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SUMMARY

We have analyzed the expression of homeotic Bithorax
Complex proteins in the fat bodies ofDrosophila larvae
by staining with specific antibodies. We have found that
these proteins are differentially expressed along the
anteroposterior (AP) axis of the fat body, with patterns
parallel to those previously characterized for the larval and
adult epidermis. As fat body nuclei have polytene

cytologically map binding sites of the three proteins: Ubx,
Abd-A and Abd-B. The results of this work provide a
system with which to study the positioning of chromatin
regulatory proteins in either a repressed and/or active BX-
C at the cytological level. In addition, the results of this
work provide a map of homeotic target loci and thus
constitute the basis for a systematic identification of genes

chromosomes, we were able to identify the BX-C locus and
show that it assumes a strongly puffed conformation in cells
actively expressing the genes of the BX-C. Immunostaining
of these polytene chromosomes provided the resolution to

that are direct in vivo targets of the BX-C genes.
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INTRODUCTION it has limited value for proteins that are not detectably
expressed in this tissue, such as the products of the BX-C. To
Homeotic genes play a fundamental role in the specification afy to circumvent this limitation, an inducible transgene has
segment identity ibrosophila In Drosophilg these genes are been used to express Ubx protein in salivary glands. The
organized in two complexes: the Antennapedia Complekinding sites of this ectopically produced protein were then
(ANT-C) (Kaufman et al., 1990) and the Bithorax Complexcharacterized (Botas and Auwers, 1996). Although this
(BX-C) (Lewis, 1978). Many studies have shown that thesstrategy provides information on the potential of proteins of
genes are highly conserved phylogenetically in both theiinterest to bind specific sites, the relevance of the binding sites
sequence and their organization (Valentine et al., 1996).  should be verified in tissues normally expressing the protein.

Homeotic genes have long been regarded as selector genetn addition to in vivo chromosomal protein localization
whose protein products bind to and regulate the transcripticstudies, salivary gland chromosomes have also been used to
of downstream genes. Molecular analyses have shown thadveal the presence of gene activity. Most striking has been the
DNA binding is mediated by a domain denoted theobservation of chromosome puffs that form when specific
‘homeodomain’ that is shared among the homeotic proteingenes are induced developmentally or through treatments such
(Affolter et al., 1990). Although the genes of the BX-C wereas heat shock (Ashburner, 1972). There is also evidence that
the first of such selector genes to be described am@pressed genes in salivary gland nuclei appear condensed or
characterized, the numbers and types of target genes thase under replicated. This is specifically the case for the BX-
regulate have yet to be fully characterized. Hence, a maj& genes that are severely under represented compared to other
effort since the discovery of the homeodomain has beeloci in salivary gland DNA (Moshkin et al., 2001), making the
focused on the identification of the direct targets for both theytological resolution of the BX-C locus difficult in salivary
ANT-C and BX-C genes. chromosomes under normal circumstances.

In several studies, immunostaining [Bfosophila salivary We have investigated the potential of another tissue
gland chromosomes has been used to localize chromosontantaining polytene chromosomes, the larval fat body, to
binding sites and potential targets of several chromosomalddress questions relevant to in vivo BX-C expression. We
proteins (Andrew and Scott, 1994). Although this is a powerfushow that despite the lower degree of endoreduplication of fat
approach for proteins normally expressed in the salivary glantdody as compared to salivary gland chromosomes, fat body
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cells do provide readable chromosomes. Moreover, they alseere examined in PBS). The selected slides were immersed into PBS
provide a physiologically relevant environment for studyingcontaining 1% Triton X 100 and left for 20 minutes at room
BX-C gene and protein expression. We also show that themperature, then transferred in PBS containipg 1% nonfat dry_ milk
resolution of our cytological studies is sufficient to documentor 30 minutes at room temperature and then incubated with primary
chromosomal changes associated with the activation of trfgitibody (diluted in PBS/BSA 1%) for 1 hour at room temperature

) ; . nd overnight at € in a humid chamber. After incubation with the
E’fxthce IS%)J(S zgg_fgnh de A%%Tgflgfg'tcé?ngf chromosomal target rimary antibody, the slides were washed three times (5 minutes each)

with PBS containing 0.5% non fat dry milk and incubated with
secondary antibody (diluted in PBS/BSA 1%) for 1 hour at room
temperature. The slides were then washed three times (5 minutes

MATERIALS AND METHODS each) in PBS at°€C. and stained with DAPI for 4 minutes. After
washing in PBS for about 2 minutes, the slides were finally mounted
Drosophila strains in anti-fading medium and sealed with nail polish or rubber cement.

