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Transcription in eukaryotes




Anatomy of a eukaryotic gene
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of RNA polymerese g
RNA polymerases pas— - |

@ In contrast to bacteria, which contain a single type of
RNA polymerase, eukaryotic nuclei have three, called
RNA polymerase I, RNA polymerase I, and RNA
polymerase |l

® RNA polymerase | transcribes rRNA genes.

@ RNA polymerase Il transcribes protein-encoding genes
(mRNA) and microRNA. We will focus on this.

@ RNA polymerase lll transcribes tRNA genes and one
rRNA gene.
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@ Eukaryotic transcription initiation must deal with the
packing of DNA into nucleosomes.

@ While bacterial RNA polymerase is able to initiate
transcription without the help of additional proteins,
eukaryotic RNA polymerases cannot.

@ They require help from general transcription factors.

@ They are "general" because they assemble on all
promoters used by RNA polymerase Il.

@ They are designated as TFIl (for transcription factor for
polymerase Il), and listed as TFIIA, TFIIB, and so on.
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General transcription factors = -

@ These general transcription factors

@ help position the RNA polymerase correctly at the
promoter (like what?). ke § stbunte

@ aid in pulling apart the two strands of DNA to allow
transcription to begin (like what?). (ke DA pleten iy replication

@ push the RNA polymerase forward to begin
transcription. (gy Some mw’ffr“‘“s
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Core components of promoters
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@ The promoter region in eukaryotic cells is complex.
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@ Not all of these sequences exist at once, but genes can have a
combination of these promoter elements.



https://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjSxY-CkvLSAhVhGZoKHbWfA2AQjRwIBw&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDownstream_promoter_element&bvm=bv.150729734,d.bGs&psig=AFQjCNH68JFB00d6DaGM-yPs-TvSUsA3ag&ust=1490547758653638

50 /\r\a/\\-f PFQJ'el'AS ‘m\!o\\rec’ I'n +fanf,cr,‘p4(o/\

all Of —H/\e,se ‘Dfo‘l'ﬂf-"\S 1S .'m{oorlw\l: , evén Me afJﬁf 0444/\656,

mele.'ns 'S }M'Dof-Lcm} deo.

%

.‘ =

- ~
R N




Promoter-proximal element

evample of (e uquroﬁ& elements
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@ These are upstream of the core promoter region. 2

They are important for strong expression (versus basal).

@ They are shared among different genes (gene-specific) that
participate in a similar mechanism or needed for a

particular purpose (example: production of enzymes for
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Operon vs. Proximal-promoter element:
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Tissue-specific transcription factorss &M
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@ Many genes are regulated by
regulatory sequences called
enhancers, which are binding sites
for specialized, gene-specific, cell-

ogo Sy Mediator
specific, regulatory transcription
factors that regulate RNA
polymerase Il such as a protein
called the Mediator. __ pp— ~gene X
@ They can regulate transcription _—
RNA transcript

regardless of orientation or
location due to DNA looping: 2 o E
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Enhancers, insulators, TADs, and € CEo .
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@ There are 500,000to > 1 million enhancers in the human genome (>10%).

@ DNA sequences or elements known as insulators divide the genome into
topologically associating domains (TADs) forming loops.

@ The boundaries of the loops are stabilized by by cohesin and CTCF proteins.
allowing for enhancers and promoters within TADs to interact with each

other.
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Silencers

@ The opposite of enhancers.
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Mechanism of transcription
(initiation) 4+ &«

@ TFIID binds to the promoter recruiting other proteins and
forming the transcription pre-initiation complex.such a5 fvA pe! I

@ A member of this complex is TFIIH, which contains a DNA
helicase.

@ TFIIH creates an open promoter exposing the DNA template
to the RNA polymerase.

Pre Initiation
Complex
(PIC)

ATP hydrolysis

(helicase in TFIIH)

Also used in Nucleotide Excision Repair
Open

Complex




Mechanism of transcription
(elongation) > Rk pi

@ Movement of the polymerase is activated by the
addition of phosphate groups to the"tail" of the RNA
me=\  polymerase.

@ This phc;sphorylation is also catalyzed by TFIIH, which,

also possesses a protein kinase subunits.
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Mechanism of transcription

(termination)

Termination is determined by a'consensussequence for
termination in mRNA, which is AAUAAA followed 10-30
nucleotides downstream by a GU-rich sequence.

