1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

© DPIBBiology: SL s/

Your notes

2.6 Transcription & Translation

Contents

3 2.6.1Transcription

3 2.6.2Translation

3 2.6.3Biotechnology

3 2.6.4 Skills: DNA, RNA & Protein Synthesis
3 2.6.5Skills: Interpreting Sequences

Page10of26

© 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

2.6.1Transcription 4

Your notes
Transcription

= 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 occurs in the nucleus of the cell
= Part of a DNA molecule unwinds (the hydrogen bonds between the complementary base pairs break)
= This exposes 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 has been transcribed (when the mRNA molecule is complete), the hydrogen bonds
betweenthe 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
= Thisis where the term messenger comes from - the mRNA is despatched, carrying a message, to
another part of the cell
= DNAcan'tmake this journey:; it's too big to fit through the pores in the nuclear envelope
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DNA is transcribed and an mRNA molecule is produced

Sense and anti-sense strands

In the transcription stage of protein synthesis, free RNA nucleotides pair up with the exposed bases on
the DNA molecule but only with those bases on one strand of the DNA molecule
The RNA willhave a complementary base sequence to the DNA strand (with the substitution of Thymine
with Uracil)
The strand of the DNA molecule that carries the genetic code is called the sense strand
The opposite DNA strand is called the antisense strand
To get an RNA transcript of the sense strand, the antisense strand is the one that is transcribed to
form the mRNA molecule

= This mRNA molecule will later be translated into an amino acid chain
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The antisense strand of the DNA molecule is the one that is transcribed

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 occasional accented characters like 4, é, or
G
= DNA and RNA employ largely the same monomers, but with the slight differences of the two
pentose sugars and of Ureplacing T.

= Translationis like converting text from a westernlanguage to alanguage that uses a different alphabet,
like Japanese
= Acompletely different set of charactersis used
= The sequence of charactersis unrecognisable from the original
= |f we could see them, a chain of amino acids would look nothing like a chain of nucleotides

Transcription and Translation Can be Likened to Conversion Between Languages Table
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Transcription DNA — RNA Similarities English —> French Similarities
DNA —> RNA TTACAGCTC —> | Both use asimilar "I received biology | "J'airequ des Both use a similar
AAUGUCGAG set of monomers lessons at my cours de biologie | alphabet (with
(with aslight school® amon école® slight differences:
difference: U ¢,4,é,0 ete)
replaces T)

Translation RNA —> Protein Differences French — Japanese Differences
RNA —> protein | AAUGUCGAG —> | Both use different | “J'ai recu des Both use different
Asn—Val-Glu monomers cours de biologie ?gg;?f@ﬁx alphabets
(nucleotides a mon école” -

& amino acids)

O Examiner Tip

Be careful - DNA polymerase is the enzyme involved in DNA replication; RNA polymerase is the enzyme
involvedin transcription - don’t get these confused.
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2.6.2 Translation /

Your notes
Translation

= Translationis the synthesis of polypeptides onribosomes
= This stage of protein synthesis occursin the cytoplasm of the cell
= 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

° LARGE SUBUNIT

® 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

O Examiner Tip

Make sure you learn both stages of protein synthesis fully. Don’t forget WHERE these reactions take
place - transcription occurs in the nucleus but translation occursin the cytoplasm!
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Genetic Code & mRNA

4

Your notes
The amino acid sequence of polypeptidesis determined by mRNA according to the genetic code

mRNA varies in length, depending on the length of the gene, but is around 2,000 nucleotides long, on
average (inmammals)

Only certain genes are transcribed in a particular cell, depending on the function of that cell
= The gene forrhodopsin (a light-sensitive proteinin the eye) is transcribed to mRNA inretina cells,

but not transcribed in other body cells where rhodopsinis not required; that would be a waste of
cellular energy

O ExaminerTip

Most RNA exists as mRNA but don't forget the other types; transfer RNA (tRNA) and ribosomal RNA
(rRNA).
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= The fournucleotide basesin mRNA are not enough to code for 20 separate amino acids

= Pairs of nucleotides would only give 16 combinations (42 = 16), which s still not enough

= Triplets of nucleotides would yield 64 combinations (43 = 64), which is more than enough

= Different triplets code for the same amino acid, giving some protection against mutation
= 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 ('Stop

codons’)

mMRNA Codons and Amino Acids Table
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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 sense strand sequenceTTC GAG CATTAC GCC

