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7.3.1Translation

Initiation of Translation

Initiation of translationinvolvesassembly of the componentsthat carryout the
process.

= Duringtranslation,the specific sequence of messengerRNA(mRNA) is translated to produce a
polypeptide chainconsistingofamino acids
= mRNAis asingle stranded, linear, RNAmolecule that transfers the informationin DNA from the
nucleus into the cytoplasm
= Translationis categorised into three stages:initiation, elongationand termination
= Translationoccursinthe cytoplasmatcomplexmolecules made of proteinand RNAcalled
ribosomes
= Ribosomes have atwo-subunit (large and small) structure that helps bind mRNA
= Ribosomes have three tRNA binding sites termed “E” (exit), “P” (peptidyl) and “A”
(aminoacyl)
= Atthe Asite the mMRNAcodonjoins with the tRNAanticodon
= Atthe Psite the amino acids attached to the tRNA are joined by peptide bonds
= Atthe E site the tRNA exits the ribosome
= Anotherkeymoleculeintranslationis transfer RNA (tRNA) thatdecodes mRNA
= tRNAmolecules are single stranded RNAmolecules that fold to formaclover-shaped
structure
= Thefolded structureis held togetherbyhydrogenbonds betweenbases at different
points onthe strand
= tRNAmolecules are the shortest of the RNAmolecules, beingonlyaround 80
nucleotidesinlength
= There are 20 different types of tRNAmolecule,one foreach of the amino acids involved
inproteinsynthesis
= tRNAmolecules have aregionthat binds to a specific amino acid as well as a three-
nucleotideregioncalled ananticodonthatis complementary to the codonon mRNA
= Therole of tRNAmoleculeis to carryaspecific amino acid to the ribosome
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Structure of tRNA

= |neukaryotic cells,the mRNA molecule leaves the nucleus through the nuclearpores
= Translationisinitiated by the followingprocess
= Asmallribosomalsubunit attaches to the 5’end of mRNA
= Aninitiator tRNA molecule carrying the amino acid methionine binds to the small ribosomal
subunit
= TheinitiatortRNAoccupies the “P”site onthe ribosome
= Theribosome moves alongthe mRNAuntilitlocates astartcodon (AUG)
= Thelarge ribosomalsubunit binds to the small subunit
= Elongationofthe polypeptide canbegin

Elongation of the Polypeptide

= TheinitiatortRNA currentlyoccupies the “P”site, the next codononthe mRNAsignals forthe
corresponding tRNAto bind at the “A” site
= The two amino acids (attached to the tRNAs) are linked withapeptide bond,forming a
dipeptide
= Synthesis of the peptide chainnow involves arepeated cycle of events
= Inthe cytoplasm,free tRNAmolecules bind to theircorresponding amino acids and transport
themto theribosome
= Theribosome shifts alongthe mRNAone codon(three bases) atatime
= TheinitiatortRNAinthe “P”site moves to the “E” site whichreleases it
= The tRNAcarrying the peptide chainmoves fromthe “A” site to the “P” site
= The next mRNA codonis exposed and atRNA with the complementaryanticodonbinds
to the unoccupied “A” site whilstits amino acid is linked to the polypeptide chain
= Thecyclicalprocessisrepeated as new amino acids are added to the growing chain
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Terminationof Translation

= Theprocess of elongationcontinues untilone of three ‘stop’codons (UAA,UAG and UGA) onthe
mRNA moleculeisreached
= StopcodonsdonotcodeforatRNAmolecule butactas asignalfortranslationto stop
= The polypeptide chainand mRNA are released fromthe ribosome
= Theribosome disassembles backinto two separate subunits
= And canawait the arrival of the next mRNA molecule
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Following the initiation of protein synthesis, translation involves a repeated cycle of events to build the
polypeptide chain, tRNA molecules moveinto the A, P and E sites as the ribosome reads the mRNA

O ExamTip

Youdon'tneed to rememberthe precise base sequences of startand stopcodons foryour
examination.

