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Abstract

Histone deacetylases (HDAC) are an important member of a group of enzymes that modify chromatin conformation. Homologues of the
yeastgend/R2 in mammalian cells code type IIl histone deacetylases (HDAC Ill, sirtuins), dependent ohahinhibited by nicotinamide.
Inyeast cells, Sir2 participates in repression of transcriptional activity and in DNA double strand break repair. It is assumed that cegain sirtuin
may play a similar role in mammalian cells, by modifying chromatin structure and thus, altering the accessibility of the damaged sites for
repair enzymes. A relation between poly(ADP-ribosylation) and sirtuin function in cells with damaged DNA has been also postulated.

Interconnections between NADmetabolism, poly(ADP-ribosylation), DNA repair and gene expression should allow to modulate the
cellular response to agents that damage DNA. Preliminary results, reviewed in this paper indicate that such possibility exists. We propos
a hypothetical mechanism of sirtuin participation in DSB repair. It is based on the assumption that activation of PARP at the sites of DNA
strand breaks leads to a local increase in nicotinamide concentration. Nicotinamide then inhibits sirtuins exactly at the site of DNA strand
break. At present, however, there are no data directly confirming the effect of sirtuin inhibition on DSB repair processes in mammalian cells.
Nevertheless, a connection between the acetylation status of histones and repair of DNA breaks has recently been found, indicating that ¢
HDAC classes may modulate DNA repair processes. In addition, sirtuins exert an anti-apoptotic action in various cell types. Hence, it is
possible to sensitise cells to apoptosis-inducing agents by sirtuin inhibitors.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction course, is a greatly simplified picture. Although DNA is a
linear molecule, in eukaryotic cells it is present as a com-
In diagrams of functions of various DNA repair sys- plicated structure complexed with numerous proteins, chro-
tems, DNA usually is presented as a straight line. This, of matin. Double-stranded DNA is wound around core histones
- H2A, H2B, H3, H4, two of each per nucleosome “core”, to
Abbreviations: CBP, CREB-binding protein; DNA-PK, DNA-dependent  form the basic chromatin fibre (reviewed ﬂ_‘h]) Between
protein kinase; DSB, DNA double strand break; FOXO, forkhead box class nucleosomes. a stretch of DNA—Iinker DNA—binds his-
O; Gadd45, growth arrest and DNA damage response gene; HAT, histonetone H1 Suclh is the “beads on a strina” model of chro-
acetyltransferase; HDAC, histone deacetylase; Mn-SOD, manganese super- i . T . X 9 .
oxide dismutase; NHEJ, non-homologous end joining; p27/Kip1, cyclin- matin. ThI.S basic fibre” is fur_ther coiled ?nd superconled'
dependent kinase inhibitor; PARG, poly(ADP-ribose) glycohydrolase; and stabilised by other, non-histone proteins. Chromatin is
PARP-1, poly(ADP-ribose) polymerase-1; PCAF, p300/CBP-associated fac- a highly dynamic structure, and the degree of condensation
tor; Sir, silent information regulator; SIRT1, human homologue of Sir2; IocaIIy varies depending on whether the particular DNA frag-
SWI/SNF, ATP-dependent chromatin remodeling factors; TRAIL, tumor . - . . .
necrosis factor apoptosis related ligand ment is to be ;tored as transcnpuonally mactlve, or is—on
* Corresponding author. Tel.: +48 22 811 07 36; fax: +48 22 81107 36. demand—available to be transcribed, replicated or repaired.
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ious factors, the essential ones being the post-translational. Histone deacetylases
modifications of histone molecules.

