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Molecular techniques for the 
study of the interaction between:

DNA-protein:		
ChIP	(Chroma)n	immunoprecipita)on)	

RNA-DNA:		
ChIRP	(Chroma)n	isola)on	by	RNA	purifica)on)	

RNA-Protein	(RNA	centric):	
Exogenous	RNA	pulldown,		
Endogenous	RNA	pulldown			
RAP	(RNA	an)sense	purifica)on)	

Protein-RNA	(Protein	centric):	
RIP,	(RNA	immunoprecipita)on)		
CLIP(Cross-linked	immunoprecipita)on)	
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ChIP 
(Chroma"n Immunoprecipita"on)

AIM: Identification of the  genomic loci bound to a DNA binding protein.

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.



ChIP 
(Chroma"n Immunoprecipita"on)

What is an antibody?

An antibody also known as an immunoglobulin (Ig), is a large protein produced mainly by 
plasma cells (B linphocyte) and used by the immune system to identify and neutralize 
pathogens such as bacteria and viruses. The antibody recognizes a unique molecule of the 
pathogen, called epitope (or antigene).



How an antibody works?
Each tip of the "Y" of an antibody contains a paratope (analogous to a lock) that is specific 
for one particular epitope (similarly analogous to a key), allowing these two structures to 
bind each other
Using this binding mechanism, an antibody is able to recognize and selectively bind a 
particular  protein with a very high affinity.

ChIP 
(Chroma"n Immunoprecipita"on)



How an antibody works?

Antibody A Antibody B

ChIP 
(Chroma"n Immunoprecipita"on)



Polyclonal vs Monoclonal antibodies 

Polyclonal antibodies are produced by injecting a 
protein into a mammal, such as a mouse, rat, 
rabbit, goat, sheep, or horse. These animal will 
produce different antibodies against the same 
protein
Blood isolated from these animals contains 
antibodies that are able to recognize different 
epitopes of the same protein.

Monoclonal antibodies are antibodies that are 
made by identical immune cells that are all clones 
of a unique parent cell, in contrast to polyclonal 
antibodies, which are made from several different 
immune cells. Monoclonal antibodies have 
monovalent affinity, in that they bind to the same 
epitope

ChIP 
(Chroma"n Immunoprecipita"on)



Monoclonal vs Polyclonal antibodies 

Regognize several epitopes

More experimental variability

Regognize a single epitope

Less experimental variability

Protein Protein

ChIP 
(Chroma"n Immunoprecipita"on)



Native versus Cross-linked ChIP

Native‐ChIP: Native chromatin is used as substrate
-	only	proteins	tightly	associated	with	DNA	can	be	immunoprecipitated	
-	antigens	cannot	be	occurred	or	modi9ied	by	chemical	cross-inking	
-	the	speci9icity	of	the	antibody	binding	to	un9ixed	chromatin	is	more	predictable

X-ChIP: cross-linked chromatin is used as substrate

-	also	proteins	weakly	or	not	directly	associated	with	DNA	
-	antigens	can	be	obscured	or	modi9ied	by		the	formaldehyde	cross-linking	
-	more	widely	used	than	N-.-ChIP Protein

Protein

ChIP 
(Chroma"n Immunoprecipita"on)



Work flow

1. Cell	Crosslinking	

2.	Chromatin	Sonication	

4.	Antibody	-Extract	
incubation		

5.		Binding	between	Beads	
and	Antibody	

6.	Immunoprecipitation	

7.	Reverse	crosslink	and	
DNA	puriIication	

7.	Analysis	of	DNA

ChIP 
(Chroma"n Immunoprecipita"on)



The cross-linking is an experimental procedure that convert in covalent 
all the  the weak and non-covalent  interactions between  

DNA - PROTEINS and PROTEIN-PROTEIN
1. Cell	Crosslinking	

2.	Chromatin	Sonication	

4.	Antibody	-Extract	
incubation		

5.		Binding	between	
Beads	and	Antibody	

6.	Immunoprecipitation	

7.	Reverse	crosslink	and	
DNA	puriIication	

7.	Analysis	of	DNA

Crosslinking strategies

UV-Crosslinking 
Formaldehyde  
 Glutaraldehyde

1% formaldehyde

ChIP 
(Chroma"n Immunoprecipita"on)

Work flow



The cross-linking is an experimental procedure that convert in covalent 
all the  the weak and non-covalent  interactions between  