The Ore-Rwild-type stock used here has been kept in our laborator§Wing to the difficulty in obtaining very good pictures of entire

for many years. Cultures were maintained at 24°C on standafplytene chromosomes, the mapping of the homeotic proteins has

cornmeal-sucrose-yeast-agar medium. been carried out by examining about 50 squashed polytene nuclei for
each staining.

DAPI staining of polytene chromosomes and in situ

hybridization Southern blot analyses

Fat bodies of third instar larvae were dissected in physiologicdPNA samples were extracted from different tissueDaisophila
solution (0.7% NaCl in distilled water), transferred in a drop oflarvae and adults. The samples were then used for Southern blot
ethanol-propionic acid 3:1 and incubated for 10-20 minutes. The fatybridization signals detection according to Moshkin et al. (Moshkin
bodies were then transferred in aboytl &f fixative solution (40% €t al., 2001).

acetic acid, 30% lactic acid, 30% distilled water) on a siliconized

coverslip. After 3-5 minutes, a very clean, dust-free slide was lowered

onto the coverslip, and pressed very lightly with a finger. Then, th@ESULTS AND DISCUSSION

sandwich was reversed and squashed very gently for 1-2 minutes

between two sheets of blotting paper. After squashing, the slide wathe Ubx, Abd-A and Abd-B proteins are differentially

immersed in liquid nitrogen for about 20 seconds and, after removghpressed along the fat body

of the coverslip by a razor blade, the slide was immediately immersthe larval fat bodies are mesodermal in origin and as noted are
in PBS at room temperature and stained with Qu@énl of DAPI 9

dissolved in XSSC for 4 minutes. The in situ hybridization assayscomprised of cells with polytene chromosomes. They are

were performed according to Pimpinelli et al. (Pimpinelli et al., 2000)Symmetrically positioned between the gut and the muscles of
the body wall and extend longitudinally along the right and left

Antibodies and probes sides of the larva (Bate and Martinez-Arias, 1993). The most
The antibodies used for immunostaining experiments were: mousgnterior part of this tissue is associated with the salivary glands,
anti-Ubx monoclonal FP3.38 antibody (White and Wilcox, 1984); rakwhile its posterior-most extension is to the eighth abdominal
anti-Abd-A polyclonal antibody (Macias et al., 1990); mouse anti-segment. Previous data have strongly suggested that the fat
Abd-A monoclonal Dmabd-A.1 antibody (Kellerman et al., 1990); odies are likely to be segmentally specified, and, in fact, they

mouse anti-Abd-B monoclonal antibody (Celniker et al., 1989); rabbif;; : . .
._ : A - ; isplay homeotic transformations in homozygous Ubx mutant
anti-Polycomb polyclonal antibody affinity purified obtained by R. larvae (Ritzki and Ritzki, 1978).

Paro; and rabbit anti-Trithorax polyclonal antibody obtained by P.

Harte. In order to characterize the anterior to posterior expression
patterns of the BX-C genes along the length of the fat body,
Immunostaining of whole fat bodies we stained whole tissues with antibodies directed against the

Whole fat bodies of third instar larvae were dissected in 0.7% NaClJbx, Abd-A and Abd-B proteins. The patterns of expression
1% Triton solution on a siliconized slide and incubated for 2 min irof these proteins are shown in Fig. 1A and diagramed in Fig.
fixative 1 (3% formaldehyde, 1% Triton in PBS) and then in fixative1 B. \We found that Ubx is intensely expressed in a contiguous
2 (45% acetic acid, 3% formaldehyde, 1% Triton) for 8 minutes. Aftekegion, with an anterior limit distal to, but near, the anterior
blockage for 30 minutes in PBS containing 1% nonfat dry milk andl%:rossbridge in the third thoracic segment (T3). The domain

