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Transcriptionin Protein Synthesis

Synthesis of RNA

= Thisprocess of proteinsynthesis occursintwo stages:
= Transcription-DNAis transcribed and an mRNA molecule is produced
= mRNAis asingle stranded RNAmolecule that transfers the informationin DNAfrom the
nucleus into the cytoplasm
= mRNAproductionrequires the enzyme RNA polymerase
= Translation- mRNA (messengerRNA)is translated and an amino acid sequence is produced

The process of transcription

= This stage of proteinsynthesis occursinthe nucleus of the cell
= PartofaDNAmolecule unwinds (the hydrogenbonds between the complementarybase pairs
break)
= This exposes the gene to be transcribed (the gene from which a particular polypeptide will be
produced)
= Acomplementarycopyofthe code fromthe geneis made bybuilding asingle-stranded nucleic
acid molecule knownas mRNA (messengerRNA)
= Free RNAnucleotides pairup (viahydrogenbonds) with theircomplementary (now exposed)
bases onone strand (the template strand) of the ‘unzipped’ DNAmolecule
= The sugar-phosphate groups of these RNAnucleotides are thenbonded togetherbythe enzyme
RNA polymerase to form the sugar-phosphate backbone of the mRNAmolecule
= Whenthe gene has beentranscribed (whenthe mRNA molecule is complete), the hydrogen
bonds betweenthe mRNA and DNA strands break and the double-stranded DNA molecule re-
forms
= The mRNAmolecule thenleaves the nucleus viaaporeinthe nuclearenvelope
= Thisis where the term messengercomes from - the mRNAis despatched, carrying amessage,
to anotherpart of the cell
= DNAcan't make thisjourney;it's too bigto fit through the poresinthe nuclearenvelope

Transcriptioninthe nucleusdiagram
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DNA is transcribed and an mRNA molecule is produced

O ExamTip

Be careful - DNA polymerase is the enzyme involved in DNAreplication; RNA polymerase is the
enzyme involved intranscription-don’t getthese confused.
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Hydrogenbonding & Complementary Base Pairing

Inthe transcriptionstage of protein synthesis, free RNA nucleotides pairup withthe exposed
bases onthe DNAmolecule but only withthose bases onone strand of the DNA molecule
The RNAwillhave acomplementarybase sequence to the DNA strand and will bind to the DNA

usinghydrogenbonds
The adenine of the DNA is complementary to uracilonthe new RNA strand, because athymine

RNAnucleotide does not exist

Complementarybase pairing betweenthe DNAand the RNA transcript table

DNA template strand code TAC GGA AGA CTT GGG

RNA transcript AUG CCU ucu GAA CcCC

The strand of the DNAmolecule that carries the genetic codeis called the coding strand

The opposite DNAstrand is called the template strand
To getanRNA transcript of the coding strand, the template strand is the one that is

transcribed to formthe mRNA molecule
= This mRNAmolecule will laterbe translated into anamino acid chain

DNA coding and template strand during transcription diagram

The template strand of the DNA molecule is the one that is transcribed
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DNA Templates

= DNAis avery stable molecule due to the hydrogenbonding between the DNAbases of the two

strands and the strong phosphodiesterbonds betweenadjacentnucleotidesineachstrand
= This means that the genetic codeis not prone to spontaneously breaking or changing

= This feature allows single DNA strands to act as reliable templates for transcriptionoverseveral
generations of cellreplication

= |ncertaintypes of somatic cells thatdo notdivide during theirlifetimes, such as neurones and
some types of muscle cells, the genetic sequenceis conserved due to this stabilityand does
not degrade overtime

Transcription & Gene Expression

= There are approximately20,000 protein-coding genes in the human genome
= Noteveryproteinisneeded ineverycell
= Forexample,theinsulinproteinis notneeded incardiac muscles of the heart
= Asaresult,ourspecialised cells have awayof switching certaingenes off oronto match the
requirements of the cell.This is called gene expression
= Genes thatare expressed are 'switched on'and undergo the process of transcriptionand
translation
= Genesthatare notexpressed are 'switched off' orsilenced,and do not go through the
process of transcriptionand/ortranslation
= There are various different mechanisms inthe cellinvolved incontrolling gene expression
= Transcriptionis the first stage of gene expressionand so thisis akeystage at whichgene
expressioncanbe switched onoroff

Translationin Protein Synthesis

Synthesis of Polypeptides

= Translationinvolves taking the genetic code fromthe mRNA and synthesisingapolypeptide
= Apolypeptideisasequence of amino acids covalentlybonded together
= Theorderofthe amino acidsis based onthe informationstoredinthe genetic code of the
mRNA
= Thisstage of proteinsynthesis occursinthe cytoplasmofthe cell
= The mRNA template comes fromthe process of transcription,and so translation always takes
place followingthese events
= Aftertranscriptionthe mRNAmoves out of the nuclearpore and diffuses into the cytoplasm
towards theribosome fortranslation

