Boost your performance and confidence
F E with these topic-based exam questions
Practice questions created by actual

. examiners and assessment experts
Exam Papers Practice

Detailed mark schemes
Suitable for all boards

Designed to test your ability and
thoroughly prepare you

2.3 Proteins

IB Biology - Revision Notes

www.exampaperspractice.co.uk



E=l

Exam Papers Practice

2.3.1Proteins

Amino Acids & Polypeptides
Proteins

= Proteins are polymers (and macromolecules) made of monomers called amino acids
= Thesequence,type and numberofthe amino acids withinaproteindetermines its shape and
thereforeits function

= Proteins are extremely importantincells because theyformall of the following:

= Enzymes

= Cellmembrane proteins (eg.carrier)

= Hormones

= |mmunoproteins (eg.immunoglobulins)

= Transport proteins (eg.haemoglobin)

= Structuralproteins (eg.keratin,collagen)

= Contractile proteins (eg. myosin)

= Because allgenescode forproteins,allof the reactions necessary forlife are dependenton
the functionof proteins

Aminoacids

= Amino acids are the monomers of polypeptides
= There are 20 amino acids found in polypeptides commonto allliving organisms
= The generalstructure of allamino acidsis acentralcarbonatombonded to:
= Anamine group -NH»
= Acarboxylic acid group -COOH
= Ahydrogenatom
= AnRgroup(whichis how eachamino acid differs and whyamino acid properties differe.g.
whethertheyare acidic orbasic orwhethertheyare polarornon-polar)
= TheRgroupcanbe as simple as anotherhydrogenatom (glycine), right through to complex
aromatic ring structures (eg.phenylalanine)
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The generalised structure of an amino acid
Peptide bond

= |nordertoformapeptide bond ahydroxyl group (-OH)is lost fromthe carboxylic group (-
COOH) of one amino acid and ahydrogenatomis lost fromthe amine group (-NH2) of another
amino acid

= Theremaining carbonatom (with the double-bonded oxygen) fromthe first amino acid bonds to
the nitrogenatomofthe second amino acid

= Thisisacondensationreactionso waterisreleased

= Dipeptides are formed bythe condensationoftwo amino acids

= Polypeptides are formed bythe condensation of many (3 ormore) amino acids

= Aproteinmayhave onlyone polypeptide chainorit may have multiple chains interactingwitheach
other

= Duringhydrolysis reactions, the addition of waterbreaks the peptide bonds resultingin
polypeptides beingbrokendowninto amino acids

Amino acids are bonded together by covalent peptide bonds to form a dipeptide in a condensation
reaction

O Exam Tip

Youwillbe expected to recognise whetheranunfamiliarmolecule is anamino acid or

polypeptide so look forthe functional groups (amine and carboxyl). When asked to identify the
locationofthe peptide bond,look forwhere nitrogenis bonded to acarbonthathas adouble
bond withanoxygenatom,note the Rgroupis notinvolved inthe formationof apeptide 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 beenfound innature,but only20 are commonly found inproteins
= Elevenofthese canbe naturally synthesised within cells by humans
= The othernine amino acids are essential (have to be inthe humandiet)
= Youdon't needtorememberthe names of the amino acids, butit's usefulto see theirnames,
which are usuallyabbreviated to threeletters
= Ala,Arg,Asn,Asp, Cys, GIn, Glu, Gly, His* lle*, Leu*, Lys*, Met*, Phe* Pro, Ser, Thr*, Trp*, Tyr, Val*
= *indicates the essentialamino acids

= Because the Rgroups varyso muchbetweenthe 20 amino acids, thereis alot of chemical
diversity betweenthe amino acids
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Anamino acid sequence of a short polypeptide. The three-letter abbreviations indicate the specific
amino acid (there are 20 commonly found in cells of living organisms).

NOS: Looking for patterns, trendsand discrepancies; most (but not all)organisms
build proteinsfromthe same aminoacids.

