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Cells are complex
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At molecular level are not better




At molecular level are not better
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Enrichment methods: the basics
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Incubate sample with
selected antibody to
form Ag-Ab complex

Incubate Protein A or
Protein G magnetic
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Capture Ag-Ab complex
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Enrichment methods

Prepare

Enrich
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Analyse
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Finding molecular parterns:

RIP/CLIP

RNA and RBP in cell extract
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Types of interaction

OUTPUT
(what we analyse)

Protein RNA

CO-IP RIP/CLIP ChIP
Protein (co- (RNA- (Chromatin
immunoprecipitation) | Immunoprecipitation) | Immunoprecipitation)

Exogenous RNA pull

BAIT Down RAP-RNA ChirP
(What we RNA RAP-Protein (RNA antisense (Chromatin isolation
enrich) (RNA antisense purificaton) by RNA purification)

purificaton)

Conformation capture

DNA pull
pull down ac




Types of interaction

OUTPUT

CO-IP RIP/CLIP ChIP
Protein (co- (RNA- (Chromatin
immunoprecipitation) | Immunoprecipitation) | Immunoprecipitation)

Exogenous RNA pull
Down RAP-RNA ChirP

RAP-Protein (RNA antisense (Chromatin isolation

(RNA antisense purificaton) by RNA purification)

BI\A DNA pull down




Considerations:

Crosslinked vs native.
Types of baits.

Types of output.



Crosslinked vs native

Crosslinking: establishing molecular bonds between molecules.
Avoid non specific interaction
Capture interaction in a timeframe

Types of crosslinking

UV light

* Formaldehyde

* Gluthaladehyde
* Psoralen



Types of baits.

Antibodies + prot G = to catch proteins

* Monoclonal: 1 clone, 1 epitope

* Polyclonal: several clones, several epitopes

Antigen
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Types of baits.

Biotinylated Nucleic acid + streptavidin beads

* Biotinylated DNA/RNA
 We can modify nucleotides :LNA, sulfur bonds..
e Specific base-base interaction.

Biotin

Streptavidin



Types of outputs.

Low throughput: we analyse the
interaction of our bait with

few genes

Western Blot/PCR

High throughput: we
analyse the
interaction of our
bait with all the
genome/proteome
in the cell.

Mass spectrometry/
Sequencing
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Types of interaction

OUTPUT
(what we analyse)

Protein RNA

CO-IP RIP/CLIP ChIP
Protein (co- (RNA- (Chromatin
immunoprecipitation) | Immunoprecipitation) | Immunoprecipitation)

Exogenous RNA pull

BAIT Down RAP-RNA ChirP
(What we RNA RAP-Protein (RNA antisense (Chromatin isolation
enrich) (RNA antisense purificaton) by RNA purification)

purificaton)

Conformation capture

DNA pull
pull down ac




Co-immunoprecipitation

AIM: Identification of protein interactions. Bait: protein/output: protein)
Co-Immunoprecipitation (COIP) is an immunoprecipitation technique used to investigate the interaction between proteins.

Protein complex

Preparation:
B LT We prepare a preotin cell lysate
Prepare oo
— l Primary antibody
B G Enrichment (immunoprecipitation)
wh Using an antibody or a tagged protein
. rotein A/G
Enrich b e
. [ Dbeads
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_ | washing Washing
Wash VIR essential to remove non specific proteins
e
— l Elution .
Analysis
Analyse Western blot or mass spectometry

— N

Western Blot or
proteomics



Co-immunoprecipitation

Example: PRC2 complex
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/
output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the

interaction between proteins and DNA in the cell. It aims to determine whether specific proteins are
associated with specific genomic regions, such as transcription factors on promoters.

Cross-link proteins to DNA
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins
and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription

factors on promoters.

