
Heterochromatin protein 1: don’t judge the book by its cover!
Florence Hediger and Susan M Gasser
The name heterochromatin protein 1 (HP1) suggests that this

small nuclear factor plays a role in forming heterochromatic

domains. It was noticed years ago, however, that the

distribution of HP1 on polytene chromosomes was not

restricted to chromocenters or telomeres. HP1 was also found,

reproducibly, along the euchromatic arms. A possible function

in euchromatic gene regulation was postulated. Now, a large

body of data has blurred the definition of HP1 as a structural

component of heterochromatin, revealing its two-faced nature.

Not only do HP1 isoforms have specific binding sites in both

heterochromatic and euchromatic domains but they might also

participate in the repression and activation of transcription in

both compartments.
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Introduction
The heterochromatic function of HP1

Cytologically, interphase chromosomes are not uniform in

structure but are composed of domains that seem to reflect

the density of the DNA within them. Euchromatin is

characterised by weak DNA-staining and corresponds to

less compacted chromatin, whereas heterochromatin stains

intensely and remains highly condensed throughout the

cell cycle. Repressive properties were ascribed to hetero-

chromatin on the basis of the observation that Drosophila
genes translocated from euchromatic regions into the vici-

nity of pericentric heterochromatin acquire a variegated

pattern of expression [1]. This effect was called position

effect variegation (PEV), and mutations that affected it

either positively or negatively were isolated. Notably,

mutation of the fly gene Su(var)2-5, which encodes

HP1, was a strong suppressors of PEV, and HP1 itself

was found to be enriched in heterochromatic domains [2].

HP1 is widely conserved across the eukaryotic kingdom,

with the notable exception of budding yeast, in which
www.sciencedirect.com
PEV relies on a yeast-specific silencing complex of SIR

(silent information regulatory) proteins. Whereas fission

yeast and Neurospora have only one bona fide HP1 homo-

logue each, other species contain up to five isoforms.

Members of the HP1 family are characterized by two

conserved domains: an N-terminal chromodomain and a

C-terminal chromo-shadow domain, which are separated

by a variable-length linker region, the hinge (for a review,

see [3�]). The classic model for HP1 function is one in

which it binds modified histones through its chromodo-

main and interacts with other proteins through its

chromo-shadow domain, with both interactions poten-

tially regulated by the hinge.

One of the most famous partners of the HP1 chromo-

shadow domain and hinge domain is the methyltransfer-

ase Su(var)3-9, which modifies the lysine 9 residue within

the N-terminal tail of histone H3 (H3K9). A model for the

spreading of heterochromatin invokes HP1 recruitment

by tri-methylated H3K9, followed by HP1-mediated

recruitment of Su(var)3-9, which subsequently methy-

lates adjacent nucleosomes. This, in turn, leads to the

spread of HP1. It was proposed that HP1-binding itself

could alter local chromatin-accessibility or stabilize a

pattern of nucleosomal arrays that would confer transcrip-

tional repression [4].

A recent study in Neurospora shows that HP1 binding to

H3K9me3 can lead to an even more stable alteration of

chromatin structure through the methylation of DNA.

The Neurospora HP1 — encoded by hpo-1 — and its

H3K9 methyltransferase, DIM-5 (defective in methyla-

tion-5), were shown to recruit DIM-2, the DNA methyl-

transferase that targets cytosines [5��]. In this organism,

DNA methylation is found primarily in regions that show

evidence of RIP (repeat-induced point mutation), a gen-

ome defense system that converts cytosines to thymi-

dines in repeated DNA [5��]. Thus, HP1 serves as an

essential component in this organism’s defense against

DNA amplification or repeats.

There are many parallels between the mechanisms pro-

posed for targetingrepression inflies andthoseproposedfor

DNA methylation in Neurospora; most notably, both are

initiated by the recognition of a methylated histone by

HP1. The well-documented crosstalk among HP1, Suvar3-

9, and H3K9me3 is compelling (Figure 1), yet it has

recently become clear that existing histone methylation

is not the only means to recruit HP1 to chromatin, and that

HP1 and Su(var)3-9 can function independently of each

other. This is true in flies and mammals [6–8]. In this

review, we focus on these novel functions of HP1 function.
Current Opinion in Genetics & Development 2006, 16:143–150
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Figure 1

HP1 can promote either transcriptional repression (lower boxes) transcriptional activation (upper boxes), depending on its chromosomal context

and its interacting partners. (a) At heterochromatic sites, HP1 co-localizes with Su(var)3-9 and H3K9 methylation and promotes a transcriptionally

inactive compact chromatin structure. (b) In the case of genes regulated by the cyclin E promoter, HP1 can be recruited through association

with Retinoblastoma (Rb) and promotes histone methylation and subsequent gene repression. (c) HP1 has been shown to interact with factors

associated with the general transcriptional machinery. The TBP-associated factor TAFIII 130 can recruit HP1 to promoters and hinder activation,

possibly by blocking the later association of activators. HP1 might also promote repression by interacting with co-repressors such as TIFb.