DNA - PROTEINS and PROTEIN-PROTEIN
1. Cell	Crosslinking	

2.	Chromatin	Sonication	

4.	Antibody	-Extract	
incubation		

5.		Binding	between	
Beads	and	Antibody	

6.	Immunoprecipitation	

7.	Reverse	crosslink	and	
DNA	puriIication	

7.	Analysis	of	DNA

Formaldehyde Cross-linking

•Formaldehyde is an organic compound. It is water soluble and 
penetrates biological membranes It targets primary 
aminogroups (i.e. lysines in proteins, side chains of A,C,G in 
DNA) 

•It crosslinks both protein-nucleic acids, nucleic acids-
nucleic acids and protein-protein 

•The crosslinking is reversible (65.C reverse protein-DNA; 100.C 
reverse protein-protein) 

•Reaction is stopped by providing an excess of primary amino 
groups (0.125M glycine)

ChIP 
(Chroma"n Immunoprecipita"on)

Work flow



size range: 100-500 bp

1. Cell	Crosslinking	

2.	Chromatin	Sonication	

4.	Antibody	-Extract	
incubation		

5.		Binding	between	
Beads	and	Antibody	

6.	Immunoprecipitation	

7.	Reverse	crosslink	and	
DNA	puriIication	

7.	Analysis	of	DNA

The DNA-protein complexes (chromatin-protein) are then sheared into 
~500 bp DNA fragments by sonication or (nuclease digestion).

ChIP 
(Chroma"n Immunoprecipita"on)

Work flow



1. Cell	Crosslinking	

2.	Chromatin	Sonication	

4.	Antibody	-Extract	
incubation		

5.		Binding	between	
Beads	and	Antibody	

6.	Immunoprecipitation	

7.	Reverse	crosslink	and	
DNA	puriIication	

7.	Analysis	of	DNA

The antibody specific for the protein of interest, is incubated together 
with the extract, this step allows the formation of strongly interaction 

between the antibody and the protein of interest

Incubation at 4°  
with gentle agitation for 1 hr.

What	is	a	good	NegaBve	controll?

ChIP 
(Chroma"n Immunoprecipita"on)

Work flow



1. Cell	Crosslinking	

2.	Chromatin	Sonication	

4.	Antibody	-Extract	
incubation		

5.		Binding	between	
Beads	and	Antibody	

6.	Immunoprecipitation	

7.	Reverse	crosslink	and	
DNA	puriIication	

7.	Analysis	of	DNA

Agarose or Magnetic beads (that are able to bind the antibody) are 
added to the extract. 

This step is fundamental for the precipitation of the complex  
Bead-Antibody-Protein-DNA

ChIP 
(Chroma"n Immunoprecipita"on)

Work flow



1. Cell	Crosslinking	

2.	Chromatin	Sonication	

4.	Antibody	-Extract	
incubation		

5.		Binding	between	
Beads	and	Antibody	

6.	Immunoprecipitation	

7.	Reverse	crosslink	and	
DNA	puriIication	

7.	Analysis	of	DNA
Centrigugation (Agarose Beads) 

Using a Magnetic Rec (Magnetic Beads)

The immuniprecipitation step allows the purification  
of the complexes that are bound to the antibody  

ChIP 
(Chroma"n Immunoprecipita"on)

Work flow



1. Cell	Crosslinking	

2.	Chromatin	Sonication	

4.	Antibody	-Extract	
incubation		

5.		Binding	between	
Beads	and	Antibody	

6.	Immunoprecipitation	

7.	Reverse	crosslink	and	
DNA	puriIication	

7.	Analysis	of	DNA

incubation at 70 °C for 5 minutes

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

this step allows the detach of the protein from the DNA that 
is subsequently purified and analyzed

Proteinase k treatment

ChIP 
(Chroma"n Immunoprecipita"on)

Work flow



DNA analysis
ChIP (PCR)

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

Promoter EX1 int1 EX2 int2 EX3
2

P63

ChIP 
(Chroma"n Immunoprecipita"on)



I want to verify if an effect on gene expression 
occurs at transcriptional level
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Microarray technology allows the generation of high resolution genome-wide maps of protein/
protein modifications. DNA purified from the immunoprecipitated chromatin and input are labeled 

with fluorescent dyes using ligation mediated PCR.  

