


Lecture 3: Hallmark discovery and analysis of histone modifications

Chromatin comes in different flavors

Different types of chromatin

DAPI

Chromocenter
(aggregates of centromeres
= constitutive heterochromatin)

euchromatin
(and facultative
heterochromatin)

heterochromatir

Constitutive heterochromatin:
- constitute ~ 10% of nuclear DNA; telomeres, centromeres, and a considerable fraction of repetitive

sequences
+ highly compacted, replicates late in S phase, (transcriptionally inert)

Euchromatin + facultative heterochromatin:
« constitute ~ 90% of nuclear DNA
* less condensed, rich in genes, replicates early in S phase

however,
- only small fraction of euchromatin is transcriptionally active
« the rest is transcriptionally inactive/silenced (but can be activated in certain tissues or

developmental stages) - these inactive regions are also known as “facultative
heterochromatin”



Lecture 3: Hallmark discovery and analysis of histone modifications

Post-translational histone modifications can recruit specialized proteins

Example: SUV39H1 and HP1 form heterochromatin at centromeric and telomeric
Heterochromatin in flies and vertebrates and SAHFs

H3K9me3 b Suv39h dn

Wild type + SUV39H1
Me HP1«

Control

A 1 _|Boundary
4 Element

. , > H3K9me3
Active chromatin Spreading of HP1-coated and 2%
silenced heterochromatin

va39h1/2 tri-methylaa

Lysine 9 on histone H3

!

tri-methylated
Lysine 9 on histone H3

recruits HP1 histone modifications can reach high levels in
l cells and can be visualized by
immunofluorescence

\ heterochromatin /




Lecture 3: Hallmark discovery and analysis of histone modifications

Post-translational histone modifications can recruit specialized proteins

Example: SUV39H1 and HP1 form heterochromatin at centromeric and telomeric
Heterochromatin in flies and vertebrates and SAHFs

CELLULAR STIMULUS IS TRANSLATED IN TO

CHROMATIN REGULATION

H3K9me3 HMGAZ2 l
’ Arf
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p53 ¢
Y
tRb
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OIS markers:

Senescence activated heterochromatin foci (SAHF) e.g. SAHF, SA-B-Gal, p21%af1, p1gink4a

OIS: Oncogene induced senescence

Oncogene
induced
Replication
stress
- DNA
damage




Candidate gene:
Human
SUV39H1 and SUV39H2

Evidence 1
Drosphila
Suv(var)3-9
mutant shows
strong PEV

Evidence 2

Suv39h genes

show high sequence
conservation to

a plant gene with
proposed histone-
methyltransferase
activity

Suppressors and enhancers
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Drosophila eye E(var)
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Fly with white gene
inserted close to
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(low white expression)
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........

......... bbbbb Bbb.........bbbbb.......

BUVISHL 287 (0) ~GQIYDRQGATYLFDLDY - (3) - VYTVDAAYYGNT PNLOQVYNVFI -
Buvishl 287 (0) -GQIYDRQGATYLFDLDY - (3) - VYTVDAAYYGNI PNLOQVYNVFI-
Suvistha 61 (0) -GQFYDNEGITYLFDLDY- (3] - EFTVDAARYGNV: PNLQVFSVFI-
Sulvar)d-9 521 (0) ~GRAYDDNGRTYLFDLDY - (6) - EYTIDAANYGN I SHF PHLAVFICWI -
C15H11.5 41 (5) -GKEVAFSSFVEIPGTDL- (0) - - <CLDRREFYDFSKFI PTONVRLVES -
Clrd 7 (0) -DENYDDDGITYLFDLODM- (5) - EYTVDAQNYGDVSRY! PNIAIYSAVR-
EZH2 655 (0) -GEVYDEYMCSFLFNLNN- (0) -DFVVDATREGNEIRF, PHCYAXVMMY -
HRX 3871 (1) -EYYDSKGIGCYMFRIDD- (1) -EV-V ARF INI-
rubisce lo-MT 112 (96) -LODFFWAFGILRSRAFS- (0) - RLRNENLVVVPMADL GVTTEDEAYEV -

131  (102) -DETFEWSFGILFSRLVR- (2) - SMDGRFA - LVPWADM TFLDYDKS-

(6) “LPRIAFFATRTI «ELT
(6) -LPRIAFPPATRTI -ELT
(6) -LPRIALPSTRTI -ELT
(6) - LPELVFFTLRP L -ELS
(3) - IPDLVIYSRFPLD YVIT
(6) -IYDLAFFAIRDIQPLE- - ELT!

(2) -UHERIGIFAKRAL - ELF!

(2) -QREIVIFAMRET

(9) -DYLFSLEKSPLE QYT
(0) -SEGVVFTTDRPYQ! -QVFL

VDPVDME- (21) -RIECKCGTESCREYLF® 412
VDPVDME- (21) -RIECKCGTTACREYLF* 412

YSQA-DAL- -
FPIE-DASN-

88- (12)-R TCRGYLN® 477

- IRADNEDVP-  (8) -RVECRCGRONCREVLF* 63§
FKXEVEE- (21) - FVQOKC- ENKCREIVY - (39) ¢
GAKDFSPVQ- (12) -RRQCKCGSANCRGWLFG* 490

(12)¢ 747
(0) -ELPENCGAXKCREFLN® 3968

LNKSNAELA- (193)* 489
-NESNGELL- (151)+ 501




Experiment:
Overexpression of myc-tagged-SUV39H1 in Hela cells
Use an antibody to immunoprecipitate SUV39H1 = high concentration of SUV39H1

Incubate Immunopreciptate with purified histones and S-adenosyl-[methyl-14C]- -methionin
as methyl donor

a  SUV3I9HI1 N
2

14 N N
CH N
'& N ' 00C §*3 </ | /)

IS SET domain NN 5 NN

NH;
OH OH

wer|  SET - domain is required for histone
methyl transferases activity

fluorogram

« The SET domain of the SUV39H1 is required for histone methyltransferase activity
and this enzyme methylates H3 at Lys9

Nature. 2001 Mar 1;410(6824):116-20.

Methylation of histone H3 lysine 9 creates a binding site for HP1 proteins.
Lachner M‘. Q'Carroll D, Rea S, Mechtler K, Jenuwein T.




Experiment:

Purify histone H3 by reverse-phase-liquid chromatography after HMTassay

Sequence histone H3 and quantify the amount of radioactivity per ammino acid

Suv39H1 methylates histone H3 at lysine 9

60,000
°H-C.PM.

