rable to that of the sun, each having a massive
disk, can result in the ejection of a tidal
filament of length ~1000 AU, in which an
unbound substellar object forms with charac-
teristic mass 10 M. Such objects could be the
progenitors of single brown dwarfs, several
of which have been found in the Pleiades
cluster (5).

A more speculative application would be
the TMR-1 complex. In this case, we predict
the following: (i) The luminosity of the fila-
ment arises mainly from the scattered light of
TMR-1. (ii) The IR signature of TMR-1C
may be due to scattering or extinction, which
could be differentiated by future spectroscop-
ic observations. (iii) TMR-1C recedes from
TMR-1 in a direction offset from the long
axis of the filament at a velocity on the order
of 2 km s™!. The proper motion would be ~1
km s~!. Characteristic filament velocities
would be in the same range.

Finally, we stress that the formation of
substellar objects along tidal filaments re-
quires the protostars to have massive disks.
Such disks evolve rapidly, so these events
must occur during the earliest phase of pro-
tostellar evolution. The Taurus region, where
TMR-1 resides, has a modest number of pro-
tostars per unit of volume, and the probability
of an encounter with the parameters of the
simulation is only 1 part in 10,000. Further-
more, the encounter is observable for only a
few. thousand years, which is only 1% of the
typical protostellar lifetime of 2 X 10 to 5 X
10° years. However, in the much denser Ori-
on Trapezium cluster, or in the Rho Ophiuchi
star-forming region, such encounters may be
quite frequent.
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The proapoptotic Bax protein induces cell death by acting on mitochondria. Bax
binds to the permeability transition pore complex (PTPC), a composite pro-
teaceous channel that is involved in the regulation of mitochondrial membrane
permeability. Inmunodepletion of Bax from PTPC or purification of PTPC from
Bax-deficient mice yielded a PTPC that could not permeabilize membranes in
response to atractyloside, a proapoptotic ligand of the adenine nucleotide
translocator (ANT). Bax and ANT coimmunoprecipitated and interacted in the
yeast two-hybrid system. Ectopic expression of Bax induced cell death in
wild-type but not in ANT-deficient yeast. Recombinant Bax and purified ANT,
but neither of them alone, efficiently formed atractyloside-responsive channels
in artificial membranes. Hence, the proapoptotic molecule Bax and the con-
stitutive mitochondrial protein ANT cooperate within the PTPC to increase
mitochondrial membrane permeability and to trigger cell death.

Pro- and antiapoptotic members of the Bcl-2
family have pleiotropic effects on caspase
activation cascades regulated by the apopto-
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some, on cellular redox potentials, and on the
barrier function of mitochondrial membranes
(I-9). The proapoptotic protein Bax redis-
tributes to and acts on mitochondria to induce
cell death (6-9). Bax induces all mitochon-
drial hallmarks of apoptosis when overex-
pressed in cells, including the dissipation of
the mitochondrial inner transmembrane po-
tential (AW _) (/) and the release of cyto-
chrome c through the outer mitochondrial
membrane (6-9).

These effects of Bax are the same as those
of agents that open the permeability transition
(PT) pore, a structure involved in the control
of apoptosis (2). Accordingly, recombinant
Bax (10) and atractyloside (Atr)—a PT pore—
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opening agent that acts on one of the PTPC
components, ANT (also called ATP/ADP
carriery—induced AW, dissipation and nu-
clear apoptosis when microinjected into cells
with an efficiency of =80% (Fig. 1A). We
found no such effects for a mutant inactive
Bax protein (AIGDE) (10), which lacks a
motif within the BH3 domain essential for
homodimerization, nor for a Bax protein
(Aa5/6) lacking the putative pore-forming
domain a5/6 between BH1 and BH2 (10)
(Fig. 1A).

The mitochondrial and nuclear effects of
Bax are prevented (<10%) by three prototypic
inhibitors of the PT pore: cyclosporin A (CsA)
(8, 11, 12), the nonimmunosuppressive CsA
derivative N-methyl-4-Val-CsA (m.CsA, which
can still bind to mitochondrial cyclophilin D)
(1), and bongkrekic acid (BA), which binds to
another site of the ANT than Atr (/3) (Fig. 1A).
These three inhibitors also prevented the effects
of Bax on isolated mitochondria: A¥_ reduc-
tion (Fig. 1, B and C), release of cytochrome ¢
(Fig. 1E), and release of a factor different from
cytochrome c (2) that causes isolated nuclei to
fragment their DNA in a cell-free system [apo-
ptosis-inducing factor (AIF)] (Fig. 1D). In con-
trast, the caspase inhibitor z-VAD.fink did not
inhibit the AW _ dissipation induced by Bax
microinjection, although it did inhibit nuclear
apoptosis. Bax-mediated effects on mitochon-
dria and nuclei also did not require de novo
protein synthesis (Fig. 1A). Thus, the effect of

REPORTS

Bax on mitochondria involves a close function-
al interaction with the pharmacological targets
of BA and CsA.

