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2.1 Metabolism & Water

2.1.1Molecules

Molecular Biology

The substances of life

There are 118 elements in the Periodic Table
Only the first 92 elements occurin Nature ; therest are artificially-synthesisedin
laboratories and are very unstable
Only around 21 elements are required for life
o Theresthavenorolein sustaininglife (some are poisonous eg. arsenic)
o Some elements can be usedin medicine eg. titanium for skeletalimplants, thanks to
itsinertness, lightness and strength

There are 4 ubiquitous elements in biological systems (this means they are found
everywhere)
These 4 make up over 96% of living matter

o Oxygen - 65% of body mass (humans)

o Carbon-18%

o Hydrogen-10%

o Nitrogen-3%

Othertrace elements foundin organic compounds are: bromine, calcium, chlorine,
chromium, copper, iodine, iron, magnesium, manganese, molybdenum, phosphorus,
potassium, selenium, silicon and sodium

There are other trace elements found in certain phyla only e.g. strontiumin certain corals
(Cnidaria)
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NO BIOLOGICAL ROLE

The elements of the Periodic Table that form parts of biological molecules

Elements in biology exist mainly in compounds

¢ Such compounds are mainly covalent compounds

o Electrons are shared between atoms to generate strong bonds within compounds

o Forexample, elemental carbon only exists as graphite and diamond, which are of no
directuseto organisms

o Carbon forms millions of different covalently-bonded compounds, mainly with
hydrogen and oxygen

o Oxygenis absorbedin elemental form butis quickly converted toits compounds
duringtransportation andrespiration

e Someareionic eg. sodium chloride
¢ Some elements form prosthetic groups with larger organic molecules eg. magnesiumin
chlorophyll, ironin haemoglobin

All of Biology can be explained at amolecularlevel

e Themoleculesin cells, and the elements that go to form them, are the basis of all events
thatoccurin Nature
e Everythingthatis observed has a molecular explanation
¢ Imagine an all-powerful 'zoomlens' that couldlookinto any level of detail of life
e Suchalens couldstartatits mostzoomed-out, looking at ourbiosphere, the Earth
o Weassumethatalien life does not exist because we haven't found evidence forit yet

* We seehabitats, populations, communities and individual organisms cominginto view in
that order,as wezoomin
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¢ Aswezoominononeorganism, we enterits body and seeincreasinglevels of detail, right
down to the molecularlevel

¢ Thezoom modelhelps understand the important interfaces between chemistry, biology
andphysics

e We couldzoomin further, tolook at sub-atomic particles, although that begins to enterinto
therealms of physics!

©--iE

BIOSPHERE COUNTRY FOREST

|

ORGANISM

ORGANELLE MOLECULES MOLECULES

BECOMING ARRANGED

VISIBLE ﬂ
T

KEY: @ & H—C—C—H

=== = ZOOM IN o

INDIVIDUAL MOLECULE
ATOM

We canzoominto any part of the biosphere to identify all of Biology at a molecular (and
atomic)level
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(’) Exam Tip

Please note that you do not need to know the specific details of the Periodic Table, it
is provided here for context to support your understanding of important biological
compounds

Synthesis of Organic Molecules

NOS: Falsification of theories; the artificial synthesis of urea helped to
falsify vitalism

When scientists do nothave allthe necessary information to understand or explain a
biological process/phenomenon they use theirknowledge and expertise to propose a
theory
Otherscientists orresearchers will often test theories through experiments and gathering
data. Sometimes this canleadto an existing theory being disproved orreplaced
Inthe early 1800s, the theory of vitalism stated that a living force, a mysterious non-
molecular entity, was necessary for the synthesis of all organic molecules
This theory advocated that all biological molecules were exclusive to living beings and
couldnot be foundin otherbranches of science
Frederick Wohler, a German physician, was the first to synthesise a biological molecule,
urea, frominorganic compounds

o Ureawas thought tobe synthesised only in living organisms

Wohlerheated ammonium cyanate and produced urea, a well-known organic constituent
of blood and urine
o Ureahadbeenthought tobefoundonlyinliving organisms

The formation of urea from ammonium cyanate helped to disprove the theory of vitalism,
which has been completely falsified by subsequent findings

All of the observations of biology now have a molecular explanation, and that is now
universally accepted

NH4(OCN) — NH3+HOCN > (NH,),CO

Abalanced chemical equation showing the formation of urea

O

C
Y
H,N" NH,

Chemical Structure of Urea
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Carbon YOURNOTES

Carbon's unique chemistry makes it the ideal basis of living systems {
The structure and bonding possibilities of carbon can be detailed as follows:
= Fourelectronsinits outer(second) shell
= Eachatom can form four strong covalent bonds using these 4 electrons and
therefore forms very stable, large molecules

Bonds to other carbon atoms, orother atoms such as hydrogen, nitrogen, oxygen, sulfur
andthehalogens
Formslong-chain and cyclic compounds that are stable, this allows a very high number of
possible organic compounds to exist
Produce a tetrahedral structure, due to the four bonds, which allows the formation of
varied carbon compounds which have different 3-D shapes and hence, different biological
properties
Double andtriplebonds can form with an adjacent carbon atom, allowingunsaturated
compounds to form
Can form part of (andjoin onto) many different functional groups that give organic
compounds theirindividual properties

o Alcoholgroups

o Hydroxyl groups

o Ketone groups

o Aldehyde groups

o Carbonylgroups

o Amino groups

o Sulfhydryl groups

o Phosphate groups
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Carbon Compounds YOURNOTES

e Thekey molecules that arerequired to build structures that enable organisms to function {
are:

[e]

Carbohydrates
Proteins

Lipids

Nucleic Acids
Water

]

o]

(e}

(e}

o Allof these except water contain carbon
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‘D N YOURNOTES
i

The key biological molecules for living organisms

e Carbohydrates, proteins, lipids and nucleic acids contain the elements carbon (C) and
hydrogen (H) making them organic compounds
e Carbon atoms are key to organic compounds because:

o Each carbonatom can form four covalent bonds - this makes the compounds very
stable (as covalentbonds are so strong they require alarge input of energy to break
them)

o Carbonatoms can form covalent bonds with oxygen, hydrogen, nitrogen and sulfur

o Carbonatoms canbondto form straight chains, branched chains orrings

e Carbon compounds can form small single subunits (monomers) that bond with many
repeating subunits to formlarge molecules (polymers) by a process called polymerisation
e Macromolecules are very large molecules that contain 1000 or more atoms therefore
having a high molecular mass
o Polymers canbe macromolecules, howevernot all macromolecules are polymers as
the subunits of polymers have to be the same repeating units

(") Exam Tip

When discussing monomers and polymers, you should be able to give the definition
and also name specific examples eg. nucleic acids - the monomer is a nucleotide.

Page 10 of 173

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

YOURNOTES

l
Metabolism

Metabolismis a catch-alltermusedto describe all the chemical reactions that take place
within cells and organisms
Metabolism can be thought of as the chemical reactions of life

o Themoleculesinvolved are metabolites

Many reactions of metabolism take placein multiple stages
o Eachstageis catalysed by a separate enzyme

Aseries of interlinked metabolic reactions is called a metabolic pathway
Metabolic reactions can be classified broadly as anabolic or catabolic

Anabolism

Anabolic reactions areinvolved with the building of large molecules from smaller ones
Examplesinclude;

o Photosynthesis, where CO,andwaterare builtupinto complex sugars

o Protein synthesis, where amino acids are joined togetherin sequence

o Thebuildup of fat stores ahead of animal hibernation

Anabolic reactions ofteninclude condensationreactions
Anabolic reactions are endergonic (they require an input of energy to take place)
o Energy-storing products are the endresult
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Catabolism YOURNQOTES
l

e Catabolicreactions areinvolved with breaking downlarge molecules into smaller ones
e Thesereactions are often carried out to release energy for cellular processes and for the
excretion of waste
e Examplesinclude:
o Respiration, where CO,and waterare produced from the breakdown of sugars
o Deamination of proteins torelease urea
o The depletion of fat stores duringanimal hibernation

e Catabolicreactions ofteninclude hydrolysis reactions
e Catabolicreactions are exergonic (free energy is released for cellular processes oras
excess heat)

Comparison of Anabolism and Catabolism Table

Anabolism Catabolism

Requires an input of energy (endergonic) Reledses energy (exergonic)

Builds Llarge molecules from small ones Breaks down Large molecules into smaller ones
Used to store energy in chemical form Used to release chemical energy as heat and

for movement, active transport etc

Involves condensation reactions Involves hydrolysis reactions
Used for growth, repair, and energy Performs several activities, eg. energy supply,
storage digestion, excretion

Both are made up of enzyme—catalysed reactions

Both dre coupled to ATP, the principdl energy carrier in cells

(’) ExamTip

* You may be familiar with the concept of anabolic steroid drugs used by
bodybuilders. This is to build muscle mass and sois a good example to remember
when trying toremember the difference between anabolic and catabolic reactions.
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Hydrogen Bonds

Hydrogen bonding plays animportant role between many biological molecules
Somekey functionsinclude:

o Dissolving of solutes in water
The cohesion and adhesion of water molecules

= These properties allow waterto move up the trunks of really tall trees

]

o Base-pairing between the two strands of DNA
Structure:
= Hydrogen bonds help to form part of the secondary and tertiary levels of
structurein proteins
= The hydrogen bonds found between strands of cellulose and collagen give those
molecules theirtensile strength

[e]

[e]

Interactions between mRNA and tRNA during protein synthesis
Surface effects on membranes between polar phosphate groups and water

]

Hydrogen bondingin water

Hydrogen bondingis a fundamental property of water
Wateris of the utmost biological importance
o |tisthe mediumin which allmetabolic reactions take placein cells
o Between70% to 95% of the mass of a cellis water
o Wateris sofundamental tolife that astronomers look for signs of water on other
planets and moons, as indicators of possible extra-terrestrial life
o As71% of the Earth’s surfaceis coveredin wateritis a major habitat for organisms

Wateris composed of atoms of hydrogen and oxygen
o Oneatom of oxygen combines with two atoms of hydrogen by sharing electrons
(covalent bonding)

Although wateras a whole s electrically neutral, the sharing of the electrons is uneven
between the oxygen and hydrogen atoms
o The oxygen atom attracts the electrons more strongly than the hydrogen atoms,
resulting in a weak negatively charged region on the oxygen atom (57) and a weak
positively charged region on the hydrogen atoms(&*), this alsoresults in the
molecule's asymmetrical shape

This separation of charge due to the electrons in the covalent bonds being unevenly shared
is called adipole

When a molecule has one end thatis negatively charged and one end that is positively
chargeditis also a polar molecule

Wateris therefore a polar molecule
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SHARED ELECTRONS
CLOSER TO OXYGEN s
ATOM

POLAR
COVALENT
BOND

o+
HYDROGEN

o+
HYDROGEN

ABOUT 105°

The covalent bonds of water make it a polar molecule

¢ Hydrogenbonds form between water molecules
o As aresult of the polarity of water, hydrogen bonds form between the positive and
negatively chargedregions of adjacent water molecules

¢ Hydrogen bonds are weak, when there are few, so they are constantly breaking and
reforming

¢ However, when there are large numbers present they form a strong structure

¢ Hydrogenbonds cause many of the properties of water molecules, that make them so
important to living organisms:

o Excellent solvent - many polar substances can dissolvein water

Arelatively high specific heat capacity

Arelatively highlatent heat of vaporisation

Wateris less dense when a solid (ice floats, allowing aquatic life to flourish beneath)

Water has high surface tension and cohesion

[tacts as areagent

[e]

o

o

o]

o
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¥

The polarity of water molecules allows hydrogen bonds to form between adjacent water
molecules
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Comparison: Water & Methane YOURNOTES

Both methane (CH,) and water (H,O) are small, covalently-bonded molecules {
e Methaneis the simplest organic compound
e Theyhave similarmolecularweights, 16 and 18 respectively
e Butwateris polarand so forms hydrogen bonds, whereas methane s not polarandso
does not form hydrogen bonds
Wateris liquid atroom temperature, whereas methaneis a gas
o Othercompounds, with a smallmolecular weight, such as ammonia (NHz) and carbon
dioxide (CO,) are gases atroom temperature
= These compounds also do not form hydrogenbonds

o This shows how water molecules are held together by hydrogen bonds, whereas the
othergas molecules are freeto move aroundin the gaseous state

o Methaneis a fuel with a high energy content in its bonds, whereas wateris a final
product of combustion andrespiration

¢ Understanding the molecular properties of methane underlines the significance of
hydrogen bondingin water

METHANE FORMS A TETRAHEDRAL STRUCTURE (A TRIANGULAR-BASED
PYRAMID). IT HAS A H ATOM AT EACH CORNER AND THE C ATOM

IN THE CENTRE.

THE BONDS ARE COMPLETELY NON-POLAR BECAUSE THE ELECTRONS
ARE SPREAD EVENLY ALONG THE C-H COVALENT BONDS. THIS EXPLAINS
WHY THERE IS NO COHESION BETWEEN METHANE MOLECULES AND WHY
METHANE HAS A VERY LOW BOILING POINT (-1627C).

THIS IS IN DIRECT CONTRAST TO WATER, WHICH HAS A HIGH BOILING
POINT (100 °C).

Methane’s structure determines its properties

Comparison of the Properties of Water and Methane Table
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YOURNOTES
Water Methane 1

Formula H,O CH,
Molecular Weight 18 16

Polarity High Low
Latent Heat of Vaporisation /kJ kg™! 2260 510
Specific Heat Capacity /kJ kg—1°C™" 4.2 2.2
Melting Point /°C 0 —-182
Boiling Point /C 100 -162

* Water has the highest Specific Heat Capacity
of dny known substance

(’) ExamTip
¥ tis important to know where the hydrogen bonds form between water molecules
(oxygen of one watermolecule to the hydrogen atom of another).
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Properties of Water

NOS: Use theories to explain natural phenomena; the theory that hydrogen
bonds form between water molecules explains the properties of water

* When scientists observe natural phenomena they try to come up with credible theories to
explain theiroccurrence

e Atheoryis presumedto be correctif it explains the observation, is supported by
experimental evidence and has not been falsified

¢ Ashydrogen bonds arenotvisible, scientists can neversay for certain that they exist,
howeverthereis strong experimental evidence to suggest that they do

¢ Thepresence and number of hydrogen bonds between polar water molecules helps to
explain water's unique properties

The properties of water

Solvent

e Aswateris a polar molecule manyions (e.g. sodium chloride) and covalently bonded polar
substances (e.g. glucose) willdissolveinit
o This allows chemical reactions to occurwithin the cytoplasm of cells (as the dissolved
solutes are more chemically reactive when theirindividual molecules are free to move
about)
o Metabolites can be transported efficiently (except non-polarmolecules which are
hydrophobic)

¢ Watermolecules 'surround' individual solute particles to ensure each solute particle is
isolated from others
o This explains why solutions are clear - we can't seeindividual molecules that are
separatedfrom their crystal structures

¢ Thisis alsowhy concentrated solutions have a lower water potential or a higher
osmolarity
o Because many water particles are 'occupied' in keeping a solute molecule in solution,
fewer water molecules are free to diffuse across partially permeable membranes

Water has a high specific heat capacity

¢ Specific heat capacity is a measure of the energy required toraise the temperature of 1
kg of a substance by 1°C
¢ Waterhas a high specific heat capacity of 4200 J/kg/°C meaning a relatively large amount
of energy is required toraiseits temperature
¢ Thehigh specific heat capacity is due to the many hydrogenbonds presentin water
o Ittakes alot of thermal energy to break these bonds and a lot of energy to build them,
thus the temperature of water does not fluctuate greatly

¢ Theadvantageforlivingorganismsis thatit:
o Provides suitable, stable habitats
o |sabletomaintain a constant temperature as wateris able to absorb a lot of heat
without wide temperature fluctuations
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= Thisisvitalin maintaining temperatures that are optimal for enzyme activity

o Waterin blood plasmaiis also essential in transferring heat around the body, helping to
maintain a fairly constant temperature, especially at body extremities eg. fingertips
= As blood passes through more metabolically active (‘warmer’) regions of the
body, heat energy is absorbed but the temperature remains fairly constant
= Waterin tissue fluid also plays animportant regulatory role in maintaining a
constantbody temperature

Water has a high latent heat of vaporisation

¢ Inordertochangestate (fromliquidto gas) alarge amount of thermal energy must be
absorbed by waterto break the hydrogenbonds and allow individual gas particles to
escape (evaporate)
¢ This explains water's high boiling point (100°C)
e Wateris present on Earthin all three physical states (solid, liquid and gas) thanks to this
characteristic
o lce, liquid water and water vapour all play a vital role in the biosphere
o Thisis anadvantage forlivingorganisms as only alittle water is required to evaporate
forthe organism to dissipate a great amount of heat
o This provides a cooling effect forliving organisms, forexample, the transpiration from
leaves orevaporation of waterin sweat from the skin

Properties of Water & its Role in Living Organisms Table

Role in living

Property orgdnisms Reason

Solvent ° Allows chemical Polarity of water
redctions to occur
°© Transport medium

High specific heat | © Allows water tobea Presence of many

capacity suitable habitat hydrogen bonds

o Optimal temperature
maintained within cells
and bodies

High latent heat o Coolant Presence of many
of vaporisation hydrogen bonds

Cohesion and adhesion

e Hydrogenbonds between watermolecules allows for strong cohesion between water
molecules
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o Allowing columns of water to move (called mass transport) through the xylem of YOURNOTES
plants and through blood vessels in animals 1

o Enabling surface tension where a body of water meets the air, these hydrogen bonds
occurbetween the top layer of water molecules to create a sort of film on the body of
water

= Thislayeris what allows insects such as pond skaters to move across the surface
of water

¢ Wateris also able to hydrogen bond to other molecules, such as cellulose, which is known
as adhesion

o This also enables waterto move up the xylem during transpiration

o Cohesionandadhesion both contribute to water forming a meniscus in glassware,
where water molecules adhere to polarmolecules in the glass

o Wateradheres to the xylem walls (made of lignin) by capillary action

(') ExamTip
¥ COhesion =water particles sticking to each otherADhesion = water particles
sticking to other materials
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Hydrophilic & Hydrophobic YOURNOTES
l

Biological molecules can be hydrophilic or hydrophobic (and sometimes both)
o Hydrophilic = "water-loving"
o Hydrophobic = "water-hating"

Polar molecules and molecules with positive or negative charges can form hydrogen
bonds with water (and dissolve) so are generally hydrophilic
Non-polar molecules with no positive or negative charge, cannot form hydrogen bonds
with water so are generally hydrophobic
o Thesemolecules tendtojoin togetherin groups due to hydrophobic
interactions where hydrogen bonds form between water particles but not with the
non-polarmolecule

Because most biological molecules are hydrophilic and can be dissolved, wateris regarded
as theuniversal solvent
Some large molecules have different groups with different characteristics
o Phospholipids have hydrophilic (phosphate group) heads and hydrophobic
(hydrocarbon chain) tails. This dual characteris a key feature in the structure and
function of cellmembranes

X

: T Tl
H H H
++ HYDROPHOBIC NN L
NLAINLAINLS
Om0 (NON—POLAR) C 'L C J‘ C J‘
0 I
H H H

X
SO ‘o
%

Due toits polarity water is considered a universal solvent
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Focus onWater as a Coolant YOURNOTES

Water's high latent heat of vaporisation makes it an excellent coolant {
Animals have evolved sweating (perspiration) as a way of disposing of excess heat
generated through physical activity
The hypothalamus detects changes to blood temperature and when temperatures rise, it
stimulates the secretion of sweat
Smalldroplets of water are secreted from sweat glands onto the skin's surface
¢ Vasodilation of arterioles just beneath the skin carries more blood close to the surface
e Sweat(mainly water, also contains salts and other solutes) evaporates, carrying the
excess heat away into the surrounding airandreducing the temperature of the organism
* Water's high latent heat of vaporisation allows only small volumes of water to be needed

tocarry away a lot of heat
/E’ EVAPORATION OF WATERJ

4 Q4 8% 9 L p P _pL_P P CAPILLARY

NETWORK
VASODILATION c_}/
OF ARTERIOLES

CARRYING
The excess heat carriedin blood causes the evaporation of sweat from the skin surface

HEAT IN
BLOOD

< — - SWEAT GLAND

Water as acoolantin plants

¢ Plants transpire
¢ Alargetreewillstandin direct sunlight all day, so will absorb a huge amount of heat (as
infra-redradiation from the Sun) on a hotday
o Atreecannotseekshade, becauseitrequires light energy forphotosynthesis
o Atreeis alsoimmobile and provide shade for otherorganisms
o Atranspiration stream of water flows up the tree, fromroots to xylem to leaves,
throughout the day
o Waterevaporates inside the spongy mesophylllayer of leaves, so watervapourcan
diffuse out via the stomata
o Forexample, alarge oaktree can absorb around 500 litres of water perday from the
soil,around 90% of whichis evaporated intranspiration to dissipate heat
= Theremainderis usedto keep cells turgid and as araw material for photosynthesis
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(’) Exam Tip
¥ Sweatand transpiration have a lot of parallels in keeping animals and plants cool.

This is why the French use the same word forboth; the French word for "sweating" is
"transpiration"!