40,000 -

20,000 A

H3 (1-20)

- T T T T T

ARTKQTARKS TGGKAPRKOQL

Pos. 1 Histone H3 aminoacid sequence

Pos. 20




- The SET domain is the conserved catalytic core of histone methyltransferases
+ The histone H3 tail has 3 sites for methylation at lysines

H3: ARTI}QTARIQ(STGGKAPRK ARESA
/ / /

Me Me Me
Su(var) 3-9 Drosophila

N
<D



- The SET domain is the conserved catalytic core of histone methyltransferases

Activates Repression Represses
transcription of transcription; transcription
(trithorax group proteins At rEpetitiIe sequences (polycomb group proteins

H3: ARTt(QTARIg(S TGGKAPRK ™ AR27SA

/ / /
Me Me Me

I | I

MLL Suv39H1/2 EZH2 human

Trx Su(var) 3-9 Drosophila

~N

+ Mutations of some histone methyliransferases — cancer



Lecture 3: The study of epigenetic modifications

Post-translational histone modifications can recruit specialized proteins

b

Wild type
HP 1o

Suv39h dn

Control

+ SUV39H1

Problem:

1. How can we detect epigenetic modifications?

-Generation of antibodies that specifically
Recognize modified histones
(western blotting/Immunifluorescenza)

- Mass spectroscopy

Problem:

2. How can we locate epigenetic information at
defined regions or genes or promoters, etc?

-Chromatin immunoprecipitation

--> Detect histone modifications on single

genomic site
--> Detect histone modifications on multiple

sites or on the entire genome level




H3K9-specific
Lysine-HMTases

(KMTases) can
mediate mono-,

mrﬁesgigurmm\mmgw 135 aa
B
? methylation i«? r te.te..tm:mummmnm histone 4] 102 aa

(arginine)

’ methylation K

ke icae KQGGKARAKAKSRSSRAGLQFPVGRVHRLLRKGNY -4 129 aa
methylation

’ (repressive lysine) r m/ ™

| ? ubiquitylation PEPAKSAPAPKKGSKKAVTKAQKKDSKKRKRSRKESYSV A 125 aa

CAN WE GENERATE
MODIIFCATION SPECIFIC
ANTIBODIES??

Lysines can be mono-, di- and tri-methyalted

An example: H3K9methylation by Suv39h1l

’ H3C H,C
H\ /H H3C\ H3C\ H3C\ I / H3C
+ SN et N mr N
CH¥ koo ©H)4 Tiomo CHA Tkomo (CH4
? ¢ (f ¢
HN Hcoor HNH oo N Hcoo- HNH oo
di-, tri-methylation Lysine Mono-methyl Di-methyl Tri-methyl

Lysine (mel) Lysine (me2)

Lysine (me3)



Lysines can be mono-, di- and tri-methylated

H H HsC HsC
o H.! H HiC. ! H HiC. ! H HiC. !  HsC
H3K9-specific AN mr TN ket N T
Lysine-HMTases (CH)4 kDM (CH)4 kDM (CHZ)4 KDM (CHo)4
C c C C
(KMTaSES) can +/'l|\ +/|l|\ +/|l|\ + /|l|\
mediate mono-, HN * COOr H;N " OO H;N" " €OO- H;N"" coor
di-, tri-methylation Lysine Mono-methyl  Di-methyl Tri-methyl

Lysine (mel) Lysine (me2) Lysine (me3)

SYNTHESIS OF BRANCHED PEPTIDES FOR ANTIBODY GENERATION

H3K9
QTARK(Me),STGG > QTARK(Me),STGG > QTARK(Me);STGG >

] - K-C
QTARK(Me),STGG K-Cys QTARK(Me),STGG K-Cys QTARK(Me);STGG th

H3K9mel H3K9me2 H3K9me3

—>Branching allows to place histone modifications in close vicinity
- -> resembles high concentration of chromatin modification in the nucleus



(a)
POLYCLONAL ANTISERUM

Myoglobin

MONOCLONAL ANTIBODY

Polyclonal antibodies can form lattices with homogeneous,
monomeric protein antigens because each antibody can interact
with a different epitope on the antigen.

Monoclonal antibodies do not form lattices with homogeneous,
monomeric proteins, because only they can bind to only one
epitope on the antigen.



QTARK(Me),STGG
>K-cys

QTARK(Me);STGG

H3K9me3

Antigen

synthesis

L/ . @
£ + = a »
v
MNon-immunogenic  Immunogenic Antigenic

small moleculs profein carmer conjugate

12-week
antibody production

30

2 rabbits, 4 immunizations, 2 bleeds per rabbit

Polyclonal antibody
characterization & purification

% 2
e ¥ o
ELISA evaluation (titer, affinity, specificity)
& amonium sulfate punfication
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Ab-1 |
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Ab-2 Ab-3
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Polyclonal antiserum

Monoclonal antibodies



Lecture 3: Hallmark discovery and analysis of histone modifications

Generation of monoclonal antibodies

J L
N
Spleen cells Myeloma cells Transfer to HAT medium = N

PRPP PP
producing antibody| | (immortal) lacking N N N N
from mouse antibody secretion ) & | N\> LLH s | \>

immunized with and the enzyme 8’37 0 @ o NN , N
antigen A HGPRT Hypoxanthine ®—-0—H,C

Bh AABDN , V——
&

@ Immortal hybridomas proliferate; L\ PHOSPHORIBOSYLTRANSFERASE OH OH
( mortal spleen cells and unfused HGPRT ™ a e
' 47% . myeloma cells die o HGPRT

-
4 b 4 HN N )é[
Select hybridoma that makes HN J\\ > m >

kl ] J antibody specific for antigen A Guanine
PRPP
- 0 0 @ —0—H,C
Mix and fuse cells with PEG | LI A ol . SALVAGE Mol
== PATHWAYS OH OH

O O \/ 3 GMP
’ Clone selected hybridoma
) Most purines are recycled rather than degraded.
@ @ HGPRT can recycle hypoxanthine and guanine to

v a A 47D<> z% guxx <7D<> be used in DNA replication

Figure A-14 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)

Figure A-14 part 2 of 2 Immunobiology, 6/e. (© Garland Science 2005)