(d) Genes embedded into a heterochromatic environment require a compact pericentric chromatin structure for their normal expression level.

(e) The association of HP1 at promoters with TIFs might promote activation through recruitment of co-activators. (f) HP1 can bind throughout

coding regions, and its positive effect on their transcription suggests a role for HP1 in stabilizing mRNA transcripts.
HP1 also represses euchromatic genes
Although HP1 is concentrated at pericentric heterochro-

matin in most organisms, it is also found at euchromatic

sites, where its binding correlates with the repression of an

increasing number of genes [6–8]. For instance, the hor-

mone-induced repression of a viral promoter fused to a

transgene reporter, inserted into mouse euchromatin, was

shown to recruit HP1a and HP1g [9]. In this system, a

synthetic, hormone-regulated KRAB (Kruppel-associated

box) repression domain recruited the KAP1 (KRAB-asso-

ciated protein 1) co-repressor to the promoter in a con-

trolled and transient manner. The transient binding of

KAP1 recruited HP1 and the histone methyltransferase

SETDB1 (SET domain, bifurcated 1) to modify a region

surrounding the promoter. Repression correlated with

H3K9me3 and relocation of the transgene locus to con-
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densed chromatin regions. Importantly, silencing could be

propagated for >50 generations after a short exposure to

the co-repressor. In a similar manner, HP1 has been shown

to be recruited to the cyclin E promoter through association

with Rb (Retinoblastoma), and to promote tri-methylation

of H3K9 by Suv39H1 [10]. In G0 quiescent cells, HP1g and

several histone methyltransferases were shown to co-pre-

cipitate with an E2F-6 complex, and HP1g was bound to

the promoters of E2F-repressed genes [11]. Finally,

human SUV39 was also found to be necessary to repress

E2F target genes in differentiating myoblasts [12]. These

data argue that HP1 can trigger a repressive chromatin

structure once it is targeted to specific promoters within

euchromatin. The resulting chromatin structure then

resembles heterochromatin, at least in terms of transcrip-

tion, nuclear localization, and inheritance.
www.sciencedirect.com
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Does the presence of HP1 at euchromatic loci always

confer a heterochromatin-like repression? This issue has

been tested by several groups by artificially targeting HP1

to euchromatic sites where gene expression and chroma-

tin modifications could be monitored. In Drosophila, a

Gal4–HP1 fusion protein targeted to a reporter transgene

in euchromatin through a series of Gal4 binding sites was

unable to promote transgene repression in five of six cases

studied [13]. Nonetheless, in one case, a variegated

phenotype arose, and the locus of insertion became

physically associated with heterochromatic regions on

the same chromosome. Repression of this locus was

sensitive to known PEV modifiers (i.e. Su(var)3-7 and

HP1 itself). An analysis of the insertion site revealed that

the sensitive transgene was embedded within repetitive

sequences, unlike the situation in the other five cell lines.

From this it appears that a repetitive context may be

crucial for heterochromatin-like repression, perhaps as a

result of the propensity of repetitive DNA sequences to

cluster together, forming a heterochromatic sub-nuclear

compartment.

In U2OS cells, the tethering of massive amounts of HP1a

or HPb to an amplified, lac operator-containing chromo-

somal region induced local condensation of the higher-

order chromatin structure, recruitment of the histone

methyltransferase SETDB1, and enhanced trimethyla-

tion of histone H3K9 [14] (see also Update). This may be

considered equivalent to the repetitive sequence effect.

A second group explored the effects of targeting HP1 to

euchromatin in the fly system, and in contrast to Seum

et al. [13] they observed repression of the integrated

transgene in 25 of 26 cases [15]. Transgene silencing

was observed even when the insertion occurred in a

coding region, although it failed at active promoters. Very

surprisingly, and in contrast to most of the data presented

hitherto, this HP1-mediated repression was not Su(var)3-

9-dependent. This could be interpreted as showing either

that other modes of recruitment and repression are func-

tioning, or simply that another methyltransferase is

involved.

