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SUMMARY

The Notch signalling pathway is involved in many processes
where cell fate is decided. Previous work showed thatotch
is required at successive steps during R8 specification in the
Drosophilaeye. Initially, Notch enhancesatonal expression
and promotesatonal function. After atonal autoregulation
has been established, Notch signalling repressegonal

lateral specification, while the downstream components
Suppressor-of-Hairless and Enhancer-of-Split are involved
only in lateral specification. Our data point to a distinct
signal  transduction pathway during proneural
enhancement by Notch. Using misexpression experiments
we also show that particular Enhancer-of-split bHLH genes

expression during lateral specification. In this paper we
investigate which known components of the Notch pathway
are involved in each signalling process. Using clonal
analysis we show that a ligand of Notch, Delta, is required
along with Notch for both proneural enhancement and

can differ greatly in their contribution to lateral
specification.
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INTRODUCTION

remain uncommitted as a result of Notch signalling (Lieber et

al., 1993; Struhl et al., 1993; Jennings et al., 1994).

A signalling pathway involved in many cell fate decisions is In addition to delaying differentiation, recent studies reveal
centred around the transmembrane receptor encoded by #weamples of inductive Notch signalling. Activation of Notch
geneNotch (N). Several elements in thidotch signalling induces particular cell fates at the developing wing margin
pathway have been identified (Artavanis-Tsakonas et al(Kim et al., 1995; Couso et al., 1995; Doherty et al., 1996).
1995). InDrosophilathese are encoded by, among othersThe different types of N signalling can share signal
the Delta (DI), Serrate(Sen, Suppressor of HairlegSu(H)  transduction components. Both lateral specification and
and Enhancer of Split(E(sp)) loci. DI and Ser encode inductive signalling at the wing margin require wgH)signal
membrane-bound ligands of Notch. Su(H) acts as atransducer, but at the wing margin target genes that act
intracellular transducer of the signal from the membrane tpositively to promote cell fates are activated, in addition to the
the nucleusE(spl) is a nuclear target in the relay of the repressors of th&(spl) gene complexE(spl)-C) (de Celis et
signal(Artavanis-Tsakonas et al., 1995]spl)is a complex al.,, 1996a,b; Kim et al., 1996). Although th&spl)}C is
locus, including seven genes that encode closely relatezkpressed at the wing margin, little function has yet been found
transcription factors bearing a basic Helix-Loop-Helixfor this expression (de Celis et al., 1996a,b).
(bHLH) motif (m8, m7, m5, m3, fy my and md), and two Here we investigate the signal transducers and target genes
genes that encode non-bHLH proteima4(and grouchq involved in Notch signalling in the eye imaginal disc. The adult
Delidakis and Artavanis-Tsakonas, 1992; Knust et al., 199Z&ye of the fly contains 800 ommatidia (unit eyes) arranged in
Schrons et al., 1992) (Fig. 1). a two-dimensional lattice. Each ommatidium includes eight

In many cases Notch signalling is thought to delay celphotoreceptor neurons and twelve accessory cells arranged in
differentiation, keeping cells competent to respond to latea stereotypical pattern, and is founded by a single R8
inductive signals (Coffman et al., 1993; Fortini et al., 1993)photoreceptor cell, which induces most of the other cell types
Lateral specification, exemplified by embryonic neuroblas{Wolff and Ready, 1993; Tio and Moses, 1997). Expression of
commitment, is an example. During lateral specification amhe proneural genatonal (ato)is autonomously required for
individual cell is singled out from a group of equipotent cellsR8 determination (Jarman et al., 1994).
and follows a different developmental fate. Notch does not Notch signalling serves dual roles in the specification of
signal in this committed cell, whereas the remaining cellk8 cells (Baker and Yu, 1997). As expectedich-dependent
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lateral specification occurs to restriato expression to MATERIALS AND METHODS

dispersed single cells that become R8 photoreceptor

precursors. In an additional earlier procedsichenhances Drosophila strains and mutations

ato expression and function aso transcription becomes The FRT82 DI Serchromosome was derived by standard genetic
autoregulatory and independent of prepattern signals. Thosses from th®I™v10 and SeR*X1% strains described previously
initial enhancement céto expression occurs in many cells, (Baker and Yu, 1997).FRT82 Df(3R)gré*>2 and FRT82
but once ato autoregulation is established, lateral Df(SR)E(spI?XZZchromosomes were described preV|oFLést (Heitzler
specification starts to limiato expression to R8 precursor €t @l 1996; Treisman et al., 1997), as wBs(HP™ FRT40

cells. Thus Notch signalling is required at successive S,[eé%chwelsguth, 1995). For chromosome arm 3R the LacZ marker was