@ What is the sequence in DNA?

@ Termination is coupled to the process that cleaves and
polyadenylates the 3’-end of the transcript.
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Eukaryotic genes | -

@ Eukaryotic transcription units produce mRNAs that encode only
one protein, thus termed monocistronic.
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Introns vs. exons
.‘M-) aeacs

@ The genomes of eukaryotic cells contain specific DNA sequences
that do not code for proteins known as introns.

@ The protein-coding regions are known as exons.

@ When RNA is synthesized, the RNA molecule contains both
introns and exons and is known as pre-mRNA.
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RNA splicing dhi o Nz

€ XonS
@ The intron sequences are st of Heneotion
removed from the newly > intron intron 2
synthesized RNA through Exon Exon 2 Exon 3
the process of RNA lnanscnptmn
splicing.

Primary transcript: %
. Exon 1 Exon 2 Exon 3
@ Now the RNA molecule is
Spli
known as mRNA (mature Pleng

transcript).

Mature transcript:

Exr.:rn 1 Exon2 Exon 3




@ The transcripts are spliced in different ways to produce different
MRNAs and different proteins (known as protein isoforms, which
are highly related gene products that perform essentially the

same biological function). e locabion of exams s shkic
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. Note: Exons that are 3' to
another exon are never
¥ | placed 5' to it after splicing.
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Alternatively spliced versions vary in function to meet the s
needs of the different cell types el =
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@ mRNA is processed and
modified extensively
@ Capping #irst declars work
@ SpliCing work afler e end of Hranscriphion .
@ Polyadenylation Q\eaqaaeo£ RrA splicing ) fa?:ltv;rgm?lamn \

factors

® Some of these processing  capping factors
proteins are associated 'with
the tail of RNA polymerase
1.

@ These proteins jump from
the polymerase tail onto the
RNA molecule as it appears.




Addition of a cap ;w;
oo aucleaside Oopo{m?{_] |

0 AS SOOn aS RNA pOIVmeraSe “ has Trrrulh-.rI:”nc:& primary transeript
produced about ~25 nucleotides

of pre-mRNA, the 5' end of the i)
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Importance of capping

It stabilizes the mRNA.
It signals the 5" end of eukaryotic mRNAs.

@ This helps the cell todistinguish mRNAS from the other types of RNA
molecules, which are uncapped.

It recruits proteins necessary for splicing and polydenylation.
It helps in exporting RNA to the cytoplasm.
It helps in the translation of MRNAs to proteins. - (EQOF % Efom e Cap

decapping
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export stability translation
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mediated
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polyadenylation

Nucleus Cytoplasm




Polyadenylation

., -

@ A certain sequence in the mRNA (AAUAAA)in the 3’ ends of
MRNAs is recognized by enzymes that cleave it.

@ Poly-A polymerase then adds ~200 A nucleotides to the 3’ end.
@ The nucleotide precursor for these additions is ATP.
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Upstream element

Transcription
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Poly-A
Y polymerase

Downstream element

Poly-A polymerase
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mRNA 5 I AAUARARGE] A AA A, 3 templateand the poly-

Upstream element

A tail is not encoded in
the genome.
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Signiticance of polyadenylatio '

@ It helps in transporting mRNA from the nucleus to the
cytosol.

@ It helps in translation.
@ |t stabilizes mRNA. < i Can ke J‘-’z

re dades




mRNA transport P -

@ Transport of mMRNA from the nucleus to the cytoplasm,

where it is translated into protein, is highly selective-
and is associated to correct RNA processing. and Fagu‘o%eej

@ Defective mRNA molecules like interrupted RNA,
MRNA with inaccurate splicing, and so on, are not
transported outside the nucleus.




Degradation of mRNAS f
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@ The vast majority of mRNAs in a bacterial cell are very unstable,
having a half-life of about 3 minutes..!

@ The mRNAs in eukaryotic cells are more stable (up to 10 hours;
average of 30 minutes).

@ Degradation of eukaryotic mRNA is ainitiated by shortening of
poly-A tail followed by action of 3’-to-5’ exonucleases OF  fntbe
decapping (removal of cap) and then 5’-to-3’ exonucleases e
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A phenomenon in eukaryotes
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@ |tis anincrease in copy number of a restricted region of a

chromosome increasing the is the quantity of DNA in these regions.

