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Abstract

Using immunostaining with antibodies against cohesin subunits, we show here that cohesin-enriched structures

analogous to the so-called centromere protein bodies (PB) are the characteristic of galliform lampbrush

chromosomes. Their centromeric location was verified by FISH with certain DNA probes. PB-like structures

were used as markers for centromere localization in chicken lampbrush chromosomes. The gap predicted to be

centromeric in current chicken chromosome 3 sequence assembly was found to correspond to the non-

centromeric cluster of CNM repeat on the q-arm of chromosome 3; the centromere is proposed to be placed at

another position. The majority of chicken microchromosomes were found to be acrocentric, in contrast to

Japanese quail microchromosomes which are biarmed. Centromere cohesin-enriched structures on chicken and

quail lampbrush microchromosomes co-localize with pericentromeric CNM and BglIIj repeats respectively.

FISH to the nascent transcripts on chicken lampbrush chromosomes revealed numerous non-centromeric CNM

clusters in addition to pericentromeric arrays. Complementary CNM transcripts from both C- and G-rich DNA

strands were revealed during the lampbrush stage.

Introduction

The domestic chicken (Gallus gallus domesticus) is

widely used as a model organism for biomedical

research. Because of its importance the chicken

genome is now one of the best-investigated bird

genomes. Available resources include a consensus

genetic map with more than 2000 markers (http://

acedb.asg.wur.nl/), BAC libraries representing several

genome-equivalents organized in physical maps (http://

www.bioinformatics.nl/gbrowse/cgi-bin/gbrowse/,

http://www.animalsciences.nl/cmap/), the first draft of

the chicken genome sequence (Schmid et al. 2000,

2005, ICGSC 2004), and the complete description of

the chicken karyotype (Masabanda et al. 2004). The

chicken karyotype (2n = 78) consists of 11 pairs of

macrochromosomes, including autosomes 1Y10 and

gonosomes ZZ/ZW, and 28 pairs of chromosomes

called microchromosomes (Masabanda et al. 2004).

The smallest chromosome has a size of about 3.4 Mb

(Pichugin et al. 2001).

Notwithstanding the progress of the research, the

chicken genome sequence still contains numerous

gaps. The DNA sequences in centromeric regions are

unknown and are therefore represented by gaps in the

current chicken chromosome sequence assembly (acces-

sible at http://www.ensembl.org, http://www.ncbi.nih.

gov, http://genome.ucsc.edu/cgi-bin/hgGateway). Since

any chicken chromosome sequence contains a number

of gaps at the boundaries of the sequence forming

supercontigs, the positions of centromeric and non-

centromeric satellite arrays are not clear. For a number

of microchromosomes (chromosomes 25, 29Y31,

33Y38) no sequence information is yet available.
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Moreover, on metaphase preparations, even in the case

of the largest microchromosomes, the position of pri-

mary constriction is undetectable. Integration of physical

mapping and sequence analyses represents a powerful

cytogenomic approach (Romanov et al. 2005). Cytoge-

netic analysis at higher resolution level would provide

essential information about the regions absent from the

sequence maps of chicken chromosomes including

centromeres, telomeres and other heterochromatic

regions enriched with tandem repeats.

Avian chromosomes in the lampbrush form, which

develop during the diplotene stage of the meiotic

prophase I in females, represent an excellent system

for high-resolution cytogenetic analysis. Active tran-

scription in avian pre-vitellogenic oocytes leads to

the decondensation of the chromatin and formation

of the greatly elongated lampbrush chromosomes

(LBC), so called because of their fuzzy appearance

produced by hundreds of laterally projecting loops.

The chicken chromosome length increases more than

30-fold between the mitotic metaphase and lamp-

brush stages and between pachytene chromosomes

and LBC Y up to 10-fold (Chelysheva et al. 1990).

Each LBC represents a succession of chromomeres

(condensed chromatin) with one or more pairs of

lateral loops (transcriptionally active chromatin)

extended from each chromomere (reviewed in Callan

1986, Macgregor 1986, 2002, Morgan 2002).

Chicken lampbrush chromosomes are well char-

acterized (Hutchison 1987, Chelysheva et al. 1990,

Solovei et al. 1993, 1994, 1998, Galkina et al. 2005,

Schmid et al. 2005). In particular, the correspondence

of chicken LBC 1Y 6, Z and W and the corresponding

metaphase chromosomes has been confirmed (Solovei

et al. 1993, Derjusheva et al. 2003, Galkina et al.
2006). Cytogenetic maps for chicken LBC 1Y 6, Z and

W are published (Chelysheva et al. 1990, Galkina

et al. 2006). In contrast to mitotic metaphase prep-

arations, on LBC spreads individual microbivalents

can be recognized by unique chromomere and loop

patterns. Notwithstanding the detailed descriptions of

chicken LBC, centromeric regions have not been

unequivocally located on them.

In many urodele species (Amphibia), centromeres

on LBC are marked by elongated and loopless

chromomeres called centromere or axial bars by

Callan (1986). Until now certain bar-like regions

lacking lateral loops were considered as possible

indicators of centromere regions on chicken LBC

(Chelysheva et al. 1990, Schmid et al. 2005).

However, some chicken LBC do not have prominent

axial bars while others have several loopless bars.

For example a prominent loopless region on LBC3,

predicted as centromeric, has recently been shown by

FISH mapping of BAC clones to represent the distal

region of 3q (Galkina et al. 2006). So centromere

positions on most chicken LBC remain unknown.