Preparation: Possible crosslinking

prme Cross-link proteins to DNA
Prepare %ﬁ" ‘ f Mt;l Native-ChlP: Native chromatin is used as substrate
é /{g E‘} ”% - only proteins tightly associated with DNA can be immunoprecipitated
Chromatin - antigens cannot be occurred or modi9ied by chemical cross-inking
fragmentation by
. l sonication - the speci9icity of the antibody binding to un9ixed chromatin is more predicta
Enrich 5‘?’* w3
,;-?:;\;;2 -.f* | Mg\v C
o Complex
precipitation with X-ChIP: cross-linked chromatin is used as substrate
a primary
antibody
,, - also proteins weakly or not directly associated with DNA
Wash % 4 p V V
g o7%y  Protein A/G - antigens can be obscured or modified by the formaldehyde cross-linkin
as 2’;:& ?&"3 magnetic beads 5 Y Y &
- =t %= - more widely used than Native ChIP
N 7 Y
Reverse cross-
link and DNA
Ana|yse purification
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gPCR or Sequencing



ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins
and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription
factors on promoters.

1.Preparation: crosslinking

B Cross-link proteins to DNf\ The cross-linking is an experimental procedure that convert in
Prepare *;g"w . ”t;} covalent all thethe weak and non-covalentinteractions between
— "‘{’% o 65 ‘f"’h}' DNA - PROTEINS and PROTEIN-PROTEIN
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins
and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription
factors on promoters.

1. Preparation: crosslinking

prme Cross-link proteins to DNA
Prepare gf Formaldehyde Cross-linking
f"“ /i “‘}
- {g }? ® Formaldehyde is an organic compound. It is water
fcr*;rg‘:n”;t;:tion by soluble and penetrates biological membranes It
- l sonication targets primary aminogroups (i.e. lysines in proteins,
Enrich {;«T‘;w ,i%,? }} side chains of A,C,G in DNA)
£ M = St g
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s // ® The crosslinking is reversible (65.C reverse protein-DNA; 100.C
Wash %‘3@ “’%ﬁ :::;i:té/t?e i reverse protein-protein)
= N F
AR ® Reaction is stopped by providing an excess of primary
peverse o amino groups (0.125M glycine)
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins
and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription
factors on promoters.

2. Preparation: sonication
The DNA-protein complexes (chromatin-protein) are then sheared into

B Cross-link proteins to DNA ~500 bp DNA fragments by sonication or (nuclease digestion).
Prepare 70 &
- v,gf, {E}h{g) r}é Mﬂ’g‘ﬁ‘
Chromatin

fragmentation by
sonication
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‘

Complex
precipitation with
a primary
antibody

WaSh %;3& M“{Z‘};} Protein A/G

k

LTI

magnetic beads
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l Reverse cross-

link and DNA
purification

Analyse

Vo size range: 100-500 bp
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins
and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription
factors on promoters.

2. Antibody binding
Antibody binding several hours (or over night) at 4 degrees.
prme Cross-link proteins to DNA
Prepare 70 &
e | B ogf®
Chromatin
fragmentation by
l sonication
o Complex
precipitation with
a primary
l antibody
,. 3. Wash
Wash X f
e, S5 Protein A/G
as {?ﬁ“ ngz magnetic beads
— N 7
Reverse cross-
link and DNA
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins
and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription
factors on promoters.

4. Reverse crosslinking

The cross-linking with formaldehyde is able to be removed through the incubation of
— Cross-link proteins to DNA the extract at High temperature. (65.C reverse protein-DNA; 100.C reverse protein-

& PN protein this step allows the detach of the protein from the DNA that is
Pre pare @f) %w..;:;? subsequently purified and analyzed
Chromatin
fragmentation by
. l sonication 5. Proteinase K treatment, Rnase A treatment and DNA
Enrich S';f?“ «g; (¥ 2 purification
o Complex
precipitation with
a primary
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Wash % 4
e, &7 Protein A/G
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins

and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription
factors on promoters.

6. DNA anlaysis PCR

The isolated DNA can be quantified by PCR using specific probes. This allows
the analysis of a specific region in multiple samples

— Cross-link proteins to DNA
Prepare 7 R o
_ {?‘" {gt}?“ﬂg‘} = T 0T

Input 1gG  p63
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins
and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription
factors on promoters.

