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Study Design Kev Knowledge:

Study Design: The relationship between Nucleic Acids and Proteins

their respective nucleotides.
The genetic code as a universal triplet code that is degenerate.

The structure of genes: exons, introns, and promoter and operator regions.

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
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Section A: Nucleic Acids

Sub-Section: Nucleic Acids as Information Molecules
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Nucleic Acids /] Inh(ﬂkd—

» Function - QML_MLQHZA/M the cell.
@ Largare effectively packed with the nucleus to ensure large amounts of information
are stored+n an extremely compact manner.

& They determine how a cell will develop as they encode for the production of proteins that are
responsible for specific functions in a cell.

» Whatis

Discussion: The Purpose of Nucleic Acids/’ DNA, —_5 g(l\(/bt MHYMDA’W\ / H‘g\ﬁ;,p

How do cells know what to do, and when to do it? .
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Analogy: A Blueprint for the Cell ‘

Space for Personal Notes
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Sub-Section: Nucleotides

o>
-

What are thelmonomers fhat make up a molecule of nucleic acid? .

-

Exploration: Nucleotides

» Nucleotides are the monomers that make up nucleic acids.

Ni*l'vogu\ous base
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Figure 1 (a) The basic structure of a nucleotide and (b) the chemical structure of a DNA nucleotide.
» Phosphate group.
» 5 carbon sugar.
» Nitrogenous bases. Z< f/

@ 5 types of nitrogenous bases - Adenine, Thymine, Cytosine, Guanine, or Uracil.
" = @ —— _

& Purines = Adenine and Guanine.

& Pyrimidines = Thymine, Uracil, and Cytosine.
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Discussion: If DNA and RNA are both made up of nucleotides, why are they different?
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Analogy: Building Lego!

different final outcomes!

» However, depending on slight differences in the bricks, and the WAY we arrange them, they will have

&

» The bricks will all be put together the same way, and will all have those little circles to help join them
together.
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Sub-Section: Condensation Polymerisation

o>
-

How can we put those bricks together?

~

Condensation Polymerisation

» Reaction between nucleotides that allows the nucleic acid chain to build up.

& Condensation MMA@J;MI_LIWNAA&L

& Polymerisation -
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» What forms the backbone of the DNA?

¢ _Jugar Projphate backhone

» Numbering of the Carbons? Why is this important?

e |~ tnnelh the (gt mitrogenons bale

Discussion: What do you notice about the way the nucleotides are joined together?

;&
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» Annotate this diagram of a DNA molecule!

] Cuanine
0 Thgwine
B Adesine

B Cytosine
Hahpgu\ bond

Neacleotide

Sugar-phosphate backbone
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TIP: Phosphate sounds like Phosphate; hence it is at the 5’!

VCE Biology %
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A
Sub-Section: DNA @

0

Exploration: DNA

coiled around “histone” proteins.

G megﬂbmud'aa' Acid

HgAmgm bond

» Found in the nucleus of cells - humans have DNA packaged as 46 chromosomes which contain genes.

» To be able to accommodate large amounts of DNA, these chromosomes are long DNA strands tightly

@ Dﬂﬂxgllb(ﬂe Sugar
G Nitrogenous Bases - MAMQ:MWMAM ZWW/{M &d e

» Double-stranded Double Helix Structure. r—‘)ﬂVIZVWW—
ﬂ{ ——
» Joined together by complementary base pairing -
compiwwm?jw

i AT
(-G

Sugar-phosphate
backboness

. Adesine (A)
Guanine (G)

0 Gytosine (O

/\/ , Thymine M
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Extension: How is DNA organised in a cell?

A Nacleuns Clvomosome B.

Chvomatid

* I Nacleosomes
[ X}

Base paivs

QS Nudeosome cove particle
)
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0

Sub-Section: RNA

RN

@ ym[;gg Sugar

& Phosphate Group
& Nitrogenous Bases -

» Single-stranded

Uradil
¢—Guanine

&
| < Adenine
&Cg‘l’osine,
Nudeotide

» Ribonucleic acid has different forms including lmo_\N& / Jm\m , ’?‘N“ .

