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Abstract. A rabbit antiserum, specific for the histone
H3.3 replacement variant, was raised with the aid of a
histone H3.3-specilic peptide. Immuno blot experiments
demonstrated the spectlicity of this polyclonal antiserum.
In addition, we showed on timmuno blots that two mono-
clonal antibodies 1solated from mice with systemic lupus
erythematosus (SLE) display strong reactivity with the
H3.3 histone, but not with its replication-dependent coun-
terparts. Our observations indicate that histone H3.3
might play a role as antoantigen in SLE. We used the his-
tone H3.3-spectfic antiserum to characterize the germ line
chromatin mn cytological preparations ol Drosopliila tes-
tes, because our previous studies had shown that a histone
H3.3-encoding gene 1s strongly expressed in the germ line

of Drosophila males. The antiserum reacted with some of

the lampbrush loops in spermatocytes and with chromatin
of the postmetotic germ cells ol males, Our data indicate
that lustone H3.3 1s not evenly distributed throughout the
chromatin ol germ cells, but 1s concentrated n distinct re-
arons. Histone H3.3 disappears {rom the spermatid nucler,
along with the other core histones, during the late stages
of spermatogenesis. In Drosophila  polytene chromo-
somes, however, a rather uniform distribution of the his-
one H3.3 was observed. The possible role of histone
3.3 1s discussed.
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Introduction

Nucleosomes are the basic structural units of eukaryotic
chromatin and their protein components, the histones,

are therefore the fundamental protein constituents of

chromosomes. In higher eukaryotes, the histone genes
can be divided into three categories: replication-depen-
dent, replacement vartant and  tissue-specilic  variant
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genes. This nomenclature is, however, not used consis-
tently and may not necessarily be informative as the dif-
terent categories overlap in some cases. Most of the his-
tone replacement variant genes differ from their replica-
tion-dependent counterparts not only in their mode of reg-
ulation, copy number, gene structure and the type of
mRNA they synthesize, but also in the amino acid se-
quence of the encoded proteins. This also holds true for
the replacement variant of animal histone H3, histone
H3.3, which differs by several amino acid substitutions
from the replication-dependent histones H3 (see Fig. 1).
These differences are highly conserved throughout the
animal kingdom (Brush et al. 1985; Wells dnd Kedes
[985; Swenson et al. 1987; Wellman et al. 1987; Fretzin
et al. 1991; Fucct et al. 1994; Waterborg and Robertson
1996). The high degree of evolutionary conservation ol
the histones of the H3.3 type implies that their modified
protein structures are functionally important.

Essentially no clues as to the function of the replace-
ment variants of histone H3 exist at present and even
the chromosomal distribution of these variants 1s un-
known. In a number of studies synthesis of the H3.3 pro-
tein has been analyzed in relation to the phases of the cell
cycle. Wu et al. (1982) have shown that histone H3.3 1s
the only histone H3 variant synthesized during the G,
G> and Gy stages in Chinese hamster ovarian cells. Newly
synthesized histone H3.3 was found to be preferentially
enriched in transcriptionally active or transcription-com-
petent chromatin of nonreplicating cells (Hendzel and
Davie 1990). In differentiated cells histone H3.3 accumus-
lates over time and gradually becomes the dominant his-
tone H3 subtype of chromatin (Zweidler [984).

Various proteins can be localized within a cell with the
ald of antibodies that are specific to particular epitopes.
This, for example, has allowed the localization of the
variants of histone H2A (Stargell et al. 1993) and histone
H1 (Mohr et al. 1989) as well as of differentially acetyla-
ted isoforms of histone H4 (Turner et al. 1992; for review
see Turner 1993). There are only four amino acid substi-
tutions in histone H3.3 and three of these are clustered
within a rather hydrophobic part of the H3 protein (amino
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acid positions 87-90). Thus, it was uncertain whether it
would become possible to resolve immunologically his-
tone H3.3 from its replication-dependent counterparts.