6. DNA anlaysis ChIP on chip

The isolated DNA can be quantified by PCR using specific probes. This allows
— Cross-link proteins to DNA the analysis of a specific region in multiple samples

Prepare {g& ”“:;‘z
- %?{g?f ;} @

P
Chromatin Formaldehyde fixation, l
fragmentation by priﬁféﬁ:ﬁuo' /(
sonication NS o
. {;’* L ’ A9 Immunoprecipitation NODODODL
DY R '.f; v,
é“;;;;@ SPa Crosslink reversal, l
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Complex )@\
.. . . O Vg
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a primary 2 P,
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[ \ l Labeled genomic DNA
> // | O00000®
Wash IR """Lg Protein A/G o ting 000000
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e \ T
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X\\ //// Statistical l
analysis
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link and DNA Visualization, =
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ChiP

AIM: Identification of the genomic loci bound to a DNA binding protein. (Bait Protein/ output :DNA)
Chromatin Immunoprecipitation (ChIP) is an immunoprecipitation technique used to investigate the interaction between proteins
and DNA in the cell. It aims to determine whether specific proteins are associated with specific genomic regions, such as transcription

factors on promoters.

prme Cross-link proteins to DNA
Prepare 7 | m“'g?
Coo¥”
Chromatin
fragmentation by
l sonication
Enrich & «% ©
. ,S:u::;z I,T‘ | (v,
o Complex
precipitation with
a primary
l antibody
Wash X //
e, S5 Protein A/G
as %ﬁy WM:\;Z magnetic beads
’ ’«4 \ \Ti’ <
Reverse cross-
link and DNA
Ana |yse purification
V.V VS

gPCR or Sequencing

6. DNA anlaysis ChIP seq

We can isolate the DNA and sequence every each single piece of DNA attached to
this protein

ChlIP-seq overview

DNA + bound protein Fragment DNA Immunoprecipitate
QendmecC DNA -
* el
and
)
Sq=ones Preparg Release DNA
Map sequence sequencing
tags to genome library IQ .
& identify & € & R
o |
peaks L %
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Types of interaction

OUTPUT
(what we analyse)

Protein RNA

CO-IP RIP/CLIP ChIP
Protein (co- (RNA- (Chromatin
immunoprecipitation) | Immunoprecipitation) | Immunoprecipitation)

Exogenous RNA pull

BAIT Down RAP-RNA ChirP
(What we RNA RAP-Protein (RNA antisense (Chromatin isolation
enrich) (RNA antisense purificaton) by RNA purification)

purificaton)

Conformation capture

DNA pull
pull down ac




ChIRP

AIM: Identification of RNA interactions with the chromatin. Bait: RNA output: DNA/protein)
ChIRP (Chromatin Isolation by RNA Purification) a pull down technique used to investigate the interaction between RNA
(usually ncRNAs and chromatin). Not only serve to determine interaction but also place of the interaction.

ChIRP

— . Chromatin associated IncRNAs
Prepare SrVY
P DR @@ . Discrimination between cis and trans action
— Crosslink rrrmrp
Sonicate —— « The amount of cellular extract depends on the abundance of
Hybridize biotinylated
tiling oligos
. the IncRNA
Enrich P
b
RBP}&QD
= Purify on bead “
and wash streptavidin
Wa Sh magnetic beads

N C}w’
Analyse e pis ,l‘

REP XD

-~

RNA binding Genomic DNA
protein

Ci Chuetal. 2011



ChIRP

AIM: Identification of RNA interactions with the chromatin. Bait: RNA output: DNA/protein)
ChIRP (Chromatin Isolation by RNA Purification) a pull down technique used to investigate the interaction between RNA
(usually ncRNAs and chromatin). Not only serve to determine interaction but also place of the interaction.

1. Crosslinking

— ChIRP
Prepare Nolole, 1% of glutaraldehyde
= Crosslink e Keep RNA
Sonicate mm?
Hybridize biotinylated
tiling oligos
Enrich P
b
C% ) A R osn ORP
@ 2WP>Md" rout TERMC Lac? bout TENC Lect
o 1o °
= Purify on bead “ I e . ‘
and wash streptavidin
Wash magnetic beads 19 Fosmaieingle . .
°

——
NG l) @
%’ Tsomemn prote A probe

Analyse RNase A, HA

ot WML

-~

RNA binding Genomic DNA
protein

Ci Chuetal. 2011



ChIRP

AIM: Identification of RNA interactions with the chromatin. Bait: RNA output: DNA/protein)
ChIRP (Chromatin Isolation by RNA Purification) a pull down technique used to investigate the interaction between RNA
(usually ncRNAs and chromatin). Not only serve to determine interaction but also place of the interaction.