: o LS . _'Plconstruct D]96A (Tio and Moses, 1997). For chromosome 2L the
during R8 specification, initially to promote neural potential ;7" 4 ker wasarmLacZ.2L (Vincent et al., 1994); &s-7Emyc

and later to suppress it through lateral specificationmarker was also used (Xu and Rubin, 1993). Fi$feLP1transgene
Consequently the phenotype of lossNaftchgene function  was used (Xu and Rubin, 1993). THAS-E(spl)bHLHtransgenes
varies with time. If Notch (N) function is removed were prepared as described previously (de Celis et al., 1996a), and the
conditionally once ato expression has been enhancedhH10 Gal4 driver has been described before (Ellis et al., 1994). We
supernumerary R8 cells differentiate because laterdiave observed weaker phenotypes towards the posterior of the eye
specification is affected. IN function is absent from the disc usingh™19to express these and many other genes, so this may
outset, such as in a clone of cells lackiNg litle R8  be a property of tha"i0 driver. Whereas™%+; UAS-ngi+ flies had
specifi’cation can occur. For this reason cloneNofiull ~ Mild roﬁgh €yes, ﬁim”f'jl‘é combinoatlionievgmsmsdm mp or my
- - ere phenotypically wild type. Only thed, m5 an genotypes
mutant gel_ls in the eye dlsq almost comple'tely lack neur%/ave been examined as double homozygotes.
differentiation, contrasting with the neurogenic phenotype o
null mutant embryos (Baker and Yu, 1997) (Fig. 2). Mosaic induction
Although Notch signalling is involved in many cell fate clones were induced by heat-shocking larvae (1 hour, 37-38°C) of the
decisions during development, the dual role in R8 specificatiofsllowing genotypes: (1IhsFLR+; FRT82 p[construct D]96ART82
is unusual in that both roles affect the same cell-fate decisidni™v10 e SeRX106 (2) hsFLRA+; FRT82 p[construct D]96ART82
in the same cells. The two processes occur consecutivelpr? ry>%¢ Plgro*ry*] Df(3R)gre?322 (3) hsFLA+; FRT82
without any clear gap between them. In this study wélconstruct D]96"’U:RT8F28 Df(3R)E(spP*?2  (4) hsFLP1+;
investigated whether components of the pathway are involvedimLacZ.2L FRTABU(HPF®FRT4Q
|nt bo'gh [t)r:oceslses ??r? whethtlarﬂ\i/\e;pl)gt;ersej fﬁrve askthgtrllatst Immunohistochemistry
ﬁep m erelayo d ?s[[ghnafs.. t ebs ar el IS V\.It?]r tr\1NI .W%ntibody stainings were performed as described (Baker and Yu,
YPOINESES In mind. In the Tirst, by analogy wi e Wlng1997). Rabbit anti-Boss antibody was kindly provided by H. Kramer
margin, proneural enhancementaib would requireSu(H) Kramer et al., 1991) and rabbit anti-Atonal antibody by A. Jarman
but E(spl) genes would only be needed to mediate lateraynd v.-N. Jan (Jarman et al., 1994). Monoclonal antibodies specific
specification. Our second hypothesis was that both process@sp-galactosidase (mAb40-1a) and Elav protein (mAb7E8A10) were
could involve E(spl) genes, with different combinations of obtained from the Developmental Studies Hybridoma Bank
E(spl) proteins playing distinct roles. For example, some of theaintained by the University of lowa, Department of Biological
bHLH genes, Orgroucho could be involved in lateral Sciences, lowa City, IA 52242, USA, under contract NO1-HD-7-3263
specification, and others in proneural enhancement. Our ddfg™m the NICHD. These monoclonal antibodies were developed by J.
argue against both of these hypotheses. We show that NOtgaE'tSan?jsfand ? '|\</I Rulb'”' rESpeCt'Ve'}’]‘ ?_Ieég”dar}’ a”t"%c’d'est Wetr.e
and Delta participate in both proneural enhancement and latefg] 2 'c¢ oM ~ackson immunoresearc. -conjugated goat ant-
ficati but thaBu(H dE(sol | ired f mouse and goat anti-rabbit antibodies were used as well as Cy3-
specitication, bu u(H)andE(spl) are only required for conjugated goat anti-mouse and FITC- or Cy2-conjugated goat anti-
lateral specification, not for proneural enhancement. It follows,ppit and goat anti-rat.
that the proneural function dfiotchis mediated through @  Scanning electron microscopy was performed as described