What is the cause of these intriguing differences in HP1

function? We note that the targeting of HP1 into a

repetitive chromosomal region reproducibly triggers the

formation of a compact, heterochromatic structure and

H3K9 methyltransferase binding. When HP1 is targeted

within unique sequences, it did not silence in all cases;

and when it did, silencing was not necessarily linked to

H3K9 methylation [15]. Relevant to the interpretation of

these results, we note that the Gal4–HP1 fusion does not

rescue the lethality of an HP1 mutant, as does the lacI–

HP1 fusion used by Li et al. [15]. Given that it has only

partial functionality, the Gal4 fusion might only silence in

a genomic context that already favors the formation of

heterochromatin. Thus, we propose that HP1-mediated
www.sciencedirect.com
repression at euchromatic loci can exploit different modes

of action: in a repetitive sequence context it enables the

propagation of H3K9 tri-methylation, whereas at unique

sequences it might promote repression locally by other

means.

Supporting the argument for the different modes of

action, genome-wide analyses of HP1- and Su(var)3-9-

binding in flies indicate that these proteins co-localize at

pericentric and repetitive regions yet are often bound

independently at unique loci along chromosomal arms [7]

(e.g. HP1 is found without the methyltransferase at many

sites on chromosome 4 and at several sites on other

chromosomes). Indeed, although the presence of Droso-
phila HP1 at chromocenters is lost in Su(var)3-9 mutants,

HP1 remains properly localized at other sites [16]. After

RNA interference (RNAi) of Su(var)3-9, HP1 remains

bound to chromosome 4 genes but not to other non-

repetitive sites on other chromosomes. To account for

the Su(var)3-9 sensitivity of the unique non-chromosome

4 loci, we suggest that the methyltransferase acts tran-

siently, providing a loading signal for HP1 but without

remaining bound.

In conclusion, repression mediated by HP1 can correlate

with massive H3K9-tri-methylation (as is the case in

heterochromatin), with local H3K9-methylation (euchro-

matin), or it can act independently of H3K9 methylation

altogether. The determinants of these modes of repres-

sion are proposed to include DNA sequence context (i.e.

repetitive sequence is always associated with extensive

H3K9 methylation), as well as specific sets of interacting

proteins and/or modification of HP1 domains. We note

that the local chromatin environment of an active pro-

moter is antagonistic to HP1-mediated repression,

whereas the chromatin environment of a coding region

is not. This suggests that specific histone modifications

can impede HP1-promoted repression. Interestingly,

pericentric repression in Schizosaccharomyces pombe, and

repeat-induced silencing in Drosophila have been shown

to depend on the presence of the RNAi machinery

[17,18,19��], which is unlikely to function at unique sites

of HP1-mediated repression.

A further source of variability in HP1’s mode of action

might stem from the presence of different isoforms. For

example, of the five Drosophila HP1 proteins, three are

ubiquitously expressed in adult Drosophila, whereas two

are expressed predominantly in the germline [reviewed in

[3�]]. Within a given tissue, the different Drosophila HP1

paralogues also have distinct distributions. While HP1a

preferentially binds heterochromatin, HP1b binds both

euchromatic and heterochromatic regions, and HP1c is

excluded from heterochromatin [17]. Significantly, in

both Drosophila and mammalian cells, binding of HP1c

(HP1g homolog) is not significantly correlated with H3K9

methylation [7,20]. Similarly, the two forms of HP1 in
Current Opinion in Genetics & Development 2006, 16:143–150
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worms, Hpl-1 and Hpl-2, have distinct mutant pheno-

types and partially non-overlapping localization patterns,

with a strong bias towards euchromatic sites (S Schott and

F Palladino, personal communication).

HP1 is essential for heterochromatic gene
expression
Although it is generally accepted that genes translocated

near heterochromatin can be repressed by the spread of

HP1 and histone methylation, there are also active Dro-
sophila genes embedded in the repetitive sequence of

centromeric regions or on chromosome 4. A whole-gen-

ome analysis has now extended this observation to show

that virtually all genes embedded in Su(var)3-9- and HP1-

containing pericentric chromatin have medium to high

expression levels [2]. In the case of genes such as light and

rolled, both located in the pericentric heterochromatin of

chromosome 2, PEV-modifiers have effects opposite to

their usual phenotypic impact. To account for this, it was

proposed that a compact pericentric chromatin structure

was necessary to maintain normal expression levels of

these heterochromatin-embedded genes [2,21–23]. Con-

sistently, rearrangements that placed these genes in a

euchromatic context impaired their expression profile,

promoting a variegated phenotype [24]. It is unclear

whether or not the expression dependence on Su(var)2-

5 reflects a direct, activating role for HP1, or a require-

ment for a distinct pattern of chromatin folding that is

needed to ensure the expression of heterochromatin-

embedded genes. Another possibility is that HP1 sup-

presses transcription of the surrounding repeat DNA,

which might generate conditions that interfere with gene

expression, possibly through RNA processing.

