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ABSTRACT

hdal* (histone deacetylase 1) is a fission yeast gene
which is highly similar in sequence to known histone
deacetylase genes in humans and budding yeast. We
have investigated if this putative histone deacetylase
contributes to transcriptional silencing in the fission
yeast Schizosaccharomyces pombe . A precise deletion
allele of the hdal* open reading frame was created.
Cells lacking the hdal* gene are viable. However,
genetic analysis reveals that cells without hdal*
display enhanced gene repression/silencing of marker
genes, residing adjacent to telomeres, close to the
silent mating-type loci and within centromere I. This
phenotype is very similar to that recently reported for
rpd3 mutants both in  Drosophila and budding yeast.
No defects in chromosome segregation or changes in
telomere length were detected. Cells lacking the hdal*
gene display reduced sporulation. Growth of hdal
cells is partially inhibited by low concentrations of
Trichostatin A (TSA), a known inhibitor of histone
deacetylase enzymes. TSA treatment is also able to
overcome the enhanced silencing found in hetero-
chromatic regions of hdal cells. These results indicate
a genetic redundancy with respect to deacetylase genes
and partially overlapping functions of these in fission
yeast. The significance of these results is discussed in

the light of recent discoveries from other eukaryotes.

INTRODUCTION

DDBJ/EMBL/GenBank accession no. AL021046

Antibodies against acetylated forms of histones have been used
to demonstrate that histones in heterochromatic regions are
generally underacetylated. For example, in humans, histones H3
and H4 are hypoacetylated in both constitutive heterochromatin
in centromeric regions and facultative heterochromatin of the
inactive X chromosome in female%4). In contrast, the histones

in gene-rich regions such as CpG islands, concentrated in
G-bands, are acetylates) (

For several years, the genes responsible for acetylation and
deacetylation of histones were largely unknown, but recently several
histone acetyl transferases (HATSs) as well as histone deacetylases
(HDASs) have been identified). The human protein HDAC1 (or
HD1) was isolated by affinity purification on the histone
deacetylase inhibitor trapoxin7)( This protein co-immuno-
precipitates with deacetylase activity. HDACL1 is highly similar to
budding yeast Rpd3, a previously known transcriptional regulator
(8). It appears that deacetylase enzymes are present in complexes
which contain known transcriptional repressor proteins, such as
retinoblastoma (Rb), nuclear coreceptor (N-CoR), YY1, Mad/
Max and Ume6 and thereby contribute to transcriptional regulation
(9). Histone deacetylases are also implicated in the regulation of
heterochromatin. Bothdalandrpd3deacetylase gene knockout
strains of budding yeast display enhanced repression of marker
genes in heterochromatin near a telomere abBudsophilg the
rpd3 insertional mutant shows increased silencing ofathite
gene next to a centromerki€12).

In the nucleus of the fission yea8thizosaccharomycpembe
there are three heterochromatic regions, namely centromeres
(cen12,3), mating-type donor lochjat23) and telomeresl). It
is becoming clear that heterochromatic properties gene

It has been known for some time that histones are sometimgifencing (at all three regions) and lack of recombination (at
heavily acetylated and that this affects the stability of the resultirgentromeres and mating-type loci) are intimately associated with
nucleosome 1). In addition, it was also apparent that hyperthe cellular functions exerted by each region: chromosome
acetylation is associated with chromosome regions of higkegregation, mating-type switching processes and telomere
transcriptional activity, whereas transcriptionally silent regiongength regulation, respectively4-17). Inhibition of deacetykion

are hypoacetylated. Since a positively charged lysine is neutralideg treating fission yeast cells with Trichostatin A (TSA) a known
when an acetyl group is added, this has led to the suggestion thistone deacetylase inhibitor, causes expression of marker genes
altered charge could result in decreased nucleosomal stability @natenl 2 and3 by increasing acetylation of histones H3 and H4

increased access for transcriptional machingry (

in centromeric chromatinl@). Therefore, it is plausible that in

Histones can be post-translationally modified at specific lysinentreated cells a histone deacetylase acts to maintain centromeric
residues in the N termini by acetylation and deacetylatiorheterochromatin in an underacetylated state.
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Table 1.Schizosaccharomycesmbestrains used in this study