Focus on Water as a Solvent

» Different solutes behave differently with water as a solvent

¢ Eventhoughwateris a universal solvent, different metabolites have different solubilities in
water

« Different solutes have different hydrophobic and hydrophilic properties which affect
their solubility in water

Highly soluble metabolites

+ Some are highly soluble (eg. sodium chloride, urea), some areinsoluble (eg. fats) and
some haveintermediate solubility (eg. oxygen and certain amino acids with alargeR
group)

¢ Highly soluble metabolites simply travel dissolved in the blood plasma

o eg.salts, glucose, amino acids
= Eventhe amino acids with hydrophobic R groups are soluble enough to be freely
transportedin water

« Differenttransport mechanisms have evolvedto assistin the transportation of theless
soluble metabolites

Less soluble metabolites

¢ Alow solubility metabolite such as oxygen requires assistance through combining with
haemoglobin, to allow more oxygen to be carried than directly in blood plasma
o Oxygenisless soluble atbody temperature (37°C) than at 20°C
o Oxygenis sparingly soluble but soluble enough to allow enough to dissolvein
oceans, rivers andlakes foraquatic animals to breathe
o Haemoglobin can bind oxygen to allow sufficient oxygen to be transported to all body
cells

¢ Insoluble metabolites like fats require emulsification, and transportin lacteals, or by being
convertedto soluble phospholipids
¢ Cholesterol, whichis insoluble, is converted to lipoproteins by combining with proteins
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2.2 Carbohydrates & Lipids YOURlNOTES

2.2.1Carbohydrates

Formation of Sugars

¢ Monosaccharides canjoin togethervia condensation reactions to form disaccharides

o Acondensationreactionis oneinwhich two molecules join togethervia the formation
of anew chemicalbond, with a molecule of water beingreleased in the process

o Thenew chemicalbondthatforms between two monosaccharides is known as a
glycosidicbond

o Tocalculate the chemical formula of a disaccharide, you add all the carbons,
hydrogens and oxygens in both monomers then subtract 2H and 10 (for the water
molecule lost)

¢ Common examples of disaccharides include:
o Maltose (the sugarformedin the production and breakdown of starch)
o Sucrose (the main sugarproducedin plants)
o Lactose (a sugarfoundonlyin milk)

¢ Allthree of the common examples above have the formula C;,H2,04;

Common Disaccharides and their Monosaccharide Monomers Table

Name of
disdaccharide @ Ndmes of monosacchdride components
Maltose dv—glucose ov—glucose
Sucrose dv.—glucose fructose
Lactose dv.—glucose galactose
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s CH,OH

CONDENSATION

s CH,OH

ch—1,4-GLYCOSIDIC BOND|

MONOSACCHARIDE + MONOSACCHARIDE ———> DISACCHARIDE + WATER
(v —GLUCOSE) (. —GLUCOSE) (MALTOSE)

The disaccharide maltose is formed from two a-glucose monomers (sub-units)
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. OH YOURNOTES
y CH,OH !
)
4 ! -
OH OH .
3 2 CH,OH
CONDENSATION
. OH
y 1CH20H
0
' 1 Y A
0 , A
3 2 CH,OH

GLYCOSIDIC BONDJ

(h-GLUCOSE) + (Q*FRUCTOSE) ——> SUCROSE + WATER

The disaccharide sucrose is formed from a-glucose and fructose monomers (sub-units)

(’) Exam Tip

¥ Galactose andfructose are monosaccharides and actually have the same
molecular formula as glucose. However, the atoms that make up these three
monosaccharides are arranged in different ways, meaning they each have slightly
different molecular structures, giving them slightly different properties. Forexample,
fructoseis sweeterin taste than glucose. The three sugars areisomers.
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Polysaccharides: Structure & Function

e Starch, cellulose and glycogen are polysaccharides
e Polysaccharides are macromolecules that are polymers formed by many
monosaccharides joined together by glycosidic bonds
¢ Thebonds form from condensationreactions, resulting in polysaccharide chains
¢ Thesechains may be:
o Branchedorunbranched
o Folded(making the molecule compactwhichisideal for storage eg. starch and
glycogen)
o Straight (makingthe molecules suitable to construct cellular structures e.g. cellulose)
orcoiled

e Starchandglycogen are storage polysaccharides because they are:
o Compact(solarge quantities can be stored)
o Insoluble (sowillhave no osmotic effect)
= Themonosaccharide glucose lowers the osmolarity of a cell causingwaterto
moveinto cells
= [ftoomuchwaterenters an animalcellit will burst
= Plantcells have developed thicker cell walls to prevent this

e Celluloseis a structural polysaccharide becauseitis:

Stronganddurable

Insoluble and slightly elastic

Chemically inert (hardly any organisms possess enzymes that can hydrolyseit)
Is anideal material for plant cell walls

o Themain constituent of dietary fibre foranimals that eat plants

(e}

[e]

o

o]

Starch

e Starchis the storage polysaccharide of plants
e |tis storedas granulesin plastids (e.g. chloroplasts)
¢ Duetothemany monomersinastarch molecule, it takes longer to digest than glucose
e Starchis constructed from two different polysaccharides:
o Amylose (10 - 30% of starch)
= Unbranched helix-shaped chain with 1,4 glycosidic bonds between a-glucose
molecules
= Thehelixshape enables it to be more compact andthus itis moreresistant to
digestion
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YOURNOTES
i

AMYLOSE

o 0h.—GLUCOSE

LA
4l 4
\O O O/

| 1,4 GLyCOSIDIC BONDS |

UNBRANCHED
HELIX CHAIN
|
STABILISED BY
HYDROGEN BONDS
WITHIN MOLECULE

Amylose - one of the two polysaccharides that is used to formstarch (the storage
polysaccharideinplants)

¢ Amylopectin (70 - 90% of starch)
o 1,4 glycosidic bonds between o-glucose molecules as well as 1,6 glycosidic bonds
creating a branched molecule
o Thebranches resultin many terminal glucose molecules that can be easily
hydrolysed, foruse during cellularrespiration oradded to for storage
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AMYLOPECTIN

TERMINAL
» GLUCOSE
MOLECULES

6
6
H Q i
i ) Q
OH 0 \ > ‘//E”LG GLYCOSIDIC BONDS
0
6 6 6

6 6 8

OH 0 (0] (@) (0] o] HO

/QE 1,4 GLYCOSIDIC BONDS|

Amylopectin - one of the two polysaccharides that is used to form starch (the storage
polysaccharideinplants)

Glycogen
e Glycogenis the storage polysaccharide of animals and fungi, it is highly branched and not
coiled
¢ Liverandmuscles cells have a high concentration of glycogen present as visible granules
as thecellularrespiration rateis high in these cells (due to animals being mobile)
e Glycogenis morebranched than amylopectin making it more compact which helps
animals store the molecule more efficiently

¢ Thebranching enables more free ends where glucose molecules can eitherbe added or
removed allowing for condensation and hydrolysis reactions to occur more rapidly - thus
the storage orrelease of glucose can suit the demands of the cell
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GLYCOGEN HAS MORE BRANCHING THAN AMYLOPECTIN YOURNOTES
THEREFORE MORE TERMINAL GLUCOSE MOLECULES {
A

Q& 1,4 GLYCOSIDIC BONDS

Glycogen, the highly branched molecule used as a storage polysaccharide in animals and
fungi
Cellulose

e Celluloseis a polymer of p-glucose monomers

e B-glucose differs very slightly in structure to a-glucose

¢ Thehydroxyl group on the C1atom sits above the carbonringin f-glucose, whereas it sits
below theringin a-glucose
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STRAIGHT CHAIN OF h—GLUCOSE

YOURNOTES
i

HYDROXYL
GROUP

CARBONYL
GROUP

HOH|H

CCCCCHOH

|
HHH

WHEN IN AQUEOUS SOLUTIONS GLUCOSE
FORMS A RING STRUCTURE

4

. —GLUCOSE p—GLUCOSE

°CH,OH

6
Ch,OH ABOVE

THE RING

|/' N/ |/' N

4 T/ “

BELOW
H OH THE RING
ALWAYS ABOVE
THE RING

T/ A
H OH

ALWAYS ABOVE
THE RING

RING STRUCTURES OF GLUCOSE

A comparison of the structure of alpha-glucose andbeta-glucose

¢ Alpha-glucose andbeta-glucose areisomers

¢ This seemingly minor example of isomerism has far-reaching consequences on the

functions of the polymers

e |tmeans thatin orderto form a glycosidic bondwith a molecule of B-glucose, the next

molecule of B-glucosein the chain mustinvertitself
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(3-GLUCOSE) INVERTED ([3-GLUCOSE)

H OH HO H
4 1 4 1
OH H H HO

Two beta-glucose molecules orientationin a position where they are able to bondto each
other

e Thisresultsinachain of repeatedlyinverted -glucose monomers

e Thealternating pattern of the monomers allows the chain to grow inlong, straight lengths
which gives great fibrous strength

¢ Hydrogenbonding occurs between strands of B-glucose monomers, adding strength to
the polymer

1,4 3-GLYCOSIDIC BOND (NOTE THE INVERSION)

6
H
OH! ! i\ OH‘ R HYDROGEN
BOND
Vs )< ‘><
OH Lt LTI [oH
HYDROGEN
BOND

The alternating pattern of glycosidic bonds in cellulose
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CELLULOSE
o FIBRES
(50nm WIDE)

CELLS CELL WALL

Y
o ——— _ r""..’v

fangy’ r"‘"'l_-’i.vl_"zey

CELL SURFACE
MEMBRANE

POTATO PLANT

MICROFIBRIL
(60-70 CELLULOSE -
MOLECULES)

MICROFIBRILS

HYDROGEN BOND
QE’I,4¢|L A-GLYCOSIDIC BOND (CONTRIBUTES TO
STRENGTH OF
CELLULOSE)

How cellulose fibres band together to provide plant strength

Summary of Polysaccharides Table
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Starch

Feature Amylose Amylopectin Cellulose
Monomer c.—glucose c—glucose c—glucose ﬁ—glucose
Branched N Yes (~every Yes (~every N

© 20 monomers) 10 monomers) ©
Helix (coiled) Ves No No No
shape
Glycosidic 1,4 1,4 and 1,6 1,4 and 1,6 1,4
bonds present
Source plant plant animal plant
(’7 ExamTip

w

Be clearabout the differences between starch (amylose and amylopectin), cellulose

andglycogen.
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Fatty Acids: Types

» Triglycerides are a form of lipid, made up of one molecule of glycerol with three fatty acids
attachedtoit
These fatty acids havelong hydrocarbon ‘tails’
e Fatty acids occurin two forms:
o Saturated fatty acids
o Unsaturated fatty acids
= Unsaturatedfatty acids can be monounsaturated or polyunsaturated

+ Thedifference between these fatty acidtypes is foundin theirhydrocarbon tails

Saturated fatty acids

¢ Insaturatedfatty acids, the bonds between the carbon atoms in the hydrocarbon tail are all
singlebonds
e Thefattyacidis saidto be ‘saturated’ with hydrogen
o This means thateach carbon atomin the hydrocarbon tail (except for the final carbon
atom)is bonded to two hydrogen atoms

e Saturatedfatty acids can be synthesised industrially by hydrogenation (reaction with
hydrogen gas) of unsaturated fatty acids
¢ Allthe carbon-to-carbon bonds are single bonds in saturated fatty acids

EACH CARBON ATOM |S BONDED
TO TWO HYDROGEN ATOMS

'H H IHI H H

no_ e Nl i Ll
Seflne” el e’ 1IN
Z H | H [ H ] H | H

O | [ :

| SATURATED HYDROCARBON TAIL |

An example of a saturated fatty acid

Unsaturated fatty acids

¢ Inunsaturatedfatty acids, the bonds between the carbon atoms in the hydrocarbon tail are
not all singlebonds
o Thereis atleast one carbon-carbondoublebond; a fatty acid with one C=C double
bondis known as monounsaturated fatty acid

o Insomeunsaturatedfatty acids, there are many carbon-carbon double bonds; these
areknown as polyunsaturated fatty acids
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(bend slightly), meaning they are not as straight as saturated fatty acids

e Thefattyacidis saidto be ‘unsaturated’ because the hydrocarbon tail does not contain
the maximum number of hydrogen atoms possible
o Thisis because each carbonatomina carbon-carbon double bond canonly bond to
one hydrogen atom (instead of two)

HYDROCARBON CHAIN)

CARBON—-CARBON DOUBLE BOND
(CAUSES A KINK IN THE

CARBON ONLY BONDED
TO ONE HYDROGEN ATOM

HO

e A

'H  H |
:(|:HC H o Ho
*I\é/ | é T é—+ﬂ
'H | H e [ 27|
. H HT H o
| H ‘

| UNSATURATED HYDROCARBON TAIL |

An example of amonounsaturated fatty acid

.0
H H
H_C\T/C\T/C\T T T Hon e by ly!l
I NG | C | C=C—C_| | C | C | & | C /O
H 7 H H S ZINLAINLAINLA TN
I I | "c=¢C C & C C
H H H H | H | H | H \OH
H H H
I < 4 Sl O SR

METHYL
GROUP

POLYUNSATURATED (>1 DOUBLE BOND)
HYDROCARBON CHAIN (e.g. LINOLEIC ACID)

CARBOXYL
GROUP

CH,

COOH

An example of a polyunsaturated fatty acid
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ExamTip

You don't need to know the names of various fatty acids, but you should be able to
recognise from a diagram whether a fatty acidis saturated, monounsaturated or
polyunsaturated (look forany carbon-carbon double bonds)!
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Unsaturated Fatty Acids

The differentisomers of unsaturated fatty acids

¢ Asingle C-Cbondinahydrocarbon chainis able to rotate alongits axis so that rotation of
one part of the moleculeinrelation to others is possible

e Therotation may cause conformational changes in molecules but they allremainidentical

e However,when thereis aC=Cdoublebond in a hydrocarbon chain, norotationis possible

o This causes isomers of fatty acids to be formed, each with different properties

e Theisomers arelabelled cis and transisomers

Cis-isomers

¢ Ata C=C double bond, the attached hydrogen atoms are on the same side of the
hydrocarbon chain as each other
o This causes akinkin the fatty acid chain which means the fatty acid chains areless
tightly packed together, lowering their melting point (less kinetic energy is needed to

break them apart)
o Triglycerides that contain cis-unsaturated fatty acids are liquid (oils) atroom
temperature
SATURATED FATTY
ACID STEARIC ACID HHHHHHHHHHHHHHHHC“)
A CONSTITUENT OF H*C*C*(I}C*(IZ*C*C*C E= C*C*(;J*(I:*C*C*C*C*OH
BUTTER, POULTRY HHHHHHHHHHHHANHAHA
AND GRAIN
H O
CIS-UNSATURATED i ¢-OH
FATTY ACID T H RS
H H H N _C™\ H
LINOLEIC ACID TR @ v H \C,C v H
A CONSTITUENT OF H "i \C’C\ /C\C=C’C\/ \ 1\.1 H
SUNFLOWER OIL, "i \C’C\/ ?_1 H H 1_1 ?_1 H
SOYBEANS, NUTS Hah? > H
H
AWEEFERS CIS ISOMER

H ATOMS ON THE SAME SIDE
OF THE HYDROCARBON CHAIN

The Structural Differences Between a Saturatedanda Cis-Unsaturated Fatty Acid

Trans-isomers

e Ata C=C double bond, the attached hydrogen atoms are on the opposite sides of the
hydrocarbon chainto each other
o Thelack of bendin the hydrocarbon chain allows them to pack more closely together
meaning they have a higher melting point (this property makes them more attractive
tofood manufacturers)
o Triglycerides that contain trans-saturated fatty acids are solid are room temperature
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TRANS-UNSATURATED YOURNOTES
FATTY ACID 1
TRANS-LINOLEIC ACID HEHHBHBEHRBEHRE yygHHHoO

A CONSTITUENT OF H—C—C—C—C—C—C—C—C (':i('}(':f('}c'}('}g_OH

SOME MANUFACTURED HHHAHH B A T T

FOODS SUCH AS
MARGARINE

TRANS—-ISOMER
H ATOMS ON OPPOSITE SIDES
OF THE HYDROCARBON CHAIN

The Structure of a Trans-Unsaturated Fatty Acid
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Fatty Acids: Health Risks

The use of trans-fatty acids in the food industry

e Trans-fatty acids occurin small quantities in natural products such as dairy and red meat
¢ Artificial trans-fats (which contain trans-fatty acids) are made industrially by the
hydrogenation of liquid vegetable oils
e Trans-fats are favoured by food manufacturers forcommercialreasons
o Theyare more solid at room temperature
o They create more stable emulsions in shortening agents
o Foodproducts with trans-fats appear(in theirretail packaging) drier andless 'greasy'’
toconsumers
o Allegedtaste benefits (though this is subjective)
o Theycanbereused moretimes eg. inlarge-scale deep-fat fryers
o Many countries havelegislated torestrict the use of trans-fats in the foodservice
industry

¢ Many foods that contains trans-fats (often labelled as 'partially hydrogenated vegetable
oils') are sold as processed products in supermarkets
o Biscuits/cookies
o Cakes
o Doughnuts
o Piecrusts
o Crisps
o Pizzabases
o Certainkinds of margarine and spreads

Trans-fatty acids have associated health risks

* Thetwotypes of fatthatlead to health problems are namely saturated fats and trans-fats
o Doctors recommend limiting yourintake of these types of fats

¢ Trans-fats alterthe balance of various types of cholesterol
o Theyincreaselow-density lipoprotein (LDL) levels in circulation (so-called 'bad'
cholesterol)
o They decrease high-density lipoprotein (HDL) levels in circulation (so-called 'good'
cholesterol)

¢ | DLsareknowntoincrease therisk of coronary heart disease, blood clotting and strokes
¢ Doctorsrecommend that the bulk of fats intake should come from monounsaturated fats,
whichreducelLDL levels
o Omega-3fats and oils are a well-publicised source of monounsaturatedfats; these
arefoundin fish, pulses and certain nuts
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REMEMBER A DIET TOO

HIGH IN SATURATED FAT

+ CHOLESTEROL CAN LEAD

TO CORONARY HEART DISEASE

RIGHT CORONARY
ARTERY

LEFT CORONARY
ARTERY

PLAQUE @

PLAQUE IS MAINLY
A BUILD UP OF
CHOLESTEROL + WHITE
BLOOD CELLS

CORONARY ARTERY
NARROWS, RESTRICTING

ARTERY WALL BLOOD FLOW
BECOMES LESS
ELASTIC

#)savemyexams

Excess consumption of trans-fatty acids and saturated fats canleadto the buildup of
cholesterol and the blockage of coronary arteries, causing Coronary Heart Disease (CHD)

Evaluating claims

e Evidence forthe claims surrounding the health risks associated with trans-fats often
comes from 'cohort studies'
o Eg.Greenland Eskimos, whose dietis rich in oily fish and meat, have a very low
incidence of heart disease

¢ Otherepidemiological studies can establish correlations between diet andincidence of
disease

* Whilstitisrareto find a direct causal link between fatintake and heart disease, the many
claims about fats suggest strongly that trans-fats have an overall detrimental effect on
health when consumedin high quantities

¢ Otherconditions linked to trans-fats include

Allergy

o Breastcancer

Colonic cancer

Cardiovasculardiseases

Premature birth

o]

(e}

(e}

o
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]

Preeclampsia (a condition associated with pregnancy) YOURNOTES
Disorders of the nervous system l

Vision defectsininfants

Diabetes

Obesity

o]

(e}

o

(e}

(’) Exam Tip

w
e |tisimportanttorememberthat correlation does not always mean causation

o Correlationis an association orrelationship between variables

o Causation occurs when one variable has aninfluence oris influenced by,
another

o Thereis a cleardistinction between correlation and causation: a correlation
does not necessarily imply a causative relationship
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Long Term Storage

Lipids are excellent storage compounds

Lipid macromolecules, like carbohydrates, contain carbon, hydrogen and oxygen atoms
However, unlike carbohydrates, lipids contain alow proportion of oxygen
More of the oxygen required for theirrespiration has to come from the air
This allows lipids to be energy-dense, maximising the energy content per gram versus
carbohydrates

o They contain 2x more energy per gramthan most carbohydrates

o Lessbody massisrequiredto store a given amount of energy

Lipids areinsoluble so do not affect osmosis, so do notrisk upsetting the waterbalance of
the organism
When lipids arerespired, alot of water is produced compared to the respiration of
carbohydrates
o Thisis called metabolic water and can be used as a dietary water source when
drinking wateris unavailable
= Acamel's humpis notawatersac,itis alipid-rich storage organ that yields
metabolic water forthe camelinits dry desert habitat
= Abird's egg also makes use of lipid-rich yolk to provide energy and metabolic
waterto the growing chick

Allthese features make lipids ideal forlong term energy storage

Forms of lipid storage

In animals, lipids are storedin various areas
o Subcutaneous fats are stored below the skin
o Visceral fats are stored around the majorinternal organs

There are genetic and gender differences between how individuals store fat

Fatis storedin adipose cells, which are specialised to contain large globules of fat
Adipose cells shrink when the fatis respired to generate metabolic energy

In many plants, seeds have evolved to store fats to provide energy for a growing seedling
plant

Olives, sunflowers, nuts, coconuts and oilseed rape are good examples of crops whose
oils are harvested for edible oil production by humans

Otherroles of lipids

As well as energy storage molecules, lipids have a number of otherroles
o Physical protection of soft organs eg. visceral fataround the heart
o Thermalinsulation from subcutaneous fat eg. whale blubber
o Subcutaneous fatas abuoyancy aid eg. in seals (fatis less dense than waterso
assists flotation)
o Waterproofing secretions eg. birds' preening glands or waxy cuticles on leaf surfaces
o Electrical insulation eg. the myelin sheath around certain nerve axons
o Certain photosynthetic pigments eg. carotenoids
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o Glycolipids, typically as cell-surface recognition molecules/receptors YOURNOTES

!
(') ExamTip

Ensure thatyou are familiar with the structure of a triglyceride and that you can
recognise whether the fatty acids are saturated orunsaturated.
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Lipids: Health Claims

Lipids have been associated with poor health for along time, even though they perform
vitalfunctionsin tissues and organs
High-fat diets tend to supply more chemical energy than anindividual needs
o Consumingexcess fat can cause anindividualto become overweight orobese due to
the storage of fatin adipose tissue

Body Mass Index (BMI) is arough and ready measure of a person’'s mass inrelation to their
height
The calculation of BMl s as follows

Body mass (kg)

Body Mass Index = =
Height® (metres)

o

ABMI below 18.5 is considered underweight
ABMI18.5-24.9is considered normal
ABMIof25.0-29.9is considered overweight
ABMI0f30.0-39.9is considered obese

ABMI of 40.0 ormoreis considered morbidly obese

o

o]

(e}

o

BMlis a crude measurement as it works against individuals who are heavily muscular but
who are also extremely lean

Overweight and obese people have a higherrisk of developing type Il diabetes and high
blood pressure and coronary heart disease

Because manyrisk factors combinein the prevalence of these conditions, lipids are by no
means the only cause

NOS: Evaluating claims; health claims made about lipidsin diets need to be
assessed

Popularliterature, TV and social media make claims about various foods and their health
benefits

Afoodproductlabelled, 'Low Sugar' may in fact contain a lot of trans-fats but hides that
information, ordoesn'tlabelitat all!