= Alllife exceptforafewspecies use these 20 amino acids
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= Thereasonwhyonly20 amino acids are used has beenthe subjectofalotof differing
hypotheses
= Thatonlythese 20 were available at the origins of life, so have remained eversince, OR
= Thatthese 20 amino acids are diverse enough to give the wide range of functions that
proteins possess,OR
= Because ofthe theorythatallorganisms share acommonancestor,the link betweenthe
genetic code and amino acid sequenceis fixed and is not easilyaltered, even by mutations

= The almostinfinite number of amino acid combinations make polypeptides suitable to
determine allthe characteristics of life
= Onlyafew primitive, single-celled organisms use otheramino acids
= Oneunusualamino acid includes the trace element seleniumand is found in many polypeptides,
though at very low frequencies
= Adiscrepancyis thatinsome organisms,the stopcodonUAG codes forthis unusual amino
acid containing selenium

= Alllife goes bythe CentralDogmathat allgenes code for proteins and the actions of proteins
determine allof anorganism's characteristics

Polypeptide Diversity

= 20 amino acids cangive analmostinfinite numberof polypeptides
= Polypeptides are assembled at aribosome by condensingindividual amino acids onto a growing
chain,one by one
= This allows achoice of 20 amino acids eachtime oneis added
= The mRNA codondetermines whichamino acid is added
= Forapolypeptide chainof 50 amino acids inlength(considered averyshort protein), there
would be 2059 possible combinations of amino acids
= This gives 1.13 x10%5 combinations
= Standard formis preferable forshowingsuchalarge number, but writingit outinfull shows its
size,whichis
= 113,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,00
0,000,000,000 combinations!

= Giventhatthe average lengthof aproteinis 300 amino acids, the numberof possible
combinationsis so large,we canconsiderit to be infinite
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Genes & Polypeptides

= The amino acid sequence of polypeptidesis coded forbygenes

= Despite the huge numberofamino acid sequences that could be produced, onlyasmall fraction
of these are produced innature

= Nevertheless,many thousands of different polypeptide sequences are synthesised

= Thecode forthe sequenceinwhichamino acids are joined togetheris the genetic code, held in
asequence of DNAbases inthe genome

= The expressionofagene always resultsinthe productionofapolypeptide

= Three consecutive DNAbases are required to code foreachamino acid ina polypeptide

The central dogma of gene expression. All genes code forproteins; proteins carmy out the genes’
instructions.

2.3.2Protein Structure & Function

Proteinstructure

= Aproteinmayconsistofasingle polypeptide ormore thanone polypeptide linked together

= Some proteins exist as asingle polypeptide chain(of amino acids)

= Otherproteins are made up of two ormore polypeptide chains joined together

= Single polypeptide chainproteinsincludelysozyme,anenzyme presentinmucus secretions
and tears, thatkills bacteria as part of ourprimarydefences against pathogens

= Proteins with two polypeptide chains include
= insulin,ahormone responsible forregulatingblood glucose levels
= integrins,agroup of membrane proteins that spanaphospholipid bilayerand actas a
receptor
= integrins'two polypeptide chains eachhave ahydrophobic sectionthat sitsinthe
membrane bilayer

= Proteins with three polypeptide chains include collagen, the main structural
proteininskin,tendons,ligaments and the walls of blood vessels

= Proteins withfourpolypeptide chains include haemoglobin, which binds oxygeninred blood
cells and delivers it from the lungs to respiring tissues

= Eachpolypeptide chaininamulti-polypeptide proteinis referred to as asubunit of the protein
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3D Structure of Proteins

The amino acid sequence determines the three-dimensional conformation of aprotein
= Proteins performtheirdiverse roles because of their3-D shape and structure
= Thisis knownas the protein's conformation
= The precise sequence of amino acids determines how the proteinfolds and aligns itself as the
individual amino acids are beingadded at the ribosome
= Amino acids are always added inthe same sequence so aproteincanstart to formits
shape evenbeforeitis fullyformed
= Bondsformbetweenparts of amino acids that cancause abridge to formbetweenone part
ofthe chainand another
= thiscreatesloops,sheets, helices and folds