Information on chicken centromere-specific

sequences is sparse. Only two repeats from chicken

genome are known to be centromeric satellites. One

is the partially inverted satellite repeat (PIR) that

localizes at the centromere region of chromosome

8 (Wang et al. 2002). The other tandem repeat Y
CNM Y is proposed to have centromeric localization

on a number of microchromosomes and two inter-

mediate chromosomes (Matzke et al. 1990, Wang

et al. 2002, Romanov et al. 2005). Many recent

efforts, including Cot-based sequencing did not

reveal any new satellites of centromere localization

within the repetitive landscape of the chicken

genome (Wicker et al. 2005). The aim of the present

work was to localize the centromeres on chicken LBC

using molecular markers other than DNA sequences.

Our approach is based on information about LBC

centromeric regions of other avian species. The cen-

tromeric regions of pigeon and chaffinch LBC were

shown to be marked with prominent spherical struc-

tures called protein bodies Y PB (Gaginskaya 1972,

Solovei et al. 1996, Saifitdinova et al. 2003). In Gal-

liformes Y in particular in chicken, quail and turkey Y
similar prominent spherical bodies on LBC have not

been described at light microscopic level (Kropotova

& Gaginskaya 1984, Hutchison 1987, Chelysheva

et al. 1990, Myakoshina & Rodionov 1994, Rodionov

& Chechik 2002, Schmid et al. 2005). Recently we

have shown that centromere PB in non-galliform

species comprise certain chromosome structural pro-

teins, including cohesin subunits SMC3, SMC1!,

Rad21, STAG1 and STAG2 (Krasikova et al. 2005).

Keeping in mind that in mammals cohesin complex

proteins are enriched at chromosome centromeric

regions and proposed to be involved in joining of sister

kinetochores during late meiotic prophase I (Parra et al.
2004, Prieto et al. 2004), we applied antibodies against

cohesin subunits to galliform LBC. This approach

allowed us to detect PB-like agglomerates of cohesin

subunits on lampbrush bivalents of chicken and Japanese

quail (Coturnix coturnix japonica). We argue that these

sites are strong candidates for universal markers for

centromere positions on lampbrush chromosomes.
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Materials and methods

Chromosome preparation

Chicken (Gallus gallus domesticus, GGA) and

Japanese quail (Coturnix coturnix japonica, CCO)

LBC were isolated manually from oocyte nuclei

according to the standard technique (Solovei et al.
1993, 1994, Macgregor 2002, Saifitdinova et al.
2003). Adult females were bought from commercial

stocks. Preparations were dehydrated in 96% ethanol

and air-dried before using for FISH. Preparations for

immunostaining were never dried. Full sets of chicken

LBC were analysed. Mitotic metaphase chromosomes

were obtained from chicken embryonic fibroblasts

using conventional techniques.

Immunofluorescent staining

Immunostaining of chicken and quail LBC was

carried out as previously described (Krasikova et al.
2005) with the following rabbit polyclonal anti-

bodies: K853 and K854 against Rad21, and K828

against STAG2 (Prieto et al. 2004). After immuno-

staining and image acquiring some LBC preparations

were used for FISH. In this case slides were washed

in 2 � SSC at 42-C, dehydrated in ethanol and air-

dried before applying FISH probes.

DNA probes

For identification of chicken LBC and certain LBC

regions, the following probes were used: (1) whole

chromosome paints specific for individual chromo-

somes 7Y10 and the two largest microchromosomes

(chromosomes 11 and 12) (Griffin et al. 1999); (2)

chicken BAC clones bW043G06 (1p11), bW025G16

(1q11), bW026B13 (2p12), bW014J06 (2q11),

bW029L12 (3pter) and bW125P16 (4p11) from the

Wageningen chicken BAC library (Crooijmans et al.
2000, http://www.zod.wau.nl/vf/); their chromosome

position and microsatellite markers are described in

Galkina et al. (2006). BAC and paints were labelled

with biotin-16-dUTP or digoxigenin-11-dUTP (Roche).

The labelled probes were dissolved to a final concen-

tration of 10 Y50 ng/2l in hybridization buffer (50%

formamide, 2 � SSC, 10% dextran sulphate) with

10 Y50-fold excess of chicken Cot-1 DNA and/or

salmon sperm DNA.

Full-length repeated unit of centromeric satellite PIR

specific for chicken chromosome 8 (Wang et al. 2002)

was amplified from chicken genome DNA by a PCR

reaction with a primer (50-GTTTGTTGTTTTGGTTGC

CGTTT-30). Chicken W specific SspI repeat was

amplified from chicken genome DNA by a PCR reaction

with the primers SSPF1 and SSPR1 described by Itoh &

Mizuno (2002). Then the repeats were labelled with

biotin-16-dUTP (Roche) in PCR reactions with the

same primers. The labelled probes were dissolved to a

final concentration of 5 ng/2l in the hybridization

buffer with 50-fold excess of salmon sperm DNA.

Chicken LBC were also probed with biotinylated

oligonucleotides: (CCCTAA)5 specific for telomeric

repeat, and CNMpos and CNMneg specific for micro-

chromosomal repeat CNM Y a ~41 bp tandem repeat

isolated from the chicken genome and described by

Matzke et al. (1990). The CNMpos and CNMneg

oligonucleotides were designed according to the

consensus sequence to produce strand-specific hybrid-

ization. Oligonucleotides were as follows:

CNMpos, 50-biotin-TGTTTTCTCTTCGAAAAT

CCCCCATTT-30

CNMneg, 50-biotin-AAATGGGGGATTTTCGAA

GAGAAAACA-30.

Japanese quail LBC were probed with biotinylated

CCOpos and CCOneg oligonucleotides (see Galkina

et al. 2006) designed according to the consensus

sequence of a BglII- 41 bp tandem repeat isolated

from the Japanese quail genome by Tanaka et al.
(2000). The biotinylated oligonucleotides were dis-

solved to a final concentration of 5 ng/2l in 40%

formamide hybridization buffer. The 50-fold excess

of salmon sperm DNA was used in the case of CNM

or CCO oligonucleotides, and the same excess of

tRNA Y in the case of telomeric oligonucleotide. The

CNMpos and CNMneg oligonucleotides were either

mixed, or used separately in the case of strand-

specific hybridization.