Many health claims are based on pseudoscience, orbacked up with only very small trials or
smallsamples sizes

Only scientifically controlled studies are able to prove causal links between food choices
andhealthrisks

Techniques such as randomised clinical trials provide data to inform government policy
and consumers about theirfood choices

There remain complex challenges for consumers, food producers and governments to
ensure a food supply that puts people at least risk of disease whilst ensuring that enough
foodis produced
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Formation of Lipids YOURNOTES

o Triglycerides are formed by esterification {
¢ Anesterbond forms when the hydroxyl (-OH) group of the glycerolbonds with the carboxy!
group (-COOH) of the fatty acid
o Theformation of an esterbondis a condensationreaction
= Foreach esterbondformedawatermoleculeisreleased

o Threefatty acids join to one glycerol molecule to form a triglyceride
o Therefore for one triglyceride to form, three water molecules arereleased
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Formation of a triglyceride from a glycerol molecule and three fatty acid molecules by the YOURNOTES
process of esterification 1
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YOURNOTES

!
Molecular Visualisation: Carbohydrates

¢ Onlinelearning tools exist that can provide visualisations of large biomolecules
¢ Mousefunctions canzoom androtate molecules
Many of these make use of JMol software, a database of large molecules that can be
visualisedin near-3D
The differences between cellulose, starch and glycogen can be observedin close to 3-D
quality
An Internet search for 'molecular visualisation software' willidentify some good options
¢ Featuresinclude
o Loading multiple molecules to show independent movement
o Surface topography; as many biological reactions are on atheme of 3-D shapes
fitting together
o Cavity visualisation; has applications whenlooking at structures eg. channel proteins
inmembranes
o The appearance of atoms canbe adapted to fill space orshow gaps inmolecules eg.
the helical nature of amylose

e Havingavisualisation of these molecules helps to understand how they have evolved to
fulfil their specific functions
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Body MassIndex Calculations

e BodyMassIndex(BMI)is a rough and ready measure of a person’s mass in relation to their
height
e Thecalculation of BMlis as follows

Body mass (kg)

Body Mass Index = ==
Height® (metres)

o ABMIbelow18.5is considered underweight

e ABMI18.5-24.9is considered normal

¢ ABMIof25.0-29.9is considered overweight

¢ ABMIof30.0-39.9is considered obese

e ABMIof40.0 ormoreis considered morbidly obese

e BMlis acrude measurement asitworks againstindividuals who are heavily muscular but
who are also extremely lean; their BMI might be an overestimate

e BMImay also be misleadingin the case of elderly people who have lost alot of muscle
mass; theirBMI might be an underestimate

> Worked Example
®
Calculate the Body Mass Index (BMI) foran adult male whose mass is 77.3kg and
whois 1.73min height.

Comment on whetherhis BMIwould be regarded as healthy ornot.

Step 1: Ensure that mass and height are expressed in the correct units
Mass units are kg - this is correct
Height units arein metres - this is correct
Step 2: Use the formula

Body mass (kg)

Body Mass Index= ———
Height® (metres)

773

BMI = . =258 This man's BMl falls

32

justinto the 'overweight' category (25.0 - 29.9).Itis not possible to judge his health by this
measure alone, but if his BMI has been trending upwards overrecent time, this might suggest to
adoctorthatthereis an underlying cause of his weight gain.

A nomogram can help to calculate BMI

¢ Anomogramis a two-dimensional chart that allows rapid estimation of BMI by reading off
two scales, one formass and one for height
e Alineis drawn, between the two scales, thatintersects a third axis in the middle
o Thisreveals the BMI
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* Thisremoves the need for a calculation and requires no mathematical expertise
¢ Becausetherelationships between mass, height and BMl are all fixed, they can be
represented on a chart like this
« Nomograms have beenlargely superseded by rapid online calculators or smartphone
apps, butstillhave ause
o Forexample, doctors and health workers will often have a BMInomogram on the wall
of their office forrapidreference when consulting a patient

height (m) BMI NOMOGRAM (Lb) mass (kg)
— 2.2 =30
215 oo—t 0
- £—50
E EF—60
—2.05 50— 7
——2 _E—80
~1.95 /_.-300—F—90
E 19 £ 100
- 1.85 250—F 110
- - F—120
— ’].8,,” ;_

- 7’5/ £—130
—4. —E

2 0T o
— 1.7 £

= 165 E 150
= e 350—— 160
— 1.6 E 20
= E—1
—1.55 E

- 15 400—F 180

ABMInomogram. Aline can be drawn from the height scale to the mass scale. Where the line
intersects the BMIscaleis the person’s BMI (26 in this case)

(’) ExamTip

w q ' . ' : ' f A
We commonly discuss a person's size as 'weight', though strictly speaking, we
shouldreferto their'mass'. In yourwritten answers, use the scientifically correct
term wherever possible.
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Amino Acids & Polypeptides

Proteins

¢ Proteins are polymers (and macromolecules) made of monomers called amino acids
¢ Thesequence, type and number of the amino acids within a protein determines its shape
andthereforeits function

¢ Proteins are extremely importantin cells because they form all of the following:

o Enzymes

o Cellmembrane proteins (eg. carrier)

o Hormones

o Immunoproteins (eg.immunoglobulins)

o Transport proteins (eg. haemoglobin)

o Structural proteins (eg. keratin, collagen)

o Contractile proteins (eg. myosin)

e Becauseallgenes code for proteins, all of thereactions necessary for life are dependent
on the function of proteins

Amino acids

¢ Amino acids are the monomers of polypeptides
e There are 20 amino acids foundin polypeptides common to allliving organisms
¢ The general structure of allamino acids is a central carbon atom bonded to:
o Anamine group -NH,
o Acarboxylic acid group -COOH
o Ahydrogenatom
o AnRgroup (whichis how each amino acid differs and why amino acid properties differ
e.g.whetherthey are acidic or basic orwhetherthey are polar ornon-polar)
o TheRgroup canbe as simple as anotherhydrogen atom (glycine), right through to
complexaromaticring structures (eg. phenylalanine)

R—GROUP — VARIABLE
SIDE CHAIN

@ CARBOXYL GROUP
AMINO GROUP (BASIC)
J'C' (ACIDIC)
H

The generalised structure of an amino acid

Peptide bond
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¢ Inordertoform apeptidebond a hydroxyl group (-OH) is lost from the carboxylic group (-
COOH) of oneamino acidand a hydrogen atomis lost from the amine group (-NH2) of
anotheramino acid

e Theremaining carbon atom (with the double-bonded oxygen) from the firstamino acid
bonds to the nitrogen atom of the second amino acid

¢ Thisis a condensationreaction sowateris released

» Dipeptides are formed by the condensation of two amino acids

» Polypeptides are formed by the condensation of many (3 ormore) amino acids

¢ Aprotein may have only one polypeptide chain orit may have multiple chains interacting

with each other

¢ Duringhydrolysis reactions, the addition of waterbreaks the peptide bonds resultingin
polypeptides being broken down into amino acids

PEPTIDE BOND
(COVALENT)

N N D[ @

N /O N /O ONDENSATION [

/N—(IZ—C + N—C—C\ — (II—- rl\l (IZ

HYDROLYSIS
H H OH H H OH \ H HH
+
AMINO ACID | AMINO ACID | H,0 DIPEPTIDE |
Amino acids are bonded together by covalent peptide bonds to forma dipeptideina
condensationreaction
(’) Exam Tip

You will be expected to recognise whether an unfamiliarmoleculeis an amino acid or

polypeptide so look for the functional groups (amine and carboxyl). When asked to
identify the location of the peptide bond, look for where nitrogen is bondedto a
carbon thathas a double bond with an oxygen atom, note the R groupis not
involvedin the formation of a peptide bond.
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Amino Acid Diversity

The same 20 amino acids make up most of the proteins found on Earth
Around 500 amino acids have been foundin nature, but only 20 are commonly foundin
proteins
Eleven of these can be naturally synthesised within cells by humans
The othernine amino acids are essential (have to bein the human diet)
Youdon't need toremember the names of the amino acids, butit's useful to see their
names, which areusually abbreviated to threeletters
o Ala, Arg,Asn, Asp, Cys, GIn, Glu, Gly, His*, lle*, Leu*, Lys*, Met*, Phe*, Pro, Ser, Thr*,
Trp*, Tyr, Val*
o * indicates the essentialamino acids

Becausethe R groups vary so much between the 20 amino acids, there is alot of chemical
diversity between the amino acids

PEPTIDE BONDS
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Anamino acid sequence of a short polypeptide. The three-letter abbreviations indicate the

specific amino acid (there are 20 commonly foundin cells of living organisms).

NOS: Looking for patterns, trends and discrepancies; most (but not all)
organisms build proteins from the same amino acids.

All life except fora few species use these 20 amino acids
Thereasonwhy only 20 amino acids are used has been the subject of a lot of differing
hypotheses
o Thatonly these 20 were available at the origins of life, so have remained ever since, OR
o Thatthese 20 amino acids are diverse enough to give the widerange of functions that
proteins possess, OR
o Because of the theory that all organisms share a common ancestor, the link between
the genetic code and amino acid sequenceis fixed andis not easily altered, even by
mutations

The almostinfinite number of amino acid combinations make polypeptides suitable to
determine all the characteristics of life
Only a few primitive, single-celled organisms use otheramino acids
Oneunusualamino acidincludes the trace element selenium andis found in many
polypeptides, though at very low frequencies
o Adiscrepancyis thatin some organisms, the stop codon UAG codes for this unusual
amino acid containing selenium

Alllife goes by the Central Dogma that all genes code for proteins and the actions of
proteins determine all of an organism's characteristics

Polypeptide Diversity

20 amino acids can give an almost infinite number of polypeptides
Polypeptides are assembled at a ribosome by condensingindividual amino acids onto a
growing chain, oneby one
This allows a choice of 20 amino acids each time oneis added
The mRNA codon determines which amino acidis added
Fora polypeptide chain of 50 amino acids inlength (considered a very short protein), there
would be 2039 possible combinations of amino acids
o This gives 1.13x10%° combinations
o Standard formis preferable for showing such alarge number, but writing it outin full
shows its size, whichis
o 113,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000 combinations!

Given that the average length of a protein is 300 amino acids, the number of possible
combinations is solarge, we can considerit to be infinite
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Genes & Polypeptides YOURNOTES
l

e Theamino acid sequence of polypeptides is coded for by genes

¢ Despite the huge number of amino acid sequences that could be produced, only a small
fraction of these are producedin nature

¢ Nevertheless, many thousands of different polypeptide sequences are synthesised

e Thecode forthe sequencein which amino acids arejoined togetheris the genetic code,
heldin asequence of DNAbases inthe genome

¢ The expression of a gene always results in the production of a polypeptide

* Three consecutive DNAbases are required to code foreach amino acid in a polypeptide

GENE EXPRESSION
_—~
S Ny

= TRANSCRIPTION = | TRANSLATION
4

REPLICATION

The central dogma of gene expression. All genes code for proteins; proteins carry out the
genes’instructions.
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Protein structure

Aprotein may consist of a single polypeptide ormore than one polypeptide linked together
Some proteins exist as a single polypeptide chain (of amino acids)
Other proteins are made up of two or more polypeptide chains joined together
Single polypeptide chain proteins include lysozyme, an enzyme presentin mucus
secretions andtears, thatkills bacteria as part of our primary defences against pathogens
Proteins with two polypeptide chains include

o insulin,ahormoneresponsible forregulating blood glucose levels

o integrins, a group of membrane proteins that span a phospholipid bilayer and act as

areceptor
= integrins' two polypeptide chains each have a hydrophobic section that sits in
the membrane bilayer

Proteins with three polypeptide chainsinclude collagen, the main structural protein in skin,
tendons, ligaments and the walls of blood vessels

Proteins with four polypeptide chains include haemoglobin, which binds oxygenin red
blood cells and delivers it from the lungs to respiring tissues

Each polypeptide chainin a multi-polypeptide protein is referred to as a subunit of the
protein
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3D Structure of Proteins

e Theamino acid sequence determines the three-dimensional conformation of a protein
e Proteins perform their diverseroles because of their 3-D shape and structure
e Thisis known as the protein's conformation
¢ The precise sequence of amino acids determines how the protein folds and aligns itself as
theindividual amino acids are being added at theribosome
o Amino acids are always addedin the same sequence so a protein can start to formits
shape even beforeitis fully formed
o Bonds formbetween parts of amino acids that can cause a bridge to form between
one part of the chainand another
= this createsloops, sheets, helices and folds

o Many of the bonds that hold the protein's shape form between the various R groups of
individual amino acids
= |fanaminoacidis not presentinits usual placein the chain due to mutation, this
candrastically alter the protein's 3-D shape, and affectits function

¢ Haemoglobinis a globular protein (forms a globe-shaped protein)
o Some of haemoglobin's outer parts are hydrophilic to be in contact with water whilst
its inner parts are made up of amino acids with hydrophobic R groups

¢ Collagenis a fibrous protein (forms a rope-like protein for tensile strength)
o Ithas arepeating sequence of amino acids to create a helical structure
o Thechain of amino acids remains in an elongated conformation to give fibrous
strength

FIBROUS GLOBULAR

Globular and fibrous protein models illustrating the roughly spherical shape of globular
proteins and the long, stranded shape of fibrous proteins
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Denaturation: Proteins

e Denaturationis theirreversible change of protein conformation caused by temperature
and pH extremes

* Thebonds that form between different R groups arerelatively weak (comparedto the
peptide bonds that hold the amino acids in sequence)

¢ Thesebonds canbe broken easily, which can cause the conformation of the protein to
change

¢ Thealtered protein shape may affectits function, physical state and generalusefulness
inits originalrole

¢ Thisis called denaturation

¢ Heat andextremes of pH are the most common causes of denaturation

o Both cause breaking of the weak bonds between R groups

¢ Acertain pHis considered as an optimum for a particular protein, because atthat pH, the
protein's 3-D structureis not denatured
e Denaturationis almost always irreversible
o Theprotein cannot bere-formed inits original conformation by reversing the change
in conditions
o However, small denaturations andrenaturations are possible in certain proteins to
respond to small fluctuations in pH eg. haemoglobin

EXTREME CONDITIONS
OF pH OR
TEMPERATURE BREAK
BONDS AND DISRUPT
THE 3-D SHAPE AND
FUNCTION

DENATURATED PROTEIN — NOTE

FUNCTIONAL PROTEIN ITS DIFFERENT SHAPE

The effect of heat and pH on the shape and function of a globular protein

Denaturationin action

e Denaturation can be seen most easily by looking at the changes in an egg white as the egg
is fried orpoached

e Eggwhiteis mainly the protein aloumin

¢ The hydrophobic amino acids in albumin are at the centre of the moleculein its normal
state, soalbuminis soluble

e Heating causes the hydrophobic amino acids to appearat the edges, where they cause
the protein to becomeinsoluble

e Aharder, solidlayer forms, whichis the cooked white

¢ Similarevents occurin the proteins of the egg yolk as it cooks

Page 59 of 173

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

¢ Denaturation also occurs in the stomach, where the low pH (pH2) causes proteins in the YOURNOTES
diet tobecome denatured on theirway to being fully hydrolysed further down the 1
digestive system
¢ Thestomach enzyme pepsin, a protein-digesting enzyme has an optimum pH of 2 for this
reason
» Certain extremophiles have evolved to have proteins that are stable even at extreme pH or
temperature
o eg.Thermus aquaticus, a bacteria thatlivesinhot springs at 80°C
o This temperature would denature most other proteins

¢ Denaturation of enzymes can be used as part of experiments to measure enzyme activity
o Forexample, an experiment to establish the optimum pH or temperature of an
enzyme eg. pepsin orlipase

e Manydrugs are proteins that cannot be taken by mouth, because the protein willbe
denatured by stomach acid
o Thesedrugs shouldbe delivered in another way eg. by direct injectioninto the blood

O Exam Tip

¥ Remembertoavoid confusing the bonds that hold a protein's shape together with
the peptide bonds that attach each amino acidin sequence. Picture the peptide
bonds holding the amino acids in a straight chain, then the otherbonds holding the
chaininits folded, 3-D structure.
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YOURNOTES

l
Functions of Proteins

e Living organisms synthesize many different proteins with a wide range of functions
e Proteins are so versatile that they have many differentroles in cells, tissues and organs
¢ Allof the following functions are performed by proteins:

o

o

Q

Speeding up cellularreactions, or catalysis, is performed by enzymes

Blood clotting, where blood proteins interact with oxygen to form a gel-like scab
across awound

Strengthening fibres in skin, hair, tendons, blood vessels eg. collagen, keratin
Transport of vital metabolites eg. oxygen which is carried by haemoglobin
Formation of the cytoskeleton, a network of tubules within a cellthat cause
chromosomes to move during the cell cycle

Cell adhesion, where cells in the same tissue stick together

Hormones, chemical messengers that are secretedin one part of the body to have an
effect elsewhere

Compaction of DNAin chromosomes for storage, caused by histone proteins
Theimmuneresponse produces antibodies, the most diverse group of proteins
Membrane transport channel and carrier proteins that determine which substances
can pass across amembrane

Cellreceptors, which are binding sites forhormones, chemical stimulisuch as tastes,
andforotherstimulisuch as lightand sound

ExamTip

Many exam questions focus on enzymes but don't forget all the other types of
protein when discussing protein functions.
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Examples of Proteins

Rubisco

¢ Ribulose Bisphosphate Carboxylase

¢ Anenzymethat catalyses the fixing of CO, from the atmosphere during photosynthesis

¢ Composedof16 polypeptide chains as a globular protein

¢ Thisis the source of all organic carbon, so Rubiscois arguably the mostimportant enzyme
in Nature!

¢ The most abundant enzyme on Earth asit's presentin allleaves

¢ Rubiscois avery slow catalyst, butit's the most effective to have evolved so far to fulfil
this vital function

Insulin

e Ahormone producedandsecreted by B-cells in the pancreas

e Bindstoinsulinreceptors (onliver, fatand muscle cells) reversibly, causing absorption of
glucose fromthe blood

e Composed of 2 polypeptide chains as a short, globular protein

Immunoglobulins

¢ Alsoknown as antibodies

¢ Theyhave ageneric'Y' shape, with specific binding sites at the two tips of the 'Y"

¢ Theybindto specific antigens

e Thebinding areas ofimmunoglobulins are highly variable, meaning that antibodies can be
produced against millions of different antigens

¢ Immunoglobulins (as the name suggests) are globular and are the most diverse range of
proteins

Rhodopsin

¢ Apigmentintheretina of theeye

« Amembrane proteinthatis expressedinrod-cells

e Contains alight-sensitive part, retinal, which is derived from Vitamin A

* Aphoton of light causes a conformational change in rhodopsin, which sends a nerve
impulse along the optic nerve to the central nervous system

Collagen

« Afibrous protein made of three separate polypeptide chains

¢ Themost abundant proteininthe humanbody - approx25%

¢ Fibres formanetwork in skin, blood vesselwalls and connective tissue that canresist
tearing forces

e Playsaroleinteethandbones, helping to reduce theirbrittleness

Spider Silk

* Thesilkusedby spiders to suspendthemselves and create the spokes of theirwebs is as
strong as steel wire though considerably lighter

+ Containsrope-like, fibrous parts but also coiled parts that stretch when undertension,
helping to cause extension andresist breaking

¢ Doesnotdenature easily at extremes of temperature
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Has many attractive aspects for engineering and textile product design thanks toiits
strength andlow weight

Canbe genetically engineered to be expressed in goats' milk as spiders can'tbe farmed
onalargeenoughscale

Otherkinds of spidersilk protein are tougher though lack the tensile strength, eg. the silk
they usetoencase their prey after capture

Proteome

The proteome is the fullrange of proteins that a cell ororganismis able to produce
By contrast, a genomeis the complete set of genes presentin a cell/organism
o Thefullgenomeis present within every cell of an organism, but not every geneis
expressed in every cell. Which genes are expressed, depends on the cell type

The proteomeis usually larger than the genome of an organism
Everyindividualhas a different proteome
o Because of small differences in the amino acid sequence of proteins

The proteome varies during an organism's lifetime as certain proteins are not needed
throughout the organism's life
= Anexampleis fetal haemoglobin. The gene forthat protein is not expressed after
the baby is around 3 months old, as the baby expresses adult forms of
haemoglobin, which are encoded by separate genes

o Thisis alsoduetoalargeamount of modification of proteins that can take place after
synthesis (often in the Golgi apparatus)
= Forexample, adding a carbohydrate part to form glycoproteins, which are
importantin cell signalling

¢ Splicing of RNA during transcription can allow one gene to code for many proteins

(f) Exam Tip

You don't need to know the details of splicing for Standard Level but it accounts for

several proteins being produced from just one gene. Even though a lot of genes do

not code forproteins, the proteomeiis larger than the genome because of the sheer
range of proteins that can be produced from the DNA code.

