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INSIDE A CELL...

Nucleus



MOLECULAR TECHNIQUES FOR THE
STUDY OF THE INTERACTION BETWEEN:

DNA-protein:
ChIP (Chromatin immunoprecipitation)

RNA-DNA:
ChIRP (Chromatin isolation by RNA purification)

RNA-Protein (RNA centric):
Exogenous RNA pulldown,
Endogenous-RNA pulldown

RAP (RNAantisense purification)

RIP, (RNA immunoprecipitation)
CLIP(Cross-linked immunoprecipitation)



MOLECULAR TECHNIQUES FOR THE
STUDY OF THE INTERACTION. BETWEEN:

DNA-protein:
ChIP (Chromatin immunoprecipitation)
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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.
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What is an antibody?

An antibody also known as an immunoglobulin (lg), 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.
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How an antibody works?
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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 Mouse chatnged wih artigen
produce different antibodies against the same TV |
protein PR 9 @
Blood isolated from these animals contains e
antibodies that are able to recognize different Soleen Colls Mysloma Colls
epitopes of the same protein. 03000{‘%0__0_0;/0/

Fusion %

Monoclonal antibodies are antibodies that are COLOOEOOeE w{ T

. . . ybngom Y}
made by identical immune cells that are all clones =" /S
of a unique parent cell, in contrast to polyclonal Culture in HAT Medium  Harvest monociona
Select for postive cells antibocdhes

antibodies, which are made from several different P
Immune cells. Monoclonal antibodies have (S J(*
monovalent affinity, in that they bind to the same 6 ?

epitope
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Monoclonal vs Polyclonal antibodies

Polyclonal antibody Monoclonal antibody

Protein

Regognize several epitopes Regognize a single epitope

More experimental variability Less experimental variability
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Native versus Cross-linked ChIP

Native-ChlIP: Native chromatin is used as substrate

- only proteins tightly associated with DNA can be immunoprecipitated
- antigens cannot be occurred or modified by chemical cross-inking
- the specificity of the antibody binding to unfixed chromatin is more predictable
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X-ChlP: cross-linked chromatin is used as substrate

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




WORK FLOW

1. Cell Crosslinking
2. Chromatin Sonication

4. Antibody -Extract
incubation

5. Binding between Beads
and Antibody

6. Inmunoprecipitation

7. Reverse crosslink and
DNA purification

7. Analysis of DNA
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WORK FLOW o . -
The cross-linking is an experimental procedure that convert in covalent

1. Cell Crosslinking all the the weak and non-covalent interactions between
DNA - PROTEINS and PROTEIN-PROTEIN

Crosslinking strategies

UV-Crosslinking
Formaldehyde
Glutaraldehyde
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1% formaldehyde
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1. Cell Crosslinking

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

Formaldehyde Cross-linking

® Formaldehyde 1s an organic compound. It 1s water soluble and
penetrates biological membranes It targets primary
aminogroups (i.e. lysines in proteins, side chains of A,C,G 1n
DNA)

® |t 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 1s stopped by providing an excess of primary amino
groups (0.125M glycine)
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The DNA-protein complexes (chromatin-protein) are then sheared into
~500 bp DNA fragments by sonication or (nuclease digestion).

2. Chromatin Sonication
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size range: 100-500 bp
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WORK FLOW

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

What is a good Negative controll?
4. Antibody -Extract
incubation

Incubation at 4°
with gentle agitation for 1 hr.
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WORK FLOW

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

This step 1s fundamental for the precipitation of the complex
Bead-Antibody-Protein-DNA

5. Binding between
Beads and Antibody
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WORK FLOW

6. Immunoprecipitation

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

Centrigugation (Agarose Beads)
Using a Magnetic Rec (Magnetic Beads)
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The cross-linking with formaldehyde 1s 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
1s subsequently purified and analyzed

incubation at 70 °C for 5 minutes

7. Reverse crosslink and | Protelnase k treatment
DNA purification
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DNA analysis

ChIP (PCR)
The isolated DNA can be gquantified by PCR using specific probes. This allows the analysis of a
specific region in multiple samples a %

Al

] \

Input IgG  p63

- <4 - <
il :=* N I ol Prom
Promoter EX1 int1 EX2 int2 EX3

Intron2

Ctrl



(Chromatin Qmmum)prec?pimtion)

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

UCSC Genome Browser on Mouse July 2007 (NCBI37/mm9) Assembly
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MOLECULAR TECHNIQUES FOR THE
STUDY OF THE INTERACTION. BETWEEN:

RNA-DNA:
ChIRP (Chromatin isolation by RNA purification)



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

ChIRP

Chromatin associated IncRNAs
Discrimination between cis and trans action

The amount of cellular extract depends on the
abundance of the IncRNA



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

) 3
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CiChuetal. 2011
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1.Probe Design
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Actnense Morpholnon

