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HP1: a functionally multifaceted protein
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HP1 (heterochromatin protein 1) is a nonhistone chromosomal
protein first discovered in Drosophila melanogaster because of
its association with heterochromatin. Numerous studies have
shown that such a protein plays a role in heterochromatin
formation and gene silencing in many organisms, including
fungi and animals. Cytogenetic and molecular studies,
performed in Drosophila and other organisms, have revealed
that HP1 associates with heterochromatin, telomeres and
multiple euchromatic sites. There is increasing evidence that
the different locations of HP1 are related to multiple different
functions. In fact, recent work has shown that HP1 has a role
not only in heterochromatin formation and gene silencing, but
also in telomere stability and in positive regulation of gene
expression.
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Introduction

HP1 (heterochromatin protein 1) is one of the most
intensely studied proteins in the chromatin field. Some
might ask why so many people are working so hard on
this protein instead of other chromosomal proteins. The
answer is that this protein holds people’s interest
because it continuously discloses new and surprising
features.

HP1 is a chromosomal protein first discovered in Droso-
phila melanogaster because of its association with hetero-
chromatin; subsequent analysis showed that mutations in
the gene for HP1 suppressed the silencing effect of
heterochromatin in position effect variegation (PEV)
[1°°,2,3]. Molecular studies have shown that HP1 is
phylogenetically highly conserved, present in many
eukaryotes, including fission yeast, insects and mammals,
consistently associated with heterochromatin and telo-
meres and involved in gene silencing [4,5].

In Drosophila, HP1 is encoded by the Su(var)2-5 gene,
which acts as a dosage-dependent modifier of position
effect variegation [3]. This gene is composed of five exons
separated by four introns (Figure 1). HP1 is a 206 amino
acid protein with two prominent structural motifs, the
chromo domain [6] and the chromoshadow domain [7],
which are thought to be important for chromatin binding
and protein interactions, respectively. The two domains
are connected by a linker called the hinge (Figure 1).

A detailed cytological analysis of polytene chromosomes
of larval salivary glands (Figure 2a) has shown that in
Drosophila, HP1 is located not only at the pericentric
heterochromatin but also on about 200 mapped regions
along the euchromatic arms, and is a stable component of
all of the telomeres [8°]. As summarized in Figure 2b,
several recent studies collectively have shown that these
three different positions are related to three different
functions of HP1: heterochromatin formation and gene
silencing, telomere capping and silencing and positive
control of gene expression.

In the present review, owing to space limitations, while
other HP1 homologues (HP1b and HP1c) have been
discovered in Drosophila (and in mammals), we will
mainly discuss the functional aspects of HP1 (HP1a) in
Drosophila. For a more complete view of HP1’s role in
diverse aspects of genome metabolism, and the evolution
of the HP1 family, we suggest some recent very good
reviews that describe and discuss the mass of data
obtained in various organisms [5,9,10°].

Role of HP1 in heterochromatin formation and
gene silencing

Heterochromatin is a nearly ubiquitous component of the
eukaryotic chromosome that is usually located at the peri-
centromeric regions and telomeres [11,12]. Studies on
position effect variegation have suggested that heterochro-
matin can spread and act over great distances, inducing an
epigenetic gene repression that can persist on the chromo-
somes through multiple mitoses. The ‘heterochromatiza-
tion” model for the epigenetic gene silencing observed has
been supported by the isolation and identification in Dro-
sophila of several modifiers of PEV [dominant suppressors
of variegation (S#(var)) and dominant enhancers of varie-
gation (E£(var))], in addition to the HP1-encoding Su(var)2-
5 gene, which correspond to trans-acting components
affecting chromatin structure and/or function [13].

