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Let’s recall how we ended up here:

* God have created Adam and then Eve, they’ve committed the first human sin... Oh sorry! let’s get to the current
timeline.. Naively, you choose (or chosen to be) in this school (you’ve committed the sin of your life) so you basically
trying to cope with it and a whole year has already passed and you are probably still trying to cope with it....Sorry!

Now seriously:
Transcription is the process of making RNA from DNA
it follow a general mechanism:

1. Initiation: where RNA polymerase bind to a promoter sequence at the DNA
 either by itself (in prokaryotes, and we’ve finished that)

« by the help of transcription factors (in Eukaryotes, and we started the talk about Regulatory regions of DNA—like core
promoters, proximal promoter elements (PPEs) -a lot of examples about it were given- enhancers and silencers). Also,
we started talking about how transcription factors can be specific for certain tissue.

2.Elongation
3.Termination

In this lecture:

» completing transcription factor tissue specificity and regulatory regions of DNA
(particularly: enhancers and silencers)

» chromatin immunoprecipitation technique

» Eukaryotic RNA processing (a process following transcription process)



Tissue-specific transcription factors
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Gene transcribed at = Gene transcribed at - Genes NOT transcribed X
moderate levels levels

Differential expression of transcription factors (tissue-specific transcription factors)
determines gene expression.

Specificity of transcription factor leads to specificity in transcription process, something determined ate the
moment of fertilization and start of cell division! And that’s what makes tissue specific characteristics.



Another regulatory sequences in the DNA are:

Enhancers

As the name implies enhancers control gene expression

in a positive manner, that is: it enhance transcription. ; o N No enh?nc.:er-éllttle
— Basal transcripton tr@NS CI1 pt ion
* Many genes are regulated by regulatory | = |
sequences called enhancers, which are
binding sites for specialized, gene-specific, N et T T g
cell-specific, regulatory transcription factors VRRS Q&MZ
that regulate RNA polymerase |l. { e ;
Enhancer Gene
* They can regulate transcription regardlgss of © L
orientation or location, they can even be flipped Wﬁgﬁ&%z
and still be functionaldue to DNA looping. - e I
 There are 500,000 to over 1 million enhancers - - r
in the human genome, accounting for 10% or M%ﬁ%%“
more of total genomic DNA. | :Ztvm“udtmﬁf il
The range 500k- 1M seems to be so wide! | 1 — =l
Simply because; they are not all accurately identified. 8 N RO e
Basically, scientists look for patterns (i.e., consensus sequences) AR ﬁwﬁ}ﬁﬁv\&z
and notice the effect of these sequences on the process, so it e *S"”‘“'ate?"a”s"”p“"” }
becomes a probability matter, some sequences are confirmed Enhancer '/ Gene A

100% to be enhancers while others are doubted about.



DNA looping and Cohesin

* Transcription factors bound at
an enhancer can interact with a
protein called (Mediator) or |
general transcription factors at PR
the promoter. [ P

* This is due to the ability of DNA
to loop.

* DNA looping is stabilized by a
protein called Cohesin.
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Regarding the previous slide

* Mediator protein interacts both with
general transcription factors and with RNA
polymerase and play role in linking the general
transcription factors to the gene-specific
transcription factors (which interact with
enhancers) that regulate gene expression.

* Theloops are stabilized by cohesin, which forms a ring factor
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structure that encircles two strands of DNA. Transcription
factors bound to distant enhancers can thus work by the
same mechanisms as those bound adjacent to promoters.

* Note that: Both DNA looping and mediation rely on protein-protein and protein-DNA
interactions, which are non-covalent in nature. These interactions ensure precise
communication between regulatory elements and the transcription machinery.



Enhancers, insulators, TADs, and CTCF

* So because DNA is dynamic Enhancer located on one end of chromosome can
regulate a gene located at the other side?
- Of course, no the process is regulated and restricted

* 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 cohesin and CTCF proteins.
* Enhancers are restricted to interacting with promoters in the same domain.