Strain Genotype Source or reference

TD1 h*/ h9leu132/eul32 ade6M210/ade6M216 urad-D18Mura4-D18 this work

TD2 h*/ h®0hdal::LEU2hdal" leul-32leul-32ade6M210/ade6M216 this work
ura4-D18Mura4-D18

TO43 h9leu1-32 ade6M210ura4-D18 this work

TO44 h* hdal::LEU2leul-32 ade6M210ura4-D18 this work

TO45 ht* leul-32 ade6M216 ura4-D18 this work

TO46 h®0hdal::LEU2leul-32 ade6M216 ura4-D18 this work

972 h= (wild-type)

FY367 h* leul-32 ade6M210ura4-D18 (18)

FY521 h—leul32 ade6M210ura4-DS/E [Ch16ade6M216 m23::ura4t] (15)

FY2816 h?hdal::LEU2leul-32 ade6M210 ura4-DS/E this work
[Ch16ade6M216 m23::ura4']

FY2817 h?hdal::LEU2leul-32 ade6M210 ura4-DS/E this work
[Ch16ade6M216 m23::ura4']

FY597 h%0leu1-32ade6M210 ura4-DS/E mat3-M::ura4 (15)

FY2606 h®0hdal::LEU2leul-32ade6M210 ura4-DS/Emat3-M::uradt this work

FY2600 h? hdal::LEU2 leul-32 adeBl210 ura4 this work
[Ch16uradt m23::ade6::te]

FY2601 h? leul-32 ade®4210ura4 [Ch16uradt m23::ade6::te] this work

FY2603 h—hdal::LEU2ura4-DS/Eleul-32 ade6M210 this work
[Ch16ade6M216 m23::urad::te]

FY564 h?leul-32ade6M210urad-DS/E (35)
[Chl6ade6M216 m23::urad::tel]

FY1191 h* leul-32 ade@V1210 ura4-DS/EimrlL-Ncol::ura4" (18)
otrlR-Sphl::adeb

FY2608 h? hdal::LEU2 leul-32 adeb210 ura4-DS/E this work

imrlL-Ncol::ura4*otrlR-Sphl::adeb

To investigate this possibility and to gain further insight into th&enomic disruption using a short flanking homology strategy

function of histone deacetylase enzymes in heterochromatin. .
regulation in fission yeast, we have identified a histone deacetyl%sg‘é'near double-stranded DNA with 80 bp of sequence homologous

genehdal". We describe the initial genetic analysis oftidal 0 theS.pombédal” locus flanking théSaccharomyceserevisiae

; : : U2 gene was synthesised in a two-step PCR procedure. In the
[‘h”e"ire}t‘ﬂgtiggg iffigggrf?/:g;three heterochromatic regions aﬁt PCR, the primers weré8GACCTTTTGCTACGTATTCTG-

CGCTCGACGTAAAAATAATGTCCTGTACTTCCTTGTTC-3
(oligo 1) and BAGATCTTCAAGAGCTTTCGGTGTATTTTTA-
TTTTCTACTTTTCCTTATCACGTTGAGCC-3 (oligo 2); the
MATERIALS AND METHODS first 40 nt of these 60 nt primers are homologousidalt,
whereas the following 20 nt are derived frbEUJ2. The product
. " from this first reaction was diluted 1500-fold and was the substrate
Strains and culture conditions for the second reaction, which used the primelSBAAGTTGT-
ACATTTTATCTAATAAGGTATCGGGTTTAGCGACCTTTT-
The strains used in this work are listed in TahleéStandard GCTACGTATTC-3 (oligo 3) and 5TCCTCCTAAGTAACGT-
genetic techniques were uséd)( Media were YES (0.5% yeast AATTGCTCCAAGGCCCGTATTCGAAGATCTTCAAGGCT-
extract, 3% glucose), EMM with ammonium or glutamate (inTTCGG-3 (oligo 4). This second pair of 60 nt primers has 20 nt
PMG plates) 3.74 g/l as nitrogen source, or ME (3% malt extraatf overlapping sequence with the first pair. Approximatehg1
Oxoid, pH adjusted to 6.2 with NaOH), each supplemented withf the PCR product from reaction 2 was transformed3rgombe
100 mg/l of adenine, uracil, leucine and histidine. Half sectoringtrain TD1 using a lithium acetate protoc@l){ Substrate DNA
assay for chromosome loss was as descridgdKor scoring of  for diagnostic PCR was prepared from liquid microcultures using
ade6 phenotype, adenine was added to 15 mg/l. Selection farmethod modified from Hoffman and Winstdti). In short,
ura4- cells was done on YES plates with 5-fluoroorotic acidndividual Leu transformants were grown in 1Q0 of liquid
(5-FOA) added to 1 g/l. YES. Aliquots (1Qul) of cultures were pooled in groups of 12 in
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an Eppendorf tube, centrifuged for 10 s at 12 000 r.p.m. in ¢

