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Abstract The members of the serine–arginine (SR) family
of proteins play multiple roles in posttranscriptional gene
expression. Initially considered as essential splicing factors
confined to the nucleus and regulating constitutive and
alternative splicing, SR proteins are now known to shuttle
between the nucleus and the cytoplasm and to be involved
in mRNA biogenesis, transport, and translation. In Chiro-
nomus tentans, hrp45 is an SR protein structurally similar
to the Drosophila SRp55/B52 SR protein. We have studied
how hrp45, hrp36 [a heterogenous nuclear ribonucleopro-
tein (hnRNP) protein], and small nuclear RNP (snRNP)
proteins are distributed in the transcriptionally active loci of
polytene chromosomes in C. tentans. Immunofluorescence
visualization of the proteins in double-labeling experiments
revealed that hrp45 preferentially associates with a small
number of puffs. On the other hand, hrp36 and snRNP
proteins were found distributed in a large number of loci
with little quantitative difference. Remarkably, hrp45-
labeled loci coincide with the sites of transcription of
premessenger RNPs of secretory protein (sp) genes.
Because the labeling was found sensitive to RNase A

treatment, we conclude that the SR protein hrp45 preferen-
tially binds to sp gene transcripts in salivary gland cells.
The preferential association of a specific SR protein with a
particular type of gene transcripts reflects substrate-specific
function(s) of an SR protein, in vivo. The possible roles that
hrp45 might be playing in speedy and efficient processing
of sp gene transcripts are discussed.

Introduction

Eukaryotic mRNA is associated with a large number of
proteins and form messenger ribonucleoprotein (mRNP)
complexes from its synthesis in the cell nucleus to its
translation into proteins in the cytoplasm. The proteins in
the mRNP complexes can accompany the RNA from gene
to polysomes or just be associated with the transcript during
a specific phase in mRNA biogenesis (for reviews, see
Daneholt 2001; Dreyfuss et al. 2002). Some important
proteins that associate with mRNA are heterogenous
nuclear RNP (hnRNP) proteins, small nuclear RNP
(snRNP) proteins, and serine–arginine (SR) proteins (for
review, see Reed and Magni 2001). There are more than
30 hnRNP proteins in mammalian cells that bind pre-
mRNA concomitant with transcription (for review, see
Dreyfuss et al. 1993; Krecic and Swanson 1999) and
together form a 5- to 10-nm-thick RNP fibril for further
packing into RNP particles (Fakan 1994). The snRNP
proteins are components of the splicing machinery, the
spliceosome, and accumulate on pre-mRNA for removal of
introns (Will and Lührmann 2001).

The SR proteins are a family of evolutionarily
conserved proteins that have essential roles in both
constitutive and regulated splicing (reviewed in Sanford
et al. 2003; Bourgeois et al. 2004). The SR proteins are
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characterized by one or two N-terminal RNA recognition
motifs (RRMs) and a C-terminal RS domain, rich in SR
dipeptides. In vitro, SR proteins have redundant functions
in splicing. However, it was also shown that SR proteins
have unique functions in splicing, both in vitro (Kim et al.
1992; Zahler et al. 1993) and in vivo (Wang et al. 1996; Li
et al. 2005).

Some SR proteins, such as ASF/SF2, 9G8, and SRp20,
shuttle continuously between the nucleus and the cyto-
plasm and thus have been implicated in roles both in the
nucleus and the cytoplasm (Cáceres et al. 1998). The
SRp20 and 9G8 promote export of intronless mRNA in
both mammalian cells and Xenopus oocytes (Huang and
Steitz 2001). Some shuttling SR proteins act as adapters for
TAP/NXF1-dependent mRNA export receptors (Huang et
al. 2003). Antibodies against SR proteins inhibit the export
of RNA in Xenopus oocytes (Masuyama et al. 2004).
Furthermore, ASF/SF2 controls the stability of a PKCI-1-
related mRNA (Lemaire et al. 2002) and stimulates
translation both in vivo and in vitro (Sanford et al. 2004).
SR proteins were also found involved in mRNA surveillance
(Zhang and Krainer 2004).

The SR proteins SRp55/B52 in Drosophila and rsp-3 in
Caenorhabditis elegans are essential for normal develop-
ment and viability (for review, see Sanford et al. 2005). The
ASF/SF2 and SC35 are required for cell viability (Lin et al.
2005). In a recent study, Li et al. (2005) reported that
correct level of ASF/SF2 in cells is essential for progression
of the cell cycle. Finally, Li and Manley (2005) found that
ASF/SF2 is required for maintenance of genome stability.

The SR proteins are recruited from the nuclear speckles
to growing pre-mRNAs at active genes (Lamond and
Spector 2003). Studies on lampbrush chromosome loops
in amphibian oocytes (Roth et al. 1990) and on polytene
chromosome puffs of dipteran larval salivary gland
(Champlin et al. 1991; Baurén et al. 1996) suggest that
SR proteins are associated with a large number of nascent
transcripts. However, it is not known if individual SR
proteins bind to most or all pre-mRNAs and perform
general functions or associate with some specificity to
particular transcripts and selectively influence their expres-
sion, in vivo.