@ [t is a mechanism that cancer cells use to develop resistance from

methotrexate whereby the target gene, dihydrofolate reductase, is
amplified. ia concer celis o e methotreyple can nol islilbe Teazyne

@ It is also a mechanism by which breast tumor cells progress and
become more aggressive whereby they amplify the human epidermal
growth factor receptor 2/ (HER2), which stimulates cell growth.[3
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An example of alternative splicing: ‘k
UDP-glucuronosyltransferase (UGT

-—-H/\QSC’/ Qng\/,we Was MGU S\,lbs-l-fa‘l'es
C-I—ofae_rl-s )

Lipophilic substrate

UGT )
Lys-Lys HN
CYTOPLASM COO" | ‘
ER f,r_;x y
LUMEN 0— P 0— P 0—CH,
*H,N .
UDP-Glucuronate H

DH OH

Hydrophilic
p-D-glucuronide

The uridine diphosphate

| °o  glucuronosyltransferase (UGT) enzymes
e e»lﬂ""‘“q"L:M o6 " transfer of glucuronic acid onto

ol ydrphobic v ' xenobiotics and other endogenous
chemicals is Excretion compounds makmg Ehem wopter soluble
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It has many substrates with different stru mur

!'”\,,

Llpophlllc substrate tis a family of enzymes that s responsible for
the glucuronidation of hundreds of

Therapeutic drugs Biliary acids

Carcinogens Steroids compounds, including hormones, flavonoids

Environmental toxicants ~ Retinoic acids and environmental mutagens.

Dietary constituents Fatty acids OHSQ’ man] So“b5+’& eo o Hee ey e

Bilirubin S /5\ i ’
B-Estradiol B- Estradlol 3-Glucuronide 14 Naphtyl -Glucuronide

Substrates HaHCN\ﬂ - )\dfc . Dacm -
: . Q e N
Etoposide :< ) UGT1A4 {§ ;§ §

Ge n | S te| n Trifluoperazine Trifluoperazine-N-Glucuronide [D;]Trifluoperazine-N-Glucuronide

o HO._O Cl
Tamoxifen ' HOIE g 9»«@

—> H
/ 7 HO cl
P C B S H °/©/\(\/OH UGT1A6 HO™ ™ O/C‘ZL o
OH [¢]
5-Hydroxytryptophol 5HTOL-O-Glucuronide Diclofenac

heterocyclic amines

O cl
HO
Benzo[a]phrene H{%} , HOKC)_%D 5)”j©
UGT1A9 / HO cl
X i HO OH o

Nicotine

Propofol Propofol-O-Glucuronide Diclofenac

Raloxifene 0

0 (0]
fi’?: 0 ST \fl“
HO N o . o. .0 N o HO 0.0 N™ "0
T/_0: UGT2B7 | ] :O: 1343 T/_O:
HO" “OH HO' ‘OH
OH Nj OH N3

Ng

Zidovudine (AZT) AZT-5'-Glucuronide ['3C¢]AZT-5'-Glucuronide



Substrates Place of reaction

Etoposide Biliary tissue, colon, intestine, liver, stomach

Genistein Biliary tissue, colon, liver, stomach

Tamoxifen Biliary tissue, colon, intestine, liver

PCBs Biliary tissue, brain, colon, kidney, larynx,
liver, lung, stomach

Heterocyclic Esophagus, intestine, kidney, larynx

amines

Benzo[a]phrene Colon,esophagus, intestine, kidney, larynx

Nicotine Breast, colon, esophagus, liver, kidney,

ovary, prostate, skin, testis

Raloxifene Biliary tissue, colon, esophagus, intestine,
orolaryngeal tissue, stomach
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How does it do'this?

@ Exons 2, 3, 4, and 5 encode the catalytic domain that interacts
with UDP-glucuronic acid, but...

@ The 5' region of the UGT1A complex contains 9 viable tandemly
arrayed first exons an, each with its own promoter.