Eppendorf benchtop centrifuge, and resuspended ipl dd@% :‘.‘.5";; m
Triton X-100; 1% sodium dodecyl sulfate; 0.1 M NaCl; 10 MM geps  roveee
Tris—HCI, pH 8.0; 1 mM EDTA. Cells were disrupted by adding ¢. elegans pocaon
1100 mg of glass spheres and fiD6f phenol:chloroform (1:1, v/iv) ﬁgf__} WTRRE SR MR W Guagiled
and vortexing at high speed for 4 min. AH100W) was added gy, vmovolBe clreile sromrr TAmEnT  MoPRSDS
and samples were centrifuged at maximum speed for 15 min. T HOS3 ~ #veesswix SYRKTIVERP ERLLASSMSI SAATTMYPSL FTLESSHOR]
resulting supernatant was ethanol precipitated and dissolved

dH20. The pools were then screened for correct integration in - ;.. m.m_i:

ETRS

thehdaZ" locus using analytical PCR with the diagnostic primer: Hos:

Dagle

5-TTGATGTTTGTACGGATATC-3 (oligo 5), B-TTATAAG- f’“ ﬂi - wf::“ﬁ :
AATGAACCAGCAC-3 (oligo 6) and 5CTGGCAAAACGA- vl -
CGATCTTC-3 (oligo 7) (Fig.2B). HOS1 PrYYLAH
HDAL LGTIMLETPY
Has3 GSLMAPHVLE
RESULTS
Identification and disruption of a putative fission yeast histone ig;;
deacetylase gene et
C. elegans

Histone deacetylase genes from such diverged organisms g,
humans, flies Prosophilgd and budding yeast are 60—70% wosi Goaed Bovrrt ; 18 e
identical at the amino acid sequence level. By scanning tl ﬁl{ﬁ; VIFHNDEGES EgOTE  ACERUVEGRY ﬁiﬁ?ﬁi
Sanger Centre DNAS.pombe sequence database (http:// = i T
www.sanger.ac.uk/ ) using the TBLASTX function for potential
coding regions with similarities to tt&cerevisiad&kpd3 histone  fdal+
deacetylase protein sequence, we identified an open read gzpp; M
frame of 1302 bp with the potential to encode a protein of 434 amil . etegans &
acid residues (cosmid SPAC3G9, accession no. AL021046). T ggi }
predicted Hdalp amino acid sequence is highly similar to tt gpa;
Rpd3-related proteirS.cerevisiad&kpd3 (L0), S.cerevisia¢i0s2 HOS3
(12), Homo sapiensiD1 (or HDAC1) {7) and aCaenorhabditis
elegansputative histone deacetylase (accession no. q0944( ;...
Within this group, it is marginally closer to tifcerevisiae  Hos2
histone deacetylase Hos2 protein than to the other members. = & ST
region of similarity extends to at least 330 amino acid residu¢ gy - -
(Fig. 1), which corresponds to over 75% of the length of the codir rosi
regions. The remaining thr&cerevisiaggenes encoding related ;‘;ﬁ;’
proteins HDAL HOS1andHOS3(12,22), share only parts of the -
domains conserved in the Rpd3 group, largely the same subdomi
as those previously defined as common to the superfam Ma™ P O el
comprising histone deacetylases, acetoin utilisation proteins a geps ia o R e N
acetylpolyamine amidohydrolas@824). It has been proposed that €. efegans vsovezfin £ 5 Eicemiten  Gulsenin M. '
the large 2/3 N-terminal ‘prokaryotic homology' domain confers 7> i o
enzymatic activity and the more diverged C-terminal domain i gpar
involved in functional specificity45). HOS3
The strategy for disruption bfial* is shown in Figur@A and