Page 5 of 21
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

tRNA-activating Enzymes

= Amino acids are paired to specific tRNAmolecules throughthe action of tRNA-activating
enzymes
= EachtRNAactivatingenzymerecognises aspecific tRNAmolecule
= tRNA-activatingenzymes,incommonwithmostenzymes, are substrate-specific and recognise
the correcttRNAmolecules bytheirshape
= Nucleotide sequence variabilitybetweentRNAmolecules results invariationintheir three-
dimensional structure
= Active sites of tRNA-activatingenzymes are optimised to bind aspecific tRNA
= |nitially, atRNA-activating enzyme binds to ATP and a specific amino acid
= The active site of the enzyme attracts aconformationally-specific tRNA molecule
= The tRNAmoleculeis bound to the amino acid using ATP (phosphorylation) to create ahigh
energy bond
= Thestored energyinthis bond willbe used laterinpeptide bond formationto link the amino
acid to the growing polypeptide chain
= Thisis anexample of how ananabolic reactionlike protein synthesis utilises the energy
stored in ATP
= AtRNAmolecule withanamino acid attached is called acharged tRNA

Specific tRNA-activating enzymes are involved in charging an amino acid to a specific tRNA molecule
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7.3.2Ribosomes

Structure of Ribosomes

= Ribosomesare foundincells
= FEitherfreely inthe cytoplasm (ofallcells)
= Orbound to the endoplasmic reticulum (ER) to formroughER (onlyin eukaryotic cells)
= Ribosomes are the site of proteinsynthesis
= Theyconsistofalarge and asmallsubunit composed of proteinand ribosomal RNA (rRNA)
= Proteinprovides structure to theribosome
= rRNAfacilitates the binding of mRNA and tRNA and catalyses the formation of peptide
bonds betweenamino acids
= Ribosomes have three tRNA binding sites and one mRNA binding site
= mRNAsitsinagroove betweenthe two subunits and the ribosome moves along,forming a
polypeptide as it travels

A diagram of aribosome, showing the small and large subunits

Free Ribosomes

= |Ineukaryotic cells,proteinsynthesis commonlyoccurs at freeribosomes inthe cytoplasm
= Freeribosomes canmove withinthe cytoplasmand synthesise proteins foruse primarily within
thecell
= Asopposedto proteins destined to be secreted extracellularly
= Proteins synthesised onfree ribosomes are destined foruse withinthe cytosol(the fluid
part of the cytoplasm)
= And withinlarge organelles such as mitochondriaand chloroplasts

Page 7 of 21
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Bound Ribosomes

= Eukaryotic cells make thousands of proteins that need to be delivered to the correctlocation,
sometimes indifferent tissues/organs altogether
= Whenfreeribosomes make proteins destined forlysosomes, orsecretionfromthe cell, the
ribosome becomes bound to the endoplasmic reticulum (ER)
= Signalsequencesinthe growing polypeptide chaindictate whetherthe free ribosome needs to
move to the ER
= The signalsequence occurs at the beginning polypeptide
= Signalrecognitionproteins bind to the polypeptide, pausing translation
= The freeribosome binds to areceptoronthe ER,formingroughER
= Translationis re-initiated and the polypeptide chainmoves inside the ER
= Thesynthesised proteincanbe carried viaavesicle to the Golgi apparatus before being
secreted out of thecell

Proteins destined forlysosomes or secretion out of the cell are synthesised by ribosomes bound to the
endoplasmic reticulum
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7.3.3Translationin Prokaryotes

Translationin Prokaryotes

Prokaryotic cells have aless complexultrastructure than eukaryotic cells
= Eukaryote cells are divided upinto membrane-bound compartments called organelles

= Transcriptionand translationhappenin different compartments because ribosomes are
separated fromthe nucleus

The lack of anucleus is adefining cellular feature of prokaryotes, allowing transcriptionand
translationto take place inthe same compartment

Translationcanoccurimmediately after transcriptiondue to the absence of anuclear
membrane

= Bothprocesses proceed simultaneously and likelyinacoupled fashion
= Translationstarts evenbefore the mRNA has finished being transcribed from the DNA

Transcription and translation occur simultaneously in prokaryotes due to the absence of a nuclear
membrane. Ribosomes start translating the mRNA whilst it is still being synthesised.
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7.3.4 Bioinformatics

Bioinformatics

= The 21t Centuryhas seenatremendousincrease inthe amount of biological data
= This has beendue to rapid advances in DNA sequencing and othertechnologies
= Developmentsinscientific researchhave beenaccompanied byimprovements incomputing,
enablingscientists to interpret complexbiological datausing bioinformatics applications
= Bioinformaticsis aninterdisciplinary field that develops methods and software to help further
ourunderstanding of life by making sense of this data
= Althoughmanynew bioinformatics applications are at the forefront of applied computing,
mostscientific researchuses standard tools and databases
= Datarelated to gene sequence, proteinstructure, gene expressionormetabolitesis curated,
annotated and stored indatabases such as GenBank, NCBI, EBI, PDB
= Arange of opensource software toolsis available to query this data

