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Study Design: Proteins and Enzymes

that give rise to a functional protein.

enzymes as catalysts.

non-competitive inhibitors.

Amino acids as the monomers of a polypeptide chain and the resultant hierarchical levels of structure

Proteins as a diverse group of molecules that collectively make an organism’s proteome, including

The general factors that impact enzyme function, including temperature, pH, and competitive and
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Learning Objectives:

O BI34[1.4.1] - Define and compare primary, secondary, tertiary, and quaternary structures of C i
proteins.

O BI34[1.4.2] - Identify and describe the roles of ribosomes, rough endoplasmic reticulum, and Golgi
apparatus in the transport and export of proteins from a cell.

O BI34[1.4.3] - Explain the lock-and-key model, the induced fit model, and why enzymes are specific
and only catalyse one reaction.

O BI34 [1.4.4] - Explain how enzymes change/denature at different pHs and at different temperatures.

O BI34 [1.4.5] - Explain the function of competitive and non-competitive enzyme inhibitors and how
they affect the rate of reaction and how they may/may not be overcome.

BI34 [1.4] - Proteins, Protein Export and Enzymes - Workbook ‘ 2




(S4ONTOUREDUCATION CE Biology %
Section A: Proteins (6 Marks) NN
_ | .)_|>
@

Sub-Section: Introducing Proteins o ‘

How can we define proteins?

P (

/H

Introduction té Protei

of an organism.

» Proteins are of the 4 major classes

At
ik ol

G Theyare Iarie polymers consisting of _ A/MIN0 MW(

—_—

biomolecules, rgsponsible for most, if not all, of the ﬁlﬂ(lllﬂﬂ

Definition

monomers, joined together via

(A) Condensation veaction: synthesising a polymer

Short polymer Unlinked monomer

Condensation vemoves a water
molecale, forming a new bond.

')

Longer polymer

(B) Hydvolysis: breaking down a polymer

How# )

;‘;’\4.—’&

Hg.lvolgsis adds a water

molecule, breaking a bond.

G
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» Immense functional diversity - informed by their ,ﬁ({ﬂd}ﬂfl‘ - especially of interest as they act
together to form complex biochemical pathways.

PE—

» The proteome refers to the entire set of proteins expressed by a cell, tissue, and organism at a given(‘
time. — —

priviome > genome

_—

\lh/ﬂmll/

Genome Tanscriptome
20-25 000 genes  mmmmmmmnnn > ~100 00 fvanseriphs  zmn - - nmnns > 5y ooﬁ’”&%“:.ms

. Post=tvanslational
Albornative, promotors v
Altornative splicing modifications

editing

n <

Question 1 (2 marks)

The diagram below represents two amino acids joined together in part of a protein chain.

H
_______ AM-I'\O C/ N AM-I'\O o o e e
add |G add
0
A
a. hat happens to the bond between the amino acids if it is hydrolzsed. (1 mark)
\/ v
'vjy"[‘h‘ |"‘ 1 N{J H}‘/L
/—‘
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|

b. Explain why the joining together of amino acidy into a protein chain is called condensation polymerisation.
(1 mark) ZA /

produies Hed J

Jﬁl‘r‘u‘}y‘ &‘IL
Mmoo 7

T
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Sub-Section: Protein Functions @

Function Example
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™~ 3‘
Discussion: What might contribute to proteins being so diverse? '%"’.

» Think about this in terms of what leads to protein function in the first place!

> Their_ Styulduwe .
¢ A ,IolL 0 l[ m#(mﬁa//g%m@

» What contributes to that? /

» Also, how can we get more proteins than we can genes? (2 marks)
——

. | pone — muthgle prokon

why! \
Atemadie plivng

ot — [ premdlf ——— wlhiple woee it

v
e prtes
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Sub-Section: Amino Acids

o>
-

What are proteins made up of?

~

Amino Acids
» Proteins are polymers composed of monomers called amino acids.

G Thereare 2\ universal amino acids that are used to make proteins.

