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Transcription in Protein Synthesis

Synthesis of RNA

This pro cess o f pro tein synthesis o ccurs in two  stages:

Transcriptio n – DNA is transcribed and an mRNA mo lecule is pro duced

mRNA is a single stranded RNA mo lecule that transfers the info rmatio n in DNA fro m the

nucleus into  the cyto plasm

mRNA pro ductio n requires the enz yme RNA po lymerase

Translatio n – mRNA (messenger RNA) is translated and an amino  acid sequence  is pro duced

T he process of transcription

This stage o f pro tein synthesis o ccurs in the nucleus o f the cell

Part o f a DNA mo lecule unwinds  (the hydro gen bo nds  between the co mplementary base pairs

break)

This expo ses the gene  to  be transcribed (the gene fro m which a particular po lypeptide will be

pro duced)

A co mplementary co py o f the co de fro m the gene is made by building a single-stranded nucleic

acid mo lecule kno wn as mRNA (messenger RNA)

Free RNA nucleo tides  pair up (via hydro gen bo nds) with their co mplementary (no w expo sed)

bases o n o ne strand (the template strand) o f the ‘unz ipped’ DNA mo lecule

The sugar-pho sphate gro ups o f these RNA nucleo tides are then bo nded  to gether by the enz yme

RNA po lymerase  to  fo rm the sugar-pho sphate backbo ne o f the mRNA mo lecule

When the gene has been transcribed (when the mRNA mo lecule is co mplete), the hydro gen

bo nds between the mRNA and DNA strands break and the do uble-stranded DNA mo lecule re-

f o rms

The mRNA mo lecule then leaves the nucleus  via a po re in the nuclear envelo pe

This is where the term messenger co mes fro m - the mRNA is despatched, carrying a message,

to  ano ther part o f the cell

DNA can't make this jo urney; it's to o  big to  �t  thro ugh the po res in the nuclear envelo pe

Transcript ion in t he nucleus diagram
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DNA is transcribed and an mRNA molecule is produced

Exam T ip

Be careful – DNA po lymerase is the enz yme invo lved in DNA replicatio n; RNA po lymerase is the

enz yme invo lved in transcriptio n – do n’t get these co nfused.

Page 2 of 25
For more help visit our website www.exampaperspractice.co.uk



Hydrogen bonding & Complementary Base Pairing

In the transcriptio n stage o f pro tein synthesis, free RNA nucleo tides pair up with the expo sed

bases o n the DNA mo lecule but o nly with tho se bases o n o ne strand o f  the DNA mo lecule

The RNA will have a co mplementary base sequence to  the DNA strand and will bind to  the DNA

using hydro gen bo nds

The adenine o f  the DNA is co mplementary to  uracil o n the new RNA strand, because a thymine

RNA nucleo tide do es no t exist

Complement ary base pairing bet ween t he DNA and t he RNA t ranscript  t able

DNA template strand co de TAC GGA AGA CTT GGG

RNA transcript AUG CCU UCU GAA CCC

The strand o f the DNA mo lecule that carries the genetic co de is called the co ding strand

The o ppo site DNA strand is called the template  strand

To  get an RNA transcript o f  the co ding strand, the template strand is the o ne that is

transcribed  to  fo rm the mRNA mo lecule

This mRNA mo lecule will later be translated into  an amino  acid chain

DNA coding and t emplat e st rand during t ranscript ion diagram

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

DNA is a very stable  mo lecule due to  the hydro gen bo nding between the DNA bases o f the two

strands and the stro ng pho spho diester bo nds between adjacent nucleo tides in each strand

This means that the genetic co de is no t pro ne to  spo ntaneo usly breaking o r changing

This feature allo ws single DNA strands to  act as reliable templates f o r transcriptio n o ver several

generatio ns o f cell replicatio n

In certain types o f so matic cells that do  no t divide during their lifetimes, such as neuro nes and

so me types o f muscle cells, the genetic sequence is co nserved due to  this stability and do es

no t degrade o ver time

Transcription & Gene Expression

There are appro ximately 20,000 pro tein-co ding genes in the human geno me

No t every pro tein is needed in every cell

Fo r example, the insulin pro tein is no t needed in cardiac muscles o f the heart