Page 63 of 173

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Molecular Diagrams: Drawing

Drawing biological molecules
e |tisimportantto be able to draw a few key molecules

o Thereis a huge variety of biological molecules, but only the mostimportant ones are

required

¢ Element symbols from

the Periodic Table are used

¢ Ashort, straightlineis usedfora covalentbond, with twolines for a double bond
e Some chemical groups may be denoted by a symbol such as @ fora phosphate group
e The symbolRrepresents a variable chemical group, such as the variable side groups of

amino acids

¢ Anexam question may require you to draw various molecules
¢ It'sadvisableto break the task downinto stages

Symbols Used in Biological Molecule Drawings Table

Name of Abbreviated
Group Group Structure Notation
Amine H —NH, or H,N—
_N\
H
Carboxylic —COOH or HOOC-
Acid _Cf
e
Hydrocarbon |T| ITI l'ﬂ ITI l'ﬂ l'l* I'I‘
NI AN
HHHHHHH
Hydroxyl —0OH or HO-
@) H
Me+thyl H ~CH, or H,C-
H
Phosphate (”)
------ @=IP=@r
4 ®
O
Drawing a-D-glucose
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e Aspects toremember
o Glucosehas the formula CgH204

o Insolidform, glucose has alinearstructure
It forms a hexagonalringin an aqueous solution

o

YOURNOTES
i

= Asaqueous glucoseis theonly state that glucose exists in biology, it's thering

structure that should belearned

o]

atom

(e}

(e}

(e}

= Carbonatom1-below
= Carbonatom 2 - below
= Carbonatom 3-above
= Carbonatom4 - below

The 6th carbon occupies a side chain (top-left)
The carbon atoms are numbered 1to 6 starting on theright and working clockwise
The hydroxyl groups occupy positions above or below thering as follows

One of the corners of thering (draw this in the top-right) is occupied by an oxygen

e Youcanignorethe'D'inthe names alpha-D-glucose orbeta-D-glucose
o Theonly otherversionis L-glucose which plays no significant rolein biology

STEP 1: DRAW THE HEXAGONAL

RING STRUCTURE, WITH CARBON
6 AS A SIDE CHAIN

(THE SMALL RED NUMBERS ARE

THE NUMBERS OF THE CARBON

ATOMS)

STEP 2: ADD THE —-OH AND
—-H GROUPS

(THE —-OH GROUPS BELOW,
BELOW, ABOVE, BELOW FROM
CARBON 1)

STEP 3: ADD THE -OH AND
—-H GROUPS TO CARBON 6

6C
/(L_ \
NS
2
CH,0H

|
H\/ \ v

/4 OH H 4\
OH OH

|3 |2
H  OH

Recommendedsteps to draw a molecule of a-D-glucose
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CH,OH

c—o
" \C/H

SN o
-
H OH

Structure of a-D-glucose

B-D-glucoseis very slightly differentin structure

¢ Beta-glucose (B-glucose) has asmall, subtle difference to a-glucose
¢ Thehydroxyl group on carbon atom 1sits ABOVE thering, rather than below
¢ This sugaris the monomer of cellulose
¢ This example of two differentisomers changes the properties of the polysaccharide
formed from these monomers drastically
o Itaccounts forallthe many differences between starch and cellulose

The hydroxyl groups occupy positions above or below thering as follows
o Carbonatom1-above
o Carbonatom 2 - below

Carbonatom 3 -above

Carbonatom 4 - below

o

(e}

BC‘IHZOH

C ¥
5
" /||., OH | [-OH AND -H HAVE
Luon H AL SWAPPED POSITIONS
4 A ¥
OH \ (|: (|: / by | LVERSUS d-GLUCOSE

[E |2
H  OH

Structure of p~-D-glucose

Drawing aribose sugar

¢ This family of sugars play arolein DNAand RNA structure, as wellas ATP
¢ Riboseis a form of pentose sugar (5 carbon atoms)
¢ Likeglucose, ribosehas aringstructure
¢ Aspects toremember
o Ribosehas the formula CsH;0O05
It forms a pentagonal ring in an aqueous solution
One of the corners of thering (draw this in the top) is occupied by an oxygen atom
The 5th carbon occupies a side chain (top-left)

o

o

o
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o Thecarbonatoms are numbered 1to 5 starting on theright and working clockwise
o The hydroxyl groups occupy positions above or below thering as follows

= Carbonatom1-above

= Carbonatom2 - below

= Carbonatom 3 - below

¢ Ribosesugars have animportant closerelative - deoxyribose sugars
o Bothare key components of RNA and DNA respectively
o The'R'and'D' of RNAand DNA comes from the sugarin the structure, ribose or
deoxyribose

STEP 1: DRAW THE PENTAGONAL C o

RING STRUCTURE, WITH CARBON |

5 AS A SIDE CHAIN C/ \
(THE SMALL RED NUMBERS ARE 4\ /
THE NUMBERS OF THE CARBON

ATOMS) e—5

5

e

STEP 2: ADD THE -OH AND CH OH
—-H GROUPS

(THE —OH GROUPS ABOVE, |/ \

BELOW, BELOW FROM

CARBON 1) / 4\H tlﬂ 1 \H
STEP 3: ADD THE -OH AND |3 |2
-H GROUPS TO CARBON 5 OH OH

Recommendedsteps to draw a molecule of ribose

CH,OH

\/ NP
H/ \I I/ \H
i
OH OH
Structure of ribose

Drawing a saturated fatty acid

e Therearetwo aspectstoasaturatedfatty acid
o Asaturated hydrocarbon chain
= Contains only C-Csingle bonds
= Eachinternalcarbon atomis bondedto 2 hydrogenatoms

o Acarboxylicacid group atone end
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* Youdon'tneedtomemorise any names of saturated fatty acids YOURNOTES
o Thenumber of carbon atoms inyourchainis also notimportant, but greater than 1
around 8 is advised.

STEP 1: DRAW THE SATURATED
HYDROCARBON CHAIN, WITH A METHYL HyHygHygHZH
GROUP (-CH3) AT ONE END é\l/é\l/é\l/é\l/é_H
(LEAVE THE CARBON ATOM AT THE i ? I § i (} i § ]
OTHER END JUST BONDED TO THREE H ol H H g H
OTHER ATOMS, FOR NOW)

HyHyHH 4 H
STEP 2: ADD THE CARBOXYL R S S N S oy ST
GROUP (HOOC-) O/C ; E | E | E | E i

Recommended steps to draw a molecule of a saturated fatty acid

EACH CARBON ATOM IS BONDED
TO TWO HYDROGEN ATOMS

'H H IHI H H
no_ e e e L Ly
SetiNe/ Il e 1IN/
of 'R IR Ry H R

| SATURATED HYDROCARBON TAIL |

Asaturatedfatty acid

Drawing a generalised amino acid

e Eachaminoacidhas central carbon atom

¢ Three of the bonds from the central carbon atom are occupied as follows
o ahydrogenatom
o acarboxylicacid group
o anamine group

¢ Thefourthbondattaches the central carbon to the Rgroup
o TheRgroupis variable and determines the identity of the amino acid
o Youwon't needtorememberany of the R groups oramino acid names

¢ Drawingthe 4 groups surrounding the central carbonin a flat structure is acceptable,
although therealarrangement of bonds around a carbon atomiis in a tetrahedral shape
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STEP 1: DRAW THE CENTRAL CARBON ATOM

STEP 2: DRAW THE AMINE (—NH,) AND
CARBOXYLIC ACID (-COOH) GROUPS

EITHER SIDE OF THE CENTRAL CARBON
(THIS IS IMPORTANT IF YOU HAVE TO
DRAW AMINO ACID LINKING TOGETHER)

STEP 3: DRAW THE HYDROGEN ATOM
BELOW THE CENTRAL CARBON

STEP 4: DRAW THE R GROUP ABOVE
THE CENTRAL CARBON

c
H O
N-C-C”
- OH
H
N-c-c”

M |y OH
R
ON-c-c7
M~ 4 OH

Recommended steps to draw a molecule of generalised amino acid

SIDE CHAIN

R—-GROUP — VARIABLE

(G

AMINO GROUP (BASIC)J 'C
|
H

CARBOXYL GROUP
(ACIDIC)

The generalised structure of anamino acid

ExamTip

The specificationis very clear about what you should remember and equally

importantly, whatyou don't have to memorise in this topic.With all these drawings,

practise with a penciland plenty of paperuntilyou getitright. It WILL stick! Once
you've memorisedit, 'draw’ questions should be easy marks!
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Molecular Diagrams: Identification YOURNOTES

* Aswellas beingable to draw certain molecules, animportant skillis being able to recognise !
certain biochemicals from molecular diagrams

¢ There are several features that help to identify molecules

¢ Thepresence of carbon, hydrogen, oxygen, nitrogen, sulfur and phosphorus can helpin
theidentification

¢ Allbiologicalmacromolecules contain carbon, hydrogen and oxygen

¢ Nitrogenandsulfur are presentin proteins

* Nitrogenis presentin nucleic acids (DNA, RNA)

¢ Phosphorusis also presentin certain molecules (DNA, RNA and phospholipids)

¢ Thepresence of ring structures, hydrocarbon chains, carbon-to-carbondouble
bonds, double-stranded areas and theratio of carbon to oxygenin a molecule all give
clues about the molecule's identity

CARBON, HYDROGEN AND OXYGEN

CARBOHYDRATES,
LIPIDS

NITROGEN

SULFUR

Using the Presence of Various Atoms to Identify Biochemicals

¢ Glycosidic bonds, ester bonds and peptide bonds allhave a distinctive appearancein
moleculardrawings and willimmediately identify carbohydrates, lipids and proteins
respectively
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*> Worked Example
Identify the Diagram (A, B, C or D) which Shows a Triglyceride Structure

CH,OH CH,OH

| 0 0 ? ?
o H " HN-CH,~C—NH-CH-C-OH
o H 1 AR oH H CH,
H H oH
H OH H OH
H O
H.C | I
: [o]  H-C-o-c-R
CH,
CH, ‘ 0
1l
CH C-0-C-R
: &, H-C-0-C-R
9
H-C-0-C-R"
HO !

Step 1: Look at the elements present in all the diagrams

We're looking for a triglyceride, a type of lipid. Lipids contain C, Hand O only. B also contains
nitrogen (B is a dipeptide)

Eliminate AnswerB
Step 2: Look forlipid structures
A containsring structures, sois likely a carbohydrate (A is a disaccharide)
Eliminate Answer A
Step 3: Look for three hydrocarbon chains

D contains three hydrocarbon chains (attached by esterbonds to glycerol). Cis cholesterol,
which is alipid, but not a triglyceride lipid.

Select AnswerD

The ratio of hydrogen to oxygen

o The numbers of hydrogen and oxygen atoms in a molecule can help to identify it
o Carbohydrates contain hydrogen and oxygenin a 2:1ratio
= Think of water, formula H,0O, and where the '-hydrates' part of the word
‘carbohydrates’ comes from

o Lipids contain a muchlower proportion of oxygenthan carbohydrates eg. C1sH3z402,
where the hydrogen to oxygenratiois 17:1
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Molecular Diagrams: Peptide Bond Formation

e Havinglearnedto draw the structure of a generalised amino acid, two or more of these can
bejoinedtogether to show how peptide bonds form during protein synthesis
¢ Amino acid monomers link togethervia a condensationreaction
o Thisreleases a molecule of water (H,0O)
o OneH atom (of thereleased water) comes from one amino acid's amine group
o TheotherHatomandan O atom come from the other amino acid's carboxylic acid
group

¢ This knowledge can be useful when drawing how two amino acids condense to form a
peptide bond

STEP 4: DRAW THE TWO AMINO

ACIDS SIDE-BY-SIDE R g R o
(MAKE SURE TO LINE THEM UP P B Ny a®
THE SAME WAY, WITH ONE W IR o W oH
AMINO ACID’S AMINE GROUP H H
CLOSE TO THE OTHER AMINO CENTRAL CARBON ATOMS

ACID’'S CARBOXYLIC ACID GROUP)

STEP 2: IDENTIFY THE 2 H R _0 L R _O
HYDROGEN ATOMS AND 1 ON=C-CT - + / N-Cc-C7
OXYGEN ATOM THAT o OH_ SH ) TOH
WILL CONDENSE AWAY AS THESE 3 ATOMS WILL BE REMOVED
WATER AND WILL FORM WATER (H,0)

W RO MR

STEP 3: DRAW THE PEPTIDE I

o il e
BOND FORMED, WITH THE NZCEC=N-C=C
RELEASE OF WATER AS A Ho W\ w/n OH
SH = HHE ST PEPTIDE BOND + H_ _H

@)

The recommended steps in drawing a peptide bond formation
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2 AMINO ACIDS REACT TOGETHER TO FORM A DIPEPTIDE YOURNOTES
H H !
HZN—C:,‘—COOH + HzN—C:,‘—COOH
R R

19
HZN—?—fr —N—;Lcl,‘—COOH
R | R

AMIDE/PEPTIDE LINK
IN THE DIPEPTIDE

Formation of a dipeptide
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2.4 Enzymes YOUR TOTES

2.4.1Enzymes

Structure of Enzymes

¢ Enzymes are biological catalysts
o ‘Biological becausethey functioninliving systems
o ‘Catalysts’ because they speed up the rate of chemical reactions without beingused
up orchangedthemselves
o Enzymes have an active site to which specific substrates bind

e Enzymes are also globular proteins
e Criticaltothe enzyme's functionis the active site where the substrate binds
¢ Enzymes are specific to the substrate
o Theshapes of the enzyme and substrate and their chemical properties are
complementary, to allow the substrate to fitinto the active site, like two jigsaw pieces
fitting together
o Thisis called enzyme-substrate specificity

¢ Dueto this specificity, thousands of enzymes are needed throughout an organism, to carry
outindividual chemical reactions
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Enzyme Activity

each otherat the moment of collision
o Themolecules 'bounce' off each otherandnoreaction takes place

¢ Someenzymes have two substrates that must each collide with a separate active site at

the sametime

specific substrate

e Thereaction occurs within the enzyme-substrate complex which leads to changes in the

chemical structure of the substrate

¢ Products are formed, which detach and move away from the active site, which can bere-

used

/

ACTIVE SITE

THE ACTIVE SITE
OF THE ENZYME

The active site of an enzyme has a specific shape to fit a specific substrate (when the

SUBSTRATE

This musthappen at the correct orientation and speed in order for a reaction to occur
o Unsuccessful collisions can occurwhen the molecules are not correctly aligned with

Substrates bind to enzymes, forming a temporary enzyme-substrate complex
¢ Theactivesite of an enzyme has a specific shape and chemical properties to bindwith a

)

THE ENZYME-SUBSTRATE
COMPLEX

substrate binds an enzyme-substrate complexis formed)

¢ Thespecificity of an enzymeis aresult of the complementary nature between the shape

of the active site on the enzyme andits substrate(s)

* Theshape of the active site (and therefore the specificity of the enzyme) is determined by

the complex 3-D shape of the protein that makes up the enzyme

o Proteins are formed from chains of amino acids held together by peptide bonds

o The orderof amino acids in this chain determines the shape of an enzyme
o Ifthe orderis altered, theresulting three-dimensional shape changes

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

Page 75 of 173

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

HYDROGEN PEROXIDE (H,0,)
(SUBSTRATE)

(f )

\'

!DNA POLYMERASE (ENZYME)

An example of enzyme specificity - the enzyme catalase canbind toits substrate hydrogen
peroxide as they are complementary in shape, whereas DNA polymeraseis not

2
V.

CATALASE (ENZYME)

PRODUCTS

SUBSTRATE

ACTIVE
SITE

— —

ENZYME-SUBSTRATE
COMPLEX

ENZYME

The temporary formation of an enzyme-substrate complex

¢ Enzymereactions can eitherbe catabolic oranabolic
¢ Catabolicreactionsinvolve the breakdown of complex molecules into simpler products,
which happens when a single substrate is drawn into the active site and broken apartinto

two ormore distinct molecules
e Examples of catabolic reactions include cellularrespiration and hydrolysis reactions
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CATABOLIC REACTIONS

THE SUBSTRATE ENTERS

THE ACTIVE SITE
/ESUBSTRATE

WHEN THE PRODUCTS ARE RELEASED THE
ENZYME CAN UNDERTAKE A NEW REACTION

N

THE SUBSTRATE IS
BROKEN INTO 2 PRODUCTS

\ PRODUCTS

A catabolic reaction

Anabolic reactions involve the building of more complexmolecules from simpler ones

when two ormore substrates are held in the active site, forming bonds between them and
releasing a single product

e Examples of anabolic reactions include protein synthesis and photosynthesis
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ANABOLIC REACTIONS YOUR TOTES

TWO SUBSTRATE MOLECULES ENTER
THE ENZYME’S ACTIVE SITE

.4—7& SUBSTRATES

THE TWO SUBSTRATE MOLECULES
FORM A SINGLE PRODUCT

PRODUCT

=

Copyright & Save My Exams, Al Rights Reserved

Ananabolic reaction

¢) ExamTip
* Don't forgetthat both enzymes andtheir substrates are highly specific to each other
- this is known as enzyme-substrate specificity.
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Factors Affecting Enzyme Activity

e Temperature, pH and substrate concentration affect therate of activity of enzymes
e Enzymes have a specific optimum temperature - the temperature at which they catalyse a
reaction at the maximumrate
¢ Lowertemperatures either prevent reactions from proceeding or slow them down:
o Molecules moverelatively slowly
o Lower frequency of successful collisions between a substrate molecule and the
active site of enzyme
o Lessfrequent enzyme-substrate complex formation
o Substrate and enzyme collide with less energy, makingit less likely forbonds to be
formed orbroken (stopping the reaction from occurring)

¢ Highertemperatures speed up reactions:
o Molecules move more quickly
o Higher frequency successful collisions between a substrate molecule and the active
site of enzyme
o More frequent enzyme-substrate complex formation
o Substrate and enzyme collide with more energy, making it more likely for bonds to be
formed orbroken (allowing the reaction to occur)

e However, as temperatures continue toincrease, therate at which an enzyme catalyses a
reaction drops sharply, as the enzyme begins to denature

y OPTIMUM TEMPERATURE
APPROX: 35

RATE OF
REACTION

HIGH TEMPERATURE
WILL CAUSE
DENATURATION

LOW TEMPERATURE
IS TOO COLD FOR
ENZYME TO FUNCTION

0] 10 20 30 40 50
TEMPERATURE /°C

The effect of temperature on the rate of an enzyme-catalysedreaction

ChangesinpH
e pHis aresult of the hydrogenion concentrationin a solution
e AlowpHis acid andhas a highhydrogenion concentration
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e AhighpHis alkalineand has alow hydrogenion concentration
¢ AlOxincreasein hydrogenion concentrationlowers the pH by Tunit
o pHistherefore measured on alogarithmic scale of hydrogenion concentration, not a
linearscale

e Waterhas a pH of 7,regarded as neutral

¢ Extremes of pH can also alterhydrogen bonding within an enzyme's structure and cause
irreversible denaturation

e Eachenzymehas anoptimum pH

Not allenzymes have an optimum pH nearto neutral. Forexample
o The stomach enzyme pepsinis adaptedtoworkbestatpH2
o Certain bacterialenzymes work at pH 9-10, in line with the pH of the bacteria's main

habitat
DIFFERENT ENZYMES OPTIMUM pH (APPROX):
HAVE DIFFERENT ° PEPSIN = pH 2
/\ OPTIMUM pH’s > <UREASE =pH7
| > TRYPSIN = pH 8
! |
TRYPSIN
UREASE
RATE OF PEPSIN
REACTION

The effect of pH on three enzymes'rates of reaction

Changesin substrate concentration

e Themore substrate molecules are presentin a solution, this increases the frequency of
collisions with the enzyme's active site

» Active sites are occupied or'blocked' by substrates whilst the reactionis taking place

* Themore active sites are occupied, the fewer are available to catalyse other substrate
molecules
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¢ Assubstrate concentrationrises, the slowertherise in therate of the enzyme-catalysed
reaction

¢ Theactivesites have become saturated

¢ Atthepoint of active site saturation, increasing the substrate concentration willcause no
furtherincreasein therate of reaction

* Atthepoint of active site saturation, a method of increasing therate of reaction would be to
make more active sites available by increasing the enzyme concentration

ACTIVE SITES SATURATED
/ AND NO FURTHER ADDITION
OF SUBSTRATE WILL ALTER
THE RATE OF REACTION

~7.