1. Sonication

= ChIRP
RBP
-
Prepare RO ROD
— Crosslink p
Sonicate / S
Hybridize biotinylated
tiling oligos
Enrich )

. Hee

—]
—
. Purify on bead “ J—
and wash streptavidin
Wa S h magnetic beads j—
B %‘) - —
— 2L
-0
Analyse RNase A, HA x >
RBP WM Northen Blot
RNA binding Genomic DNA

protein

Ci Chuetal. 2011



ChIRP

AIM: Identification of RNA interactions with the chromatin. Bait: RNA output: DNA/protein)
ChIRP (Chromatin Isolation by RNA Purification) a pull down technique used to investigate the interaction between RNA
(usually ncRNAs and chromatin). Not only serve to determine interaction but also place of the interaction.

Prepare

Enrich

Wash

Analyse

Crosslink P
Sonicate / i
Hybridize biotinylated

tiling oligos

(o f
RBP
}Qﬂy

Purify on bead “

and wash streptavidin
magnetic beads

C N w"
RNase A, HA

R 2L
-
RNA binding Genomic DNA
protein

e ———

1. Probe design

o 3" IncRNA

d.l.u.uu d.l.l.l.l.l.l.l. even probes
d-llul-l-l dl-l-ll-lll. odd probes

HOTAIR ChIRP

2000
1500
« SOeaa
1000 o 4
00 -
o :
L)

B Aok adidi s - A M b

i [ I ¥ HOTAR

Actnonse Morpholnos
Antisense morpholinos are designed against structurally open regions of HOTAIR RNA. Peaks denote
secondary structures previously determined by Parallel Analysis of RNA Structure (PARS) (Kertesz et al., 2010).

random design Ci Chu et al. 2011
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https://www.biosearchtech.com/Account/Login?return=/stellarisdesigner/

Ci Chuetal. 2011



ChIRP

AIM: Identification of RNA interactions with the chromatin. Bait: RNA output: DNA/protein)
ChIRP (Chromatin Isolation by RNA Purification) a pull down technique used to investigate the interaction between RNA
(usually ncRNAs and chromatin). Not only serve to determine interaction but also place of the interaction.

Prepare

Enrich

Wash

Analyse

ChIRP
Qa0
Crosslink p
Sonicate / i
Hybridize biotinylated
tiling oligos

Purify on bead “

and wash streptavidin
magnetic beads

C}w’
RNase A, HA

REP XD

-~

RNA binding Genomic DNA
protein

1. Probe design

(8
10C o
.N(_)'.m
L) Garom
€ ™
E 4
2
« 4
’-'r Y _ge

Mogholing Mock DNA g Mook
OD0s GO0
3 oligos (20nt) 48 Oligos (20nt)

The more probes you
have, the better.

Ci Chuetal. 2011



ChIRP

AIM: Identification of RNA interactions with the chromatin. Bait: RNA output: DNA/protein)
ChIRP (Chromatin Isolation by RNA Purification) a pull down technique used to investigate the interaction between RNA
(usually ncRNAs and chromatin). Not only serve to determine interaction but also place of the interaction.

2. Precipitation and wash

- ChIRP
Prepare QOO0
— Crosslink rrm'rrp
Sonicate mm,P
Hybridize /biotinylated
Y tiling oligos
Enrich . »
C% (= R
@@ 2> @@ Oo PROERNE Oo
- g b u odd
— Purify on bead “ ':‘--:‘. ' Wyt target
W h and wash streptavidin o puk tut
a S magnetic beads .
) :v "'}?-,@ — T
%’ COMMON TARGETS
— )QD(W Poe A NA
Analyse g
ase A, — :“ " AP
— »l« Dot BLOT ... ... ChIRP-seq

o

REP XML

-~

RNA binding Genomic DNA
protein

Ci Chuetal. 2011



ChIRP

AIM: Identification of RNA interactions with the chromatin. Bait: RNA output: DNA/protein)
ChIRP (Chromatin Isolation by Rna Purification) a pull down technique used to investigate the interaction between RNA
(usually ncRNAs and chromatin). Not only serve to determine interaction but also place of the interaction.