Although different sets of data have shown that HP1 may
interact with many different proteins [5], until recently
we lacked precise molecular models to explain how HP1
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Diagrammatic representation of the structure of the Drosophila Su(var)2-5 gene and its product HP1. The gene is made up of five exons separated by
four introns. The positions of the ATG and STOP codons are indicated. The protein is made up of the chromodomain (CHD) at the N terminus (N) and
the chromoshadow domain (CSD) at the C terminus (C) linked by the hinge region. The functional roles of the different domains are also indicated. The
chromodomain binds the H3 N-terminal tail if methylated at lysine 9; the chromoshadow domain dimerizes and binds the SU(VAR)3-9 HMT or other

proteins.
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The chromosomal distribution of HP1 in D. melanogaster is related to its
different functions. (a) The immunostaining of larval polytene
chromosomes with a specific antibody against HP1 reveals that this
protein is associated with the heterochromatic chromocenter (chr), the
small fourth chromosome (4), all of the telomeres (asterisks) and
numerous euchromatic sites (see arrows for examples) including the
physiological puffs (75B, 74F, 71CD). (b) The cartoon diagrammatically
represents the different functions of HP1 in the different chromosomal
locations.

domains could recognize chromatin, mediate protein—
protein interactions and induce heterochromatization
and gene silencing. The specific HP1-interacting histone
methyltransferase (HMTase) SUV39H1/Clr4 [14-17],
first identified in mammals and yeast, respectively, are
homologues of the Drosophila PEV modifier HMTase
suppressors of variegation SU(VAR)3-9 [18]. This has
suggested a model in which the interactions among an
HM'Tase, modified histone H3 and HP1 are the under-
lying basis for heterochromatin formation and epigenetic
gene silencing. According to the model, the SU(VAR)3-9
enzyme methylates histone H3 at Lys 9 (K9), creating a
selective binding site for the chromo domain of HP1
while interacting with HP1 through its chromoshadow
domain. This three-component complex then forms a
specialized higher order chromatin state that defines
heterochromatin and represses gene activity.

Other key factors for heterochromatin formation and gene
silencing have been discovered. Many of the enzymes that
remove histone modification marks associated with gene
activity, or add marks associated with gene silencing, give
Su(var) phenotypes when the gene is mutant, suggesting a
progressive shift to the heterochromatic state [13]. Further,
there is evidence that an ubiquitylation pathway is
involved in H3-K9 methylation [19]. It has been recently
proposed that mammalian gene silencing is also mediated
by the interaction of HP1 with DNA methyltransferase 1
(DNM'T'1) [20°]. One of the most significant advances in
the heterochromatin field has been the suggestion that
RNA interference mechanisms are involved in heterochro-
matin formation, depending on the transcription of hetero-
chromatic repeated sequences [12,21-23].

Telomeric functions of HP1
Cytogenetic studies have shown that HP1 is a stable
component of all telomeres in Drosophila, including the
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Figure 3
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HP1 is involved in the control of telomere stability and telomere elongation. (a) Wild-type male metaphase (the numbers indicate the different autosome
pairs while the X and Y symbols, respectively, indicate the X and Y sex chromosomes). (b) Male metaphase showing double telomeric fusions that
involve the autosome pairs. (c) Single and multiple chromosome ring configurations. (d) DAPI stained polytene chromosomes from a larva obtained by
crossing a female from a strain carrying the HP1 mutation Su(van2-5°* with an Ore-R wild-type male. The telomere from the strain carrying the HP1
mutation (arrowhead) is clearly elongated in comparison to the telomere from the wild-type strain (arrow).

ends of stable terminal deletions lacking the telomeric
transposons [24°]. Mutations in HP1 cause multiple tel-
omere—telomere fusions in mutant cells, giving a striking
spectrum of abnormal metaphase configurations [24°]
(Figure 3). Telomeric fusions produce chromosome
bridges during anaphase causing extensive chromosome
breakage. This chromosome breakage means that the
telomeric attachments are DNA end fusions rather than
proteinaceous bridges and that the chromosome breakage
initiates a BFB (breakage-fusion-bridge) cycle. These
observations indicate that HP1 is a ‘cap’ protein essential
for telomere stability, and its localization is independent
of the sequences at the chromosome termini [24°].
Mutations in the chromodomain do not affect HP1 tel-
omere localization and telomere stability, implying that
HP1’s telomeric position does not depend on an inter-
action with histone H3 trimethylated at lysine 9 (H3-
Me3K9), although this modified histone is present at
Drosophila telomeres [25]. ChIP and gel shift experiments
have shown that HP1 directly binds telomeric DNA,
independent of specific sequences, at the hinge region

[26].

