1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

© sLIBBiology /

Your notes

Protein Synthesis

Contents

3 Transcriptionin Protein Synthesis
3 Translationin Protein Synthesis
3 The Genetic Code

3 Protein Structure & Mutations

Page1of20

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Transcriptionin Protein Synthesis /

Your notes

Synthesis of RNA

= This process of protein synthesis occursin two stages:
= Transcription - DNA s transcribed and an mRNA molecule is produced
= mRNAis asingle stranded RNA molecule that transfers the information in DNA from the nucleus
into the cytoplasm
= mRNA productionrequires the enzyme RNA polymerase
= Translation - mRNA (messengerRNA)is translated and an amino acid sequence is produced

The process of transcription

= This stage of protein synthesis occursin the nucleus of the cell
= Part of a DNA molecule unwinds (the hydrogen bonds between the complementary base pairs break)
= Thisexposes the gene to be transcribed (the gene from which a particular polypeptide will be
produced)
= Acomplementary copy of the code from the gene is made by building a single-stranded nucleic acid
molecule known as mRNA (messenger RNA)
= Free RNA nucleotides pair up (via hydrogen bonds) with their complementary (now exposed) bases on
one strand (the template strand) of the ‘unzipped’ DNA molecule
= The sugar-phosphate groups of these RNA nucleotides are then bonded together by the enzyme RNA
polymerase to form the sugar-phosphate backbone of the mRNA molecule
= Whenthe gene hasbeen transcribed (when the mRNA molecule is complete), the hydrogenbonds
between the mRNA and DNA strands break and the double-stranded DNA molecule re-forms
= The mRNA molecule then leaves the nucleus via a pore in the nuclear envelope
= Thisiswhere the term messenger comes from - the mRNA is despatched, carrying a message, to
another part of the cell
= DNAcan't make this journey; it's too big to fit through the poresin the nuclear envelope

Transcriptionin the nucleus diagram
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DNA is transcribed and an mRNA molecule is produced

O Examiner Tip

Be careful - DNA polymerase is the enzyme involved in DNA replication; RNA polymerase is the enzyme
involvedintranscription - don’t get these confused.

Page 30f20

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Hydrogen bonding & Complementary Base Pairing /

= |nthe transcription stage of protein synthesis, free RNA nucleotides pair up with the exposed bases on Your notes
the DNA molecule but only with those bases on one strand of the DNA molecule

= The RNAwillhave a complementary base sequence to the DNA strand and will bind to the DNA using
hydrogen bonds

= The adenine of the DNA is complementary to uracil on the new RNA strand, because a thymine RNA
nucleotide does not exist

Complementary base pairing between the DNA and the RNA transcript table

DNA template strand code TAC GGA AGA CTT GGG

RNA transcript AUG CCu ucu GAA CCC

= The strand of the DNA molecule that carries the genetic code s called the coding strand
= The opposite DNA strandis called the template strand
= To getanRNA transcript of the coding strand, the template strand is the one that is transcribed to
form the mRNA molecule
= This mRNA molecule will later be translated into an amino acid chain

DNA coding and template strand during transcription diagram
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The template strand of the DNA molecule is the one that is transcribed /

Your notes

DNA Templates

DNAis a very stable molecule due to the hydrogen bonding between the DNA bases of the two
strands and the strong phosphodiester bonds between adjacent nucleotidesin each strand

= This means that the genetic code is not prone to spontaneously breaking or changing
This feature allows single DNA strands to act as reliable templates for transcription over several
generations of cell replication
In certain types of somatic cells that do not divide during their lifetimes, such as neurones and some
types of muscle cells, the genetic sequence is conserved due to this stability and does not degrade
over time