GOUHVIPS  [SYGHMTHMLK
TEYRTLFAKA [DEFFREAKLE

B. Among 200 diploid Letitransformants, one was identified  par CVNEQIFSEL [BRETLYYEFF
which displayed the diagnostic 2.4 and 0.75 kb PCR produc Hosz LNDVLLPEDT  QEDTHSGTIHS
from the disrupted allele, as well as the 1.8 kb band originatir ¢ il
from the wild-type allele (Fig2C, top panel). This diploid (TD2)  p: ALDTEIPNEL Feve

C VIKQFSNLEC GDMHNSFQIDE
LIGEPPDELP DFLSDPEPEV
HEVNWPTSFY TTFTEDALKL

was sporulated and tetrads were dissected. A 2:2 segregatior HOs!
the Leu phenotype was observed, consistent with a singl joer
integration event (Fi¢C, bottom right panel). Haploids from the
tetrads were analysed and in all cases the 2.4 and 0.75 nu
dlagnostlc bands segrega_teq terther Wlth the pbenOtype’ as Figure 1. Sequence similarity of selected putative histone deacetylases, acetoin
expected. The knockout fission yeast strain was also analysed iiisation proteins and acetylpolyamine amidohydrolases from different
southern blotting. Genomic DNA was extracted from wild-type species; alignment showing identical amino acid residues (black boxes). Only

and knockout cells, digested usiBgnH1, Hindlll and EcaR1 the region of sequence conservation is shown. Displayed sequenbesfre:

it et ; : S.pombg accession no. AL0210480S2(S.cerevisigg accession no. Z72716;
restriction enzymes, and hybridisation of the resulting filter to ar‘E?F,D3 (S.corevisiap accession no. 854536.elegans putative  histone

hd_3-1+ probe revealed a single band present in wild-type cellSyeacetylase, accession no. Q0944D1 (H.sapieny, accession no. Q13547:
This band was absentlinlal::LEU2cells (data not shown). We HOS1(S.cerevisiag accession no. Z49218DA1 (S.cerevisiag accession

conclude thahdal" is a non-essential gene. no. Z71297HOS3(S.cerevisiag accession no. U43503.
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LEU2+ Dlgi/ - o i 7
— < olign 5 L~ /
o /fj LEU? /
oligo 1 5} PCR praduct
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80 olige 7 80 nt
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Transformation of
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Figure 2. PCR-based disruption of the genoimital* locus. A) Strategy for PCR knockout. Schematic view of PCR steps involved in engineeifinigthd EU2
deleted allele (disruption cassette). The location of oligos 1-4 are indicated (see Materials and Metirwaip{e of verification of correct integration by PCR.

The regions of homology of oligos 5, 6 and 7 are indica@dPCR analysis of disruptant. Top panel, PCR analysis (using oligos 5, 6 and 7 of individual diploid
transformants. Lane 2 contains the 0.75 kb band indicative of the disruption (shown by arrow, ‘disr’). Bottom left, atralysfsrafiant no. 2 using oligos 5 and

6 only. Bottom centre, analysis of transformant no. 2 using oligos 6 and 7. Only the expected 0.75 kb band is seen. B&t@Rhargtlysis, using oligos 5 and

6, of haploid segregants from two dissected tetrads from diploid transformant no. 2.