» They have an ami

e

Cavboxyl

Vaviable
group

Definition

N " W W
" " 0 ° ° 5 A o
o 9 WW—c—¢ (oG PG N cx
WA WN—C o - o o, RO
[} o o, v <8 * cH,
o, CH, i o s
o, o,
oM,
i Alasine. Valie Cyshuine, Preline Leacine, Isolea Metionine
(Gly / 6) (Aa / Wal / V) /O Peo [ P) (Lea /L) I (et / W)
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Exploration: What part of the amino acid do you think is most critical in determining a protein’s
properties? —

KA e vAnable pop

1

N

Question 2 (2 marks)

The diagram below shows the structure of tryptophan.

H

HN—C—C
O

HN

0 Ading hud, CD M""J s

e

To what group jof biological monomers does typtophan belong? Use the information in the diagram to justify your
response.

AN

e Ay o) wnntded 7‘77 A catboyyl goyp U () -

t7/H - The melc /)Wmﬂ Authng M Ikt bf ﬂo/yr lfA//

A 1t 0) -

BI34 [1.4] - Proteins, Protein Export and Enzymes - Workbook




(S4ONTOUREDUCATION CE Biology %

0

|

@
Sub-Section: Levels of Protein Structure @

Levels of Protein Structure

r—
1)
<
o

Explanation Diagram

The linear sequence,
number, and type of amino
acids are joined together to
form a polypeptide. The
most basic stage; all
Primary proteins have it.

¢———|Primary stvucture

Because it determines the
order of R groups, it sets
the stage for the other
structures.

Amino acids

The secondary structure is
the way a polypeptide folds
in a repeating
arrangementto form a-
helices and B-pleated
sheets.

Secondavy stvuckuve is Hhe
vesult of hydvogen bonding

Folding is a result

of hydrogen

bonding between the

amine and carboxyl groups

of non-adjacentamino
P_——

Secondary acids.

The a-helices increase the
tensile strength of the
polypeptide, while B-
pleated sheets increase the
mechanical stability of the
polypeptide.

Sequences that do not form
either an alpha helix or a
beta-pleated sheet will
exist as a random coil.
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The complex three-
dimensional shape is C-tevminus

formed when the @ N - terminus
polypeptide turns and folds @

atthesecondarylevel. | 4 N\

It is caused by /nteractions
betweenR groups.

Tertiary Relative amino acid
positions are important
(e.g., non-polar amino acids
usually avoid exposure to H bridge
aqueous solutions).

' ) Disulifide bridge
Tertiary structure is often

the determining factor of S itydeophutiic.
the actual function of a " infevaction
protein.

Quaternary

stvuctuve

Certain proteins may
possess a fourth level of
structural organisation
called a gquaternary
Structure.

Quaternary structures are
found in proteins that
Quaternary | consist of more than

one polypeptide chain
linked together.

Not all proteins will have a
quaternary structure -
many proteins will only
consist of a single
polypeptide chain.

Complex of protein

molecaule
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Exploration: Sickle Cell Anaemia

Primavy Secondary and Quaternary )
Stvucture | Tertiary Stvuctures Stvacture fanction Red Blood Cell Shape
1M Novmal B subunit Novmal Normal hemoglobin proteins do Normal ved blood
< hemoglobin not associate with one ancther, | cdls are full of
S| W | £ " ----- each cavvies oxygen. individual
—:_, 6 hemoglobin
g @ proteins.
: e
<
3
x o

Sickle~cell Hydvophobic interactions between| Fibevs of
= hemoglobin sickle~cell hemoglobin abnovmal
= proteins lead to their hemoglobin
) aggvegation deform ved
§ 5:\10 a fiber; blood cedl into
2 capacity to sickle shape.
— MVVS Oxgam
? is greaty
s vwfuw&.
T&
B
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Question 3 (2 marks)

Look carefully at the diagrams in boxes A., B., C., and D. and then at the text in boxes W., X., Y., and Z. below.

Place the letter for each into the table so that they correspond to the correct level of protein structure.