Triton at room temperature, the tissues were incubated with primar E . :
antibody diluted in PBS/BSA 1% for 1 hour at room temperature iH¥lC|UdeS the gonad, and the posterior limit falls in a region

a humid chamber. After three washes (5 minutes each) in PBS, tﬁgrresppnwng approximately .to se_gments A.G/A.7' Th_e Abd-
tissues were incubated with secondary antibody diluted in PBS/BSA Protein is expressed anteriorly in a longitudinal line of
1% for 1 hour at room temperature, washed in PBS for three times @£llS in a region corresponding to the A2 segment. From that
minutes each) in PBS and stained with QugBml of DAPI dissolved ~ point posteriorly it is accumulated in almost all of the cells
in 2xSSC for 4 minutes. in a region that is co-extensive with abdominal segments A3-
A7. Finally, the Abd-B protein is expressed to the posterior

lmmWOStam'ng_ O_f polytene chromosomes ) _end of the fat body with an anterior limit in the middle of
For immunostaining of polytene chromosomes of fat bodies WIt|’A4'

antibodies against Polycomb and Trithorax, the chromosomes were It is interesting to note that although Ubx is detected in all

fixed as for DAPI staining. For immunostaining with antibodies S .
against Ubx, Abd-A and Abd-B, the chromosomes were fixedhe nuclei of its domain, Abd-A and Abd-B are only expressed

according to James et al. (James et al., 1989). In both cases, the fifggSubsets of nuclei in their respective domains. However,
preparations were stained with 0.p§/ml of DAPI dissolved in in the region corresponding to segments A4-A6 all of the
2xSSC for 4 minutes, washed in PBS and examined under tHeroteins are co-expressed in most nuclei. These observations

fluorescence microscope to select satisfactory preparations (sliddemonstrate that the protein products of the BX-C are
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Fig. 1. Expression patterns of
the Ubx, Abd-A and Abd-B
proteins on the AP axis of the
fat body. (A) Patterns produce
by antibodies directed againsit
the BX-C encoded proteins or
the AP axis oDrosophilalarval
fat body. Green arrows indical
the larval gonads. (Top) The
Ubx pattern in the fat body of
third instar male larva. The
expression of the Ubx protein
starts from the anterior bridge
(white arrows) and ends in a
region situated posterior to the
gonad (white arrows) while the
anterior of the fat body (large
arrowheads) and the salivary
glands (small arrowheads)
appear devoid of signal.
(Middle) Expression pattern o
Abd-A in the fat body of a thir
instar female larva. This prote
is accumulated more posterio
than Ubx (arrows) but anteriol
partially overlaps the Ubx
domain. Note that Abd-A is nc
expressed in all nuclei within i
domain. (Bottom) The
expression pattern of Abd-B in
the fat body of a third instar female larva. This protein is the most posteriorly expressed of the three (arrows). Hamésaoritenit of
expression does partially overlap with the expression of the other two proteins. As with Abd-A, the protein is not ex@iétseduclei of

its domain. Note that the same immunopatterns were observed in both male and female fat bodies. However, the male goadde/showed
level of immunostaining with all the antibodies, while the female gonads lack any staining. At present, it is not posséstaiteedf this
difference is due to a sex specific function of the homeotic proteins in the gonadal mesoderm or to the difference ia ga®adstin the

two sexes. (B) The topological relationship of the Ubx, Abd-A and Abd-B staining patterns with the cuticular ectodermas gegméltie
most anterior expression of the Ubx corresponds approximately to T3 while the posterior border is approximately situAiedegnent.

The Abd-A protein is expressed in a region co-extensive with segments A3-A7. At its anterior limit it is expressed aldegialdirees of
cells in a region corresponding to segment A2. The Abd-B protein is expressed from a region corresponding to the miadiieeopdscterior
end of the fat body. Note that while Ubx seems to be expressed homogeneously along its domain, Abd-A and Abd-B are dypnessed on
subsets of cells within their domains of accumulation. Another point of interest is that the immunopatterns seem to stiyg dstetba
proteins could be simultaneously expressed in most nuclei in a region corresponding to segments A4-A6. This point dedegttes to b
analyzed by tripe labelling when appropriate primary antibodies become available.