Transcription & Gene Expression

There are approximately 20,000 protein-coding genes in the human genome
Not every proteinis neededin every cell
= Forexample, theinsulin proteinis not needed in cardiac muscles of the heart
As aresult, our specialised cells have a way of switching certain genes off or on to match the
requirements of the cell. This is called gene expression
= Genesthatare expressed are 'switched on' and undergo the process of transcription and
translation
= Genesthatare not expressed are 'switched off' or silenced, and do not go through the process of
transcription and/or translation
There are various different mechanisms in the cellinvolved in controlling gene expression
Transcription is the first stage of gene expression and so thisis a key stage at which gene expression
can be switched on or off
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Translation in Protein Synthesis /

Your notes

Synthesis of Polypeptides

= Translationinvolves taking the genetic code from the mRNA and synthesising a polypeptide
= Apolypeptideisasequence of amino acids covalently bonded together
= The order of the amino acidsis based on the information stored in the genetic code of the mRNA
= This stage of protein synthesis occursin the cytoplasm of the cell
= The mRNA template comes from the process of transcription, and so translation always takes place
following these events
= Aftertranscription the mRNA moves out of the nuclear pore and diffusesinto the cytoplasm
towards the ribosome for translation

O Examiner Tip

Make sure you learn both stages of protein synthesis fully. Don’t forget WHERE these reactions take
place - transcription occursin the nucleus but translation occursin the cytoplasm!
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Roles of RNA & Ribosomes in Translation

= 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 or rRNA)

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

mRNA in the ribosome diagram

° LARGE SUBUNIT

mRNA

© SMALL SUBUNIT

Aribosome 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

= Translation depends on complementary base pairing between codons on mRNA and anticodons on
tRNA

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

= The tRNA molecules bind with their specific amino acids (also in the cytoplasm) and bring them to the
mRNA molecule on the ribosome

= Thetriplet of bases (anticodon) on each tRNA molecule pairs with a complementary triplet (codon) on
the mRNA molecule

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

= Codons of three bases on mRNA correspond to one amino acid in a polypeptide
= Atripletis a sequence of three DNA bases that codes for a specific amino acid
= Acodonisasequence of three mRNA bases that codes for a specific amino acid
= Acodonistranscribed from the triplet and is complementary to it

= Ananticodonis asequence of three transfer RNA (tRNA) bases that are complementary to acodon
= The transfer RNA carries the appropriate amino acid to the ribosome
= The amino acid can then be condensed onto the growing polypeptide chain

= Certain codons carry the command to stop translation when the polypeptide chainis complete. These
are called stop codons

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

mRNA and tRNA binding diagram

Page 9 of 20

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

s

Your notes

PEPTIDE BONDS TYROSINE ;E‘:;DE PROLINE

TRNA
MOLECULES

AMINO ACID

CHAIN
J-':\ © .A- ulla g
COMPLEMENTARY%ILU G|V AllC]|C U GlY
BASE PAIRS
4

(|

#Fsavemyexams

L

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, just as nucleic acids and proteins have theirmonomers
= Transcriptionis like converting text from English to French
= The same characters are used, but there are slight differences
= Frenchusesthe same alphabet as English but employs occasionally accented characters like 3, &,
org
= DNAand RNA employ largely the same monomers but with slight differencesin the two pentose
sugarsand UreplacingT.

= Translationis like converting text from a Western language to alanguage that uses a different
alphabet, like Japanese
= Acompletely different set of charactersis used
= The sequence of characters is unrecognisable from the original
= |f we could see them, a chain of amino acids would look nothing like a chain of nucleotides
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Transcription and Translation Can be Likened to the Conversion Between Languages Table

Transcription DNA — RNA Similarities English — French Similarities
DNA —> RNA TTACAGCTC — | Bothuse asimilar ‘I received biology | "J’qi regu des Both use a similar
AAUGUCGAG set of monomers lessons at my cours de biologie | alphabet {with
(with a slight school” a mon école” slight differences:
dif ference: U ¢,a,6,0 etc)

replaces T)

