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7.3.1 Translation

Initiation of Translation

Init iat ion of  t ranslat ion involves assembly of  t he component s t hat  carry out  t he
process.

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
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Structure of tRNA

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

Elongation of the Polypeptide

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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Termination of Translation

The pro cess o f elo ngatio n co ntinues until o ne o f three ‘sto p’ co do ns  (UAA, UAG and UGA) o n the

mRNA mo lecule is reached

Sto p co do ns do  no t co de fo r a tRNA mo lecule but act as a signal f o r translatio n to  sto p

The po lypeptide chain and mRNA are released fro m the ribo so me

The ribo so me disassembles  back into  two  separate subunits

And can await the arrival o f the next mRNA mo lecule
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Following the initiation of protein synthesis, translation involves a repeated cycle of events to build the

polypeptide chain, tRNA molecules move into the A, P and E sites as the ribosome reads the mRNA

Exam T ip

Yo u do n't need to  remember the precise base sequences o f start and sto p co do ns fo r yo ur

examinatio n. 
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tRNA-activating Enzymes

Amino  acids are paired to  speci�c tRNA mo lecules thro ugh the actio n o f tRNA-activating

enz ymes

Each tRNA activating enz yme reco gnises a speci�c  tRNA mo lecule

tRNA-activating enz ymes, in co mmo n with mo st enz ymes, are substrate-speci�c  and reco gnise

the co rrect tRNA mo lecules by their shape

Nucleo tide sequence variability between tRNA mo lecules results in variatio n in their three-

dimensio nal structure

Active sites o f tRNA-activating enz ymes are o ptimised to  bind a speci�c tRNA

Initially, a tRNA-activating enz yme binds to  AT P and a speci�c amino  acid

The active site o f the enz yme attracts a co nf o rmatio nally-speci�c tRNA mo lecule

The tRNA mo lecule is bo und to  the amino  acid using ATP (pho spho rylatio n) to  create a high

energy bo nd

The sto red energy in this bo nd will be used later in peptide bo nd f o rmatio n to  link the amino

acid to  the gro wing po lypeptide chain

This is an example o f ho w an anabo lic reactio n like pro tein synthesis utilises the energy

sto red in ATP

A tRNA mo lecule with an amino  acid attached is called a charged tRNA

Speci�c tRNA-activating enzymes are involved in charging an amino acid to a speci�c tRNA molecule
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7.3.2 Ribosomes

Structure of Ribosomes

Ribo so mes  are fo und in cells

Either f reely in the cyto plasm (o f all cells)

Or bo und to  the endo plasmic reticulum (ER) to  fo rm ro ugh ER (o nly in eukaryo tic cells)

Ribo so mes are the site o f  pro tein synthesis

They co nsist o f a large and a small subunit  co mpo sed o f pro tein and ribo so mal RNA (rRNA)

Pro tein pro vides structure to  the ribo so me

rRNA f acilitates the binding o f  mRNA and tRNA and catalyses the fo rmatio n o f peptide

bo nds between amino  acids

Ribo so mes have three tRNA binding sites  and o ne mRNA binding site

mRNA sits in a gro o ve between the two  subunits and the ribo so me mo ves alo ng, fo rming a

po lypeptide as it travels

A diagram of a ribosome, showing the small and large subunits

Free Ribosomes

In eukaryo tic cells, pro tein synthesis co mmo nly o ccurs at f ree ribo so mes  in the cyto plasm

Free ribo so mes can mo ve within the cyto plasm and synthesise pro teins fo r use primarily within

the cell

As o ppo sed to  pro teins destined to  be secreted extracellularly

Pro teins synthesised o n free ribo so mes are destined fo r use within the cyto so l (the �uid

part o f the cyto plasm)

And within large o rganelles  such as mito cho ndria and chlo ro plasts
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Bound Ribosomes

Eukaryo tic cells make tho usands o f pro teins that need to  be delivered to  the co rrect lo catio n,

so metimes in di�erent tissues/o rgans alto gether

When free ribo so mes make pro teins destined fo r lyso so mes, o r secretio n fro m the cell, the

ribo so me beco mes bo und to  the endo plasmic reticulum (ER)