A. B. C. D.
)
()
O S N — — — ]
W. X. Y. Z.
Polypeptide chain
folds on itself into two
. ) Amino acids become or more polypeptide . :
Polypeptide chain . . . Polypeptide chain
. joined by peptide chains that become :
folds on itself to form ) becomes coiled or
2 3D structure bonds to form a entwined and leated
' polypeptide. chemically bonded P '
together into a 3D
structure.

Level of structure

Diagram (A-D)

Diagram (W-Z)

Primary C y
Secondary 6 Z

Tertiary D N
Quaternary A’ \{

Space for Personal Notes

BI34 [1.4] - Proteins, Protein Export and Enzymes - Workbook




(S4ONTOUREDUCATION CE Biology %

\ | /
Kev Takeaways @

Proteins are made of amino acids joined by condensation polymerisation.

Proteins have diverse functions determined by their structure.
The proteome is the full set of proteins expressed by a cell, tissue, or organism.

Amino acids have an amine group, a carboxyl group, and an R group.

R K & & &

The R group determines the chemical properties of the amino acid (non-polar, polar, positive, or
negative).

\ | /.
Key Takeaways @

M Primary structure: The sequence of amino acids in a polypeptide chain, determining the order of R
groups and the foundation for higher levels of structure.

M Secondary structure: The folding of the polypeptide chain into alpha-helices or beta-pleated sheets,
stabilised by hydrogen bonds between non-adjacent amino acids. These structures increase stability
and provide mechanical strength.

M Tertiary structure: The overall 3D shape of a polypeptide, formed by interactions between R groups,
including hydrophobic interactions, hydrogen bonds, ionic bonds, and disulphide bridges. This
structure often determines the protein’s specific function.

M Quaternary structure: The combination of multiple polypeptide chains into a single functional protein
complex. Not all proteins have a quaternary structure.

N\ | /
Key Takeaways @

M Proteins can be structural (collagen), hormones (insulin), immunity (antibodies), transport
(haemoglobin), sensation (rhodopsin), movement (actin/myosin), or enzymes (rubisco).

M Protein diversity comes from their shape and post-translational modifications.

M More proteins exist than genes due to alternative splicing and modifications.

Space for Personal Notes
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Section B: Protein Export Pathway T
oltz] gt b baellals

Export
» Often a protein will have an

extracellular deyptination w
of the cell we must “export” It

& Translation occurs at the Im()So me in the

& Then it moves into the(lumen of the RER for some modifications and initial folding.
/ —

G Then itis shifted to the Golgi apparatus, where it is folded and packaged further until it is

released. “ e
(™
= Rougk endoplasmic S. Suxd’@

vecticulum
Cell membrane

efe it will perform its function - to get it out

G Exported via exocytosis.

1.@

I
3 T\mr\sporl' vesicle 4. Golgi appavatus

NOTE: Do not abbreviate Endoplasmic Reticulum as ER in your SACs or Exams. P/

Space for Personal Notes
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Kev Takeaways

—

delivery to the Golgi apparatus.

locations within the cell, including to the cell membrane for secretion.

o

M Ribosome - site of protein synthesis (amino acids joined together from a polypeptide chain).

M Rough ER - site of the initial folding of the polypeptide chain, packaged into transport vesicles foﬂ
M Golgi - its function is to modify and package the protein into a vesicle for transport to various /]

M Transport vesicles take proteins or polypeptides from the rough endoplasmic reticulum to the Golgi
apparatus, and secretory vesicles take the finished product for exocytosis at the membrane.

A4

—

Space for Personal Notes
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Section C: Enzymes (4 Marks)

Sub-Section: Introducing Enzyme Function

A
£

Overview

» Enzymes are organic catalysts - __( pL{d MIQ fh{ Mk (Zé 0% bz'a[é]ﬁmlzaj .

A}

__yealhory

G They are|{proteins/with a 3D shape o mplementary to their substrate (a molecule
undergoin enzyme-based reaction):

\

Definition

» Coenzymes are molecules that can
by changing the shape of the active site or providing electrons and protons for reactions.

En_z?‘wz/ changes shape Producks
O Substvate slightly C;As:bshm
\)/ Adtive < ) \ N
site |
W 3
AT B
5 88

Subs*l"vn'lw enters active I Products leaving

active site of enzyme

Space for Personal Notes
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Are there different models of function for enzymes? .