Fluorescence in-situ hybridization (FISH)

Chromosome painting of chicken LBC was performed

according to Derjusheva et al. (2003). In some experi-

ments the pre-annealing of painting probes was

omitted, to allow the preferential hybridization to

repetitive sequences.

LBC preparations were also probed with chromo-

some-specific PIR or SspI-repeat probes and with
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BAC. LBC and probes were denatured together on the

slide under a coverslip at 82-C for 5 min. Hybridiza-

tion was performed according to Galkina et al. (2006).

When labelled oligonucleotides were used as probes,

three variants of FISH were carried out: (1) for DNA/

DNA hybridization, LBC were pre-treated with RNase

A; (2) for DNA/(DNA+RNA) hybridization and (3) for

DNA/RNA hybridization, RNase A treatment was

omitted, allowing us to reveal RNA transcripts. In the

first two variants LBC were denatured as described

above; in the third one chromosomal DNA was not

denatured. Then slides were incubated overnight at RT.

After hybridization the slides were washed in four

changes of 2 � SSC at 37-C.

In the case of FISH to metaphase chromosomes,

chromosome preparations were pre-treated with RNase

A (100Y200 2g/ml), pepsin (0.01% in 0.01 N HCl) and

formaldehyde (1% in PBS, 50 mM MgCl2) according

to the standard procedures. Hybridization was per-

formed as described above.

Avidin-FITC (Vector Laboratories) or Avidin-

Cy3 (Jackson ImmunoResearch Laboratories) was

used to detect biotin-labelled probes. Antibody

against digoxigenin conjugated with Cy3 (Jackson

ImmunoResearch Laboratories) was used to detect

digoxigenin-labelled probes. All preparations after

FISH were mounted in antifade solution containing

1 2g/ml DAPI.

Microscopy

Preparations were examined using a Leica fluores-

cence microscope DM4000 equipped with a mono-

chrome digital camera DFC350 FX and appropriate

filter cubes. Leica CW 4000 FISH software was used

to acquire and process multicolour images.

Results

PB-like cohesin-enriched structures on galliform
lampbrush chromosomes

Immunofluorescent staining of chicken LBC spreads

with either anti-STAG2 or anti-Rad21 antibodies

revealed predominantly one prominent focus on each

LBC homologue (Figures 1 and 2). The diameter of

these cohesin-enriched structures does not exceed

1 2m, a size several times smaller than the average

centromere PB of chaffinch and pigeon. These

cohesin-enriched structures were found at the constant

positions characteristic of each lampbrush bivalent.

During chromosome contraction after the lampbrush

stage these PB-like structures persist at the same sites

on chromosomes (Figure 1b). Similar results of

labelling with antibodies against cohesin subunits

were observed in Japanese quail: both macro- and

micro-LBC bore one major labelling site for each

homologue (Figure 3).

In chicken the cohesin-enriched structures were

plotted on the cytogenetic maps available for lamp-

brush chromosomes 1Y 6, Z and W (Figure 1a0, b0, e0

and Figure 2a0Y d0, e). Macrochromosomes 7Y10 and

the two largest microchromosomes (chromosomes 11

and 12) were identified using chromosome-specific

paints. On these LBC PB-like structures were

mapped at chromosome regions that could be

identified by marker chromomeres (Figure 2fYi). On

the rest of chicken LBC, micros 13Y38, PB-like

Figure 1. Centromere localization on chicken lampbrush chromosomes 1Y3. (a, b, c and e): Immunofluorescent detection of STAG2 cohesin

subunit (red). Centromere PB-like structures (red) are marked by arrows. (a) Lampbrush chromosome 1. FISH localization of TTAGGG-

repeat (green, arrowheads) performed after immunostaining. Cohesin-enriched structure (red) co-localizes with one of the interstitial

(TTAGGG)n sites (ITSs). (b) Bivalent 2 at the middle and at the end of lampbrush stage (insert) shown at the same magnification. (c) Lampbrush

chromosome 3. FISH mapping of BAC clone bW029L12 (green) after immunostaining. (d) FISH with CNM probe (green) to chicken metaphase

chromosomes. Arrowheads indicate CNM signals on chromosomes 3. (e) Lampbrush chromosome 3. FISH mapping of CNM repeat according to

the DNA/DNA hybridization protocol after immunostaining. Two CNM sites (green) are visible on the long arm of each homologue. FISH with

CNMneg oligonucleotide to nascent RNA (insert) reveals polarized transcription units containing CNM transcripts (green). (aYe) Chromosomes

are counterstained with DAPI (blue). Scale bars = 10 2m. (a0, b0 and e0) Cytological maps of chromomere-loop pattern of chicken LBC 1Y3

respectively. DAPI-positive chromomeres are represented by black or grey axial dots. Step line reflects the average loop length over a single

region. Red circles indicate centromere cohesin-enriched structures (CEN). The positions of certain BAC clones are depicted in blue.

Chromomeres comprising TTAGGG-repeat in LBC1 (a0), as well as loops and chromomeres comprising CNM or bW029L12 in LBC3 (e0), are

shown in green. Landmark structures are depicted: LL, lumpy loop; PBL11, marker loop on LBC1; SM, spaghetti marker; TBL, telomere bow-

like loop. (f) Scheme of contigs constituting first 15 Mb of the draft chicken chromosome 3 sequence assembly (from http://www.ncbi.nih.gov).