Signal sequences in the gro wing po lypeptide chain dictate whether the free ribo so me needs to

mo ve to  the ER

The signal sequence o ccurs at the beginning po lypeptide

Signal reco gnitio n pro teins bind to  the po lypeptide, pausing translatio n

The free ribo so me binds to  a recepto r o n the ER, f o rming ro ugh ER

Translatio n is re-initiated  and the po lypeptide chain mo ves inside the ER

The synthesised pro tein can be carried via a vesicle to  the Go lgi apparatus befo re being

secreted o ut  o f the cell

Proteins destined for lysosomes or secretion out of the cell are synthesised by ribosomes bound to the

endoplasmic reticulum
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7.3.3 Translation in Prokaryotes

Translation in Prokaryotes

Pro karyo tic cells have a less co mplex ultrastructure  than eukaryo tic cells

Eukaryo te cells are divided up into  membrane-bo und co mpartments called o rganelles

Transcriptio n and translatio n happen in di�erent co mpartments because ribo so mes are

separated fro m the nucleus

The lack o f a nucleus is a de�ning cellular f eature o f  pro karyo tes, allo wing transcriptio n and

translatio n to  take place in the same co mpartment

Translatio n can o ccur immediately af ter transcriptio n due to  the absence o f a nuclear

membrane

Bo th pro cesses pro ceed simultaneo usly  and likely in a co upled fashio n

Translatio n starts even bef o re the mRNA has �nished being transcribed  fro m 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 21  Century has seen a tremendo us increase in the amo unt o f bio lo gical data

This has been due to  rapid advances in DNA sequencing and o ther techno lo gies

Develo pments in scienti�c research have been acco mpanied by impro vements in co mputing,

enabling scientists to  interpret co mplex bio lo gical data using bio info rmatics applicatio ns

Bio inf o rmatics is an interdisciplinary �eld  that develo ps metho ds and so ftware to  help further

o ur understanding o f life by making sense o f this data

Altho ugh many new bio info rmatics applicatio ns are at the fo refro nt o f applied co mputing,

mo st scienti�c research uses standard to o ls and databases

Data related to  gene sequence, pro tein structure, gene expressio n o r metabo lites is curated,

anno tated and sto red in databases such as GenBank, NCBI, EBI, PDB

A range o f o pen so urce so f tware to o ls  is available to  query this data

Sequence similarit y

If a scientist has an unkno wn DNA sequence, they can determine if it co des fo r a gene

BLAST  (Basic Lo cal Alignment Search T o o l) search can co mpare the unkno wn DNA sequence to

all kno wn gene sequences  in a particular database

BLAST �nds regio ns o f  similarity  between sequences

The search returns ‘hits’ which are the sequences mo st related to  the search sequence

(depending o n the parameters set)

There are many variatio ns o f  BLAST  that can be used fo r di�erent analyses such as pro tein

sequences  o r co mparing multiple input sequences at o nce

Genet ic variat ion and evolut ionary relat ionships

Scientists can co mpare ho mo lo go us gene sequences  between many o rganisms

Sequences are co mpared using an alignment to o l such as Clustal W (there are many

alternatives)

This aligns (stacks) the sequences based o n similar regio ns so  that variable regio ns can be

identi�ed

This determines the degree o f  similarity  between o rganisms which gives an indicatio n o f  ho w

clo sely related  the o rganisms are

There may be a co mmo n ancestral o rigin but in so me o rganisms, the gene might have

accumulated di�erences o ver times fro m rando m mutatio ns

Tree-like evo lutio nary diagrams (phylo genetic trees) can be co nstructed with so ftware such as

Phylo Win to  sho w the degree o f  relatedness  to  a recent co mmo n ancesto r

Phylo genetic analysis  is useful fo r bio lo gical classi�catio n, co nservatio n studies, fo rensics o r

mo lecular epidemio lo gy which can help dictate public health po licy

st
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Variants o f highly infectio us patho gens such as SARS-Co V-2 (a well-kno wn co ro navirus) can

be identi�ed using these techniques

Sequencing DNA t o det ermine prot ein sequences

The genetic co de  can be used to  determine the amino  acid sequence  within a pro tein