= Manyofthe bonds thathold the protein's shape form betweenthe various Rgroups of
individualamino acids
= |fanamino acidis notpresentinits usual placeinthe chaindue to mutation, this can
drasticallyalterthe protein's 3-D shape, and affectits function

= Haemoglobinis aglobular protein(forms a globe-shaped protein)
= Some ofhaemoglobin's outerparts are hydrophilic to be incontact withwaterwhilstits inner
parts are made up of amino acids withhydrophobic R groups

= Collagenis afibrous protein(forms arope-like proteinfortensile strength)
= |thas arepeatingsequence of amino acids to create ahelical structure
= The chainofamino acids remains inanelongated conformationto give fibrous strength

Globularand 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

Denaturationis the irreversible change of proteinconformation caused by temperature and pH
extremes
The bonds that formbetweendifferent Rgroups are relatively weak (compared to the peptide
bonds that hold the amino acidsinsequence)
These bonds canbe brokeneasily, whichcancause the conformationof the proteinto change
The altered proteinshape mayaffectits function, physical state and generalusefulnessinits
originalrole
Thisis called denaturation
Heat and extremes of pH are the mostcommon causes of denaturation

= Bothcause breakingof the weakbonds betweenR groups

AcertainpHis considered as anoptimumfora particularprotein, because at that pH, the
protein's 3-D structure is not denatured
Denaturationis almost always irreversible
= Theproteincannotbere-formed inits original conformation byreversingthe change in
conditions
= However,smalldenaturations and renaturations are possible incertain proteins to respond
to smallfluctuations inpHeg.haemoglobin

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

Denaturationinaction

Denaturationcanbe seenmost easilybylooking at the changes inanegg white as the eggis fried
orpoached
Eggwhite is mainly the protein albumin
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The hydrophobic amino acids in albumin are at the centre of the molecule inits normal state, so
albuminis soluble
Heating causes the hydrophobic amino acids to appearat the edges, where they cause the
proteinto becomeinsoluble
Aharder,solid layerforms,whichis the cooked white
Similarevents occurinthe proteins of the eggyolkasitcooks
Denaturationalso occurs inthe stomach, where the low pH (pH2) causes proteins inthe diet to
become denatured ontheirwayto beingfullyhydrolysed furtherdown the digestive system
The stomachenzyme pepsin,aprotein-digestingenzyme has anoptimumpHof2forthisreason
Certainextremophiles have evolved to have proteins that are stable evenat extreme pHor
temperature

= eg. Thermus aquaticus,abacteriathat livesinhot springs at 80°C

= This temperature would denature most otherproteins

Denaturationof enzymes canbe used as part of experiments to measure enzyme activity
= Forexample,anexperiment to establishthe optimumpHortemperature of anenzyme eg.
pepsinorlipase

Manydrugs are proteins that cannot be takenby mouth, because the protein willbe denatured
by stomachacid
= Thesedrugs should be delivered inanother way eg.bydirect injectioninto the blood

O Exam Tip

Rememberto avoid confusingthe bonds thathold aprotein's shape togetherwith the peptide
bonds thatattacheachamino acid insequence.Picture the peptide bonds holding the amino
acidsinastraight chain,thenthe otherbonds holdingthe chaininits folded, 3-D structure.
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2.3.3The Variety of Proteins

Functions of Proteins

= Livingorganisms synthesize manydifferent proteins withawide range of functions
= Proteins are so versatile that theyhave manydifferentrolesincells, tissues and organs
= Allofthe following functions are performed by proteins:

Speedingupcellularreactions, orcatalysis,is performed by enzymes

Blood clotting, where blood proteins interact withoxygento formagel-like scabacross a
wound

Strengthening fibres in skin, hair,tendons,blood vessels eg.collagen, keratin

Transport of vitalmetabolites eg.oxygenwhichis carried by haemoglobin

Formationofthe cytoskeleton,anetwork of tubules withinacellthat cause chromosomes
to move duringthe cellcycle

Celladhesion,where cells inthe same tissue sticktogether
Hormones,chemicalmessengers that are secreted inone part of the bodyto have aneffect
elsewhere