Chromosome Topologicallfissociating
territory Domain TAD)




e Howis it restricted

DNA is organized as These regions are further These regions are further
heterochromatin and organized into Topologically gjyided into smaller regions
euchromatin regions associating Domains separated by choesin and CTCF
Chromosome TopologicalbAssociating protein
territory Domain TAD)

enhancer here
can’t affect
gene expression
in the region
below

enhancer here
can’t affect
gene expression
in the region
oo ' above




Silencers

* The opposite of enhancers.

Enhancer + Activator Protein

DNA loop
(up to 100 kb)

Promoter-proximal
elements

Architectural
(DNA-bending)
proteins

While enhancers up regulate expression of gene,

silencers suppresses it

Silencer + Repressor Protein

DNA loop
(up to 100 kb)

Promoter-proximal
elements
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Architectural
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Silencers are thought to have

same characteristics as

enhancers:

* Theycanregulate
transcription regardless of

orientation or location, they
can even be flipped and still be

functionaldue to DNA looping.
* they are binding sites for
specialized, gene-specific,
cell-specific, regulatory
transcription factors that
regulate RNA polymerase Il



Regulatory Elements Summary Table

Regulatory Element

Location

Function

Effect on transcription activity

Enhancers

Can be far from the target

gene (upstream, downstream,

or within introns).

Bind activators to enhance
transcription of a specific
gene, even from a distance.

Enhancers amplify the activity
initiated at the core promoter

Silencers

Similar to enhancers
(upstream, downstream, or
intronic).

Bind repressors to suppress
transcription of a specific
gene.

Silencers can inhibit the
function of the core promoter

Promoter-Proximal Elements
(PPEs)

Close to the core promoter,
usually within 200 bp
upstream of the TSS.

Bind specific transcription
factors to regulate
transcription near the start
site.

help fine-tune transcription

Core Promoter Regions

Directly adjacent to the TSS
(transcription start site).

Bind general transcription
factors (GTFs) and RNA
polymerase to initiate
transcription.

provide basal (minimal)
transcription machinery




How we identify the previous sequences? One technique is:

Chromatin immunoprecipitation

* Transcription factor binding sites can be identified by -
chromatin immunoprecipitation. Fragments ofcromatn v rasortir

Treat cells with formaldehyde
Sonicate to produce fragments of chromatin

* Proteins bound to DNA are chemically cross-linked to

O

the DNA regions they are bound to.
* DNA s isolated and fragmented. \ | oo
* The fragments are “immunoprecipitated” with an oo oonddrononon
antibody against a specific transcription factor. onondosnon ood oo
* The cross-links are reversed, and the \
iImmunoprecipitated DNA fragments are analyzed by
PCR to test for the presence of a specific DNA A
) ) NN ININNIN
sequence or by next-generation DNA sequencing
microarrays or microarrays to identify all the binding \fv
sites for the transcription factor within the genome. ORI, DA Tagmen oraring el

transcription factor binding site

Test for individual Genome-wide analysis of
binding sites by PCR binding sites by microarrays
or high-throughput sequencing




We are interested in knowing the specific sequence that the
proteins bind to at DNA.

1. We take cells growing in vitro, and we cross-link proteins to
DNA by certain chemicals (making a covalent bond, rather
than the natural non- covalent bonding) so proteins are stuck
to the DNA.

2. DNA is extracted from cells, then fragmented (random
fragmentation, between proteins binding to DNA).

Here no fragmentation occur to the protein bound sequence
since it is covered by protein.

3. Antibodies specific to the protein of interest are introduced to
the specimens, so the protein of interest (with DNA fragment
bound to it) is immunoprecipitated.