The C. tentans hrp45 is an SR protein of 45 kD
characterized by two amino terminal RRMs and a carboxy
terminal SR-rich domain. The hrp45 is structurally similar
to the Drosophila SRp55/B52 protein (Alzhanova-Ericsson
et al. 1996). Immunoelectron microscopy showed that
hrp45 is added onto Balbiani ring (BR) transcripts
concomitant with transcription. Recently, it was found
that hrp45 is recruited to the growing BR pre-mRNAs
in association with C. tentans-repressor splicing factor
(Ct-RSF), which represses the splicing activity of hrp45
(Björk et al. 2006).

In view of the increasing information on diversified roles
of SR proteins in posttranscriptional gene regulation, it is
desirable to study their association with different transcripts
to reveal the roles that they might be playing in the
expression of specific genes. The genes in polytene
chromosomes of dipteran larvae have provided excellent
material for studies of the assembly and transport of pre-
mRNP particles (Singh et al. 1999; Daneholt 2001).
Furthermore, the polytene chromosomes display hundreds
of transcriptionally active loci, the puffs, which are the
morphological manifestation of unfolded active genes with
RNA polymerases and nascent mRNPs.

We have studied the distribution of the SR protein hrp45
in relation to hrp36 and snRNP proteins in transcriptionally
active loci of polytene chromosomes of C. tentans by
immunofluorescence. The hrp36 is an abundant hnRNP
protein in C. tentans homologous to human hnRNP A1
protein (Visa et al. 1996). We show that hrp45 binds
preferentially to the secretory protein (sp) gene transcripts.
We suggest that hrp45 plays an important role not only in
splicing but also in other events in mRNA biogenesis. As
this SR protein is preferentially associated with primary
transcripts of sp, it might be important for speedy and
efficient processing and transport of the associated tran-
scripts during the larval stage of development when their
ultimate protein product, the sp, are highly needed.

Materials and methods

Materials

The C. tentans was reared following the method of Lezzi et
al. (1981). The fourth instar larvae were used to prepare
salivary gland polytene chromosomes for immunofluores-
cence. C. tentans tissue culture cells were cultivated as a
vesicle suspension at 24°C as described by Wyss (1982).

Antibodies

The mouse monoclonal antibodies (mAbs) 2E4 and 4F9
against C. tentans SR protein hrp45 and hnRNP protein
hrp36, respectively, were raised in our laboratory by Wurtz
et al. (1996). The mAb Y12 (Lerner et al. 1981) against the
Sm epitope of snRNP proteins was given by Dr. J. A.
Steitz, whereas mAb 4G3 (Habets et al. 1989) against the
snRNP U2B″ was procured from Euro-Diagnostica B. V.
(Apeldoorn, The Netherlands). Fluorescene-conjugated an-
tibody against bromodeoxyuridine (anti-BrdU)-fluorescein
isothiocyanate (FITC), which also recognizes bromouridine
(BrUTP) with high specificity and affinity (Schuttle et al.
1987), was obtained from Boehringer Mannheim, Germany.
The anti-human von Willebrand factor VIII antibody used
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in negative control experiments was purchased from
Dakopatts AB, Sweden (DAKO). All antibodies, except
4G3 and anti-von Willebrand factor VIII used in the present
study, were either biotinylated and visualized by Texas
Red-Streptavidin or labeled with FITC for direct detection.
The unlabeled antibodies were detected by tetrarhodamine
isothiocyanate (TRITC)-conjugated secondary antibody
(goat anti-mouse IgG-TRITC) purchased from Boehringer
Mannheim, Germany.

Direct labeling of mAbs

For immunofluorescence analyses of the simultaneous
distribution of two proteins in double-labeling experiments,
mAbs were directly labeled with either fluorescein or biotin
using the Fluorescein Labeling Kit and the Biotin Labeling
Kit, respectively (Boehringer Mannheim, Germany). The
labeling reactions were carried out essentially following the
procedure recommended by the manufacturer. The molar
mixtures were 1:10 and the reactions were allowed to
proceed for 3 h at room temperature. The labeled antibodies
were separated from the nonreacted reagents by gel
filtration on Sephadex G-25 columns.

SDS-PAGE and Western blot analysis

The proteins in nuclear extract (prepared as described by
Wurtz et al. 1996) were precipitated with cold acetone,
resuspended in sample buffer [10% glycerol, 2% sodium
dodecyl sulfate (SDS), 10 mM dithiothreitol, 0.02% bromo-
phenol blue, and 0.0625 M Tris–HCl at pH 6.8], and
separated by electrophoresis in discontinuous gels contain-
ing 10% polyacrylamide and 0.1% SDS in the separating gel
(Laemmli 1970). After electrophoresis, the proteins were
blotted to transfer membranes (Immobilon PVDF, Millipore)
using a Trans-Blot semidry electrophoretic system (BioRad,
Sweden). Membranes were blocked in phosphate-buffered
saline (PBS) containing 10% dry milk powder for 1 h and
incubated with primary antibodies diluted in PBS containing
1% dry milk powder and 0.05% Tween-20. Labeling was
visualized with alkaline phosphatase-conjugated anti-mouse
immunoglobulins (DAKO) using the nitro blue tetrazolium/
5-bromo-4-chloro-3-indolyl phosphate system (Promega).

