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Formationof Proteins

Amino Acid Structure

Proteins

= Proteins are polymers (and macromolecules) made of monomers called amino acids
= Thesequence,type and number of the amino acids withina protein determines its shape and
thereforeits function
= Proteins are extremely important incells because theyformall of the following:
= Enzymes
= Cellmembrane proteins (e.g.carrier)
= Hormones
= |mmunoproteins (e.g.immunoglobulins)
= Transport proteins (e.g.haemoglobin)
= Structuralproteins (e.g.keratin,collagen)
= Contractile proteins (e.g. myosin)
= Because allgenescode forproteins,allof the reactions necessary forlife are dependenton
the functionof proteins

Amino acids

= Amino acids are the monomers of polypeptides
= There are 20 amino acids found in polypeptides commonto allliving organisms
= The generalstructure of allamino acids is acentral carbonatom, the alpha carbon,bonded to:
= Anamine/amino group -NH
= Acarboxylic acid/carboxylgroup -COOH
= Ahydrogenatom
= AnRgroup(whichis howeachamino acid differs and why amino acid properties differe.g.
whethertheyare acidic orbasic orwhethertheyare polarornon-polar)
= The Rgroupcanbe as simple as anotherhydrogenatom (glycine),right throughto
complexaromatic ring structures (e.g.phenylalanine)

Structure of anaminoaciddiagram

The generalised structure of an amino acid
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The Peptide Bond
Peptidebond

Inorderto formapeptidebond,ahydroxylgroup (-OH)is lost from the carboxylic group (-
COOH)ofone amino acid and ahydrogenatomis lost fromthe amine group (-NH2) of another
amino acid
The remaining carbonatom (withthe double-bonded oxygen) fromthe first amino acid bonds to
the nitrogenatomof the second amino acid
Thisis acondensationreactionso wateris released
Dipeptides are formed by the condensationoftwo amino acids

= Theword equationforthis reactionis amino acid + amino acid —»dipeptide
Polypeptides are formed bythe condensation of many (3 ormore) amino acids
Aprotein mayhave onlyone polypeptide chainorit may have multiple chains interactingwith each
other
Duringhydrolysis reactions, the addition of waterbreaks the peptide bonds resultingin
polypeptides beingbrokendowninto amino acids
Molecular modelling kits can be used to build physicalmodels that demonstrate peptide bond
formationbetweendifferent types of amino acids

Peptide bond diagram

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

Drawing a peptide bond diagram
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These steps can be followed to draw a peptide bond and a generalised dipeptide

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 formationofapeptide bond.

Amino Acids: Dietary Requirements

= There are 20 naturallyoccurringamino acids
= Ourcellscansynthesise Tlofthese fromotheramnio acids
= These are termed non-essentialamino acids
= Theremainingnine we need to consume viaourdiets
= These are called essentialamino acids
= Ahealthy,varied,wellbalanced diet will contain all the nine essentialamino acids required
= Diets thatrestrictcertainfoods mayrequire supplementation
= Meat contains allnine essentialamino acids so avegetarianorvegandiet needs to be well
balanced and varied to ensure all essential amino acids are consumed regularly

Essentialaminoacid sourcesdiagram
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Plant based (vegan) sources of the nine essential amino acids

O Exam Tip

You are notrequired to rememberorgive examples of non-essential and essential amino acids.
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The Variety of Proteins

Peptide ChainDiversity

= Thereis alarge varietyof proteins available to living organisms
= Thisis because:
= There are 20 naturallyoccurringamino acids that form the basic structure of apolypeptide
chain
= Polypeptides canvaryinlengthfromafew to thousands
= The structure and amino acid sequence canalso vary
= The genetic code,meaning DNAbase sequence,codes forthe numberand orderofamino
acidsinapolypeptide,and thereis ahuge varietyof options forDNAbase sequence
= 20 amino acids cangive analmostinfinite numberof polypeptides
= Polypeptides are assembled at aribosome by condensingindividualamino acids onto a growing
chain,one by one
= This allows achoice of 20 amino acids eachtime one isadded
= The mRNA codondetermines whichamino acid is added
= Forapolypeptide chainof 50 amino acidsinlength(considered averyshort protein), there
would be 2059 possible combinations of amino acids
= This gives 113 x10% combinations
= Giventhatthe average lengthof aproteinis 300 amino acids, the numberof possible
combinationsis so large,we canconsiderit to be infinite

Role of proteins

= Therange of proteins available means that theyare veryversatile so that they have manydifferent

rolesincells,tissues and organs, such as:

= Speedingupcellularreactions,orcatalysis,is performed byenzymes

= Blood clotting, where blood proteins interact withoxygento forma gel-like scabacross a
wound