This primary structure info rmatio n can be used to  predict ho w pro teins will f o ld  into  their

tertiary structure

This gives a greater level o f understanding o f ho w a pro tein f unctio ns  o r interacts with o ther

pro teins o r mo lecules

Such info rmatio n can be used fo r a range o f applicatio ns, such as drug design o r no vel pro tein

engineering in synthetic bio lo gy

Bioinformatics allows for large amounts of biological data to be available instantly to researchers across

the globe
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7.3.5 Levels of Protein Structure

Primary Structure

Levels of  Prot ein St ruct ure

Pro teins are relatively large, co mplex mo lecules  that co ntain o ne o r mo re chains  o f amino  acids

kno wn as po lypeptides

The three-dimensio nal arrangement  o f po lypeptide chains dictates a pro tein's structure and

functio n

There are f o ur levels o f  structure in pro teins

Three levels are structural aspects o f a single po lypeptide chain

The fo urth level relates to  a pro tein that has mo re than o ne po lypeptide chain

Primary st ruct ure

The sequence o f amino  acids bo nded by co valent peptide bo nds is the primary structure  o f a

pro tein

T he DNA o f a cell determines  the primary structure o f a pro tein by instructing the cell to  add

certain amino  acids in speci�c quantities in a speci�c, o rdered sequence

This a�ects the shape, and therefo re the f unctio n, o f the pro tein

The primary structure is speci�c  fo r each pro tein

So me mutatio ns can lead to  the inco rrect amino  acid being inco rpo rated into  the po lypeptide

chain which can a�ect the functio n o f the pro tein
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The primary structure of a protein. The three-letter abbreviations indicate the speci�c amino acid (there

are 20 commonly found in cells of living organisms).

Secondary Structure

Seco ndary structure is the f o rmatio n o f  co mplex shapes  within the po lypeptide chain

Seco ndary structure o f a pro tein o ccurs due to  weak hydro gen bo nds

Hydro gen bo nds fo rm between carbo xyl (C=O) gro ups and amino  (H-N-H) gro ups

The bo nds usually fo rm between no n-adjacent amino  acids  resulting in a change in shape o f

the linear po lypeptide chain

There are two  shapes  that can fo rm within pro teins due to  the hydro gen bo nds:

Alpha-helix (o r α-helix)

Beta-pleated sheet (o r β-pleated sheet)
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The secondary structure of a protein with the α-helix and β-pleated sheets. 

The magni�ed regions illustrate how the hydrogen bonds form between peptide bonds.

Tertiary Structure

Polar and non-polar amino acids are relevant  t o t he bonds f ormed bet ween R groups

Tertiary structure refers to  ho w the po lypeptide chain fo lds to  fo rm a co mplex, three-

dimensio nal shape

Tertiary structure gives pro teins a very speci�c shape  that is impo rtant fo r functio n

Such as recepto r sites  o n cell membranes and active sites  in enz ymes

Fo lding results fro m interactio ns between R gro ups  (side chains) o f the amino  acids and the

surro unding enviro nment

A number o f di�erent interactio ns between R-gro ups co ntribute to  the tertiary structure

Hydro gen bo nds  fo rm between po lar R-gro ups

Hydro pho bic interactio ns  fo rm between the R-gro ups o f no n-po lar amino  acids within the

interio r o f  pro teins  to  avo id co ntact with water

Co valent bo nds  fo rm between the R-gro ups o f cysteine amino  acids to  fo rm disulphide

bridges

Io nic bo nds  fo rm between po sitively and negatively charged R-gro ups
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The interactions that occur between the R groups of amino acids determine the tertiary structure and

function of a protein
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Quaternary Structure

Quat ernary st ruct ure

Large pro teins o ften co nsist o f multiple po lypeptide chains  functio ning to gether as a larger

bio lo gically active macro mo lecule

Each po lypeptide chain is referred to  as a subunit o f the pro tein

Many pro teins also  co ntain no n-po lypeptide co mpo nents (pro sthetic gro ups) and are classed

as co njugated pro teins

Quaternary structure refers to  ho w po lypeptides and o ther co mpo nents are arranged

This relates clo sely to  functio n

Pro teins with o nly o ne po lypeptide chain do  no t have a quaternary structure

Haemo glo bin is a co njugated pro tein, having quaternary structure, as it co nsists o f multiple

po lypeptide chains  (making f o ur subunits) each with a pro sthetic gro up

There are two  pairs o f identical po lypeptide chains (α–glo bins  and β–glo bins)