distinct signal transduction route. (Kimmel et al., 1990).
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Fig. 1. Organization of th&(spl)complex. TheE(spl)-C, shown with distal to the right, contains seven genes encoding bHLH genes, shown in
bold type beneath the scatad, my, mg, m3, m5, mandm8) and two functionally related genes of distinct sequence, the co-repressor gene
groucho(gro) and them4locus.N signalling mediated b$u(H)is required for eye disc expression of at leagtmy, mgB, m7andm8 although

in the cases ah8andmysome features of the expression pattern are retairali)or N mutant cells (Bailey and Posakony, 1995; de Celis

et al., 1996a,b; Baker and Yu, 1997). Dashed lines above the scale indicate the extent of deficiencies folXf{8R)gu$32-2deleting all

the bHLH genes but ngroucho(which is nevertheless affected), wherB&S8R)BX22affectsgrouchoandm5, m7andm8(Delidakis et al.,

1992; Schrons et al., 1992; C. Delidakis and A. Preiss, unpublished data).
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Fig. 2. Eye development in the absence of Notch. A segment of an
eye imaginal disc mosaic fdtis shown. Anterior is to the left in this
and subsequent figures. Notch protein is stained brown, so the mut:
clone is identified from loss of Notch immunoreactivity. The R8-
specific Boss protein is stained blue-black. The mutant clone lacks
differentiating R8 cells. Several R8 cells differentiating fidn
cells at the clone boundary are shown by white arrows. Two of thesd-ig. 3. Eye development in the absence of DI and Ser. Cells wild

(lower right) lie within small clusters ti* cells surrounded by~ type for theDl andSerloci express th@-galactosidase marker (red).
cells. The position of the morphogenetic furrow is shown by the largE&xpression of the R8-specific Boss protein is in green. Anterior is to
arrowhead. the left and the large arrowhead indicates the morphogenetic furrow.

Some single R8 cells differentiating in wild-type territories are
indicated by blue arrows. R8 differentiation (and differentiation of
other neurons) does not occur witliiT Ser clones, except near the
RESULTS boundaries where clusters of multiple R8 cells are seen (white
arrows). Within each cluster the apical profiles of individual cells
Previous work established an autonomous, proneurdlecome hard to see as adjacent R8 cells become increasingly tightly
function for Notch which is required to enhance the bunched together posterior to the furrow. Many of the clusters
expression and function afto as eye differentiation begins contain 3-4 Boss-expressing cells.
(Baker and Yu, 1997). In contrast to the neurogenic
phenotype seen iN null mutant embryosiN mutant clones
in the eye disc lacked most neural differentiation,Adjacent R8 cells bunch very tightly together at their apices.
demonstrating an N requirement preceding lateral Larger R8 cell clusters seen in other genotypes are often
specification (Fig. 2). The Notch ligand DI was associated with deep folds in the epithelium. In summary, no
nonautonomously required, so that the proneuratole could be identified foSer even in the simultaneous
enhancement was rescued in sddhenutant cells by nearby absence obl.
cells wild type foDI. Another ligand encoded by tBerrate
gene appeared not to be required for eye differentiation (St

