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FIG. 6. Partial restriction map of the two overlapping genomic DNA clones isolated from a Charon 4 genomic library. The solid bars

represent the two transcription units. ? shows the position of the uncharacterized transcription unit which lies toward the 3' end of ClA9
transcription unit. kb, Kilobases.

DISCUSSION

Our understanding of the structural and functional roles of
chromosomal proteins has been greatly aided by the devel-
opment of immunological techniques to localize protein
antigens on eucaryotic chromosomes (1, 17, 52, 53) with
very specific antisera. A necessary requisite to such an

analysis is the availability of monospecific antibodies to
various chromosomal proteins. Recently, it has been possi-
ble to produce monoclonal antibodies from impure antigens,
as has been done for NHC proteins of the D. melanogaster
cell line Kc (50). One of the drawbacks of this approach is
the fact that the use of crude protein preparations as antigens
often results in the production of a large number of mono-
clonal antibodies that recognize a small number of major
antigenic components in the preparation. To overcome this
drawback, the antigen used in our study was prepared from
gel electrophoretically separated proteins. Our experimental
approach is designed for proteins that are present in low
amounts and that are difficult to purify to homogeneity by
conventional biochemical techniques. Consequently, we
used 1 to 2 ,ug of protein per injection for immunization.
Hydroxylapatite fractionation of nuclear proteins was cho-
sen primarily because separation can be achieved in the
presence of denaturing solvents, which are necessary to
maintain these proteins in solution.
We identified four different monoclonal antibody-secreting

cell lines from a single fusion. In an immunofluorescence
assay, all four monoclonal antibodies recognized an antigen
that is primarily located at the chromocenter. A small, but
consistent number of chromosomal sites, notably region 35
to 36 on the 2L chromosome, were also stained. A detailed
analysis of all the regions that are stained by this assay
indicates that the antigen is concentrated at previously
identified centromeric and intercalary heterochromatic sites
(T. C. James and V. Dietrich, unpublished data).
Heterochromatin in eucaryotic cells can be classified into

two types, constitutive and facultative. Constitutive or oblig-
atory heterochromatin is commonly found in the form of
comparatively short stretches of highly condensed material
that always occur at the same location in both members of a

homologous pair of chromosomes. It is found at
centromeres, usually at both sides of the kinetochore. At
interphase the regions of constitutive heterochromatin may
remain aggregated to form chromocenters. Obligatory

heterochromatin in D. melanogaster occupies approxi-
mately 25 to 50% of all major chromosome arms and the Y
chromosome. It is also interspersed in many euchromatic
sites. Cytological distinctions sometimes have been
drawn between the material of the chromocenter (a-hetero-
chromatin) per se and the condensed regions immediately
adjacent which connect the chromocenter to the chromo-
some arms (P-heterochromatin). While a-heterochromatin is
underreplicated, P-heterochromatin, which has a banded
structure, appears to replicate with euchromatin and also
appears to be transcribed at low levels (28). In the immuno-
fluorescence assay with ClA9 antibody we observed a more
intense staining in the ,-heterochromatin than in the a-

heterochromatin (Fig. 3). This may reflect the DNA and
protein content of the respective regions.
The ClA9 antigen, like Drosophila histone Hi, migrates

aberrantly on SDS-polyacrylamide gels that use discontinu-
ous buffer systems (27). The apparent molecular weight of
34,000 calculated for ClA9 based on its migration on these
gels is approximately twice the absolute molecular weight
obtained from the amino acid sequence data. However, in a
urea-containing SDS gel with a continuous neutral buffer
system, both ClA9 antigen and histone Hi migrated very
close to their absolute molecular weights derived from
nucleic acid or amino acid sequence data at 19,000 and
22,000, respectively. The exact reasons for the anomalous
migration of some proteins on SDS gels is not clearly
understood. The anomalous migration may be due to specific
secondary structures or to an uneven distribution of charge
throughout the protein. The presence of urea and SDS in the
gel at neutral pH presumably results in complete denatur-
ation of these proteins.
There appear to be multiple interdependent factors that

