gene        ligase

2 Explain why Agrobacterium tumefaciens is described as a vector in this process.

3 Outline the role of the following elements in the GM process for canola.

a Agrobacterium tumefaciens

b endonuclease

c ligase

4 Explain why it is important to apply the same endonuclease to cut the desired gene from the surrounding 
DNA and to cut the plasmid open.

plasmid

+

Agrobacterium
tumefaciens

transformed
canola
plantlets

isolated
canola
cells

herbicide-
resistant
gene

G
LU

E

GLUE
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PRACTICAL ACTIVITY 1

5 Is the GM canola represented in the diagram best described as genetically modified or transgenic, or could 
both be applied? Explain.

6 Outline an advantage and a disadvantage related to GM canola.

Advantage: 

Disadvantage: 

Ethical considerations
There is considerable debate in the community about 
the development of genetically modified organisms for 
human consumption. In Australia, GM foods must include 
this status in their labelling (Figure 3.1.28). Livestock 
for human consumption in Australia is not genetically 
modified, however, these animals may be fed a diet of GM 
food. While the law in Australia is clear about labelling 
genetically modified produce as GM, there are exceptions 
that mean some foods containing GM products may not 
need to be labelled as such. Highly refined foods such as 
cooking oil, margarines and chocolate may fall into this 
category. So do bakery goods that may have some GM 
ingredients added to them.

7 Make a list of some community concerns about GM foods.

8 Consider the following statement.

‘Genetic modification of organisms to ensure the most desirable characteristics is simply taking a short cut to 
achieve the same outcome that hundreds or thousands of years of selective breeding can do.’

Explain whether you agree or disagree.

Fresh carrots
artificially

selected (no GM)

Fresh carrots
GM (no artificial

selection)

Figure 3.1.28 In Australia, GM foods must include their status 
in their labelling.
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PRACTICAL ACTIVITY 1

9 Explain whether you agree or disagree with Australia’s labelling laws in relation to GM foods.

10 Suggest issues that may face farmers of crops such as canola who wish to grow and market their product  
as GM-free.

CONCLUSIONS

11 How are GM foods different to non-GM foods?

12 Under what circumstances are primary producers likely to win approval for growing GM crops for human 
consumption in Australia?

FURTHER INVESTIGATION

• Check the labelling on foodstuffs in your pantry and on supermarket shelves to identify which foods contain  
GM ingredients.

• Some people prefer foods to be ‘natural’, without any changes to their ‘natural’ DNA. Research just how 
natural the foods we eat are. For example, how are commercially grown carrots different from ‘natural’ or wild 
carrots? What about watermelon and bananas? How have we achieved the plant breeds we eat today? How is 
this different from GM food?
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EXAM QUESTIONS

Multiple-choice questions 

Question 1 VCE Biology 2016 (A) 7
In animal cells, tight junctions are multi-protein complexes that mediate cell-to-cell adhesion and 
regulate transport through the extracellular matrix. Proteins that form these complexes are made 
within the cell. 

One pathway for the production of protein for these junctions is

A. nucleus—ribosome—Golgi apparatus—vesicle—endoplasmic reticulum. 

B. nucleus—ribosome—endoplasmic reticulum—vesicle—Golgi apparatus. 

C. nucleus—vesicle—endoplasmic reticulum—Golgi apparatus—ribosome. 

D. nucleus—vesicle—Golgi apparatus—ribosome—endoplasmic reticulum. 

Use the following information to answer questions 2 and 3. VCE Biology 2015 (A) 3 and 4 

The diagram below represents part of a DNA molecule. 

Question 2 VCE Biology 2015 (A) 3
A single DNA nucleotide is shown by sub-unit(s)

A. X alone. 

B. X and Y together. 

C. Y and Z together. 

D. X, Y and Z together. 

Question 3 VCE Biology 2015 (A) 4
A feature of DNA that can be seen in the diagram above is 

A. the anti-parallel arrangement of the two strands of nucleotides. 

B. the process of semi-conservative replication. 

C. its ribose sugar–phosphate backbone. 

D. its double-helix structure. 

X

Y

Z

5'
3'

3'
5'
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EXAM QUESTIONS

Question 4 VCE Biology 2017 (A) 1
Consider the structure and functional importance of proteins. 

Which one of the following statements about proteins is correct? 

A. A change in the tertiary structure of a protein may result in the protein becoming biologically 
inactive. 

B. Proteins with a quaternary structure will be more active than proteins without a quaternary 
structure. 

C. Two different proteins with the same number of amino acids will have identical functions. 

D. Denaturation will alter the primary structure of a protein.

Question 5 VCE Biology 2017 (A) 1 
The lac operon was originally identified in Escherichia coli. The lac operon has three structural 
genes: lacZ, lacY and lacA. The lacZ gene codes for the production of the enzyme β-galactosidase, 
which catalyses the breakdown of lactose into glucose and galactose. Below is a diagram that 
shows the order of the genes found in the lac operon. The dots represent the DNA nucleotides 
between the genes.

promoter gene operator gene lacZ lacY lacAregulatory gene

To begin transcription of the three structural genes, RNA polymerase needs to bind to the

A. operator gene. 

B. promoter gene. 

C. regulatory gene.

D. structural genes.

Question 6 VCE Biology 2018 (A) 3 

R C

NH2

C OH

H

O

H N

H

C H

C

OH

RH2O

O

The diagram above represents adjacent amino acids being joined together. 

The joining of adjacent amino acids 

A. results in the formation of a nucleic acid.

B. is an energy-releasing reaction.

C. is catalysed by DNA ligase. 

D. is a condensation reaction.
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