Immunostaining of polytene chromosomes

Isolated salivary glands were fixed in 2% paraformaldehyde
for about 20 min and squashed in 45% acetic acid. The
squash preparations were frozen over liquid nitrogen, and
thereafter the cover glass was pried off. The preparations
were washed in PBS to remove traces of acetic acid and then
treated with 0.1% glycine in PBS. The nonspecific binding
sites were blocked by incubation of the preparations in 5%

milk powder (Semper, Sweden) in PBS for 30 min. The
PBS-rinsed preparations were double-stained, first with
50 μl biotinylated antibody (conc. 10–15 μg/ml) for about
45 min and then with 40 μl of FITC-conjugated second
antibody (conc. 15–20 μg/ml) mixed together with 30 μl
Texas Red-Streptavidin (conc. 1 μg/ml) for 45 min. Finally,
the preparations were rinsed in PBS, then in distilled water,
and mounted in DAKO fluorescence mounting medium.

Labeling of transcription sites by incorporation of BrUTP

Salivary glands were isolated from fourth instar larvae and
incubated in hemolymph containing 4 mM of BrUTP
(Sigma-Aldrich, Sweden) for 30 min in a humid chamber.
After incubation the glands were washed in ZO culture
medium and processed for polytene chromosome prepara-
tion and immunostaining as described above.

DRB treatment

Isolated salivary glands were incubated for 60 min in
hemolymph containing 20 μg/ml of 5,6-dichloro-1-β-D-
ribofuranosyl benzimidazole (DRB) (Sigma-Aldrich), a
chemical agent known to inhibit RNA Pol II transcription.

RNase treatment

After removal of the coverslips and rinsing in PBS, the
chromosome preparations were treated with RNase A
(200 μg/ml) for 30 min at room temperature and stained
with various antibodies for immunofluorescence analysis.

Immunofluorescence analysis

Double-stained preparations were examined under epifluo-
rescence using filters suitable for the indicated fluoro-
chromes and photographed on Kodak Tmax 400 film. The
preparations were also examined and photographed in a
Zeiss Axiophot fluorescence microscope equipped with a
cooled CCD camera (Photometrics Nu 200/CH250). The
signals were analyzed on a Macintosh Quadra 950 computer
using Smart-capture software (Digital Scientific, UK).

The intensity of each hrp45-labeled locus was depicted
in a relative scale ranging from 1 to 5 where 1 represents
weakly labeled loci and 5 represents the loci most strongly
labeled.

Results

Specificity of mAbs used in the present study

In the present study we have used mAbs 2E4 and 4F9
raised against SR protein hrp45 and an hnRNP protein
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hrp36 of C. tentans, respectively (Wurtz et al. 1996). To
analyze the distribution of snRNP proteins, we used mAbs
4G3 against the U2B″ protein and Y12 against the Sm
epitope of snRNP proteins. The specificity of these
antibodies against their respective proteins in nuclear
extract of C. tentans tissue culture cells was analyzed by
Western blot (Fig. 1). As shown in Fig. 1, the antibodies
against hrp36, hrp45, and U2B″ recognized the
corresponding proteins with high specificity. The anti-Sm
antibody bound to a small set of putative Sm proteins
(cf. Kiseleva et al. 1994).

The hnRNP protein hrp36 and snRNPs associate with most
transcriptionally active loci on polytene chromosomes

The nuclei of larval salivary gland cells in C. tentans
possess four polytene chromosomes designated as chromo-
some I, II, III, and IV. Each chromosome contains many

transcriptionally active loci. The highly active sites and/or
the sites where larger transcripts are synthesized appear as
swollen structures, the puffs, which contain nascent RNP
complexes (Daneholt 2001). Thus, different puffs contain
different types of nascent RNP complexes, which can be
analyzed by antibody staining at the light microscopy level.
Chromosome IV contains three exceptionally large puffs,
referred to as the BRs (BR1, BR2, and BR3). These puffs
are the loci of highly active sp genes and contain large
amounts of nascent mRNP complexes. In addition to the
BRs, several other smaller puffs were mapped as loci for sp
genes (Wieslander 1994).

To visualize transcriptionally active loci on polytene
chromosomes by immunofluorescence, we incorporated
BrUTP, which was subsequently detected by FITC-conju-
gated anti-BrdU antibody. We found approximately 135
fluorescent bands representing transcriptionally active loci
in the four polytene chromosomes of C. tentans. In the
double-labeling experiment when the same chromosomes
were analyzed for the location of hrp36, we found that the
distribution of hrp36 and that of the most transcriptionally
active loci visualized by BrUTP coincide. Immunofluores-
cence analysis of chromosome II and IV double-labeled
with hrp36 and BrUTP is presented in Fig. 2. Almost
identical fluorescent banding pattern can be seen in the two
panels of the figure. Approximately 130 loci were labeled
with hrp36. A small number of loci (about five) were
labeled with BrUTP but not with hrp36. It could be that the
anti-hrp36 epitope is not exposed at these loci or that these
loci are not sites for RNA polymerase II transcription.