HAT Medium (hypoxanthine-aminopterin-thymidine medium) is a selection medium for mammalian cell culture, which relies on the combination of aminopterin, a drug that
acts as a powerful folate metabolism inhibitor by inhibiting dihydrofolate reductase, with hypoxanthine (a purine derivative) and thymidine (a deoxynucleoside) which are
intermediates in DNA synthesis. The trick is that aminopterin blocks DNA de novo synthesis, which is absolutely required for cell division to proceed, but hypoxanthine
and thymidine provide cells with the raw material to evade the blockage (the "salvage pathway"), provided that they have the right enzymes, which means having
functioning copies of the genes that encode them. HGPRT: inactivates aminopterin = rescue of DNA replication

HAT medium is often used for preparation of monoclonal antibodies. This process is called Hybridoma technology. Laboratory animals (e.g., mice) are first exposed to an
antigen against which we are interested in isolating an antibody. Once splenocytes are isolated from the mammal, the B cells are fused with HGPRT negative, immortalized
myeloma cells using polyethylene glycol or the Sendai virus. Fused cells are incubated in the HAT medium. Aminopterin in the medium blocks the de novo pathway. Hence,
unfused myeloma cells die, as they cannot produce nucleotides by de novo or salvage pathway. Unfused B cells die as they have a short lifespan. In this way, only the B cell-
myeloma hybrids survive. These cells produce antibodies (a property of B cells) and are immortal (a property of myeloma cells). The incubated medium is then diluted into
multiwell plates to such an extent that each well contains only 1 cell. Then the supernatant in each well can be checked for desired antibody. Since the antibodies in a well
are produced by the same B cell, they will be directed towards the same epitope, and are known as monoclonal antibodies.




Cloning hybridomas from fusion
Plate at limiting dilution (<1 cell/well) in 96 well plates.
Allow clones to expand.
Expand positive well and test for production of antibody of desired specificity in culture supernatant




Cloning hybridomas from fusion
Plate at limiting dilution (<1 cell/well) in 96 well plates.
Allow clones to expand.
Expand positive well and test for production of antibody of desired specificity in culture supernatant

-Hybridoma cells secrete

antibody into cell culture
medium

-Purification of
antibody
-Validation of antibody



Peptide
Spotted on
membrane

\

H3-K9 methylation antibodies

H3

QTARK(Me),STGG
>K-cys

QTARK(Me),STGG
QTARK(Me)ZSTGG>K
QTARK(Me),STGG .~ ¥°
QTARK(Me)3STGG>K
QTARK(Me),STGG .~ ¥°
QTARKSTGG >K

-cys

\ QTARKSTGG )

N 4

K27 K36 K79 H4-K20
Q3 D 3 D Q4 O Q4 O
> Co e \N’“s’“ EERMCEF SRR
.
L ]
o antibody used:
a=2x-mono-meth H3-K9 _,—'—
H3(aa 5-15) K9(Me) #4358, IgG, 1:2500 ®
H3
K9 I K27 K36 K79 H4-K20
> ) =) Q4 O Q )
e F e FEEe FF 0 S o F
L ]
-
-
. antibody used:
a-2x-di-meth H3-K9
H(aa 5-15) K9(Me)2 #4679, 196, 1:2500 -Ii
H3
K36 K79 H4-K20
> > & ) q
\«“” ¢ FFF o I Fo
antibody used:
a-2xetri-meth H3-K9
H3{aa 5-15) K9(Me)3 #4861, 19G, 1:2500 i

Validation by dot-blot

(pure antigen spotted
on membrane)

1. Spot branched peptides
at different concentration
on membrane

2. Incubate with respective
Antibody

3. Incubate with secondary

Antibody that is coupled
With horseradish peroxidase

4. Add substrate for
Horseradish peroxidase

5. Develop



Lecture 3: Hallmark discovery and analysis of histone modifications

Obtaining evidence for the specificity of histone modifying enzymes

- in cells
Suv39h1/Suv39h?
Knock-out cells
A wild type Suv39h dn Suv39h
DAP| antibody DAPI antibody wt dn
A ‘

®

C-Mmono

a-mono el e sy

H3-K9
H3-K9

e

In Suv39h dn cells, H3K9me2 and H3K9me2 are still present.
Suv39h1 is a H3K9 specific HMTase that is required to establish the TRI-METHYLATION
of H3K9 in mammalian cells

Note, that in the absence of H3K9me3, H3K9mel is localized at DAPI rich regions



-~ &4 A =

Detector

x* :

lightesl\

2 heater to vapourise sample

(3 electron beam ionises charged particle beam

@ sample +
inject
sample heaviest
a
/ ©) magnetic field separates particles
electron based on mass/charge ratio
source

(4) particles accelerated into

magnetic field magnet

In a typical MS procedure proteins are ionized,
for example by bombarding it with electrons.
This may cause some of the sample's
molecules to break into charged fragments.

These ions are then separated according to
their mass-to-charge ratio, typically by
accelerating them and subjecting them to an
electric or magnetic field:

lons of the same mass-to-charge ratio will
undergo the same amount of deflection. lons
with different mass-to-change ratio will show
different deflection

->mono-methylated H3K9 has different
defection than di-or tri-methylated H3K9

The ions are detected by a mechanism
capable of detecting charged particles, such as
an electron multiplier. Results are displayed as
spectra of the relative abundance of detected
ions as a function of the mass-to-charge ratio.

The molecules in the sample can be identified
by correlating known masses to the identified
masses or through a characteristic
fragmentation pattern.



MS

nuclear
extract

Wild-type or
Suv39h dn cells

Gel-electrophoresis+
purification of small
protein fraction (contains histones)

Digestion of fraction

containing histones with proteases
creates a “library” of

small peptides that are

=
= derived from histones:
= Protease= Trypsin
Trypsin cleaves after every
= Lysine (K) and Arginine (R)
- C
°L 98 = ““%3'»’; t
@@ é P —=—s / 3/)
@@ ﬂ Q ? i A /'n

MS/MS spectrum

Mass/charge ratio

cells or tissue protein mixture 1DE dlgestlon into peptides IMPORTANT: we know already
All proteins and the amminoacid
© [ 3 “.‘ ® € .
- ," cb’,‘ ®o0e sequence of all proteins of a cell!!!
—> _00%2'0 00" ) : %0 0% —> :
mixture LYK 3.3‘ & ot s > p:pﬁde That means we can predict all
» 2 Q¢ ee 2 . .
Nould chromatography © % o%e possible small peptide fequences
peptide separation slectrospray that result from a trypsin cleavage
ionisation
A ‘ peptide sequence
H3KIMel <t o " H,C H,C
100 B R R R T H\ | /H H3C\ / H3C\ /H H3C\ /H3C
o y AN g T oy A TN
& (CH)4  kpm (CH2)4 KDM (CH2)4 KDM (CH)4
g H3K9me2 ¢ q § q
—_— s - HN H oo HN Hcoor HN Hcoor HN H oo
< H3K9 Y4  H3K9me3 . . .
§ b y Lysine Mono-methyl  Di-methyl Tri-methyl
o Lysine (mel) Lysine (me2) Lysine (me3)
2 ->
K]
e I L) I >
200 600 1000 m/z