From every nucleosome there extend eight flexible = HDACs are globular molecules with conical “pockets”
polypetide “tails”, one for each histone molecule of the that fit acetylated lysine residues. The enzyme “clips off”
nucleosomal core. These “tails” are modified: acetylated, the acetyl groups and thus, unmasks the positive charge of
methylated, ADP-ribosylated, ubiquitinated or phosphory- the amino acid.
lated, depending on the functional needs. Acetylation is There are 11 isoforms of human HDACSs, divided into
a way to decondense the chromatin fibre and it opensthree classes, according to their similarity to yeast enzymes.
a further possibility to remodel the structure, e.g. by Class | HDACs are similar to the yeast (y) transcriptional
the ATP-dependent chromatin remodeling factors (known repressor, yRPDS3; class Il HDACs, to yHDAL and class
as SWI/SNF remodelers) that permit to access the pro-HDACS, to ySIR2. They are present in almost all tissues,
moter sequences (reviewed [2}). Deacetylation opens the  both normal and malignant, with tissue-specific expression
way to histone methylation and formation of the inactive patterns. Their activity is related to such diverse and inter-

(“silenced”) chromatin—heterochromatin. related cellular processes as transcription activation, gene
The opposing actions of two types of enzymes that silencing, cell-cycle progression and DNA replication and
carry out histone modifications are shownFhig. 1 His- repair (reviewed3-5]).

tone acetyltransferases add acetyl groups to the numerous Theclasslenzymes (HDAC1, HDAC2, HDAC3, HDACS)
lysine residues in histone “tails”. Thus, the positive charges have smaller size (ca. 500 amino acid residues), whereas
that interact with DNA are neutralised and the nucleosome the class Il enzymes (HDAC4, HDAC5, HDAC6, HDAC?7,
fiber becomes loosened. Histone deacetylases remove acetyiDAC9) are about twice larger. It is not clear what are the
groups and thus, a more compact structure is formed. Therefunctional differences between individual HDACs. Probably,
are numerous members of both these enzyme families andsome of these differences come from co-operation with dis-
they are included into the “transcriptosome” complex. The tinct sets of transcription regulatory factors and hence, HDAC
complex notonly produces gene transcripts, but also containsact specifically as co-repressors of gene expression from dif-
some proteins co-operating with excision repair enzymes in ferent promoter$6—9]. Inhibitors of class | and 1l HDACs
the transcription-coupled excision repair system. have been developed that show great promise as anticancer
drugs, although the molecular basis of the anticancer effect
is not fully understoof10-13] reviewed by14-16] HDAC
inhibition not only results in acetylation of histones but also
transcription factors such as p53 and estrogen receptor-alpha
[15]. Altogether, it seems to act very selectively, as it affects
the expression of only 2% of mammalian gefiEs)].

ﬁ The ySIR2 homologues or type Il HDACs in mammalian

cells form a gene family consisting of seven sirtuins which

e fe e are NAD'-dependent histone/protein deacetylases (reviews

TRANSCRIPTIONALLY
ACTIVE CHROMATIN

e (O DECONDENSED in [18,19). Due to the NAD dependence, sirtuins might

link metabolic activity and gene expression by means of

Histone Histone the histone/protein acetylation activity. Their mechanism of
deacetylase ﬂ ﬁ acetyltransferase action has recently been revea]28-22] The deacetylating

activity of sirtuins depends on NADand is inhibited by the
reaction product, nicotinamide (¥g<50uM, [23].

Cm CONDENSED

@ Acetylprotein+ NAD ™

SN icotinamidedt- O-acetyl-ADP-ribose}- protein

»SILENCED” CHROMATIN There are indications th&-acetyl-ADP-ribose is a sig-

nalling moleculg24]. The inhibitory effect of nicotinamide

Fig. 1. The histone acetylation switch. HAT and HDAC determine the con- explains the calorie restriction effect, in which Sir2 is impli-

densation status and in consequence, the potential transcriptional activity ofcated. Prolongation of lifespan of both budding yeast and
chromatin. Acetylation “opens” the structure and permits SWI/SNF chro- the nematode wormCaenorhabditis elegans, by restricted
matin remodeling factors to access promoter sequences and thus, allowsaccess to nutrients occurs by increasing the activity of Sir2.
initiating transcription. Deacetylation, especially when followed by histone This effect is due to activation of the PNC1 gene coding
methylation, forms a condensed (“silenced”) chromatin conformation (het- . . . . SO
nicotinamidase. Thus, the concentration of nicotinamide and

erochromatin), which is transcriptionally inactive. Acetylated histone tails ="~ ' .
are shown as lines with Ac. its inhibitory effect on Sir2 decrea$g5,26]
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