and Artavanis-Tsakonas, 1996; Baker and Yu, 1997). A

Delta-Serrate double mutant clones

The ligand encoded b8eris also expressed in the eye disc
(Baker and Yu, 1997). BecausBl and Ser function
redundantly in some tissues and can regulate each othe
expression, it was necessary to examine cells mutant for bo
genes to determine the effects of losing Notch ligand
completely (Micchelli et al., 1997; Panin et al., 1997). FLP-
mediated recombination was used to induce clones of cel
homozygous null for both ligands. Phenotypically, clones o
DI- Ser mutant cells resembled those previously described fc
DI alone. Neural differentiation was prevented ahliciones,
except that near the clone margins nonautonomy was observ
Fig. 3). Another marker that labels all photoreceptor neurons,, .
EhegEIa)lv protein, was also examined, v[\)/ith simiIaE results (ndg'9: 4 Eye development in the absencegépl)C. (A) - .

X . alactosidase expression (red) marks cells with one or two copies of
shown). Where neural differentiation was rescued near t

. . wild-typeE(spl)-C. Unlabelled cells are homozygous for
clone margins, excessive numbers of R8 cells were observegsr)yr$322 (B) Specimen from A merged with image of Elav

(Fig. 3). This reflects rescue of the proneural function of NotcRypression (green). HomozygdEéspl) mutant cells are neurogenic
but insufficiency of signal during lateral specification, and wasn phenotype as most or &(spl)mutant cells differentiate as
observed before fobl mutant clones (Baker and Yu, 1997). neurons.




2896 P. Ligoxygakis and others

The requirement for  E(spl)-C during neurogenesis in were used to define its role more precisely. Bsplp32-2

the eye imaginal disc deficiency deletes all seven bHLH genes amd (Fig. 1;
E(spl) bHLH genes have been shown to be transcriptionallypchrons et al., 1992). Partgb function was supplemented in
activated as a direct consequence of Notch signalling an@Ur experiment by a linkegro™ transgene (see Materials and
along with the corepressor protein Groucho, to mediaténethods)E(splP322gro* homozygous cells displayed a cell
inhibition of proneural genes in the nucleus (Jennings et aldutonomous neurogenic phenotype quite unlike thitafDI
1994; Paroush et al., 1994; Oellers et al., 1994; Dawson et dnutant clones. Antibodies against Boss or Elav proteins each
1995; Jarriault et al., 1995; Nakao and Campos-Ortega, 199@&pelled a much greater number of cells within the clone than
Fisher et al., 1996; Giebel and Campos-Ortega, 1997). At tHé the surrounding wild-type tissue (Fig. 4, and data not
wing margin E(spl) genes are activated bi¥, but this shown). Some.clones were difficult to_photograph because
expression appears to be dispensable for wing margiieurogenic regions often seem to fold in on themselves and
formation (de Celis et al., 1996a,b). In the epntch  crease the eye disc. Because neurogenesis can still occur, it
dependent expression wd andmyaccompanies repression of appears that the proneural function Wétch can proceed

ato expression, suggesting that at least these two di(s)  Without any E(spl)-C bHLH genes, whereald function in
bHLH genes contribute to R8 patterning during lateralateral specification is severely impaired.

specification (Baker et al., 1996; Dokucu et al., 1996). In As recently reported (Treisman et al., 1997), we find that
addition, md and perhapsny are also transiently expressed clones of cells homozygous fB(splf*22are also neurogenic
prior to lateral specification (Baker et al., 1996), andrtife  in phenotype (data not showrgj(splP*#2affectsgro and the

m8 and mB genes are transcribed in distinct patterns thabHLH genesn5 m7andm8(Fig. 1). It follows thagrois also
remain uncharacterized in detail for lack of specific antibodiegispensable for the proneural functionNiftch although it is

(de Celis et al., 1996a). Thus particular E(spl) bHLH proteingrobably required in lateral specification.

might mediate proneural Notch signalling as well as or instead ) .

of lateral specification. Forced expression of E(spl) bHLH proteins

Clones of cells deleted for portions of théspl) complex  Forced expression experiments were performed to define