POINT OF ACTIVE
SITE SATURATION

RATE OF
REACTION

REACTION RATE FOLLOWS
THIS PATTERN WHEN THE
AMOUNT OF ENZYME IS FIXED

SUBSTRATE CONCENTRATION

The effect of substrate concentration on enzyme activity

(') ExamTip

¥ When answering questions about reaction rates forenzyme-catalysedreactions,
make sure to explain how the temperature affects the speed at which the molecules
(enzymes and substrates) are moving and how this, in turn, affects the number of
successful collisions.You should memorise the sketch graphs of temperature, pH
andsubstrate concentration andbe able to sketch new curves forchanged
conditions.
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Denaturation: Enzymes YOURNOTES
l

e Enzymes canbedenatured
¢ Hightemperatures and extremes of pH cause denaturation
¢ Bonds (eg. hydrogen bonds) holding the enzyme molecule inits precise 3D shape start to
break
¢ This causes the 3-dimensional shape of the protein (ie. the enzyme) to change
¢ This permanently damages the active site, preventing the substrate from binding
¢ Denaturationhas occurredif the substrate cannolonger bind
e Thereactionthatwas previously catalysed now no longer takes place
e Denaturation often causes the enzyme to becomeinsoluble and form a precipitate
* Veryfew human enzymes can function at temperatures above 50°C
o Thisis because humans maintain a body temperature of about 37°C, therefore even
temperatures exceeding 40°C will cause the denaturation of enzymes
o Hightemperatures causeincreasedvibrationsin the bonds and the hydrogenbonds
between amino acids start to break, changing the conformation of the enzyme

(’) Exam Tip

¥ Don't forget that enzymes are always proteins and so anything that could denature
a protein, rendering it non-operational (extremes of heat, temperature, pH etc.)
would also denature an enzyme.Avoid using the term 'destroyed’' when describing
the disruption to enzyme structure; the more accurate termis ‘denatured'.
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YOURNOTES

!
Immobilised Enzymes

Immobilised enzymes are widely used in industry

Just before 1900, it was discovered that enzymes could be used to catalyse production of
alcoholinthe absence of yeast cell

Since then, hundreds of enzymes have been developed outside of living cells for
commercial purposes

Uses of enzymes in industrial processes can be expensive, so we need ways to reuse them
in orderto be cost-effective

Animmobilised enzyme is an enzyme thatis attached to an insoluble material to prevent
mixing with the product and through this method, the enzyme can bereused in subsequent
reactions

Immobilised enzymes are usedin the following commercial processes

o

o

o

o}

e}

e}

o

Agriculture

Biosensors (diagnosis, analysis eg. forimpurities)
Manufacturing processes

Energy generation

Environmentalmanagement

Food/drinks industry

Medicines

¢ Methods by which enzymes can beimmobilisedinclude:
o Attachmenttoaninert substanceeg. glass

o}

o}

Entrapment within a matrix e.g. alginate gel
Entrapment within a partially permeable membrane
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YOURNOTES
T 1
@i
:
:
’
ENTRAPMENT
SEMIPERMEABLE
MEMBRANE

Different ways in which enzymes can be immobilised

¢ Themechanism of immobilised enzyme use works as follows:
o Theimmobilised enzymes are contained within a column
o Thesubstrateis filtered through this column in solution
o Asthesubstrateruns through the column, enzyme-substrate complexes are formed
and products are produced
o These products then flow out of the column, leaving the enzymes behind to catalyse
thereaction again

Page 84 of 173

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

SUBSTRATE SOLUTION

[Cowmi—

IMMOBILISED
ENZYMES IN
ALGINATE

BEADS

SOLUTION FLOWING
OUT OF COLUMN

Theimmobilised enzymes are contained within a column

Advantages of immobilised enzymes

Thereis no enzymein the product (the product is uncontaminated) and therefore there is
no needto further process or filterthe end product
Theimmobilised enzyme can be reused multiple times which is both efficient and cost-
effective (many enzymes are expensive)
o Reusingthe enzyme also avoids the need to separate the enzyme from the productin
downstream processing

Immobilised enzymes have a greater tolerance of temperature and pH changes
(immobilisation often makes enzymes more stable)

Substrates can be exposed to higher enzyme concentrations than when using enzymesin
solution, increasing therate of throughput

Conditions can be controlled carefully, allowingimmobilised enzymes to function close to
their optimum conditions and be more stable

Disadvantages of immobilised enzymes

Specialist expensive equipment is required

Immobilised enzymes are more costly to buy, so are unlikely to be financially worthwhile for
smallerindustries

Therate of reactionis sometimes lower when usingimmobilised enzymes as the enzymes
cannot mix freely with the substrate

Examples of immobilised enzymes in industry
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e There are many industrial and medical applications ofimmobilised enzymes, including YOURNOTES
production of the following: 1

o}

o

[e]

(e}

o]

o

Lactose-free dairy products such as milk
= Enzyme:Lactase
= Convertslactosetoglucoseandgalactose

Semi-synthetic penicillin which overcomes issues of penicillin resistance
= Enzyme:Penicillinacylase
= Converts the original form of penicillininto one which is effective against
penicillin-resistant organisms

Glucose products usedto sweeten and thicken foods
= Enzyme: Glucoamylase
= Converts starch and other dextrins into glucose

Fructose for sweetening of foods where a lower quantity of sugaris necessary
= Enzyme: Glucoseisomerase
= Converts glucoseinto the sweetersugar, fructose

Purified samples of L-amino acids usedin food production
= Enzyme: Aminoacylase
= Separates out L-amino acids from D-amino acids

Acrylamiderequiredin disposable nappy/diaper production
= Enzyme: Nitrilase
= Converts acrylonitrile into acrylamide

(’) Exam Tip

You willnot necessarily be asked about these specific examples of industrial uses of
immobilised enzymes (except forlactose modification), butitis useful to know of
some uses in order to be able to apply your knowledge accurately in the exam.When
discussing the advantages and disadvantages of immobilised enzymes, try to be
specific about the costimplications as there are various considerations when it
comes to the economical value ofimmobilising the enzymes.
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Lactose-free Milk Production

A closerlook atlactose-free milk production

o Milkis avaluable source of nutrients containing protein, fat and the carbohydrate
lactose
o 5-10% of the UK population are lactoseintolerant
= Theycan'tdigestlactose and suffer from bloating, digestive problems,
discomfort and pain

o Lactoseis adisaccharidethatis hydrolysedinto glucose and galactose

o TheyeastKluyveromyces lactis grows naturally in milk and can be cultured as a source
of theenzymelactase

o Glucoseandgalactose are sweeter thanlactose, soless sugarneeds to be added to
foods with modifiedlactose to achieve the same sweetness

o lcecreamandyoghurt production also benefit from having more glucose and
galactosethanlactosein the milk they are made from

LACTOSE, IS THE
DISACCHARIDE FOUND

IN MILK

XD

LX) [ ALGINATE BEADS BOUND
WITH LACTASE

LACTASE BREAKS THE LACTOSE
DOWN - INTO GLUCOSE & GALACTOSE
WHICH CAN BE EASILY ABSORBED BY
0 THE LACTOSE INTOLERANT

‘%/E’ LACTOSE-FREE MILK| [ G UCOSE GALACTOSE

&

Using theimmobilised enzyme lactase to modify milk
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Practical 3: Enzyme Experiments

Design of experiments to test the effect of temperature, pH and substrate
concentration on the activity of enzymes

* Three differentindependent variables can be tested
o Temperature
o pH
o Substrate concentration

¢ You should plan how the dependent variable is going to be measured
o With appropriate units

¢ Also,whatintervals of theindependent variable are going to be chosen

¢ Thesefactors dictate the choice of apparatus and otherequipment required forthe
experiment

¢ Thecontrol variables need to beidentified and monitored eg. temperature when
measuring the effect of pH

Investigating the effects of temperature or pH on catalase activity

e Theprogress of enzyme-catalysed reactions can beinvestigated by:
o Measuring therate of formation of a product
o Measuringtherate of disappearance of a substrate

¢ Inthisinvestigation, therate of product formationis usedto measure therate of an
enzyme-controlledreaction:

o Hydrogen peroxideis a common but toxic by-product of metabolism

o This means it must be broken down quickly

o Catalaseis an enzyme foundin the cells of most organisms that breaks down
hydrogen peroxide into water and oxygen

o Hydrogen peroxide and catalase are combined and the volume of oxygen generated
ismeasuredinasettime

o Therate of reaction can then be calculated
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TUBE TRANSFERRING YOURNOTES
OXYGEN OXYGEN COLLECTED l

IN MEASURING

CYLINDER

CONICAL
FLASK

& og

POTATO CUBES
(SOURCE OF
CATALASE)

HYDROGEN
PEROXIDE

WATER TO EXCLUDE
AIR DURING OXYGEN
COLLECTION

Experimental set-up forinvestigating the rate of formation of a productusing catalase

¢ If measuring the effect of temperature on enzyme activity, the conical flask containing
potato pieces canbe heldin a waterbath at the required temperature
o Thewaterlevelin the waterbath mustbe higherthan thelevel of H,O,in the conical
flask, to ensure even heating
o The conicalflask can also be swirled gently to mix the contents and maintain an even
temperature

Investigating the effect of substrate concentration on amylase activity
usingiodine
¢ Inthisinvestigation, therate of substrate disappearanceis usedto comparerates of
reaction under different conditions
¢ Amylaseis a digestive enzyme that hydrolyses starchinto maltose and glucose
o Amylasefunctions bestatpH 7 and 37°C (allenzymes operate best under specific
conditions)
¢ Amylase and starch are combined and this reaction mixture s then tested for starch at
regulartimeintervals
¢ This canbe done by taking samples from the reaction mixture at each timeintervaland
adding each sample to someiodinein potassiumiodide solution
o Starch forms a blue-black colour with this solution
o Ifnostarchis present, theiodine solution remains yellow-brown

¢ Inthis way, the time taken for starch to be broken down can be measured
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¢ Theinvestigation can berepeated under different starch concentrations and the YOURNOTES
reactionrates canthenbe compared 1
o This experiment also can be adapted to measure the effects of altering pH,
temperature orenzyme concentration

‘

MIXTURE TESTED \

FOR STARCH AT
REGULAR INTERVALS

AMYLASE +
STARCH
SOLUTION

C
OROXOlks
OXOXO
OXOXO

SPOTTING TILE
EACH WELL CONTAINS ONE DROP OF
IODINE SOLUTION TO TEST FOR STARCH

O
O
@
i

Experimental set-up forinvestigating the rate of disappearance of a substrate using
amylase

Investigating the effect of starch concentration on amylase activity using
colorimetry

¢ Acolorimeteris able to measurelight absorbance (how much lightis absorbed) orlight
transmission (how much light passes through) a substance

e Colorimetry can beusedin any enzyme-catalysedreaction thatinvolves a colour change

¢ Asthecolourbreaks down the transmissionincreases orlight absorption decreases and
this can be usedto measure the rate of the reaction

e Forexample, a colorimetercan be usedto follow the progress of a starch-amylase
catalysed reaction as the amylase breaks the starch downinto maltose

¢ This can be carried out as follows:

o Colorimeter calibration: this is animportant step in a colorimetric investigation andin
this case, a weakiodine solution can be usedto calibrate the colorimeteras the
endpoint (or100% transmission)

o Preparation of a starch solution of known concentration (stock solution), from which
arange of concentrations are made using serial dilutions (method outlinedin diagram
below)

o Following calibration and switching on the red filter (to maximise the percentage
transmission orabsorbance), the colorimeteris used to measure the percentage
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absorbance or percentage transmission values

o Sometimes areagentorindicatoris usedto produce the colours detected by the
colorimeterand sometimes the solutions themselves absorb light waves

o Acalibrationgraphis then plotted of starch concentration (x-axis) vs percentage
absorbance or percentage transmission (y-axis)

SERIAL STARCH DILUTIONS

—a 9cem® _—2 Gem® _—x 9cem® _— 9em® _— 9cm®
1em? WATER WATER WATER WATER WATER

e - e ~

1emd 1em® 1emd 1emd

10 em® 0.1% 0.01% 0.001% 0.0001% 0.00001%
1% STARCH 1/10 1/100 1/1000 1/10000 1/100000
SOLUTION

SERIAL STARCH SOLUTIONS MADE USING A DILUTION
FACTOR OF 10, SO EACH SOLUTION IS TEN TIMES
LESS CONCENTRATED THAN THE ONE BEFORE IT

STOCK
SOLUTION

Serial dilution of starch to make a range of concentrations

NOS: Experimental design; accurate, quantitative measurementsin
enzyme experiments require replicates to ensurereliability

¢ Accurate measurements mean datathatare closetothe truevalue
¢ Quantitative measurements must be made
o Aqualitative measurement might state that, "the enzyme worked at a fasterrate at the
highertemperature", whereas
o Aquantitative measurement for the same experiment might state that, "the enzyme
worked at arate of 2.3 mmol product minute™'at 40°C, versus 1.6 mmol product
minute'at25°C"
o Quantities, using numbers and appropriate units, are quoted in the experimental
results

¢ Reliable data are generated from repeated experiments
o Anomalies can beidentified and eliminated
o Areliable mean can be calculated from the data that remain
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YOURNOTES

(’) Exam Tip .

RE-member: RE-peats bring RE-liability to experimental data.
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YOURNOTES
i

Nucleic Acids: Structure

¢ Thenucleic acids DNA and RNA are polymers of nucleotides
Both DNA and RNA are polymers that are made up of many repeating units called
nucleotides
e Eachnucleotideis formed from:
o Apentose sugar(asugarwith 5 carbon atoms)
o Anitrogen-containing organic base (with either1or 2rings of atoms)
o Aphosphate group (this is acidic and negatively charged)

e Thebaseandphosphate group are both covalently bonded to the sugar

PHOSPHATE GROUP

NITROGENOUS BASE

PENTOSE SUGAR

The basic structure of a nucleotide

¢ Nucleotides join togetherin chains to form DNA or RNA strands
* The phosphate group of one nucleotide forms a covalent bond to the pentose sugar of
thenext one
o This carries on to form alarge polymer

e This forms a 'sugar-phosphate backbone' with a base linkedto each sugar

e Thepolymerof nucleotides is known as a strand

e DNAis double-stranded, RNAis usually single-stranded

e Therearejust4 separatebases thatcanbejoinedin any combination/sequence
o Becausethesugarand phosphate are the samein every nucleotide

e This sequenceis the basis of the genetic code as a store of genetic information
O Exam Tip
w

A common erroris to describe DNA or RNA as polymers of bases; more correctly,
they are polymers of nucleotides
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DNA & RNA: Comparison YOURNOTES

Like DNA, the nucleic acid RNA (ribonucleic acid) is a polynucleotide - itis made up of {
many nucleotides linked togetherin a chain

Like DNA, RNA nucleotides contain the nitrogenous bases adenine (A), guanine (G) and

cytosine(C)

Unlike DNA, RNA nucleotides never contain the nitrogenous base thymine (T) - in place of

this they contain the nitrogenous base uracil (U)

Unlike DNA, RNA nucleotides contain the pentose sugarribose (instead of deoxyribose)

RNA NUCLEOTIDE

PHOSPHATE GROUP

q NITROGENOUS BASE
(A, C,G, U
5

PENTOSE SUGAR
(RIBOSE)

DNA NUCLEOTIDE

PHOSPHATE GROUP

q NITROGENOUS BASE
CH (A,C,G T
5

PENTOSE SUGAR
(DEOXYRIBOSE)

An RNA nucleotide compared with a DNA nucleotide

¢ Unlike DNA, RNA molecules are only made up of one polynucleotide strand (they are
single-stranded)
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¢ Unlike DNA, RNA polynucleotide chains arerelatively short compared to DNA YOURNOTES
¢ Like DNA, the sugar-phosphate bonds (between different nucleotides in the same strand) 1

are strong covalent bonds
¢ Like DNA, the nitrogenous bases stick out sideways from the sugar-phosphate

backbone
KEY
[ = GUANINE NITROGENOUS
[ =CYTOSINE BASES PRESENT
X = ADENINE RS
@ =URACIL

_SUGAR-PHOSPHATE
BACKBONE

é/“ mRNA (SINGLE-STRANDED
MOLECULE)

The structure of RNA

Nucleotide Structure Summary Table
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YOURNOTES
Properties i
Pentose sugar Deoxyribose Ribose
Bases Adenine (A) Adenine (A)
Thymine (T) Uracil (U)
Cytosine (C) Cytosine (C)
Guanine (G) Guanine (G)
Number of Double—stranded | single—stranded
strands (double helix)
O ExamTip
L _J

You needto know the difference between DNA and RNAmolecules (base
composition, number of strands, pentose sugar present).
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Double Helix Structure YOURNOTES
l

¢ DNAis a double helixmade of two antiparallel strands of nucleotides linked by hydrogen
bonding between complementary base pairs

e Thenucleic acid DNAis a polynucleotide - itis made up of many nucleotides bonded
togetherin along chain

DNA NUCLEOTIDE

PHOSPHATE GROUP

Q NITROGENOUS BASE
CH (A,C,G, T
5

PENTOSE SUGAR
(DEOXYRIBOSE)

ADNA nucleotide

 DNA molecules are made up of two polynucleotide strands lying side by side, runningin
opposite directions - the strands are said to be antiparallel

e Each DNApolynucleotide strandis made up of alternating deoxyribose sugars and
phosphate groups bonded together to form the sugar-phosphate backbone

e Each DNApolynucleotide strandis saidtohave a 3’ end and a 5’ end (these numbers relate
towhich carbon atom on the pentose sugar could be bonded with another nucleotide)

e Becausethestrandsrunin opposite directions (they are antiparallel), oneis known as the
5’to 3’ strand and the otheris known as the 3’ to 5’ strand

¢ Thenitrogenous bases of each nucleotide project out from the backbone towards the
interior of the double-stranded DNA molecule
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» PHOSPHATE

PENTOSE
SUGAR

e NUCLEOTIDE

Asingle DNA polynucleotide strand showing 3 nucleotides in a sequence

Hydrogen bonding
e Thetwo antiparallel DNA polynucleotide strands that make up the DNA molecule are held
together by hydrogen bonds between the nitrogenous bases
¢ Thesehydrogen bonds always occurbetween the same pairs of bases:
o Thepurine adenine (A) always pairs with the pyrimidine thymine (T) - two hydrogen
bonds are formed between these bases
o Thepurine guanine (G) always pairs with the pyrimidine cytosine (C) - three hydrogen
bonds are formed between these bases
o Thisis known as complementary base pairing
o These pairs areknown as DNAbase pairs

Page 98 of 173

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

3:

2 HYDROGEN
BONDS

\ /5
: THYMlN&__; ADENINE

3 HYDROGEN
BONDS

|, SINGLE
NUCLEOTIDE

|, 2 HYDROGEN

BONDS
5?

ADENINE g_'i THYMINE
I|' _v

\ | DNA BASE PAIR

L - - = SUGAR-PHOSPHATE BACKBONE

Asection of DNA - two antiparallel DNA polynucleotide strands held together by hydrogen
bonds
Double helix

¢ DNAis nottwo-dimensionalas shown in the diagram above
¢ DNAis described as a double helix
¢ Thisrefers to the three-dimensional shape that DNA molecules form
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YOURNOTES
l
BASE
PAIR
~ i
[ SUGAR-PHOSPHATE
| BACKBONE
DNA
DOUBLE
HELIX
~
ANTIPARALLEL
STRANDS

KEY BASE SUGAR AND PHOSPHATE GROUPS

[

ADENINE THYMINE GUANINE CYTOSINE

DNA molecules form a three-dimensional structure known as a DNA double helix

(") ExamTip

¥ Makesure you can name the different components of a DNA molecule (sugar-
phosphate backbone, nucleotide, complementary base pairs, hydrogen bonds)
and make sure you are able tolocate these on a diagramRemember that covalent
bonds join the nucleotides in the sugar-phosphate backbone, and hydrogen bonds
join the bases of the two complementary strands togetherRemember that the
bases are complementary, so the numberof A=Tand C = G. You could be asked to
determine how many bases are presentin a DNA moleculeif given the number of just
oneof thebases.
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Crick & Watson

Francis Crickand James Watson were two Cambridge scientists who worked togetherto
establish the double helix structure of DNAIn 1953
They used data from their previous experiments on the composition of DNA
Published findings from other research labs played a role in developing theirmodel
o Rosalind Franklin, Edwin Chargaff and Linus Pauling, allof whom were leadingresearch
efforts in other universities, contributedimportant data to Crick & Watson's discovery
o This suggests that there was a close-knit collaboration, butin fact, there was alot of
competition between the groups to make the breakthrough discovery

Physical model-making played a largerolein theirsuccess
Early versions of the model were rejected forvarious reasons
o Itwas not compact enough
o Itwouldhave beentoounstable (DNAis a highly stable molecule)
o |tdidnotallow equivalent amounts of AandT,and C and G bases to be present
(Chargaff's findings)
o It fittedtogethermuch better once the second strand was flipped to become
antiparallel

Theirfinalmodel was constructed carefully with clamps, metal rods forbonds and with the
correctbond angles
Theirmodelwas the basis of alot of genetic research globally in the years that followed
o Notably, Crickand Watson's model sparked work to prove the way in which DNA
replicatesin cells

NOS: Using models as arepresentation of the real world; Crick and Watson
used model making to discover the structure of DNA

Models in science are built torepresent concepts andideas in a way that can be pictured
by ourbrains
Models can be accepted orrejected based on experimental data generated by further
research
Crickand Watson built physical, scale models of DNA to explain biological observations
o Using simple laboratory equipment (clamps, stands, metal rods etc)
o They adapted their models by making them morerealistic eg. by buildingin the
correctbondangles within molecules

They built successive models, using trial-and-error to arrive at the finalised model
Their first model of DNA was rejected, based on the findings of Rosalind Franklin
o Crickand Watsonreceived the Nobel prize for theirwork
o Franklin died aged 37 so neverreceived therecognition she deserved for her
significant role in defining DNA structure

Today, sophisticated computer modelling is performed, that
o Takes the place of physical model-making and provides further explanation of the
functions of various biomolecules
o Shortens the 'trial-and-error' cycles of model-making as experienced by Crick and
Watson
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YOURNOTES

(’) Exam Tip .

Crickand Watsons' model has been universally accepted because all further
research findings have supported theirmodel.
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YOURNOTES
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DNA Replication

e Thereplication of DNAis semi-conservative and depends on complementary base pairing
e Semi-conservative means that one strand of the 'parent’' DNAis keptin the 'daughter’
molecule
e Thisis calledthe template strand
¢ Theotherhalfis determined by the code on the template strand andis built up from free
nucleotidesin the nuclear space around the chromosomes
¢ This takes placein the nucleus
¢ Nucleotides are added one by one to the new strand according to the rules of
complementary base-pairing
o Ifanadenineis the next exposedbase on the original strand, a thymine nucleotide is
addedandyvice versa
o If acytosineis the next exposed base onthe original strand, a guanine nucleotide is
addedandyvice versa

¢ Hydrogenbonds can only form between the template strand and the new strandif the
correctbases are pairedup

¢ Therefore, the new DNA molecule has kept half of the parent DNA and then used this to
create anew, daughterstrand

(’) Exam Tip

¥ Makesure you don’tconfuse ‘parent cell’ with ‘parent organism’. A parent cell is any
cellin the body that divides into two cells and the terminology is used to refer to the
‘original’ cell that the DNA came from before it was split and replicated semi-
conservatively.
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Enzymes Involvedin Replication

» Helicase unwinds the double helixand separates the two strands by breaking hydrogen
bonds
¢ DNAreplication occurs in preparation for mitosis, when DNA must be doubled before the
parent cell can divide to produce two genetically identical daughter cells
¢ Theenzyme helicase firstunwinds the DNA, by flattening outits helical structure
o Analogy - think about untwisting aropeladder

* Helicasethen causes the hydrogenbonds to break between pairs of bases, exposing
bases on eitherstrand
o Analogy - unzipping a zipper

e Eachof these single polynucleotide DNA strands acts as a template for the formation of a
new strand made from free nucleotides that are attracted to the exposed DNA bases by
base pairing

HYDROGEN DNA NEW HYDROGEN
23:1?35 POLYMERASE BONDS BEING FORMED

BROKEN NEW
|
|"||||||||”"|||”||||”||”” m_LbNA
STRAND

NEW COVALENT

BONDS BEING

HELICASE FLATTENS FORMED

AND UNWINDS THE DNA

REPLICATION OF SECOND
STRAND (NOT SHOWN)

Helicase and DNA polymerase work together toreplicate each strand of DNA

¢ DNA polymeraselinks nucleotides together to form a new strand, using the pre-existing
strand as atemplate

¢ Followingthe action of helicase, thetemplate strandis exposed and new nucleotides are
joined together by DNA polymerase, which catalyses condensationreactions, toforma
new strand

e Theoriginal strand and the new strandjoin together through hydrogen bonding between
base pairs to form the new DNA molecule

¢ This method of replicating DNAis known as semi-conservative replication because half
of the original DNA molecule is kept (conserved) in each of the two new DNA molecules

e Theenzyme DNA polymerase synthesises new DNA strands from the two template
strands

¢ |tdoes this by catalysing condensation reactions between the deoxyribose sugar and
phosphate groups of adjacent nucleotides within the new strands, creating the sugar-
phosphate backbone of the new DNA strands

¢ DNA polymerase always works inthe same direction along a strand of DNA, the 5'to 3'
direction
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¢ Addingthe5' terminal of the new nucleotide to the 3' terminal of the strand being built YOURNOTES
e Hydrogenbonds then form between the complementary base pairs of the template and new DNA l
strands

e The copyingaccuracy of DNA polymeraseis very high
o Very few copying errors are madein DNAreplication
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KEY BASE SUGAR AND PHOSPHATE GROUPS !