As a result, o ur specialised cells have a way o f switching certain genes o � o r o n to  match the

requirements o f the cell. This is called gene expressio n

Genes that are expressed are 'switched o n' and  undergo  the pro cess o f  transcriptio n and

translatio n

Genes that are no t expressed are 'switched o �' o r silenced, and do  no t go  thro ugh the

pro cess o f transcriptio n and/o r translatio n

There are vario us di�erent mechanisms in the cell invo lved in co ntro lling gene expressio n

Transcriptio n is the �rst stage o f  gene expressio n and so  this is a key stage at which gene

expressio n can be switched o n o r o �

Translation in Protein Synthesis

Synthesis of Polypeptides

Translatio n invo lves taking the genetic co de fro m the mRNA and synthesising a po lypeptide

A po lypeptide is a sequence o f amino  acids co valently bo nded to gether

The o rder o f the amino  acids is based o n the info rmatio n sto red in the genetic co de o f the

mRNA

This stage o f pro tein synthesis o ccurs in the cyto plasm o f the cell

The mRNA template  co mes fro m the pro cess o f transcriptio n, and so  translatio n always takes

place fo llo wing these events

After transcriptio n the mRNA mo ves o ut o f the nuclear po re and di�uses into  the cyto plasm

to wards the ribo so me fo r translatio n

Exam T ip

Make sure yo u learn bo th stages o f pro tein synthesis fully. Do n’t fo rget WHERE these reactio ns

take place – transcriptio n o ccurs in the nucleus but translatio n o ccurs in the cyto plasm!
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Roles of RNA & Ribosomes in Translation

After leaving the nucleus, the mRNA mo lecule attaches to  a ribo so me

A ribo so me is a co mplex structure that is made o f a large and small subunit

Ribo so mes are themselves made o f pro teins  and RNA (called ribo so mal RNA o r rRNA)

There are binding sites o n the subunits  fo r the vario us o ther mo lecules invo lved in translatio n

The mRNA binds to  the small subunit

T wo  tRNA mo lecules are able to  bind to  the large subunit simultaneo usly 

mRNA in t he ribosome 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

Translatio n depends o n co mplementary base pairing between co do ns o n mRNA and antico do ns

o n tRNA

In the cyto plasm, there are f ree mo lecules o f  tRNA (transfer RNA)

The tRNA mo lecules bind with their speci�c amino  acids  (also  in the cyto plasm) and bring them

to  the mRNA mo lecule o n the ribo so me

The triplet o f bases (antico do n) o n each tRNA mo lecule pairs with a co mplementary triplet

(co do n) o n the mRNA mo lecule

t RNA and mRNA bef ore t ranslat ion diagram
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The translation stage of protein synthesis – tRNA molecules bind with their speci�c amino acids
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Codons & Anticodons

Co do ns o f three bases  o n mRNA co rrespo nd to  o ne amino  acid  in a po lypeptide

A triplet  is a sequence o f three DNA bases that co des fo r a speci�c amino  acid

A co do n is a sequence o f three mRNA bases that co des fo r a speci�c amino  acid

A co do n is transcribed fro m the triplet and is co mplementary to  it

An antico do n is a sequence o f three transf er RNA (tRNA) bases that are co mplementary to  a

co do n

The transfer RNA carries the appro priate amino  acid  to  the ribo so me

The amino  acid can then be co ndensed o nto  the gro wing po lypeptide chain

Certain co do ns carry the co mmand to  sto p translatio n when the po lypeptide chain is co mplete.

These are called sto p co do ns

St ruct ure of  t RNA diagram

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

bases 

mRNA and t RNA 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: T hink of transcription and translation as being like converting
between languages

Each language has its alphabet , just as nucleic acids and pro teins have their mo no mers

Transcriptio n is like co nverting text fro m English to  French

The same characters are used, but there are slight di�erences

French uses the same alphabet as English but emplo ys o ccasio nally accented characters like

â, é, o r ç

DNA and RNA emplo y largely the same mo no mers but with slight di�erences in the two

pento se sugars and U replacing T.

