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SUMMARY

Regulated activation of receptor tyrosine kinases depends report that a fragment containing the carboxy-terminal
on both the presence of the receptors at the cell surface and 108 amino acids of the trunk protein retains trunk activity
on the availability of their ligands. In Drosophila, the torso  and is sufficient to activate torso signalling. We also show
tyrosine kinase receptor is distributed along the surface of that this fragment bypasses the requirements for the other
the embryo but it is only activated at the poles by a genes involved in the activation of the torso receptor. These
diffusible extracellular ligand generated at each pole that results suggest that a cleaved form of the trunk protein acts
is trapped by the receptor, thereby impeding further as a signal for the torso receptor. We therefore propose that
diffusion. Although it is known that this signal depends on the restricted activation of the torso receptor is defined by
the activity of several genes, such derso-likeand trunk, it  the spatial control of the proteolytic processing of the trunk
is still unclear how is generated. The identification of the protein.

signal responsible for the torso receptor activation is an

essential step towards understanding the mechanism that Key words:trunk, torsg, Signal transduction, Extracellular ligand,
regulates the local restriction of torso signalling. Here we Drosophila melanogaster

INTRODUCTION be found at both embryonic poles after fertilisation (Martin et
al., 1994). Moreover, its restricted expression in these follicle
Receptor tyrosine kinases are involved in many signallingells appears to be critical to generate the localised terminal
pathways in cell proliferation and differentiation. Activation of signal in the embryo because ectofst expression during
these pathways depends on both the presence of the recepmogenesis causes central portions of the early embryo to
at the cell surface and on the availability of their ligands. Thugjevelop terminal structures (Savant-Bhonsale and Montell,
the extent of receptor activation can be regulated by the limitetR93; Martin et al., 1994; Furriols et al., 1998). By contrast,
production or by the restricted diffusion of their ligands (sedrk is required in the female germline (Schupbach and
Jessell and Melton, 1992 for a review). The torso pathway ivieschaus, 1986b), its RNA is distributed uniformly in the
Drosophilais a particularly appropriate model to address thisoocyte and codes for a protein with similarities to several types
issue. The torso (Tor) receptor is distributed along all thef extracellular growth factors that is likely to be secreted and
surface of thérosophilaembryo but it is only activated at the cleaved (Casanova et al., 1995).
poles, where it specifies development of terminal structures In addition, two other genefs(1)pole hole(fs(1)ph also
(Schupbach and Wieschaus, 1986a; Klinger et al.,, 198&nown as female sterile(1) M3) afg{1) Nasra{fs(1)N, seem
Casanova and Struhl, 1989; Sprenger et al., 1989). Activaticalso to be required for local activation of the Tor receptor
of the Tor receptor has been shown to depend on a diffusib{€asanova and Struhl, 1989). These genes are special because
extracellular ligand generated at each pole that is trapped Ilye majority of mutant alleles at both loci lead to a collapsed
the receptor, thereby impeding further diffusion (Sprenger andgg phenotype probably due to abnormalities in the vitelline
Nusslein-Volhard, 1992; Casanova and Struhl, 1993). membrane surrounding the oocyte and only a particular
However, it is still not known which is the terminal signal hypomorphic mutation for each gene gives rise to a terminal
and how it is generatetbrso-like(tsl) andtrunk (trk) are two  phenotype (Degelmann et al., 1990). Thus, it has been
genes that are normally required for activation of the Toproposed that these two genes may have a dual function; they
receptor and have been implicated in the local production anay serve to stabilise the vitelline membrane and they may
action of the Tor ligand (Casanova and Struhl, 1989; Steveraso be involved in retention or stabilisation of thlgproduct
et al., 1990)tsl expression is restricted to specialised folliclein the perivitelline space at the egg poles (Degelmann et al.,
cells at each end of the maturing oocyte (Savant-Bhonsale ati890).
Montell, 1993; Martin et al., 1994) and its product appears to Two models have been suggested for the activation of the
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Tor receptor. In one model, Tsl itself would be the Tor ligandtoding for theeasignal peptide up to the glycine residue at position
release of Tsl from its terminal location, perhaps in the vitellin€0 fused to the valine residue tof at position 119.

membrane, would activate the Tor receptor in the blastoderm .,

membrane at both poles of the embryo (Martin et al., 1994; s !

