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7.2.1Regulation of Gene Expressionby Proteins

The Promoter Region
The function of the promoter

= Onlysome DNAsequences code forthe productionof polypeptides,these are called coding
sequences
= Non-codingsequences produce functional RNAmolecules like transfer RNA (tRNA) orare
involved inthe regulation of gene expressionsuch as enhancers, silencers and promoters
= The promoteris anon-codingsequencelocated nearto agene
= The promoteris notitself transcribed
= The promoteracts as the binding site for RNA Polymerase during the initiationof transcription
= Bindingof RNAPolymerase to the promoteris underthe controlof various regulatory proteins
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Gene Expression Regulated by Proteins
Gene expression variesin different cells

= Genesarenot expressed equally ineverycell
= Essentialgenes needed forthe survival of anorganism are expressed all the time
= eg.Genes forthe mainenzymesintherespiratory pathways or ATP synthase
= Othergenes are only expressed whenneeded and at levels that make specific amounts of
protein
= eg.Thegeneforrhodopsinthatis onlyexpressed inlight-sensitive receptorcells of the
eye
= Regulatory mechanisms exist to ensure the correct genes are expressed at the correct time
= These mechanisms are different between prokaryotes and eukaryotes but bothemploy
transcriptionfactors and otherproteins that bind to specific sequences in DNA

Regulationof gene expressionineukaryotes

= Eukaryotesregulate gene expressioninresponse to variations in theirenvironment
= Specific proteins bind to DNA to regulate transcriptionand ensure that onlythe genes required
are beingexpressed inthe correctcells, at the correct time and to the right level
= Thisiskeytohowprocesses of cellulardifferentiationand developmentin multicellular
organisms are controlled
= Regulatorytranscriptionfactorproteinsinclude activators and repressors,theyare unique to a
specific gene
= Activatorproteins bind to enhancer sequences and increase the rate of transcription
= Repressorproteins bind to silencersequences and decrease orblock transcription
= Generaltranscriptionfactors are atype of transcriptionfactors that bind directly to the
promoter to helpinitiate transcription
= This helps RNApolymerase to attachto the promoterand start transcribing the gene
= |neukaryotes,severalgeneraltranscriptionfactors are needed fortranscription
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A transcription factorbinding to the promoterregion of a gene which allows RNA polymerase to bind and
fortranscription to occur.

Regulation of gene expressionin prokaryotes

= Unlike ineukaryotes,onlyone generaltranscriptionfactorand RNApolymeraseis needed to
initiate transcription
= Whenprokaryotes need torespond to environmental changes, additional proteins interact
directly withtarget regions of DNA to alterthe level of gene expression
= Forexample,the genesinvolved inthe breakdownand metabolismoflactose by Escherichia coli
arerepressedinthe absence of lactose
= Whenno lactoseis available,arepressorproteinbinds to DNAnearthe promoterof the
genes forthe proteins that degrade lactose (lacZ,lacYand lacA)
= Therepressorphysically blocks RNA polymerase fromaccessingthat sectionofthe
bacteria's genome
= |flactoseis present,therepressorproteinis released fromthe DNA allowing RNA
polymerase to begintranscription
= The genes are expressed and the lactose-degradingenzymes are produced
= lactosecanbebrokendownand used forenergygenerationin this way
= Once allthe available lactose is metabolised, the genes are repressed again
= This mechanismof negative feedbackensures thatacell’'sresources are not wasted making
proteins that are notneeded

In the absence of lactose the repressor protein binds which prevents RNA polymerase frominitiating
transcription of genes coding forenzymes used to metabolise lactose.
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When lactose is present it binds to the repressorprotein allowing RNA polymerase to bind to the
promoterand begin transcription

O Exam Tip

Inyourexamyoumaybe asked to describe how the regulation of gene expressionaffects mRNA
produced bytranscription orthe amount of final polypeptide thatis produced.To help answer
this,itisimportant to understand the roles of the various different sections of agene (promoter,
codingsequence,terminator) and the processes of transcription and translation.
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7.2.2Environment & Gene Expression