HP1isinvolved not only in the capping function, but also
in the replicative end function. In heterozygous HP1
mutant stocks, the telomeres elongate markedly over
time, and the transcription of both TART and HeT-A
is significantly increased [26,27]. In larvae lacking HP1,
or carrying a mutation that disrupts the chromodomain,
the transcription of the telomeric transposons is much
more abundant [26]. Intriguingly, a functional chromo-
domain is also necessary for H3-K9 methylation at the
telomeres [26]. Thus, a functional HP1 chromodomain
and H3-Me3K9, although dispensable for telomere
stability, are necessary for the correct transcription
of telomeric transposons and for correct telomere
elongation.

The role of HP1 at the telomeres is mediated by two
different types of binding. Telomere capping depends on
the direct binding of HP1 to telomeric sequences using
the hinge domain, while the transcriptional control of
telomeric sequences depends on the interaction of the
HP1 chromodomain with H3-Me3K9. The observation
that the H3-K9 methylation depends on the presence of
HP1 at the telomeres suggests that this histone modifi-
cation is due to an interaction of HP1 with a specific
HMTase yet to be identified.

Interestingly, several recent findings have shown that
HP1 is also involved in telomere metabolism in mam-
mals. First, there is evidence for a telomeric localization
of the different HP1 homologues on mammalian meta-
phase chromosomes [28-31]. Second, the HP1a homol-
ogue specifically interacts with Ku70, a protein that plays
an important role in the maintenance and regulation of
mammalian telomeres [32]. Third, overexpression of the
HPla and HP1B homologues in human cells, among
several other effects, alters the telomeric association of
the catalytic unit of telomerase (WTERT) and causes
telomeric fusions. Fourth, the overexpression of all three
HP1 homologues causes the shortening of 3’ overhang
and the telomere size [33]. Finally, in mice the reduction
of the chromobox proteins Cbx1, Cbx3 and Cbx5, which
are most similar to Drosophila HP1a, is associated with an
abnormal telomere elongation [31], similar to that
observed in Drosophila.

HP1 is involved in positive regulation of

gene expression

HP1 is present in some euchromatic regions of polytene
salivary gland chromosomes in Drosophila, suggesting
that HP1 also plays a role in the repression of specific
subsets of euchromatic genes. This possibility has been
supported by the finding that HP1 is involved in the

www.sciencedirect.com

Current Opinion in Genetics & Development 2008, 18:169-174



172 Chromosomes and expression mechanisms

repression of four genes located in the cytological euchro-
matic region 31 of chromosome 2 where this protein is
located [34]. However, an extensive cytoimmunochem-
ical analysis in several different natural populations of D.
melanogaster and other Drosophila species [8°] has shown
that HP1 is located at about 200 euchromatic loci in a
pattern that only partially overlaps with the euchromatic
immunopattern produced by antibodies against H3meK9
[25]. These observations have suggested that the associ-
ation of HP1 with euchromatic regions does not require
an interaction with H3meKO9. It has also been shown that
there is not a strict correlation between HP1 euchromatic
binding sites and the presence of transposon-like middle
repetitive DNA [8°]. Thus, while HP1 may play a repres-
sive role at some euchromatic sites, this seems unlikely to
be the case at all such sites.

In fact, among its numerous euchromatic binding sites,
HP1 associates with developmentally regulated chromo-
some puffs, structures that represent the visible expres-
sion of an intense gene activity at the chromosomal level.
During the late third instar larval and prepupal stages, the
release of the hormone ecdysone into the hemolymph
induces a sequence of puffing activity that involves many
loci. For example, in the polytene chromosomes in
Figure 2a, three prominent ecdysone-induced puffs
(75B, 74F, 71CD) are clearly decorated by the HP1
antibody. This association is particularly suggestive of
an involvement of HP1 in ecdysone-induced gene
activity. In support of this possibility, HP1 mutant larvae
carrying the lethal allele Su(var)2-5, one that does not
induce telomeric fusion or cell death, do not pupate and