ChIP on chip



Direct sequencing of the DNA isolated, generates genome wide profiles. ChIP-seq combines ChIP and 
direct sequencing technology for genome-wide analysis of antigen distribution. Immunoprecipitated DNA is 

sequenced and mapped to the genome

ChIP-seq
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ChIRP 
(Chroma"n Isola"on by Rna Purifica"on)

AIM: Identification of the  genomic binding sites of long noncoding RNAs.

• Chromatin associated lncRNAs 

• Discrimination between cis and trans action 

• The amount of cellular extract depends on the 
abundance of the lncRNA



Work flow

1.Probes	Design		

2.	Cross-link	Cells	and	
Collect	Cell	Pellet		

3.	Chromatin	Sonication	

4.	Probes	Hybridization		
and	precipitation	

5.	PROTEIN		and	DNA	
Isolation	

Ci Chu et al. 2011

ChIRP 
(Chroma"n Isola"on by Rna Purifica"on)



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).

Specific design

Ci Chu et al. 2011random design

https://www.biosearchtech.com/Account/Login?return=/stellarisdesigner/

HOTAIR ChIRP 

ChIRP 
(Chroma"n Isola"on by Rna Purifica"on)

1.Probe	Design		

2.	Cross-linking		

3.	Chromatin	Sonication	

4.	Probes	Hybridization		
and	precipitation	

		

5.	RNA	and	DNA	Isolation	



1.Probe	Design		

2.	Cross-linking		

3.	Chromatin	Sonication	

4.	Probes	Hybridization		
and	precipitation	

		

5.	RNA	and	DNA	Isolation	

Specific vs Random approach

3 oligos (20nt) 48 Oligos (20nt)

Northen Blot

Ci Chu et al. 2011

HOTAIR ChIRP 

More	probes	you	have,	better	is

ChIRP 
(Chroma"n Isola"on by Rna Purifica"on)



1. Probe	Design		

2.	Cross-linking	

3.	Chromatin	Sonication	

4.		Probes	Hybridization		
and	precipitation	

		

5.	RNA	and	DNA	Isolation	

1% of glutaraldehyde

DOT BLOT

Ci Chu et al. 2011

Southern Blot RT-PCR

TCAB1

ChIRP 
(Chroma"n Isola"on by Rna Purifica"on)



size range: 100-500 bp

Bioruptor

ChIRP 
(Chroma"n Isola"on by Rna Purifica"on)

1. Probe	Design		

2. 2.	Cross-linking	

3.	Chromatin	
Sonication	

4.		Probes	Hybridization		and	
precipitation	

		

5.	RNA	and	DNA	Isolation	



ChIRP-seqDot BLOT

RNA 
analysis

ODD probes 
EVEN probes

odd 
target

even 
target

COMMON TARGETS

1. Probe	Design		

2.	Cross-linking	

3.	Chromatin	Sonication	

4.		Probes	Hybridization		
and	precipitation	

		

5.	RNA	and	DNA	Isolation	

ChIRP 
(Chroma"n Isola"on by Rna Purifica"on)



PIPELINE
ODD  

READS
EVEN 

READS
LACZ 

READS
INPUT ODD  

READS
EVEN 

READS
LACZ 

READS
INPUTR
READS

Trimming

Alignment

Peak calling
ODD/INP       EVEN/INP     LACZ/INP

Merged vs Lacz
MERGED

INP

ODD

EVEN

LACZ

Reference genome

Total reads

ODD  
peaks

EVEN 
peaks

LACZ 
peaks

ChIRP-seq



EXAMPLE: HOTAIR STORY 

Functional data

Rinn et al. 2007



ChIP Suz12 and H3-K27me3 

EXAMPLE: HOTAIR STORY 
HOX D GENOMIC LOCUS

Rinn et al. 2007



Ci Chu et al. 2011

HOTAIR ChIRP 

EXAMPLE: HOTAIR STORY 



Model proposed

HOXD3

HOXD locus

HOXD4

Physical association between SUZ12 and HOTAIR?

SUZ12

Ezh2

EED
Jarid

PRC2 complex
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RNA-centric techniques

Precipitation of the RNA  and PROTEINS checking

Huge	amount	of	cellular	extract	is	needed

The	ef9iciency	depends	on	the	abundance	of	the	RNA

Total	Cytoplamic	or	Nuclear	extract

AIM: Identification of the protein interactors of an RNA.