4. We take these fragments and reverse the cross-linking
between DNA and protein (purifying the DNA fragment)

5. DNA fragments are analyzed by:

PCR, next-generation DNA sequencing or microarrays

Ex: androgen binds to its receptor—> receptor dimerize with other
hormone bound receptor—> dimer go into the nucleus (itis a
transcription factor) - binds to Androgen response elements—>
cross-linking of receptor to DNA-> fragmentation—> AB
addition—>......

Treat cells with formaldehyde

Sonicate to produce fragments of chromatin

Fragments of chromatin with transcription
factors cross-linked to DNA

Immunoprecipitate with antibody
against transcription factor of interest

Antibody binds specific
* /transcription factor
\//\\//Y\’/\(\\)ﬂ/\.\//\\/f\\/’\ NN ONONINGS
\’/\\//Y\’)Qﬂ/\\&\\&\\/’\ \’/\\OY\’){\\)’N(/\\/’\\O\

Collect chromatin-antibody
complex

A

\//\\/’Y\’){\\)@\\//\\O\\O\
Reverse cross-links
Purify DNA

NN DNA fragment containing specific

transcription factor binding site

Test for individual Genome-wide analysis of
binding sites by PCR binding sites by microarrays

or high-throughput sequencing




Eukaryotic RNA processing

Following Eukaryotic transcription



Processing of mRNA in eukaryotes
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3 modifications are done to Eukaryotic RNA after transcription is done



Addition of a cap

A cap is something at the beginning of molecule

* The first modification comes as
soon as RNA polymerase Il has mRNA cap
produced a few nucleotides of pre-

OH OH ¥

MRNA.

9 9 ¢ L U
 The 5'end of the new RNAmolecule  wn w5 on o0 on K
is modified by the addition of a ALy emeiner 56 o
"cap" that consists of a 7- o o K

mRNA

N7z-methylated G . |
methylguanosine molecule. W

Note that the first nucleoside in the mRNA

molecule have triphosphates, cause no
breakage occur to be added to some
nucleoside before it.
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Importance of capping

It differentiates mMRNA from other

RNA molecules. other RNAs are not
capped

* [t stabilizes the mMRNA. so, it can’t be
degraded by nucleases

* [t signals the 5’ end of eukaryotic
MRNAs.

* It recruits proteins necessary for
splicing and polyadenylation.

* It helps in exporting RNA to the

cytoplasm. Nuclear exporters recognize
the cap then allow it to be exported.

* It helps in the translation of mMRNAs
to proteins. Sinceit marks 5’ end.

decapping
enzymes

nuclear

expor

t

cap
mRNA /
CcBC
g
RNA pol Il
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\splicing
AAAAA
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stability Ans/arion
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AAAAA!F??::::::::::>
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Introns vs. exons and RNA splicing

* The protein-coding genes of eukaryotic cells
contain specific DNA sequences known as
introns, which are transcribed but not
translated.

* The protein-coding regions are known as
exons.

* When RNA is synthesized, the RNA molecule
contains both introns and exons and is known
as primary transcript or pre-mRNA.

* The intron sequences are removed from the
newly synthesized RNA through the process
of RNA splicing.

* Now the RNA molecule is known as mRNA
(mature transcript) or mature mRNA.

MRNA is made as primary transcript

Start of transcription

__ Intron 1 Intron 2

Gene:

Exon “ Exon 2 Exon 3
J Transcription

Intron 1 Intron 2

T
Exon 2 Exon 3
Splicing

Primary transcript; (R

Mature transcript;

Exon Excrn 2 Exon 3
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Alternative splicing

We share the same number of protein coding genes with different organisms, so this mechanism comes to

diversify genes to produce diverse proteins. Also, this explains how we have 19969 protein coding genes and
86245 protein coding transcripts (mMRNA)

* 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).

Note: Exons that are 3' to
another exon are never
placed 5' to it after splicing.

So, order is preserved

An example is
tropomyosin
isoforms in different
muscle types.