Each subunit has a pro sthetic haem gro up which co ntains an iro n ato m (Fe)

The quaternary structure of haemoglobin

Four subunits (polypeptide chains) and prosthetic haem groups work together to carry oxygen

Summary o f  Bo nds in Pro teins Table
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Exam T ip

Familiarise yo urself with the di�erence between the fo ur structural levels fo und in pro teins,

no ting which bo nds are fo und at which level. Remember that the hydro gen bo nds in tertiary

structures are between the R gro ups whereas in seco ndary structures the hydro gen bo nds fo rm

between the amino  and carbo xyl gro ups.
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7.3.6 Skills: Polysomes & Ribosomes

Identifying Polysomes

Translatio n can o ccur simultaneo usly at multiple po sitio ns  alo ng mRNA

Po lyso mes (o r po lyribo so mes) are gro ups o f two  o r mo re ribo so mes translating the same mRNA

transcript

Multiple co pies o f the same po lypeptide chain can be made simultaneo usly fro m a single mRNA

transcript

Po lyso mes e�ectively increase the amo unt o f  po lypeptide pro duced

In electro n micro graphs, po lyso mes lo o k like ‘beads o n a string’ with each bead representing a

ribo so me

There are visible di�erences  between eukaryo tes and pro karyo tes

In pro karyo tes, the lack o f a nucleus means transcriptio n and translatio n are co upled

Translatio n starts bef o re the mRNA has �nished being transcribed  fro m the DNA

On an electro n micro graph, multiple po lyso mes  can appear o n gro wing mRNA strands  alo ng

the DNA mo lecule

In eukaryo tes, mRNA is transpo rted o ut o f  the nucleus  prio r to  translatio n

On an electro n micro graph, po lyso mes are seen o n the mRNA with no  invo lvement o f DNA

As ribo so mes mo ve in the same 5’ to  3’ directio n alo ng the mRNA, ribo so mes to wards the 3’ end

have lo nger po lypeptide 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 ‘o pen so urce’ databases that co ntain data relating to  the three-dimensio nal

structure o f  pro teins

The mo st co mmo nly used o nes are PDB (Pro tein Data Bank) and Swiss-Pro t

Such databases allo w researchers to  analyse bio lo gical mo lecules  and study interactio ns

between them

This helps relate structure to  bio lo gical f unctio n

Data relating to  the three-dimensio nal structure o f bio lo gical mo lecules can be visualised using

mo lecular visualisatio n so ftware such as Mo l* o r Jmo l

Mo lecules can be represented in many di�erent ways including ball and stick ato m mo dels o r

simpli�ed ribbo n representatio ns that sho w the pro tein backbo ne

Mo st mo lecular visualisatio n so ftware is f reely available  o n the Internet o r can be accessed

thro ugh many bio info rmatics repo sito ries

Analysing t he st ruct ure of  t he eukaryot ic ribosome

Visit the PDB and search fo r: Yeast 80S ribo so me 4 V7 R (do  no t put the search term in quo tes)

Select the “3D view” to  view the pro tein structure in mo l*

Eukaryo tic ribo so me are co mplex mo lecules co nsisting predo minantly o f ribo so mal RNAs and

multiple pro teins - these are represented in di�erent co lo urs

The mo lecule appears to  be made o f two  distinct halves (subunits)

Ro tate o r z o o m into  the image to  visualise the di�erent co mpo nents

Try and identify the ribo so mal RNA in the two  subunits (ho ver the curso r o ver)

An o pening (gro o ve) between the subunits sho uld be visible - mRNA passes thro ugh here

Analysing t he st ruct ure of  a t RNA molecule

Search fo r: 1YFG in the PDB (1YFG is the database identi�er fo r yeast initiato r tRNA)

Select the “3D view” to  view the pro tein structure in mo l*

Yo u sho uld be able to  reco gnise the lo o p structures

Co nsider ho w this structure is speci�c to  the tRNA-activating enz yme

Try and identify the antico do n regio n and amino  acid binding site (accepto r arm)

Try selecting a di�erent viewer such as JSmo l

Investigate changing settings in the viewer
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Structure of yeast tRNA
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