[ —

ADENINE THYMINE GUANINE CYTOSINE

THE DNA DOUBLE HELIX
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|
==
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FREE
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TEMPLATE STRAND
FROM ORIGINAL
DNA  MOLECULE
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DNA POLYMERASE
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PHOSPHATE
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HYDROGEN BONDS
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| MALE \_// | BASE PAIRS YOURNOTES

!

The combined actions of helicase and DNA polymerase create new complementary DNA
strands
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Semi-Conservation Replication YOURNOTES
l

¢ DNA polymeraselinks nucleotides together to form a new strand, using the pre-existing
strand as atemplate
e Before a(parent) celldivides, it needs to copy the DNA contained within it
o Thisis sothatthe twonew (daughter) cells produced willboth receive the full copies
of the parental DNA

 The DNAis copiedvia a process known as semi-conservativereplication (half the DNAis
kept)

o Theprocessis calledso becauseineach new DNA molecule produced, one of the
polynucleotide DNA strands (half of the new DNA molecule) is from the original DNA
molecule being copied

o Theotherpolynucleotide DNA strand (the other half of the new DNA molecule) has to
be newly created by the cell
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ORIGINAL
DNA MOLECULE

BEFORE
REPLICATION

AFTER REPLICATION
(EACH NEW DNA
MOLECULE IS MADE
UP OF ONE STRAND
FROM THE ORIGINAL
DNA MOLECULE AND
ONE NEW STRAND)J

[ NEW DNA
STRANDS

STRANDS FROM ORIGINAL
DNA MOLECULE (TEMPLATE
STRANDS)

Semi-conservativereplication of DNA

The importance of keeping one original DNA strand

¢ |tensures thereis genetic continuity between generations of cells
o Inotherwords, it ensures thatthe new cells produced during cell division inherit all
their genes from their parent cells

e Thisisimportant because cells in ourbody are replaced regularly and therefore we need
thenew cellstobe able to do the samerole as the old ones
o Replication of DNA and cell division also occurs during growth

Crick and Watson proposed semi-conservative replication
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As part of their discovery of the double-helix structure of DNA, Crickand Watson made a YOURNOTES
hypothesis about how DNA copies during cell growth 1

They proposed a semi-conservative model, but had not provided the evidence

This was provided by two later scientists, Meselson and Stahl, in anotheraward-winning
piece of research

Analysis of Meselson and Stahl’s results gave the necessary support for Crick & Watsons'
hypothesis of semi-conservative replication of DNA
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Meselson & Stahl's Experiments

Analysis of Meselson and Stahl’s results to obtain support for the theory of
semi-conservative replication of DNA

e CrickandWatson, as they defined the shape of DNA, suggested a credible explanation of
how the DNAmoleculereplicates itself
o This was the theory of semi-conservative replication

¢ Like any scientific theory, this explanation required evidence to back up the claims
e Fiveyears aftertheirdiscovery, two other scientists, Matthew Meselson and Franklin
Stahl, provided data to prove Crick and Watsons' theory

Meselson and Stahls' Experiment

 Bacteria were grown in a broth containing the heavy (°N) nitrogenisotope
o DNA contains nitrogeninits bases
o Asthebacteriareplicated, they used nitrogen from the broth to make new DNA
nucleotides
o Aftersome time, the culture of bacteria had DNA containing only heavy (°N) nitrogen

o Asample of DNA from the N culture of bacteria was extracted and spunin a centrifuge
o This showedthatthe DNA containing the heavy nitrogen settled near the bottom of
the centrifuge tube

 Thebacteria containing only '°N DNA were then taken out of the N broth and added to a
broth containing only the lighter "N nitrogen. The bacteria were left for enough time for
one round of DNA replication to occurbefore their DNAwas extractedand spunina
centrifuge

o If conservative DNAreplication had occurred, the original template DNA molecules
would only contain the heavier nitrogen and would settle at the bottom of the tube,
whilst the new DNA molecules would only contain the lighter nitrogen and would settle
atthe top of the tube

o |f semi-conservativereplicationhadoccurred, all the DNA molecules would now
contain both the heavy '®N andlight N nitrogen and would therefore settle in the
middle of the tube (one strand of each DNA molecule would be from the original DNA
containing the heavier nitrogen and the other (new) strand would be made using only
thelighternitrogen)

e Meselson and Stahlconfirmed that the bacterial DNAhad undergone semi-conservative
replication.

o The DNA from this second round of centrifugation settledin the middle of the tube,
showing that each DNA molecule contained a mixture of the heavier and lighter
nitrogenisotopes

o If morerounds of replication were allowed to take place, the ratio of '>N:*N would go
from1:1afterthe first round of replication, to 3:1 afterthe second and 7:1 after the third

¢ This experiment proved Crick and Watsons' theory correct
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NOS: Obtaining evidence for scientific theories; Meselson and Stahl YOURNOTES
obtained evidence for the semi-conservative replication of DNA 1

e Meselson and Stahl's experimentis a great example of how scientists can obtain evidence
tobackup atheory about a biological process
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STAGE 1 YOURlNOTES
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U | SETTLES IN MIDDLE | YOURNOTES
l

U ONLY HEAVIER NITROGEN)
SETTLES AT BOTTOM

Meselson and Stahls' experiment provided unequivocal proof that DNA replicates via semi-
conservative DNA replication
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Transcription

This process of protein synthesis occurs in two stages:
o Transcription - DNAis transcribed and an mRNA moleculeis produced
= mRNAIis a single stranded RNA molecule that transfers theinformation in DNA
from the nucleus into the cytoplasm
= mRNA productionrequires the enzyme RNA polymerase
o Translation - mMRNA (messengerRNA) is translated and an amino acid sequence is
produced

The process of transcription

This stage of protein synthesis occurs in the nucleus of the cell
Part of a DNA molecule unwinds (the hydrogen bonds between the complementary base
pairs break)
This exposes the gene to be transcribed (the gene from which a particular polypeptide will
be produced)
Acomplementary copy of the code from the gene is made by building a single-stranded
nucleic acid molecule known as mRNA (messenger RNA)
Free RNA nucleotides pair up (via hydrogen bonds) with their complementary (now
exposed) bases on one strand (the template strand) of the ‘unzipped’ DNA molecule
The sugar-phosphate groups of these RNA nucleotides are then bonded together by the
enzyme RNA polymerase to form the sugar-phosphate backbone of the mMRNA molecule
When the gene has been transcribed (when the mRNA molecule is complete), the hydrogen
bonds between the mRNA and DNA strands break and the double-stranded DNA
moleculere-forms
The mRNA molecule thenleaves the nucleus via a pore in the nuclearenvelope
o Thisis where the term messengercomes from - the mRNA s despatched, carrying a
message, to another part of the cell
o DNAcan't make this journey; it's too big to fit through the pores in the nuclear
envelope
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NUCLEUS

FREE RNA
NUCLEOTIDES
ﬂ RNA :
4 POLYMERASE

‘ UNWINDS

~mRNA LEAVES

BASES

e NE! NUCLEUS
SUGAR—-PHOSPHATE ' TR PORE|
BACKBONE OF mRNA CYTOPLASM

° NUCLEAR ENVELOPE |

DNA s transcribed and an mRNA moleculeis produced

Sense and anti-sense strands

In the transcription stage of protein synthesis, free RNA nucleotides pairup with the
exposedbases on the DNA molecule but only with those bases on one strand of the DNA
molecule
The RNAwillhave a complementary base sequence to the DNA strand (with the
substitution of Thymine with Uracil)
The strand of the DNA molecule that carries the genetic codeis called the sense strand
The opposite DNAstrandis called the antisense strand
To getanRNA transcript of the sense strand, the antisense strand is the one that is
transcribed to form the mRNA molecule

o This mRNAmolecule willlater be translatedinto an amino acid chain
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RNA POLYMERASE |

DNA
SENSE
STRAND

DIRECTION OF
SYNTHESIS

ACGCACUCAUG

G | | |5,
TGCGTGAGTP*C /

DNA ANTISENSE
STRAND (THIS
KEY STRAND IS BEING

== = mRNA SUGAR-PHOSPHATE BACKBONE | LTRANSCRIBED)
== = DNA SUGAR-PHOSPHATE BACKBONE

The antisense strand of the DNA molecule is the one that is transcribed

Analogy: Think of transcription and translation as being like converting
between languages

e Eachlanguagehasits alphabet, just as nucleic acids and proteins have theirmonomers
¢ Transcriptionis like converting text from English to French
o The same characters areused, but there are slight differences
o Frenchuses the same alphabet as English but employs occasionalaccented
characterslike 3, é,or¢
o DNAandRNAemploy largely the same monomers, but with the slight differences of
the two pentose sugars and of UreplacingT.

¢ Translationis like converting text from a western language to alanguage thatuses a
different alphabet, like Japanese
o Acompletely different set of charactersis used
o Thesequence of characters is unrecognisable from the original
o If we could seethem, a chain of amino acids wouldlook nothing like a chain of
nucleotides

Transcription and Translation Canbe Likened to Conversion Between Languages Table
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Transcription DNA — RNA Similarities English — French Similarities l
DNA —> RNA TTACAGCTC — | Both use a similar ‘I received biology | "J'ai regu des Both use a similar
AAUGUCGAG set of monomers lessons at my cours de biologie | alphabet (with
(with a slight school” a mon école” slight differences:
difference; U ¢,4,é,0 etc)

replaces T)

Translation RNA —> Protein Differences French — Japanese Differences

RNA —> protein | AAUGUCGAG —> | Bothuse different | "J'direcu des e B 15 Both use different
Asn—Val-Glu monomers cours de biologie Zﬁggﬁimﬁ alphabets
(nucleotides amon école" = =
& amino acids)

(") Exam Tip

Be careful - DNA polymeraseis the enzymeinvolvedin DNAreplication; RNA
polymeraseis the enzymeinvolvedin transcription - don’t get these confused.
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l
Translation

e Translationis the synthesis of polypeptides onribosomes
» This stage of protein synthesis occurs in the cytoplasm of the cell
¢ Afterleavingthe nucleus, the mRNA molecule attaches to aribosome
e Aribosomeis a complexstructure thatis made of alarge and small subunit
o Ribosomes are themselves made of proteins and RNA (called ribosomal RNA orrRNA)

e There are binding sites on the subunits for the various othermolecules involvedin
translation

° LARGE SUBUNIT

° SMALL SUBUNIT)

Aribosomeis built of large and small subunits, ribosomal RNA and an area on the surface
that catalyses the formation of peptide bonds in a newly-synthesisedprotein

(') Exam Tip

w
Make sure you learn both stages of protein synthesis fully. Don’t forget WHERE
thesereactions take place - transcription occurs in the nucleus but translation
occurs in the cytoplasm!
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Genetic Code & mRNA YOURNOTES

e Theamino acid sequence of polypeptides is determined by mRNA according to the genetic {
code
« mRNAvaries inlength, depending on the length of the gene, butis around 2,000
nucleotides long, on average (in mammals)
¢ Only certain genes are transcribedin a particular cell, depending on the function of that cell
o The geneforrhodopsin (alight-sensitive proteinin the eye) is transcribed to mRNAn
retina cells, but not transcribed in otherbody cells where rhodopsin is not required;
that would be a waste of cellular energy

(’) Exam Tip
- Most RNA exists as mRNA but don't forget the other types; transfer RNA (tRNA) and
ribosomal RNA (rRNA).
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Codons of three bases on mRNA correspond to one amino acid in a polypeptide

The fournucleotide bases in mRNA are not enough to code for 20 separate amino acids
Pairs of nucleotides would only give 16 combinations (42 =16), which is still not enough
Triplets of nucleotides would yield 64 combinations (43 = 64), which is more than enough
Different triplets code forthe same amino acid, giving some protection against mutation
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o Atripletis a sequence of three DNAbases that codes fora specificamino acid

o Acodonis a sequence of three mMRNA bases that codes for a specific amino acid

o Acodonis transcribed from the triplet andis complementary to it

An anticodonis a sequence of three transfer RNA (tRNA) bases that are complementary to

acodon

o ThetransferRNA carries the appropriate amino acid to theribosome
o Theamino acid canthen be condensed onto the growing polypeptide chain

Certain codons carry the command to stop translation when the polypeptide chain is
complete ('Stop codons’)

FIRST LETTER

MRNA Codons and Amino Acids Table

Uuu
uuc} Fhe

UUA} 1
uuG J -&Y

SECOND LETTER

UAU
UAC } T

UAA Stop
UAG Stop

uGU
UGC } Ey=

UGA Stop
UGG Trp

cuu
cuc
CUA Leu
CUG

CAU } His
CAC

CAA }
CAG J Gln

CcGu
CGC
CGA
CGG | Arg

AUV
AUC } Ile
AUA}
AUG ~ Met

AAU
AAC } Asn

AAA} .
AAG | VTE

AGU } o
AGC

AGA
AGG} Arg

GUv
GUC
GUA
GUG

Val

GAU
GAC} A

GAA

GAG Glu

GGU
GGC
GGA
GGG

Gly
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YOURNOTES
*> Worked Example !
[

Usetherules of base-pairing and the mRNA Codons and Amino Acids Table
(above) to deduce the amino acid sequence coded for by the following DNA sense
strand sequenceTTC GAG CATTAC GCC

Step 1: Work out the antisense sequence using A-T and C-G base pairing rules
AAG CTC GTAATGCGG
Step 2: Work out the mRNA codons, complementary to the antisense strand
UUC GAGCAUUAC GCC

Step 3: Use the mRNA Codons and Amino Acids Table (above) to work out the first
amino acid

Firstbasein codon =U, secondbase =U, thirdbase=C
Sowe'relookingin the top-left box of the table; this amino acidis Phe
Step 4: Repeat for theremaining 4 codons
GAG=Glu
CAU=His
UAC =Tyr
GCC=Ala

Answer: The final sequence of amino acids is Phe-Glu-His-Tyr-Ala
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Codons & Anticodons

Translation depends on complementary base pairing between codons on mRNA and
anticodons on tRNA
Inthe cytoplasm, there are free molecules of tRNA (transfer RNA)
The tRNA molecules bind with their specific amino acids (also in the cytoplasm) and bring
them to the mMRNA molecule on theribosome
The triplet of bases (anticodon) on each tRNA molecule pairs with a complementary triplet
(codon) onthe mMRNAmolecule
Two tRNA molecules fit onto theribosome at any one time, bringing the amino acid they
are each carrying side by side
Apeptidebond is then formed (by condensation) between the two amino acids

o Theformation of a peptide bond between amino acids is an anabolic reaction

o Itrequires energy, in the form of ATP

o The ATP needed fortranslationis provided by the mitochondria within the cell

This process continues until a ‘stop’ codon on the MRNA moleculeis reached - this acts as
asignalfortranslation to stop and at this point the amino acid chain coded for by the mRNA
moleculeis complete

This amino acid chain then diffuses away from the ribosome and forms the final
polypeptide
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NUCLEUS

mRNA LEAVES NUCLEUS
AND MOVES TOWARDS
RIBOSOME

CYTOPLASM

NUCLEAR
ENVELOPE

\\A
AMINO ACID AMINO ACIDS
ATTACHMENT |_=>|Lys| |Tyr
SITE  RIBOSOME

Met

SR THIS tRNA HAS
AN ATTACHMENT
Kl i SITE SPECIFIC
L—w—’ o FOR TYROSINE
ANTICODON [ AND HAS
ANTICODON
THIS tRNA HAS % A% OF AUG
AN ATTACHMENT

( SITE SPECIFIC FOR | )
METHIONINE AND e

HAS AN ANTICODON tRNA MOLECULES BIND
OF UAC WITH THEIR SPECIFIC
AMINO ACIDS

The translation stage of protein synthesis - tRNA molecules bind with their specific amino
acids
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IN THE CYTOPLASM THE mRNA ATTACHES TO A RIBOSOME YOURNOTES

!

EACH tRNA HAS THE COMPLEMENTARY
ANTICODON TO THE CODON ON THE mRNA

THE FIRST tRNA
(WHICH ALWAYS
CARRIES THE
METHIONINE AMINO
ACID) FORMS
HYDROGEN BONDS
WITH THE FIRST
OR ‘START’ CODON
JAUG) ON THE mRNA.

A PEPTIDE BOND
FORMS
BETWEEN THE

AMINO ACIDS

_ * AMINO ACID

| Wi[@ﬂ

| NEmRNA MOLECULE |
‘START’ CODON |

THE SECOND tRNA
(BRINGING THE SECOND
PEPTIDE BOND| | AMINO ACID) BONDS WITH

Met—

Tyr

THE NEXT CODON ON THE
mRNA

N

THE RIBOSOME MOVES ALONG THE mRNA (IN A 5’
TO 3’ DIRECTION) ‘READING’ THE NEXT CODON

THE FIRST +tRNA
(NOW WITHOUT
AN AMINO ACID

IS RELEASED)

[ 7] THE THIRD <RNA
(CARRYING THE

THIRD AMINO ACID)
BONDS WITH THE

}tj COMPLEMENTARY
Met— Tyr / CODON
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A g

YOURNOTES
l

““

| 9]| THE RIBOSOME CONTINUES TO ‘READ’ THE mRNA
MOLECULE BUILDING A POLYPEPTIDE CHAIN UNTIL
IT REACHES A ‘STOP’ CODON

TRIGGERS THE RELEASE .
OF THE POLYPEPTIDE CHAIN

‘STOP’ CODON

The translation stage of protein synthesis — an amino acid chainis formed
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PEPTIDE BONDS @

PEPTIDE

CHAIN

RIBOSOME e

AMINO ACID

BOND

TRNA
MOLECULES

ANTICODON

COMPLEMENTARY _
BASE PAIRS

ll
—-

#Fsavemyexams

L

Anpolypeptide forms as peptide bonds are addedin sequence
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Polymerase Chain Reaction

Use of Taqg DNA polymerase to produce multiple copies of DNA rapidly by
the polymerase chain reaction (PCR)

¢ Polymerase chainreaction (PCR)is a common molecular biology technique usedin most
applications of gene technology, forexample, DNA profiling (eg. identification of criminals
and determining paternity) or genetic engineering
o PCRisalsousedinroutine COVID-19 testing to detect and amplify smallamounts of
viral RNA

¢ |tcanbedescribedas theinvitro method of DNA amplification

e |tisusedto producelarge quantities of specific fragments of DNA or RNA from very small
quantities (evenjust one molecule of DNA or RNA)

e Byusing PCRscientists can havebillions of identical copies of the DNA orRNA sample
within a few hours

e The PCRprocessinvolves three key stages percycle

¢ Ineachcycle, DNAis doubled so,inastandardrun of 20 cycles, 1 million DNAmolecules are
produced. The three stages are undertaken in a PCRinstrument (or thermal cycler) which
automatically provides the optimal temperature for each stage and controls thelength of
time spentateachstage

The process of PCR

e EachPCRreactionrequires:
o Target DNA orRNA thatis being amplified
o Primers (forward andreverse) - these are short sequences of single-stranded DNA
that define theregion thatis to be amplified by showing the DNA polymerase where to
beginbuilding the new strands
o DNApolymerase - is the enzyme used to build the new DNA or RNA strand.
= The mostcommonly used polymeraseis Taq polymerase as it comes from a
thermophilic bacterium Thermus aquaticus
= This bacteriumlives in hot springs in geothermal areas
= Tagpolymerase does not denature at the high temperature involved during the
first stage of the PCRreaction
= Theenzyme's optimum temperature is high enough to prevent annealing of the
DNA strands thathave notbeen copiedyet

o Freenucleotides - usedin the construction of the DNA or RNA strands
o Buffersolution - to provide the optimum pH for the reactions to occurin

e Thethreestagesare:
o Denaturation - the double-stranded DNAis heated to 95°C for15 seconds, which
breaks the hydrogen bonds that hold the two DNA strands together
o Annealing - the temperatureis decreased to between 50 - 60°C so that primers
(forward andreverse ones) can attach to the ends of the single strands of DNA by
hydrogen bonding
o Elongation /Extension - the temperatureisincreasedto72°C foratleastaminute
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= Thisis the optimum temperature for Tag polymerase to build the complementary

strands of DNA
= Toproducethe new identical double-stranded DNA molecules

o Thethreestages of a cycle take 2-3 minutes, so many cycles can be completedin a
short space of time

5’ 3’
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1 Wi
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ATTACHING
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The substances required for the Polymerase Chain Reaction to occurandthe three key YOURNOTES
stages of thereaction 1

(f) Exam Tip
¥ ltis important to know the three stages and the temperatures the reactions occurat
during the different stages. You must also know why the Tag polymeraseis usedin

PCR.
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Production of Human Insulin

Production of humaninsulin in bacteria as an example of the universality of
the genetic code allowing gene transfer between species

Prior to the mid-1980s, some insulin-dependent diabetics would need toinject pig or cattle insulinas a
substitute for humaninsulin to control their blood sugars
o Some diabetics developed an allergy so could not use it

Human insulin can be produced by other organisms by transferring the humaninsulin gene to them for
large-scale expression of that gene
DNA canbe transferred from a human to a prokaryote (eg. E. coli), a eukaryote single-celled organism
(eg. yeast) oraplant(eg. safflowerspecies)

o All these organisms express the humaninsulin gene

o Theinsulin produced can be harvested for medical use

Thefactthat DNA can be transferred from one organism to anotheracross kingdoms (and
canstilldo the samejob) demonstrates the universality of the genetic code
o Thepresence of nucleotides is a marker between living and non-living entities

This was an early successful example of genetic modification

Human and Bacterial DNA working together

In1982, insulin was the first genetically engineered human protein to be approved forusein
diabetes treatment
Bacterial plasmids are modified to incorporate the humaninsulin gene
These genetically modified plasmids are then inserted into Escherichia coli
The newly-adjusted bacteria areisolated, purified and placedinto large scale fermenters
that provide optimal conditions
The genetically engineered bacteria multiply by binary fission, and express the human
protein -insulin, which is eventually extracted and purified
The advantages for scientists to use genetically engineeredinsulin are:
o |tisidentical tohumaninsulin, unless modified to have different properties (eg. act
faster, whichis useful for takingimmediately after eating or to act more slowly)
o Thereis areliable supply available to meet demand(no needto depend on the
availability of meat stock)
o Fewer ethical, moral orreligious concerns (proteins are not extracted from cows or
pigs)
o Fewerrejectionproblems or side effects orallergicreactions
o Cheaperto produceinlargevolumes
o Thatitis useful for people who have animal insulinintolerance
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—E_ cour ca
(&

INDUSTRIAL
FERMENTE

BACTERIAL AND

g
HUMAN DNA ) ’) e
JOINED TOGETHER O

AND FUNCTIONING

PLASMID CONTAINING GENETICALLY HUMAN INSULIN
HUMAN INSULIN GENE ENGINEERED FOR PURIFICATION
E.COLI

The production of humaninsulin; the combination of DNA from two widely different

organisms demonstrates the universality of the genetic code

(') ExamTip

The details of the steps of production of human insulin are not required here. The
main learningis that DNA and RNA are a universal code that applies to all life forms,
as demonstrated by our ability to transfer genes successfully across species and
kingdoms.
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Drawing DNA & RNA Nucleotides & DNA Double Helix

Drawing simple diagrams of the structure of single nucleotides of DNA and
RNA

* Simpleshapes can beusedto draw the main building blocks of nucleotides and the DNA
double helix
o Advanced drawing skills are not required!