Translatio n is like co nverting text fro m a Western language to  a language that uses a di�erent

alphabet, like Japanese

A co mpletely di�erent set o f  characters  is used

The sequence o f characters is unreco gnisable  fro m the o riginal

If we co uld see them, a chain o f amino  acids wo uld lo o k no thing like a chain o f nucleo tides

Exam T ip

Remember that co mplementary base pairing in RNA means that:

Adenine (A) will pair up with Uracil (U)

Cyto sine (C) will pair up with Guanine (G)

So  if an mRNA co do n has a sequence o f CAG, then its co mplementary tRNA antico do n will have a

sequence o f GUC

.
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The Genetic Code

Features of the Genetic Code

The sequence o f DNA nucleo tide bases fo und within a gene is determined by a triplet  (three-

letter) co de

Each sequence o f three bases  (i.e. each triplet o f bases) in a gene co des fo r o ne amino  acid

These triplets co de fo r di�erent amino  acids – there are 20 di�erent amino  acids that cells use

to  make up di�erent pro teins

Fo r example:

CAG co des fo r the amino  acid valine

TTC co des fo r the amino  acid lysine

GAC co des fo r the amino  acid leucine

CCG co des fo r the amino  acid glycine

So me o f these triplets o f bases co de fo r start (TAC – methio nine) and sto p signals

These start and sto p signals tell the cell where individual genes start and sto p

As a result, the cell reads the DNA co rrectly  and pro duces the co rrect sequences o f  amino

acids  (and therefo re the co rrect pro tein mo lecules) that it requires to  functio n pro perly

The genetic co de is no n-o verlapping

Each base is o nly read o nce  in which co do n it is part o f

There are f o ur bases, so  there are 64  di�erent co do ns (triplets) po ssible (4 = 64), yet there are

o nly 20 amino  acids that co mmo nly o ccur in bio lo gical pro teins

This is why the co de is said to  be degenerate: multiple co do ns can co de fo r the same amino

acids

The degenerate nature o f the genetic co de can limit  the e�ect o f mutatio ns

The genetic co de is also  universal, meaning that almo st every o rganism uses the same co de

(there are a few rare and mino r exceptio ns)

The same triplet co des co de f o r the same amino  acids in all living things  (meaning that genetic

info rmatio n is transferable between species)

The universal nature o f the genetic co de is why genetic engineering (the transfer o f genes

fro m o ne species to  ano ther) is po ssible

3 

Deducing Amino Acid Sequences

By o bserving the genetic co de in the mRNA it is po ssible to  determine the sequence o f  amino

acids  that are co ded fo r in the po lypeptide
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Worked example

Use the rules o f  base-pairing and the mRNA Co do ns and Amino  Acids Table  (abo ve) to  deduce

the amino  acid sequence co ded fo r by the fo llo wing DNA co ding strand  sequence TTC GAG

CAT TAC GCC

Answer:

Step 1: Wo rk o ut the template sequence using A-T  and C-G base pairing rules

AAG CTC GTA ATG CGG

Step 2: Wo rk o ut the mRNA co do ns, co mplementary to  the template strand

UUC GAG CAU UAC GCC

Step 3: Use the mRNA Co do ns and Amino  Acids Table (abo ve) to  wo rk o ut the �rst amino  acid

First base in co do n = U, seco nd base = U, third base = C

So  we're lo o king in the to p-left bo x o f the table; this amino  acid is Phe

Step 4 : Repeat f o r the remaining 4  co do ns

GAG = Glu

CAU = His

UAC = Tyr

GCC = Ala

T he �nal sequence o f  amino  acids is Phe-Glu-His-T yr-Ala

Elongation of the Polypeptide Chain

During translatio n two  tRNA mo lecules �t o nto  the ribo so me at any o ne time, bringing the amino

acid they are each carrying side by side

The ribo so me will mo ve alo ng the mRNA mo lecule, o ne co do n at a time

A peptide bo nd  is then fo rmed (by co ndensatio n) between the two  amino  acids

The fo rmatio n o f a peptide bo nd between amino  acids is an anabo lic reactio n

It requires energy, in the fo rm o f AT P

The ATP needed fo r translatio n is pro vided by the mito cho ndria within the cell

This pro cess co ntinues until a ‘sto p’ co do n o n the mRNA mo lecule is reached – this acts as a

signal fo r translatio n to  sto p and at this po int the amino  acid chain co ded fo r by the mRNA

mo lecule is co mplete

This amino  acid chain is then released f ro m the ribo so me  and fo rms the �nal po lypeptide