Exogenous RNA pull down 
(in vitro method)

RNA affinity capture methods

in	vitro	transcrip)on

Boil with SDS

Washing 

Capture protein from lysate

Mass spectrometryWestern Blot 
MS2	viral	protein	—>	Loop	stem	loop

STREPTAVIDIN	—>	S1	aptamer	
Cy4	—>	RNA	aptamer

Different Tags



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

HOTAIR exogenous pulldown 

Tagged RNACellular extract

4. RNA/resin binding

3. Cell extract/tagged 
RNA incubation

5. Washing

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

PROTEIN analysis Proteomic analysis

1. RNA tagging

2. Cell lysis 

+
in vitro transcribed  

RNA
TAG Tagged RNA

5’ 3’

Exogenous RNA pull down 
(in vitro method)

Work flow

Cipriano and Ballarino, FMB 2018



The SDS boiling phase will dissociate bound material from the resin, 
including complexes bound specifically through the tag and those 

bound non-specifically directly to the resin

With the exogenous RNA pulldown Is difficult 
discriminate between real and fake interactions since 

many interactions can occur just in	vitro

NEGATIVE CONTROLL

Exogenous RNA pull down 
(in vitro method)



Exogenous RNA pull down (EPIC FAIL)



in vivo or in vitro, this is the question

The	biochemical	interactions	that	are	established	in	
vitro	not	necessarly	represent	the	real	interaction	

established	in	vivo



?
??

Precipitation of endogenous RNA together with its protein 
interactors using biotinilated oligos

Endogenous RNA pull down 
(in vivo and native) 



Work flow
1. Probe	Design		

2	Cell	lysis	

3.	Cell	extract/probes	incubation	

3.	Binding	step	

4.	Introduction	of	Streptavidin-
magnetic	beads	and	Capture	RNA/
probescomplexes	from	lysate	

5.	PuriIication	of	RNA/probes	
complexes	and	washes	with	low	salt	
buffers	(150mM	NaCl)	

6.	Protein	and	RNA		elution	and	
analysis

Endogenous RNA pull down 
(in vivo and native) 

RNA analysis PROTEIN analysis
qRT-PCR Western blot/ Mass-spectrometry

20nt long biotinylated 
probes

Cipriano and Ballarino, FMB 2018



LACZ odd Inp	evenM	

**

Inp$(1%)$$$$$$$$ODD$$$$$$EVEN$$$$$$$LAC$Z$$$$$$

Pur$β

Pur$α

WB#

RNA

LACZ odd Inp	(5%
)

lnc-405

pre-Gapdh

even

Semiq	RT-PCR	

Lnc-405 endogenous pulldown 

Endogenous RNA pull down 
(in vivo and native) 



?

?

?

?

?

?

Cross-linking

Similar to the exogenous pulldown, purification of endogenous RNA 
under native conditions can led to re-association or formation of non-
specific RNA-protein interactions in solution

?

?

?
?

?

?

?

native or cross-linking strategy?



RAP (RNA Antisense Purification) 
(in vivo and cross-linked)

Longer probes (90nt)

High stringency wash conditions

In	vivo	UV	crosslinking

High stringency binding conditions



UV cross-linking
254 nm

90nt long biotinylated probesUV

Capture RNA/probes 
complexes from lysate

RNA/probes binding to 
streptavidin magnetic 
beads

Purification of RNA/probes 
complexes and washes in 
high salt buffers (1M LiCl)

RNA and PROTEIN elution
RNA analysis PROTEIN analysis

qRT-PCR Western blot/ Mass-spectrometry

Cell lysis

RAP (RNA Antisense Purification) 
(in vivo and cross-linked)

Work flow

Cipriano and Ballarino, FMB 2018
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Accession Description pCharme U1
Q8BGJ5 MCG13402, isoform CRA_a OS=Mus musculus GN=Ptbp1 PE=1 SV=1 - [Q8BGJ5_MOUSE] 273.10 50.91
Q8K310 Matrin-3 OS=Mus musculus GN=Matr3 PE=1 SV=1 - [MATR3_MOUSE] 165.04 35.42
Q61990 Poly(rC)-binding protein 2 OS=Mus musculus GN=Pcbp2 PE=1 SV=1 - [PCBP2_MOUSE] 57.12 19.65
A0A0G2JGW0 Polypyrimidine tract-binding protein 2 OS=Mus musculus GN=Ptbp2 PE=1 SV=1 - [A0A0G2JGW0_MOUSE] 22.18 0.00