differentially expressed along the AP axis of the fat body in @osterior axis of the fat body were isolated and polytene
manner reminiscent of their accumulation patterns in thehromosomes prepared for DAPI staining. As shown in Fig.
epidermis. However, the similarity of expression patterns of th2B, we found that in chromosomes from anterior fat body
proteins between the two tissues is more evident at theiells the BX-C locus appears highly condensed as revealed
anterior limits than in their posterior extent. Perhaps the moty its intense DAPI bright fluorescent. This appearance is
striking result is the overlap of the three proteins in the regiosimilar to the BX-C in polytene chromosomes in salivary
around the gonads. It will be interesting to determine if thiglands (Fig. 2A). However, in chromosomes taken from fat
overlap of domains has some operational significance, or if lody cells extracted from the mid-posterior part of the
is functionally irrelevant as is suggested by studies of the larvérvae, the 89DE region clearly appears puffed (Fig. 2C). In
epidermal cells which give rise to the cuticle (Gonzales-Reyesitu hybridization with cDNA probes derived from thiéx,

et al., 1990). abd-A and Abd-B genes clearly shows that although the
) o signals appear tightly closed in anterior fat body nuclei (Fig.

The active BX-C genes form visible puffs on 2B), in chromosomes from the mid-posterior fat body, the

polytene chromosomes of fat body signals appear more distantly positioned relative to each

To determine if the expression of BX-C encoded proteins isther and show that the puffed region corresponds to the BX-
correlated with cytologically visible changes at the BX-CC (Fig. 2C). These results clearly demonstrate that the
locus, we compared the appearance of the regioactivity of BX-C genes is accompanied by visible changes at
corresponding to the 89DE salivary gland chromosoméhe chromosomal and locus level. We investigated the extent
interval in fat body cells derived from different regions ofto which this change in visible appearance might reflect
the fat body. Cells from various segments along the anterimhanges at the physical level. It has been shown that in
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Fig. 2. The expression of the BX-C genes
the fat body is related to cytologically
visible changes of the 89DE BX-C regior
of the polytene chromosomes. (A) The
89DE region appears strongly condense
polytene chromosomes of the salivary
glands. (B) The 89DE region also appea

salivary glands

et
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+20 +40 +60 +80

condensed in polytene chromosomes in E g F 4 @&
cells from the anterior parts of the fat boc £ v o £ & « O
(big arrows in Fig. 1A). In situ © E o © ® Qo
hybridization with probes corresponding 3’Ubx
the Ubx, abd-AandAbd-Bgenes clearly .
shows that these genes are tightly physic rosy = ae we rOSY Ml 45 e

linked. (C) The 89DE region in polytene
chromosomes of mid-posterior fat body
cells appear strongly puffed and, by in si
hybridization with the same probe as in E
the three genes appear more physically
distinct. (D-F) The BX-C genes that are =
active in fat body cells are also amplified C mid.post.
relative to cells in which they are quiesce ~ PYSP®S 3 fat body
(D) The structure of thelbx andabd-A / Al ‘-

genes. The gray boxes indicate the exon M

The black blocks above indicate the prok -

used to determine the degree of 0
amplification of the corresponding genon . "
sequences. (E) The panel shows a Soutl \
blot of genomic DNA from adult heads N
(a.h.), mid fat body (m.f.b.) and salivary
glands (s.g.) probed with a DNA fragment
corresponding to thesygene and two other fragments corresponding to'taad 3 regions of thaJbx gene. As has been shown (Moshkin et
al., 2001), a comparison of the thix signals with theosysignal between adult heads and the salivary glands demonstrates thanithef3
theUbx gene is amplified while the Bnd is under replicated. We observed the same pattern in anterior fat body whinedbee is

repressed (not shown). However, in mid fat body, wher&thegene is active, both thé 8rd 3 ends appear amplified. (F) The panel shows a
Southern blot of genomic DNA from adult heads (a.h.), anterior fat body (a.f.b.), posterior fat body (p.f.b.) and salds(g.glamprobed

with a DNA fragment corresponding tosyand a fragment corresponding to a regioalmf-A Againabd-Aappears under replicated in
salivary glands and anterior fat body where this gene is repressed, while it appears amplified in posterior fat balbg-iseespressed.