T he process of  t ranslat ion diagram
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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

A gene mutatio n is a change in the sequence o f base pairs in a DNA mo lecule; this may result in a

new allele

Mutatio ns o ccur all the time and at rando m

There are certain po ints in the cell cycle when mutatio ns are mo re likely to  o ccur, fo r example,

co pying erro rs  when DNA is being replicated (S phase o f interphase)

As the DNA base sequence determines the sequence o f amino  acids that make up a

po lypeptide, mutatio ns in a gene can so metimes lead to  a change in the po lypeptide that the

gene co des fo r

Mo st mutatio ns are harmf ul o r neutral (have no  e�ect) but so me can be bene�cial

Inheritance  o f mutatio ns:

Mutatio ns present in no rmal bo dy cells are no t inherited, they are eliminated fro m the

po pulatio n o nce tho se cells die

Mutatio ns within gametes  are inherited by o �spring, po ssibly causing genetic disease

There are many di�erent types o f mutatio ns that invo lve the DNA co de changing in di�erent ways

Po int mutatio ns  are mutatio ns where o ne base  in the DNA sequence is altered, resulting in a

change o f  amino  acid  co ded fo r during translatio n

Example of a point mutation: Sickle cell anaemia

A small change to  a gene can have serio us co nsequences  fo r an o rganism

Sickle cell anaemia is a genetic disease caused by a single po int mutatio n within the gene (Hb)

that co des fo r the alpha-glo bin po lypeptide in haemo glo bin

Mo st humans have the no rmal allele Hb

T he mutation that occurs

Within the haemo glo bin gene, a po int mutatio n results in the DNA triplet GAG changing to  GT G o n

the template strand

The resulting DNA triplet (CAC) o n the co ding strand is transcribed into  the mRNA co do n GUG,

instead o f GAG

During translatio n the amino  acid valine  (VAL) replaces the o riginal amino  acid glutamic acid  (GLU);

this o ccurs o n the sixth po sitio n o f the po lypeptide

The slightly di�erent po lypeptide results in a new allele, Hb

Sickle cell anaemia point  mut at ion diagram

A

S
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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

T he e�ects

The pro tein haemo glo bin S is pro duced instead o f haemo glo bin A; this causes a disto rtio n in the

shape o f  the red blo o d cells  into  sickle shapes

Sickle-shaped red blo o d cells:

Have a limited o xygen-carrying capacity

Blo ck the capillaries  limiting the �o w o f no rmal red blo o d cells

Peo ple with sickle cell anaemia su�er fro m acute pain, f atigue  and anaemia

There is a co rrelatio n between sickle cell anaemia and malaria

In areas with increased malaria cases, there is an increased frequency o f sickle cell alleles

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

restricting blood �ow.

Yo u will co ver mo re o n mutatio ns later in the co urse, see this link
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Mechanism of Transcription (HL)

Directionality of Transcription & Translation

The synthesis o f mRNA o ccurs in three stages:

Initiatio n

Elo ngatio n

Terminatio n

During initiatio n, RNA po lymerase binds near the pro mo ter, causing the DNA strands to  separate

to  fo rm an o pen co mplex

During elo ngatio n, RNA po lymerase mo ves alo ng the template strand

RNA po lymerase adds the 5‘ end o f the free RNA nucleo tide to  the 3’ end o f the gro wing

mRNA mo lecule

Elo ngatio n o ccurs in a 5’ to  3’ directio n, synthesising a single strand o f RNA

Terminatio n o ccurs when RNA po lymerase reaches a terminato r sequence

Which triggers the detachment o f  the po lymerase enz yme  and mRNA strand

When the mRNA is translated at the ribo so me it is also  read in the 5’ to  3’ directio n

Direct ion of  t ranscript ion diagram

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

Page 16 of 25
For more help visit our website www.exampaperspractice.co.uk



Initiation of Transcription

Gene expression varies in di�erent cells

Genes are no t expressed equally  in every cell

Essential genes  needed fo r the survival o f an o rganism are expressed all the time

e.g. Genes fo r the main enz ymes in the respirato ry pathways  o r ATP synthase

Other genes are o nly expressed when needed  and at levels that make speci�c amo unts o f

pro tein

e.g. The gene fo r rho do psin that is o nly expressed in light-sensitive recepto r cells o f the

eye

Regulato ry mechanisms  exist to  ensure the co rrect genes are expressed at the co rrect time