The positions of centromere and distal CNM site are transferred from the cytological map with corresponding black lines.
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structures were found near the most prominent

chromomere at one of the LBC ends (Figure 2j, k);

this is similar to LBC 6, 9, 11 and 12.

Verification of centromeric position
of PB-like structures

To confirm the centromeric location of the PB-like

structures on galliform LBC, FISH with available

probes specific for the centromeres was performed

after the immunostaining.

In lampbrush bivalent 1, PB-like structures associate

with two chromomeres in a prominent loopless bar

(Figure 1a). This axial bar is surrounded with BAC

bW043G06 and bW025G16, assigned to 1p11 and

1q11, respectively (Galkina et al. 2006). These

chromomeres hybridize with the chromosome 1 paint

more intensively than expected (Derjusheva et al.
2003), leading to the presumption that they contain

repetitive DNA typical of centromeres. Although

centromeric repeats specific for chromosome 1 are

not yet available, one of the interstitial telomeric sites

(ITS) is known to mark the centromeric region of this

chicken chromosome in mitotic metaphase prepara-

tions (Nanda & Schmid 1994). FISH with biotinylated

(CCCTAA)5 oligonucleotide as a probe after immu-

nostaining with antibody against STAG2 showed the

PB-like structure on LBC1 to nearly co-localize with

the ITS signal (Figure 1a, a0).
Keeping in mind the average amount of DNA per

chromomere in chicken LBC (1.5Y2.0 Mb) and the

position of the putative centromeric gap (18.4 Y
19.9 Mb) in the GGA4 sequence assembly, we

predicted the centromere localization on LBC4 within

the two-chromomere distance from the BAC clone

bW125P16, assigned to the 16 Mb position (Galkina

et al. 2006). FISH with bW125P16 probe performed

after immunostaining showed close localization of

the PB-like structure and bW125P16-bearing loop on

LBC4; the signals were separated by two chromo-

meres as expected (Figure 2a, a0).
In chicken LBC8 the PB-like structure associates

with the pair of chromomeres hybridizing with the

satellite repeat PIR (Figure 2g) specific for the

centromere region of GGA8.

Since chicken repetitive sequence CNM was pre-

sumed to have pericentromeric localization on chro-

mosomes 6, 9 and microchromosomes (Matzke et al.
1990, Wang et al. 2002, Romanov et al. 2005), we

analysed CNM distribution on LBC. CNM-bearing

LBC were identified as chromosomes 3, 6, 9, W and

micros 11Y38. In LBC 6, 9, 11Y38 CNM signals were

found in the terminal chromomeres adjacent to

PB-like structures (Figure 2c, c0, h, j, k). CNM was

not detected in eight LBC (chromosomes 1, 2, 4, 5, 7,

8, 10 and Z) that correspond to the data of CNM

mapping on metaphase chromosomes (Figure 1d).

In chicken female-specific W-chromosome the

kinetochore position was earlier identified on pachy-

tene ZW bivalents (Solari 1992); the kinetochore

localizes between the major cluster of XhoI repeat

and the minor cluster of EcoRI repeat (Solari &

Dresser 1995). On chromosome W in the lampbrush

form these pericentric blocks of XhoI and EcoRI

sequences were mapped in chromomeres 3 and 5

correspondingly (Solovei et al. 1998). We show here

Figure 2. Centromere localization on chicken lampbrush chromosomes 4Y10, Z, W and micro-LBC. (aYd, fYk) Immunofluorescent detection

of STAG2 cohesin subunit (red). Lampbrush bivalents 4 (a), 5 (b), 6 (c), ZW (d), 7 (f ), 8 (g), 9 (h), 10 (i) and microchromosomes (j, k)

Centromere PB-like structures (red) are marked by arrows. (a) Lampbrush chromosome 4. FISH mapping of BAC clone bW125P16 (green)

after immunostaining. (c, h) Lampbrush chromosomes 6 and 9. FISH mapping of CNM repeat after immunostaining, hybridization signals

(green) are shown on the corresponding phase contrast images. (a0, b0, c0, d0) Cytological maps of chromomere-loop pattern of chicken LBC

4Y6 and Z. Red circles indicate centromere cohesin-enriched structures (CEN). Curly brace indicates the region of LBCZ containing the

Z-Ma-satellite; TGL, terminal giant loop; ML, marker loop; the rest of indications are the same as in Figure 1. (e) Chromomere map of

chicken LBCW according to Ogawa et al. (1997) with modifications. Red circle indicates centromere cohesin-enriched structure (CEN).

CNM-positive chromomere is shown in green. Sites of XhoI and EcoRI repeats (Solovei et al. 1998), major site of SspI repeat (chromomere

6, Itoh & Mizuno 2002 and our data), minor sites of SspI repeat (chromomeres 2 and 5, our data), and interstitial (TTAGGG)n sites (ITS)

(Solovei et al. 1993 and our data) are indicated. (g) Lampbrush chromosome 8. FISH mapping of PIR repeat after immunostaining. PB-like

structure (red) localizes between two PIR-comprising chromomeres (green). (i) Lampbrush chromosome 10. FISH with chicken chromosome

10 paint after immunostaining. In conditions favouring the hybridization of repetitive sequences painting probe (green) preferentially

hybridizes to the centromeric chromomeres of LBC10 (arrowheads), whereas no signal was detected at the centromere chromomeres of other

LBC. (j, j0, k, k0) Two types of chicken microchromosomes grouped according to the CNM hybridization pattern. (j0, k0) Y schematic

representation, red circles indicate centromere cohesin-enriched structures, CNM-bearing chromomeres and loops are shown in green.