Step 1: Work out the antisense sequence using A-T and C-G base pairing rules
AAG CTC GTAATG CGG
Step 2: Work out the mRNA codons, complementary to the antisense strand
UUC GAG CAUUAC GCC
Step 3: Use the mRNA Codons and Amino Acids Table (above) to work out the first amino acid
First baseincodon =U, second base = U, thirdbase=C
Sowe'relookinginthe 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

Answer: The final sequence of amino acids is Phe-Glu-His-Tyr-Ala
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Codons & Anticodons /

. N . Your notes
= 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
= Two tRNA molecules fit onto the ribosome at any one time, bringing the amino acid they are each
carrying side by side
= Apeptide bondis thenformed (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 is reached - 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 chain then diffuses away from the ribosome and forms the final polypeptide
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The translation stage of protein synthesis - tRNA molecules bind with their specific amino acids
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IN THE CYTOPLASM THE mRNA ATTACHES TO A RIBOSOME
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The translation stage of protein synthesis — an amino acid chain is formed
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An polypeptide forms as peptide bonds are added in sequence
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2.6.3 Biotechnology 4

Your notes

Polymerase Chain Reaction

Use of Tag DNA polymerase to produce multiple copies of DNA rapidly by the polymerase
chainreaction (PCR)

= Polymerase chainreaction (PCR)is acommon molecular biology technique used in most applications
of gene technology, for example, DNA profiling (eg. identification of criminals and determining
paternity) or genetic engineering
= PCRisalsousedinroutine COVID-19 testing to detect and amplify small amounts of viral RNA

= |tcanbe described as the in vitro method of DNA amplification

= |tisused to produce large quantities of specific fragments of DNA or RNA from very small quantities
(evenjust one molecule of DNA or RNA)

= Byusing PCR scientists can have billions of identical copies of the DNA or RNA sample within a few
hours

= The PCRprocessinvolves three key stages percycle

= |neachcycle, DNAis doubledso, inastandardrun of 20 cycles, 1 million DNAmolecules are produced.
The three stages are undertakenin a PCRinstrument (or thermal cycler) which automatically provides
the optimal temperature for each stage and controls the length of time spent at each stage

The process of PCR

= EachPCRreactionrequires:
= Target DNA or RNA thatis being amplified
= Primers (forward andreverse) - these are short sequences of single-stranded DNA that define the
regionthatis to be amplified by showing the DNA polymerase where to begin building the new
strands
= DNA polymerase - is the enzyme used to build the new DNA or RNA strand.
= The most commonly used polymerase is Taq polymerase as it comes from a thermophilic
bacterium Thermus aquaticus
= This bacteriumlivesin hot springsin geothermal areas
= Tagpolymerase does not denature at the high temperature involved during the first stage of
the PCRreaction
= The enzyme's optimum temperature is high enough to prevent annealing of the DNA strands
that have not been copied yet

= Free nucleotides - usedin the construction of the DNA or RNA strands
= Buffer solution - to provide the optimum pH for the reactions to occurin

= Thethree stagesare:
= Denaturation - the double-stranded DNA is heated to 95°C for 15 seconds, which breaks the
hydrogen bonds that hold the two DNA strands together
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= Annealing - the temperature is decreased to between 50 - 60°C so that primers (forward and ,
reverse ones) can attach to the ends of the single strands of DNA by hydrogen bonding
= Elongation / Extension - the temperatureisincreased to 72°C for at least a minute Your notes
= Thisisthe optimum temperature for Taq polymerase to build the complementary strands of
DNA

= To produce the newidentical double-stranded DNA molecules

= Thethree stages of a cycle take 2-3 minutes, so many cycles can be completedin a short space of
time
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The substances required for the Polymerase Chain Reaction to occur and the three key stages of the
reaction

O Examiner Tip

Itisimportant to know the three stages and the temperatures the reactions occur at during the
different stages. You must also know why the Taq polymerase is used in PCR.
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Production of Human Insulin

Production of humaninsulin in bacteria as an example of the universality of the genetic code
allowing gene transfer between species

Priorto the mid-1980s, some insulin-dependent diabetics would need to
inject pig or cattle insulin as a substitute forhuman insulin to control their
blood sugars

» Some diabetics developed anallergy so could not use it

Humaninsulin can be produced by other organisms by transferring the
human insulin gene to them forlarge-scale expression of that gene
DNA can be transferred from a human to a prokaryote (eg. E. coli), a
eukaryote single-celled organism (eg. yeast) or a plant (eg. safflower
species)