O ExamTip

Make sure youlearnboth stages of protein synthesis fully. Don’t forget WHERE these reactions
take place -transcriptionoccurs inthe nucleus but translationoccurs inthe cytoplasm!
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Roles of RNA & RibosomesinTranslation

= Afterleaving the nucleus,the mRNA molecule attaches to aribosome

= Aribosomeis acomplexstructure thatis made of alarge and small subunit
= Ribosomes are themselves made of proteins and RNA (called ribosomal RNA orrRNA)

= There are binding sites onthe subunits forthe various othermolecules involved in translation
= The mRNA binds to the small subunit
= Two tRNA molecules are able to bind to the large subunit simultaneously

mRNAintheribosome diagram

A ribosome is built of large and small subunits, ribosomal RNA and an area on the surface that catalyses

the formation of peptide bonds in a newly-synthesised protein

= Translationdepends oncomplementarybase pairingbetweencodons onmRNA and anticodons

ontRNA

= Inthe cytoplasm,there are free molecules of tRNA (transfer RNA)

= The tRNA molecules bind with their specific amino acids (also inthe cytoplasm) and bring them
to the mRNAmolecule ontheribosome

= Thetripletof bases (anticodon)oneachtRNAmolecule pairs withacomplementary triplet
(codon)onthe mRNAmolecule

tRNA and mRNA before translationdiagram
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The translation stage of protein synthesis — tRNA molecules bind with their specific amino acids
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Codons & Anticodons

= Codonsofthreebases onmRNAcorrespond to one amino acid ina polypeptide
= Atripletisasequence of three DNAbases thatcodes foraspecific amino acid
= Acodonisasequence of three mRNA bases thatcodes foraspecific amino acid
= Acodonistranscribed fromthe triplet and is complementaryto it

= Ananticodonisasequence of three transfer RNA (tRNA) bases that are complementaryto a
codon

= The transferRNA carries the appropriate amino acid to the ribosome
= The amino acid canthenbe condensed onto the growing polypeptide chain

= Certaincodons carrythe command to stop translationwhenthe polypeptide chainis complete.
These are called stop codons

Structure of tRNAdiagram

The anticodon is positioned at the bottom of the tRNA molecule and consists of three exposed RNA
bases

mRNA and tRNA binding diagram
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Complementary base pairing occurs between the mRNA and the corresponding tRNA molecule, resulting
in the correct sequence of amino acids being synthesised into the polypeptide

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

= Eachlanguage hasits alphabet,justas nucleic acids and proteins have theirmonomers
= Transcriptionis like converting text fromEnglishto French
= The same characters are used, but there are slight differences
= Frenchuses the same alphabet as Englishbut employs occasionallyaccented characters like
a,é,org
= DNAand RNAemploylargelythe same monomers but with slight differences inthe two
pentose sugars and UreplacingT.

= Translationis like converting text fromaWesternlanguage to alanguage thatuses adifferent
alphabet, like Japanese

= Acompletelydifferent set of charactersis used

= The sequence of charactersisunrecognisable fromthe original
= |fwe could seethem,achainofamino acids would look nothinglike achainof nucleotides

O Exam Tip
Rememberthat complementarybase pairingin RNAmeans that:

= Adenine (A) will pairup with Uracil (U)
= Cytosine (C) will pairup with Guanine (G)

SoifanmRNAcodonhas asequence of CAG, thenits complementarytRNA anticodonwillhave a
sequence of GUC
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The Genetic Code

Features of the Genetic Code

= Thesequence of DNAnucleotide bases found withinageneis determined byatriplet (three-
letter)code
= Fachsequenceofthreebases(i.e.eachtripletofbases)inagene codesforone amino acid
= Thesetriplets code fordifferentamino acids - there are 20 different amino acids that cells use
to make up different proteins
= Forexample:
= CAGcodesforthe amino acid valine
= TTCcodesforthe amino acid lysine
= GAC codesforthe amino acid leucine
= CCGcodesforthe amino acid glycine

= Some ofthese triplets of bases code forstart (TAC - methionine) and stop signals
= Thesestartand stopsignals tellthe cellwhere individual genes start and stop
= Asaresult,the cellreads the DNA correctly and produces the correct sequences of amino
acids (and therefore the correct proteinmolecules) thatitrequires to function properly
= The genetic codeis non-overlapping
= Eachbaseisonlyread onceinwhichcodonitis partof

= There are fourbases,so there are 64 different codons (triplets) possible (43=64),yet there are
only20 amino acids that commonlyoccurinbiological proteins
= Thisiswhythe codeis said to be degenerate: multiple codons cancode forthe same amino
acids
= The degenerate nature of the genetic code canlimit the effect of mutations