These mechanisms are di�erent between pro karyo tes and eukaryo tes but bo th emplo y

transcriptio n f acto rs  and o ther pro teins that bind to  speci�c sequences in DNA

T he function of the promoter

Only so me DNA sequences co de fo r the pro ductio n o f po lypeptides, these are called co ding

sequences

No n-co ding sequences pro duce functio nal RNA mo lecules like transf er RNA (tRNA) o r are

invo lved in the regulatio n o f  gene expressio n such as enhancers, silencers and pro mo ters

The pro mo ter is a no n-co ding sequence lo cated near to  a gene

The pro mo ter is no t itself transcribed

The pro mo ter acts as the binding site f o r RNA Po lymerase  during the initiatio n o f  transcriptio n

Binding o f RNA Po lymerase to  the pro mo ter is under the co ntro l o f vario us regulato ry pro teins

Regulation of gene expression in eukaryotes

Eukaryo tes regulate gene expressio n in respo nse to  variatio ns in their enviro nment

Speci�c pro teins bind to  DNA to  regulate transcriptio n and ensure that o nly the genes required

are being expressed in the co rrect cells, at the co rrect time and to  the right level

This is key to  ho w pro cesses o f cellular di�erentiatio n and develo pment in multicellular

o rganisms are co ntro lled

General transcriptio n f acto rs  are a type o f transcriptio n facto rs that bind directly to  the

pro mo ter to  help initiate transcriptio n

This helps RNA po lymerase to  attach to  the pro mo ter and start transcribing the gene

In eukaryo tes, several general transcriptio n facto rs are needed fo r transcriptio n

Transcript ion f act or binding t o promot er diagram

A transcription factor binding to the promoter region of a gene which allows RNA polymerase to bind and

for transcription to occur
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Non-coding DNA Sequences

DNA mo lecules are very lo ng but o nly certain regio ns co de  fo r the pro ductio n o f po lypeptides

These are called co ding sequences

In humans o nly 1.5% o f  the geno me  co ntains co ding sequences

The majo rity o f a eukaryo tic geno me co ntains no n-co ding regio ns o f DNA that do  no t co de fo r

po lypeptides but have o ther impo rtant f unctio ns

No n-co ding gene regulato ry sequences  are invo lved in the co ntro l o f gene expressio n by

enhancing o r suppressing transcriptio n

No n-co ding sequences can pro duce functio nal RNA mo lecules like transf er RNA (tRNA) o r

ribo so mal RNA (rRNA) 

Intro ns are no n-co ding sequences o f DNA fo und within genes o f eukaryo tic o rganisms

Di�erent pro teins can be pro duced fro m a gene depending o n ho w intro ns are remo ved

Telo meres are regio ns o f repeated nucleo tide sequences  at the end o f chro mo so mes that

pro vide pro tectio n during cell divisio n

The repeated sequence f acilitates binding o f  an RNA primer at the end o f the chro mo so me

leading to  synthesis o f an Okaz aki fragment

Witho ut telo meres, DNA replicatio n co uld no t co ntinue to  the end o f the DNA mo lecule and

chro mo so mes wo uld beco me sho rter after every cell divisio n

No netheless, telo meres sho rten with age due to  o xidative damage within cells

Lo ss o f  telo meres  during ageing can be accelerated by smo king, expo sure to  po llutio n,

o besity, stress and po o r diet

Antio xidants in the diet are claimed to  reduce the rate o f telo mere sho rtening

mRNA splicing diagram

Page 18 of 25
For more help visit our website www.exampaperspractice.co.uk



The RNA molecule produced from the transcription of a gene contains introns that must be removed

before translation can occur
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Post-Transcriptional Modi�cation (HL)