Sequence similarity

= |fascientisthas anunknown DNAsequence,theycandetermineifitcodesforagene

= BLAST (Basic Local Alignment SearchTool) search cancompare the unknown DNA sequence to
allknowngene sequences inaparticulardatabase
= BLAST finds regions of similarity betweensequences
= The searchreturns ‘hits’which are the sequences mostrelated to the searchsequence

(dependingonthe parameters set)

= There are many variations of BLAST that canbe used fordifferent analyses suchas protein

sequences orcomparing multiple input sequences atonce

Genetic variation and evolutionaryrelationships

= Scientists cancompare homologous gene sequences between many organisms
= Sequences are compared usinganalignment toolsuchas Clustal W (there are many
alternatives)
= This aligns (stacks) the sequences based onsimilarregions so that variable regions canbe
identified
= This determines the degree of similarity between organisms which gives anindicationof how
closely related the organisms are
= There maybe acommonancestral originbutinsome organisms, the gene might have
accumulated differences overtimes fromrandom mutations
= Tree-like evolutionarydiagrams (phylogenetic trees) canbe constructed withsoftware such as
PhyloWinto show the degree of relatedness to arecentcommonancestor
= Phylogenetic analysis is usefulforbiological classification,conservationstudies, forensics or
molecularepidemiologywhich canhelp dictate public health policy
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= Variants of highlyinfectious pathogens such as SARS-CoV-2(awell-known coronavirus) can
be identified using these techniques

Sequencing DNAtodetermine protein sequences

= The genetic code canbe used to determine the amino acid sequence withinaprotein
= This primarystructure informationcanbe used to predicthow proteins will fold into their
tertiary structure
= This gives agreaterlevelofunderstandingofhow aproteinfunctions orinteracts withother
proteins ormolecules
= Suchinformationcanbe used forarange of applications,suchas drugdesignornovelprotein
engineeringinsynthetic biology

Bioinformatics allows forlarge amounts of biological data to be available instantly to researchers across
theglobe
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7.3.5Levels of Protein Structure

Primary Structure

Levelsof Protein Structure

Proteins are relativelylarge,complex molecules that containone or more chains of amino acids
known as polypeptides
The three-dimensional arrangement of polypeptide chains dictates aprotein's structure and
function
There are fourlevels of structure inproteins

= Threelevels are structuralaspects of asingle polypeptide chain

= Thefourthlevelrelates to aproteinthat has more than one polypeptide chain

Primarystructure

The sequence of amino acids bonded by covalent peptide bonds is the primary structure of a
protein

The DNA of acelldetermines the primary structure of aproteinbyinstructing the cellto add
certainamino acids inspecific quantities inaspecific,ordered sequence

This affects the shape, and therefore the function, of the protein

The primary structure is specific foreach protein

Some mutations canlead to the incorrect amino acid beingincorporated into the polypeptide
chainwhich canaffect the function of the protein
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The primary structure of a protein. The three-letter abbreviations indicate the specific amino acid (there
are 20 commonly found in cells of living organisms).

Secondary Structure

= Secondarystructureis the formationof complex shapes within the polypeptide chain
= Secondarystructure of aproteinoccurs due to weakhydrogenbonds
= Hydrogenbonds formbetweencarboxyl(C=0) groups and amino (H-N-H) groups
s The bonds usuallyformbetweennon-adjacent amino acids resultinginachange inshape of
the linearpolypeptide chain
= There are two shapes that canformwithin proteins due to the hydrogenbonds:
= Alpha-helix (or a-helix)
s Beta-pleated sheet(orp-pleated sheet)
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The secondary structure of a protein with the a-helix and B-pleated sheets.
The magnified regions illustrate how the hydrogen bonds form between peptide bonds.

Tertiary Structure

Polarand non-polaraminoacidsarerelevant tothebondsformed between Rgroups

= Tertiarystructure refers to how the polypeptide chainfolds to formacomplex, three-
dimensional shape
= Tertiarystructure gives proteins avery specific shape thatis important forfunction
= Suchasreceptorsitesoncellmembranes and active sitesinenzymes
= Foldingresults frominteractions betweenRgroups (side chains) of the amino acids and the
surrounding environment
= Anumberofdifferentinteractions betweenR-groups contribute to the tertiary structure
= HydrogenbondsformbetweenpolarR-groups
= Hydrophobicinteractions formbetweenthe R-groups of non-polaramino acids withinthe
interior of proteins to avoid contact withwater
= Covalent bonds formbetweenthe R-groups of cysteine amino acids to formdisulphide
bridges
= lonicbonds formbetweenpositivelyand negatively charged R-groups
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The interactions that occurbetween the R groups of amino acids determine the tertiary structure and
function of a protein