3. Analysis ChIRP-Seq
- ChIRP
RBP
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O o ) o
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Ci Chuetal. 2011
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ChIRP: example HOTAIR
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ChIRP: example HOTAIR

HOTAIR ChIRP
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Ci Chuetal 2011



Types of interaction

OUTPUT
(what we analyse)

Protein RNA

CO-IP RIP/CLIP ChIP
Protein (co- (RNA- (Chromatin
immunoprecipitation) | Immunoprecipitation) | Immunoprecipitation)

Exogenous RNA pull

BAIT Down RAP-RNA ChirP
(What we RNA RAP-Protein (RNA antisense (Chromatin isolation
enrich) (RNA antisense purificaton) by RNA purification)

purificaton)

Conformation capture

DNA pull
pull down ac




RAP: RNA pull down techniques

AIM: Identification of the protein interactors of an RNA Bait: RNA output: Protein/RNA
RAP (RNA affinity pull down) a pulldown technique used to investigate the interaction between RNA and proteins.

Precipitation of the RNA and PROTEINS checking

Total Cytoplamic or Nuclear extract

Huge amount of cellular extract is needed

The efiiciency depends on the abundance of the RNA



Exogenous RNA caputure

RNA affinity capture methods

Different Tags .
MS2 viral protein —> Loop stem loop T,
Cy4 —> RNA aptamer —
STREPTAVIDIN —> S1 aptamer 1

o ;

Capture protein from lysate

HN/ILNH -
HﬁH * -

O Washing

OH

Biotin

H

Western Blot Mass spectrometry Boil with SDS

el L1 -




Exogenous RNA caputure

Work flow 55+ =~ ~Qnf

in vitro transcribed TAG Tagged RNA
| RNA

1. RNA tagging ’. {r\\:\\/}

- A \va E

- Pull Down

Cellular extract Tagged RNA roat A Lot

2. Cell lysis o / .‘m =
{\, : - | - EZH2
g RS W -
3.Cell extract/tagged (\w - e
. . P P
RNA incubation @@=
-4 Botin RNA

4. RNA/resin binding

Rinn et al. Cell 129, 1311-1323, June 29, 2007

5. Washing HOTAIR exogenous pulldown

6. PROTEIN elution PROTEIN analysis  Proteomic analysis
(Western Blot) (Mass-spectrometry)

Cipriano and Ballarino, FMB 2018



Exogenous RNA caputure

The SDS boiling phase will dissociate bound material from the resin,
iIncluding complexes bound specifically through the tag and those
bound non-specifically directly to the resin

NEGATIVE CONTROLL

With the exogenous RNA pulldown Is difficult
discriminate between real and fake interactions since
many interactions can occur just in vitro



SOURCE

Article

&> A THE
'u\;\:u»r.l :1 EMBO
PROCESS ACCESS JOL;’RNAL

PRC2 is dispensable for HOTAIR-mediated

transcriptional repression

Manuela Portoso™?, Roberta Ragazzini?, Ziva Brencict?, Arianna Moiani2 Audrey Michaud™? Ivaylo
Vassilev'?, Michel Wassef? Nicolas Servant™?, Bruno Sargueil® & Raphaél Margueron™*"

Abstract

Long non-coding RNAs (IncRNAs) play diverse roles in physiological
and pathological processes. Several IncRNAs have been suggested
to modulate gene expression by guiding chromatin-modifying
complexes to specific sites in the genome. However, besides the
example of Xist, clear-cut evidence demonstrating this novel mode
of regulation remains sparse. Here, we focus on HOTAIR, a IncRNA
that is overexpressed in several tumor types and previously
proposed to play a key role in gene silencing through direct
recruitment of Polycomb Repressive Complex 2 (PRC2) to defined
genomic loci. Using genetic tools and a novel RNA-tethering
system, we investigated the interplay between HOTAIR and PRC2 in
gene silencing. Surprisingly, we observed that forced overexpres-
sion of HOTAIR in breast cancer cells leads to subtle transcriptomic
changes that appear to be independent of PRC2. Mechanistically,
we found that artificial tethering of HOTAIR to chromatin causes
transcriptional repression, but that this effect does not require
PRC2. Instead, PRC2 recruitment appears to be a consequence of
gene silencing. We propose that PRC2 binding to RNA might serve
functions other than chromatin targeting.