determine heterochromatinization, including the nucleotide
sequences in the heterochromatic DNA and the various
chromosomal proteins that bind to them. Analysis in D.
melanogaster has identified several AT-rich satellite DNAs
present in the constitutive heterochromatin. The satellite
DNA with a bouyant density of 1.688 (8) has been shown to
bind to at least two proteins in a DNA filter binding assay
(21). In another study, it was shown that an NHC protein
called Dl (1, 31) specifically binds to highly AT-rich DNA.
Using immunological techniques, Will and Bautz (64) have
identified a protein of approximately 38,000 daltons (based
on migration of the protein in SDS gels with the discontinu-
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FIG. 7. In situ localization of the gene coding for the ClA9 antigen. A genomic DNA clone (Charon 4 HCDm 7) isolated from a Charon
4 library was nick translated (44) with biotinylated dUTP and used to probe a polytene chromosome squash as described in Materials and
Methods. The hybridization signal is located exclusively at cytological map position 29A on the 2L chromosome.

ous buffer system) as a constituent of heterochromatin.
These authors prepared antisera against two chromosomal
protein fractions obtained from a hydroxylapatite column.
Both antisera showed bright fluorescence staining at the
chromocenter. A number of other bands along the chromo-
some arms were also stained. Because of the impurities in
the antigen the authors could not conclusively attribute the
various staining patterns obtained in this experiment to any

specific antigen, although the 38,000-dalton protein was one

of the major components immunoprecipitated from that
fraction. It is possible that the antigen we identified in the
heterochromatic regions is identical to that described by Will
and Bautz (64). The facts that the antigen described here and
that described previously both elute from hydroxylapatite
columns at 100 to 150mM phosphate concentrations and that
both migrate similarly on urea-acetic acid and SDS-
polyacrylamide gels with discontinuous buffer systems
strongly suggest that they are the same antigen.
The ClA9 antigen appears to be very hydrophilic and has

a high predicted helical content similar to high-mobility
group proteins (4, 10). In addition, polyglutamic acid
stretches (15) and long 3'-untranslated regions (G. H. Dixon,
B. T. Pentecost, K.-L. De. Lee, and J. M. Wright, Abstr.
Int. Symp. Chromatin Struct. Function, Camarino, Italy,
1985, p. 61-62) similar to those seen in the ClA9 antigen
mRNA have also been observed in high-mobility group

proteins. Recently mRNA for another DNA-binding protein,
GCN4 in yeasts, has been characterized (36). GCN4 protein
synthesis is regulated at the translational level, and its
mRNA has a 600-nucleotide-long untranslated 5' noncoding
region. If ClA9 synthesis is also regulated at the transla-
tional level, the long untranslated 5' sequences of ClA9
antigen mRNA may have a functional role. Comparison of
the nucleic acid sequence to Genebank sequences and the
protein sequence to the protein sequence data bank did not
show any significant similarities to other known sequences.

In both drosophila (32) and mice (47) the presence of a

euchromatic gene in close proximity to the constitutive
heterochromatin results in somatic mosaicism in the expres-

sion of the euchromatic gene. This effect, known as position
effect variegation, results from the functional inactivation of
the euchromatic gene. Position effect variegation has been
described in a variety of plants and animals and has been
extensively studied in drosophila (see reference 57 for a
review). Many workers have observed a striking correlation
between the proportion of cells in which the variegating gene
is packaged into heterochromatin and the degree to which a
gene is expressed (19, 42). At the genetic level specific
mutations which modify position effect variegation in D.
melanogaster have been described previously (43). The
localization of the ClA9 antigen-encoding gene to 29A on the
2L chromosome is very intriguing. Recently, a group of
genes referred to as suppressors of position effect variega-
tion have been genetically mapped to approximately 28.9
centimorgans on the 2L chromosome (55). Mutations at this
locus result in marked supression of position effect variega-
tion. It was suggested that genes at such loci may encode
structural NHC protein components of heterochromatic
regions. The protein we identified is an NHC protein and is
very specifically associated with heterochromatic regions.
The chromosomal location of the gene that encodes this
protein at map position 29A appears to be at or very near to
the mutation at 28.9 centimorgans. Preliminary studies indi-
cate that the expression of the message for the ClA9 antigen
is affected by this suppressor mutation (T. C. James and
J. C. Eissenberg, unpublished data). It may therefore be
possible to rescue the lethal homozygous phenotype by
introducing an intact wild-type gene coding for the ClA9
antigen into this mutant by P element-mediated transforma-
tion (45). Such experiments are currently being undertaken
in this laboratory.
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