Figure 4

show a very long third instar (about 7-8 days) before they
die. A detailed analysis of the heat-shock-induced expres-
sion of the HSP70 encoding gene in larvae either lacking
HP1 or with an overdose of the protein has shown that
HP1 is positively involved in Hsp70 gene activity [35°]. A
ChIP assay shows that HP1 binds the coding regions and
not the promoter of the gene. The association of HP1
with the heat-shock-induced puffs is concomitant with
the removal of the protein from almost all other euchro-
matic sites [35°] (see also Figure 4). Since it is well known
that after the induction of heat-shock loci the rest of the
genome is almost completely shut down [36], this obser-
vation has suggested a positive involvement of HP1 in
euchromatic gene expression at a subset of loci. /7 vivo
experiments on salivary glands, using RNNAse treatment,
or sodium salicylate treatment to induce the formation of
puffs without transcription, have shown that the associ-
ation of HP1 with euchromatic sites depends on the
presence of RNA.

Taken together, these results strongly suggest that HP1 is
positively involved in the expression of many euchro-
matic genes by an association with the corresponding
transcripts [35°]. The results of numerous other of exper-
iments lend support to this view. Many genes located in
euchromatin in Drosophila are downregulated in mutant
larvae lacking HP1. The analysis of some of these genes
by simultaneous immunostaining with HP1 antibody and
FISH with the corresponding probes, along with a ChIP
assay, have shown that these genes are associated with
HP1 [37°]. These results have unequivocally shown that
HP1 is involved in positive regulation of euchromatic
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The HP1 immunopattern on polytene chromosomes from a heat shock treated larva. A comparison with the HP1 immunopattern on untreated
polytenes reported in Figure 2a, reveals that, concomitantly with the HP1 accumulation on heat-shock-induced puffs (87A, 87C, 93D and others
indicated by the arrowheads), many of the other euchromatic signals disappear or appear very faint with the exception of those located on the 31
region and few others (arrows). The immunofluorescence on the telomeres (asterisks), the chromocenter (chr) and the fourth chromosome (4) appears

unchanged.
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gene expression at a subset of loci. Supporting results
have been obtained by depletion of HP1 in cultured cells
[38]. More recently, high-resolution mapping exper-
iments have also shown that HP1 is associated with
transcriptionally active chromatin in Drosophila [39°,40].
Experiments in mammalian systems also point to the
involvement of HP1 in gene expression [41]. Intriguingly,
a recent study of the Drosophila PIWI protein has
suggested a possible role of noncoding RNA in targeting
HP1. PIWI belongs to the ARGONAUTE/PIWI family
and binds the PIWI-interacting RNAs (piRNAs). It has
been shown that PIWI interacts with HP1 and displays an
overlapping (but not congruent) distribution pattern on
polytene chromosomes, including both heterochromatic
and euchromatic sites. The PIWI distribution pattern also
depends on RNAse [42°].

Conclusions

Even from this brief discussion, the role of HP1 clearly
emerges as that of an adaptor involved in different func-
tions regarding chromatin configuration. Other properties
and functions not discussed here — such as the interaction
of HP1 with nuclear membrane, its role in metaphase
chromatid cohesion and centromere organization and its
involvement in human diseases such as cancer — await
more intense study. We think HP1 will disclose other
intriguing features in the future. The main problem will
be to understand if the functional versatility of HP1
depends on a unique mode of action (i.e. it performs
the same activity with different partners in different
contexts) or if it possesses several modes of action. These
could depend on conformational changes due to post-
translational modifications that in turn arise from an
epigenetic subcode that permits different interactions
in different contexts [10°].

Acknowledgements

We apologize to all the colleagues whose relevant primary publications were
not included owing to the focus on recent results and space limitations. We
are grateful to our lab members for useful discussions.