Post-Transcriptional Modi�cation

In all kingdo ms o f life, gene expressio n can be regulated  after an mRNA transcript has been

pro duced

Po st-transcriptio nal mo di�catio n o f  mRNA

Helps prevent degradatio n

mRNA is single stranded and therefo re, inherently unstable

Increases the e�ciency o f pro tein synthesis

In eukaryo tes, expands the co mplexity o f the pro teo me

Pro karyo tic mRNA do es no t require any signi�cant po st-transcriptio nal mo di�catio n as

translatio n can o ccur immediately  which prevents degradatio n o f the mRNA

In eukaryo tes, transcriptio n and translatio n o ccur in separate parts o f  the cell, allo wing fo r

signi�cant po st-transcriptio nal mo di�catio n to  o ccur

In eukaryo tes, the immediate pro duct o f an mRNA transcript is called pre-mRNA which needs to

be mo di�ed to  fo rm mature mRNA

T hree po st-transcriptio nal events must o ccur

�. A methylated cap  is added to  the 5' end to  pro tect against degradatio n by exo nucleases

�. A po ly-A tail (lo ng chain o f adenine nucleo tides) is added to  the 3' end fo r further

pro tectio n and to  help the transcript exit the nucleus

�. No n-co ding sequences (intro ns) are remo ved  and co ding sequences (exo ns) are jo ined

to gether
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Alternative Splicing

Eukaryo tic genes co ntain bo th co ding and no n-co ding sequences  o f DNA

Co ding sequences are called exo ns

No n-co ding sequences are called intro ns

During transcriptio n the who le gene is transcribed  including all intro ns and exo ns

Intro ns are no t translated  as they do  no t co de fo r amino  acids and need to  be remo ved

Befo re the pre-mRNA exits the nucleus, splicing o ccurs, during which

Intro ns (no n-co ding sectio ns) are remo ved

Exo ns (co ding sectio ns) are jo ined to gether

The resulting mature mRNA mo lecule co ntains o nly exo ns  and exits the nucleus befo re

jo ining a ribo so me fo r translatio n

The RNA molecule (known as pre-mRNA) produced from the transcription of a gene contains introns that

must be removed (to form mature mRNA) before translation can occur
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Alternative splicing

The exo ns (co ding regio ns) o f genes can be spliced in many di�erent ways to  pro duce di�erent

mature mRNA mo lecules  thro ugh alternative splicing

A particular exo n may o r may no t be inco rpo rated into  the �nal mature mRNA

Po lypeptides translated fro m alternatively spliced mRNAs may di�er in their amino  acid

sequence, structure and functio n

This means that a single eukaryo tic gene can co de f o r multiple pro teins

This is part o f the reaso n why the pro teo me is much bigger than the geno me

Image showing the alternative splicing of a gene to produce two di�erent proteins

Exam T ip

It is impo rtant yo u learn the terms pre-mRNA and mRNA, their lo catio n and whether they include

intro ns as well as exo ns. A handy way to  distinguish between intro ns and exo ns is to  remember

that EXo ns are EXpressed.
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Translation & the Proteome (HL)

Initiation of Translation

During translatio n, the speci�c sequence o f messenger RNA (mRNA) is translated to  pro duce a

po lypeptide chain co nsisting o f amino  acids

mRNA is a single stranded, linear, RNA mo lecule that transfers the info rmatio n in DNA fro m the

nucleus into  the cyto plasm

Translatio n is catego rised into  three stages: initiatio n, elo ngatio n and terminatio n

Translatio n o ccurs in the cyto plasm at co mplex mo lecules made o f pro tein and RNA called

ribo so mes

Ribo so mes have a two -subunit  (large and small) structure that helps bind mRNA

Ribo so mes have three tRNA binding sites  termed “E” (exit), “P” (peptidyl) and “A” (amino acyl)

At the A site  the mRNA co do n jo ins with the tRNA antico do n

At the P site  the amino  acids attached to  the tRNA are jo ined by peptide bo nds

At the E site  the tRNA exits the ribo so me

Ano ther key mo lecule in translatio n is transf er RNA (tRNA) that deco des mRNA

tRNA mo lecules are single stranded RNA mo lecules that f o ld  to  fo rm a clo ver-shaped

structure

The fo lded structure is held to gether by hydro gen bo nds  between bases at di�erent

po ints o n the strand

tRNA mo lecules are the sho rtest o f the RNA mo lecules, being o nly aro und 80

nucleo tides in length

There are 20 di�erent types o f tRNA mo lecule, o ne fo r each o f the amino  acids invo lved

in pro tein synthesis

tRNA mo lecules have a regio n that binds to  a speci�c amino  acid  as well as a three-

nucleo tide regio n called an antico do n that is co mplementary to  the co do n o n mRNA