Compactionof DNAinchromosomes forstorage, caused byhistone proteins

The immune response produces antibodies,the mostdiverse group of proteins

Membrane transport channel and carrier proteins that determine which substances canpass
across amembrane

Cellreceptors,whichare binding sites forhormones, chemical stimulisuch as tastes,and for
otherstimulisuchas light and sound

Q Exam Tip

Manyexam questions focus onenzymes butdon'tforget all the othertypes of proteinwhen
discussingproteinfunctions.
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Examples of Proteins
Rubisco

= Ribulose Bisphosphate Carboxylase

= Anenzyme that catalyses the fixing of CO, fromthe atmosphere during photosynthesis

= Composedoflé polypeptide chains as aglobularprotein

= Thisisthe source of allorganic carbon, so Rubisco is arguablythe mostimportantenzymein
Nature!

= The most abundant enzyme onEarthasit's presentinallleaves

= Rubiscoisavery slow catalyst,butit's the mosteffective to have evolved so farto fulfil this vital
function

Insulin

= Ahormone produced and secreted byp-cellsinthe pancreas

= Bindstoinsulinreceptors (onliver,fatand muscle cells) reversibly, causingabsorptionof
glucose fromtheblood

= Composedof2polypeptide chains as ashort, globular protein

Immunoglobulins

= Also knownas antibodies

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

= Theybind to specific antigens

= The bindingareas of immunoglobulins are highly variable, meaning that antibodies canbe
produced against millions of different antigens

= |mmunoglobulins (as the name suggests) are globular and are the most diverse range of
proteins

Rhodopsin

= Apigmentintheretinaofthe eye

= Amembrane proteinthatis expressedinrodcells

= Contains alight-sensitive part, retinal, whichis derived from Vitamin A

= Aphotonoflight causes aconformationalchange inrhodopsin,whichsends anerve impulse
alongthe optic nerve to the centralnervous system

Collagen

= Afibrousproteinmade of three separate polypeptide chains

= The most abundant proteininthe humanbody - approx25%

= Fibresformanetworkinskin,blood vesselwalls and connective tissue that canresist tearing
forces

= Playsaroleinteethand bones, helpingto reduce their brittleness
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Spider Silk

= Thesilkused byspiders to suspend themselves and create the spokes of theirwebs is as strong
as steelwire though considerablylighter

= Containsrope-like, fibrous parts but also coiled parts that stretchwhenundertension, helping
to cause extensionand resist breaking

= Doesnotdenature easilyat extremes of temperature

= Has manyattractive aspects forengineering and textile product designthanks to its strength
and low weight

= Canbe genetically engineered to be expressedingoats' milk as spiders can'tbe farmed ona
large enoughscale

= Otherkinds of spidersilk protein are tougher thoughlack the tensile strength, eg. the silk they
use to encase theirpreyaftercapture

Proteome

The proteomeis the fullrange of proteins thatacellororganismis able to produce
Bycontrast,agenome is the complete set of genes presentinacell/organism
= The fullgenomeis present withineverycellofanorganism,butnot everygeneis expressedin
everycell. Whichgenes are expressed,depends onthe celltype

= The proteomeis usuallylarger thanthe genome of anorganism
= Everyindividual has adifferent proteome
= Because of smalldifferencesinthe amino acid sequence of proteins

= The proteome varies duringanorganism's lifetime as certain proteins are not needed
throughout the organism's life
= Anexampleis fetalhaemoglobin. The gene forthat proteinis not expressed afterthe
babyis around 3 months old, as the babyexpresses adult forms of haemoglobin, which
areencoded byseparate genes

= Thisisalso due to alarge amount of modificationof proteins that cantake place after
synthesis (oftenin the Golgiapparatus)
= Forexample,addingacarbohydrate partto formglycoproteins, whichare importantin
cellsignalling

