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Micrococcal Nuclease
(MNase)  dsDNA cleavage

mononucleosome-sized DNA
146 bp

DNase I
ssDNA cleavage

denaturing gel



 www.ri.bbsrc.ac.uk/molbiol/ whitelaw/simon/MNase.html



Nuclease Mapping Reveals the Presence of a Nucleosomal Array on the RNR3 Promoter

http://www.jbc.org/cgi/content-nw/full/276/36/33788/F1

Chromatin mapping of RNR3 by MNase
and DNase I digestion. Nuclei were
prepared from cells (YSW87) grown in
YPD and treated with (+MMS) or
without (MMS) 0.02%  MMS for 2.5 h.
A, MNase mapping. Nuclei were
digested with 0, 2, and 4 units/ml MNase
for 10 min at 37 °C. Naked DNA was
digested with 0.5, 1 units/ml MNase
(ND). The specific DNA sequences were
detected by hybridized with a random
primed body-labeled probe directed
toward the end of the PstI site. Lane 1
contains a mixture of genomic DNA
digested with MluI and PstI and EagI and
PstI, which served as markers. The
closed circles mark the appearance of
bands protected from digestion in
chromatin from untreated cells and the
arrowhead indicates the position of a
Mnase-hypersensitive site detected over
the URS. B, Dnase I mapping. As in A,
except that the nuclei were digested with
0, 0.05, and 0.1 units/ml DNase I and
naked DNA (ND) was digested with
0.005, 0.01 units/ml DNase I. The closed
circle and bar marks the location of the 3'
end and 5' end, respectively, of the
hypersensitive site. C, Northern blot
analysis of RNR3 mRNA levels in
repressed and MMS-treated cells.



www.umanitoba.ca/.../ 39_314/l09/l09.4.html

DnaseI sensitivity of globin genes in
developing erythroblasts compared
to a cell line that doesn’t express globin.
BamH1 digestion.  native Southern blot.

http://www.bloodjournal.org/content/vol95/issue11/images/large/bloo01142002w.jpeg

DnaseI hypersensitive sites in the globin
control locus.  HpaI digestion.  
native Southern blot.





Anti histone H4-K16-Ac antibody

Inactive X chromosome



laser-induced damage

Megabase-wide phosphorylation of H2AX (γ-H2AX)
in mammalian cells

         Rogaku et al 1999



The Drosophila X chromosome in a male is hyper H4-K16-acetylated, catalyzed by the MSL complex that
contains a histone acetylase

http://cmgm.stanford.edu/devbio/baker/dose.html



H3 is phosphorylated
at the time of mitosis



www.fccc.edu/research/ labs/roder/rodproj.html

Ubiquitin  78-amino acid unti attached to protein ε-lysines
by Ubiquitin Transferases (E1, E2 and E3)

www.micro.biol.ethz.ch/.../ research/ERAD.htm

when protgeins are polyubiqutylated they are targeted
for protein degradation (as when securin is degraded to
allow separase to degrade cohesins)

Histone H2B is mono-ubiqutylated.

H2B mono-ubiquitylation is necessary for Histone H3-
K79 methylation.



http://www.average.org/~pruss/Nucleosomes/Ac/acetylation-replication.2.gif





http://www.cell.com/cgi/content/full/93/3/325/F3



Differences between H3 and H3.3 Specify the Nucleosome Assembly Pathway

Replication-Independent Deposition Does Not Require the N-Terminal Tail

Replication-Independent Deposition of H3.3 Marks Active Chromatin

Yeast Have Retained Only the H3.3 Counterpart







HML MAT HMR



FIG. 2.   HML chromatin near the I silencer. The
chromatin structure of the Crick strand was mapped
by primer extension analysis of
micrococcal nuclease cleavage sites with primer
p140. Wild-type (WT) and sir1 and sir3 mutant cells
are as indicated. Extensions of undigested
(0) and micrococcal-nuclease-digested chromatin are
also presented. The D columns indicate protein-free
DNA digests as a control for
micrococcal-nuclease sequence specificity. The C
column shows a dideoxycytosine-terminated
sequencing reaction. Coordinates are positions in
the published sequence of S. cerevisiae chromosome
III. The silencer is represented by a shaded rectangle.
Ellipses correspond to inferred
positions of nucleosomes.

sir1 is still silent but higher concentrations of MNase
reveals it is not complete silencing.

http://mcb.asm.org/cgi/content/full/18/9/5392/F2



Sir2 is a NAD-dependent HDAC



http://mcb.asm.org/cgi/content/full/22/12/4167





http://www.cell.com/cgi/content/full/93/3/325/F1



Sirtuin activators mimic caloric restriction and delay ageing in metazoans

Increased Nuclear NAD Biosynthesis and SIRT1 Activation 
Prevent Axonal Degeneration

Mammalian SIRT1 Represses Forkhead Transcription Factors

The Drosophila melanogaster sir2+ Gene Is Nonessential 
and Has Only Minor Effects on Position-Effect Variegation