Different mass/charge ratio
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ARTI?QTAR%STGGI.(APRI.(iQLATI(AARKsAPATGGV;‘l?PHRTYRtPG... - histone H3|
1 27

I o i ¢

0 Proprionyl
Trypsin can cleave after Arg (R) A group

Trypsin can cleave after K-unmethylated; K-mel 0

4
Trypsin cannot cleave after K-me2; K-me3 NH— 4
AN A Rc

i H—CH,

propionyl lysine

PROBLEM:

1.Trypsin cleavage after K is not complete because me2 or me3 on some Ks

block cutting by Trypsin

2. Many cleavages (me0, mel) - small heterogeneous peptides = difficult to analyze

SOLUTION: In vitro Proprionylation of unmodified or mono-methylated
K prevents trypsin cleavage.

Now Trypsin can only cut after Arginine. This allows a uniform
Cleavage of histone tails
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ARTKQTARKSTGGKAPRKQLATKAARKSAPATGGVKO?’HRYRPG... - histone H3|

by T TR g U

propionylation cuts by Trypsin

8 W oo P

ARTKQTARKSTGGKAPRI(QLATKMRKgAPATGGVKKPH RYRPG... - histone H3|

C O
l

I ' I :
.Detector
TRYPSIN cuts ONLY at Arg by Trypsin after propmylatlon ot
4 (2) heater to vapourise sample hghtest\ tone H3
N electron beam jonises  charged particle beam
D sample +
T inject fic
0 sample " heaviest
Ir J‘ . ’d

® magnetic field separates particles
based on mass/charge ratio

electron
source

@) particles accelerated into

magnetic field magnet

bigger and
homogeneous
fragments



H3K9me1l Dj‘“‘” + H3K9me2

"

N

H3K9meO

X
lightest \
@ heater to vapourise sample L\

(3) electron beam ionises charged particle beam

@ sample +
inject Z° H3K9me3
BAIe ) heaviest
—
< d |
/ ® magnetic field separates particles
electron based on mass/charge ratio
source

Use of chemically synthesized peptides that reflect the

magnet product of Trypsin digestion of histones can be used to have a
m/z reference value

(@) particles accelerated into
magnetic field

The method allows to quantify the numbers of H3K9me0, H3K9mel H3K9me2 and H3K9me3 in a sample 2>
We can calculate the % of each histone modification in the given sample.

Important: The analysis is not limited to H3K9 - other histone modifications can be quantified in the
same analysis



MS

nuclear
extract

Wild-type or
Suv39h dn cells

Gel-electrophoresis+
purification of small
protein fraction (contains histones)

Digestion of fraction

containing histones with proteases
creates a “library” of

small peptides that are

=
= derived from histones:
= Protease= Trypsin
Trypsin cleaves after every
= Lysine (K) and Arginine (R)
- C
°L 98 = ““%3'»’; t
@@ é P —=—s / 3/)
@@ ﬂ Q ? i A /'n

MS/MS spectrum

Mass/charge ratio

cells or tissue protein mixture 1DE dlgestlon into peptides IMPORTANT: we know already
All proteins and the amminoacid
© [ 3 “.‘ ® € .
- ," cb’,‘ ®o0e sequence of all proteins of a cell!!!
—> _00%2'0 00" ) : %0 0% —> :
mixture LYK 3.3‘ & ot s > p:pﬁde That means we can predict all
» 2 Q¢ ee 2 . .
Nould chromatography © % o%e possible small peptide fequences
peptide separation slectrospray that result from a trypsin cleavage
ionisation
A ‘ peptide sequence
H3KIMel <t o " H,C H,C
100 B R R R T H\ | /H H3C\ / H3C\ /H H3C\ /H3C
o y AN g T oy A TN
& (CH)4  kpm (CH2)4 KDM (CH2)4 KDM (CH)4
g H3K9me2 ¢ q § q
—_— s - HN H oo HN Hcoor HN Hcoor HN H oo
< H3K9 Y4  H3K9me3 . . .
§ b y Lysine Mono-methyl  Di-methyl Tri-methyl
o Lysine (mel) Lysine (me2) Lysine (me3)
2 ->
K]
e I L) I >
200 600 1000 m/z

Different mass/charge ratio



ART."TQT Al}KST GG?PRF?MTKM‘}&SAPATGGVK?WRW}PG

proplonylatlon

a ¥ oo

P oee 88w

ARTKQT ARKSTGGKAPRKQLATKAARKSAPATGGVKKPHRYRPG

lrypsm dlgestlon

Suv39h1 and Suv39h2

AR T?Qun;zmﬂm KQLATKAAR%Im YR PG... - histone H3 ENSUrIe H3K9me3.

ir

Suv39h

H3K9mel is a preferred
substrate for Suv39h1/h2
Suv39h1/h2 methylate H3K9mel
Until reaching the tri-methylated
state



Very short peptides,
Non homogenouse
digest - difficult to

analyse in MS

Aa'rﬁwﬁweeﬁnpa??uitrul}%gmrmgﬁmutvl}pc... - |histone H3|

t

propionylation

a W 5o rPmo eem -
ARTKQTARKSTGGKAPRKQLATKAARKSAPATGGVKKPHRYRPG... - histone H3 Propionylation of
S 38 " = unmodified Ks

trypsin digestion

[~ ! R = ¢ - JORN | - Propionylation of
AR TKQTAR K R KQLATKAAR ;’@ﬂmmg YR PG...{histone H3 || oo (s

1. Identifying the enzymatic activity of a histone modifying enzymes

2. ldentification of “modifiable” amminoacids in histone tails

3. Functional link between histone modifications

4. Defining the ENTIRE epigenetic status of a cell type (for example: differentiated/stem cell)

5. Quantitative information on histone modifications (%)



* histone peptide pulldown assay:

or isotope labelled

Chemically synthesized peptides recombiannt protein or

avidin-bound peptides nuclear extract elution and SDS PAGE

PP P 1

ofe + ‘@

Yb e —

« ©29 . w— —? 1pq

a = candidate approach — identify by Western blotting
b = unbiased approach — identify by Mass Spec



+ Using the peptide pull-down assay, it was found that Lys9-methylated H3 binds to

heterochromatin protein 1 (HP1)

> -Couple modified histone
x@ *@b . .
& & ¢ Tail-peptides (methylated,
N N X .
;. é@ & & or unmethylated) to resin
& & &5 8 -Incubate with recominant
= S et 35S-labelled HP1
%S-labelled His-HP1 —)> ! — :Wa'si r‘zs‘i*n
: ” -Elute bound proteins, run gel
g 3 and make radiography

« HP1 is a protein previously identified to be enriched in and important for

heterochromatin assembly

+ Lys9-methylated H3 binds to HP1 via the chromodomain motif in HP1

Lys9-methylated H3 binds to the conserved motif called chromodomain

Bannister et al, Nature, 2001



+ What protein domain is interacting with H3K9me?