,(/M/W

& Multiple forms each with different functionalities.
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Discussion: What do you think is the purpose of mRNA? % CO ﬂW
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Discussion: What similarities and differences can

~ a\
you think of between DNA and RNA? o "%
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\ I /
Kev Takeaways @

M Nucleic acids (DNA and RNA) encode instructions for protein synthesis.

M DNA is a double-stranded helix composed of nucleotides containing a deoxyribose sugar, phosphate
group, and nitrogenous bases (adenine, thymine, cytosine, guanine).

M DNA strands are aligned anti-parallel.

M Complementary base pairing occurs in DNA with adenine pairing with thymine (A-T) and cytosine
pairing with guanine (C-G).

M RNA exists in three main forms - mRNA (messenger RNA), rRNA (ribosomal RNA), and tRNA (transfer
RNA) - each with distinct functions in protein synthesis.

M mRNA carries the genetic code transcribed from DNA to the ribosomes for translation.
M rRNA forms the structural and functional core of ribosomes, where proteins are synthesised.

M tRNA transports specific amino acids to the ribosome during protein synthesis, matching them to the
mRNA codons via its anticodon.

M RNA is single-stranded, contains the sugar ribose, and uses uracil (U) instead of thymine (T).
M A nucleotide contains a phosphate group, a 5 carbon sugar, and a nitrogenous base

M DNA nucleotides include deoxyribose, whereas RNA nucleotides include ribose; both share
phosphate groups but differ in one nitrogenous base (U in RNA, T in DNA).

5 3

Sugar-phosphate
backbones

@ Adenine (A)
Cuanine (G)

@ Cyhosine (C)
B Thymine o

5’
Hglvogut bond 3
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Section B: Genes and the Genetic Code

G enes Definition
(|

» We know that information in the cell is encoded in DNA, and this DNA is wrapped around proteins to
make chromosomes.

€ In each chromosome, we can break them down to “genes” - ﬁ_&(zb_ﬂ/] Of/ ﬂNﬁ ’)W ’

/i
& We have thousands of genes that correspond to our thousands of . ’/lﬂp yla
Mﬂ'—/
& The process by which a protein is made from a gene is known as ” g@ﬂg é){ﬂ% UIQA "

and will be covered next lesson.

Prokaryotic Gene Structure

Rogulwl-wg gene

Promoter Prom

1
Nas— | [
L1

1
Eahancer/’ Repressor pwrator Dene A Gene C
——

7 ryuledony. Jeqmnct. whert #vau%im fattor(

Eukaryotic Gene Structure

Upstveam Downstream
ngulwrwg sequence Open Reading frame (ORF) Regulatory sequence

——
—_

TATA G
] \
\‘\ Lop 240/
7 JTHTCT CNY

REMINDER: Genes are the instructions, and proteins are the final product! Compare it to the
blueprint (DNA) and the building produced (protein).
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NOTE: | am describing these as “components” but please be aware that this is still just a strand of o
DNA!

Characteristics of the Genetic Code ;ro% I:Jr jﬁ%ﬂ( ok —HV -

VCE Biology %
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Second Letter D
U C A G
uuu UAU UGU
Phe{UUC Ucu Tyr{UAC Cys{UGC U
U Ser) UCC C
er UCA A
UUA UAA Stop UGA Stop
Leu{ UcG G
UuG UAG Stop UGG Trp
cuu CCU His{gﬁg CGU U
= cuc ccc CGC C -
g C Leu Pro Arg &
: | N | e | || S
‘@‘ CAG =
= =
AUU AAU AGU
IIe{AUC ﬁ(élé Asn{AAC Ser{AGC Ié
A AUA Thr ACA .
AAA AGA
e~ ACG LyS{AAG Arg{AGG G
GUU GCU Asp{gﬁg GGU U
G vald GUC Alad 6CC Gly) 6GC C
GUA GCA GAA GGA A
GUG GCG Glufgac GGG G
TIP: In the exam, these features will almost certainly be tested, so make sure to memorise their =
definitions. '
il sl gan@ contows
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\ l /
Key Takeaways @
Prokaryotic Gene Structure
ngulo\hvg gene Opevon
f i F i
Promoter Promoter Gene B Gene D Tevminator
i — | — 1 [
sNASH— | | 3
1 I L I 1 I | I L |
Enhancer/ Repressor Opevator Cene A Gene C Gene €
Eukaryotic Gene Structure
stveam Downstveam
Rogula[wg sequence Open Reading frame (ORF) Regulatory sequence
— | — 1 i
Distal
|n+von |n+von wﬂ+V°| elements
s sH 1 BN T e IIhHI L hs
1 L 1 1 1 |
Enkamwr/ Silencer Promoter  Exon Exon Exon  Tevminator Enlmnm
TATA box ov
Silencer
Component Definition
Exons Regions of DNA that are expressed as a protein.
Introns Regions of DNA that aren’t expressed in the final protein.
Promoter A sequence of DNA that is responsible for initiating gene expression.
Binding site for a transcription factor
Operator . .
(protein that regulates gene expression).
Terminator Where transcription of the gene ends.
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Contour Check