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

Custom Probe Sets
Teowvwcal Speia Salated L Loe st se Rofe wiien

e W P A b s s W o o By ey - — - - §.Biotin TEG

S———— — -
o Ve Gy B S e . St Gy Gt S s Gt Pad Chee o g ey o e s Pd TN e o= Aes [26-8407-XX) rr.
.t em et Seah Emget ¢ g o - g 4 e by Sy g - he Po @et — - - "5
- O =P -0 —mvn
P —
TTRALAAS IRA Foed FROSE DRV
Sl e e W P e . -4 - ® e Gt e e e I B S
e — - -— -— - -
e ) - -
R i)
- e - - -

171 ams FeCeR) (Ll FOmw

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



1.Probe Design

CiChuetal. 2011
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2. Cross-linking

Southern Blot
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3. Chromatin
Sonication

AR

size range: 100-500 bp



2. Cross-linking 00 RoZrne 00
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Reference genome
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Functional data

Q> G . e

:
»
»
:
- =
-
" 3
’
0
:
l. l H

- e - e
I
4 !. Ll-.
v ol

e A e trm e Paa e
Vi e PO e ben A Q@Y | -
AN P b g B N A -
Bl T s maenaiieg ST AR B
B R g T MRS N e
T B PR Ny Ve e tes A
g gy Y PP g S
PRSP Wy N R @ AP R
-— M e b e s e e oW e
Ta B EY e T B AP v R N
Bl w—— ew @ = -
-, "B g " G e
LR Rt e el
e ¥ e Y AR gt e e,
b — . — - . M -
B N

B e . et
e e # Wy WA L gw e m
Y e g fle mp@ e S hes bt -
iR o SOTAR ad B e - e
Bt LW AW

Rinn et al. 2007



HOX D GENOMIC LOCUS ChIP Suz12 and H3-K27me3
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HOTAIR ChIRP
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Physical association between SUZ12 and HOTAIR?



MOLECULAR TECHNIQUES FOR THE
STUDY OF THE INTERACTION BETWEEN:

RNA-Protein (RNA centric):
Exogenous RNA pulldown,
Endogenous RNA pulldown

RAP (RNA antisense purification)



AIM: Identification of the protein interactors of an RNA.

Precipitation of the RNA and PROTEINS checking

Total Cytoplamic or Nuclear extract

Huge amount of cellular extract is needed

The efficiency depends on the abundance of the RNA



RNA affinity capture methods @ =

Ta gt A R

In vitro transcription l

Washing
Different Tags _A
MS2 viral protein —> Loop stem loop —
Cy4 —> RNA aptamer Western Blot Mass spectrometry Boil with SDS
STREPTAVIDIN —> §1 aptamer |.___ - | | ” ‘ - |




1. RNA tagging

2. Cell lysis

3. Cell extract/tagged
RNA incubation

4. RNA/resin binding

5. Washing

6. PROTEIN elution

S

in vitro transcribed TAG Tagged RNA
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Cellular extract Tagged RNA

4

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

HOTAIR exogenous pulldown

PROTEIN analysis  Proteomic analysis
West Blot (Mass-spectrometry) L i
(Western Blot P Y’ 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

NEGATIVE CONTROLL

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



PRC2 is dispensable for MOTAIR-mediated
transcriptional repression
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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




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. Purification of RNA/probes
complexes and washes with low salt
buffers (150mM NacCl)

6. Protein and RNA elution and
analysis

20nt long biotinylated

< <® probes
< P

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

Cipriano and Ballarino, FMB 2018
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Lnc-405 endogenous pulldown
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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




In vivo UV crosslinking

[Longer probes (gont)
High stringency binding conditions

High stringency wash conditions




WORK FLOW

UV cross-linking

Cell lysis

RNA/probes binding to
streptavidin magnetic
beads

Capture RNA/probes
complexes from lysate

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

RNA and PROTEIN elution

\/\/\f/
\/\/-\/‘/

RNA analysis

qRT-PCR

v >
v >
PROTEIN analysis

Western blot/ Mass-spectrometry

Cipriano and Ballarino, FMB 2018



RNA

20 100
Ul
—— 15 75
pCharme [i——————— B pCharme
3 10 50 0 mCharme
S O ut
<5 25
0 -0
pCharme snRNAU1
PD PD
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Q61990 Poly(rC)-binding protein 2 OS=Mus musculus GN=Pcbp2 PE=1 SV=1 - [PCBP2_MOUSE] 57.12 19.65
AOAO0G2IGWO |Polypyrimidine tract-binding protein 2 OS=Mus musculus GN=Ptbp2 PE=1 SV=1 - [AOA0G2JGW0_MOUSE] 22.18 0.00
B1B0OC7 Basement membrane-specific heparan sulfate proteoglycan core protein OS=Mus musculus GN=Hspg2 PE=1 SV=1 - 16.66 0.00
AOAOR4]044 I50Iy(rC)-binding |5rotein 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