The PTPC contains several constitutive
mitochondrial membrane proteins, including
the inner transmembrane protein ANT and
the soluble matrix protein cyclophilin D (/1,
12). PTPC isolated from the rat brain normal-
ly contains Bax (/4) and can be reconstituted
into liposomes, where it regulates liposomal
membrane permeability similarly to the PT
pore in intact mitochondria (14, 15). Addition
of the hydrophilic ANT ligand Atr (which
binds to the intermembrane face of the ANT)
(13) caused liposomes containing PTPC (/6)
to release small molecules such as [*H]glu-
cose (180 daltons, Fig. 2A) or DiOC(3) (573
daltons, Fig. 2, C and D), but not [*H]Jinulin
(5200 daltons, Fig. 2B), indicating that PTPC
liposomes contain ANT with the Atr-binding
site at the surface, which is in the same
orientation as in mitoplasts. When Bax was
immunodepleted from PTPC before PTPC
reconstitution into liposomes, the resulting
complex failed to respond to Atr (Fig. 2, A
and D). This cannot be due to depletion of the
Atr target because Bax-immunodepleted
PTPC still contained ANT molecules (Fig.
2C) and because recombinant Bax (but not
recombinant Bcl-2) added to Bax-depleted
PTPC could restore a CsA- or BA-inhibitable
response to Atr (Fig. 2D). Moreover, this is a
selective effect, because the Bax-depleted
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PTPC continued to respond to the reactive
oxygen species donor tert-butylhydroperox-
ide (+-BHP) (Fig. 2, A and D), the thiol-
cross-linking agent diamide (Fig. 2D), and
caspases 1 or 3 (7). Bcl-2 prevented the
t-BHP-induced membrane permeabilization,
even when Bax was depleted from the PTPC
(Fig. 2D), in accord with the fact that Bcl-2
can exert at least some of its death-antago-
nistic effects in the absence of Bax (I8, 19).

When purified from the brain of Bax-
deficient (Bax™’~) mice and reconstituted
into liposomes, PTPC did not respond to Atr,
whereas PTPC from control mice (Bax™'*)
responded normally (Fig. 3A). Again, this
defect is selective for Atr (but not +-BHP or
diamide) and could be reverted by the addi-
tion of Bax (but not the inactive Bax mutants
AIGDE or Aa5/6; Fig. 3A), thus confirming
the data obtained with Bax-immunodepleted
rat PTPC. In addition, Atr did not disrupt the
AV _ of liver mitochondria purified from
Bax ~/~ mice in conditions in which it caused
a AWV _ collapse in mitochondria from control
(Bax*'*) mice (Fig. 3B). Further genetic ev-
idence for the Bax-ANT cooperation was ob-
tained in yeast (Saccharomyces cerevisiae)
cells in which all three genes coding for ANT
isoenzymes were inactivated. Transfection of
wild-type yeast with galactose-inducible Bax
plasmid resulted in markedly reduced colony
formation on galactose plates (<1% survival
after 24 hours of Bax overexpression), con-

Fig. 1. Bax effects are neutralized by inhibitors
of the PT pore. (A) Microinjection of Bax or Atr
induces AW __ dissipation and nuclear apoptosis
in a BA-inhibitable fashion. Rat-1 fibroblast
cells were microinjected with Atr (50 pM), Bax
(1 wM), mutant Bax proteins (AIGDE or Aa5/6),
or buffer only. BA (50 M), CsA (1 pM), m.CsA
(1 pM, SDZ 220-384; Novartis, Basel, Switzer-
land), the caspase inhibitor z-VAD.fmk (50 pM;
Bachem, Basel Switzerland), or the protein syn-
thesis inhibitor cycloheximide (CHX, 35 pM)
were added to the culture medium 30 min
before microinjection into the cytoplasm (pres-
sure 150 hPa; 0.2 s). After microinjection, cells
were cultured for 90 min and stained for 10
min with the potential-sensitive dye CMXRos
[100 nM, red fluorescence; negative control
obtained with 50 wM protonophore (CCCP)
added before staining] and the DNA-intercalat-
ing Hoechst 33258 dye (1 pM, blue fluores-
cence). Microinjected viable cells (100 to 200