Cells lacking thehdalt gene are supersensitive to TSA underacetylated. Because Hdalp may be a target for TSA, we
] o ) decided to investigate whethédal knockout cells display
TSA is a specific inhibitor of histone deacetylase enzy®i ( reduced silencing of centromeres. In addition, gene silencing at
and TSA treatment of fission yeast cells causes expressiontft mating-type region and in the vicinity of telomeres was

were interested to determine whether Hdalp is a target for TSAga1::LEU?2 allele with aurad* gene insertion in mating-type
Therefore, we investigated the growth propertigwafl::LEU2  region, at two different sites within the centromere and close to
cells on plates in the presence of increasing concentration of TS@jomeres. All thesera4* insertions are subject to transcriptional
hdal::LEU2cells was partially inhibited by a lower concentrationharbouring thesara4* insertions was compared by growth on
of TSA compared with wild-type cells (Fig). Thus, the activity  selective plates lacking uracil (~URA) and non-selective (+URA)
encoded byhdal" confers resistance to TSA. Therefore, Wep|ates (Figd). It was clear that growth didal::LEU2cells was
conclude that Hdalp is one possible target for binding of TSA0n|y slightly impaired as compared with growth of wild-type cells
on non-selective plates, but dramatically reduced on selective
efficient in cells lackingndal™. The plating efficiencies dfda1
Since TSA derepresses silencing at centromeres and caus#3::ura4, hdal" imriL::ura4*, and othdal* mat3::ura4" cells
centromeres to become hyperacetylafies), (it is expected that were >25-fold higher than those of the corresponding
a deacetylase enzyme is responsible for keeping the centromendal::LEUZ2cells. These data suggest that Hdalp is not the target
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DMSO establishment of repressed state colonies can be estimated by
e replating light pink (expressed) wild-type @rdhlnull colonies
haat+ @ @ & W and scoring frequencies of dark pink/red colonies. Similarly, the
E hdaia @ @ & o2, efficiency of maintenance of repressed state can be assayed by
= e 2 replating dark pink or red colonies and scoring occurrence of light
g | b ® @ @' B pink/white colonies. Replating of three independent white
haats @ @ @i hdal::LEU2and wild-typeade6:tel colonies (strains FY2600
and FY2601, respectively) produced similar frequencies (1-3%)
of red colonies. In contrast, replating of three independent dark
DMSO + TSA 1.2ug/ml. pink/red colonies fromhdal::LEU2 strain yielded a higher
hda1+ @ @ & o L frequency of red colonies (64—69%) as compared with the
T | hdata @ & @ wild-type control strain (21-31%) (Fig). Thus, the maintenance
= of the repressed state seems to be improved in the cells lacking
2 | hdat+ @9z 5 . Hdalp (see Discussion).
hdats & &
Centromere function is normal inhdalnull cells
DMSO + TSA 5.0ug/mi. Mutations which cause enhanced repression of marker genes
hdat* @ @ & . . inserted in fission yeast centromeres may also reduce or abolish
o SRR I centromere function (J.-P.Javerzat, R.C.Allshire, in preparation).
£ ) hdats GREEE Therefore, it could be argued that enhanced silencing at centromeres
2 ) hdat* @ @ & -, results in altered centromere chromatin structure which might reduce
haats @ @ ' the fidelity of centromere function. Sinbdal::LEU2cells display
: L enhanced repression of the centromenagt marker, we measured