MOLECULAR TECHNIQUES FOR THE
STUDY OF THE INTERACTION. BETWEEN:

RIP, (RNA immunoprecipitation)
CLIP(Cross-linked immunoprecipitation)



- 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)



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 Purification of
RNA-protein complexes

5. Protein and RNA elution

* Cellular extract Beads Specific antibody

Loate

A
W) V4
@W"' Ve

Lr,

PROTEIN analysis
(Western Blot)

RNA analysis
(QRT-PCR or RNA-seq)

Cipriano and Ballarino, FMB 2018



SUZ12 RIP

Western Blot

Rinn et al., Cell 2007



HITS-CLIP

PAR-CLIP . iCLIP/eCLIP CRAC CLIP
o v uv
@D + (v @ (g e
(1) UV crosslinking @ UV crosslinking
@ oz
Cellular extract * Beads Specific antibody

L\‘;\ %;9?/\ + //”, @ Beads/antibody incubation

L,, f @ Cell extract/beads/antibody

incubation

q
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(@) Purification of PROTEIN- (5) PROTEIN/RNA (6) PROTEIN/RNA  (7) PROTEIN analysis (8) RNA analysis

antibody complexes, complexes complexes (Western Blot)
washes and radioactive size selection purification

labelling

Library preparation and sequencing qRT-PCR
PAR-CLIP iCLIP/eCLIP CRAC CLIP
. ° °
¢ al Cipriano and Ballarino, FMB 2018

RT procedure RT procedure RT procedure
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WORK FLOW

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. [llumina paired-end
sequencing

OH OH

(@ 4-thiouridine
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Julian Konig et al., Nature Review vol.13, February 2012



WORK FLOW

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. [llumina paired-end
sequencing
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Julian Konig et al., Nature Review vol.13, February 2012



SUMMARY
PRECIPRITATION  CHECK FOR

ChiR? RNA DNA/PROTEIN

KNA Puudc»m\ RNA RNA/PROTEIN

RI? PROTEIN RNA/PROTEIN

ChI? PROTEIN DNA

Cytoplasm /\QI?
< /" \

KNA F)MLL&OMM : , T— ChI?P Nucleus



References

SUMMARY

* Cipriano A and Ballarino M. “The ever-evolving concept of the gene: the use of RNA/Protein experimental techniques to
understand genome functions”. Front. Mol. Biosci 2018 Mar 6;5:20 doi:10.3389/fmolb.2018.00020.

CHIRP and RNA pulldown

* Ci Chu, Kun Qu, Franklin L. Zhong, Steven E. Artandi and Howard Y. Chang; Genomic maps-of lincRNA occupancy reveal
principles of RNA-chromatin interactions. Mol Cell 44, 667-678, November 18, 2011.

* John L. Rinn, Michael Kertesz, Jordon K. Wang, Sharon L. Squazzo, Xiao Xu, Samantha A. Brugmann, L. Henry Goodnough, Jill A.

Helms, Peggy J. Farnham, Eran Segal, and Howard Y. Chang; Functional Demarcation of Active and Silent Chromatin Domains in
Human HOX Loci by Non-Coding RNAs.-Cell /29, 1311-1323, June 29, 2007.

* Colleen A. McHughl, Chun-Kan Chen, Amy Chow, Christine F. Surka, Christina Tran, Patrick McDonel,
Amy Pandya-Jones, Mario Blanco, Christina Burghard, Annie Moradian, Michael J. Sweredoski, Alexander A. Shishkin,
Julia Su, Eric S. Lander, Sonja Hess, Kathrim Plath & Mitchell Guttman; The Xist IncRNA interacts directly with SHARP to

silence transcription through HDAC3..Nature 521, 232236 May 2015

HITS-CLIP AND PAR-CLIP
» Zhen Wang, James, Tollervey, Michael Briese, Daniel Turner, Jernej Ule; CLIP: Construction of cDNA libraries for high-throughput

sequencing from RNAs cross-linked to proteins in vivo Methods 48 (2009) 287-293

 Julian Konig, KathiZarnack, Nicholas M. Luscombe and Jernej Ule; Protein—RNA interactions: new genomic technologies and
perspectives. Nature Reviews Genetics 13, 77-83 February 2012.

* Colleen A McHugh, Pamela Russell and Mitchell Guttman; Methods for comprehensive experimental identification of RNA-
protein interactions. Genome Biology, 15:203 2014