CsA + Bax

m. CsA + Bax  2VAD.umc+BaXx per session, two to four independent sessions of injection) were identified by inclusion of 2.5% (w/v)

fluorescein isothiocyanate—labeled dextran (green fluorescence) in the injectate (not shown). Repre-
sentative microphotographs of microinjected cells are shown. (B) Bax causes AW, reduction in isolated
mitochondria. Bax or its mutants (AIGDE or A«a5/6) were added to purified (32) mouse liver
mitochondria (1 mg of protein per milliliter) resuspended in 220 mM sucrose, 68 mM mannitol, 10 mM
KCl, 5 mM KH,PO,, 2 mM MgCL,, 500 uM EGTA, 5 mM succinate, 2 M rotenone, 10 mM Hepes (pH
7.2). The A¥_ was monitored by measuring the quenching of rhodamine 123 fluorescence (5 uM) (5).
The protonophore CCCP (10 M) served as positive control (100%) of AW, dissipation (mean = SD
of triplicates; representative of six experiments). 198, negative control. (C) Inhibitory effect of BA (50 wM), CsA (1 uM), and m.CsA (1 uM) on the
Bax-induced (1 pM, 60 min) AW _ dissipation. The AW _ dissipation was measured as in (B). (D) Inhibitory effect of BA, CsA, or m.CsA on the
mitochondrial release of apoptosis-inducing factor. The supernatant of mitochondria treated with Bax or PT pore inhibitor, or both as in (C) was added
to isolated Hela nuclei, and DNA loss occurring after 90 min of incubation was assessed by cytofluorometric analysis of propidium iodide-stained
nuclei (33). (E) Bax-induced cytochrome c release and its inhibition by BA, CsA, and m.CsA (Co., control). The supernatants of mitochondria incubated
as in (D) were subjected to immunoblot analysis (34).
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sistent with previous reports that Bax kills
yeast cells through a mitochondria-targeting
mechanism (9, 20). In contrast, ANT-defi-
cient yeast were completely resistant to Bax,
forming colonies comparable to cells trans-
formed with control plasmids (Fig. 3C).
These data emphasize the functional interac-
tion between Bax and the Atr target ANT.
In mammalian cells, Bax and ANT coim-
munoprecipitated (Figs. 2C and 4A), thus
supporting our observation that Bax copuri-
fied with PTPC, which contains ANT protein
(14) (Fig. 2C). We observed the interaction
between ANT and Bax in different tissues
including rat brain (Fig. 2C), mouse liver,
and human HT-29 colon cancer cells (Fig.
4A). In this latter cell line, ANT and Bcl-2
also coimmunoprecipitated (2/) (Fig. 4A).
This interaction is likely to be direct, on the
basis of two observations. First, in a yeast
two-hybrid system (22) a fragment (amino
acids 105 to 156) of the ubiquitously ex-
pressed human ANT?2 isoenzyme interacted
with Bax and with its close homolog Bak as
well as with Bcl-2 (Fig. 4B). Second, re-
combinant Bax and purified ANT cooper-
ated to reproduce some features of the
PTPC in vitro. For the latter experiments,
ANT was purified to >95% homogeneity
and found to be uncontaminated by other
proteins typically contained in PTPC (cy-
clophilin D, porin, and Bax) (23). When
incorporated into liposomal membranes,
only the combination of purified ANT and
Bax, but neither molecule alone, efficiently
permeabilized the liposomal membranes in
the presence of Atr (Fig. 4C). Thus, in these
conditions, ANT and Bax are necessary and
sufficient to form Atr-sensitive pores in