= Splicingof RNAduringtranscriptioncanallow one gene to code formany proteins

Q Exam Tip

Youdon'tneed to know the details of splicing for Standard Levelbutitaccounts forseveral
proteins beingproduced fromjust one gene.Eventhoughalotofgenes donotcode for
proteins, the proteome s largerthanthe genome because of the sheerrange of proteins that
canbe produced fromthe DNAcode.
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2.3.4 Skills: Molecules

Molecular Diagrams: Drawing
Drawing biological molecules

= |tisimportantto be able to draw afew key molecules
= Thereis ahuge varietyof biologicalmolecules, but only the mostimportant ones are
required

= Element symbols fromthe Periodic Table are used

= Ashort, straight line is used foracovalentbond, withtwo lines foradouble bond

= Some chemical groups maybe denoted byasymbolsuchas ® foraphosphate group

= The symbolRrepresents avariable chemicalgroup, such as the variable side groups of amino
acids

= Anexamquestionmayrequire youto draw various molecules

= |t'sadvisable to break the task downinto stages

Symbols Used inBiological Molecule Drawings Table
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Drawing a-D-glucose

= Aspectstoremember
= Glucose has the formula CgH1204
= |nsolid form,glucose has alinearstructure
= |tforms ahexagonalringinanagqueous solution
= Asaqueous glucoseis the only state that glucose existsinbiology,it's the ring
structure thatshould be learned

One of the corners of the ring (draw this in the top-right) is occupied byanoxygenatom
= The 6thcarbonoccupies aside chain(top-left)
= The carbonatoms are numbered 1to 6 startingontherightand working clockwise

= The hydroxyl groups occupypositions above orbelow theringas follows
= Carbonatoml-below
= Carbonatom2-below
= Carbonatom3-above
= Carbonatom4-below

Youcanignore the 'D'in the names alpha-D-glucose orbeta-D-glucose
= Theonlyotherversionis L-glucose which plays no significant role inbiology

Recommended steps to draw a molecule ofa-D-glucose
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Structure ofa-D-glucose

B-D-glucoseisveryslightlydifferentinstructure

= Beta-glucose (B-glucose) has asmall, subtle difference to a-glucose
= The hydroxyl group oncarbonatom1sits ABOVE the ring, ratherthan below
= This sugaris the monomerofcellulose
= This example of two differentisomers changes the properties of the polysaccharide formed
fromthese monomers drastically
= |taccounts forallthe manydifferences betweenstarchand cellulose

= The hydroxyl groups occupypositions above orbelow the ringas follows
= Carbonatoml-above
= Carbonatom2-below
= Carbonatom3-above
= Carbonatom4-below

Structure of B-D-glucose
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Drawing aribose sugar

This family of sugars playarole in DNAand RNA structure, as well as ATP
Riboseisaformofpentose sugar(5 carbonatoms)
Like glucose,ribose has aring structure
Aspectstoremember
= Ribose has the formula C5Hi005
= [tforms apentagonalringinanaqueous solution
= Oneof the corners of the ring (draw thisinthe top) is occupied byanoxygenatom
= The 5thcarbonoccupies aside chain(top-left)
= The carbonatoms are numbered 1to 5startingontherightand working clockwise
= The hydroxyl groups occupypositions above orbelow theringas follows
= Carbonatoml-above
= Carbonatom?2-below
= Carbonatom3-below

= Ribose sugars have animportant close relative - deoxyribose sugars
= Bothare keycomponents of RNA and DNA respectively
= The'R'and 'D'of RNA and DNA comes fromthe sugarinthe structure, ribose ordeoxyribose

Recommended steps to draw a molecule of ribose
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Structure of ribose

Drawing asaturated fattyacid

= There are two aspects to asaturated fattyacid
= Asaturated hydrocarbonchain
= Containsonly C-Csingle bonds
= Fachinternalcarbonatomis bonded to 2 hydrogenatoms

= Acarboxylic acid group atone end

= Youdon'tneed to memorise anynames of saturated fattyacids
= The numberofcarbonatomsinyourchainis also notimportant, but greaterthanaround 8 is
advised.