HP1  HP1 HP1
b COWT AC  WT

Chromoshadow domain

Lys9-methylated H3 binds to the conserved motif called chromodomain

Pull-down assay:

-Couple modified histone
Tail-peptides (methylated,

or unmethylated) to resin

-Incubate with recominant
-35S-labelled mutant versions of HP1
—AC; ACS; AH

-Wash resin

-Elute bound proteins, run gel

and make radiography

Bannister et al, Nature, 2001



Lecture 3: Hallmark discovery and analysis of histone modifications

Where does Suv39hl actin a cell ???

IMMUNOFLUORESCENCE - MACROSCOPIC ANALYSIS
- Localization of protein across large regions of DNA

D Suv39h dn

Wild type + SUV39H1
HP1x

Control

Loss of Suv39h1/h2 causes delocalization
Of HP1 from chromocenters

Chromocenters are subnuclear regions where
H3K9me3 Multiple centromeres aggregate

Chromocenters are DAPI intense regions
and represent tightly packed heterochromatin

0-M31(HP1B) o-myc (SUV39H1)

Over-expression of
SUV39H1 in Hela cells
. causes an accumulation
of HP1. Is there a link between
Suv39h1 — H3K9me3 and HP17??

myc-SUV39H1: myc-epitope tagged Suv39H1 Melcher et al, MCB, 2000




Lecture 3: Hallmark discovery and analysis of histone modifications

What are the target sites for Suv39hl and H3K9me???

Suppressors and enhancers

Wild-type

Wild-type

zzzzz

Another evidence for
HP1 and Suv39h interaction

Su(var)3-9 came from Drosophlla
Fly with white gene Su(var)-2-5 SSSS
inserted close to - o
centromere o
(low white expression) Su?va r)_

 back to early genetics studies
in Drosophila:

« Su(var) 2-5 (gene) codes for
heterochromatin protein 1

« Su(var) 2-5 shows similar phenotype
like Su(var)3-9

« HP1 in Drosophila is
localized to the chromocenter




Lecture 3: Hallmark discovery and analysis of histone modifications

SUV39h HMTase activity is important to build constitutive heterochromatin

Double null

[ +Myc-  + Myc-SUV39h1|
Vector SUV39H1 H324L

Loss of Suv39h1 expression
results in delocalization of
HP1 from chromocenters

DAPI

Re-expression of Suv39h1 rescues

Localization of HP1 to chromocenters
Anti-Myc

Re-expression of Suv39h1 that
Contains an enzymatic dead mutation

(H324L) in SET domain does not rescue the
Anti-HP1B localization of HP1 to chromo centers

—>The enzymatic activity of Suv39hl
Anti—Hp1‘1 - - .

Is required for recruitment of HP1
to chromocenters

Lachner et al, Nature, 2001



Lecture 3: Hallmark discovery and analysis of histone modifications

Site specific methylation of the H3 tail has different functions

polycomb

N\ | |
Me Me Me

H3: ARTEI(QTARI;(STGGKAPRK ARg'gSA
/ . /

transcriptional transcription transcription
“competence” repression repression
I | |
euchromatin constitutive facultative

heterochromatin heterochromatin




The combination of Immunoprecipitation methods and PCR analysis
allows to define the histone code at defined sequences.
PCR primers define the site of analysis in the genome

pericentric centromeric

§

acrocentric
mouse <

chromosomes

major satellites minor satellites

(234 bp) (120 bp)
MinF1

Chromocenter

=centromeric

Regions from
several chromosomes

-
MajR1

EXAMPLE: Pericentric heterochromatin in mouse cells



1. Cross linking with FA

Optimization is crucial.

B Wﬁlaﬂ*mﬁnuiﬁnmwﬁzkfa-m

Lysine
Mo I T Schiff base Crossiinked Iya'ne—qtoe'na
H/ CH)‘ \H

g + _— H‘N—c—(cHF(c,H —_ :)N—o—(a-g
Formaldehyde H\c=o H H< /c“z

H\?,H \K.l/\"

J.

rasferase  Covalently
NApol crosslinked
Gene .
chromatin

Cross-linkable complex



2. Cross linking followed by sonication (fragmentation of chromatin)

A Formaldehyde |
crosslinked cells

H3K9meg

HsKgmvw\ﬁo&N%J VVM'Q\
H3K9mg’&ﬁﬁﬁ\)’w&m”\-ﬂ%

H3K9me3

Chromatin is bulky 2 needs to be cut into small pieces
to become soluble



3. Immunoprecipitation (IP)

The protein of interest is immunoprecipitated together with
the crosslinked DNA: Modified histones; epignetic writers,
epigentic readers

Covalently
sterase crosslinked,

H3K9me3 Mpdll - fragmented
[ 4 A Jv \Y/BR/A\Y) J ‘" Chromatin
H3K9mem m \)’ ‘ R\ Q\ +
Antibody-bead Cross-linkable complex Anti-
ncelimrms {‘} H3K9me3
Q W Antibody is coupled to
m a solid resin (agarose, V4
& magentic beads) O ~&EDw - N

’=( Coupled to ProteinA or
ProteinG that l
Bind Fc region of antibody

(Fragment crystallizable ~ 4
region) N

T o




4.Decrosslinking of PFA crosslinked chromatin and and purification of the DNA

-Recover beads by centrofugation Antibody-bead I 3 i E
complex

- Wash beads
g W
- Reverse the FA: 65C, high salt
concentrations: crosslink break 7 g
- RNAse and Protease treatment
Y N,

- Purification of DNA ANALYZE DNA TO

Ny e N W IDENTIFY

v R W N W REGIONS WITH
N/ ANRY, o VW N W HIGH H3K9me3

) 2N Purify EAVARY (sequencing
NM "‘q\\ ONA NMW N hybridzation, PCR

with gene specific
primers



5. Analysis of ChiP DNA

Identification of DNA
regions associated with
the protein/modification
of interest

D Summary of enrichment by ChIP

Location of target
protein binding
ChiP-enriched
DNA fragments

Genomic
e

DNA from
chromatin
enriched in
H3K9me
- Correspond
to precise
sites in the
genome

Methods of ChiP analysis

¥

....................