Fig. 2. Bax immunodepletion from PTPC abolishes the
Atr-induced permeabilization of liposomal membranes.
PTPC liposomes were immunodepleted from Bax, and
their functional behavior was compared with control
liposomes, which did contain Bax. (A) Bax depletion
abolishes the Atr-induced release of [*H]glucose. PTPC
immunodepleted of Bax (black squares) or sham-immu-
nodepleted (open circles) was incorporated into lipo-
somes generated in the presence of ["“Clcholesterol
{which incorporates into membranes) and [*H]glucose
(which marks the aqueous lumen), followed by addition
of Atr (500 wM) or t-BHP (200 pM), molecular sieve
chromatography, and determination of the radioactivity
in liposomes (fractions 1 to 4) and the extraliposomal
fluid (fractions 6 to 10). (B) Selectivity of the PTPC. Either
[®H]glucose or [>H]inulin was encapsulated into control
proteoliposomes. Then, the release of either of the radio-
active substances [sum of factions 6 to 10 as in (A)] was
determined as in (A) in response to the detergent Triton
X-100 (TX, final concentration 2%), Atr (500 wM), or
t-BHP (200 uM). (C) Immunodepletion of Bax from PTPC.
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artificial membranes. It is of note that in
this system Bax cannot be replaced by Bcl-
2, Bax AIGDE, or Bax Aa5/6 (Fig. 4C),
supporting the idea that homodimerization
of Bax (deficient in Bax AIGDE) and pore

Fig. 3. Genetic evidence for the functional inter-
action between Bax and ANT. (A) Comparison of
purified PTPC from wild-type (Bax*/*) or Bax-
deficient (Bax~/~) mice. PTPC was extracted
from the brains of Bax*/* or Bax™/~ mice, re-
constituted into liposomes, and tested for a re-
sponse to Atr (100 pM), t-BHP (200 pM), or
diamide (100 pM), followed by determination of
DiOC,(3) retention as in Fig. 2D. Bax protein or
two inactive mutant Bax proteins {AIGDE or
Aa5/6) were added to PTPC from Bax~/~ animals
to restore the Atr response. (B) Failure of mito-
chondria from Bax™/~ mice to respond to Atr.
Isolated hepatocyte mitochondria from Bax*/*
or Bax™/~ animals were treated with Atr (5 mM)
or the protonophore CCCP (50 wM). The AY
was measured with the potential-sensitive fluo-
rochrome  chloromethyl-X-rosamine (CMXRos)
(100 nM, 15 min, room temperature) and analysis
in a FACS Vantage cytofluorometer (Becton Dick-
inson, ~5 X 10* mitochondria per curve). Similar
results were obtained when, instead of CMXRos,
rhodamine 123 dequenching (CCCP = 100 %,
control = 0%) was measured as in Fig. 2B (92 =
4% and 7 = 3% for Atr-treated Bax*/* and
Bax ™/~ mitochondria, respectively, mean * SEM
of triplicates). Results are representative of four
experiments on three independent mitochondrial
preparations (P < 0.001, Student's t test). (C)
Failure of Bax to kill ANT-deficient yeast cells.
Wild-type yeast cells or cells lacking all three ANT
genes were transfected with a galactose-inducible
vector pJG-4-5-Bax (or pJG-4-5-vRas as a control,
Co.). Bax or vRas expression was induced by
switching culture conditions from a glucose-con-

formation (deficient in Bax Aa5/6) are re-
quired for the proapoptotic effect of Bax
(6-8, 10).

When incorporated into artificial mem-
branes, relatively large amounts of Bax can

>

e

2 8

% DIOCg(3) releas
8

400

Mitochondria/channel
n
Q

100 00 102 1P e 1l 102 16
DiOCg(3) fluorescence

Control strain ANT deficient
jo—o0—0—0 |{ ®ft—na
0 s,

Clonogenic survival (%) @

> SRR, T ) R
[VTRRT s LRy v sl JR s DT
Time (h)

taining to a galactose-containing medium for the indicated period, and the clonogenic potential of yeast
cells was assessed (20). Results are expressed as mean * SEM of triplicates (SEM bars mostly obscured

by symbols) and were reproduced twice.

>

10 untreated| 10 untreated
=
8 <8
8 oocontrol| g .
saBax” | 8
4 34
2 Xz
0 0

J

=

B

&

3

o

=3

£

"

[&]

2

£ 1] Atr | 10
3 8] £

2 5
@ 6] 66
é": 24
o 9

o2 Fe
=0 0
210 +BHP | =10
T8 g
o o

% 6 g6
e =

2 41 R
$ 2: & 2
= of 0

12345678910 12345678910
Fraction No.