regulation of chromatin structure, either through histone modifi-
cations or through chromatin compaction (Simon & Kingston, 2009).
In Drosophila, four PcG complexes have been identified, while in
mammals, only two complexes are well characterized so far: Poly-
comb Repressive Complex 2 (PRC2) and Polycomb Repressive
Complex 1 (PRC1). The PRC2 is responsible for histone H3 lysine 27
(H3K27) di- and tri-methylation (Margueron & Reinberg, 2011).
Although our understanding of how PRC2 contacts chromatin has
improved, how it is specifically recruited to defined genomic loci is
still only partially understood. The core PRC2 has no known
sequence-specific DNA-binding domain. In Drosophila, DNA
sequences known as Polycomb responsive elements (PREs) mediate
PcG recruitment through a combination of specific transcription
factors. Although similar mechanisms have been proposed in
mammals (Arnold et al, 2013; Sing et al, 2009; Woo et al, 2010),
they do not appear to be the general rule. Indeed, the specific tran-
scription factors found to bind these putative mammalian PREs do
not act consistently as PRC2 genomewide recruiters. Importantly,
GC-rich regions are frequently bound by PRC2 components (Ku et al,
2008) and they are, in some instances, sufficient to mediate PRC2
recruitment (Mendenhall et al, 2010; Jermann et al, 2014), although
once again this cannot account for the specificity and dynamics of

Exogenous RNA caputure. It might not be specific

EPIC FAIL



Endogenous RNA caputure. RAP

AIM: Identification of the protein interactors of an RNA Bait: RNA output: Protein/RNA
RAP (RNA affinity pull down) a pulldown technique used to investigate the interaction between RNA and proteins.




Endogenous RNA caputure. RAP

AIM: Identification of the protein interactors of an RNA Bait: RNA output: Protein/RNA
RAP (RNA affinity pull down) a pulldown technique used to investigate the interaction between RNA and proteins.

X
; . 2 IncRNA Nl
5 duum &mmd‘m du.ul.u. evenpprobes :> :j
odd probes J ! p!
) T — T 20nt long biotinylated
1 L 4 @ probes
2 Cell lysis — ' D
& & <P
] ] L P, ‘\chzaf\ ”
3. Cell extract/probes incubation «, s PR

3. Binding step S ﬂ\é&g
* 33 ?D
4.Introduction of Streptavidin- ‘%
magnetic beads and Capture RNA/ MR A"
0

probescomplexes from lysate

5.Purilication of RNA/probes W&&(

complexes and washes with low salt

buffers (150mM Nacl) e &
RNA analysis PROTEIN analysis
gRT-PCR Western blot/ Mass-spectrometry

6. Protein and RNA elution and
analysis | Cipriano and Ballarino, FMB 2018



Endogenous RNA caputure. RAP

AIM: Identification of the protein interactors of an RNA Bait: RNA output: Protein/RNA
RAP (RNA affinity pull down) a pulldown technique used to investigate the interaction between RNA and proteins.
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Endogenous RNA caputure. RAP

AIM: Identification of the protein interactors of an RNA Bait: RNA output: Protein/RNA
RAP (RNA affinity pull down) a pulldown technique used to investigate the interaction between RNA and proteins

i”f In vivo UV crosslinking
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Endogenous RNA caputure. RAP

AIM: Identification of the protein interactors of an RNA Bait: RNA output: Protein/RNA

RAP (RNA affinity pull down) a pulldown technique used to investigate the interaction between RNA and proteins.
1. Design Capture Probes

i In vivo UV crosslinking

2. Generate Probes 3. Crosslink Cells
Formaldehyde

Psoralen

Ty “'---\. | Vel Longer probes (90nt)

High stringency binding conditions

5. Hybridize High strmgency wash conditions

6. Wash and Elute

|

7a. RNA-Seq l 7b. DNA-Seq

»mw&\




Endogenous RNA caputure. RAP

90nt long biotinylated probes

Work flow

P ¥
P
xf\awvj e T
UV cross-linking i \/\ D %m
SEEERES
: - D
Cell lysis Pt = »
& a -
‘ S g
- d
RNA/pro.bc.es blndlng. to W\g
streptavidin magnetic o ¥ -
beads P s