Fig. 5. Forced expression of E(spl) bHLH proteins. (A) Scanning electron micrograph of the surface of a wild-type eye. (B) In cothgariso
eye is much smaller iH1YUASmd flies. (C) Neural differentiation in wild-type eye disc, revealed by labelling for ELAV protein. (D) In
hH1UASHd many fewer ommatidia differentiate. Most are located close to the posterior eye margin. Weaker posterior effects arélhe rule w
thehH10 driver (see Materials and methods). (E) Nearly normal numbers of ommatidia differenitfdt®ilASmseye discs. (F) Neural
differentiation inhH1YUASNHS eye discs is more normal than fad (compare with D). (G) The normal evolution of ato protein expression in a
wild-type eye disc. (H) ImH10UASmd ato expression is greatly suppressedhtB/UASN® ato expression resembles wild type (compare with

G). (J) InhH1YUASHB ato expression resembles wild type (compare with G). Arrowheads in C-F, position of morphogenic furrow.
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further the role of particular bHLH proteins. ThairyH10  expression or subsequently express the R8-specific Boss
enhancer trap was used to drive GAL4-dependent transgepeotein. Instead clusters of R8-like cells often seem
expression anterior to and within the morphogenetic furroninterspersed with non-R8 neurons (Fig. 6D,J). As noted by
Fig. 5B shows the double homozygote for btth® and  Jarman et al. (1995), ato expression in wild type first becomes
UAS, expressing @iprotein during the requirement for ato. patterned into regular ‘intermediate groups’ of about ten ato-
The eyes contained few facets and were greatly reduced in sisxpressing cells before resolving to individual R8 precursors.
Eye imaginal discs contained few ommatidia (Fig. 5D). TheDur results support previous conclusions that initial spacing of
defect was associated with reduction or absenceatof intermediate groups is not part of tiNedependent lateral
expression in the morphogenetic furrow (Fig. 5H). Thesepecification process (Baker and Zitron, 1995; Lee et al.,
findings indicate that protein is capable of repressiatp  1996), and so does not dependif{epl) or Su(H)
expression, as occurs during lateral specification.

Not all E(spl)bHLH proteins repressedo. Fig. 5 shows
that eye disc patterning occurred almost normally iNDISCUSSION
hH1/hH10.UASMBUASMS homozygotes and  irhH10/hH10;
UASNB/UASNS homozygotes. Both  hH1OhH10,  For many of the developmental decisions mediated by Notch,
UASmM3BUASmM5homozygotes ant™1YhH10UASNB/UASNB  the signal transduction pathway is known in outline. Activated
homozygotes died as pupae without differentiating adulSu(H) protein transcribes target genes, which include bHLH
structures, wherea"19%hH10:UASNO/UASN® homozygotes proteins from the E(spl)-C during lateral specification, or other
survived to pharate adulthood and produced occasional adplbsitive factors during inductive processes (Artavanis-
escapers. Because of the earlier lethality duenfoor m3  Tsakonas et al., 1995; Lewis, 1996). Two successive roles of
expression it is difficult to attribute the lack of effect on eyeN signaling have been described during R8 cell specification
development to lower expression levels thannfidy and we in the developing eye. Fird\ is required for the full level of
instead conclude that thednprotein is qualitatively distinct ato expression and function, so that neural differentiation fails
from m5 and M proteins in its ability to inhibitato in N null mutant clones. LateN signalling repressesto

expression. expression during lateral specification. Extra R8 cells are
produced ifN is inhibited during lateral specification with a
Role of Su(H) temperature-sensitive allele (Baker and Yu, 1997). We have

Recent studies have identified Su(H) as a common componemw determined the respective roles of $1&H)locus and

in Notch signal transduction pathways. Ligand binding (Delté&E(spl)-C. Our major conclusion is that while lateral

or Serrate) to Notch activates Su(H), which can shuttle betweepecification of the R8 cells requirs(H)andE(spl), earlier

the cytoplasm and the nucleus and act as a transcription factproneural signalling requires neither and must differ from both