= Allthese organisms express the humaninsulin gene

= Theinsulinproduced can be harvested for medical use
The fact that DNA can be transferred from one organism to another across kingdoms (and can stilldo

the same job) demonstrates the universality of the genetic code
= The presence of nucleotidesis a marker betweenliving and non-living entities

This was an early successful example of genetic modification

Human and Bacterial DNA working together

In1982, insulin was the first genetically engineered human protein to be approved for use in diabetes
treatment
Bacterial plasmids are modified to incorporate the humaninsulin gene
These genetically modified plasmids are theninserted into Escherichia coli
The newly-adjusted bacteria are isolated, purified and placed into large scale fermenters that provide
optimal conditions
The genetically engineered bacteria multiply by binary fission, and express the human protein - insulin,
whichis eventually extracted and purified
The advantages for scientists to use genetically engineered insulin are:
= |tisidentical to humaninsulin, unless modified to have different properties (eg. act faster, whichis
useful for taking immediately after eating or to act more slowly)
= Thereis areliable supply available to meet demand (no need to depend on the availability of meat
stock)
= Fewer ethical, moral orreligious concerns (proteins are not extracted from cows or pigs)
= Fewer rejection problems or side effects or allergic reactions
= Cheaperto produceinlarge volumes

Page 18 of 26

© 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

= Thatitis useful for people who have animal insulinintolerance /

Your notes
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The production of human insulin; the combination of DNA from two widely different organisms
demonstrates the universality of the genetic code

O Examiner Tip

The details of the steps of production of humaninsulin are not required here. The mainlearning is that
DNA and RNA are a universal code that applies to all life forms, as demonstrated by our ability to
transfer genes successfully across species and kingdoms.
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2.6.4 Skills: DNA, RNA & Protein Synthesis /

Your notes

Drawing DNA & RNA Nucleotides & DNA Double Helix

Drawing simple diagrams of the structure of single nucleotides of DNA and RNA

= Simple shapes can be used to draw the main building blocks of nucleotides and the DNA double helix
= Advanced drawing skills are not required!

= Pentagons canrepresent pentose sugars
= Circles canrepresent phosphates
= Oftenshownasacircle withtheletterPinside: ®

= Rectangles canrepresent bases
= Covalentbonds canbe shown with solid lines
= Hydrogenbonds can be shown with dashed lines
= Orwith complementary shapes that fit together (see diagrams)

®

PENTOSE SUGAR PHOSPHATE NITROGENOUS
(DEOXYRIBOSE BASE
OR RIBOSE)

WHEN ARRANGED INTO A SINGLE
NUCLEOTIDE: THE BASE IS BONDED
TO THE C, ATOM

THE PHOSPHATE IS BONDED TO

THE C; ATOM

Simple shapes can be used to represent parts of nucleotide molecules
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TWO NUCLEOTIDES CAN BE SHOWN BONDED TOGETHER
IN THE SAME STRAND AS FOLLOWS: THE PHOSPHATE
FROM ONE NUCLEOTIDE BONDS TO THE C3; ATOM OF
THE ADJACENT PENTOSE SUGAR

Two nucleotides shown bonded together covalently within a strand

HYDROGEN BONDS
BETWEEN BASES
WITHIN A BASE PAIR

THYMINE

GUANINE

When drawing the base pairing, the opposite strand should be antiparallel to the first. The presence of
hydrogen bonding is shown, but the numbers/lengths of bonds is not required
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HYDROGEN BONDING CAN ,
»BE SHOWN AS COMPLEMENTARY Your notes
SHAPES FITTING TOGETHER

GUANINE

An alternative way to draw a DNA strand is to use complementary shapes for the bases

O Examiner Tip

Simple, hand-drawn shapes will suffice in an exam. Expert tip - alarge drawing is always easier for an
examiner toread (and award marks for) than a small one!Read the question carefully; examiners often
want a whole nucleotide to be identified in your diagram and to ensure your diagram includes all 4
complementary bases.You don't have to remember the number of hydrogen bonds between the
bases.Also, remember to draw DNA strands as antiparallel (one upside-down versus the other) but
you don't have to be able to draw a helix shape!
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2.6.5 Skills: Interpreting Sequences