Further, we analyzed the distribution of snRNP proteins
in relation to the transcriptional activity (Fig. 3). In double-
labeling experiments, we observed that most of the BrUTP-
labeled loci also harbored snRNP proteins detected by the
anti-snRNP antibodies 4G3 and Y12 (Fig. 3). Most of the
loci showed a moderate snRNP protein labeling. However,
a few loci showed a relatively high intensity of snRNP
labeling while some exhibited a relatively low intensity.
Nevertheless, we conclude that the overall distribution of
snRNP proteins also largely coincided with the BrUTP
labeling. The distributions of BrUTP and snRNP protein on
chromosome I and IV are displayed in Fig. 3. Two loci
showing snRNP labeling of higher intensity are indicated
with arrows in Fig. 3. The locus indicated with arrow on
chromosome IV is BR3, which synthesizes a pre-mRNA
containing 38 introns (Paulsson et al. 1990). The same
distribution of snRNP proteins was observed when snRNP
proteins were compared with hrp36 (data not shown).

To confirm that hrp36, snRNPs, and BrUTP are
associated with RNA, chromosomes were treated with
RNase A before immunolabeling. After RNase A treatment,
hrp36, snRNPs, and BrUTP labeling could not be detected
by immunofluorescence analysis (data not shown). Further,

Fig. 1 Immunoblot detection of hnRNP protein hrp36, SR protein
hrp45, and snRNP proteins in a C. tentans nuclear extract from tissue
culture cells. The proteins of the nuclear extract were separated by
SDS polyacrylamide gel electrophoresis (PAGE), transferred to
nitrocellulose membrane, and probed with monoclonal antibodies. In
subpanel a, lane 1 shows the Coomassie-stained nuclear extract and
lanes 2 and 3 show the Western blot using mAb 4F9 against hrp36
and mAb 2E4 against hrp45. In subpanel b, lane 1 shows the nuclear
extract stained with Coomassie and lanes 2 and 3 show Western blot
using mAb Y12 against the Sm epitope and the 4G3 against U2B″
epitope of snRNP proteins. The positions of the molecular size
markers (kilodaltons) are presented to the left of the Coomassie-
stained lanes
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when salivary glands were treated with DRB, an inhibitor of
RNA polymerase II transcription, we found a drastically
reduced immunofluorescence signal (data not shown). The
negative control experiments with either anti-von Willebrand
factor VIII antibody or with only secondary antibody
showed no significant labeling.

Thus, we infer that hrp36 and snRNP proteins bind to
most primary transcripts as their labeling largely overlaps
the distribution pattern of BrUTP. Further, it is also
indicated that loci generating transcripts with a large
number of introns show higher intensity of snRNP labeling
as found in the case of BR3.

SR protein hrp45 binds preferentially with nascent
transcripts at a small number of loci

To reveal the association of SR protein hrp45 with different
nascent transcripts, we studied the distribution of hrp45 on
transcriptionally active loci in relation to the distribution of
hrp36 and snRNP proteins. The hrp45 and hrp36 proteins
were also simultaneously analyzed in double-labeling
experiments to eliminate the possibility of preparative
and/or physiological variations.

Polytene chromosomes double-stained with either hrp45
and BrUTP or hrp45 and hrp36 revealed that the distribu-
tion of hrp45 did not follow the labeling patterns of BrUTP
and hrp36 (Fig. 4). Rather, hrp45 showed higher intensity
of labeling at a small number of loci. In total, we detected
about 20 loci (depicted with relative labeling intensity from
2 to 5) preferentially associated with hrp45. Of these, 11
were strongly labeled loci (depicted by labeling intensity 3
and more in Table 1), which included the three BRs, a small
puff on chromosome IV, and seven other smaller puffs on
chromosomes I, II, and III (Table 1). Although hrp45 was
also found distributed on many other loci, the relative
intensity of labeling of these loci was low compared to the
20 loci mentioned above. All such weakly labeled loci
displayed a labeling intensity below 2.

The distributions of hrp45 and hrp36 were analyzed on
all four chromosomes, and data on loci preferentially
associated with hrp45 were collected. Images of double-
labeled chromosome I, II, and IV, which harbor sp genes,
are presented in subpanels a, b, and c of Fig. 5, respectively.
The hrp45 antibody revealed only a few strongly labeled
bands, while a large number of loci are labeled with the
hrp36 and snRNP antibodies. To ascertain that the

Fig. 2 Distribution of hrp36 and transcriptional activity (BrUTP
labeling) along polytene chromosomes II and IV of C. tentans as
examined by immunofluorescence microscopy. Squash preparations of
salivary glands incubated in hemolymph containing BrUTP were

challenged with FITC-conjugated anti-BrdU antibody and biotinylated
mAb 4F9. The labeling of 4F9 was visualized by Texas Red-
Streptavidin. A and A′ Chromosome II; B and B′ chromosome IV.
Bar=10 μm
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differential distribution of hrp45 is a constant feature, we
analyzed its distribution in double-labeling experiments
using different fluorochromes in various combinations and
found that the observed labeling pattern was not altered
with changes of the fluorochrome (data not shown). It is
also not due to the differential gene activity as smaller puffs
labeled with hrp45 do not show any significantly higher
intensity with BrUTP labeling. We therefore conclude that
the SR protein hrp45 preferentially binds to a small number
of loci that include the three BRs and a few smaller puffs.

