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1 Chromatin immunoprecipitation

(Chromatin = DNA + Protein) (“Immuno” = antibodies) (Precipitation = <L i)
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Treat cells with formaldehyde

0:0 What iS the purpose Of this teChnique? Sonicate to produce fragments of chromatin
Transcription factor binding sites can be identified by chromatin e dinimni el
immunoprecipitation. oxondoono. ovondBodgo
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> Proteins bound to DNA are chemically cross-linked to the I
mmunoprecipitate with antibody

D N A re g-i O n S t h ey a re b O u n d t O . against transcription factor of interest

« Transcription factors (e.g., androgen receptor) bind DNA non-covalently and reversibly, so B B
. . . e . . ~
cross-linking converts this interaction into a covalent, stable bond

» DNA isisolated and fragmented. i, st
* Caells are first exposed to the hormone, so the receptor binds its target sites in vivo. \
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Collect chromatin—antibody
complex

The chromatin is then isolated and sheared into small fragments (by sonication or
enzymes), each fragment containing DNA plus any bound proteins.

» The fragments are “immunoprecipitated” with an antibody against a A
ope . . \//\\//\Q\’/(\\)/N(/\\/f\\/f\
specific transcription factor. |
> The cross-links are reversed, and the immunoprecipitated DNA IP“”V o
fragments are analyzed by PCR to test for the presence of a specific RO, Dkt s s
DNA sequence or by next-generation DNA sequencing microarrays

or microarrays to identify all the binding sites for the transcription
factor within the genome.

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




J Quick Summarization:

% We are interested in identifying the specific DNA sequences that proteins (e.g.,
transcription factors) bind to.

1. Cells are treated with cross-linking chemicals to covalently link proteins to
DNA, stabilizing the normally non-covalent protein-DNA interactions.

2. DNA s then extracted and fragmented, usually at random, so each fragment
contains DNA with any bound proteins.

3. Antibodies specific to the protein of interest are added, allowing
immunoprecipitation of the protein together with its bound DNA fragment.

4. The cross-links are reversed, releasing and purifying the associated DNA.

» Therecovered DNA fragments are analyzed using:

A. PCR (to test binding to a known sequence)

B. Next-generation DNA sequencing or microarrays (to identify genome-wide
binding sites)

v' Example:

Androgen binds to its receptor — receptor dimerizes — the dimer enters the
nucleus (acts as a transcription factor) — binds androgen response elements —
protein-DNA cross-linking — DNA fragmentation — antibody addition —
immunoprecipitation — cross-link reversal — DNA analysis.
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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
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Collect chromatin-antibody
complex

A

Reverse cross-links
Purify DNA

NN 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



1 Processing of mRNA in eukaryotes

» In eukaryotic (human) cells, mRNA cannot be translated immediately after transcription; it must
first undergo processing and modification. There are three main mRNA modifications:

5’ Intron Exon Intron Exon Intron Exon Intron 3/

. 0 OB OB

1.Capping 2.Splicing 3.Polyadenylation



1. Addition of acap

(A cap is something at the beginning of molecule)

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

\l// triphosphate linker 3’0 OH
» The 5' end of the new RNA molecule is . NfH 0=P—OH
modified by the addition of a "cap" that °  Nmethyated G ° -‘
consists of a 7- methylguanosine \ W

molecule.
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

It stabilizes the MRNA. so, it can't be degraded by nucleases

It signals the 5’ end of eukaryotic mRNA:s.

It recruits proteins necessary for splicing and polyadenylation.

It helps in exporting RNA to the cytoplasm. nuctear exporters recognize the cap then atiow it to be exported.
It helps in the translation of MRNAs to proteins. sinceit marks s’ end.

decapping
enzymes

nuclear
export stability nslatiol

mRNA EIF4F

ap
AAAAA
RNA pol n
pl
AAAAA

Igt
nnnnnnnn

polyadenylation

Nucleus Cytoplasm
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Introns vs. exons and RNA splicing - cuting

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, and exons are connected

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

MRNA is made as primary transcript

Start of transcription

[T

_ Intron 1 Intron 2
Gene:

Exon Exon 2 Exon 3

Transcription

_ Intron 1 intron 2

Primary transcript: |

Exon 1 Exon 2 Exon 3
Splicing

| Exon 1 Emn 2 Exon 3

Mature transcript;
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** Alternative splicing for mrnaA

» Thetranscripts are spliced in different ways to produce different mMRNAs and different proteins (known as protein
isoforms, which are highly related gene products that perform essentially the same biological function).

> A classic example is tropomyosin, an actin-binding protein, The same gene can undergo different splicing patterns
in different cell types, producing multiple mRNA isoforms and therefore different protein variants.

» These variants interact differently with actin, contributing to cell-specific structure and function of the
cytoskeleton.

» Alternative splicing allows organisms to generate a wide diversity of proteins from a limited number of genes,
explaining how gene number does not directly reflect protein complexity.

Found in the mature mRNA from all cell types g Q T——

Not found in all mature mRNAs e W Atternative exons

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

Alternative
splicing

(Which means order is preserved) l
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Alternatively spliced versions vary in function to meet the
needs of the different cell types




3. POIVadenylatiOn (addition of nucleotide A)

> A certainsequence in the mRNA (AAUAAA) (Followed by cA) signals the end of transcription and it
is 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? DNA :E AATAAA____CA
1. mRNA transport from the Upstream element . Downstream element
nucleus to the cytosol. VT'a”SC”p“O” e U
. . - or GU-ric
2. Ithelpsintranslation. pre-mRNA 5[] AAUARA___CA | 13"
3. It stabilizes mRN A. Upstream element Downstream element
So, it dose not get degraded Endonuciease
Y cleavage

i g | :

Poly-A polymerase does not require a 5 AAUAAA_ CAJS
. Upstream element

template, and the poly-A tail is not encoded Poly-A
in the genome. y Pelimerese
(Itis not found in the gene; it is smth additional) mRNA 5 I AAUAAA_ CA] AAAA ooy 3

Upstream element



J Eukaryotic genes

» Eukaryotic transcription units produce mRNAs that encode only one
Protein, thus termed monocistronic, This polypeptide can be processed in different ways

Unlike prokaryotic cistron that can be polycistronic

Eukaryotes

TN . — - -

Coding l

5 non-coding region— region 3 non-coding region
RN - OO AAAAA

i 5 3'[ J

J

Cap structure 1

Single polypeptide




ImRNA transport

» 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.

» Defective mRNA molecules like interrupted RNA, not capped, poly A tailed,
MRNA with inaccurate splicing, very long mMRNA (in case AATAAA signal is

remoued from the gene) , aNd SO ON, are not transported outside the
nucleus.



1 Degradation of mRNAs

 The half-lives of bacterial mMRNA S I
is about 3 minutes. 5 UTh 3 UTR

 The half-lives of eukaryotic 1Deadenv'a“°”
MRNAs can be on average 30 I .
minutes but can be longer. 1

 Degradation of eukaryotic mRNA | ( 1

3'— 5’ degradation

is initiated by shortening of poly-
A tail followed by action of 3’-to- | . -
5’ exonucleases or decapping — Tme 5&
(removal of cap) and then 5’-to-3’ l5’+ 3 degradation Sl

exonucleases. @r’ —

Mechanism 2:
action of 3’ -> 5’

As the stability of mRNA increases—> its half-life Nuclease

exonucleases
increases—> stay more in cytosol - more coding for the Mechanism 1:
protein—> high protein levels decapping followed by

5’ -> 3’ exonucleases action
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For any feedback, scan the code or click on it.
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