Microarray

X _ 19
CACCC T

Sequencing

\ Analysis of bound DNA

Ao



DNA-protein
+ cross-linking
* Cell lysis
* Sonication or
A~ a0 enzyme digestion

e
TRNo= MO0
s Y N
o Sl
chromatin

Immunoprecipitation
with specific antibody

Immune precipitate
(ChIP material)

DNA purification

\ Analysis of bound DNA

% 1%
CACCCTT

Sequencing

gPCR Microarray
Gene specifc primers

at any site in the genome

Cell model system:
i.e. Wild-type or Suv39 dn cells
that grow in cell culture dish
1. Crosslink chromatin
(treatment of cells with Paraformaldehyde

2. Sonicate crosslinked cells

3. Incubate chromatin fragments with antibodies
raised against
H3K9me3

4. Recover antibody-chromatin complexes using
a resin that binds to the constant region of antibodies

5. Elute chromatin at high salt concentration and
revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase

5. Elute chromatin at high salt concentration and
revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase
7. Purify DNA and precipitate DNA

8. Measure the amount of immunoprecipitated DNA
In control versus Suv39h dn cells

METHODS:

Quantitative PCR: design PCR oligos to amplify defined
sequences in immunoprecipitates. Per PCR reaction only one
Locus can be examined by real-time PCR



Lecture 3: Hallmark discovery and analysis of histone modifications

What are the target sites for Suv39hl and H3K9me???

CHROMATIN IMMUNOPRECIPITATION FOLLOWED BY QUANTITTIVE PCR

Design PCR oligos that amplify major and minor satellite repeats

pericentric

acrocentric
mouse
chromosomes

telomere

major satellites
(234 bp)

inor satellites
(120 bp)

MinF1

M:TR 1 «— ~ ~— Chromocenter
: MinR1 MinR1 MinR1 .
74 bp l - 162 bp - =centromeric
308 bp | ol % Beuscor Regions from
can 542 bp --------------- el |1 - Tt
P several chromosomes
776 bp

EXAMPLE: Pericentric heterochromatin in mouse cells

Min/Maj F1...: forward primer in unique region




Major satellite repeats
H3-K9

SFED

15+

B wild type B Suv39h dn

Minor satellite repeats

H3-K9
o 5
\i‘Qs.*()0 0’69 ¢’b &
type
Suv3sh
dn
- s-
#
=
o
s
a
S ,.
e 3
o
< ; -
: bR

o

-

_5\

B wild type B Suv39h dn

PCR amplification
of major/minor satellite
Repeats after ChiP using
Antibodies that are specific for
H3K9mel; H3K9me3; H3K9me3

Suv39hl is required for imposition
of H3K9me3 at pericentric repeats



A knock-out model system

for Suv39h1 and Suv39h2
- Loss of Suv39h1/2: smaller body size

Number of cells

Fluorescence activated cell sorting (FACS)
B to measure DNA content

wild-type . double null

i

-
B

3
L

TR

ZN ZN 4N BN

>
DNA content

Fibroblasts from Suv39h1/2 null mice
are aneuploidy



@
S

—
P
(=]

oo

chromosome number
|-~

I
=

Loss of Suv39h1/2 results in
increased chromosome numbers

s A2 \
S5 Lo
e~

L ]
ad®
.Ii.:.".

|||ll"’:‘..‘.-.---1-..-1-01..

10 20 30

karyotype number

‘.“'...‘.".!!;';'":E‘.....-.-

Genomic instability in Suv39h1/2 mice increases
lymphomas




perientric Correct heterochromatin structure supports
chromosome segregation by the mitotic/meiotic

heterochomatin .
spindle apparatus

Small
Cell bod
/' death™ e
size
Loss of Genomic .
) - —>  Aneuploid
Suv39h1/h2 instability ploey
driving '

alterations



DNA-protein
+ cross-linking
* Cell lysis
* Sonication or
A~ a0 enzyme digestion

e
TRNo= MO0
s Y N
o Sl
chromatin

+ Immunoprecipitation
A with specific antibody

Immune precipitate

w (ChIP material)

+ DNA purification
i 5" ong
/ \ Analysis of bound DNA

% 1%
CACCCTT

T e Sequencing
\ Microarray

Cell model system:
i.e. Wild-type or Suv39 dn cells
that grow in cell culture dish
1. Crosslink chromatin
(treatment of cells with Paraformaldehyde

2. Sonicate crosslinked cells

3. Incubate chromatin fragments with antibodies
raised against
H3K9me3

4. Recover antibody-chromatin complexes using
a resin that binds to the constant region of antibodies

5. Elute chromatin at high salt concentration and
revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase

5. Elute chromatin at high salt concentration and
revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase
7. Purify DNA and precipitate DNA

8. Measure the amount of immunoprecipitated DNA
In control versus Suv39h dn cells

METHODS:

Quantitative PCR: design PCR oligos to amplify defined
sequences in immunoprecipitates. Per PCR reaction only one
Locus can be examined by real-time PCR



Suv39h1/2 Wild-type cells Suv39h dn cells

HP1 —
H3kome3 ) L -, ‘
Cross linked - - ‘ - - Caitii Biba m m

o R TV WYy v

y ..
H3K9me3 normal H3K9me3 strongly reduced

A A

Y H3komes FRARCR .