The hrp45-enriched loci are the transcription sites
of sp genes

To identify the transcripts with which hrp45 binds
preferentially, we compared the hrp45-labeled loci with
the location of known genes mapped on polytene chromo-
somes of C. tentans (Wieslander 1994). It is interesting to
note that we found that 8 out of the 11 loci, which showed
labeling intensity higher than 3, harbor genes coding for sp.
The eight hrp45 intensely labeled loci that generate sp gene
transcripts are I-5C, I-17A, I-17B, II-5C, IV-2A, IV-3B, IV-
5B, and IV-6A/B. The hrp45 preferentially associated loci
and corresponding sp genes are summarized in Table 1.
Because sp genes are active on polytene chromosomes
during the larval stage and form puffs containing nascent
pre-mRNPs and because the hrp45 labeling of these puffs is

RNase A-sensitive, we conclude that hrp45 preferentially
binds to sp gene transcripts.

Discussion

The hrp36 and snRNP proteins were found associated with
almost all transcriptionally active loci in C. tentans
polytene chromosomes. The labeling intensity of these
proteins broadly followed the transcription levels of the loci
baring a few exceptions. Earlier studies on simultaneous
detection of hnRNP and snRNP proteins on polytene
chromosomes of Drosophila by immunofluorescence also
revealed that most transcripts associate with both types of
proteins (Matunis et al. 1993). However, hrp45 was found
preferentially distributed in a smaller number of loci, which
showed exceptionally high intensity of hrp45 labeling. In
total, 20 loci with prominent hrp45 labeling were observed,
and they were recorded on all four polytene chromosomes.
Of these, 9 loci are depicted with labeling intensity 2,
whereas 11 loci had a labeling intensity of 3 or more
(Table 1).

Intense labeling of a splicing factor in a gene locus
could reflect the presence of many introns and intense
splicing. Such a situation was seen in the present study for
the BR3 locus in the case of staining with the anti-snRNP
protein antibodies. The BR3 transcripts contain 38 introns

Fig. 3 Distribution of snRNP proteins and transcriptional activity
(BrUTP labeling) along polytene chromosomes I and IV of C. tentans
as studied by immunofluorescence microscopy. Squash preparations
of BrUTP-incorporated salivary glands were incubated with biotiny-

lated mAb Y12 and FITC-conjugated anti-BrdU antibody. The
labeling of Y12 was visualized by Texas Red-Streptavidin. A and A′
Chromosome I; B and B′ chromosome IV. Loci showing higher
intensity of snRNP labeling are indicated by arrows. Bar=10 μm
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(Paulsson et al. 1990) and are largely cotranscriptionally
spliced (Wetterberg et al. 2001). Such a correlation between
intensity of labeling has earlier been seen in the BR3 locus
after staining with anti-snRNP proteins (Kiseleva et al.

1994; Björk et al. 2006). In the case of staining for hrp45,
we did not find any correlation between staining intensity
and number of introns/splicing activity. The BR1 and BR2
genes contain four introns and the BR3 gene 38 introns.
However, no clear difference could be detected in staining
intensity in these loci. This is consistent with the previous
findings that hrp45 binds the exceptionally long exons of the
BR1 and BR2 transcripts (Alzhanova-Ericsson et al. 1996).

Intense labeling of hrp45 could also reflect a higher level
of transcription and hence more nascent transcripts.
However, when hrp45 labeling is analyzed in relation to
BrUTP incorporation, we did not find significantly higher
BrUTP incorporation in hrp45 intensely labeled loci.

On further analysis, it was found that 8 of the 11 strongly
labeled loci are the sites of sp genes. The hrp45 labeling
being sensitive to RNase A treatment confirms that hrp45
binds to the sp pre-mRNA synthesized in these loci. The
eight strongly labeled loci include the three BRs, which are
well-studied sp gene loci on chromosome IV. It was shown
that the BR1 and BR2 harbor actively transcribing genes of
35–40 kb of nucleotides, which code for large-sized sp

Table 1 Loci strongly labeled with anti-hrp45 antibody 2E4 on
polytene chromosomes of C. tentans and corresponding known
locations of secretary protein genes

Chromosome Polytene
chromosome
map location
of loci

Relative
intensity of
labeling

Known secretary
protein genes on
hrp45-labeled loci

I 3B 2
5C 4 sp17
7A 2
11A 2
17A 4 sp240/420
17B 4 sp115, sp140

II 5C 3 sp38-40A, sp38-40B
6B 3
13B 2
13C 2

III 1C 2
2C 2
12C 3
14A 3

IV 2A(BR1) 5 spIa, sp195
3B(BR2) 5 spIb, spId
5B 3 sp12
5C 2
6A/B(BR3) 4 sp185
6C 2