References and recommended reading
Papers of particular interest, published within the annual period of
review, have been highlighted as:

e of special interest
ee Of outstanding interest

1. James TC, Elgin SCR: Identification of nonhistone

ee chromosomal protein associated with heterochromatin in
Drosophila and its gene. Mol Cell Biol 1986, 6:3862-3872.

This paper describes the discovery of HP1 and its gene and represents

the starting point of the HP1 saga.

2. James TC, Eissenberg JC, Craig C, Dietrich V, Hobson A,
Elgin SCR: Distribution patterns of HP1, a heterochromatin-
associated nonhistone chromosomal protein of Drosophila.
Eur J Cell Biol 1989, 50:170-180.

3. Eissenberg JC, James TC, Foster-Hartnett DM, Hartnett T,
Ngan V, Elgin SCR: Mutation in a heterochromatin-specific
chromosomal protein is associated with suppression of
position-effect variegation in Drosophila melanogaster.
Proc Natl Acad Sci U S A 1990, 87:9923-9927.

HP1: a functionally multifaceted protein Fanti and Pimpinelli 173

4. Wang G, Ma A, Chow CM, Horsley D, Brown NR, Cowell IG,
Singh PB: Conservation of heterochromatin protein 1 function.
Mol Cell Biol 2000, 20:6970-6983.

5. Lomberk G, Wallrath L, Urrutia R: The heterochromatin protein 1
family. Genome Biol 2006, 7:228.

6. Paro R, Hogness DS: The polycomb protein shares a
homologous domain with a heterochromatin-associated
protein of Drosophila. Proc Nat/ Acad Sci U S A 1991, 88:263-267.

7. Aasland R, Stewart AF: The chromo shadow domain, a second
chromo domain in heterochromatin binding protein 1, HP1.
Nucleic Acids Res 1995, 23:3168-3173.

8. Fanti L, Berloco M, Piacentini L, Pimpinelli S: Chromosomal
distribution of heterochromatin protein 1 (HP1) in Drosophila:
a cytological map of euchromatic HP1 binding sites. Genetica
2003, 117:135-147.

This paper reports a detailed analysis of HP1 distribution along the
euchromatin of a wild-type laboratory strain and four different natural
populations of Drosophila melanogaster and other Drosophila species.
The results clearly show that the association with multiple specific
euchromatic regions, heterochromatin and telomeres is a conserved
characteristic of HP1. Intriguingly, the euchromatic HP1 binding sites
do not appear to be enriched for known repetitive DNAs.

9. Hiragami K, Festenstein R: Heterochromatin protein 1: a
pervasive controlling influence. Cell Mol Life Sci 2005,
62:2711-2726.

10. Lomberk G, Bensi D, Fernandez-Zapico ME, Urrutia R: Evidence

e for the existence of an HP1-mediated subcode within the
histone code. Nat Cell Biol 2006, 8:407-415.

This paper shows that mammalian HP1 isoforms can be extensively

modified, similar to histones, suggesting that the silencing of gene

expression may be further regulated beyond the histone code by an

HP1-mediated ‘silencing subcode’.

11. Huisinga KL, Brower-Toland B, Elgin SC: The contradictory
definitions of heterochromatin: transcription and silencing.
Chromosoma 2006, 115:110-122.

12. Grewal Sl, Jia S: Heterochromatin revisited. Nat Rev Genet 2007,
8:35-46.

13. Elgin SCR, Reuter G: In Epigenetics. Edited by Allis CD, Jenuwein
T, Reinberg R. Woodbury: Cold Spring Harbor Laboratory Press;
2007:81-100.

14. Bannister AJ, Zegerman P, Partridge JF, Miska EA, Thomas JO,
Allshire RC, Kouzarides T: Selective recognition of methylated
lysine 9 on histone H3 by the HP1 chromo domain. Nature 2001,
410:120-124.

15. Lachner M, O’Carroll D, Rea S, Mechtler K, Jenuwein T:
Methylation histone H3 lysine 9 creates a binding site for HP1
proteins. Nature 2001, 410:116-120.

16. Nakayama J, Rice JC, Strahl BD, Allis CD, Grewal SI: Role of
histone H3 lysine 9 methylation in epigenetic control of
heterochromatin assembly. Science 2001, 292:110-113.