In order to mvesmgate this pOSSlblhty we synthesized
an oligopeptide Spannlng the amino acid sequence of
the H3.3-specific region of histone H3.3 and raised anti-
bodies against this peptide. The antiserum obtained re-
cognized specifically the H3.3 variant protein. In addi-
tion, we found that certain mouse autoantibodies can also
distinguish between the replication-dependent histone H3
and histone H3.3.

[t has been previously shown, that one of the two Dro-
sophila histone H3.3-encoding genes, 1.e., H3.3A, 18
strongly expressed in testes (Akhmanova et al. 1995). De-
tailed information is available on the organization and re-
arrangements of chromatin in the developing germ line
cells of Drosophila hydei males (Kremer et al. 19806).
We have used germ line cells and polytene chromosomes
of Drosophila males as a reference system, to study the
localization of histone H3.3. We have found a nonuni-

formt distribution of histone H3.3 in the chromatin of

the germ cells of males. The implications of our findings
are discussed in the context of chromatin structure and
function in germ cells of males. In contrast, polytene
chromosomes from salivary glands reacted with the
H3.3-specific antiserum in a rather uniform way, provid-
ing no evidence for an unequal distribution or specific
lunctions of the H3.3 histone variant in this tissue,

Materials and methods

Preparation of antisera, affinity purification and antibody reac-
tions, The H3.1/2 peptide (H3.1/2p) with the sequence RFQSSAV-
MAC and the H3.3 peptide (H3.3p) with the sequence RFQSAAIL-
GAC (see Fig. 1) were synthesized in the laboratory of Dr. J. Zim-
mermann, Jena. The C-terminal cysteine residue is not part of the
histone H3 sequence but was introduced to allow coupling to the
carrier protein fmaleimide-activated keyhole limpet hemocyanin
(KLH) (Boehringer Mannheim)}. The coupling reaction was carried
out according to the mstructions of the supplier. Immunization of
rabbits was performed with 500 pg of the KLH-coupled peptide
in Freund’s complete adjuvant (Harlow and Lane 1988). Rabbits re-
cetved three injections at intervals of 4 weeks,

The polyclonal antibodies were affinity purificd over the H3.3
peptide coupled to a Sulfolink column (Picree). After washing with
PBS (phosphate-buffered saline, containing 137 mM NaCl, 27 mM
KCI, 1.5 mM KHJPO, and 6.5 mM Na.HPO,, pH 7.4) and 0.5 M
NaCl, 10 mM TRIS-HCI, pH 7.5, histone H3.3-specific antibodies
were eluted with 0.1 M glycine, pH 2.6 (Harlow and Lanc [988).
Eluted antibodies were immediately neutralized with | M TRIS-
HCI, pH 9.5. Bovine serum albumin (BSA) was added to a final
concentration of 1% and the antibodies were either used directly

on blots or concentrated with a Centricon 30 device (Amicon) prior

1o immunocytology.

The polyclonal anu-H3 serum (Termaat ct al. 1992) was diluted
1:500 (PBS: 19% BSA) for immuno blotting and 1:50 for immuno-
cytology. The polyclonal antibodies against histone H2A (serum
|, Muller et al. 1986), histone H2B, histone H3 and histone H4 (an-
-H2B serum |, anti-H3 serum [ and anti-H4 serum 2, induced in
the presence of RNA, Muller et al. 1991) were diluted 11100
(PBS: 19% BSA) for immuno blots and 1;10 for immunocytology.
The monoclonal antibodics (MAbs) 42, 56 (Smeenk et al, 1988:
Stemmer et al. 1996) and KM2 (Kramers 1995; van Bruggen et
al. 1997) were used as undiluted cell culture supernatants. Incuba-
tions were performed for 1 h at room temperature or overnight at