Exploration: Describing enzyme function

_Lack and Key Induced Fit

R & K & &

M Specific - they are particular to only 1 substrate; there are some exceptions to this.

M Reversible - capable of not only breaking apart molecules but building up new molecules from

v <.
( A D
U/
Key Takeaways

M Reusable - the enzyme is unchanged at the end of the reaction.

smaller ones.

Are proteins.

They have an active site that is complementary to a substrate.
Speed up reactions - don't create.

Usually put above the arrow in a written chemical reaction.

Can be denatured in certain conditions.
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Sub-Section: Factors Affecting Enzyme Function

Q
®
a

Factors that impact Enzyme Function

» Temperature

of Srmiur
+ ) —
Q/MPMA UYe OP"
hm(

Rate

A4

q O
» Inhibitors

& Competitive inhibitors block the active site.

rybible  Lompehhve m hibion

& Non-competitive inhibitors change the active site while binding to an allosteric site.
—_—

— 6 (”Wﬂﬂw

» Enzymes can lose function when they are denatured; this is when their 3D structure is changed to
the extent to which the substrate can no longer bind to the active site.

Definition

A L) IHWCNIM anf-}'m}é WWM’W/‘ W/Wt

~

%
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1.

Sample Response: For all the factors that affect enzyme function!

Temperature: As the temperature increases, the rate of enzyme function will INCREASE (as
there is an increase in the frequency of successful collisions), until the optimal temperature is

reached; after this, enzyme Jhvidwe M,u b/udwlﬂm Mﬂl Wb

pH: As the pH increases or decreases towards the optimal functioni H range of an
enzyme, the rate of enzyme e function will increase (as this allows for the greatest frequency
of successful collisions). When the pH is outside of this optimal functioning pH range of an

enzyme, the rate of enzyme function will decrease (as the active site of the enzyme will be
denatured, allowing for less successful collisions).

Competitive Inhibitor: A competitive inhibitor will reduce the activity of an enzyme, as it will
compete with the substrate for the active site. This can be overcome by increasing substrate
concentration.

Non-competitive inhibitor binds to the allosteric site of an enzyme, causing a conformational
shape change of the active site, preventing the substrate from binding and reducing the
activity.

TIP: Make sure to reference the SPECIFIC enzyme that is being asked about in the question!

Space for Personal Notes

BI34 [1.4] - Proteins, Protein Export and Enzymes - Workbook

C

VCE Biology %




(S4ONTOUREDUCATION CE Biology %

Question 4 (2 marks)

Explain how enzymes work usinigythe lock and key model. A diagram may assist your explanation.

it

e
24 @ @
v ;j; - /MM/ /) Ind MWW\

S
omfUx

Question 5 (2 marks)

Explain why refrigerating foods helps them last longer.

T Bergtinhion means soymtd art af A oy Mm/émfﬂm

T eI W it U A dewrived bt of reathor
0lling VeJMfW in Slowtr babdonn 17/ 1%/(

Space for Personal Notes
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Kev Takeaways

M Enzymes act as organic catalysts, speeding up chemical reactions that would take much longer to

occur naturally.

M They are proteins with a 3D active site that is complementary to the shape of their specific

substrate.

M Coenzymes assist enzymes by altering the shape of the active site or by providing necessary

electrons and protons for the reaction.

A4

Process of enzyme function

1.

N

The substrate binds to the enzyme's active site.
The enzyme changes its shape slightly to fit the substrate better (induced fit).
The reaction occurs, transforming the substrate into products.

The products are released, and the enzyme is ready for another reaction.

Lock and Key Model: The enzyme’s active site and substrate fit together perfectly, like a key fitting

into a lock.

Induced Fit Model: The enzyme's active site moulds itself to fit the substrate upon binding, like a

glove fitting a hand.

i\ I /!i

Space for Personal Notes
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Factors Affecting Enzyme Function

1.