(j, k) FISH with CNM probe (green) after immunostaining (red) (left panels). FISH with CNMpos or CNMneg oligonucleotide (green) allows

determination of transcribing strand (right panels). (aYd, fYk) Chromosomes are counterstained with DAPI (blue). Scale bars = 10 2m.
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that the PB-like structure locates between the

chromomere 3 and the tiny chromomere 4 of LBCW

(Figure 2d, e). It is worth noting that the chromo-

mere 4, which lacks other known W-specific

repetitive sequences (EcoRI, XhoI, and SspI), hybrid-

izes with a probe homologous to the CNM repeat

(Figure 2e). Similarly, CNM was detected at the

primary constriction of GGAW in DT40 cells (Wang

et al. 2002).

In Japanese quail, a CNM-like ~41 bp repeat

concentrating in the centromeric heterochromatin of

microchromosomes was described (Tanaka et al.
2000). It is worth noting that, in quail micro-LBC,

this repeat was revealed within chromomeres, adja-

cent to the PB-like structure (Figure 3f).

Taken together, these results confirm the centro-

meric localization of cohesin-enriched structures not

only on chaffinch and pigeon LBC, but also on

galliform LBC.

Centromere localization in chicken
lampbrush chromosomes

Using antibodies against cohesin complex subunits we

defined the centromere position for each chicken

LBC. Immunofluorescence experiments demonstrated

that chicken LBC 1, 2, 4, 7, 8, 10, Z and W are sub-

metacentric, whereas chromosomes 3, 5, 6, 9 and

11Y38 are acrocentric (Figures 1 and 2). The charac-

terization of chicken microchromosomes as acrocen-

tric is in agreement with the synaptonemal complex

analysis (Solari 1980, Kaelbling & Fechheimer

1983). In contrast to chicken microchromosomes

(Figure 2j, k), the majority of quail microchromo-

somes are biarmed, as demonstrated by immunoflu-

orescent staining of Japanese quail LBC spreads.

The PB-like structures on quail micro-LBC do not

co-localize with the most prominent chromomeres,

which have terminal locations (Figure 3e). FISH with

pericentromeric BglII-repeat confirmed these data

(Figure 3f). Interestingly, the centromere in quail W

chromosome localizes in close vicinity to the

pseudoautosomal region so that the terminal chiasma

in the sex ZW lampbrush bivalent (Figure 3d) always

has a pericentric position in CCOW.

Centromere positions in chicken macro-LBC deter-

mined by PB-like structures apparently correspond to

the centromeric regions in the draft chromosome

sequence assembly, proposed to be 1.5 Mb lengths

and symbolized by gaps. The only exception is chro-

mosome 3. In chicken LBC3, PB-like structure pres-

ents within two chromomere distance (3.0Y4.0 Mb)

from the loop, bearing BAC clone bW029L12

(Figure 1c). This BAC localizes at 3pter, the position

of linked microsatellite marker in the GGA3 sequence

assembly Y 1.6 Mb (Galkina et al. 2006). Thus the

position of centromere is calculated to be at 4.6Y
5.6 Mb in the GGA3 sequence assembly (Figure 1f),

whereas the gap for the proposed region of pericen-

tromeric DNA exists at the 11.5Y13.0 Mb position. In

GGA3 sequence map the 1.5 Mb gap, which refers to

the centromere, is bordered with several CNM

repeats. CNM repeats in the chromosome sequence

assembly having 80Y100% identity to (CNM unit)10

(CNM unit sequence was identical to X51431,

Matzke et al. 1990) were recognized by NCBI

BLAST search. Interestingly, on metaphase chro-

mosomes, the CNM signal seems to localize exactly

at the primary constriction of chromosome 3

(Figure 1d). At the same time, FISH on LBC3

revealed two clusters of CNM repeat (Figure 1e);

these clusters are separated by five chromomeres

and are located on the long arm of chromosome 3,

the proximal CNM block being separated from the

centromeric PB-like structure by three chromomeres

(Figure 1e, e0).

CNM transcription on chicken
lampbrush chromosomes

When FISH with CNM was performed on chicken

LBC according to the hybridization protocol, which

reveals both DNA and nascent RNA transcripts, new

clusters of transcribing CNM repeat on lateral loops

were observed in addition to the chromomere

hybridization (Figures 1e and 2j, k). On LBC3 the

Figure 3. Positions of PB-like structures on lampbrush chromosomes in Japanese quail. (aYf) Lampbrush bivalents 1 (a), 2 (b), 3 (c), ZW (d)

and micro-LBCs (e, f). Immunofluorescent detection of STAG2 cohesin subunit (red). Centromere PB-like structures are marked by arrows.

W chromosome is indicated: c, chiasma position in ZW lampbrush bivalent (d). (b0, d0, e0) Corresponding phase contrast images. (f) FISH

with BglII-repeat probe to quail micro-LBC according to the DNA/DNA hybridization protocol after immunostaining. Cohesin-enriched

structures (red) co-localize with pericentromeric BglII-repeat sites (green). Chromosomes are counterstained with DAPI (blue). Scale bars =

10 2m.
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CNM signal was revealed within the polarized RNP-

matrix on the pair of lateral loops arising from the

distal CNM site (Figure 1e, e0). CNM-bearing loops

were found on all micro-LBC (Figure 2j, k). Chicken

micro-LBC can be classified into two types accord-

ing to the CNM distribution pattern (Figure 2j0, k0).
In one group of microchromosomes the CNM

occupies one or two terminal chromomeres at the

centromere region and the certain pairs of lateral

loops with long transcription units extending from

these chromomeres (Figure 2j, j0). In the other group

of microchromosomes CNM repeats were found at

both termini: in centromeric chromomeres and on a

pair of loops with long transcription units at the

terminal region of the long arm (Figure 2k, k0).
To determine the transcribing strand of CNM

satellite, either CNMpos or CNMneg oligonucleotide

complementary to the G- or C-rich strand of CNM

consensus sequence respectively was applied to

native LBC preparations. As a negative control we

used LBC preparations treated with RNase A. Both

the C- and the G-rich complementary CNM tran-

scripts were revealed (Figure 2j, k). On each pair of

the labelled loops CNM is transcribed only from one

of the strands; the transcription occurs in long

transcription units. Interestingly, tandem arrays of

CNM transcribed from the G-rich strand localize on

loops extended from centromere-associated chromo-

meres of certain micro-LBC, whereas those tran-

scribed from the C-rich strands localize on the loops

extended from the qter chromomeres of other micro-

LBC (Figure 2j, k), with one exception: a micro-

chromosome with CNM transcribed from the C-rich

strand on centromere-associated loops (not shown).