The relative intensity of labeling of loci is depicted in a scale from 1 to
5. Labeling intensity 1 represents weakly stained loci (not included in
this table) whereas 5 represents the most strongly labeled ones. The
loci showing labeling intensity 2 or more are listed in this table

Fig. 4 Immunofluorescence visualization of hrp45 in relation to
transcriptionally active loci (labeled by BrUTP) and to snRNP
proteins on polytene chromosome I of C. tentans. For visualization
of hrp45 in relation to transcriptional activity, squash preparations of
BrUTP-incorporated salivary glands were incubated with biotinylated
mAb 2E4 and FITC-conjugated anti-BrdU antibody. The labeling of
2E4 was visualized by Texas Red-Streptavidin. However, for
visualization of hrp45 in relation to the distribution of snRNP protein,
squash preparations of salivary glands were incubated with biotiny-
lated mAb Y12 and FITC-conjugated mAb 2E4 antibodies. Labeling
of Y12 was visualized by Texas Red-Streptavidin. aA′ Chromosome I
labeled with hrp45 and BrUTP. bB′ Chromosome I labeled with hrp45
and snRNP. Loci showing preferential association with hrp45 are
indicated by arrows. Bar=10 μm
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proteins (about 1 MDa) that form the proteinaceous larval
tube (Case and Wieslander 1992).

The fact that hrp45 preferentially associates with sp
gene transcripts in salivary gland cells of C. tentans

raises questions about their possible roles in the regulation
of the activity of sp genes. The hrp45 protein exhibits
high sequence similarity to Drosophila SRp55/B52
(Champlin et al. 1991; Roth et al. 1991). It was reported

Fig. 5 Comparison of the distributions of hrp45 and hrp36 on
polytene chromosomes I, II, and IV of C. tentans using immunoflu-
orescence microscopy. Squash preparations of salivary glands were
incubated with biotinylated mAb 2E4 and FITC-conjugated mAb 4F9.

The labeling of 2E4 was visualized by Texas Red-Streptavidin. aA′
Chromosome I. bB′ Chromosome II. cC′ Chromosome IV. The loci
showing preferential association with hrp45 are indicated by arrows.
Bar=10 μm
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that SRp55/B52 not only functions as a splicing factor but
also performs an important role in embryonic develop-
ment (Ring and Lis 1994). Immunoelectron microscopic
analysis showed that hrp45 is added continuously to the
growing BR RNP complex concomitant with transcription
and is bound essentially along the entire BR transcript.
Remarkably, it was found to be associated along the entire
exon sequence rather than to be confined to specific sites
close to introns (Alzhanova-Ericsson et al. 1996). In a
recent study, Björk et al. (2006) reported that hrp45 is
recruited onto growing pre-mRNAs together with the Ct-
RSF, previously described as hrp23 (Sun et al. 1998). The
hrp45 protein was also found to be associated with
nucleoplasmic BR particles and the particles translocating
through the nuclear pores (Alzhanova-Ericsson et al. 1996).

The hrp45 protein could act as a splicing factor. This is
supported by the observation that hrp45 activates splicing
of Fushi tarazu transcripts in S100 extract from C. tentans
cells (Björk et al. 2006). However, the facts that at the same
time hrp45 binds essentially along the entire BR transcript
and accompanies the BR RNA to the nuclear pore indicate
additional functions in regulation of gene expression. The
observation in our study that hrp45 preferentially associates
with sp gene transcripts also indicates that this SR protein
performs some specific functions in the biogenesis of these
particular transcripts. It is most close at hand to suggest that
hrp45 is somehow required for speedy and efficient
processing and transport of the sp gene transcripts in
salivary gland cells due to the exceptional need for the
encoded proteins during the larval stage of development. It
was shown that the SR protein 9G8 serves as an adapter
protein for the TAP/NXF1 receptor that mediates essential
interactions with nuclear pore complex (NPC) in the
process of nucleocytoplasmic transport and facilitates
export of mRNA (Huang et al. 2003). Because hrp45
remains associated with BR particles during translocation
through the NPC, it is possible that hrp45 might be acting
as an export adaptor for the sp gene transcripts. Further
study is required to ascertain the specific role of hrp45 and
also to understand its mechanism of preferential binding
with the sp gene transcripts.

Acknowledgements We thank J. A. Steitz for generously providing
the antibody Y12; Lise-Marie Fjelkestam and Birgitta Björkroth for
technical assistance; and Sergej Masich for helping with the computer.
This study was supported by the Swedish Research Council. OPS was
a recipient of a fellowship from the Wenner–Gren Foundations.