@ The 9 exons determine substrate specificity and one of them is
spliced to exon 2 generating 9 possible UGT1A transcripts.
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UGT1A is member of the UGT family -I 1 H % H 3 H 4 H > ]-
that is located on chromosome 2. \. o/

v
Shared and constant
T — exons 2-5, human
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Splice variants for UGT1A
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Where expressed
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Substrates

UGT1A1 Biliary tissue, colon, intestine, liver, Etoposide
stomach
UTG1A3 Biliary tissue, colon, liver, stomach Genistein
UGT1A4 Biliary tissue, colon, intestine, liver Tamoxifen
UGT1A6 Biliary tissue, brain, colon, kidney, larynx, PCBs
liver, lung, stomach
UGT1A7 Esophagus, intestine, kidney, larynx heterocyclic
amines
UGT1A8 Colon, esophagus, intestine, kidney, larynx  Benzo[a]phrene
UGT1A9 Breast, colon, esophagus, liver, kidney, Nicotine
ovary, prostate, skin, testis
UGT1A10 Biliary tissue, colon, esophagus, intestine, Raloxifene
orolaryngeal tissue, stomach
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A third phenomenon
Alternative polyadenylation




The advantage of polyadenylationss -
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Regulation of mMRNA stability
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Physiology of iron

@ lronis an essential metal for the human body.
@ Oxygen transport (P’ b ol heme graep which Arasport Oxgien in Bloed
@ Enzyme function
@ Too muchiron can be toxic.
@ Organ failure Btl Yissue damnsge
@ Bacterial infection Becaxse i} loves irsa

@ The level ofiiron is maintained.




0’\0" e -lrraase:rr.'r\ rmustd be decﬁﬁs:a’-h p’e\'e-ll‘ male

The players

P(G""e;’\s /‘/\Qt.nlq;-’\ wran ConC. A the 600‘3
. - °
Liver ferritin stores iron when

abundant (in liver).

Transferrin receptor activates
iron entry in peripheral cells
when needed.

When iron is high, expression of
ferritin should be up-regulated QP .
and expression of transferrin
receptor should be down-

regulated, and vicewersa: & < AW
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Iron-response elements

eNA or PDAF St'.clm:flce

@ In human cells, there are regions of mMRNA called iron
response elements (IREs).

@ These regions are contained within the mRNAs of
ferritin and transferrin receptor.




@ Iron regulatory protein (IRP) binds to these mRNA
sequences when influencing protein expression.

@ However, this binding happens when iron is low:.
@ When iron is high, it binds to IRP preventing its binding

to the IRE.

S'UTR

mRNA




Effect on expression P -

@ When iron is abundant in the cells, it binds to IRP, disabling
the binding of IRP to the mRNAs of transferrin receptor and
ferritin.

@ Transferrin receptor: mRNA is destabilized, and mRNA is
degraded, lowering protein level, and, hence, iron uptake.

@ Ferritin: Translation is activated and storage increases.
@ On the other hand, at low iron levels, the IRP is iron-free

and can bind to the mRNAs of transferrin receptor and
ferritin.

@ Transferrin receptor: mRNA is stabilized, more protein is
made, and, hence, iron uptake into the cells increases.

@ Ferritin: Translation is blocked, less protein is available for
storage.
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a lron deficiency (l e.SS) b Iron overload
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(a) Low iron concentration. IRE-binding protein binds (b) High iron concentration. IRE-binding protein cannot
to IRE, so translation of ferritin mRNA is inhibited. bind to IRE, so translation of ferritin mRNA proceeds.
Ferritin
Iron-response |nactive protein
element (IRE)

IRE-bmdlng
Active protai
IRE-binding
5’ protein g%
1 JAAA - |A AA
Ferritin mRNA

Start codon Stop codon Rlbosome Start codon Stop codon
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(a) Low iron concentration. IRE-binding protein binds to the IRE of (b) High iron concentration. IRE-binding protein cannot
transferrin receptor mRNA, thereby protecting the mRNA from bind to IRE, so mRNA is degraded and synthesis of
degradation. Synthesis of transferrin receptor therefore proceeds. transferrin receptor is thereby inhibited.
Transferrin
receptor e @
Ribosome protein Active Inactlve
IRE-binding @ IRE-binding
N protein protein
N/ \ /T AAA [ I T AAA
Start codon Start codon
Stop codon Transterin Stop codon
‘ receptor mRNA ‘
Degradative ~‘ Degradstive 1
enzyme .
enzyme /
® P ion, g -
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