Capture RNA/probes D »
complexes from lysate l w v > O

Purification of RNA/probes |
complexes and washes in v\’\/‘/ & P
high salt buffers (1M LiCl) e~ ¢ »
RNA analysis PROTEIN analysis
RNA and PROTEIN elution ‘ gRT-PCR Western blot/ Mass-spectrometry

Cipriano and Ballarino, FMB 2018



Endogenous RNA caputure. RAP

RNA
20 100
U1
N 15 75

o 10 50 g mCharme
S U1
g 5 25 =

0 -0

pCharme snRNAU1
PD PD
Accession Description pCharme Ul

Q61990 Poly(rC)-binding protein 2 OS=Mus musculus GN=Pcbp2 PE=1 SV=1 - [PCBP2_MOUSE] 57.12 19.65
AOAO0G2JGWO |Polypyrimidine tract-binding protein 2 OS=Mus musculus GN=Ptbp2 PE=1 SV=1 - [AOA0G2]JGWO0_MOUSE] 22.18 0.00
B1BOC7 Basement membrane-specific heparan sulfate proteoglycan core protein OS=Mus musculus GN=Hspg2 PE=1 SV=1 - 16.66 0.00
AOAOR4J044 Poly(rC)-binding protein 4 OS=Mus musculus GN=Pcbp4 PE=1 SV=1 - [AOAOR4]J044_MOUSE] 16.04 0.00
Q4FK66 Pre-mRNA-splicing factor 38A OS=Mus musculus GN=Prpf38a PE=1 SV=1 - [PR38A_MOUSE] 14.10 0.00
Z4YJF5 Myomesin-1 OS=Mus musculus GN=Myom1 PE=1 SV=1 - [Z4YJF5_MOUSE] 10.38 0.00
Q62376 U1 small nuclear ribonucleoprotein 70 kDa OS=Mus musculus GN=Snrnp70 PE=1 SV=2 - [RU17_MOUSE] 0.00 432.94
Q62189 U1 small nuclear ribonucleoprotein A OS=Mus musculus GN=Snrpa PE=1 SV=3 - [SNRPA_MOUSE] 0.00 304.30
Q8K4z5 Splicing factor 3A subunit 1 OS=Mus musculus GN=Sf3al PE=1 SV=1 - [SF3A1_MOUSE] 0.00 162.87
P62309 Small nuclear ribonucleoprotein G OS=Mus musculus GN=Snrpg PE=1 SV=1 - [RUXG_MOUSE] 0.00 121.09
P62317 Small nuclear ribonucleoprotein Sm D2 OS=Mus musculus GN=Snrpd2 PE=1 SV=1 - [SMD2_MOUSE] 0.00 68.35
Q6P4T2 U5 small nuclear ribonucleoprotein 200 kDa helicase OS=Mus musculus GN=Snrnp200 PE=1 SV=1 - [U520_MOUSE] 10.24 50.45
P62320 Small nuclear ribonucleoprotein Sm D3 OS=Mus musculus GN=Snrpd3 PE=1 SV=1 - [SMD3_MOUSE] 0.00 50.24
Q62241 U1 small nuclear ribonucleoprotein C OS=Mus musculus GN=Snrpc PE=1 SV=1 - [RU1C_MOUSE] 0.00 34.61




Types of interaction

OUTPUT
(what we analyse)

Protein RNA

CO-IP RIP/CLIP ChIP
Protein (co- (RNA- (Chromatin
immunoprecipitation) | Immunoprecipitation) | Immunoprecipitation)

Exogenous RNA pull

BAIT Down RAP-RNA ChirP
(What we RNA RAP-Protein (RNA antisense (Chromatin isolation
enrich) (RNA antisense purificaton) by RNA purification)

purificaton)

Conformation capture

DNA pull
pull down ac




RIP/CLIP

AIM: Identification of RNA interaction with known proteins. Bait: Proteins output: RNA
RIP (RNA immunoprecipitation) or CLIP (Crosslinked RNA immunoprecipitation) an immunoprecipitation technique used
to investigate the interaction between RNA and preoteins). Not only serve to determine interaction but also place of the

interaction.
RNA and RBP in cell extract
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— VAVVE. VI~ N AR, on the proteins (protein focused)