Determination of MRNA Base Sequence

= Therules of base pairing and the table of mMRNA codons are needed to be able to convert between
DNA sequences, mRNA base sequences and amino acid sequences
= 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 fromthe triplet and is complementary to it
= When comparing the genetic code to amino acid sequences, mRNA codons are often used
= Thefourbases foundin RNA molecules (adenine, uracil, cytosine and guanine) have the ability to form
64 different codons
= Multiple mRNA codons can encode the same amino acid
= This means that a change in the genetic code doesn’t necessarily resultin a change in the amino
acid sequence
= Forexample, UGU and UGC both code for the amino acid, cysteine

= Some sendimportant signals to the transcription machinery
= The START codoninitiates the process of transcription and ensuresiit starts in the right location
(thisis always the amino acid methionine in eukaryotic cells, coded for by the codon AUG)
= STOP codons cause transcription to terminate and do not code foran amino acid e.g. UAA

= The genetic code is non-overlapping
= Eachbaseisonlyreadonceinthe codonitis part of

The rules of base pairing

= |InDNA,
= Adenine (A) always pairs with Thymine (T)
= Cytosine (C) always pairs with Guanine (G)

= InRNA, Thymine (T)is replaced by Uracil (U)
= Thismeans that the base Adenine (A) in DNA is transcribed to Uracil (U) in the mRNA strand

The mRNA Codons and Amino Acids table

= The first three bases of an mRNA strand form the first codon

= The first base of the codonisread from the first column of the table
= The second base of the codonisread from the top row of the table
= The third base of the codonis read from the final column of the table

mRNA Codons and Amino Acids Table
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uuu} Ph ucu | UAU } T UGU } c v

uuc ® lucc | < vacS ' Juec S ™Y® C

UUA} Y UCA [ " | UAA Stop | UGA Stop [

uuG S =Y | ucG | UAG Stop | UGG Trp G

cuu ccu | CAU } His | CGU U

cuc | cegil CAC CGC c B

CUA [ ~® Jlicex CAA} CGA A E

CUG CCGJ Pro |CAGS Gln | CGG | Arg ¢ ES
—

AUU ACU ) AAU AGU v B

AUC b lle | ACC | AAC} A | aac ) Ser c B

AUA ACA # AAA} : AGA} t A I

AUG~ Met | ACG AAG [ “Y® | Agc S 79 G

GUU GCU | GAU } Asp | GGV U

euc [, [ecc | . |GAC GGC [ o c

GUA GCA GAA} ol | A ¥ A

GUG GCG | GAGJ M | GGG G
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Intrepreting the Genetic Code /

Your notes
= Useatable of the genetic code to deduce which codon(s) corresponds to which amino acid

= The 20 amino acids are all coded forin the Table of MRNA Codons

= Some amino acids are only coded for by one codon eg. methionine (Met), coded by AUG

= Otheramino acids have several codons that code for them eg. arginine (Arg), coded by CGU, CGC,
CGA,CGG,AGAand AGG

@ Worked example

Use the table of MRNA Codons and Amino Acids to identify the mRNA codons that code for the
following amino acids:

1. Histidine (His)

2. Tryptophan (Trp)
3. Glycine (Gly)

4. Leucine (Leu)

Step 1: Look up His in the table
Codon CAU (no others)
Step 2: Look up Trpin the table
Codon UGG (no others)
Step 3: Look up Gly in the table
Codons GGU, GGC, GGAand GGG
Step 4: Lookup Leuin the table

Codons CUU, CUC, CUA, CUG, UUA, UUG
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Deducing the Sequences

= Use atable of mRNA codons and their corresponding amino acids to deduce the sequence of amino
acids coded by a short mRNA strand of a known base sequence

@ Worked example

Deduce the amino acid sequence coded for by the mRNA
sequenceAUGACUGGGCCUCCCCAAUAUUAG

Step 1: split the mRNA sequence into triplets
AUG ACU GGG CCU CCC CAAUAUUAG
Step 2: look up the first triplet in the mRNA Codons and Amino Acids Table:
AUG = Met
Step 3: repeat for the remaining triplets
ACU =Thr
GGG =Cly
CCU=Pro
CCC=Pro
CAA=GlIn
UAU =Tyr
UAG = Stop
Step 4 : link the amino acids together

Met-Thr-Gly-Pro-Pro-GIn-Tyr

O Examiner Tip

Inan exam, you may be asked to predict the effect of specific mutations in the genetic code.
Remember that the genetic code allows more than one amino acid to be coded for by triplets and is
non-overlapping!You will not be required to memorise specific codons and the amino acids that they
code for.
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