(G-L) Patterns of localization of the Polycomb (Pc) and Trithorax (Trx) proteins in the 89DE region of polytene chromososeivéiny
glands and mid-posterior fat body. (G,H) Staining of polytene chromosomes from salivary glands with Pc and Trx antibatiesyespe

has been shown, Pc is strongly accumulated on the BX-C locus (arrow). Trx is also located in the same region (arrowjeftbouegtence
intensity suggests that is accumulated at much lower levels than Pc. (I,L) Staining of polytene chromosomes from mithpbstiriasith

Pc (I) and Trx (L) antibodies. Pc is not detectable on strongly puffed 89DE region (large arrowhead) where the BX-C géinesvahnde

the same region shows a strong accumulation of Trx (arrow). Small arrowhead indicates a PC signal outside the 89DE region.

P
Ubx Abd-A Abd-B.

polytene chromosomes of salivary glands the BX-C regior he BX-C puffed region on polytene chromosomes

is under replicated and that the under replication seems & fat body is enriched for the Trithorax protein and

exclude the proximal and distal parts of the complexXack the Polycomb protein

corresponding to the'&nd 5 ends of theUbx and Abd-B~ The maintenance of the repressive or active states of the
genes, respectively (Moshkin et al.,, 2001). We testetiomeotic genes depends on the function of two groups of
whether the observed chromatin changes related to thwoteins, the Polycomb-Group (Pc-G) (for reviews, see Paro,
expression of the homeotic gene in fat bodies also includel®90; Pirrotta, 1997) and the trithorax-Group (trx-G) (for a
changes in their level of endoreduplication. To this endreview, see Kennison, 1993), respectively. Staining using Pc-G-
we performed Southern blot experiments, as describeadr trx-G-specific antibodies has revealed that the Pc protein is
previously (Moshkin et al., 2001), on genomic DNA strongly accumulated on the BX-C region (Zink and Paro, 1989),
extracted from salivary glands, fat bodies and diploid cellsvhile the Trx protein is only faintly detected on polytene
from adult heads. These blots were hybridized with specifichromosomes of larval salivary glands (Chinwalla et al., 1995)
probes from the '3and 3 ends ofUbx, from an exon of To assess possible visible changes at chromosomal level in the
abd-A and from therosy gene as a control. As shown in localization patterns of Pc and Trx proteins in fat body cells, we
Fig. 2D-F, we found that in the anterior fat body, where thémmunostained polytene chromosomes from the anterior and
genes are repressed, there is under replication of BX-@id-posterior parts of larval fat bodies. As shown in Fig. 2G-L,
sequences similar to the polytene chromosomes of salivarye found that in chromosomes from the anterior of the fat body,
glands. By contrast, the same sequences appear amplifietiere the homeotic genes are repressed, Pc appears to be
relative to controls in fat body cells where they are activelystrongly accumulated on the BX-C locus (Fig. 2G), whereas only
expressed. a weak signal is produced by staining with the Trx antibody in
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Fig. 3. Patterns of localization of Ubx, Abd-
A and Abd-B on polytene chromosomes of
the fat body. (A-C) The patterns after
staining with Ubx (A), Abd-A (B) and Abd-
B (C) antibodies. All the antibodies give
numerous signals along the length of all of
the chromosomes with the exception of the
chromocenter. (D) Enlarged picture of the
BX-C region showing that Ubx is located in
the proximal part of the region
corresponding to the Ubx locus.

(E) Enlarged picture of BX-C region
sequentially stained with Abd-A antibodies
and in situ hybridized with probes derived
from Ubx, abd-AandAbd-BcDNAs. The
merged figure clearly shows that the Abd-A
signal overlaps with both trebd-Aand
Abd-Bgenes, while th&Jbx gene appears
devoid of signal. (F) Enlarged picture of the
BX-C region showing the Abd-B staining
pattern. Similar to the Abd-A protein, we
observed that Abd-B is located on tiwsd-

A andAbd-Bgenes but is excluded from
Ubx X, X chromosome; 2L and 2R, left
and right arms of the second chromosome;
3L and 3R, left and right arms of the third
chromosome; chr, chromocenter.