PTPC was enriched by anion exchange chromatography,
followed by immunodepletion of Bax or sham-immunodepletion with protein A and G agarose beads. The proteins remaining in PTPC or those attached
to agarose beads were subjected to immunodetection of Bax or ANT. (D) Bax depletion selectively blocks the Atr-triggered release of DiOC,(3) from
PTPC proteoliposomes. Bax-immunodepleted (Bax") or control PTPC liposomes were treated with Atr [100 wM; as in (D)], t-BHP (200 uM), diamide
(diam.) (100 uM), CsA (1 pM), or BA (50 uM), equilibrated with DiOC,(3), and examined for DIOC4(3) retention in the cytofluorometer (rec,
recombinant). Triplicates of 5 X 10* liposomes were analyzed and results were expressed as percent of reduction of DiOC(3) fluorescence, considering
the reduction obtained with 0.25% SDS in PTPC liposomes as 100% value, as described (78). Results are representative of three to five independent

determinations.
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form channels with several levels of conduc-
tance and little if any ion selectivity (24).
Similarly, the purified ANT molecule can
form nonspecific channels in artificial mem-
branes in the presence of long-chain fatty
acids or Ca?™* (23, 25). At the concentrations
used here, the ANT-Bax complex on its own
did not enhance the permeability of mem-
branes unless Atr was supplied. This is com-
patible with evidence that Bax, though
present in many cell types, does not trigger
apoptosis on its own but rather increases the
susceptibility of cells to the induction of
apoptosis by exogenous stimuli (26).

Atr facilitated the ANT-Bax—dependent in-
crease in membrane permeability (Figs. 2 to 4),
whereas BA had the opposite effect (Figs. 1 and
2D). Atr binds to the external adenosine diphos-
phate (ADP)-binding site of ANT and locks it
in the “c-state,” which is compatible with PT
pore opening. In contrast, BA binds to the
internal adenosine triphosphate (ATP)-binding
site of ANT and locks it in the “m-state,” which
prevents PT pore opening in response to a wide
array of agents (2, /2, 13). Thus, the ANT

Fig. 4. Physical and func-  p
tional interaction between
Bax and ANT. (A) Coimmu-
noprecipitation of Bax and
ANT. Triton-solubilized
mitochondria from HT-
29 cells were precipitat-
ed with antibodies (des-
ignated by a) specific for

x
(3]
o
[=]
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conformation evidently determines pore forma-
tion by the Bax-ANT complex. The endoge-
nous modulators of ANT conformation may
include ATP/ADP ratios, Ca®™, cellular redox
status, and fatty acid metabolites (23, 25, 27,
28). By analogy to some receptor complexes,
the PTPC could be organized into several func-
tional units, which are responsible for distinct
biological responses. In this scenario, interact-
ing pairs of ANT-Bax molecules would form
one particular pore-forming unit. Additional
units regulated by other physiological effectors
could arise from interactions of ANT (or ANT-
like mitochondrial solute carriers) with outer
membrane proteins, including porin (14, 28) or
perhaps proteins of the mitochondrial protein
import machinery (29). Several ANT-like pro-
teins can form large conductance pores (30) and
are targets of diamide (/1, 3I), a PT pore—
opening agent not influenced by Bax (Figs. 2D
and 3A) or Bcl-2 (14, 15). Hence, it is possible
that different combinations of inner and outer
membrane proteins simultaneously regulate mi-
tochondrial membrane permeability and re-
spond to distinct proapoptotic signal transduc-
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membranes in response to Atr. Recombinant purified Bax, two
inactive mutant Bax proteins (AIGDE or Aa5/6), Bcl-2, and
purified ANT from rat myocardium (24) were incorporated
into phosphatidylcholine-cardiolipin (1:46 w:w) vesicles (300
ng of ANT per milligram of lipid; 50 ng of Bax, BaxAIGDE,
BaxAa5/6, or Bcl-2 per milligram of lipid) either alone or
together. The response to different doses of Atr was evalu-
ated by measuring the DiOC6(3) retention as in Fig. 2D.
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Results are representative of three independent experiments.