¢ Pentagons canrepresent pentose sugars
¢ Circles canrepresent phosphates
o Oftenshown as acircle with theletterPinside: ®

¢ Rectangles canrepresentbases
¢ Covalentbonds can be shown with solid lines
¢ Hydrogenbonds can be shown with dashed lines
o Orwith complementary shapes that fit together(see diagrams)

®

PENTOSE SUGAR PHOSPHATE NITROGENOUS
(DEOXYRIBOSE BASE
OR RIBOSE)

WHEN ARRANGED INTO A SINGLE

NUCLEOTIDE: THE BASE |S BONDED
TO THE C;, ATOM

THE PHOSPHATE IS BONDED TO

THE C; ATOM

Simple shapes canbe usedtorepresent parts of nucleotide molecules
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TWO NUCLEOTIDES CAN BE SHOWN BONDED TOGETHER
IN THE SAME STRAND AS FOLLOWS: THE PHOSPHATE
FROM ONE NUCLEOTIDE BONDS TO THE C; ATOM OF
THE ADJACENT PENTOSE SUGAR

ADENINE

CYTOSINE

Two nucleotides shown bonded together covalently within a strand

HYDROGEN BONDS
BETWEEN BASES
WITHIN A BASE PAIR

ADENINE [ZZZZZZ2CZZZmmahaviiNS

CYTOSINE F-----z---- - JEVNNIN =

When drawing the base pairing, the opposite strand should be antiparallel to the first. The
presence of hydrogen bonding is shown, but the numbers/lengths of bonds is not required
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HYDROGEN BONDING CAN YOURNOTES
-BE SHOWN AS COMPLEMENTARY 1
SHAPES FITTING TOGETHER

ADENINE S THYMINE

CYTOSINE ( GUANINE

Analternative way to draw a DNA strandis to use complementary shapes for the bases

(") Exam Tip

* Simple, hand-drawn shapes will sufficein an exam. Expert tip - a large drawing is
always easier foran examiner to read (and award marks for) than a small one!lRead
the question carefully; examiners often want a whole nucleotide to be identifiedin
yourdiagram and to ensure your diagramincludes all 4 complementary bases.You
don'thave torememberthe number of hydrogen bonds between the bases.Also,
remember to draw DNA strands as antiparallel (one upside-down versus the other)
but you don'thave to be able to draw a helix shape!
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Determination of MRNA Base Sequence

e Therules of base pairing and the table of mMRNA codons are needed to be able to convert
between DNA sequences, mRNA base sequences and amino acid sequences

o Atripletis asequence of three DNA bases that codes for a specificamino acid

e Acodonis asequence of three mRNAbases that codes for a specific amino acid

e Acodonistranscribed fromthe triplet andis complementary to it

¢ When comparing the genetic code to amino acid sequences, mRNA codons are often
used

¢ Thefourbases foundin RNA molecules (adenine, uracil, cytosine and guanine) have the
ability to form 64 different codons

¢ Multiple mMRNA codons can encode the same amino acid

o This means that a changein the genetic code doesn’t necessarily resultina change
in the amino acid sequence
= Forexample, UGU and UGC both code forthe amino acid, cysteine

e Somesendimportant signals to the transcription machinery
o The START codoninitiates the process of transcription and ensures it starts in the right
location (this is always the amino acid methionine in eukaryotic cells, coded for by the
codon AUG)
o STOP codons cause transcription to terminate and do not code foran amino acide.g.
UAA

¢ The genetic codeis non-overlapping
o Eachbaseis onlyreadonceinthe codonitis part of

Therules of base pairing

e InDNA,
o Adenine (A) always pairs with Thymine (T)
o Cytosine (C) always pairs with Guanine (G)

¢ InRNA, Thymine (T) is replaced by Uracil (U)
o This means thatthe base Adenine (A) in DNAis transcribed to Uracil (U) in the mRNA
strand

The mRNA Codons and Amino Acids table

e Thefirstthree bases of an mRNA strand form the first codon

e Thefirstbase of the codonis read from the first column of the table
* Thesecondbase of the codonis read from the top row of the table

e Thethird base of the codonis read from the final column of the table

mRNA Codons and Amino Acids Table
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SECOND LETTER YOURNOTES

FIRST LETTER

uuu
uuc} Rhe

UUA} 1
uuG J &Y

UAU
UAC } LB

UAA Stop
UAG Stop

uGU
UGC } £is

UGA Stop
UGG Trp

Ccuu
cuc |
cian %

CuUG

CAU } His
CAC

CAA }
CAG J Gln

cGu
CGC
CGA
CGG | Arg

AUU
AUC } Ile
AUA}
AUG ~ Met

AAU
AAC } Asn

AAA} .
AAG [ YE

AGU} o
AGC | °®

AGA
AGG} Arg

GUU
GuUC
GUA
GUG

Val

GAU
GAC } £

GAA

GAG Glu

GGU
GGC
GGA
GGG

Gly
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Intrepreting the Genetic Code YOURNOTES
l

» Useatable of the genetic code to deduce which codon(s) corresponds to which amino
acid

e The 20 amino acids are all coded forin the Table of MRNA Codons

¢ Someamino acids are only coded for by one codon eg. methionine (Met), coded by AUG

¢ Otheramino acids have several codons that code for them eg. arginine (Arg), coded by
CGU,CGC,CGA,CGG,AGAandAGG

*> Worked Example

° Usethe table of MRNA Codons and Amino Acids to identify the mRNA codons that
code forthe following amino acids:

1. Histidine (His)

2. Tryptophan (Trp)
3.Glycine (Gly)

4. Leucine(Leu)

Step 1: Look up His inthe table
Codon CAU (no others)
Step 2: Look up Trp inthe table
Codon UGG (no others)
Step 3: Look up Gly inthe table
Codons GGU, GGC, GGAand GGG
Step 4: Look up Leuinthe table

Codons CUU, CUC, CUA, CUG, UUA, UUG
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Deducing the Sequences

Use a table of mMRNA codons and their corresponding amino acids to deduce the sequence
of amino acids coded by a short mRNA strand of a known base sequence

*> Worked Example
[

Deduce the amino acid sequence coded for by the mRNA
sequenceAUGACUGGGCCUCCCCAAUAUUAG

Step 1: split the mRNA sequence into triplets
AUGACUGGG CCUCCC CAAUAUUAG
Step 2: look up the first tripletin the mRNA Codons and Amino Acids Table:
AUG =Met
Step 3: repeat for the remaining triplets
ACU=Thr
GGG =Cly
CCU=Pro
CCC=Pro
CAA=CIn
UAU =Tyr
UAG = Stop
Step 4 : link the amino acids together

Met-Thr-Gly-Pro-Pro-GIn-Tyr

(') Exam Tip

Inan exam, you may be asked to predict the effect of specific mutations in the
genetic code. Rememberthat the genetic code allows more than one amino acid to
be coded for by triplets and is non-overlapping!You will not be required to memorise
specific codons and the amino acids that they code for.
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YOURNOTES
i

Cellular Respiration Defined

e Cellrespirationis the controlledrelease of energy from organic compounds to produce
ATP

¢ Respirationis a series of chemical reactions thathappens in every cell

e |tspurposeis torelease energy in usable forms from the chemical energy storedin food
e.g.glucose

* Respirationis a catabolic process

e Glucoseis the mainrespiratory fuelusedin cells

o Lipids andproteins canalsobeused

¢ Organicfoodsubstances contain alot of chemical energy
¢ This energy cannot bereleased in one, uncontrolled step in cells, which would cause cell
damage andtissue death
e Enzymes control the release of energy through a series of chemicalreactions called a
pathway
¢ This endsinthe production of ATP (adenosine triphosphate)
o Tomake ATP, a phosphate group is linked to adenosine diphosphate (ADP)
o This process requires energy which comes from the breakdown of organic molecules

e Theenergy thatis releasedis used for
o Fuellinganabolic processes
o Muscle contraction
Fuelling active transport
Moving molecules around the cell
o Generating heat to maintain body temperature in warm-blooded animals

e}

(e}

O Exam Tip
* Respiration is often confused with breathing, but remember, respirationis a
chemical process, breathingis a method of moving airin and out of the body
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ATP

ATP is a source of energy for cellular processes

The energy can bereleasedimmediately, exactly whenitis required

Allorganisms require a constant supply of energy to maintain their cells and stay alive

This energy is required:

Inanabolic reactions - synthesizing larger molecules from smallermolecules

o Tomovemolecules across the cellmembrane (active transport)

Tomove substances and organelles within the cell

Inanimals, energy is required:
= Formuscle contraction - to coordinate movement at the whole-organism level
= |nthe conduction of nerveimpulses, as wellas many other cellular processes

o]

o

o

In allknown forms of life, ATP from respirationis used to transfer energy in all energy-
requiring processesin cells
ATPis convertedto ADP and phosphate whenreleasingits energy

o ADP andphosphate canthen bere-converted to ATP duringrespiration

Organisms require a constant supply of ATP because much of the energy is dissipated

(losttothe surroundings) as heat
ATP f\

ACTIVE TRANSPORT,
RESPIRATION MUSCLE CONTRACTION,
ANABOLIC REACTIONS

ADP + P,

SHORTHAND FOR
"INORGANIC PHOSPHATE"

The constant cycling of ATP and ADP+Pi within a cell
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Anaerobic Respiration: ATP Yield

In cells, thereis a much lower energy yield from respiration in anaerobic conditions thanin
aerobic conditions
There can be different ways in which oxygen becomes unavailable
o When oxygen supply can't keep up with demand in heavily respiring cells
= Butashortsupply of ATP s stillrequired eg. vigorous exercise requiring a lot of
muscle contraction

o Inconditions where oxygen cannot reach the organisms eg. in waterlogged sail

In anaerobic respiration, glucoseis only partially oxidised meaning only a small part of its
chemical energy is released and transferred to ATP
o Theonly ATP-producingreaction that continues is the first stage of respiration (around
2 ATP molecules per molecule of glucose)

As thereis no oxygen, none of the remaining reactions (of aerobic respiration) can take
place
o This means that around 36 ATP molecules are not produced anaerobically that would
otherwise have been producedin the presence of oxygen
o 2 ATP moleculesis betterthan zero ATP molecules, so anaerobic respiration can give a
short discharge of energy when oxygen runs out

Different types of organisms produce different products when respiring anaerobically
o Plants and yeasts produce ethanol and CO,
o Animals producelactate
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[ANAEROBIC RESPIRATION IN YEAST

CARBON
GLUCOSE > ALCOHOL | + i)

#savemyexams

ANAEROBIC RESPIRATION IN MUSCLES
DURING VIGOROUS EXERCISE

LACTIC
GLUCOSE | | > a

#Fsavemyexams

Anaerobic respirationin yeast produces different products to anaerobic respirationin
animals
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Anaerobic Respiration: Yeast YOURNOTES

» Bakers can make use of anaerobic cellrespiration in yeasts to produce ethanol and carbon {
dioxidein baking

* Yeasts are single-celled fungi thatlivein areas where sugars are present eg. on fruit oron
leaves

e Theycanrespire aerobically oranaerobically

¢ Flour contains starch, and when mixed with water and yeast can form a bread dough

e Thedoughis kneaded to mix everything together

e Thedoughisthenleftinawarmplacetoencouragetheyeasttorespire

¢ Yeastcells growrapidly innumber while oxygen s still presentin the dough

o Theyeasthydrolyses the starchinto maltose and glucose andrespire the sugars,
aerobically at first

¢ The dough soon becomes anaerobic (all the oxygen withinitis used up aerobically by the
yeast)

¢ Anaerobicrespiration takes over and CO,bubbles begin to formin the dough

e Thesebubbles allow the dough torise (swell up)

e Bakingthe doughkills the yeast and the bubbles form the fluffy texture of the finished
bread

¢ Ethanol, the other product of anaerobic respiration of yeast, is produced but evaporates
during the final baking stage

BAKING KILLS THE YEAST,
EVAPORATES ETHANOL
AND LEAVES AIR POCKETS

TOGETHER TO FORM DOUGH IN' THE RISING DOUGH

IN A WARM ENVIRONMENT,
YEAST BREAKS DOWN THE
STARCH IN FLOUR, THEN
RESPIRES ANAEROBICALLY
TO RISE THE DOUGH

Therole of anaerobic respiration of yeastin breadmaking to cause bread dough torise
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Anaerobic Respiration: Lactate Production YOURNOTES
l

¢ Animals have evolved a system to provide a short burst of energy in exceptional
circumstances
o Anaerobic respiration can help to generate powerful muscle contractions in the short
term eg. to escape from a predatororto catch prey

e Forhumans, anaerobic respiration plays arolein sport and exercise more thanin survival
e Glucoseis metabolised tolactate when oxygen can't be supplied quickly enough to
muscle cells
e |actateaccumulatesinthosecells andtissues
¢ Lactateis toxic aboveacertainlevel and can cause discomfort and even pain (cramp)
¢ This limits howlong an athlete can perform anaerobically for eg. sprinters, who typically
onlyrace over400 metres orless
e Afterlactateis producedit has to be broken down aerobically
e Thebreakdown of lactate needs extra oxygen
o This extra oxygenis referred to as an oxygendebt
o Itexplains why animals breathe deeper and faster for a period of time after exercise

(') ExamTip
*  Youwon'tbe expectedto know the totalyield of ATP from each type of respirationin

detail but be prepared to explain why anaerobic respiration produces substantially
less ATP than aerobic respiration.
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Aerobic Respiration

» Aerobic cellrespiration requires oxygen and gives a large yield of ATP from glucose
e Thepresence of oxygen allows glucose to be broken down fully into carbon dioxide and
water
¢ Thisyields farmore energy (approx. 36 ATP molecules) than anaerobic respiration (2 ATP
molecules) permolecule of glucose
e CO,is awasteproduct andhas to be excreted
o Exceptinplants whereitis used forphotosynthesis

¢ Wateris aby-product and contributes to the organism's water needs
o Some animals thatlive in deserts drink very little but survive on this water

e Mostofthereactions of aerobic respiration, in eukaryotes, take placein the mitochondria

AEROBIC RESPIRATION

6@
CARBON

GLUCOSE | + | OXYGEN > Soxine |+ | WATER

#Fsavemyexams

Aerobic respiration releases energy during the reaction between glucose and oxygen

Comparing combustion and respiration

e There areimportant similarities between the burning (combustion) of fuels and the two
forms of respiration

¢ Bothrequire oxygen andproduce CO,and water

¢ Bothrelease heat from the breakdown of chemicalbonds in the fuel

Comparing Respiration and Combustion Table
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Oxygen Energy
Reaction  supply Products Output
Bunsen Methane Combustion | High CO, and High
Burner (collar open) water (blue flame)
Acell Glucose Respiration | High CO, and High
E (aerobic) water (36 ATPs)
Bunsen Methane | Combustion | Low Carbon, Low
Burner (collar closed) | carbon (yellow
monoxide flame)
Acell Glucose Respiration | Low Lactate Low
éﬁ (anaerobic) (2 ATPs)
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Respirometer

Analysis of results from experiments involving measurement of respiration
ratesin germinating seeds orinvertebrates using arespirometer

* Respirometers are usedto measure andinvestigate the rate of oxygen consumption
duringrespiration in organisms
¢ Theexperiments usually require live organisms such as seeds orinvertebrates
o Use of animals should be minimised when seeds can provide excellent data

e There are many different designs of respirometers, though they allhave certain features in
common
o Asealed container containinglive organisms and air
o Analkaline solution (eg. potassium hydroxide) to absorb CO,
o Acapillary tube connectedto the containerand set against a graduated scale (a
manometer)

e Theorganisms respire aerobically and absorb oxygen from the air

 The CO,theyreleaseis absorbed by the alkali

¢ Thisreduces the air pressure inside the sealed chamber

¢ Themanometer fluid (shown in red below) moves towards the organisms because of the
pressure dropinside the chamber

¢ Therespirometermustbe keptin very temperature-controlled conditions because slight
fluctuationsin temperature can affect the air pressure

o Athermostatically controlled waterbathis the best way to maintain a constant
temperature

¢ Repeatreadings shouldbe carried out foreach set of experimental conditions, in orderto
identify and eliminate anomalies
o Repeatreadings give areliable mean
Analysis

o Respirometers can be usedin experiments toinvestigate how different factors
affect therate of respiration of organisms overtime
= Eg.temperature - using a series of water baths

Use of technology to measure rate of respiration

» Technological devices can automate and make the measurement of respiration rate easier
o Nottobeconfusedwith breathingrate

* Oxygensensors and CO, monitors can measure oxygen and CO,concentrationin real-
time
o Without the needto expose the subject to hazards such as strong alkalis

« Dataloggers canrecord data over a period of time foranalysis later
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1cm® SYRINGE: USED TO RESET THE POSITION N YOURNOTES

OF THE MANOMETER FLUID AFTER EACH TRIAL l

SCREW-CLIP: USED TO
SEAL THE APPARATUS AND
TO REFILL THE TUBES WITH
AIR BETWEEN TRIALS

GERMINATING GLASS BEADS
MUNG BEAN 1M = T | equac 7o
SEEDS CONSUMING - VOLUME OF MUNG
OXYGEN = | BEAN SEEDS:
AND PRODUCING 3 b = | THIS ENSURES
CARBON DIOXIDE a % VOLUME OF AIR
THROUGH ~NL = IN BOTH TUBES
RESPIRATION A = IS EQUAL

| EXPERIMENTAL TUBE i 7T CONTROL TUBE |

_ SODA —LIME/KOH/NaOH: REMOVES
Sitms ARl CARBON DIOXIDE PRODUCED BY

PROTECTS THE
CELLULAR RESPIRATION
SEEDS FROM

SRNTACT W CAPILLARY U-TUBE CONTAINING
Eﬁggg%ﬁq@?{m' MANOMETER FLUID:
FLUD MOVES UPWARDS DUE TO
CHANGE IN AR PRESSURE IN
EXPERIMENTAL TUBE AS OXYGEN
IS CONSUMED BY SEEDS

The typical set-up of arespirometer

The equation for calculating achange in gas volume
 Thevolume of oxygen consumed (mm3 min-') can be worked out using the radius of the
lumen of the capillary tube r(mm) and the distance moved by the manometer fluid h (mm) in
aminute using the formula:

mrh

*> Worked Example

o . . _ . .
Arespirometerwas set up with germinating mung beans in the experimental tube.

Aftera period of equilibration, the liquidin the capillary was measured to move by
2.3cmin 25 minutes 30 seconds. The capillary tube had aninternal diameter of
0.30 mm.Calculate therate of respiration of the mung beans, measured as therate
oxygen uptake, in mm?® hr-'Use the value of pi (1) = 3.141 and state your final answer
to 2 significant figures
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Step 1: Calculate the cross-sectional area of the capillary tube

Diameter=0.30mm, soradius=0.30+-2=0.15mm

Cross sectionalarea =mr?2=3.141X 0.152=0.0707 mm?

Step 2: Calculate the volume of oxygen that had been taken up

Theliguidmoved 2.3 cm, whichis 23mm

Volume of liquid movedin 25 minutes 30 seconds =

mr2h , whereh =23mm
=0.0707X23=1.625mm?3

Step 3: Calculate therate of oxygen consumption per hour

25 minutes 30 seconds =25.5 minutes

Rate perhour=1.625 X (60 +25.5)
3.824mm3hr!

To2sf=3.8mm3hr!

NOS: Assessing the ethics of scientific research: the use of invertebratesin
respirometer experiments has ethical implications

The use of live animals in experiments has raised ethical concerns
Shouldwe be removing animals from their natural habitat?
o Does humanlearning outweigh the suffering that may be caused?

Willthe animals suffer or feel pain?

How can exposure to hazards be minimised forthe animals eg. avoiding contact with the
alkali

Animals must be returned to theirnatural habitat directly after the readings have been
taken

Canan alternative method that uses othernon-animal species be found that still provides
learning eg. the use of germinating seeds?