The ro le o f tRNA mo lecule is to  carry a speci�c amino  acid to  the ribo so me

Structure of tRNA
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In eukaryo tic cells, the mRNA mo lecule leaves the nucleus  thro ugh the nuclear po res

Translatio n is initiated by the fo llo wing pro cess

A small ribo so mal subunit  attaches to  the 5’ end o f mRNA

An initiato r tRNA mo lecule carrying the amino  acid methio nine binds to  the small ribo so mal

subunit

The initiato r tRNA o ccupies the “P” site o n the ribo so me

The ribo so me mo ves alo ng the mRNA until it lo cates a start co do n (AUG)

The large ribo so mal subunit binds to  the small subunit

Elo ngatio n o f the po lypeptide can begin

The initiato r tRNA currently o ccupies the “P” site, the next co do n o n the mRNA signals fo r the

co rrespo nding tRNA to  bind at the “A” site

The two  amino  acids (attached to  the tRNAs) are linked with a peptide  bo nd, fo rming a

dipeptide

Synthesis o f the peptide chain no w invo lves a repeated cycle o f  events

In the cyto plasm, free tRNA mo lecules bind to  their co rrespo nding amino  acids and transpo rt

them to  the ribo so me

The ribo so me shifts alo ng the mRNA o ne co do n (three bases) at a time

The initiato r tRNA in the “P” site mo ves to  the “E” site which releases  it

The tRNA carrying the peptide chain mo ves fro m the “A” site to  the “P” site

The next mRNA co do n is expo sed and a tRNA with the co mplementary antico do n binds

to  the uno ccupied “A” site whilst its amino  acid is linked to  the po lypeptide chain

The cyclical pro cess is repeated as new amino  acids  are added to  the gro wing chain
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Modi�cation of Polypeptides

Once the primary structure o f the po lypeptide has been synthesised during translatio n it is

o ften no t immediately usable by the cell

The po lypeptide must be mo di�ed in o rder to  be transfo rmed into  a functio nal pro tein

So me examples o f mo di�catio ns include:

Pro tein f o lding into  the seco ndary, tertiary and quaternary structures, including the

fo rmatio n o f disul�de bo nds in the tertiary and quaternary stages

Fo lding can require mo lecular chapero nes  that help to  prevent inco rrect fo lding

The fo rmatio n o f insulin requires po lypeptide mo di�catio n

When insulin is �rst synthesised it is in the fo rm o f an 110 lo ng po lypeptide chain called pre-

pro insulin, which is attached to  the wall o f the endo plasmic reticulum (ER)

It is then mo di�ed by an enz yme that remo ves a peptide called a signal peptide  fro m the

end, detaching it fro m the ER and transfo rming it to  pro insulin

Fro m there the pro insulin f o lds and disul�de bo nds f o rm between di�erent sectio ns o f the

po lypeptide 

The pro insulin is packaged into  vesicles at the Go lgi apparatus

The pro insulin is then cleaved  (during which a sectio n called the C peptide is remo ved fro m

the middle) resulting in two  chains (A-chain and B-chain) attached to gether with two

disul�de bo nds

This is the �nal, mature fo rm o f insulin, ready to  be secreted fro m the cell and used in the

bo dy

Recycling of Amino Acids

Unneeded, damaged, o r misf o lded pro teins  can be recycled  in the bo dy into  usable pro teins

This invo lves enz ymes to  break the peptide bo nds in these pro teins, and releasing the amino

acids to  be used in translatio n to  synthesise new pro teins

Pro teases  are enz ymes that break do wn pro teins in this way

This pro cess is called pro teo lysis

The pro teaso me is an o rganelle fo und in eukaryo tic cells and acts as the lo catio n f o r

pro teo lysis  in the cell

By co ntaining the pro tease enz ymes within an o rganelle it prevents o ther useful cellular pro teins

being bro ken do wn by mistake

Pro teins identi�ed as being unneeded, damaged, o r misfo lded are tagged with a chemical

called ubiquitin, which begins the pro cess o f them being bro ken do wn in the pro teaso me 

This pro cess is co nstantly taking place in the cell and is essential fo r sustaining a functio nal

pro teo me
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