4°C. Secondary goat anti-rabbit or goat anti-mouse  antibodies
(Jackson Laboratories) were diluted at 1:2.500 and the blots were
incubated for 30-60 min, The aftinity purified anti-H3.3p antibodies
were tested on dot blots. For this purpose, spots with | pg of H3.3
peptide, H3.1/2 peptide, contral peptide or histone H3 Trony call thy-
mus (Bochringer Mannheim) were applied to PVDEF membrane
(Millipore). A peptide with the sequence ARLDEVLEYEDQV-
ALGC. derived from the chromosomal protein Radha (Harhangt
et al.. in preparation) was used as a control. Dot blots were treated
and incubated as deseribed below Tor muno blots,

Histone extraction, electrophoresis and inumno bloting, Histones
from Drosophila salivary glands were extracted as desceribed by
Turner et al, (1992). Call’ thymus histones (Bochringer Mannheim)
or Drosophila histones were separated on [ 25 polyacrylanude gels
(0.4 mm thick) with 5% acetic acid, 6 M urea, 0.4% Triton X-100
(AUT gels) (Lennox and Cohen 1989), Spectal care was taken o
prevent oxidation of methionine-containing proteins during electro-
phoresis by including a cysteamine scavenge step (Lennox and Co-
hen 1989), After electrophoresis, gels were placed direetly Tfor 2 hin
0.025 M TRIS, 0.192 M alycine, 1% SDS to equilibrate belore un-
muno blotting (Whittield et al. 19803, Subsequently, gels were
transferred to a semidry blot apparatus (Phase). Proteins were blot-
ted to PYDEF membrane for 45 man al A00 mAL Alter bloting, the
membrane was blocked in 3% BSAL 20 mulk pm\du PBS tor | h
at 37°C, air dried and stored at 47°C o washed i PBS prior to an-
tisera incubations.

Indirect  immunoflnorescence  cvtology:  testis  squashes. Testis
squashes were prepared as described carlier (Kremer et al, [986)
and fixed in ethanol for 30 s, After addittonal fixation tor l() min
in 4% paraformaldehyde, PBS, shdes were wiushed once for 5 mun
mm PBS. Shides were then incubated for I3 nun m 1% Triton X-
100 in PBS and washed twice in PBS. I a DNase treatment step
was included, slides were washed twice e nek-teanslation butter
(S0 mM TRIS-HCL, pH 7.5, 10 mM MaSO; SO mg/mb BSA) and
were incubated with 4% DNase i miek-translation butier tor 1 h
at room temperature. Subseqguently, the squashes were washed three
times for 1O min in PRTAPBS contaming 2 mp/ml ol BSA and .14
Triton X-100), The incubatton with the fiest antibody was per-
formed overnight at 47C and after washiing three tmes for 1O min
in PBT the squashes were incubated for 1 howith the secondary an-
1body (fluorescetn isathioeyanate-conjueiated  coat anti-tabbit Fab
ragments, diluted 1:50 1 PBTY, The shides were washed again three
mes in PBT for 10 min and once in PRS and mouated in p-pheayl-
enediamine, glyeerol mountant, The slides were examined with
Zewss Photomiceroscope HI with epilluorescencee equipment. Photo-
graphs were taken on Kodak EKtachrome 00 film and scanned with
a Nikon Coolscan for clectronic processing.

For chemicul degradation of the DN trichloracetic acid ¢(FCA)
treatment was used. Testis squashes were prepared and fixed with
cthanol as described above, The slides were subsequently incubated
In 4% paraformaldehyde, PBS at 47°C for 16220 h, washed several
mes inowater and incubated in 3% TCA at 60°C for 3 h (Hausch-
cek-Jungen and Hartl 19821 After washing in 704 cthanol and in
PBS, shides were ncubated for 1 h in PBT. The squushes were
washed m PBS and PR'T and incubated with the first and second an-
tibodies as desceribed above,

Polytene chromosomes. Polviene chromosomes were prepared es-
sentially as deseribed carlier (Hennig et al. 1972y and teeated as de-
scribed for testis squashes (see above),

Results

Isolation of a polvclonal antiserum specifically
recoguzing the histone H3.3 protein

Histone H3 variant proteins of different organisms are
highly conserved and vary only by a few amino acids.
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