On the long arm of LBC3 the C-rich CNM tran-

scripts were revealed on lateral loops extended from

the distal CNM site (Figure 1e).

Discussion

Centromere PB were earlier described as spherical

objects, which occur on LBC and, in some avian

species, reach 12 2m in diameter (Gaginskaya &

Gruzova 1969, Gaginskaya 1972). PB may represent

a special type of oocyte-specific intranuclear struc-

tures. They contain a set of chromosome structural

proteins but lack fibrillarin, pre-mRNA splicing

factors, snRNA and phosphorylated RNA polymer-

ase II (Krasikova et al. 2004). This composition

differs from the composition of other known nuclear

bodies that have been examined so far (Matera 1999,

Handwerger & Gall 2006). Centromere PB form at the

time of chromosomes becoming lampbrush, and in

many birds participate in the karyosphere formation in

more mature oocytes (Gaginskaya 1972, Saifitdinova

et al. 2003), possibly retaining condensed bivalents

within a confined space of large oocyte nucleus.

Morphologically similar round granules at the LBC

centromeric regions flanked by heterochromatin were

described in some amphibian species (reviewed in

Callan 1986, Macgregor 1986, Gall 1992). Here we

show that the presence of PB-like cohesin-enriched

structures specifically at centromeric sites is a univer-

sal feature of LBC in all birds studied, including those

belonging to the Galliformes. Centromere PB-like

structures represent a promising marker for the

kinetochore domain of giant LBC, allowing cytolog-

ical centromere mapping with high resolution.

The centromeric indexes of chicken LBC 1Y8

determined in the present work correspond to those of

the same chromosomes at the metaphase stage.

However, the centromeric indexes of GGAZ in the

metaphase (p/L = 0.48) and in the lampbrush form

(p/L = 0.55) differ significantly, perhaps due to

unequal decondensation in p and q arms of LBCZ.

In spite of the active transcription of Z-macro-

satellite on the long arm of LBCZ (Hori et al. 1996)

the heterochromatin region containing this repeat is

less elongated than euchromatin regions of the LBCZ.

The centromeric index of hypothetical chromosome Z

without Z-macrosatellite was found to be almost

identical at the lampbrush and metaphase chromo-

somes. The degree of chromatin condensation/decon-

dansation along LBC axes seems to be different in

euchromatin and C-band-positive heterochromatin

regions. This regularity is obvious in the case of

highly heterochromatic avian chromosome W that is

strongly condensed as compared to other chromo-

somes in the lampbrush form (Solovei et al. 1993,

Saifitdinova et al. 2003). Another instance is the

C-positive short arm of Japanese quail chromo-

some 4, that at the lampbrush stage is as condensed

as at the metaphase stage (Galkina et al. 2006).

The striking example of employment of cohesin-

enriched body as a marker for centromeric region is

detailed analysis of the GGA3 centromere position.

In the draft GGA3 sequence assembly the 1.5 Mb

gap at the 11.5Y13.0 Mb position is proposed to be

pericentromeric DNA (ICGSC 2004). However, the
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centromere determined by mapping of the PB-like

structure in chicken LBC3 is predicted to be between

4.6 Mb and 5.6 Mb. In fact, in the GGA3 sequence

map, there is a gap between the supercontigs at the

position of ~5.5 Mb (Figure 1f). This very gap is

supposed to be centromeric. This gap thus could be

extended up to 1.5 Mb to compensate for the

pericentromeric sequences.

With regard to the gap at the position of

11.5Y13.0 Mb, it should be said that supercontig

belonging to GGA3 sequence assembly contains a

few repeated units of CNM at the ~11.5 Mb

position. FISH with CNM probe to the chicken

LBC3 after immunodetection of PB-like structures

(Figure 1e) makes it possible to distinguish CNM sites

and the centromere. We demonstrate that proximal

array of CNM repeat on GGA3 localizes at the 5

chromomere distance (~10 Mb) from the BAC clone

bW029L12 with genomic position 1.6 Mb (Figure 1e0).
These results indicate that the currently known peri-

centromere DNA gap at the 11.5Y13.0 Mb position in the

GGA3 sequence assembly corresponds to the proximal

non-centromeric array of CNM repeat (Figure 1e0, f).

Notwithstanding moving of the centromere gap to

another position Y close to 5.5 Mb Y the gap (11.5Y13.0

Mb) should be preserved, since the cluster of CNM

repeat occupies two chromomeres in LBC3 (Figure 1e).

CNM repetitive DNA sequence is practically

absent from the current draft of the chicken genome

sequence map (http://www.ensembl.org). Only for

chromosomes 3, 16, 23, 24 and 28 is it represented in

several copies at one of the ends of a particular

chromosome. Detailing of the CNM repeat chromo-

somal distribution by hybridization to the nascent

transcripts on the lateral loops of giant LBC allowed

us to reveal numerous non-centromeric sites of

CNM-repeat in addition to the pericentromeric

arrays.