specific for the three proteins (James et
al., 1989). As shown in Fig. 3, the
staining patterns reveal that Ubx (Fig.
Ubx Abd-A Abd-B 3A), Abd-A (Fig. 3B) and Abd-B (Fig.
D\l CN 3C) can be found at many sites on the
pY:\xl chromosomes. The results of a detailed
analysis of the staining patterns/
binding sites of the three homeotic
proteins are reported in Table 1.
Interestingly, some of the Ubx binding
sites correspond to loci known as
targets of homeotic proteins (Botas and
Awers, 1996; Graba et al., 1997) while
other known target genes map in
regions that lack any signal. This
cells from the same region (Fig. 2H). In chromosomes from theuggests the possibility that the technique is revealing tissue
mid-posterior part of the fat body, where the homeotic genes aspecific regulation of the expression of different sets of genes.
active, we can detect no Pc (Fig. 2I) but see clear evidence Ah inspection of the staining patterns produced by the Ubx,
Trx accumulation (Fig. 2L), thus confirming that these twoAbd-A and Abd-B antibodies reveals that these proteins
proteins are differentially present in repressed or activappear to share several targets. Particularly intriguing is the
chromatin domains. We are currently analyzing the bindingattern produced by these proteins along the BX-C itself. In
patterns of several other Pc-G and trx-G proteins to obtain detail, the antibody against the Ubx protein produces a unique
general picture, at the cytological level, of their accumulation osignal correlated with thebxlocus (Fig. 3D). The antibodies
the BX-C locus in relation to its differential gene activity. against the Abd-A (Fig. 3E) and Abd-B (Fig. 3F) proteins
_ _ _ ) produce overlapping signals where #iel-AandAbd-Bgenes
The BX-C proteins bind multiple mappable sites on are located. The absence of Abd-A and Abd-B staining at the
polytene chromosomes of fat body Ubx locus suggests that these proteins are not involved in
Given the relatively high resolution of localization we wereregulating Ubx and provides an explanation for the
able to obtain for the Pc and Trx proteins, we next examinedistribution of Ubx expressing cells along the AP axis of the
whether the binding sites for Ubx, Abd-A and Abd-B werefat body (see Fig. 1). The presence of Ubx Wi does,
discernable in the fat body polytene chromosomes therebdyowever, suggest the possibility of positive autoregulation at
providing evidence for homeotic gene targets in this tissue. Tinat locus. Moreover, the binding patterns of Abd-A and Abd-
this end, we individually stained squashed polytene nuclé® suggest that these proteins may also cooperate in regulating
from different segments of the fat bodies with antibodiegshemselves as well as each other.
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Table 1. Binding sites of Ubx, Abd-A and Abd-B on polytene chromosomes of the fat body

X* Ubx Abd-A Abd-B 2L* Ubx Abd-A Abd-B 2R* Ubx Abd-A Abd-B 3L* Ubx Abd-A Abd-B 3R* Ubx Abd-A Abd-B

1 - + - 21B1 - + + 41B + - - 61A + + + 82D + — -
2 - + + 21C - - + 41C + - - 61B - + + 82E + - -
3 - + + 21E - + - 41D + - - 61C + + - 82F + - -
3E - + - 21F + - - 41F + - - 62E + — + 83C + - -
4 - - + 22A - + - 42A + - + 63A + - - 83F - - +
4C - + - 22C + + + 42B - - + 63C - + - 84A + - -
4D — - + 22F + - + 42D - + - 63D - - + 84B + — —
5A - + + 23A - + 42E + - - 64A + - - 84D + - +

5B/C - - + 23C - + - 42F - + - 64B + + + 84F + - -
5C - - + 23D + - - 43C + - + 64C - + + 85A - - +
5D + - - 23F - + - 43D-E + - - 64E + - - 85B - - +
6C/D + + + 24A - - + 43F + - - 65D + + - 85C + - -
7A/IB + + + 24C + + + 44B + - - 65F - + - 85D - - +

7D - + - 24D - - + 44C/D + + - 66A + + - 85F + + +

7F + - 24E + - - 44E + - + 66C + + - 86B + + +
8D + + 25A + + + 44F - - + 66D - + + 86C + - +
8D/E + + 25B + + + 45F + - + 66E + - - 86D + - -
8F - + 25C + - + 46A - + - 66F + - - 86E + - +