Recommended steps to draw a molecule of a saturated fatty acid
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A saturated fatty acid

Drawing a generalised aminoacid

= Fachamino acid has centralcarbonatom

= Three of the bonds fromthe central carbonatomare occupied as follows
= ahydrogenatom
= acarboxylic acid group
= anamine group

= The fourthbond attaches the centralcarbonto the Rgroup
= TheRgroupis variable and determines the identity of the amino acid
= Youwon'tneed torememberanyofthe Rgroups oramino acid names

= Drawingthe 4 groups surrounding the central carbonin a flat structure is acceptable, although
therealarrangement of bonds around acarbonatomisinatetrahedralshape

Page 18 of 23
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Recommended steps to draw a molecule of generalised amino acid

The generalised structure of an amino acid

O ExamTip

The specificationis veryclearabout what you should rememberand equallyimportantly, what you
don't have to memorise in this topic.With all these drawings, practise with a pencil and plenty of

paperuntilyougetitright. It WILLstick! Once you've memorised it, 'draw' questions should be
easymarks!
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Molecular Diagrams: Identification

As wellas being able to draw certainmolecules,animportant skill is being able to recognise
certainbiochemicals frommoleculardiagrams

There are severalfeatures that help to identifymolecules

The presence of carbon, hydrogen, oxygen, nitrogen, sulfur and phosphorus canhelpinthe
identification

Allbiologicalmacromolecules containcarbon,hydrogenand oxygen

Nitrogenand sulfur are presentinproteins

Nitrogenis presentinnucleic acids (DNA, RNA)

Phosphorusis also presentincertainmolecules (DNA,RNA and phospholipids)

The presence ofring structures, hydrocarbonchains,carbon-to-carbondouble
bonds,double-stranded areas and the ratio of carbonto oxygeninamolecule all give clues
aboutthe molecule's identity

Using the Presence of Various Atoms to Identify Biochemicals

Glycosidic bonds,esterbonds and peptide bonds all have adistinctive appearance in

moleculardrawings and willimmediatelyidentify carbohydrates, lipids and proteins
respectively
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@ Worked example

Identify the Diagram (A, B, C orD) which Shows a Triglyceride Structure

Al choH CH,OH
on f—0 W AUH
o H AN o H
H H OH
H OH H OH
- H,C
CH,
CH,
CH,
CH,
HO

B
T T
H,N—CH,~C~NH—CH—C—OH
CH,
Q
D H-C-0-C-R’
9
H-C-O-C-R"
9
H—g—o—c—R“
H

Step 1:Lookat the elements present inall the diagrams

We're looking foratriglyceride, atype of lipid. Lipids contain C,Hand O only.B also contains

nitrogen(Bis adipeptide)

Eliminate AnswerB

Step 2:Lookforlipid structures

A containsringstructures, so is likelyacarbohydrate (Ais adisaccharide)

Eliminate AnswerA

Step 3:Lookforthree hydrocarbonchains

D contains three hydrocarbon chains (attached byesterbonds to glycerol). Cis cholesterol, whichis

alipid,butnotatriglyceride lipid.

Select AnswerD

Theratioof hydrogentooxygen

= Thenumbers of hydrogenand oxygenatomsinamolecule canhelpto identifyit
= Carbohydrates containhydrogenand oxygenina2:1ratio
= Think of water,formulaH,O, and where the '-hydrates'part of the word 'carbohydrates’

comes from

= Lipids containamuchlowerproportionof oxygenthancarbohydrates eg. CigHz40,, where

the hydrogento oxygenratio is 17:1
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Molecular Diagrams: Peptide Bond Formation

Havinglearned to draw the structure of ageneralised amino acid, two ormore of these canbe
joined togetherto showhow peptide bonds formduring protein synthesis

= Amino acid monomers link togetherviaacondensationreaction

= Thisreleases amolecule of water(H,0)

= OneHatom(of thereleased water)comes fromone amino acid's amine group

= The otherHatomand an O atom come fromthe other amino acid's carboxylic acid group

= This knowledge canbe usefulwhendrawinghow two amino acids condense to formapeptide
bond

The recommended steps in drawing a peptide bond formation
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Formation of a dipeptide
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