On LBC the CNM repeat is transcribed on many

long lateral loops of microchromosomes and also on

the pair of loops of LBC3. Various highly repeated

sequences including centromere satellites were

shown to transcribe in amphibian and avian oocyte

nuclei (reviewed in Callan 1986, Macgregor 1986,

Morgan 2002). It was found that in many cases

amphibian LBC transcribe both strands of centro-

mere repeats, though non-proportionally. Transcrip-

tion of both strands of satellite DNA in metazoan

centromeres resulting in the production of long

double-stranded (ds) precursor RNA and their sub-

sequent procession into small interfering RNA

(siRNA) are required for the centromere heterochro-

matin formation and centromere cohesion (reviewed

in Almedia & Allshire 2005). It is unknown whether

non-coding RNA products of CNM transcription on

the LBC lateral loops both from the C- and G-rich

strands can hybridize to form long dsRNA. If CNM

dsRNA formation occurs, we can hypothesize that

such long dsRNA could be processed into siRNA for

participation in the compact chromomere formation

at the pericentric regions of LBC, or/and could be

stored within the oocyte for the early stages of

embryogenesis to provide a pool of long pericentro-

meric CNM dsRNA for the production of siRNA in

the absence of own synthetic activity of chromo-

somes in early embryos.

Acknowledgements

We are grateful to J. L. Barbero (Centro Nacional de

Biotecnologia, Madrid, Spain) for providing anti-

bodies against cohesin subunits, F. A. Habermann

(Ludwig-Maximilians-University of Munich, Ger-

many) for providing chicken chromosome-specific

paints, V. Fillon, A. Vignal (Centre INRA de

Toulouse, France) and M. Groenen, R. Crooijmans

(Wageningen University, The Netherlands) for pro-

viding BAC clones. We especially thank Herbert

Macgregor for his critical reading of the manuscript

and useful comments. We used the equipment of the

Core Facility FCHROMAS_ (Biological Institute,

Saint-Petersburg State University). This work was

supported by research grant 05-04-48252 from the

Russian Foundation for Basic Research.

References

Almedia R, Allshire RC (2005) RNA silencing and genome

regulation. Trends Cell Biol 5: 251Y258.

Callan HG (1986) Lampbrush Chromosomes. Berlin: Springer

Verlag.

Chelysheva LA, Solovei IV, Rodionov AV, Iakovlev AF,

Gaginskaya ER (1990) The lampbrush chromosomes of the

chicken. Cytological maps of the macrobivalents. Tsitologiia 32:

303Y316.

Crooijmans RPMA, Vrebalov J, Dijkhof RJ et al. (2000) Two-

dimensional screening of the Wageningen chicken BAC library.

Mamm Genome 11: 360Y363.

Derjusheva S, Kurganova A, Krasikova A, Saifitdinova A,

Habermann FA, Gaginskaya E (2003) Precise identification of

Centromere positioning in chicken LBCs 787



chicken chromosomes in the lampbrush form using chromosome

painting probes. Chromosome Res 11: 749Y757.

Gaginskaya ER (1972) Nuclear structures in oocytes of adult

birds. II. Protein bodies and the karyosphere. Tsitologiia 14:

568Y578.

Gaginskaya ER, Gruzova MN (1969) Characteristics of oogenesis

in the finch. Tsitologiia 11: 1241Y1251.

Galkina S, Lukina N, Zakharova K, Rodionov AV (2005) Interstitial

(TTAGGG)(n) sequences are not hot spots of recombination in

the chicken lampbrush macrochromosomes 1-3. Chromosome

Res 13: 551Y557.

Galkina S, Deryusheva S, Fillon V et al. (2006) FISH on avian

lampbrush chromosomes produces higher resolution gene

mapping. Genetica DOI http://dx.doi.org/10.1007/s10709-005-

5776-7.

Gall JG (1992) Organelle assembly and function in the amphibian

germinal vesicle. Adv Dev Biol 1: 1Y29.

Griffin DK, Habermann F, Masabanda J et al. (1999) Micro- and

macrochromosome paints generated by flow cytometry and

microdissection: tools for mapping chicken genome. Cytogenet
Cell Genet 87: 278Y281.

Handwerger KE, Gall JG (2006) Subnuclear organelles: new

insights into form and function. Trends Cell Biol 16: 19Y26.

Hori T, Suzuki Y, Solovei I et al. (1996) Characterization of DNA

sequence constituting the terminal heterochromatin of the

chicken Z chromosome. Chromosome Res 4: 411Y426.

Hutchison N (1987) Lampbrush chromosomes of the chicken,

Gallus domesticus. J Cell Biol 105: 1493Y1500.

ICGSC (International Chicken Genome Sequencing Consortium)

(2004) Sequence and comparative analysis of the chicken

genome provide unique perspectives on vertebrate evolution.

Nature 432: 695Y716.

Itoh Y, Mizuno S (2002) Molecular and cytological characteriza-

tion of SspI-family repetitive sequence on the chicken W

chromosome. Chromosome Res 10: 499Y511.

Kaelbling M, Fechheimer NS (1983) Synaptonemal complexes and

the chromosome complement of domestic fowl, Gallus domes-

ticus. Cytogenet Cell Genet 35: 87Y92.

Krasikova A, Kulikova T, Saifitdinova A, Derjusheva S,

Gaginskaya E (2004) Centromeric protein bodies on avian

lampbrush chromosomes contain a protein detectable with an

antibody against DNA topoisomerase II. Chromosoma 113:

316Y323.

Krasikova A, Barbero JL, Gaginskaya E (2005) Cohesion proteins

are present in centromere protein bodies associated with avian

lampbrush chromosomes. Chromosome Res 13: 675Y685.