Environment & Gene Expression
Environment and Gene Expression

= Anorganism’s internal orexternal environment caninfluence gene expressionpatterns
= Thelevels ofregulatoryproteins ortranscriptionfactors canbe affected inresponse to
environmental stimulisuch as light,and chemicals includingdrugs and hormones
= Forexample,enzymes are activated inresponse to ultravioletradiationand increase the
expressionand productionof melanin,leading to skin pigmentation
= Temperature canalso influence gene expressionas demonstrated byorganisms
= The Himalayanrabbit (Oryctolagus cuniculus L) possesses agene forthe development of
pigmentationinits fur
= The geneisinactive above 35°C but active between15°C and 25°C
= |nthe parts of the bodythatare coolersuchas ears,feetand nose the gene becomes
active makingthese areas black
= Temperature also affects the expressionofthe sexchromosomes in Australia's bearded
dragonlizards (Pogona barbata)
= Llizardsraised inhottemperatures were female inappearance and were capable of
bearing offspring
= Despite havingthe ZZ chromosomes usually found inmale lizards
= Thereis muchdebate about whethera particularphenotype orbehaviourcanbe attributed to
inheritance orenvironment
= Environmentalfactors explain the differences observed betweenidentical twins as theyage
= |denticaltwins have the same DNA but theirindividualgenomes cancome underdifferent
outsideinfluences
= Theycanchangeindependently,leadingto phenotypic differences such as height
= Twinstudies have shownthat environmentalfactors have agreaterinfluence onmany
disease states (e.g.cancerand rheumatoid arthritis) compared to genetic influence
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DNA is wrapped around histone proteins which form a nucleosome. Nucleosomes coil tightly around
each otherto form the chromosome structure.
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Epigenetics

NOS: Looking for patterns,trendsand discrepancies; thereismounting evidence
thatthe environment cantriggerheritable changesin epigenetic factors

= Epigeneticsis the genetic controlby factors otherthananindividual’s DNAsequence
= Epigeneticsis abroad termthatencompasses (m)anyalterations
= Thatinduce switching-onand switching-off of genes, but
= Without changing the actual genetic code
= Epigeneticsinvolves heritable changesingene function, without changes to the DNAsequence
= [neukaryotic cells,nuclearDNAis wrapped around proteins called histones to form chromatin
= Chromatincanbe chemically modified indifferent ways to altergene expression
= Methylationof DNA (chemicaladditionofa-CHzgroup)
= Histone modificationviaacetylation, methylationand phosphorylationof amino acid tails
= Suchmodifications are called epigenetic tags and collectively, all the epigenetic tagsinan
organismis called the epigenome
= The epigenome canundergo changes due to environmentalfactors
= Smoking,stress, exercise and diet cancause epigenetic changes
= |nternal signalling from the body's owncells canalso cause modifications to occur
= Epigenetic modificationisindependent, histone modificationinone areais notlinked to
modificationinanother
= |ike the genome, the epigenome is heritable
= Mountingevidence demonstrates that modifications to the epigenome inone generation
canbe passed onto the next generationat cellularorwhole organismlevel

O ExamTip

Epigenetics canbe distinguished from mutations,both of whichlead to changes in the
expressed characteristics of genes. Whilst mutations affect the genetic codeitself eg. by
altered nucleotide sequences, epigenetics affect the waythe codeisread.

Think about anidentical passage of text beingread bytwo different people,one with perfect
Queen's Englishand the otherwith averystrongregional dialect. Despite the text being the same
(no mutations), the effect of the dialect (epigenetics) might alterthe meaning of the piece
drasticallyto alistener.
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7.2.3Transcription

Nucleosomes Regulate Transcription

Nucleosomes are the structural unit of DNA packaging in eukaryotes that facilitate
supercoiling
Withinanucleosome, DNAis wrapped around proteins called histones
The tails of histones canbe chemicallymodified which caninfluence whether agene willbe
expressedornot

= Anacetylgroup, methylgrouporaphosphate groupcanbe added

= Chemicalmodifications caneitheractivate ordeactivate genes by makingthe gene more or

less accessible to transcriptionfactors

Methyl groups canalso be directly added to DNA to change the activityofagene

Acetylation and methylation of histone tails

Positivelycharged lysine (anamino acid) in histone tails binds to negatively charged DNA

= This helps DNAto coil tightly around the histone proteincore
Addinganacetylgroup (acetylation) to lysine neutralises the charge, causing the DNA to be less
tightly wrapped

= RNApolymerase and transcriptionfactors canmore easilyaccess the DNAso gene

expressionis stimulated

Adding amethyl group (methylation) to lysine maintains the positive charge causingthe DNAto be
more tightly wrapped and therefore inhibits transcription/expression

Acetylation of the Nucleosome
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Methylation of DNA

= DNA methylationcommonlyinvolves the directaddition of amethyl group (-CHz) to cytosine
bases whichcaninfluence gene expression

= Methylationof DNA suppresses the transcription of the affected gene byinhibiting the binding of
transcriptionfactors

= Cellsuse this mechanismto lock genesinthe ‘off’ position

= DNA methylationcanbe affected by manyenvironmental, lifestyle orage-related factors