Found in the mature mRNA from all cell types g g W

Not found in all mature mRNAs - B Aternative exons

Alternative
splicing

> oSl IOM©  Smooth muscle ells

or

5 MC& Striated muscle cells

e

Alternatively spliced versions vary in function to meet the
needs of the different cell types 18




Polyadenylation

Followed by CA

* A certain sequence in the mRNA (AAUAAA) signals the end of transcription

anditis part of the 3’ ends of MRNAS. Itis AATAAA on the coding/ sense/ non-template strand of
DNA in genome

* The pre-mRNA cleaved after this sequence. Itis a signal for termination
* Poly-A polymerase then adds ~200 A nucleotides to the 3’ end.

* The nucleotide precursor for these additions is ATP.
U- or GU-rich Why polyA?
AATARA  CA
A ——————— 1. mRNA transport from
Upstream element Downstream element
lTranscription the nucleus to the
U- or GU-rich
pre-mRNA 5[ AAUAAA CA | 13 CytOSOl'

Upstream element Downstream element 2.1t helps in translation
Endonuclease ) . )
cleavage 3. It stabilizes mRNA.

5 ] AATAAE——CA] 3’ So, itdosenotgetdegraded

Upstream element Poly-A Poly-A polymerase does not require a template and the
polymerase poly-A tail is not encoded in the genome.

MRNA 5[] AAUAAA__CA] AAAA o) 3 It is not found in the geneit is

Upstream element . ‘e
P something additional.
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Eukaryotic genes

* Eukaryotic transcription units produce mRNAs that encode only one
protein, thus termed monocistronic.

FEukaryotes

5 non-coding region region 3 non-coding region
mRNA H-OO&E&"—ZHMM
I 3 3 .

CHs , 1 Paoly-A
Cap structure 1

Siﬁgle bolypep’éide
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MRNA transport

* Transport of MRNA from the nucleus to the cytoplasm, where it is
translated into protein, is highly selective- and is associated to correct
RNA processing.

* Defective mMRNA molecules like interrupted RNA, not capped, poly A tailed,
MRNA with inaccurate splicing, very long mRNA (in case AATAA signal is
removed from the gene) , @aNd SO on, are not transported outside the nucleus.

21



Degradation of mMRNAs

* The half-lives of bacterial mMRNA 5 mG E=maana 3
Is about 3 minutes. 5 UTR 3 UTR
. . 1:deadenlyation |Deadenylation
* The half-lives of eukaryotic ’ l '
MRNASs can be on average 30 may 5 MG |

be up to 10h minutes but can be 1
longer.
Decappingf 13’—»— 5" degradation

* Degradation of eukaryotic mRNA
is initiated by shortening of poly- 5 G ] “T@
A tail followed by action of 3’-to-

5’ exonucleases or decapping

5'— 3’ degradation Nuclease

(removal of cap) and then 5’-t0-3’ — — zﬂcilc::r;f?jo_s

exonucleases. Mechanism 1: decapping exonucleases
N2 ¢ollowed b

As the stability of mRNA increases-> its half-life . Y

increases—> stay more in cytosol-> more coding for zczsnexonucleases

the protein—> high protein levels
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Additional Resources: sl (3 Al e Al

Reference Used:
(hnumbered in order as cited in the text)

Extra References for the Reader to Use:

Enzymatic or Sonication Protocol for Chromatin
Immunoprecipitation
https://www.youtube.com/watch?v=bHsfSteiy4dE&ab ch

annel=NovusBiologicals



https://www.youtube.com/watch?v=WcVOV99yUVw&ab_channel=CellSignalingTechnology%2CInc.
https://www.youtube.com/watch?v=WcVOV99yUVw&ab_channel=CellSignalingTechnology%2CInc.
https://www.youtube.com/watch?v=bHsfSteiy4E&ab_channel=NovusBiologicals
https://www.youtube.com/watch?v=bHsfSteiy4E&ab_channel=NovusBiologicals
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