Activated Su(H) turns on a number of downstream target gendateral specification and induction by using other signal

mediating Notch signalling in lateral specification or inductivetransduction components whose identity is not yet known.

processes (Fortini and Artavanis-Tsakonas, 1994; Jarriault et ) o

al., 1995; Lecourtois and Schweisguth, 1995; Bailey andf(Sp/) genes mediate lateral specification but not

Posakony, 1995; Kim et al., 1996; Eastman et al., 1997). Singgoneural enhancement

the E(spl)-C was not required for proneutdlisignalling in the  The phenotype dE(spl) mutant cells is dramatically different

eye it was possible that other effector genes were transcribé@m that ofN mutant clones (Fig. 4E(spl)mutant cells show

in response to Su(H) activation, as happens at the wing margn autonomous neurogenic phenotype in which nearly all cells
In order to investigate the role of Su(H), clones of celldifferentiate as neurons, many of which are R8 photoreceptor

homozygous for an apparent null allele 8fi(H) were cells. This showed tha&(spl)-C was not required for neural

generated by FLP-mediated recombination. In the eye imagindifferentiation and cannot be essential for the proneural

disc Su(Hy mutant cells were associated cell autonomoushenhancement for whidd andDI are required. This conclusion

with neural hypertrophy (Fig. 6). Many of the ectopic neuralapplies to all theE(spl) bHLH genes,gro and m4, even

cells were R8 photoreceptors, based on expression of the Rithough at least some of these genes seem to be expressed in

specific protein BOSS (Fig. 6C,D). It appeared that, like theesponse to the proneurdlsignalling (Baker and Yu, 1997;

E(spl)-C, Su(H)was required for lateral specification but notBaker et al., 1996). However, lateral specification failed in

for R8 differentiation. To confirm this conclusioato  E(spl) clones, showing that some of the bHLH genes and

expression was examined. In wild type, initial broad expressioprobablygro are required for lateral specification of R8 cells.

of ato protein is replaced by R8-specific expression thathis is consistent with the characterization of E(spl) bHLH

persists for 6-8 hours (3-4 columns of ommatidia) and theproteins and gro as repressors that inhibit proneural gene

fades (Jarman et al., 1994; Fig. 5G). Fig. 6E-J shows thakpression and function in other parts of the nervous system

whereasato expression begins normally 8u(H)mutant cells, (Jennings et al., 1994; Paroush et al., 1994; Oellers et al., 1994;

ato expression is maintained in many more R8 cells than iDawson et al., 1995; Jarriault et al., 1995; Nakao and Campos-

wild type, indicating failure of lateral specification. ExpressionOrtega, 1996; Fisher et al., 1996; Giebel and Campos-Ortega,

of ato then fades frof8u(H)mutant R8 cells at the same time 1997).

as from wild-type cells. Thus, like thE(spl)-G Su(H) is ) . )

required for lateral specification but not for the proneuralSu(H)-independent Notch signalling

function ofNotchin the retina. At the developing wing margin, inductive Notch signalling can
Interestingly, although many extra R8 precursors form iroccur in the absence &{spl), but is still dependent cBu(H)

Su(H) mutant clones, not abu(H) mutant cells maintain ato to induce expression of other target genes. Our data showed
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Fig. 6. Eye development in the absence of Su(H). (A) Arrows indiSafel)mutant cells, identified by lack @fgalactosidase expression

(red). (B) Same image merged with Elav expression (gr8eifif)mutant cells show autonomous neural hypertrophy. (C) Boss expression
(green) reveals clusters of extra R8 cells developing 8afh)mutant cells lacking thB-galactosidase marker (red). Although most or all of
the Su(H)mutant cells differentiate as neurons (see B), not all express the R8-specific Boss protein. (D) A second specime&uifHyvhich

cells lack a nuclear myc-epitope marker (brown). Boss expression (blue-black) shows a clear appearance of clusterscellextithiR&he
Su(H)mutant region. (E-G) and (H-J) show t8a(H)mutant clones doubly labelled f8u(H)mutant cells, identified by lack @f

galactosidase expression (red; E,H), ato expression (green; F,I) and the merged images (G,J). In wild type, broad atésergpiessid by
R8-specific expression for 3-4 columns Sm(H)mutant cells, excess cells continue ato expression (green), e.g. arrows in F and G. Note that
someSu(H)mutant cells do not express ato (e.g. arrows in | and J), consistent with the clusters of Boss-expressing R8 cells stagest late
(C and D).