= Strengthening fibres inskin, hair,tendons,blood vessels e.g.collagen, keratin

= Transport of vitalmetabolites e.g.oxygenwhichis carried byhaemoglobin

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

= Celladhesion,where cells inthe same tissue stick together

= Hormones,chemicalmessengers thatare secretedinone part of the bodyto have aneffect
elsewhere

= Compactionof DNAinchromosomes forstorage, caused byhistone proteins

= Theimmune response produces antibodies,the mostdiverse group of proteins

= Membrane transport channeland carrier proteins that determine which substances canpass
across amembrane
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= Cellreceptors,whichare bindingsites forhormones,chemical stimulisuch as tastes,and for
otherstimulisuchas lightand sound

Examples of polypeptides
Rubisco

= Ribulose Bisphosphate Carboxylase

= Anenzyme that catalyses the fixingof CO; fromthe atmosphere during photosynthesis

= Composedoflé polypeptide chains as aglobular protein

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

= The most abundant enzyme onEarthasit's presentinallleaves

= Rubiscoisavery slow catalyst, butit's the most effective 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 fromthe blood
= Composedof2polypeptide chains as ashort, globular protein
Immunoglobulins

= Also known as antibodies

= Theyhave ageneric 'Y'shape,with specific bindingsites 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

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

Rhodopsin

= Apigmentintheretinaofthe eye
= Amembrane proteinthatis expressedinrod cells
= Contains alight-sensitive part, retinal, whichis derived from Vitamin A
= Aphotonoflight causes aconformational changeinrhodopsin,whichsends anerve impulse
alongthe optic nerve to the centralnervous system
Collagen

= Afibrousproteinmade of three separate polypeptide chains

= The most abundant proteininthe humanbody - approximately 25%

= Fibres formanetworkinskin,blood vesselwalls and connective tissue that canresist tearing
forces

= Playsaroleinteethand bones, helpingto reduce theirbrittleness
Spider Silk
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The silkused by spiders to suspend themselves and create the spokes of theirwebs is as strong
as steelwire though considerablylighter

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

Does notdenature easilyat extremes of temperature

Has manyattractive aspects forengineering and textile product design thanks to

its strengthand 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, e.g. the silk they
use to encase theirpreyaftercapture
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Protein Structure: Effect of pH & Temperature

Protein Structure: Effect of pH & Temperature

Proteins structure is sensitive to changes in the environment, particularlytemperature and pH
changes
The precise structure of aproteinis dependentontheionic interactions,hydrogenbonds and
otherintermolecularforces between polypeptide chains beingintact
Denaturationmayoccurbytemperature and pH extremes thatinterfere with these bonds
= Denaturationis theirreversible change of proteinconformation
The bonds that formbetweendifferent Rgroups are relatively weak (compared to the peptide
bonds that hold the amino acids insequence)
These bonds canbe brokeneasily, whichcancause the conformationof the proteinto change
and denaturation
The altered proteinshape mayaffectits function, physical state and generalusefulness inits
originalrole
AcertainpHis considered as anoptimum fora particularprotein,because at that pH, the protein's
3Dstructureis notdenatured
Denaturationis almost always irreversible
= The proteincannotbere-formed inits original conformation byreversingthe changein
conditions
= However,smalldenaturations and renaturations are possible incertainproteins to respond
to smallfluctuations in pH e.g.haemoglobin

Denaturation of a proteindiagram

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

= Denaturationcanbe seenmosteasilybylooking at the changes inanegg white as the eggis fried
orpoached
= Eggwhite is mainlythe proteinalbumin
= The hydrophobic amino acids in albumin are at the centre of the molecule inits normal state,so
albuminis soluble
= Heatingcauses the hydrophobic amino acids to appearat the edges, where theycause the
proteinto becomeinsoluble
= Aharder,solid layerforms,whichis the cooked white
= Similarevents occurinthe proteins of the eggyolkasitcooks
= Denaturationalso occursinthe stomach,where the low pH (pH2) causes proteinsinthe diet to
become denatured ontheirwayto beingfullyhydrolysed furtherdown the digestive system
= The stomachenzyme pepsin, aprotein-digestingenzyme has anoptimum pH of 2forthis reason
= 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 e.g.
pepsinorlipase
= Manydrugs are proteins that cannot be takenby mouth, because the protein will be denatured
by stomachacid
= These drugs should be delivered inanother way e.g.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
acids inastraight chain,thenthe otherbonds and forces holding the chaininits folded, 3D
structure.

Page 10 of 10
For more help visit our website www.exampaperspractice.co.uk