Direction of Transcription

= The synthesis of mMRNAoccursinthree stages:
= |nitiation
= Elongation
= Termination
= Duringinitiation, RNA polymerase binds nearthe promoter, causingthe DNA strands to separate
to formanopencomplex
= Duringelongation, RNA polymerase moves along the antisense strand
= RNApolymerase adds the 5°end of the free RNAnucleotide to the 3’ end of the growing
mRNAmolecule
= FElongationoccursinab’to 3’direction, synthesisingasingle strand of RNA
= Terminationoccurs whenRNA polymerase reaches aterminatorsequence
= Whichtriggers the detachment of the polymerase enzyme and mRNA strand

The antisense strand of the DNA molecule is the one that is transcribed
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7.2.4 Post-transcriptional Modification

Modificationof RNA

= |nallkingdoms of life,gene expressioncanbe regulated afteran mRNA transcript has been
produced
= Post-transcriptionalmodificationof mRNA
= Helps prevent degradation
= mRNAis single stranded and therefore,inherently unstable
= |ncreases the efficiency of protein synthesis
= [neukaryotes,expands the complexityofthe proteome
= Prokaryotic mMRNAdoes notrequire anysignificant post-transcriptionalmodificationas
translationcanoccurimmediately which prevents degradation of the mRNA
= |neukaryotes,transcriptionand translationoccurinseparate parts of the cell, allowing for
significant post-transcriptionalmodificationto occur
= |neukaryotes,theimmediate productof anmRNAtranscriptis called pre-mRNA whichneeds to
be modified to form mature mRNA
= Three post-transcriptional events mustoccur
1.Amethylated capis added to the 5'end to protect against degradationbyexonucleases
2.Apoly-Atail(longchainofadenine nucleotides)is added to the 3'end forfurther
protectionand to help the transcript exit the nucleus
3.Non-coding sequences are removed through mRNA splicing
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mMRNA Splicing

= Eukaryotic genes containboth coding and non-coding sequences of DNA

= Codingsequences are called exons

= Non-codingsequences are called introns
= Duringtranscriptionthe whole geneis transcribed including allintrons and exons

= Introns are not translated as theydo notcode foramino acids and need to beremoved
= Before the pre-mRNA exits the nucleus, splicing occurs, duringwhich

= |ntrons (non-codingsections)are removed

= Exons(codingsections)arejoined together

= Theresulting mature mRNA molecule contains only exons and exits the nucleus before

joiningaribosome fortranslation
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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

Alternative splicing

The exons (codingregions) of genes canbe spliced inmany different ways to produce different
mature mRNA molecules through alternative splicing

Aparticularexonmayormaynotbe incorporated into the final mature mRNA

Polypeptides translated from alternatively spliced mRNAs may differ in their amino acid
sequence, structure and function

This means that a single eukaryotic gene cancode for multiple proteins

Thisis part of the reasonwhythe proteome is muchbigger thanthe genome
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Image showing the alternative splicing of a gene to produce two different proteins

O ExamTip

Itisimportantyoulearnthe terms pre-mRNA and mRNA, theirlocationand whethertheyinclude

introns as wellas exons.Ahandywayto distinguish betweenintrons and exons is to remember
that EXons are EXpressed.
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7.2.5Skills: Analysing DNA Methylation Patterns

Skills: Analysing DNA Methylation Patterns
Methylation of DNA

= Methylgroups (-CHz) canbe directlyadded to DNAto change the activity of agene
= DNAmethylationcommonlyinvolves the direct additionof amethylgroup to cytosine bases
which caninfluence gene expression
= Methylationof DNAsuppresses the transcriptionof the affected gene byinhibiting the binding
of transcriptionfactors
= Cellsuse this mechanismto lockgenesinthe ‘off’ position
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DNA methylation involves the addition of a methyl group to a cytosine nucleotide

Analysing DNA Methylation Patterns

= DNAmethylationvaries throughout alifetime and canbe affected by environmental, lifestyle or
age-related factors

= ChangesinDNA methylationare observed ingenetic diseases like cancer

= DNAmethylationcanbe used as abiomarker to identifycancerrelated genes

= Thiscould helpdevelop therapeutics to improve earlydiagnosis of disease

= Numerous methods are available to identifywhichcytosine bases have been methylated

= Analysis of methylationpatterns betweenadisease and non-disease state canhelpidentify
disease markergenes

DNA Methylation analysis showing reduced methylation of tumour-specific genes in cancerous cells.
Reduced methylation results in genes always being ‘switched on’ which can lead to cancer
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