Page 15 of 21
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Quaternary Structure

Quaternarystructure

Large proteins oftenconsist of multiple polypeptide chains functioningtogetheras alarger
biologicallyactive macromolecule

= Eachpolypeptide chainis referred to as asubunit of the protein
Many proteins also containnon-polypeptide components (prosthetic groups) and are classed
as conjugated proteins
Quaternarystructure refers to how polypeptides and othercomponents are arranged

= Thisrelates closelyto function

= Proteins withonlyone polypeptide chaindo nothave aquaternarystructure
Haemoglobinis aconjugated protein, having quaternary structure, as it consists of multiple
polypeptide chains (making four subunits) each with a prosthetic group

= There are two pairs of identical polypeptide chains (a-globins and B-globins)

= Eachsubunithas aprosthetic haemgroup which contains anironatom (Fe)

The quaternary structure of haemoglobin
Four subunits (polypeptide chains) and prosthetic haem groups work together to carry oxygen

Summary of Bonds inProteins Table
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O Exam Tip

Familiarise yourself with the difference between the fourstructurallevels found in proteins,
notingwhichbonds are found at whichlevel. Rememberthat the hydrogenbonds in tertiary

structures are betweenthe R groups whereas insecondarystructures the hydrogenbonds form
between the amino and carboxyl groups.
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7.3.6 Skills: Polysomes & Ribosomes

Identifying Polysomes

= Translationcanoccursimultaneously at multiple positions along mRNA

= Polysomes (orpolyribosomes)are groups of two ormore ribosomes translating the same mRNA
transcript

= Multiple copies of the same polypeptide chaincanbe made simultaneously fromasingle mRNA
transcript
= Polysomes effectivelyincrease the amount of polypeptide produced

= |nelectronmicrographs,polysomeslooklike ‘beads onastring’ witheachbead representinga
ribosome
= There are visible differences between eukaryotes and prokaryotes

= |Inprokaryotes,thelack of anucleus means transcriptionand translationare coupled
= Translationstarts before the mRNA has finished being transcribed from the DNA
= Onanelectronmicrograph, multiple polysomes canappearongrowing mRNA strands along

the DNAmolecule

= |neukaryotes,mRNAis transported out of the nucleus priorto translation
= Onanelectronmicrograph, polysomes are seenonthe mRNA with no involvement of DNA

= Asribosomes move inthe same 5'to 3’ directionalongthe mRNA, ribosomes towards the 3’end
have longerpolypeptide chains being synthesised

Electron micrograph of prokaryotic polysomes, the image shows simultaneous transcription and
translation of a bacterial gene
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Electron micrograph of eukaryotic polysomes, polypeptide chains can be seen emerging from the
ribosomes
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Visualising the Structure of Ribosomes

There are many ‘opensource’ databases that contain datarelating to the three-dimensional
structure of proteins

= Themostcommonlyused ones are PDB (Protein Data Bank) and Swiss-Prot
Such databases allowresearchers to analyse biologicalmolecules and study interactions
betweenthem

= This helps relate structure to biological function
Datarelating to the three-dimensional structure of biologicalmolecules can be visualised using
molecularvisualisationsoftware suchas Mol* orJmol
Molecules canbe represented inmanydifferent ways includingballand stickatommodels or
simplified ribbonrepresentations that show the proteinbackbone
Mostmolecularvisualisation software is freely available on the Internet orcanbe accessed
through manybioinformatics repositories

Analysing the structure of the eukaryotic ribosome

Visitthe PDB and searchfor: Yeast 80Sribosome 4V7R(do not put the searchterminquotes)
Selectthe “3Dview” to view the protein structure inmol*

Eukaryotic ribosome are complexmolecules consisting predominantly of ribosomal RNAs and
multiple proteins - these are represented indifferent colours

The molecule appears to be made of two distinct halves (subunits)

Rotate orzoominto theimage to visualise the different components

Tryand identifythe ribosomal RNA in the two subunits (hoverthe cursorover)
Anopening(groove) betweenthe subunits should be visible - mMRNA passes throughhere

Analysing the structure of atRNAmolecule

Searchfor:1YFGinthe PDB (1YFGis the database identifierforyeastinitiator tRNA)
Selectthe “3Dview” to view the protein structure inmol*

Youshould be able to recognise theloop structures

Considerhow this structure is specific to the tRNA-activating enzyme

Tryand identifythe anticodonregionand amino acid binding site (acceptorarm)
Tryselecting adifferentviewersuchas JSmol

Investigate changing settings inthe viewer
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Structure of yeast tRNA
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