Translation RNA —> Protein Differences French —> Japanese Differences
RNA —> protein [ AAUGUCGAG —> | Both use different | "J'ai requ des 0t B 5 Both use different
Asn—Val-Glu monomers cours de biologie ;Eg;@?—@ﬁﬁ alphabets
(nucleotides a mon école’ * -

& amino acids)

Copyright © Save My Exams. All Rights Reserved

O ExaminerTip

Remember that complementary base pairingin RNA means that:

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

= Cytosine (C) will pair up with Guanine (G)
Soif anmRNA codon has a sequence of CAG, then its complementary tRNA anticodon will have a
sequence of GUC.
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The Genetic Code /

Your notes

Features of the Genetic Code

= The sequence of DNA nucleotide bases found within a gene is determined by a triplet (three-letter)
code
= Eachsequence of three bases (i.e. each triplet of bases)in a gene codes for one amino acid
= These triplets code for different amino acids - there are 20 different amino acids that cells use to make
up different proteins
= Forexample:
= CAG codes forthe amino acid valine
= TTC codes forthe amino acid lysine
= GAC codes forthe amino acid leucine
= CCGcodesforthe amino acid glycine

= Some of these triplets of bases code for start (TAC - methionine) and stop signals
= These start and stop signals tell the cell where individual genes start and stop
= Asaresult, the cellreads the DNA correctly and produces the correct sequences of amino acids (and
therefore the correct protein molecules) that it requires to function properly
= The genetic codeis non-overlapping
= Eachbaseisonlyread onceinwhichcodonitis part of

= There are four bases, so there are 64 different codons (triplets) possible (43 = 64), yet there are only 20
amino acids that commonly occurin biological proteins
= Thisiswhy the code is said to be degenerate: multiple codons can code for the same amino acids
= The degenerate nature of the genetic code canlimit the effect of mutations

= The genetic codeis also universal, meaning that almost every organism uses the same code (there are
afewrare and minor exceptions)
= The same triplet codes code for the same amino acids in all living things (meaning that genetic
informationis transferable between species)
= Theuniversal nature of the genetic code is why genetic engineering (the transfer of genes from
one species to another) is possible
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Deducing Amino Acid Sequences

= Byobserving the genetic code in the mRNA it is possible to determine the sequence of amino acids

that are coded forin the polypeptide

mMRNA codons and amino acids table

SECOND LETTER

VAU
UAC } I

UAA Stop
UAG Stop

UGuU
UGC } Cyn

UGA Stop
UGG Trp

CAU } His
CAC

CAA }
CAG J Gln

cGu
CcGC
CGA
CGG | Arg

FIRST LETTER

AAU
AAC} A0

AAA} .
AAG J ¥

AGU} =
AGC J °*

AGA
AGG} Arg

GAU
GAC } <0

GAA

GAG Glu

GGU
GGC
GGA
GGG

Gly
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@ Worked example ,

Your notes
Use the rules of base-pairing and the mRNA Codons and Amino Acids Table (above) to deduce the
amino acid sequence coded for by the following DNA coding strand sequence TTC GAG CATTAC GCC

Answer:
Step 1: Work out the template sequence using A-T and C-G base pairing rules
AAG CTC GTAATG CGG
Step 2: Work out the mRNA codons, complementary to the template strand
UUC GAG CAUUAC GCC
Step 3: Use the mRNA Codons and Amino Acids Table (above) to work out the first amino acid
Firstbaseincodon=U, secondbase =U, thirdbase=C
Sowe'relookingin the top-left box of the table; this amino acid is Phe
Step 4: Repeat for the remaining 4 codons
GAG=Glu
CAU =His
UAC =Tyr
GCC=Ala

The final sequence of amino acids is Phe-Glu-His-Tyr-Ala
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Elongation of the Polypeptide Chain

During translation two tRNA molecules fit onto the ribosome at any one time, bringing the amino acid
they are each carrying side by side

= Theribosome willmove along the mRNA molecule, one codon at atime
Apeptide bondis then formed (by condensation) between the two amino acids