A well-characterized precedent for a chromatin factor that

serves both as a transcriptional activator and as a nucleator

of silent chromatin is the budding yeast repressor acti-

vator protein 1 (Rap1). Rap1 participates directly both in

the nucleation of SIR-mediated silencing and in the

promotion of transcription. It contributes to the transcrip-

tion of ribosomal protein genes both by recruiting modi-

fiers and by interacting with other regulatory proteins

[25]. An important difference between this role and the

requirement for HP1 in light and rolled expression, how-

ever, is that HP1 facilitates transcriptional activation

within a heterochromatic environment, whereas Rap1

induces transcriptional generally in euchromatin.

HP1 is required for euchromatic gene
regulation
It was surprising to observe that HP1 acts in non-hetero-

chromatic zones, yet its presence was generally correlated

with the expected result, transcriptional repression. By

contrast, an increasing number of observations link HP1

with gene activation events, even in euchromatic

domains. Notably, a detailed mapping of HP1 binding

sites along Drosophila polytene chromosomes has
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revealed its enrichment at developmentally regulated

genes and heat shock-induced puffs [26]. Using chroma-

tin immunoprecipitation (ChIP), HP1 was shown to bind

to heat-shock puffs only after induction, and it seemed to

bind only the coding, and not the promoter, regions.

Intriguingly, the recruitment of HP1 to puffs and many

euchromatic sites, as assessed by immunolocalization, was

RNA-dependent. It is unclear, however, whether HP1

binds directly to RNA or whether RNA promotes an

interaction of HP1 with histone tails or other proteins.

Other studies report the binding of HP1 within coding

regions of the genome; in Drosophila, HP1 binding might

show a bias towards long genes, which could indicate that

the protein is binding mRNA [27��]. In a murine, erythroid

cell line, both HP1g andH3K9me3 were detected on active

genes [28��]. In this case, H3 modification was proportional

to transcription activity, and the presence of HP1g and

H3K9me3 were dependent on elongation by RNA poly-

merase II. These observations implicate HP1 either in

stabilizing ongoing transcription or in another RNA-pro-

cessing event. This is not the first indication of HP1–RNA

interaction, however. In both mammalian and Drosophila
cells, HP1 has been shown to have an RNA-dependent

association with pericentric heterochromatin as well

[29,30]. RNA binding is undoubtedly an important deter-

minant contributing to the multi-functionality of HP1.

More recently, a whole-genome microarray analysis of

Drosophila HP1 focused on a 500 kb region within which

immuno-staining had revealed specific HP1-banding pat-

terns [31��]. Three of the ten genes whose expression

patterns were affected by mutation of HP1 showed direct

co-localization and/or recruitment of HP1, as assessed by

ChIP. Surprisingly, the expression levels of all three

genes was decreased by the Su(var)2-5 mutation, suggest-

ing a role for HP1 in gene activation. Only one gene, Cdc2
(cell division cycle 2), was positive for H3K9 methylation,

and none were affected by the methyltransferase muta-

tion Su(var)3-9, arguing that HP1 might activate these

genes independently of the H3K9 mark. Here, again,

HP1 binding was monitored within the coding region,

although promoters were not tested.

Further evidence for HP1 function in gene activation came

from work with the Drosophila Kc cell line [32�]. Here, the

depletion of HP1 by RNAi induced a drastic cell cycle

progression defect, and out of 60 genes predicted to func-

tion in DNA replication, 15 showed reduced expression in

the RNAi-treated cells. Among these were genes encoding

the Mcm (mini-chromosome maintenance) proteins, Orc1

(origin recognition complex 1), Caf1 (chromatin assembly

factor 1) and Cdc45. Arguing for a direct effect on expres-

sion, ChIP experiments showed the binding of HP1 with

MCM3 and MCM5 genes, although MCM7 showed a similar

response and did not bind HP1. In the same study, the

authors observed a downregulation of the mitotic factors
www.sciencedirect.com
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Aurora B and INCENP (inner centromere protein), which

binds HP1 directly. These results suggest that HP1 is

necessary for the expression of genes essential for proper

cell-cycle progression. Unfortunately, however, the asso-

ciation of HP1 with these genes was not tested in a

synchronized cell population. We note that the proper

expression of cell-cycle regulated genes often requires that

they be repressed at a specific time in the cell cycle, and

then induced at a specific time as well. This induction often

entails a phosphorylation event. Given that both HP1 and

its binding site in the N terminus of histone H3 are targets

of phosphorylation (see below), it may be that the properly

regulated release of HP1 are the crucial events regulating

induction of these genes.