There must be no laboratory work that causes pain or suffering to animals orhumans

(") Exam Tip

There are several ways you can manage variables and increase the reliability of
results in respirometer experiments:

¢ Useacontrolledwaterbath to keep the temperature constant

e Havea controltube with an equal volume of inert material to the volume of the
organisms to compensate forchanges in atmospheric pressure

* Repeat the experiment multiple times for reliability and calculate a mean
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2.8 Photosynthesis YOUR TOTES

2.8.1Photosynthesis

Photosynthesis Defined

¢ Simple, inorganic compounds are convertedinto complex organic ones by
photosynthesis
o Theenergy requiredis provided by light

e Photosynthesis occurs in autotrophic organisms such as plants, algae and cyanobacteria
o H,Oand CO,aretheraw materials

¢ Photosynthesisis a form of energy conversion, from light energy to chemical energy,
storedin biomass
¢ Energyis stored within the bonds of these organic compounds
e Photosynthesis can bethought of as the exactreverse of respiration
o Respirationis the process by which energy is released from organic molecules inliving
cells

¢ Theoverall chemical equation forphotosynthesis s as follows:

PHOTOSYNTHESIS

LIGHT

+~
[waer]

Copyright © Save My Exams. All Rights Reserved

The basic equation of photosynthesis as it takes placein a leaf

6CO, |+|6H,0 | m——

right © Save My Exams. All Rights Reserved

@ savemyexams

CoH,, 0, +’ 60,
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The chemical equation for photosynthesis YOURNOTES
_ l
(') ExamTip
* Remember, energy is never created or destroyed; itis only ever converted from one
form to another!
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Visible Light Wavelengths YOURNOTES

e Chloroplasts contain pigments in order to absorb light {
e Pigments are coloured, which means they absorb some wavelengths (or colours) of the
whitelight that the Sunradiates
o Theremaininglightis reflected, giving the pigmentits colour

e Chloroplasts contain several different photosynthetic pigments, so that they can absorb
multiple different wavelengths of light
o The main photosynthetic pigmentis chlorophyll

¢ Violetlight has the shortest wavelength of lightin the visible spectrum (around 400nm)

¢ Redlight has thelongest wavelength of lightin the visible spectrum (around 700nm)

¢ Greenlight has a wavelengthin the middle of this range (around 550nm)

* Theabsorption of light varies with wavelength, as does therate of photosynthesis that a
plantcan carry out

* When plants are exposedto light of a specific wavelength, the rate of photosynthesis can
be measured as wellas the absorbance (the % of the light that is absorbed by the plants)

e There are peaks in both plots at the blue andred ends of the spectrum, where
photosynthesis can occur

e Therearetroughs in both plots forgreen light, whichis not absorbed and so cannot
provide energy for photosynthesis

2
70 100 %
90 <
E 60 s
= 80
& O

(@]
g 50 70 =%
b ~
S 40 60 @
u 50 ¥
% wn
é 20 30 E
< 20 %
g "
<C 10 O
L) . —i0 W
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WAVELENGTH OF LIGHT / NANOMETRES
KEY:
— = % ABSORBANCE =~ ==---=- = RATE OF PHOTOSYNTHESIS /
OF CHLOROPHYLL B Z OF MAXIMUM RATE

The effect of visible light wavelength on the % absorbance of chlorophyll b and therate of
photosynthesis
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(’) Exam Tip

You don'thave to memorise the wavelengths of different colours of light, butyou
needto know thatvisible light has a wavelength of between 400 and 700
nanometres (nm).

Chlorophyli

Plant cells contain chloroplasts which are the site of photosynthesis
The main photosynthetic pigmentis chlorophyill
Chlorophyllabsorbs red and blue light most effectively and reflects green light more than
othercolours
o Chlorophyllappears green becauseitabsorbs red and blue light
o The greenlightisreflected away and soleaves appear greento the eye
o This explains why the majority of plants are green (with variations in the shades of
greenthatwecansee)

Red andbluelight provides the energy needed for photosynthesis

Chlorophyll exists in two mainforms,aandb

There are two groups of pigments: primary pigments known as chlorophylls and
accessory pigments known as carotenoids

Chlorophylls absorb wavelengths in the blue-violet and red regions of the light spectrum
Carotenoids absorb wavelengths of light mainly in the blue-violet region of the spectrum
The combination of pigments maximises the amount of white light energy that can be
captured

(’) Exam Tip

Remember - chlorophyllis not the only photosynthetic pigment, others exist to
maximise light energy absorption.

Photolysis of Water

Oxygenis producedin photosynthesis from the photolysis of water
o Photo - means 'with light'
o Lysis - means 'breaking apart'

Wateris broken apart using light energy; this is called photolysis
This releases electrons (), protons (H*) and the waste product, oxygen gas

2H20 >4e +4H*+ 02

Whilst oxygenis a waste product, the electrons and protons play a crucialrole in the
further reactions of photosynthesis
o Though oxygenis a waste product, in practice, a plant willuse some of the oxygen it
produces in photosynthesis forits own respiration (during the day)
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Effects of Photosynthesis

Changes tothe Earth’s atmosphere, oceans and rock deposition occurdue to
photosynthesis
The first life forms emerged around 4 billion years ago

o Atthetime, there was no oxygeninthe atmosphere

About 3.5 billion years ago photosynthetic prokaryotes became the first organisms to carry
out photosynthesis
o This begantherelease of oxygeninto the atmosphere

Millions of years lateralgae and plants evolved and also carried out photosynthesis
Around 2.2 billion years ago, the oxygen concentration in the atmosphere reached 2%
o Thisis known as the Great Oxidation Event

Otherchanges to the Earth occurred due to photosynthesis
o Mineralsin the oceans were oxidised

= Photosynthetic bacteria released oxygeninto the ocean

= Whendissolvediron was oxidised it formediron oxide which is a red precipitate
thatlies onthe sea bed

= QOvertime adistinctive rock formation was produced - the bandediron formation.
Layers of rediron oxide alternate with other mineral oxides

= Bandediron formations are the mostimportant source of iron ores (and
consequently our supply of steel)

o Methaneand CO,levelsin the airfell, which resultedin anlce Age
= Because methaneand CO,areimportant greenhouse gases

By 600 million years ago, life had evolvedinto large multicellular organisms, many of
which were photosynthetic (plants)
This pushed the oxygen concentration of the airup to 20%, peaking at 35% 300 million
years ago

o This contributed to the large size of the animals that roamed the Earth at that time

The current atmospheric oxygen levelis around 21%, due to increased human activity eg.
burning of fossil fuels, deforestation which remove oxygen from the atmosphere

Energy Requirements

Chemicalreactions can be exothermic orendothermic

Photosynthesis is an example of an endothermic reaction and an anabolic reaction, where
therequired energy inputis in the form of light energy

Energyis neededto produce carbohydrates and other carbon compounds from carbon
dioxide

The energyis notlost - itis stored in chemical formin the carbohydrates that are produced

Page 156 of 173

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Limiting Factors

Temperature, lightintensity and carbon dioxide concentration are possible
limiting factors on the rate of photosynthesis

e Eachof thesefactors canlimit therate of photosynthesis when they are below the
optimallevel
o Temperature
o Lightintensity
o Carbon dioxide concentration

e Theseareknown as the [popoverid="bOO0OGW5WsPEN6BVZr" label = "limiting factors"] of
photosynthesis
¢ Underany set of conditions, only one of these factors will be limiting the rate of
photosynthesis
o Atnight, lightintensity willbe very low, so thatis the limiting factor
o Onacold, sunny day, temperature will be the limiting factor
= Anincreaseinthelightintensity willnotincrease therate of photosynthesis
because the temperatureis, atthat point, the limiting factor

Analogy - Limiting Factors

Imagineyou're on a group hike and you have to stick togetherwith yourtwo teammates. You are
not allowed to finish the hike separately. If yourlegs are feeling weak, you will be walking slowly.
The other two hikers willhave to slow down to walk at your speed; the team progresses at the
speed of the slowest member. However, afterlunch, you may be feeling strengthened by the
food andyourlegs feel good; this time, it's yourteammate whois the slowest, so has taken over
fromyou as the limiting factor. Yourteam only finishes when all three of you finish, and that
determines your overallrate of progress.

(') Exam Tip
¥ When writing about limiting factors, it'simportant to mention 'light intensity', not

just'light'. Otheraspects of light such as wavelength can play arole soit's important
to specific aboutintensity.
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Absorption & Action Spectrums

¢ Anabsorption spectrum (fora particular pigment) shows how much light of different
wavelengthsis absorbed by the pigment
¢ Anaction spectrum shows how each wavelength of light affects therate of
photosynthesis thatit can power
¢ Thesearetwo graphs that use the wavelength of light on the x-axis
o Violetlightis the lowest wavelength of the visible spectrum, at 400 nanometres (nm)
o Redlightis the highest wavelength of the visible spectrum, at 700 nanometres (nm)

Drawing an absorption spectrum for chlorophyll

Step 1: Draw and label the axes

e Draw anx-axis

¢ Labelthe axis wavelength

e Addtheunits /nm

e Make 400 thesmallestvalueand700 thelargestvalue
o Label500 and 600 nm on the x-axis

¢ Draway-axis
e Labelit % absorption
e Make O thelowestvalueand100 the highestvalue
o Nounits are required because the y-axis is showing a percentage scale

100 —

% ABSORBANCE

0 T T
400 500 600 700
WAVELENGTH / nm

Step 1: Draw andlabel the axes

Step 2: Draw the Plot

¢ There shouldbe two absorbance peaks
o Onepeakateitherend,intheblue andredareas of the spectrum
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o Anda troughin the middle, which represents green light YOURNOTES
o As below, with a smooth curve l
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RANGE RANGE RANGE
WAVELENGTH / nm

Step 2: Sketchthe Curve
Anabsorbance spectrum for photosynthesis (colourrange labels are not required)
Drawing an action spectrum for photosynthesis

Step 1: Draw and label the axes

e Draw anx-axis

e | abelthe axis wavelength

e Addtheunits /nm

e Make 400 thesmallestvalueand700 thelargestvalue
o Label500 and 600 nm on the x-axis

e Draw ay-axis
e |abelitRate of photosynthesis / % of maximumrate
e Make O thelowestvalueand100 the highestvalue
o Nounits are required because the y-axis is showing a percentage scale
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Step 1: Draw andlabel the axes

Step 2: Draw the plot

* There shouldbe two peaks of rate of photosynthesis
o Onepeakateitherend,intheblue andred areas of the spectrum
o Anda troughin the middle, which represents green light
o As below, with a smooth curve

100

RATE OF PHOTOSYNTHESIS /
Z OF MAXIMUM RATE

0 T T |
400 500 600 700
WAVELENGTH / nm

Step 2: Sketch the Curve. Anabsorbance spectrum for photosynthesis (colourrange labels
are not required)
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(’) Exam Tip .

Remember - the pigments themselves have a distinctive colour. This is different
from the colours of light that they absorb.Key points to remember:

1.Label400 - 700nm on the x-axis, in 100nm increments
2.Use a % scale on the y-axis

3.Smooth curve

4.Peaks at eitherend

5.Trough in the middle for green light
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Investigating Photosynthesis YOURNOTES

¢ Anaquaticplantsuch as Elodea or Camboba is a good choice forinvestigating {
photosynthesis in plants, because therate of photosynthesis can be measured by
counting oxygen bubbles that come off a cutting of this plant
o Oxygen output from terrestrial plants (that grow on land) would not be observable

NOS: Experimental design - controlling relevant variablesin
photosynthesis experimentsis essential

¢ When designing an experimentitis crucial that all variables (apart from the independent
and dependent variables beinginvestigated) are controlled
o Theindependentvariableis the factorthatis deliberately manipulated between a
specificrange throughout the experiment
o The dependentvariableis the factorthatis measured during the experiment (to seeif it
is affected by the changes to theindependent variable)

o Othervariables mustbe controlled so thatit can be said theindependent variableis the
only factor affecting the dependent variable during the experiment

+ Changes inlightintensity, carbon dioxide concentration and temperature are all limiting
factors that affect therate of photosynthesis and can be altered experimentally to
measure the effect on therate of photosynthesis

Effect of lightintensity - experimental design

e Basic Experimental Setup

Aquatic plant cuttingin water

Powdered sodium hydrogencarbonate (NaHCO3)
Glass funnel

Boilingtube

Lamp forillumination

Glass tank filled with water

o

(e}

(e}

o

o

]
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FACTOR BEING INVESTIGATED
DISTANCE OF LAMP CAN BE CHANGED

THERMOMETER TO MONITOR
GLASS TANK TEMPERATURE
FILLED WITH WATER
INVERTED BOILING TUBE]
—Z —/

OXYGEN BUBBLES
»PRODUCED AS
PHOTOSYNTHESIS OCCURS

WATER WITH SODIUM
| #HYDROGENCARBONATE
(NaHCO,)

—%INVEHTED FUNNEL

||, PHOTOSYNTHESISING
AQUATIC PLANT

0 20 40 60 80 100 120 - RULER

Measuring the Effect of Light Intensity on the Rate of Photosynthesis in Pondweed

[

Research Question

Does therate of photosynthesis (number of bubbles released per min) of Elodea increase as the
lightintensity increases?

Method

¢ Placea piece of aquatic plant (Elodea or Cabomba are often used), into a beaker of water
e Usealightasetdistancefromtheplant

e Recordthe number of bubbles observedin three minutes

¢ Repeat steps for different distances

Improvements

¢ Useagassyringeto collectand measure the volume of gas produced

e Forreliability of data, repeat the experiment at least twice foreach distance and calculate
the mean number of bubbles

* Useofadataloggertomeasureresults continuously

Variables to Be Controlled

¢ Temperature
o Theglass tankfilled with waterabsorbs any heat thatis emitted from the lamp
o Modern LED bulbs can be used as they give offless heat than filament bulbs

¢ CO,concentration
o Thewaterusedaroundtheplantis first boiled and re-cooled to remove any dissolved
carbon dioxide
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o Asetmass of sodiumhydrogencarbonateis added to the waterthat surrounds the
plant
o Tomake the concentration approx. 0.1moldm=3, which is not a limiting concentration

Results

e Agraph of the number of bubbles produced per minute against the distance between
thelamp and the plant used can be drawn to see the pattern or trend
o Distance between thelamp andtheplantis linked to the lightintensity

A

NUMBER OF
BUBBLES
PER MINUTE

~
>

DISTANCE BETWEEN PONDWEED AND LIGHT IN CM

#F)savemyexams

Agraph of distance from the lamp against number of bubbles per minute
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YOURNOTES
THE GRAPH LEVELS OFF;

THE RATE BECOMES CONSTANT {

AT THIS POINT, SOME OTHER
FACTOR BECOMES LIMITING

AT LOWER LIGHT INTENSITIES,
THE INCREASE IN THE RATE IS
LINEAR

RATE OF PHOTOSYNTHESIS

LIGHT INTENSITY (%)

#savemyexams

The effect of light intensity on the rate of photosynthesis

Carbon dioxide concentration

¢ The samebasic experimental setup can be used, but with varying use of the following
variables

¢ Startwith boiled andre-cooled wateras before

* Addsuccessive masses of sodiumhydrogencarbonate toincrease the concentrationin
increments of 0.01moldm=3, andrecord the rate of photosynthesis in bubbles minute™

o Keep the temperature constant at 25°C using a waterbath, monitoringwith a
thermometerin the water surrounding the aquatic plant

+ Keep thelightintensity constant by keeping the lamp a fixed distance from the plant
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AT THIS POINT, SOME OTHER
FACTOR BECOMES LIMITING

THE GRAPH LEVELS OFF;
THE RATE BECOMES CONSTANT

RATE OF PHOTOSYNTHESIS

AT LOWER CONCENTRATIONS
——_ | THE INCREASE IN RATE IS LINEAR

- __‘__, pu—— j—— 1 — — T —

Cl

T T
CARBON DIOXIDE CONCENTRATION (%)

#Fsavemyexams

The effect of carbon dioxide concentration on therate of photosynthesis

Temperature

The same basic experimental setup can be used, but with varying use of the following

variables

Start with boiled andre-cooled water as before, with sodium hydrogencarbonate at a
fixed concentration of 0.1moldm™3, and record the rate of photosynthesis in bubbles

minute™!
Vary the temperature from5

°Cto50°C usingwaterbaths, monitoringwith a

thermometerin the water surrounding the plant
Keep thelight intensity constant by keeping the lamp a fixed distance from the plant
Therate willtail off afteraround 40°C due to the denaturation of important proteins

involvedin photosynthesis

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

Page 166 of 173

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

_ OPTIMUM
TEMPERATURE

INCREASING RATE AS NUMBER OF
COLLISIONS BETWEEN SUBSTRATES
AND ENZYMES INCREASES
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#)savemyexams

The effect of temperature on therate of photosynthesis

(") ExamTip

The key to this part of the spec is to appreciate how an experimental investigation
can be controlled so that any effects we observe are directly due to the one
variable that we are deliberately changing.
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l
Practical 4: Separation of Photosynthetic Pigments

Separation of photosynthetic pigments by chromatography

¢ Plants contain several different photosynthetic pigments, which absorb different
wavelengths of light
e There are two groups of pigments: chlorophylls and carotenoids
e Carotenoids surround the chlorophylland absorb both similar and different wavelengths of
light to chlorophyll
o This expands the range of wavelengths that can be absorbed from light forusein
photosynthesis

Chloroplast Pigments Table

Pigment group Name of pigment  Colour of pigment

Chlorophylls Chlorophyll a Yellow—green
Chlorophyll b Blue—green

Carotenoids B carotene Orange
Xanthophyll Yellow

¢ Chlorophylls absorb wavelengths in the blue-violet and red regions of the light spectrum
o Theyreflect greenlight, causing plants to appear green

¢ Carotenoids absorb wavelengths of light mainly in the blue-violet region of the spectrum
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CHLOROPHYLLS AND CAROTENOIDS
BOTH ABSORB WAVELENGTHS IN
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LIGHT SPECTRUM
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Chlorophyll and carotenoids absorb light across the visible light spectrum tousein the
light-dependent reaction of photosynthesis

Chromatography

¢ Chromatography is an experimentaltechnique thatis used to separate mixtures
o Different components within the mixture travel through the material at different
speeds
o This causes the different components to separate
o Aretardation factor (Rs value) can be calculated foreach component of the mixture

¢ Two of the most common techniques for separating these photosynthetic pigments are:
o Paperchromatography - the mixture of pigments is passed through paper(cellulose)
o Thin-layer chromatography (TLC)- the mixture of pigments is passed through a thin
layer of adsorbent (eg. silica gel), through which the mixture travels fasterand
separates more distinctly

e Paperchromatography can be usedto separate photosynthetic pigments although
TLC gives betterresults

Apparatus

e Leafsample
e Distilledwater
e Pestleandmortar

Page 169 of 173

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

o Filterpaper

e Capillary tube

e Chromatography solvent
e Propanone

¢ Pencil

e Ruler

Method

¢ Draw a straightlinein pencil approximately lcm above the bottom of the filter paper being
used
o Donotuseapenas theinkwillseparate into pigments within the experiment and
obscure theresults

e Cutasectionofleafandplaceitinamortar
o Itisimportant to choose a healthy leaf that has been in direct sunlight soyou can be
sureitcontains many active photosynthetic cells

e Add 20 drops of propanone and use the pestle to grind up the leaf sample andrelease the
pigments
o Propanoneis anorganic solvent and therefore fats, such as the lipid membrane,
dissolveinit
o The combination of propanone and mechanical pressure breaks down the celland
chloroplasts torelease the pigments

e Extractsome of the pigmentusing a capillary tube and spotit onto the centre of the pencil
lineyouhave drawn
e Suspendthepaperinthe chromatography solventso that thelevel of the solventis below
the pencil line and leave the paper until the solvent has reached the top of the paper
o Themixtureis dissolved in the solvent (called the mobile phase) and the dissolved
mixture then passes through a static material (called the stationary phase)

e Remove the paperfromthe solvent and draw a pencil line marking where the solvent moved
upto
o Thepigmentshould have separated out and there should be different spots on the
paper at different heights above the pencilline, these are the separate pigments

¢ CalculatetheRfvalue foreach spot

distance travelled by component (pigment)

Rt value = distance travelled by the solvent

o Always measure to the centre of each spot

Results

e Chromatography can be usedto separate and identify chloroplast pigments that have
been extracted from a leaf as each pigment willhave a unique R¢ value
¢ TheRsvalue demonstrates how fara dissolved pigment travels through the stationary
phase
o Molecules with a higher affinity to the stationary phase, such as large molecules, will
travel slowerand therefore have a smaller R value
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o Molecules that are more soluble in the mobile phase will travel faster and therefore YOURNOTES
have alarger Rs value l

¢ Although specific R values depend on the solvent thatis beingused, in general:
Carotenoids have the highest R values (usually close to1)

Chlorophyll b has a muchlower R¢ value

Chlorophyll ahas an Rs value somewhere between those of carotenoids and
chlorophyllb

o Small R values indicate the pigmentis less soluble and/orlarger in size

[e]

o

o
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SOLVENT RISES UP PAPER,
CARRYING EACH PIGMENT
AT A DIFFERENT SPEED

CHROMATOGRAPHY@}_;__E

PAPER

=
SOLVENT e =]
A MIXTURE OF PIGMENTS
EXTRACTED FROM THE LEAF
IS PLACED AT THE BOTTOM
OF THE PAPER
PIGMENT Rf VALUE
CAROTENE 0.95

XANTHOPHYLL 0.71

CHLOROPHYLL A | 0.65
CHLOROPHYLL B | 0.45

LEAF STAIN

PIGMENTS SEPARATE,
AS THEY MOVE
DIFFERENT DISTANCES
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Paperchromatography is used to separate photosynthetic pigments. These pigments can
beidentified by their Rsvalues. In this example, a line of the mixture (rather thana spot)is
addedto the paper.

Limitations

» Paperchromatography is not as specific as other chromatography techniques
o ltis sufficientto separate and distinguish different pigments and to calculate their R¢

value

e Chromatography does not give data on the amount of each pigment present orthe
wavelengths that they absorb
o Colorimetry canbeusedto calculate thesevalues

(’) ExamTip

¥ Remember- the pigments themselves have colour(as describedin the table). This is
different from the colours of light that they absorb. You don't have to remember
specific Rs values, just know that they differ between each type of pigment.
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