chromosome loss rates of the 530 kb linear non-essential mini-
Fioure 3. TSA sensitivity. A tetrad from the original TDBdal:LEU2 chrqmosome, Ch16, using the half—s_ectorlng aﬁy'(here was
digrlijgta?]t Wis sspeottsetd i:]yserie::atlgddill?tionts ?JnOYgESamediEdmaconta%:]ing thelO INCrease _Of Ch16 .IOSS rates in tieal:LEU2 Stra!n as
indicated concentrations of TSA dissolved in 0.1% DMSO, or 0.1% DMSO compared with the wild-type control. For both strains, four
only. Cells were grown for 3 days at°&2 independent colonies were assayed and displayed Ch16 loss rate:
of 0.5-1.0% per cell division at 32. To monitor chromosome
of TSA which, when inhibited by TSA treatment, causedoss or chromosome mis-segregation events cytologibalil
expression of marker genes within centromefie®. (Instead, cells and wild-type control cells were also subjected to immuno-
removal of thendal" gene leads to increased repression of thBuoresence using anti-tubulin antibodies and Dapi staining of
ura4* gene inserted within centromeres, at the silent mating-typghromosomes. This technique allows cells with aberrant spindle
locus and especially close to telomeres. morphology and/or defects in mitotic chromosome segregation
Further evidence that other histone deacetylases apart fr@uch as lagging chromosomes to be identifi). (Such cells
Hdalp are the targets reponsible for derepression of markersmere not observed ihdal::LEU2 cells (data not shown). In
the centromeres, mating-type and telomere regions upon T3@dition, sensitivity to the microtubule de-polymerising drugs
pre-treatment is seen in the lower panels of Figudn selective  methyl benzimidazole-2-yl carbamate (MBC) and thiabendazole
plates, survival ohdal" imrllL::ura4* cells increasedR5-fold  (TBZ) was measured. Mutants which display spindle defects and
in agreement with previous resultd8). For hdal::LEU2 centromere defects (lagging anaphase chromosomes) are often
imrlL::urad* cells, the fraction of Uracells was increased to supersensitive to tubulin de-polymerising drugjg).(However,
about the same absolute level asHdal" imrilL::ura4* cells, hdal::LEUZ2cells were not super-sensitive to MBC or TBZ (data
corresponding to a relative increase of at least 125-fold comparedt shown). Thus, thiedal* gene does not appear to contribute
with untreated cells (Figl compare upper right and lower right to spindle function and mitotic centromere function.
panels). Similar effects were seen in the other heterochromatic loci.
Thus, addition of TSA clearly reversed the increased silencing @he hdal null mutation decreases sporulation efficiency

ura4™ marker genes inserted at all these lotidalA cells. i i i o i
It is possible thahdal® could be involved in either mating-type

expression, switching, or telomere regulation processes, all of
which affect the sporulation pattern of homothaif€ colonies.

In a metastable gene-expression system, each locus adopts on8iefe spores contain starch, changes in sporulation pattern can be
two possible states: repressed or expressed. The greater represidacted using staining of colonies with iodine vapours. To
observed irhdal::LEU2 cells could, in principle, result either investigate potential meiosis/mating-type switching phenotypes,
from increased stability of the repressed state (maintenance of tidalnull Leut segregants from the originaYh* diploid were
silent state) or increased switch rate from the expressed to tstained with iodine vapours. The overall efficiency of sporulation
repressed state (establishment of the silent state). To distinguisas investigated macroscopically by iodine staining of colonies.
between these two hypotheses, tidal:LEU2 allele was We noted that the%0hdalAdisruptant stained lighter grey than
combined with the Ch16 mini-chromosome carrying thehe wild-type control strain (FigA), indicating a lower overall
ade6::tel marker. This marker gene, if repressed, results isporulation efficiency. Sporulation in wild-type versus
formation of dark pink or red colonies, and if expressed, causkdal::LEU2h® cells was also investigated by phase contrast
a lighter pink or white colony colour. Therefore, the rate omicroscopy. Thdndal::LEU2cells appeared to generate asci at

Maintenance of the repressed state
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+URA -URA
Ura* control . . a P~ . . 8 % - \
Ura” control (7 & 5 S
hdat* mat3:uras* @ @ &8 & . @ 37 e A
hdaia mat3::urad* o, ; : : -
hdat* imri:;urad* ; g Q‘% @ oo | @ B 2 > “TSA
hdata imrt:uradt @ @ & H
hdat+ urad*:tel @ @ @ ® L9 €
hdatauradt:tel @ @ @ @ ¥ /
Ura* control . . & % & . . . 2 \
Ura“control @ @ & = -
hdat* mat3::urad* @) @ & & ® & & & = pretreated
ndatamatszuratt @ @ B T - |@ @ » & . :_ag:
hdat*imrizurad* @ @ T D w |0 @ 3 e 25ug/ml
hdataimrizuratt @) @ 4 ¥ .| @ & & &
hdat+uradt:tel §k B & o | B -
hdata uras*:ztel B @ B L+] : & 2% )