9A/B + - 25D? + + - 46B - + - 67A + - - 87A + + +
9B + + - 26A + + - 46C + - + 67C + - - 87B + - +

9C - + - 26B + + - 46D - + - 67D + + + 87C + - +
9D/E + + - 26D + - - 46F + + - 67E + - + 87F + - +
9E - + - 26E + - - A7A - - + 68B - + - 88A - + -
9F - + - 27A + - - 47D - - + 68C + - - 88B - + +
10A + + - 27D + - - A47F + + - 68D + — + 88D + + —
10B - + - 27E + + - 48B + + + 68E - - + 88F + + -
10C + - - 28B - + - 48C - + 68F + + - 89A + + -

10F + + - 28D - + + 48F + + + 69A + + - 89B + + +

11A + - - 28E - + - 49A + - - 69F + - + 89C + - +
11B + + + 29D + - + 49B + - - 70A + + - Ubx + - +
11E - + 29F + - - 49C + + - 70B + + - Abd-A - ++ +

11F - - + 30A + + + 49D + - - 70F + + + Abd-B - + +
12A - - + 30B + + + 49E - - + 71E + - - 89E + - -
12B - - + 30D + + - 49F + + - 71F - + - 89F + - +
12D - - + 30F - - + 50A + - - 72 - - + 90B + + -
12F - - + 31B - + - 50B - + - 73A - + - 90E + - +
13A + - - 31D - + - 50C + - + 73B - + - 90F + + -
13C + + - 31E - + - 50E-F + - - 73C - + - 91A + + -
13D - + + 31F - + - 51B - + - 73D + + - 91C + -
13E + - - 32B - + - 51C - + + 73E + + - 91D + - -
13F - + 32C - + - 51E + - - 74AE + - - 92B - + +

14C - + - 32E - + - 51F + + - 74F + + + 92D - - +

14D + - + 33A - + - 52A + + - 75A - + - 92E + + +
15B + - - 33B - + + 52C + - + 75B + + - 92F - + +
15C + - - 33E - + + 52D + - + 75C - - + 93B - + +

16B - - + 34A + - 52E + + + 75D + + + 93C + + -
16A - + - 34B + - - 52F + + + 75E - + - 93D + - -

16C - + + 34C - + + 53F - + - 75F - + - 93E + + +
16D - + - 34D + + 54C + + 76B + - - 93F + + -
16F - + - 34E + + 54D + + - 76C + - + 94A - + -

17A + - + 35A - - + 54E - + - 76D + + + 94B-C + - -
17F - + - 35B - - + 55D - + + T7A + - - 94D - + +
18A - + - 35D + + - 55E - + + 77B + - - 94E - - +
18C/D - + - 35E - - + 55F - - + 77E + - + 95B - - +
18F - + - 35F + + + 56B + - 78 - - + 95D + - +
20 - - + 36A + + + 56C - - + 78C + - - 95E - - +
36D - + + 56E + + 79B + - - 96A - - +

37A - - + 57A - - + 79C + - - 96B - + -
37C - + - 57B - - + 79F + + - 96C + - -

37F - + + 57F + + - 96D + - -

38B - + - 58A + - - 96E - - +

38F - + - 58D - + - 96F + - +

39A - - + 58E + + - 97D + - -

58F + + + 97F + - -

59B + - + 98A + - +

59D + - - 98C + - -

60A + - + 98D + - -

60C + + - 98F + - -

60D + + + 99B + - +

60E + + + 99D + — -

99F + - -

100A + - +

100C + - -

100D + - -

*Chromosomes.

Bold indicates the common binding sites.
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Conclusions protein distributions on polytene chromosonidsthods Cell Biol44, 353-

In conclusion, the present work on BX-C gene and encoded>’®:

. . . hburner, M. (1972). Puffing patterns iDrosophila melanogasteand
protein expression along the AP axis of the fat bOdy has aIIOWec;related species. IDevelopmental Studies on Giant Chromosof(ees W.

us to address important questions about the function of theseermann), pp. 101-151. New York, NY: Springer-Verlag.
resident genes of the complex. First, the data show that the BRate, M. and Martinez Arias, A. (1993). The Development dbrosophila
C genes are differentially expressed along the AP axis of the fatmelanogaster. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press.