B1B0C7 Basement membrane-specific heparan sulfate proteoglycan core protein OS=Mus musculus GN=Hspg2 PE=1 SV=1 - 
[B1B0C7_MOUSE]

16.66 0.00
A0A0R4J044 Poly(rC)-binding protein 4 OS=Mus musculus GN=Pcbp4 PE=1 SV=1 - [A0A0R4J044_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=Sf3a1 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

RAP (RNA Antisense Purification) 
(in vivo and cross-linked)
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RIP 
(in vivo and native)

AIM: Identification of the RNAs bound to a known Protein

• Cytoplasmic or Nuclear extract 

• Isolation of Ribonucleoprotein complexes 

• The resulting data have a low resolution, also not directly associated RNAs 
could be immunoprecipitated, and the binding site in the co-purified RNA 
molecule remained unresolved.  

Variants: 
CLIP (UV-RIP) 

PAR-CLIP  
i-CLIP (CLIP-seq) 

RBP ?

??



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	PuriIication	of	
RNA-protein	complexes	

5.	Protein	and	RNA	elution

+

Beads Cellular extract Specific antibody 

(qRT-PCR or RNA-seq) (Western Blot)
RNA analysis PROTEIN analysis

+

RIP 
(in vivo and native)

Cipriano and Ballarino, FMB 2018



RIP 
(in vivo and native)

Rinn et al., Cell 2007 

semiq-rtPCR

SUZ12 RIP 

SUZ12 HOTAIR

??

Western Blot

semiq-rtPCR



CLIP 
(in vivo and cross-linked) 

PAR-CLIP iCLIP/eCLIP CRAC

+ + +

+
Beads Specific antibody 

Beads/antibody incubation

Cell extract/beads/antibody 
incubation

Purification of PROTEIN-
antibody complexes, 
washes and radioactive 
labelling 

SDS-PAGE

PROTEIN/RNA 
complexes 
size selection

PROTEIN/RNA 
complexes 
purification

PROTEIN analysis 
(Western Blot)

RNA analysis 

PAR-CLIP iCLIP/eCLIP CRAC

Library preparation and sequencing

U

RT procedure
C

RT procedureRT procedure *

CLIP
HITS-CLIP

qRT-PCR

CLIP

2

5 6 7 8

3

Cellular extract

+

254nm
365nm

UV crosslinking UV crosslinking1

UV UV

1

Cipriano and Ballarino, FMB 2018

4



PAR-CLIP and i-CLIP 

Julian König et al., Nature Review vol.13, February 2012   



PAR-CLIP and i-CLIP 

Julian König et al., Nature Review vol.13, February 2012   

0.	Adding	of	4-thiouridin	in	cell	medium	

1. Collect	cells	

2.	UV	Crosslinking	(365	nm)	

3.	Immunoprecipitate	RBP	and	
phosphorylate	RNA	5’	end	

4.	Ligate	the	5’	RNA	adapter	

5.	Dephosphorylate	RNA	3’	end	

6.	Purify	RBP-RNA	on	SDS-PAGE	

7.	Digest	the	RBP	

8.	Ligate	the	3’	RNA	adapter	

9.	Purify	RNA	on	urea-TBE	gel	

10.	Reverse	transcription	

11.	PCR	

12.	Illumina	paired-end	
sequencing

Work flow

U     C



PAR-CLIP and i-CLIP 

Julian König et al., Nature Review vol.13, February 2012  

1.	Collect	cells	

2.	UV	Crosslinking	(254	nm)		

3.	Immunoprecipitate	RBP	and	
phosphorylate	RNA	5’	end	

4.	Ligate	the	5’	RNA	adapter	

5.	Dephosphorylate	RNA	3’	end	

6.	Purify	RBP-RNA	on	SDS-PAGE	

7.	Digest	the	RBP	

8.	Ligate	the	3’	RNA	adapter	

9.	Purify	RNA	on	urea-TBE	gel	

10.	Reverse	transcription	

11.	PCR	

12.	Illumina	paired-end	
sequencing

Work flow



RIP

ChIRP

Nucleus

Cytoplasm

Summary

RNA pulldown

PRECIPRITATION CHECK FOR

ChIRP RNA DNA/PROTEIN

RNA pulldown RNA RNA/PROTEIN

RIP PROTEIN RNA/PROTEIN

ChIP PROTEIN DNA

ChIP
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