Relevant to the idea that cell cycle-regulated repression

might impact proper induction is work both in cultured

mammalian cells and in Caenorhabditis elegans [10,33–35].

Both sets of studies reveal a direct link among HP1, Rb

protein and Rb-regulated pathways. In mammalian cells,

Rb is responsible for the repression of genes required for

the G1–S phase transition, something achieved by bind-

ing and sequestering the E2F transcription factor. Other

studies show, however, that Rb also interacts with

Suv39H1 and HP1, recruiting them to E2F promoters

to establish repression [10,33,34]. Indeed, HP1 and H3K9

methylation were found at the nucleosome spanning the

start codon of the cyclin E gene [10], and the cell cycle-

regulated phosphorylation of Rb abolished its interaction

with Suv39H1 [33].

An intriguing role for HP1 in Rb-mediated repression has

been extended to C. elegans. Two homologues of HP1

have been characterized in the worm (Hpl-1 and Hpl-2),

and Hpl-2 was shown to act in the ‘synMuv’ (synthetic

multivulva) pathway of cell fate determination [35]. One

of three classes of synMuv genes encodes the worm

homologues of the human Rb complex, and hpl-2 affects

this same pathway. The protein Hpl-2 interacts with Lin-

13, an additional member of the Rb-linked synMuv path-

way, and this interaction is necessary to recruit Hpl-2 to

nuclear foci. This did not require other synMuv genes,

including the hRb homologue Lin-35, although they

might function in the same complex (S Schott and F

Palladino, personal communication). Indeed, Hpl-2 and

Lin-35 (Rb) cooperate in a partially redundant manner to

repress C. elegans promoters, by participating in a large

chromatin-remodelling complex [36]. The composition of

these complexes might depend on cell type and devel-

opmental stage. Cell-type dependence of an HP1-con-

taining repressive complex has also been proposed in

differentiating mouse cell cultures [12].

Implication of HP1 in developmental
regulation pathways
In support of the view that HP1 plays multiple roles in

gene regulation, recent data indicate that HP1 partici-
www.sciencedirect.com
pates in various developmental signalling pathways.

Notably, the Arabidopsis thaliana homologue of HP1,

TERMINAL FLOWER 2 (TFL2 or like heterochroma-

tin protein 1, LHP1), is not localized to heterochromatic

chromocenters but, rather, to euchromatic zones, where it

represses genes involved in plant development. TFL2

regulates flowering, floral organ identity, meiosis and seed

maturation [37]. This regulation seems to be mediated at

the level of the promoters, because promoter fragments of

the TFL2-regulated genes were sufficient to induce

TFL2-mediated repression.

Returning to Drosophila, it was recently reported [38�]
that HP1 plays a sex-specific role in male and female

flies. To address the role of HP1 in development, HP1

was down-regulated by RNAi in an inducible manner. It

was found that the loss of HP1 resulted in a preferential

lethality of male flies. Furthermore, HP1 binding at

certain genes on chromosomes other than sex chromo-

somes was higher in males than in females. Consistently,

the depletion of HP1 shifted expression of these genes in

a sex-specific manner, with twice as many genes being

specifically regulated by HP1 in males over females.

A very similar observation was recently made by the

Spierer laboratory [39�], concerning an HP1 partner,

Su(var)3-7. Mutation in this gene causes sex-biased leth-

ality and a bloating of the X chromosome in males, an

effect also seen in the Su(var)2-5 (HP1a) mutant. The

bloated-X phenotype could be rescued by mutation in

components of the dosage compensation mechanism,

suggesting the participation of Su(var)3-7 and possibly

HP1 in the structure of the male X-chromosome.

Although it remains to be seen whether HP1 has a

sex-specific regulatory role in other organisms, this might

implicate HP1 and other chromatin proteins in gender

determination.