17. Nielsen AL, Oulad-Abdelghani M, Ortiz JA, Remboutsika E,
Chambon P, Losson R: Heterochromatin formation in
mammalian cells: interaction between histones and HP1
proteins. Mol Cell 2001, 7:729-739.

18. Schotta G, Ebert A, Krauss V, Fischer A, Hoffmann J, Rea S et al.:
Central role of Drosophila SU(VAR)3-9 in histone H3-K9
methylation and heterochromatic gene silencing.

EMBO J 2002, 21:1121-1131.

19. Horn PJ, Peterson CL: Heterochromatin assembly: a new twist
on an old model. Chromosome Res 2006, 14:83-94.

20. Smallwood A, Estéve PO, Pradhan S, Carey M: Functional

e cooperation between HP1 and DNMT1 mediates gene
silencing. Genes Dev 2007, 21:1169-1178.

This paper shows that mammalian HP1 family members, by a direct

interaction with DNMT1, mediate communication between histone and

DNA methyltransferases to repress euchromatic genes.

21. Haynes KA, Caudy A, Collins L, Elgin SC: Element 1360 and RNAi
components contribute to HP1-dependent silencing of a
pericentric reporter. Curr Biol 2006, 16:2222-2227.

www.sciencedirect.com

Current Opinion in Genetics & Development 2008, 18:169-174



174 Chromosomes and expression mechanisms

22. Grewal SI, Elgin SC: Transcription and RNA interference in the
formation of heterochromatin. Nature 2007, 447:399-406.

23. Bihler M, Moazed D: Transcription and RNAI in
heterochromatic gene silencing. Nat Struct Mol Biol 2007,
14:1041-1048.

24. Fanti L, Giovinazzo G, Berloco M, Pimpinelli S: The

° heterochromatin protein 1 prevents telomere fusions in
Drosophila. Mol Cell 1998, 2:527-538.

This paper shows, for the first time, that HP1 is necessary for telomere

capping in Drosophila.

25. Cowell IG, Aucott R, Mahadevaiah SK, Burgoyne PS, Huskisson N,
Bongiorni S, Prantera G, Fanti L, Pimpinelli S, Wu R et al.:
Heterochromatin, HP1 and methylation at lysine 9 of histone
H3 in animals. Chromosoma 2002, 111:22-36.

26. Perrini B, Piacentini L, Fanti L, Altieri F, Chichiarelli S, Berloco M,
Turano C, Ferraro A, Pimpinelli S: HP1 controls telomere
capping, telomere elongation, and telomere silencing by two
different mechanisms in Drosophila. Mol Cell 2004,
15:467-476.

27. Savitsky M, Kravchuk O, Melnikova L, Georgiev P:
Heterochromatin protein 1 is involved in control of telomere
elongation in Drosophila melanogaster. Mol Cell Biol 2002,
22:3204-3218.

28. Aagaard L, Schmid M, Warburton P, Jenuwein T: Mitotic
phosphorylation of SUV39H1, a novel component of active
centromeres, coincides with transient accumulation at
mammalian centromeres. J Cell Sci 2000, 113:817-829.

29. Minc E, Allory Y, Worman HJ, Courvalin JC, Buendia B:
Localization and phosphorylation of HP1 proteins during the
cell cycle in mammalian cells. Chromosoma 1999, 108:220-234.

30. Koering CE, Pollice A, Zibella MP, Bauwens S, Puisieux A,
Brunori M, Brun C, Martins L, Sabatier L, Pulitzer JF, Gilson E:
Human telomeric position effect is determined by
chromosomal context and telomeric chromatin integrity.
EMBO Rep 2002, 3:1055-1061.

31. Garcia-Cao M, O’Sullivan R, Peters AH, Jenuwein T, Blasco MA:
Epigenetic regulation of telomere length in mammalian cells
by the Suv39h1 and Suv39h2 histone methyltransferases. Nat
Genet 2004, 36:94-99.