J A lot of protocols, same essence.
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< J - Y
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magnetic beads ! against RBP - Cytoplasmic or Nuclear extract
Isolation of Ribonucleoprotein complexes
3J \/{'J - The resulting data have a low resolution, also not
AR, LR directly associated RNAs could be
. 43) Q./\/{f) immunoprecipitated, and the binding site in the co-
ool bt purified RNA molecule remained unresolved.
Proteinase Kand : .
Wa S h RNA purification + Variants:
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RIP/CLIP

AIM: Identification of RNA interaction with known proteins. Bait: Proteins output: RNA
RIP (RNA immunoprecipitation) or CLIP (Crosslinked RNA immunoprecipitation) an immunoprecipitation technique used
to investigate the interaction between RNA and preoteins). Not only serve to determine interaction but also place of the

interaction.
RNA and RBP in cell extract

P N _’) & ’e_/-\_/{/"
repare \APANAAS Interaction between RNA and Proteins focusing

— VAVVE. VI~ N AR, on the proteins (protein focused)

J A lot of protocols, same essence.
4 J J 4 : 7_\\'
< J - Y
E n ric h Protein A/G SpeFific antibody
magnetic beads ! against RBP - Cytoplasmic or Nuclear extract
Isolation of Ribonucleoprotein complexes
3J \/{'J - The resulting data have a low resolution, also not
AR, LR directly associated RNAs could be
. 43) Q./\/{f) immunoprecipitated, and the binding site in the co-
ool bt purified RNA molecule remained unresolved.
Proteinase Kand : .
Wa S h RNA purification + Variants:
\d CLIP (UV-RIP)
AN NN PAR-CLIP

_ NANANANNS AL i-CLIP (CLIP-seq)

Analyse N
Microarray RT-PCR Sequencing

— - - - ~
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\ 1 g
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1\1z¢4 ' | ! (1))
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Work flow

1. Lysis Cells and collect cell
extract

2 Prebinding between
AntiBody and Beads

3.Introduction of cellular
extract (Binding step)

4.Wash and Purilication of
RNA-protein complexes

5. Protein and RNA elution

P e

8
3 s
VN :‘7

RNA analysis
(gRT-PCR or RNA-seq)

. # 4

* Cellular extract Beads Specific antibody
hoate % e
& Ve

PROTEIN analysis
(Western Blot)

No crosslink
Capture specific and non specific interactions

Cipriano and Ballarino, FMB 2018



RIP/CLIP
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Rinn et al., Cell 2007



(in vivo and cross-linked)

HITS-CLIP

PAR-CLIP iCLIP/eCLIP  CRAC CLIP
S W uv
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Cipriano and Ballarino, FMB 2018



PAR-CLIP HITS-CLIP, iCLIP

4-thiouridine and UV-A, 365 nm UV-C, 254 nm

UV crosslinking of cells

i

Lysis and immuno-
precipitation

»\ ,?-o Fragmentation of RNA
U

U uuuu 1

Q' ardantar linatinn

4-thiouridine




(in vivo and cross-linked)

HITS-CLIP

PAR-CLIP iCLIP/eCLIP  CRAC CLIP
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Cipriano and Ballarino, FMB 2018



CLIP example

C
@® PRC2iCLIP L lincRNA
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Beltran et al 2015



OUTPUT
(what we analyse)

Protein RNA

CO-IP RIP/CLIP ChIP
Protein (co- (RNA- (Chromatin
immunoprecipitation) | Immunoprecipitation) | Immunoprecipitation)

Exogenous RNA pull

BAIT Down RAP-RNA ChirP
(What we RNA RAP-Protein (RNA antisense (Chromatin isolation
enrich) (RNA antisense purificaton) by RNA purification)

purificaton)

Conformation capture

DNA pull down ac

ALL of them are useful. But please make proper controls!
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Exercise: Interactome in the web

Genome browser

https://genome.ucsc.edu

https://genome.ucsc.edu/s/mbeltran/G401

STRING

https://string-db.org


https://genome.ucsc.edu/
https://genome.ucsc.edu/s/mbeltran/G401
https://string-db.org/