= Theformation of a peptide bond between amino acids is an anabolic reaction

= |trequires energy, in the form of ATP

= The ATP needed for translationis provided by the mitochondria within the cell
This process continues until a ‘stop’ codon on the mRNA molecule isreached - this acts as a signal for
translation to stop and at this point the amino acid chain coded for by the mRNA molecule is complete
This amino acid chainis thenreleased from the ribosome and forms the final polypeptide

The process of translation diagram
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THE FIRST tRNA 7 || THE THIRD tRNA Your notes
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AN AMINO ACID THIRD AMINO ACID)
IS RELEASED) BONDS WITH THE
COMPLEMENTARY
| CODON

THE RIBOSOME CONTINUES TO ‘READ’ THE mRNA
MOLECULE BUILDING A POLYPEPTIDE CHAIN UNTIL
IT REACHES A ‘STOP’ CODON

Tyr

TRIGGERS THE RELEASE )
OF THE POLYPEPTIDE CHAIN

E‘STOP’ CODON

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

Protein Structure & Mutations

= Agenemutationis achangeinthe sequence of basesina DNAmolecule; this may resultinanew allele
= Mutations occur all the time and occur randomly
= Mutations are copying errors that take place when DNAis replicated during S phase of interphase
= Asthe DNAbase sequence determines the sequence of amino acids that make up a polypeptide,
mutations in a gene can sometimeslead to a change in the polypeptide for which the gene codes
= Most mutations are harmful or neutral (have no effect) but some can be beneficial
= Inheritance of mutations:
= Mutations presentinnormal body cells are notinherited; they are eliminated once the affected
cellsdie
= Mutations within gametes are inherited by offspring, so can lead to heritable genetic conditions
= Point mutations are mutations where one base in the DNA sequence is altered; this canresultina
changed amino acid at thislocation

Example of a point mutation: sickle cell disease

= Asmallchange to a gene can have serious consequences for an organism
= Sickle cell disease is a genetic disorder caused by a single point mutation within the gene that codes
forthe alpha-globin polypeptide in haemoglobin (Hb)
= Mosthumans have the allele HbA
= The mutationresultsinanew allele HbS
The sickle cell mutation

= Within the haemoglobin gene a point mutation changes the DNA triplet GAG to GTG on the coding
strand

= Theresulting DNA triplet (CAC) onthe template strand is transcribed into the mRNA codon GUG,
instead of GAG

= During translation the amino acid valine (Val) replaces the original amino acid glutamic acid (Glu)
= This occurs at the sixth position of the polypeptide

Sickle cell anaemia point mutation diagram
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NORMAL MUTATION
N
G AG G G
DNA
i
.
N I
mRNA & A G —| MUTATION => G i G'
PROTEIN| H GLU H H vAL H
NORMAL SICKLE CELL
HAEMOGLOBIN HAEMOGLOBIN

THE AMINO ACID VALINE REPLACES THE ORIGINAL
AMINO ACID GLUTAMIC ACID; THIS OCCURS ON
THE SIXTH POSITION OF THE POLYPEPTIDE

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

= The proteinhaemoglobin Sis producedinstead of haemoglobin A; this causes a distortionin the
shape of red blood cells, resulting in a sickle shape
= Sickle-shapedredblood cells:
= Have alimited oxygen-carrying capacity
= Block the capillaries and limit the flow of normal red blood cells
= People with sickle cell anaemia suffer from acute pain, fatigue and anaemia
= Thereis acorrelation between the global distribution of sickle cell disease and malaria
= |nareaswithincreased malaria cases thereis anincreased frequency of sickle cell alleles; thisis
thought to be due to increased resistance to the malaria parasite in individuals with the HbS allele

Sickled cells diagram
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Sickled cells can block the flow of blood through the capillaries, restricting oxygen supply to the tissues

= Youwill cover more on mutations laterin the course; see this link
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