Negative Control of p53 by Sir2 Promotes Cell Survival under Stress



All Histone Sites of Acetylation Are
Hypoacetylated in Heterochromatin

The sir3 mutation releases the
repression of HML and HMR genes,
and of TEL, but does not affect the
constitutively expressed MAT locus.
sir3 causes increased acetylation of
all sites examined in all four core
histones at HML, HMR, and TEL
(telomeric) heterochromatin, as
shown by ChIP.

http://www.molecule.org/renderer/renderer.isa?action=render&rendertype=figure&uid=MOLC.8_2_473.300&jcode=MOLC&fig=FIG3



DOT1 encodes a histone H3-K79 methyltransferase



Methylation of Histone H3-Lys79 Regulates Targeting of Sir Proteins to Silent Domains
     (A) Silencing of URA3 at telomere VII-L (TEL), HML, HMR, and rDNA in wt and histone H3-K79A strains
     was measured as described in Figure 1.
     (B) Steady-state Sir protein levels in strains UCC7201 (wt), UCC7202 (dot1), and UCC7223 (H3-K79A)
     were determined by Western blot analysis.
     (C) In vivo crosslinking analysis of Sir proteins was performed by ChIP using antibodies against Sir2p
     (-Sir2) and Sir3p (-Sir3). Sir protein binding was examined at the silent domains at the telomeric URA3
     gene (TEL), HMRa, and the rRNA 5S gene (rDNA), at the nonsilenced loci GAL1 (top) and SIR3 (bottom),
     and the subtelomeric Y' elements (Y'). DNA of the input samples was amplified as a control (input). ChIP
     was performed on wt, dot1, and H3-K79A (see B), and sir2 (UCC7095).
     (D) As in (C), except wt cells (UCC1091) contained empty vector or the DOT1 overexpression plasmid
     [DOT1(OE)] and were grown on selective media containing galactose (see Figure 1D).







in budding yeast:

HDACs
    SIR2
   HDA1
   RPD3

HATs
   GCN5
   HAT1
   ELP3
   HPA2



Fig. 6. Genetic interactions between Su(var)3–9, Su(var)2–5 and Su(var)3–7 and the modifier effect of Y chromosome
aneuploidy in wm4 PEV. (A) Heterozygotes for the loss-of-function mutant alleles Su(var)3–906, Su(var)2–505 and
Df(3R)AceD1[Su(var)3–7 null] were combined with transgenic constructs introducing extra genomic copies of Su(var)3–9,
Su(var)2–5 or Su(var)3–7, respectively. Resultant white variegation in offspring wm4 female is shown. (B) Genetic interaction
to the PEV modifier effect of Y chromosome aneuploidy. First row shows white variegation in wm4/O males of +/+ (control) and
of heterozygotes of the loss-of-function Su(var)3–906, Su(var)2–505 and Df(3R)AceHD1[Su(var)3–7 null] alleles,
respectively. Second row shows white variegation in wm4/w/Y females of +/+ (control) and of heterozygotes with an additional
genomic copy of Su(var)3–9, Su(var)2–5 and Su(var)3–7, respectively.

http://emboj.oupjournals.org/cgi/content/full/21/5/1121/CDF122F6





Fission yeast silent mating type
genes and centromere regions are
transcriptionally silent.  Although
Sir2 recently has been shown to play
a role in this process, the main job of
silencing depends on a set of
proteins that are not found in
budding yeast but are conserved in
most higher eukaryotes.

Clr4 = H3-K9 methyltransferase
            Drosophila Su(var)3-9

Swi6 = HP1 family member



http://mcb.asm.org/cgi/content/full/22/20/7302/F6



http://www.sciencemag.org/cgi/content/full/297/5588/1818/F1



Fig. 1. Centromeric silencing is relieved
in ago1-, dcr1-, and rdp1- mutant strains
compared to wild
type. Diagram of the three S. pombe
centromeres (A) including locations of
ura4+ transgenes as well as outermost
(otr), innermost
(imr), and central (cnt) centromeric
regions (24, 25). Conserved dg (green)
and dh (red) repeats are indicated as
arrows. Regions
containing one or more tRNA genes are
indicated by yellow boxes. Northern
analysis (B) of RNA transcripts
transcribed from
centromeric ura4+ transgenes and a
ura4+ (DS/E) mini-gene located on the
chromosome arm. Transcripts derived
from centromeric
repeats were detected by Northern
blotting (C and D) using probes specific
for dg centromeric repeats (







Medical Sciences: Herman et al. Proc. Natl. Acad. Sci. USA 93 (1996) 9823

p16 is “off” in the tumor

Following bisulfite treatment of the
DNA, DNA sequencing of a normal
(H249) and tumor (H157) cell line
for the promoter region of the p16
tumor suppressor gene.

bisulfite converts C to U but doesn’t
affect 5 Me-C.

Methylation-specific PCR: A novel PCR assay for methylation status of CpG islands