Temperature: As the temperature increases, the rate of enzyme function will INCREASE (as there
is an increase in the frequency of successful collisions), until the optimal temperature is reached;
after this,

pH - As the pH increases or decreases towards the optimal functioning pH range of an enzyme,
the rate of enzyme function will increase (as this allows for the greatest frequency of successful
collisions). When the pH is outside of this optimal functioning pH range of an enzyme, the rate of
enzyme function will decrease (as the active site of the enzyme will be denatured, allowing for
less successful collisions).

Competitive Inhibitor: A competitive inhibitor will reduce the activity of an enzyme, as it will
compete with the substrate for the active site. This can be overcome by increasing substrate
concentration.

Non-competitive inhibitor binds to the allosteric site of an enzyme, causing a conformational
shape change of the active site, preventing the substrate from binding and reducing the activity.

VCE Biology %

\|/

Space for Personal Notes
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Contour Check C!

Learning Objective: [1.4.1] - Define and compare primary, secondary, tertiary,
and quaternary structures of proteins.

Study Design

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

Key Takeaways

Proteins are made of amino acids joined by

Proteins have diverse functions determined by their structure.

The proteome is the full set of proteins expressed by a cell, tissue, or organism.

Amino acids have an group, group, and an

O O O O 0O

The determines the chemical properties of the amino acid (non-polar, polar,
positive, or negative).

O Primary structure:

O Secondary structure:

O Tertiary structure:

BI34 [1.4] - Proteins, Protein Export and Enzymes - Workbook '24
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O Quaternary structure:

O Protein diversity comes from their shape and post-transcriptional modifications.

0 More proteins exist than genes due to and modifications.

proteins from a cell

Learning Objective: [1.4.2] - Identify and describe the roles of ribosomes, rough
endoplasmic reticulum and Golgi apparatus in the transport and export of

Study Design

proteins from a cell via the protein secretory pathway.

The role of rough endoplasmic reticulum, Golgi apparatus, and associated vesicles in the export of

Key Takeaways

O Ribosome -

O RoughER -

O Golgi-

O Transport vesicles take proteins/polypeptides from the

to the

membrane.

, and secretory vesicles take the finished product for exocytosis at the

BI34 [1.4] - Proteins, Protein Export and Enzymes - Workbook
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Learning Objective: [1.4.3] - Explain the lock-and-key model, the induced fit
model, and why enzymes are specific and only catalyse one reaction.

Study Design

non-competitive inhibitors.

The general factors that impact enzyme function, including temperature, pH, and competitive and

Key Takeaways

occur naturally.

substrate.

electrons and protons for the reaction.
O Process of enzyme function:

1.

2.

fitting into a lock.

like a glove fitting a hand.

O Enzymes act as organic catalysts, speeding up chemical reactions that would take much longer to

O They are proteins with a 3D active site that is complementary to the shape of their specific

O Coenzymes assist enzymes by altering the shape of the active site or by providing necessary

5. Lock and Key Model: The enzyme’s active site and substrate fit together perfectly, like a key

Induced Fit Model: The enzyme's active site moulds itself to fit the substrate upon binding,

BI34 [1.4] - Proteins, Protein Export and Enzymes - Workbook
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different pH and at different temperatures

Learning Objective: [1.4.4] - Explain how enzymes change/denature in

Study Design

non-competitive inhibitors.

The general factors that impact enzyme function, including temperature, pH, and competitive and

Key Takeaways
O Factors Affecting Enzyme Function

O Temperature: As the temperature increases, the

there is an increase in the frequency of successful collisions), until the

reached; after this.

decrease (

O pH - If the pH is within the optimal pH range of an enzyme, the rate of enzyme function will be
maximal (as this allows for the greatest frequency of successful collisions). When the pH is
outside of this optimal functioning pH range of an enzyme, the rate of enzyme function will
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how they may/may not be overcome.

Learning Objective: [1.4.5] - Explain the function of competitive and non-
competitive enzyme inhibitors and how they affect the rate of reaction and

Study Design

non-competitive inhibitors.

The general factors that impact enzyme function including temperature, pH, and competitive and

Key Takeaways

O Competitive Inhibitor -

O Non-competitive Inhibitor -
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