. - - -Botas, J. and Auwers, L(1996). Chromosomal binding sites of Ultrabithorax
body, with patterns parallel to those observed in the eplderm@.homeotic proteinslech. Dev56, 129-138.

ThiS observation prOVideS strong support to the hypothesis thakiniker, s.E., Keelan, D. J. and Lewis, E. §1989). The molecular genetics
this mesodermal tissue also has a segmental character and that the bithorax complex dbrosophila characterization of the products of
the BX-C may be involved in the specification of at least three the Abdominal-B domainGenes Des, 1424-1436.

domains. Second, the expression of the BX-C proteins in tHhinwalla, V., Jane, E. P. and Harte, P. J1995). TheDrosophilatrithorax
; protein binds to specific chromosomal sites and is co-localized with

nuqlgi of the fat body has alloweq us to .o.btain evidence_ of Polycomb at many siteEMBO J.14, 2056-2065.
activity of the BX-C. The observatlon of visible puffs at this Gonzales-Reyes, A., Urquia, N., Gehring, W. J., Struhl, G. and Morata,
locus suggests that there are important changes in chromatiré. (1990). Are cross-regulatory interactions between homoeotic genes

conformation related to the observed differential activity of theGrglggti?(”a%;&%’gricgm;“z“g‘fﬁe‘f 7;3(?897) Drosophila Hox Comple
L . . . . . VY, , D. , J. . i X X
genes within the complex. The differential pufflng of this region downstream targets and the function of homeotic g&ieEssayd9, 379-

will also permit examination of the presence or absence of 3gg.
regulatory proteins on the inactive or active BX-C locus. Thirdjames, T. C., Eissenberg, J. C., Craig, C., Dietrich, V., Hobson, A. and
it has been possible, for the first time, to determine the Elgin, S. C. R.(1989). Distribution patterns of HP1, a heterochromatin-

chromosomal binding sites of the BX-C encoded proteins in associated nonhistone chromosomal proteibro§ophila Eur. J. Cell Biol.
50, 170-180.

vivo under normal phyS|0|09|Ca| COI’l.dItIOHS. . . Kaufman, T. C., Seeger, M. A. and Olsen, G1990). Molecular and genetic
Taken together, these data provide an important basis fororganization of the Antennapedia gene complex Bfosophila
identifying specific downstream targets of the BX-C encoded melanogaster. Adv. Gene7, 309-362.

proteins, and for identfying new chromosomal proteins tha€Eife & & TotEon, 2 e o e ofbrosophila Genes Dev
_regulate the BX-C Iopy_s. Recent technological advances have47 1936-1950.
increased the sensitivity of microarray analyses allowingennison, J. A.(1993). Transcriptional activation drosophila homeotic

investigators to perform experiments on small numbers of cells. genes from distant regulatory elemeffiends Gene®, 75-79.
Hence, it should now be possible to compare the transcription'sﬂ’\ilvist, E-Z%-élggg)é%gene complex controlling segmentatiodmsophila

i i i i i ature -570.
proflle_ of different do_malns of .the larval fat b0<_jy using thISMacias, A., Casanova, J. and Morata, G(1990). Expression and regulation
technique. A comparison of microarray data with the results’ ¢ e apd-agene ofbrosophila. Developmerit10, 1197-1207.
described in this report should help identify candidate genes thabshkin, Y. M., Alekseyenko, A., Semeshin, F. V., Spierer, A., Spierer, P.,
are likely to be direct, as opposed to indirect, targets of each ofMakarevich, G. F, Belyaeva, E. S. and Zhimulev, I. £2001). The Bithorax
the BX-C genes. Finally, ona practical note, it should be pointed Complex ofDrosophila melanogastetUnderreplication and morphology in

. e . polytene chromosomeBroc. Natl. Acad. Sci. US98, 570-574.
out that in addition to the fat bOdy and sallvary gland’ OtheIEalro, R. (1990). Imprinting a determined state into the chromatin of

tis_sues irDrosophilahave polytene chromos_ome_s thqt might be prosophila Trends Genes, 416-421.
suitable for the types of approaches described in this report. Pimpinelli, S., Bonaccorsi, S., Fanti, L. and Gatti, M(2000). Preparation
and analysis of mitotic chromosomes of Drosophila melanogaster. In
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