= The genetic codeis also universal,meaning that almost everyorganismuses the same code
(there are afewrare and minorexceptions)
= The same triplet codes code for the same amino acids inallliving things (meaning that genetic
informationis transferable between species)
= Theuniversal nature of the genetic code is why genetic engineering (the transferof genes
fromone species to another)is possible

Deducing Amino Acid Sequences

= Byobservingthe genetic code inthe mRNA itis possible to determine the sequence of amino
acids thatare coded forinthe polypeptide
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@ Worked example

Use therules of base-pairing and the mRNA Codons and Amino Acids Table (above)to deduce
the amino acid sequence coded forbythe following DNAcoding strand sequence TTC GAG
CATTAC GCC

Answer:
Step 1: Workout the template sequence using A-T and C-G base pairingrules
AAGCTC GTAATGCGG
Step 2:Workout the mRNA codons,complementary to the template strand
UUC GAG CAUUAC GCC
Step 3:Use the mRNA Codons and Amino Acids Table (above)to workout the first amino acid
Firstbaseincodon=U,second base =U, third base =C
Sowe'relookinginthe top-leftboxof the table;this amino acid is Phe
Step 4:Repeat for the remaining4 codons
GAG=Glu
CAU=His
UAC =Tyr
GCC=Ala

The final sequence of amino acids is Phe-Glu-His-Tyr-Ala

Elongation of the Polypeptide Chain

During translationtwo tRNA molecules fit onto the ribosome at any one time, bringing the amino
acid theyare eachcarryingside byside

= Theribosome willmove alongthe mRNAmolecule,one codonatatime
Apeptide bondis thenformed (bycondensation) betweenthe two amino acids

= Theformationofapeptide bond betweenamino acids is ananabolic reaction

= |trequires energy,inthe formofATP

= The ATP needed fortranslationis provided by the mitochondria within the cell
This process continues untila ‘stop’codononthe mRNAmoleculeisreached - thisactsas a
signalfortranslationto stop and at this point the amino acid chaincoded forbythe mRNA
molecule is complete
This amino acid chainis thenreleased fromthe ribosome and forms the final polypeptide

The processof translationdiagram
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The translation stage of protein synthesis — an amino acid chain is formed
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Protein Structure & Mutations

Protein Structure & Mutations

= Agene mutationis achangeinthe sequence of base pairsina DNAmolecule;this mayresultina
new allele
= Mutations occurallthe time and at random
= There are certainpointsinthe cell cycle whenmutations are more likelyto occur,forexample,
copyingerrors whenDNAis beingreplicated (S phase of interphase)

= Asthe DNAbase sequence determines the sequence of amino acids thatmake upa
polypeptide, mutationsinagene cansometimes lead to achange inthe polypeptide that the
genecodes for
= Mostmutations are harmful orneutral (have no effect) but some can be beneficial
= |nheritance of mutations:
= Mutations presentinnormalbodycells are not inherited, they are eliminated fromthe
populationonce those cells die
= Mutations withingametes are inherited by offspring, possibly causing genetic disease

= There are manydifferent types of mutations thatinvolve the DNA code changingindifferent ways
= Point mutations are mutations where one base inthe DNA sequence is altered, resultingina
change of amino acid coded forduring translation

Example of a point mutation: Sickle cell anaemia

= Asmallchange to agene canhave serious consequences foranorganism
= Sickle cellanaemiais agenetic disease caused byasingle point mutationwithinthe gene (Hb)
thatcodes forthe alpha-globin polypeptide inhaemoglobin
= Mosthumans have the normal allele HbA

The mutationthat occurs

= Withinthe haemoglobingene, apoint mutationresults in the DNA triplet GAG changingto GTGon
the template strand

= Theresulting DNAtriplet (CAC) onthe codingstrandis transcribed into the mMRNA codon GUG,
instead of GAG

= Duringtranslationthe amino acid valine (VAL) replaces the original amino acid glutamic acid (GLU);
this occurs onthe sixthpositionof the polypeptide

= Thesslightlydifferent polypeptide results inanew allele, Hb$

Sickle cellanaemia point mutationdiagram
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A base substitution on the DNA molecule results in a change in the amino acid at position 6 of the
haemoglobin polypeptide, altering the overall structure and function of the protein

The effects

= TheproteinhaemoglobinSis produced instead of haemoglobin A;this causes adistortioninthe
shape of thered blood cells into sickle shapes
= Sickle-shapedredbloodcells:
= Have alimited oxygen-carrying capacity
= Blockthe capillaries limiting the flow of normalred blood cells

= People withsickle cellanaemiasufferfromacute pain,fatigue and anaemia
= Thereis acorrelationbetweensickle cellanaemia and malaria

= |nareas withincreased malariacases, thereis anincreased frequencyofsickle cell alleles

Sickle cellsdiagram
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Normal red blood cells and sickle cell blood cells. The sickle cells cause a blockage in the capillary,
restricting blood flow.

= Youwillcovermore onmutations laterinthe course, see this link
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