Kropotova EV, Gaginskaya ER (1984) Lampbrush chromo-

somes from the Japanese quail oocytes. Tsitologiia 26:

1008Y1015.

Macgregor HC (1986) The lampbrush chromosomes of animal

oocytes. In Risley MS, ed., Chromosome Structure and

Function. New York: Van Rostrand Reinhold, pp. 152Y186.

Macgregor HC (2002) Lampbrush Chromosomes. Retrieved from

http://www.exeter.ac.uk/projects/lampbrush/.

Masabanda JS, Burt DW, O_Brien PCM et al. (2004) Molecular

cytogenetic definition of the chicken genome: the first complete

avian karyotype. Genetics 166: 1367Y1373.

Matera AG (1999) Nuclear bodies: multifaceted subdomains of the

interchromatin space. Trends Cell Biol 9: 302Y309.

Matzke MA, Varga F, Berger H et al. (1990) A 41Y42 bp tandemly

repeated sequence isolated from nuclear envelopes of chicken

erythrocytes is located predominantly on microchromosomes.

Chromosoma 99: 131Y137.

Morgan GT (2002) Lampbrush chromosomes and associated

bodies: new insights into principles of nuclear structure and

function. Chromosome Res 10: 177Y200.

Myakoshina YuA, Rodionov AV (1994) Meiotic lampbrush

chromosomes in turkey, Meleagris gallopavo (Galliformes:

Meleagrididae). Genetika 30: 577Y583.

Nanda I, Schmid M (1994) Localization of the telomeric

(TTAGGG)n sequence in chicken (Gallus domesticus) chromo-

somes. Cytogenet Cell Genet 65: 190Y193.

Ogawa A, Solovei I, Hutchison N et al. (1997) Molecular

characterization and cytological mapping of a non-repetitive

DNA sequence region from the W chromosome of chicken and

its use as a universal probe for sexing carinatae birds.

Chromosome Res 5: 93Y101.

Parra MT, Viera A, Gomez R et al. (2004) Involvement of the

cohesin Rad21 and SCP3 in monopolar attachment of sister

kinetochores during mouse meiosis I. J Cell Sci 117:

1221Y1234.

Pichugin AM, Galkina SA, Potekhin AA, Punina EO, Rautian MS,

Rodionov AV (2001) Determination of the minimum size of

Gallus gallus domesticus chicken microchromosome by a pulse

electrophoresis method. Genetika 37: 657Y660.

Prieto I, Tease C, Pezzi N et al. (2004) Cohesin component

dynamics during meiotic prophase I in mammalian oocytes.

Chromosome Res 12: 197Y213.

Rodionov AV, Chechik MS (2002) Lampbrush chromosomes in

the Japanese quail Coturnix coturnix japonica: cytological maps

of macro chromosomes and meiotic crossover frequency in

females. Genetika 38: 1246Y1251.

Romanov MN, Daniels LM, Dodgson JB, Delany ME (2005)

Integration of the cytogenetic and physical maps of chicken

chromosome 17. Chromosome Res 13: 215Y22.

Saifitdinova A, Derjusheva S, Krasikova A, Gaginskaya E (2003)

Lampbrush chromosomes of the chaffinch (Fringilla coelebs L.).

Chromosome Res 11: 93Y113.

Schmid M, Nanda I, Guttenbach M et al. (2000) First report on

chicken genes and chromosomes. Cytogenet Cell Genet 90:

169Y218.

Schmid M, Nanda I, Hoehn H et al. (2005) Second report on

chicken genes and chromosomes. Cytogenet Genome Res 109:

415Y479.

Solari AJ (1980) El cariotipado ultrastructural. Actas IV Congr.

Latinoam. Genetica 2: 171Y178.

Solari AJ (1992) Equalization of Z and W axes in chicken and

quail oocytes. Cytogenet Cell Genet 59: 52Y56.

Solari AJ, Dresser ME (1995) High-resolution cytological

localization of the XhoI and EcoRI repeat sequences in the

pachytene ZW bivalent of the chicken. Chromosome Res 3:

87Y93.

Solovei I, Gaginskaya E, Hutchison N, Macgregor H (1993)

Avian sex chromosomes in the lampbrush form: the ZW

lampbrush bivalent from six species of bird. Chromosome Res

1: 153Y166.

Solovei I, Gaginskaya ER, Macgregor HC (1994) The arrange-

ment and transcription of telomere DNA sequences at the ends

788 A. Krasikova et al.



of lampbrush chromosomes of birds. Chromosome Res 2:

460Y470.

Solovei IV, Joffe BI, Gaginskaya ER, Macgregor HC (1996)

Transcription on lampbrush chromosomes of a centromerically

localized highly repeated DNA in pigeon (Columba) relates to

sequence arrangement. Chromosome Res 4: 588Y603.

Solovei I, Ogawa A, Naito M, Mizuno S, Macgregor H (1998)

Specific chromomeres on the chicken W lampbrush chromo-

some contain specific repetitive DNA sequence families.

Chromosome Res 6: 323Y327.

Tanaka K, Suzuki T, Nojiri T, Yamagata T, Namikawa T, Matsuda

Y (2000) Characterization and chromosomal distribution of a

novel satellite DNA sequence of Japanese quail (Coturnix

coturnix japonica). J Hered 91: 412Y415.

Wang X, Li J, Leung FC (2002) Partially inverted tandem repeat

isolated from pericentric region of chicken chromosome 8.

Chromosome Res 10: 73Y82.

Wicker T, Robertson JS, Schulze SR et al. (2005) The

repetitive landscape of the chicken genome. Genome Res 15:

126Y136.

Centromere positioning in chicken LBCs 789



<<
  /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