32. Song K, Jung Y, Jung D, Lee I: Human Ku70 interacts with
heterochromatin protein 1alpha. J Biol Chem 2001,
276:8321-8327.

33. Sharma GG, Hwang KK, Pandita RK, Gupta A, Dhar S,
Parenteau J, Agarwal M, Worman HJ, Wellinger RJ, Pandita TK:
Human heterochromatin protein 1 isoforms HP1(Hsalpha) and
HP1(Hsbeta) interfere with hTERT-telomere interactions and
correlate with changes in cell growth and response to ionizing
radiation. Mol Cell Biol 2003, 23:8363-8376.

34. Hwang KK, Eissenberg JC, Worman HJ: Transcriptional
repression of euchromatic genes by Drosophila
heterochromatin protein 1 and histone modifiers. Proc Nat/
Acad Sci U S A 2001, 98:11423-11427.

35. Piacentini L, Fanti L, Berloco M, Perrini B, Pimpinelli S:

e  Heterochromatin protein 1 (HP1) is associated with induced
gene expression in Drosophila euchromatin. J Cell Biol 2003,
161:707-714.

This paper shows that HP1 is associated with developmental and heat-

shock-induced puffs on Drosophila polytene chromosomes and is posi-

tively involved in their activity.

36. Michael A, Bonner JJ: The induction of gene activity in
Drosophila by heat shock. Cell 1979, 17:241-254.

37. Cryderman DE, Grade SK, Li Y, Fanti L, Pimpinelli S, Wallrath LL:
. Role of Drosophila HP1 in euchromatic gene expression. Dev
Dyn 2005, 232:767-774.

This paper reports a comparation between mRNAs from wild type and
Su(varn)2-5 mutants lacking HP1. The results show that HP1 regulates
several hundred genes throughout the genome and many of them
colocalize with HP1 along the chromosomes. A detailed analysis of some
HP1-associated genes strongly suggests a positive role for HP1 in
euchromatic gene expression.

38. De Lucia F, Ni JQ, Vaillant C, Sun FL: HP1 modulates the
transcription of cell-cycle regulators in Drosophila
melanogaster. Nucleic Acids Res 2005, 33:2852-2858.

39. de Wit E, Greil F, van Steensel B: High-resolution mapping

e reveals links of HP1 with active and inactive chromatin
components. PLoS Genet 2007, 3:0346-0357.

This paper reports a high-resolution map of HP1 binding sites on chro-

mosomes 2 and 4 in Drosophila Kc cells. The results show that HP1 forms

large domains in pericentric regions but is targeted to single euchromatic

genes that are actively transcribed.

40. Johansson AM, Stenberg P, Pettersson F, Larsson J: POF and
HP1 bind expressed exons, suggesting a balancing
mechanism for gene regulation. PLoS Genet 2007,
3:2235-2246.

41. Vakoc CR, Mandat SA, Olenchock BA, Blobel GA: Histone H3
lysine 9 methylation and HP1gamma are associated with
transcription elongation through mammalian chromatin.
Mol Cell 2005, 19:381-391.

42. Brower-Toland B, Findley SD, Jiang L, Liu L, Yin H, Dus M, Zhou P,
e  Elgin SC, Lin H: Drosophila PIWI associates with chromatin and
interacts directly with HP1a. Genes Dev 2007, 21:2300-2311.

This paper shows that PIWI, an ARGONAUTE/PIWI protein family mem-
ber, strongly and specifically interacts with heterochromatin protein 1a
(HP1a) and shows an association with polytene chromosomes with a
pattern that overlaps with HP1a and appears to be RNA dependent.
These findings implicate a direct interaction between the PIWI-mediated
small RNA mechanism and heterochromatin-forming pathways in deter-
mining the epigenetic state of the fly genome.

Current Opinion in Genetics & Development 2008, 18:169-174

www.sciencedirect.com



	HP1: a functionally multifaceted protein
	Introduction
	Role of HP1 in heterochromatin formation and gene silencing
	Telomeric functions of HP1
	HP1 is involved in positive regulation of �gene expression
	Conclusions
	Acknowledgements
	References and recommended reading