References

Alzhanova-Ericsson AT, Sun X, Visa N, Kiseleva E, Wurtz T,
Daneholt B (1996) A protein of the SR family of splicing factors
binds extensively to exonic Balbiani ring pre-mRNA and

accompanies the RNA from the gene to the nuclear pore. Genes
Dev 10:2881–2893

Baurén G, Jiang W, Bernholm K, Gu F, Wieslander L (1996)
Demonstration of a dynamic transcription dependent organization
of splicing factors in polytene nuclei. J Cell Biol 133:929–941

Björk P, Wetterberg-Strandh I, Baurén G, Wieslander L (2006)
Chironomus tentans-repressor splicing factor represses SR
protein function locally on pre-mRNA exons and is displaced at
correct splice sites. Mol Biol Cell 17:32–42

Bourgeois CF, Lejeune F, Stevenin J (2004) Broad specificity of SR
(serine/arginine) proteins in the regulation of alternative splicing of
pre-messenger RNA. Prog Nucleic Acid Res Mol Biol 78:37–88

Cáceres JF, Screaton GR, Krainer AR (1998) A specific subset of SR
proteins shuttles continuously between the nucleus and the
cytoplasm. Genes Dev 12:55–66

Case ST, Wieslander L (1992) Secretory proteins of Chironomus
salivary glands: structural motifs and assembly characteristics of
a novel biopolymer. In: Case ST (ed) Results and problems in
cell differentiation, vol 19. Springer, Berlin Heidelberg New
York, pp 187–226

Champlin DT, Frasch M, Saumweber H, Lis JT (1991) Characteriza-
tion of a Drosophila protein associated with boundaries of
transcriptionally active chromatin. Genes Dev 5:1611–1621

Daneholt B (2001) Assembly and transport of a premessenger RNP
particle. Proc Natl Acad Sci USA 98:7012–7017

Dreyfuss G, Matunis MJ, Pinol Roma S, Burd CG (1993) hnRNP
proteins and the biogenesis of mRNA. Annu Rev Biochem
62:289–321

Dreyfuss G, Kim VN, Kataoka N (2002) Messenger-RNA-binding
proteins and the messages they carry. Nat Rev Mol Cell Biol
3:195–205

Fakan S (1994) Perichromatin fibrils are in situ forms of nascent
transcript. Trends Cell Biol 4:86–90

Habets WJ, Hoet MH, de Jong BAW, van der Kemp A, van
Venrooij WJ (1989) Mapping of B cell epitope on small
nuclear ribonucleoproteins that react with human autoantibodies
as well as with experimentally induced mouse monoclonal
antibodies. J Immunol 143:2560–2566

Huang Y, Steitz JA (2001) Splicing factors SRp20 and 9G8 promote
the nucleocytoplasmic export of mRNA. Mol Cell 7:899–905

Huang Y, Gattoni R, Stévenin J, Steitz JA (2003) SR splicing factors
serve as adapter proteins for TAP-dependent mRNA export. Mol
Cell 11:837–843

Kim YJ, Zou JL, Manley JL, Baker BS (1992) The Drosophila RNA-
binding protein RBP1 is localized to transcriptionally active sites
of chromosomes and a functional similarity to human splicing
factor ASF/SF2. Genes Dev 6:2569–2579

Kiseleva E, Wurtz T, Visa N, Daneholt B (1994) Assembly and
disassembly of spliceosomes along a specific pre-messenger RNP
fiber. EMBO J 13:6052–6061

Krecic AM, Swanson MS (1999) hnRNP complexes: composition,
structure, and function. Curr Opin Cell Biol 11:363–371

Laemmli VK (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227:680–685

Lamond AI, Spector DL (2003) Nuclear speckles: a model for nuclear
organelles. Nature Rev Mol Cell Biol 4:605–612

Lemaire R, Prasad J, Kashima T, Gustafson J, Manley JL, Lafyatis R
(2002) Stability of a PKCI-1-related mRNA is controlled by the
splicing factor ASF/SF2: a novel function for SR proteins. Genes
Dev 16:594–607

Lerner EA, Lerner MR, Janeway CA, Steitz JA (1981) Monoclonal
antibodies to nucleic acid-containing cellular constituents: probes
for molecular biology and autoimmune disease. Proc Natl Acad
Sci USA 78:2737–2741

Lezzi M, Meyer B, Mähr R (1981) Heat shock phenomena in
Chironomus tentans I. In vivo effects of heat, overheat, and

Chromosoma (2006) 115:449–458 457



quenching on salivary chromosome puffing. Chromosoma
83:327–339

Li X, Manley JL (2005) Inactivation of the SR protein splicing factor
ASF/SF2 results in genomic instability. Cell 122:365–378

Li X, Wang J, Manley JL (2005) Loss of splicing factor ASF/SF2
induces G2 cell cycle arrest and apoptosis, but inhibits
internucleosomal DNA fragmentation. Genes Dev 19:2705–2714

Lin S, Xiao R, Sun P, Xu X, Fu XD (2005) Dephosphorylation-
dependent sorting of SR splicing factors during mRNP matura-
tion. Mol Cell 20:413–425

Masuyama K, Taniguchi I, Kataoka N, Ohno M (2004) SR proteins
preferentially associate with mRNAs in the nucleus and facilitate
their export to the cytoplasm. Genes Cells 9:959–965