U chip - - - i T -

Reverse crossling

DNA purification
Purified V7NN TN TN
DNA ) /NN TN




Purified Wild-type cells

DNA
P VN TN TN TANY

From ChIP 4

Denaturalization of DNA;

priming of DNA synthesis;
incorporation of fluorescently labeled
Nucleotides into newly synthesized strand

YOOOMR  YOORR

Cy5- labeled
(~650 excitation, 670 nm emission)

o o o
O N

HO/ﬁwir’imW

Fluorescently
labeled probe

i

Hybridize
toa
genome array

Suv39h dn cells

Denaturalization of DNA;

priming of DNA synthesis;
incorporation of fluorescently labeled
Nucleotides into newly synthesized strand

1
KO L2074 ’J,PW

YA YR YIYA YR

Cy3- labeled
(550 nm excitation, “570 nm emission)

Mix probes
v

Measure Green/Red ratio



Purified Wild-type cells Suv39h dn cells
DNA

From ChIP VPN NTINTNY

L VNNV TNTN TS YA YA YA YA

Fluorescently

labeled probe YOOOK YORA | BMMM‘ YOO
Cy5- labeled Cy3- labeled

(~650 excitation, 670 nm emission) (550 nm excitation, ~570 nm emission)

Site in Result fro
genome  WT Suv39dn array Mix probes

|
H3K9me3 ’ Scan:
(Suv39h) ‘ 1. Red channel
wone: @ @ (0] (rormalie
(not Suv39h) ‘ 2. Green

channel

No H3KIme3 Measure Green/Red ratio (+normalize

H3K9me3 “ " .‘ J Hybridize to a genome array signal)

high medium low Quantitative info



1. SUV39 WT
Suvsd genomic DNA

0 _—=

cross-link
and shear

2.SUV39D

probe from

matrix

antibody

WV o

Suv39h dn probe from wt pu Fify.
cells cells ChlIP-on-chip wet-lab portion of the workflow :nmdp:gyw

hybridization

Genomic sequence
represented by spot
Is enriched in H3K9me3

DNA microarray

A DNA microarray (also commonly known as DNA chip or biochip) is a collection of microscopic DNA spots

attached to a solid surface. Scientists use DNA microarrays to measure the expression levels of large
numbers of genes simultaneously or to genotype multiple regions of a genome. Each DNA spot contains
picomoles (10-12 moles) of a specific DNA sequence, known as probes (or reporters or oligos). These can
be a short section of a gene or other DNA element that are used to hybridize a cDNA or cRNA (also called
anti-sense RNA) sample (called target) under high-stringency conditions. Probe-target hybridization is
usually detected and quantified by detection of fluorophore-, silver-, or chemiluminescence-labeled
targets to determine relative abundance of nucleic acid sequences in the target

< 00

4

fluorescence tag

Y

Each spot on a genome

Array contains a short genomic
Sequence. Genome arrays cover
a large part of the

Genome

A ChIP holds ca 20000 spots



P36.31  p3613  p3S3 pIM3p341p323  pA1d  pa11 P23 p213 p211 P32 pitd

Hybndization Scanning Normalization
and washes and analysis
Arrays do not contain the entire human/mouse genome
Are enriched for particular segeunces according to need
(promoter, enhancer, etc...)

qi2 g0 G213 Q233 q243 Q253 gI1? g2 ga23 Q4211 Q422 géd 44

12400 1 3
s > 32 580 kb
1 I I 1 I I I 1

H3K4me3_control_chr1

H3K4me3d_treat_chri

H3K4me3_peaks.bed

H3K4me3_peaks.subpeaks.bed

hg19refGene

P —r—— ) —————|

KHDRBS1 TMEM39B KPNAG



pas:u 03813 pds3 pa-cspaupam P33 pant pma pzwpzn p13Z p11d qiF gali gAl3 oead q243 gied ogIl@  gaRl gaea qaznqdzzw Q44
< 1244 >

H3K4me3_control_chr1

H3K4me3d_treat_chri

H3K4me3_peaks.bed

H3K4me3_peaks.subpeaks.bed

hg19refGene

TS, Tsmmmcaa ‘ it - st .
one - L ——— - ot - o

Phedo= Hb- RN T L e I ) ' {1
KHDRBS1 TMEM39B KPNAG

Advantage: low tech, cheap
Disadvantage: low resolution, no data on number of molecules — just proportions;

laborious to reach a good genome coverage

Already outdated = state of the art: ChIP seq



DNA-protein
+ cross-linking
* Cell lysis
* Sonication or
A~ a0 enzyme digestion

e
TRNo= MO0
s Y N
o Sl
chromatin

+ Immunoprecipitation
A with specific antibody

}-g m Immune precipitate

w (ChIP material)

+ DNA purification

\ Analysis of bound DNA

% 1%
CACCCTT

Sequencing

h
&~

“TTTTTTTn)

gPCR Microarray

Cell model system:
i.e. Wild-type or Suv39 dn cells
that grow in cell culture dish

1. Crosslink chromatin
(treatment of cells with Paraformaldehyde

2. Sonicate crosslinked cells

3. Incubate chromatin fragments with antibodies
raised against
H3K9me3

4. Recover antibody-chromatin complexes using
a resin that binds to the constant region of antibodies

5. Elute chromatin at high salt concentration and
revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase

5. Elute chromatin at high salt concentration and
revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase
7. Purify DNA and precipitate DNA

8. Measure the amount of immunoprecipitated DNA
In control versus Suv39h dn cells

METHODS:

Massive parallel sequencing of immunoprecipitated DNA
Permits to obtain epigenetic information on the single
nucleotide level



Use immunoprecipitated DNA to generate
DNA libraries:

Fragmented DNA Input
5 . 3’
3 ee—— 5
5 — 5’ -3
3’ IS5

|

End Repair, 5 Phosphorylation and dA-Tailing
5 —— 3
VNS 5
L 5 S— 3
3" AT VASSSSY

fusion 5'\ _— ¥
of DNA :
with linker oligo H
¥ 5’

PCR Enrichment ac PT

RO NN Ren: San

auw e nw e

READY FOR MASSIVE PARALLEL SEQEUNCING

Linkers serve as
uniform primer
binding sites.
This allows the
amplification of
the entire DNA
library using
only 2 types of
oligonucleotides

Amplified library



Lecture 3: Hallmark discovery and analysis of histone modifications

lllumina Massively Parallel Sequencing

ChIP seq: Analysis of epigenetic information on the single nucleotide level
—> GENERASTION OF GENOME WIDE EPIGENTIC MAPS

HiSeq 2000

https://www.illumina.com/company/video-
hub/pfZp5Vgsbw0.html

|

)
1
i)

—
o~ | —
R
LN
el e . —
S e e

The heart of the lllumina Massive Parallel Sequencer is the “FLOW-CELL". A surface
with millions of small wells that allow thousands of Sanger-sequencing reaction

In parallel = “massive parallel sequencing”. In each well a SINGLE MOLECULE of DNA
Is amplified and sequenced

lllumina offers the most potent massive sequencing
instruments — leader on the market

https://www.youtube.com/watch?v=pfZp5Vgsbw0




Flow cell contains surface with millions of
wells

— Each well contains beads mounted with 2
species of oligonucleotides that hybridize with
adaptor oligos of DNA library