Figure 4. Effect of thehdalA mutation on theira4* gene integrated at various heterochromatic loci. Upper panels, enhanced silehdaticells. Left panel,
non-selective medium (+URA); right panels, selective medium lacking uracil (-URA). Cells were serially diluted 1:5 andicedjoovetbr 3 days at 3Z. Strains
used were: 9712 (Ura* control); FY367 (Uracontrol); FY597 ltdalt mat3::ura4, integration adjacent to the mating-type locus); FY26d&1A mat3::ura4’);
FY1193 pdal® imriL:urad*, integration in centromere); FY260Bd@lA imril::urad*); FY564 hdal" urad*:tel, integration adjacent to telomere of Ch16
mini-chromosome); FY2603¢lalA ura4*::tel). Lower panels, derepression by pretreatment with TSA¢2SI for 6 cell doublings at 3Z). Cells were spotted
on selective or non-selective media as above; same strains and culture conditions as in upper panels.

Ch16 ade6*:: tel Table 2.Kinetics of meiosis and sporulation in wild-type dnah1A mutant cells
Days TO43 (wt) TO46 hdald)
Y hdat* Zygotes (%) Tetrads (%) Zygotes (%) Tetrads (%)

0 0 0 0 0
1 10.9 4.9 2.6 1.0
2 8.3 41.7 13.4 11.8

hdaiA 3 6.7 65.3 16.3 17.6
4 7.6 62.3 13.3 20.3

Cells were transferred from vegetative (YES) to sporulation medium (ME) on
day 0, and progression of meiosis at@avas followed microscopically for the

Figure 5. Increased maintenance of the repressed state afde® gene indicated number of days. Each figure represents counting of at least 300 cells.
integrated adjacent to a telomere. Comparison of maintenance of red repressed

state ofCh16-ade6::tel in hdal* versushdalA cells. The strains FY2600 . L . .
(hdal*) and FY2601{dalA) were streaked on low adenine medium (4 mg/l). ~ Reduced sporulation of &¥0strain is usually associated with
A red (repressed) colony from each strain was selected, restreaked on logither expression (derepression) of the silent mating-type cassettes
adenine medium and incubated atGZor four days. which leads to haploid meiosis and reduced mating efficiency
(14,16) or with a reduced rate of mating-type switching causing
a lower rate compared with the wild-type, since a larger fractioless mating events within the colony (see also Discussion). The
of zygotes and a smaller fraction of matured tetrads was obseryeassibility thahdal::LEUZ2allele causes increased expression is
as compared with wild-type (Fi§B and C, and Tabl&). No  unlikely because of absence of haploid meiosis (see above). A
spores arising from haploid cells (ifvo-spored asci) which possible effect ofidal::LEU2allele on switching was tested by
would indicate expression of silent mating-type loci werecombining with a mating-type region harbouring opposite
observed 28) and no other obvious anomalies in formation ofinformation at the silent mating-type lobP) (29). The rationale
spores or tetrads were noted. of such an experiment is that if the mutation affects the
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The distinct but relatively moderate phenotypes we have
observed irhdal mutants could thus be explained by partially
overlapping roles of several histone deacetylases. In this context,
we note that the magnitude of the effects on repression seen in
S.cerevisiaddalknockout strainsl(?) is comparable with what
we find here. In strains with teat3M::ura4* insertion, only a
weakly enhanced silencing phenotype was seen. We cannot
exclude an effect of similar scale also on the mating-type
cassettes, but this has not been investigated since enhancec
silencing of these loci is impossible to detect.