that proneural enhancement in the eye differed and occurrédecourtois and Schweisguth, 1995), show definitively through
independently oSu(H) Later, Su(H)was required for lateral studies of loss-of-function mutations that there are functions of
specification mediated by ti&gspl}C. In Su(H)mutant cells, the wild-type Notch protein that occur in apparey(H)null
ato expression was initiated normally but subsequentlymutant cells but not itN null mutant cells, and so must be
persisted in too many cells, leading to ectopic R8 celindependent of Su(H).
differentiation and neural hypertrophy (Fig. 5). We showed o .
previously that the proneural enhancement is mediated by t@ualitative differences between E(spl) bHLH
intracellular domain of Notch (Baker and Yu, 1997). TakerProteins
together these findings imply a distinct signaling mechanismlthough we did not find distinct proneural functions of any
downstream of Notch that permits proneural enhancement #(spl)-C genes, there was evidence for other differences
occur independently dsu(H) function, and which also does between them, based on forced expression. We findridat
not require thee(spl)-C bHLH genes ogro. represseato expression and function much more efficiently
Several prior studies have given indications tBa({H)}  than eithem5or mBdo (Fig. 5). Becausam5or mB expression
independent signalling might occur. These have includedauses earlier lethality thamd expression, it is difficult to
studies of theC. elegangenelag-2, a Su(H)homolog, which  account for this except by functional differences between
did not employ null mutations (Lambie and Kimble, 1991), andlistinct bHLH genes. Lack of point mutations affecting
effects in several systems of misexpressing ankyrin-repeatdividual E(spl) bHLH proteins has led to the conclusion that
portions of the Notch intracellular domain (Roehl and Kimblethese genes are redundant, but the gene complex has
1993; Shawber et al., 1996; Matsuno et al., 1997). As thisevertheless been conserved through evolution (Schrons et al.,
portion of Notch binds Su(H) poorly (Tamura et al., 1995),1992; Maier et al., 1993). It may be that the seven bHLH
these misexpression effects might Bei(H}independent. proteins show overlapping functions, not identical ones. The
However, an additional interaction between Su(H) and thdistinct expression patterns of individual genes suggest they
ankyrin-repeat region of the receptor has now been implicateday differ in function and so contribute to the specificityNof
in at least some of these examples (Fortini and Artavanisesponses in particular tissues (de Celis et al., 1996a).
Tsakonas, 1994; Roehl et al., 1996; Kato et al., 1997). Our Taken together with expression studies that shdwmotein
data, and also a study of the role of Notch in regulaingle-  spatially replacing ato protein during lateral specification of R8
minded gene expression in the embryonic mesectoderngell fate (Baker et al., 1996; Dokucu et al., 1996), our results
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point to a major role famdin this particular instance of lateral Baker, N. E. and Yu, S(1997). Proneural function of neurogenic genes in the
specification. However, botimd and my, which is expressed _ developingDrosophilaeye Curr. Biol. 7, 122-132.

similarly in the eye, can be deleted from the genome withodtake: N- E. Yu, S. and Han, D.(1996). Evolution of proneural atonal
! expression during distinct regulatory phases in the develdpiogophila

affecting eye development (The et al., 1997). At least one othereye curr. Biol. 5, 1290-1301.

E(spl) bHLH protein must be able to substitute. A candidate iBaker, N. E. and Zitron, A. E. (1995). Drosophilaeye developmentlotch
m8, whose overexpression and mutation in ﬂ'g@pUD and Delta amplify a neurogenic pattern conferred on the morphogenetic
mutation can suppress eye neurogenesis in the presence of éHé”"W by scabrous. Mech. Dedd, 173-189.

ampos-Ortega, J. A. and Knust, E.(1990). Defective ommatidial cell
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