Modes of recruitment and action
How does HP1 achieve this variety of functions? It is clear

that HP1 is a platform for interactions among many

different factors. The ever-growing list of HP1-interact-

ing protein includes a number of chromatin components,

chromatin modifiers, transcriptional regulators, replica-

tion- and cell cycle-implicated factors, and nuclear struc-

ture proteins (for more details, see Table 1 and [3�,40]).

Indeed, HP1 binds not only H3K9me3 with its chromo-

domain but other non-histone proteins (e.g. Orc1 or

lamins [41,42]), and the hinge region appears to regulate

chromatin binding at least in part by being the target of

phosphorylation [43–45,46�]. Eissenberg and colleagues

[45] have observed a differential localization of phos-

phorylated versus unphosphorylated HP1 in flies [45],

and mutations that mimic hyper-phosphorylation of the

hinge region were shown to impair the binding of Dro-
sophila HP1 with two of its partners, HOAP and ORC1,

while improving its recruitment to heterochromatin [46].

Both factors bind DNA, yet it is unclear whether they
Current Opinion in Genetics & Development 2006, 16:143–150
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Table 1

Non-exhaustive examples of HP1-interacting factors.

Protein Function Domain Refs

Histone 3 Chromatin structure CD [3�,48��]

Histone 1 Chromatin structure ? [51��]

Su(var)3-9 DIM-5 Chromatin modification CSD [5��,16,47]

Su(var)3-7 Chromatin structure CSD [3�]

KAP1 Tif1b Transcription CSD [47]

TIF1a Transcription CSD [3�]

TAFII130 Transcription CSD [3�]

Rb Transcription ? [10,36]

E2F-6 Transcription ? [11]

Lin-13 Transcription CSD + hinge [35]

ORC1-6 Replication CD, CSD [41,46]

CAF-1 Replication CSD [47]

INCENP Centromere structure Hinge [3�]

RNA Transcription Hinge [29,30]
interact with HP1 to mediate its recruitment to specific

sites or whether they act with HP1 after its recruitment to

promote other functions. The discovery of further HP1

partners was made on the basis of HP1’s in vitro recogni-

tion of PxVxL motifs that are found in KAP1, CAF1, p150

and NIPBL (Nipped B-like). These link HP1 to repres-

sion, chromatin assembly and promoter–enhancer com-

munication [47].

The binding of HP1 to chromatin is also strongly influ-

enced by phosphorylation of histone H3, particularly of

serine 10, which is adjacent to the methylated lysine 9.

This residue is modified by the Aurora B kinase as cells

enter mitosis [48��,49��,50], and this leads to the release

of HP1 from mitotic chromosomes (see also Update).

The incompatibility of HP1 with a doubly modified

H3K9meS10ph provides a powerful mechanism through

which HP1 binding can be made rapidly reversible. Given

that phosphorylation is one of the key regulators of

protein function both through the cell cycle and during

differentiation, we find it likely that its reversibility is

used repeatedly to modulate the role of HP1 in gene

expression in interphase nuclei as well as functioning in

mitosis.

Alternative histone-modifications might also regulate

HP1 binding. Notably, the modification of lysine 26 on

the histone H1.4 variant appears to be able to recruit HP1

[51��]. Finally, as mentioned above, phosphorylation of

HP1, including its hinge region, is likely to modify HP1

interaction with different ligands. Considering a spatially

organized nucleus, the compartmentalization of histone

modifications and/or HP1 phosphorylation might provide

an adequate means to explain the different and some-

times contradictory functions of HP1. The two-faced

character of HP1 might in the end be attributable to

its multiplicity of binding partners, and the temporal and

spatial regulation of its binding. This will be a rich area of

research in the coming years.
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Conclusions
HP1 is predominantly associated with pericentric hetero-

chromatin, but it is also found at many sites along chro-

mosome arms. Depending on the chromosomal context

and the partners present at these sites, HP1 can promote

either repression — with or without H3K9 methylation —

or activation of transcription. Interactions with a range of

proteins and possibly RNA contribute to its diversity of

function.

Update
Using a truncated version of HP1 lacking the chromodo-

main and fused to a lac repressor, it has recently been

shown that even without a chromodomain, HP1 is suffi-

cient to promote heterochromatization when targeted to a

lac operator array [52��]. Another recent study stresses the

importance of competition between histone modifica-

tions by showing that a decrease in the levels of the

H3P10 kinase (JIL-1) leads to a spreading of H3K9

methylation and HP1 to ectopic sites [53��]. This finding

suggests a means to antagonise the recruitment of HP1 by

Su(var)3-9, making the repression readily reversible.
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