(D) Submitochondrial redistribution of Bax upon treatment with Atr. Purified mouse liver
mitochondria were incubated during 30 min with 5 mM Atr or 1 pM CsA or both, fixed, and
subjected to immunoelectron microscopy for the detection of Bax [anti-Bax plus Immunogold
(5 nm) anti-rabbit immunoglobulin conjugate]. Representative micrographs counterstained
with uranium acetate are shown. The number of grains located on the internal (hatched bars)
or external (white bars) mitochondrial membrane were counted. Numbers indicate the number
of grains per mitochondrion (mean * SEM, n = 100; background value obtained with
preimmune serum <0.1). (E) Interaction of Bax and Bcl-2 protein with the inner mitochondrial
membrane. Mouse liver mitoplasts (35) (50 ug of protein in 50 pl; same buffer as in Fig. 1B)
were incubated in the absence (Co.) or presence of 1 wM Bax, Bax Aa5/6, Bcl-2, or Bel-2 Aa5/6
protein (30 min, 37°C), in the presence or absence of 1 uM CsA (denoted by + or —), washed
(10 min, 10,000g, 4°C) three times, subjected to SDS-PAGE and immunodetection of Bax or
Bcl-2 with antibodies recognizing both the native and the Aa5/6 proteins.
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tion or damage pathways.

Given that both ANT and Bax can form
pores (23-25), it is conceivable that the ANT-
Bax complex could form a gap junction-like
conduit at the inner-outer membrane contact
site or regulate the permeability of the outer
and inner mitochondrial membranes in a co-
ordinate fashion, or both. Alternatively, un-
der some circumstances, Bax could translo-
cate to and act primarily on the inner mem-
brane in a colicin-like fashion. This latter
possibility is underscored by immunoelectron
microscopy data indicating that, upon treat-
ment with Atr, Bax redistributes from the
outer to the inner mitochondrial membrane.
This redistribution has a diffuse rather than
clustered pattern and is inhibited by CsA
(Fig. 4D). Moreover, when added to mito-
plasts, Bax and Bcl-2, but not the mutant
proteins BaxAa5/6or Bcl-2Aa5/6, interacted
with the mitochondrial inner membrane in a
CsA-inhibitable fashion (Fig. 4E), suggesting
that the interaction of Bax with the inner
membrane depends on the conformation of
the PTPC. A subtle derangement in volume
homeostasis of the mitochondrial matrix fa-
cilitated by Bax could provoke the local
mechanical disruption of the outer mem-
brane, as this has been suggested by the
study of mitochondrial ultrastructure in ap-
optotic cells (5). This may explain why
opening of the PT pore, which does not
allow for the transit of molecules like inulin
(5200 daltons; Fig. 2B) or cytochrome ¢
(14 kD) (14), can trigger the release of
intermembrane proteins through the outer
membrane. Alternatively, or in addition,
Bax may undergo ANT-dependent confor-
mational changes or oligomerization events
that permit it to form protein-translocating
channels in the outer membrane (§).

In conclusion, PTPC may contain several
channel-forming proteins that cooperate to
mediate apoptosis responses. One such pair
of cooperating proteins comprises the consti-
tutive mitochondrial inner membrane protein
ANT and the proapoptotic Bcl-2 analog Bax.
This discovery provides a biochemical and
mechanistic link between the PT pore and the
mode of action of apoptosis regulatory pro-
teins of the Bcl-2-Bax family.
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Dorsal-Ventral Signaling in the
Drosophila Eye
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The development of the Drosophila eye has served as a model system for
investigations of tissue patterning and cell-cell communication; however, early
eye development has not been well understood. The results presented here
indicate that specialized cells are established along the dorsal-ventral midline
of the developing eye by Notch-mediated signaling between dorsal and ventral
cells, and that Notch activation at the midline plays an essential role both in
promoting the growth of the eye primordia and in regulating eye patterning.
These observations imply that the developmental homology between Dro-
sophila wings and vertebrate limbs extends to Drosophila eyes.

Patterning and growth of the Drosophila
wing depend on signaling between cells in
different compartments (/, 2). This signaling
establishes specialized cells along compart-
ment boundaries, which in turn secrete mol-
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ecules that regulate wing development. The
fringe (fng) gene regulates signaling between
dorsal and ventral cells (3). Fringe protein
(FNG) is produced by dorsal cells and inhib-
its cells’ responsiveness to the Notch ligand
Serrate (SER), while potentiating cells’ re-
sponsiveness to the Notch ligand Delta (DL)
(4, 5). This results in activation of Notch
along the fhg expression border, which nor-
mally corresponds to the dorsal-ventral (D-V)
compartment boundary. Local activation of
Notch in the wing is both necessary and
sufficient for long-range effects on the fate
and proliferation of wing cells (Z, 2).

Strict compartment boundaries have not
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