—>DNA library will be loaded onto the flow
cell in a determined concentration:

ONLY ONE MOLECULE OF DNA WILL BE

PROCESSED FOR SEQUENCING IN A SINGLE
WELL



-making DNA library (~300bp fragments)
-ligation of adapters A and B to the fragments

- e ff %’}‘% g
— . %% 111
Common ends wm - Common ends A\ ?g
— - dﬁ; ﬁﬁﬁé& %? {i
- T W
1.
DNA

1 well in a flow-cell with
billions of wells

Flow cell

1 well, covered with
millions of 2 types of oligos

- complementary primers are ligated to the surface
- pairing with ChiP ed ssDNA at random position in the well of the flow cell



Bridge amplification: takes place on surface of beads (each bead is mounted with
2 species of oligos; each oligo can hybridize to a DNA library fragment):
initiation

JL BN I B B N A B )

7 =

Template Initial extension Denaturation
Grafted flowcell hybridization

New filament covalently
linked to surface

On the surface: complementary oligos

GeneCore



15t cycle 1%t cycle 15 cycle 20 cycle
denaturation annealing extension denaturation

2™ cycle 2™ cycle
extension annealing

mm




lllumina Sequencing Technology
Robust Reversible Terminator Chemistry Foundation

In each round of sequencing a fluorescently labelled ddNTP will be used for
sequencing. ddATP carries different fluorphor than ddTTP, etc.. 3 5

Sequencing
from 1 end

DNA
(0.1-1.0 ug)

OOK

A58
L0008
2

e
2

P
.-t'./.,*@-ff 2
s

Sample
preparation Cluster growth

R

Sequencing

1 2 3 4 S 6 7 8 9
G S 2 U % o S L —
. Base calling

Image acquisition



sequencing by synthesis:
“reverible terminator” nucleotides
blocked + fluorescently labeled

~ R 2 .
e 40 millign clusters per flow cell

- - B2
ol > e "

1. Synthesis = incorporation of fluorescent nucleotide: blocking synthesis
2. 4. Scanning of fluorescent signal

3. dye cleavage + elimination

4. wash step

1. Synthesis = incorporation of fluorescent nucleotide: blocking synthesis
READ LENGTH: ca: 150nt from each primer (2x150nt = 300nt)

illumina.com



https://www.y
outube.com/w
atch?v=9YXExT
SwgPM

2

Genomic DNA

‘ Fragment(200-500bp)
7 “Z\\

l Ligate Adaptors
A1 SP1

SP2 A2
lGenerate Clusters

7/ FLOWCELL

After 1° strand

‘Sequence First End sequencing, Al anneals

R\ — A2 E to Al in nanowell-->DNA
synthesis --> template

‘Regenerate Clusters and strand cleaved off 2

Sequence Paired End
S""’: a R new strand sequenced
(11 11]]

Figure 1-2-1 Pipeline of paired-end sequencing (www.illumina.com)



Read length: 50 — max. 300 nt

Read does not necessarily cover entire library DNA fragment : Reference Genome Sequence
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Goldberg et al., Cell, 140: 678-691. 2010



Neuronal
progenitor
cell

Mapping the epigenetic landscape enables to define “key rules”

Embyonic stem
cells

define the epigenetic code of active and silent genes

Bivalent gene (regulated during differentiation)

Pluripotency gene
A TSIS TEIS B TSIS/ TEIS
H3K27 H3K27me3
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DNA-protein
+ cross-linking
* Cell lysis
* Sonication or
A~ a0 enzyme digestion
TRNo= MO0

s Y N
W Fragmented
chromatin

A~

+ Immunoprecipitation
with specific antibody

}-g m Immune precipitate

w (ChIP material)

+ DNA purification

o, S

PCR |2

f———

\_ qPCR

X

N
/ == \ Analysis of bound DNA
¥

A

rrrriTn)

=
CACCCTT

Sequencing

Microarray

Cell model system:
i.e. Wild-type or Suv39 dn cells that grow in cell culture dish

1. Crosslink chromatin
(treatment of cells with Paraformaldehyde

i N s
HO-TC—O1H HO
| NH2 0 OH
H g 100 NH;
Lysine Glutamine

Paraformaldehyde (PFA)
is a polymer of formaledyde,
And covalently links NH2 groups
of biomolecules

Example of crosslinking reaction

2. Sonicate crosslinked cells
—>DNA breaks in a random manner
until reaching a size of ca. 250 — 500nt

3. Incubate chromatin fragments with antibodies
that are specific for modified histones (i.e. H3K9me3) or
chromatin modifying enzymes (i.e. Suv39h1); another sample
with a non-specific, control antibody

4. Recover antibody-chromatin complexes using
a resin that binds to the constant region of antibodies

5. Elute chromatin at high salt concentration and
revert crosslinks at high temperature

6. Digest protein with protease K and RNA with RNase



Lecture 3: Hallmark discovery and analysis of histone modifications

CHROMATIN IMMUNOPRECIPITATION (ChIP) = DETAILLED ANALYSIS
- Localization of protein at a defined region - seqeunce

@ ' 5. Elute chromatin at high salt concentration and
. revert crosslinks at high temperature
DNA-protein
+ cross-linking
@ 6. Digest protein with protease K and RNA with RNase
v Cell lysis 7. Purify DNA and precipitate DNA
. 8. Measure the amount of immunoprecipitated DNA
v Sonication or In control versus Suv39h dn cells
O~ oo enzyme digestion
A o
S P S . METHODS:
’ W A. PCR: design PCR oligos to amplify defined
N~ E;‘:gg:a:‘ed sequences in immunoprecipitates. Per PCR reaction only one locus
W can be examined by real-time PCR
v Immunoprecipitation B. ChIP on ChiP:
mtf " with specific antibody Immunoprecipitated DNA from control and Suv39h dn cells are
F Immune precipitate labeled with nucleotides that are fluorescently labeled
i - (ChIP material) - ..
W (555nm emission fluorofoer or 488 nm emission fluorphore.
v DNA purification Samples are mixed and hybridized to an array that contains

spotted DNA probes that cover a large fraction of the genome.
488/555 nm ratio is measured = relative enrichment of histone
modification at thousands of genomic sites in control/Suv39h dn
N Aafan cells
TARRATTAA! B. ChIP Seq:
SRR Immunoprecipitated DNA is sequenced by massive parallel
Sequencing. Control vs. Suv39h dn cells reveals enrichment
of H3K9me3 at the ENTIRE genome level.
single nucleotide levels

Sequencing