Matunis EL, Matunis MJ, Dreyfuss G (1993) Association of
individual hnRNP proteins and snRNPs with nascent transcripts.
J Cell Biol 121:219–228

Paulsson G, Lendahl U, Galli J, Ericsson C, Wieslander L (1990) The
Balbiani ring 3 gene in Chironomus tentans has a diverged
repetitive structure split by many introns. J Mol Biol 211:331–349

Reed R, Magni K (2001) A new view of mRNA export separating:
separating the wheat from the chaff. Nat Cell Biol 3:E201–204

Ring HZ, Lis JT (1994) The SR protein B52/SRp55 is essential for
Drosophila development. Mol Cell Biol 14:7499–7506

Roth MB, Murphy C, Gall JG (1990) A monoclonal antibody that
recognizes a phosphorylated epitope stains lampbrush chromo-
some loops and small granules in the amphibian germinal vesicle.
J Cell Biol 111:2217–2223

Roth MB, Zahler AM, Stolk JA (1991) A conserved family of nuclear
phosphoproteins localized to sites of polymerase II transcription.
J Cell Biol 115:587–596

Sanford JR, Longman D, Cáceres JF (2003) Multiple roles of the SR
protein family in splicing regulation. Prog Mol Subcell Biol
31:33–58

Sanford JR, Gray NK, Beckmann K, Cáceres JF (2004) A novel role
for shuttling SR proteins in mRNA translation. Genes Dev
18:755–768

Sanford JR, Ellis J, Cáceres JF (2005) Multiple roles of arginine/
serine splicing factors in RNA processing. Biochem Soc Trans
33:443–446

Schuttle B, Reynders MMJ, van Assche CLMVJ, Hupperets PSGJ,
Bosman FT, Blijham GH (1987) An improved method for the
immunocytochemical detection of bromodeoxyuridine labeled
nuclei using flow cytometry. Cytometry 8:372–376

Singh OP, Björkroth B, Masich S, Wieslander L, Daneholt B (1999)
The intranuclear movement of Balbiani ring premessenger
ribonucleoprotein particles. Exp Cell Res 251:135–146

Sun X, Alzhanova-Ericsson AT, Visa N, Aissouni Y, Zhao J, Daneholt
B (1998) The hrp23 protein in the Balbiani ring pre-mRNA
particles is released just before or at the binding the particles to
the nuclear pore complex. J Cell Biol 142:1181–1193

Visa N, Alzhanova-Ericsson AT, Sun X, Kiseleva E, Björkroth B,
Wurtz T, Daneholt B (1996) A pre-mRNA-binding protein
accompanies the RNA from the gene through the nuclear pores
and into polysomes. Cell 84:253–264

Wang J, Takagaki Y, Manley JL (1996) Targeted disruption of an
essential vertebrate gene. ASF/SF2 is required for cell viability.
Genes Dev 10:2588–2599

Wetterberg I, Zhao J, Masich S, Wieslander L, Skoglund U (2001) In
situ transcription and splicing in Balbiani ring 3 gene. EMBO J
20:2564–2574

Wieslander L (1994) The Balbiani ring multigene family: coding
repetitive sequences and evolution of a tissue specific cell
function. Prog Nucleic Acid Res Mol Biol 48:275–313

Will CL, Lührmann R (2001) Spliceosomal UsnRNP biogenesis,
structure and function. Curr Opin Cell Biol 13:290–301

Wurtz T, Kiseleva E, Nacheva G, Alzhanova-Ericsson AT, Rosén A,
Daneholt B (1996) Identification of two RNA-binding proteins in
Balbiani ring premessenger ribonucleoprotein granules and
presence of these proteins in specific subsets of heterogeneous
nuclear ribonucleoprotein particles. Mol Cell Biol 16:1425–1435

Wyss C (1982) Ecdysterone, insulin and fly extract needed for the
proliferation of normal Drosophila cells in defined medium. Exp
Cell Res 139:297–307

Zahler AM, Neugebauer KM, Lane WS, Roth MB (1993) Distinct
functions of SR proteins in alternative pre-mRNA splicing.
Science 230:219–222

Zhang Z, Krainer AR (2004) Involvement of SR proteins in mRNA
surveillance. Mol Cell 19:597–607

458 Chromosoma (2006) 115:449–458


	A specific SR protein binds preferentially to the secretory protein gene transcripts in salivary glands of Chironomus tentans
	Abstract
	Introduction
	Materials and methods
	Materials
	Antibodies
	Direct labeling of mAbs
	SDS-PAGE and Western blot analysis
	Immunostaining of polytene chromosomes
	Labeling of transcription sites by incorporation of BrUTP
	DRB treatment
	RNase treatment
	Immunofluorescence analysis

	Results
	Specificity of mAbs used in the present study
	The hnRNP protein hrp36 and snRNPs associate with most transcriptionally active loci on polytene chromosomes
	SR protein hrp45 binds preferentially with nascent transcripts at a small number of loci
	The hrp45-enriched loci are the transcription sites �of sp genes

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