In contrast with the general view of a correlation between
decreased histone acetylation and the repressed heterochromatic
state, both i15.cerevisiagpd3 andhdalmutants {0-12) as well
as in thes.pombédaldeletion (this paper), increased repression
in heterochromatic regions is found. Indeed, it has been proposed
that some forms of heterochromatin are enriched specifically in
acetylation of H4 lysine 12.0). H4 tri-acetylated at lysines 5, 8 and
12 is associated with the chromatin assembly factor (CAF)
nucleosome assembly compleXl). Therefore, acetylation of
lysine 12 may be required for efficient nucleosome assembly.
Mutations in budding yeast components of CAF (RIf2 and Cacl)
display reduced maintenance of silent states at telon3&;88)(

Thus, it seems as if H4 acetylated isoforms which show efficient
binding to CAF also favour efficient maintainence of repressed
state. Therefore, removal of a histone deacetylase with activity
specific for a particular amino acid residue may produce more
robust heterochromatin and increase repression, rather than the
opposite. Thus, the phenotypic data is consistent with this
hypothesis, but nothing is yet known about the specificity of
S.pombeHdalp, or the state of chromatin at telomeres in
wild-type andhdalnull mutant backgrounds.

In an alternative interpretation, the observed phenotypes could
be indirectly caused Hydal With all deacetylases, one expects
global changes in gene expression. It has already been demonstratet
that TSA causes expression of normally repressed euchromatic
Figure 6. Effect ofhdaldisruption on sporulationA{ lodine staining of spores ~ genes such asntI* andfbpl* (18). Altered expression of other
in segregants from tte/h90hdali/hdal* diploid disruptant TD2; same tetrad genes involved in chromatin regulation, caused by removal of
V'?Iilgi}f;‘eo‘ﬁgo”le':”'g; 2 (ﬁfehsz";%b'ivﬂ-_ 5;%”;] J?fi Cﬁgg”g o 1 representiidalp, may indirectly affect telomere, mating-type and centromeric
(B) micrographs of wild-typa®cells after 3 days in ME sporulation medium, 10Ci SO that the repressed state is maintained more efficiently.
at 25°C. (C) h% hdalA cells under the same conditions as in (B). Note the It iS plausible that there are at least two TSA-sensitive
absence of mature (four-spored) asci and the accumulation of immature tetradfeacetylase complexes/enzymes in fission yeast: Hdalp described
(zygotes; marked by arrows) in the mutant strain. here and another one which is responsible for the TSA-induced
centromere phenotyped ). Our finding that TSA relieves

repression at centromeric as well as other heterochromatic loci to

directionality of mating-type switching, one should be able tQ: N :
detect this as an enhanced sporulation in this backgrour?ﬂrtua"y the same extent indalas in wild-type cells is a strong

: : indication that this is indeed the case. It is also possible that these
something we did not observe (data not shown). two complexes have different sensitivity to TSA, with the
DISCUSSION centromeric histone deacetylase being most sensitive, given the

readily observed centromere defects with TSA treatmiht (

Using a recently developed PCR method, we have preciseljiere is precedence for differential sensitivity in budding yeast
disrupted théadal* gene encoding a putative histone deacetylas&/here the HDA complex is 10 times more sensitive to TSA than
This disruption method is similar to that described for buddinghe€ HDB complex&4). Our finding thahdalcells are sensitive
yeast and recently reported for fission yeag}).(dal" is so far o TSA indicates the existence of TSA-sensitive cellular targets
the only identified member of the histone deacetylase gene famifjistone deacetylase/s) other than Hdalp. Sided" is more

in S.pombeHowever, genomic sequencing ®kcerevisiahas ~ similar toRPD3than toHDA1 of S.cerevisiagFig. 1) and Rpd3
revealed no less than five putative histone deacetylase géhes (is a component of the relatively TSA-insensitive HDB complex
of which two RPD3andHOS) are closely related twlal™. The  (9,34), it is possible that othef.pombeputative histone
S.pombeienome is at present oril0% sequenced. We expect deacetylase/s are more sensitive to TSA. This could explain the
that additional family members will be identified as sequencingifference in phenotypes obtained after TSA treatment of
of chromosome# andlll proceeds. S.pombeells and those dfdalnull mutant.
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hdal mutants displayed a lower sporulation efficiency tharREFERENCES
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however some of these we have ruled out or made less likely.
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supersensitivity, it is still possible that meiotic chromosome
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formation. 20
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