tRNA and rRNA, including base pairing

Learning Objective: [1.2.1] - Identify and compare the characteristic features
of the structures of nucleic acids and their monomers, including DNA, mRNA,

Study Design

respective nucleotides.

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

Key Takeaways

O Nucleic acids (DNA and RNA) encode instructions for

O DNAisa helix composed of nucleotides containing a deoxyribose sugar,

).

phosphate group, and nitrogenous bases (

instead of thymine (T).

O Complementary base pairing occurs in DNA with adenine pairing with and
cytosine pairing with

OO RNA exists in three main forms-mRNA ( RNA), rRNA ( RNA), and
tRNA ( RNA) - each with distinct functions in protein synthesis.

O mRNA transcribed from DNA to the ribosomes for translation.

OO rRNA forms the , where proteins are synthesised.

O tRNA transports
matching them to the mRNA codons via its

O Unlike DNA, RNA is , contains the sugar , and uses uracil (U)
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in DNA and RNA

Learning Objective: [1.1.2] - Identify and describe the structure of a nucleotide

Study Design

respective nucleotides.

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

Key Takeaways

O A nucleotide contains a

5I

HgArogm bond 3’

, , and

- label these on the diagram below!
O DNA nucleotides include , whereas RNA nucleotides include ;
both share phosphate groups but differ in one nitrogenous base ( in RNA, in DNA).

Sugaw—PkospkM'w
backbones

@ Adenine (A)
Guanine (G)

@0 Cytosine (C/)
) | Tl\gmir\e, (T)
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Learning Objective: [1.2.3] - Define the key components of a gene, including a
comparison between the structure of genes in eukaryotes and prokaryotes

Study Design

The structure of genes: exons, introns and promoter and operator regions.

— _—

Key Takeaways

Component Definition
t ook PEwL |, INA—Had WILL bez expre e
£  Exons Wnu 9 é? EX,
€ “ 'L i _ﬁm/;kﬂ/(/r\
6 Introns i NON CODIN {x MWDA}JMW 0} mhy/w @_A)_//bl [X/.

1 N
START/S10P Jeqmnie  ON[orF SwiTCH i M%
Sepuendt of ONt whint trapdiryrun of 4 gee bepnd

C: Promoter

Operator

Srot
g Terminator . JMNA“ 0/ ﬂ,{//,’ yﬂ[/[ WM//"//ém J’]—ﬂ/f

Prokaryotic Gene Structure

Regulatory gene Operon
F i — |
Promoter Promoter Cene B Gene D Tewminator
1 1 T 1 I 1 [
x| ] T T S
| | L Il | L | L ]
Enhancer/! Repressor Opevator  Cene A Gene C Gene €

Eukaryotic Gene Structure

Upstveam Downstveam
Re,gularwg sequence Open Reading Frame (orP) Regulatory sequence
i | |} |

Distal
lntvon lntvon control elements

1 1 1
s 5+ [ e [ - I - [T [T s
L L1 L | L | L | L L1

Eﬂkm\uw/ Silencer Promoter  Exon Exon Exon Tewminator  Eahancer
TATA box or
Silescor
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Learning Objective: [1.2.4] - Identify and practically apply the characteristics
of the genetic code - universal, unambiguous, degenerate, triplet -
to real-life examples

Study Design

The genetic code as a universal triplet code that is degenerate.

Key Takeaways

Component

Definition

Exons

Introns

Promoter

Operator

Terminator
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