Duffy and Perrimon, 1994 for a review). In another model, Tr

Im'gl?lt be t.Se(;r%t%d mtatCt IlnE_O tf;e pe”VItte”me ﬂu'? I?ﬁ/eﬁ' an 995) by a 93 bpEcoRV-BsdHI fragment fromwingless(wg) that
ocally activated by proteolylic cleavage 1o generate the ligang ., jes the sequence for its signal peptide (Rijsewijk et al., 1987).
for the Tor receptor (Casanova et al., 1995). This possibilitgy reverse PCR with primers GCCGCTGCACAGGGCCAT and
has been reinforced by the similarity between Trk and spatzlerTcCACGCTATATCCGTTC we generated a plasmid coding for
((jSpZ), the [i')Utative Iigand( for the Toll Ejecept:j)r involved inthewg signal peptide up to the glycine residue at position 17 fused to
orsoventral patterning (Morisato and Anderson, 1994the phenylalanine residue wk at position 148.

Schneider et al., 1994). In the first model, restricted activation 108
of Tor signalling would be regulated by the localised depositiof? VAS Tk . _

of its ligand. In the alternative model, the local processing of "€ complete coding sequence from the pladritfet®®was excised
a uniformly distributed ligand precursor would regulate the?S @ECORI-Xhd fragment, cloned in a vector with tod flanking
domain of activation of the Tor pathway. sites and inserted asNotl fragment into the pUAST vector (Brand

. A . . and Perrimon, 1993). By P-element mediated transformation we
ac-tli—\r/]:tiI(;jr:anitéﬂC:r?ogs?;mﬁalsgpea; r?gﬁg?g‘s'blﬁrfgég?gggﬁ%pt? enerated several independent fly strains carrying the tck&598
mechanism that regulates the local restriction of Tor activation. nstruct
Here we report that a fragment containing the carboxy-termin&NA injections
108 amino acids of the Trk protein retains Trk activity and iRNA was synthesised froikC-100, trkC-108 and trkC-159 plasmids
sufficient to activate Tor signalling. We also show that thisusing the mMessage mMachine kit (Ambion) according to the
fragment bypasses the requirements for the other geng@nufacturer’s instructions_. The RNA was injected at a conc_entration
involved in the activation of the Tor receptor. These result§etween 1.5 and 2.5 ng/nl in the posterior pole of 0- to 45-minute-old
suggest that a cleaved form of the Trk protein acts as a sigr%epgygggﬁigyfgﬁqogg?;n f;agt fg%a'fhseaﬁ;ﬁﬂcﬁ'gcv%femﬁ%%s
]zciocrti;[/rz]i?io-l;loi)fr etﬁgp.ltglrj r\é\f:ee;?g:eéoéeef%ggobsye t;[]zatsFt)gfiarleggrﬁ:%ccording the standard procedures. Rescue was scored by the presence

- " f the filzkdrper.
of the proteolytic processing of Trk. 1zKorp

e first generated a pwg-R3 plasmid by substitutingkacDNA
ragment from 2025 to 2088 in the genomic map (Casanova et al.,

In situ hybridisation

tll and hkb probes were generated from cDNA clones provided by
J. Lengyel and H. Jackle, respectively. Whole-mount in situ

) hybridisation were done following the method of Tautz and Pfeifle
Fly strains (Tautz and Pfeifle, 1989) with minor modifications.

trkV67-1is a mutation that results from the insertion of a P element and

behaves as a null allele (Casanova et al., 1995§R1is a small

deficiency that deletes titer gene (Sprenger et al., 19885604is a RESULTS

P element induced mutation (Martin et al., 1994]1)pH9°! and

fs(1)NP11 are EMS induced mutations in those genes displaying th . L .

specific terminal phenotype (Degelmann et al., 1990). For thg’utatlve cleavage sites in the Trk protein

ubiquitous early expression k108 we used th@eosGAL4-VP16  The molecular characterisation of tiike gene has shown that
line (Van Doren et al., 1998). it encodes a protein with analogies to extracellular ligands and
lasmid likely to be cleaved. More precisely, the Trk protein resembles
Plasmid constructs Spz, the putative ligand for the Toll receptor. The analysis of
Full-length rk (pNB-R3) _ _ the trk sequence has revealed a putative cleavage site at
To introduce the 'SUTR region of theB-globingene in frontof a full - hosition 67 in the predicted protein that would generate a

trk cDNA we cloned a fultrk cDNA from position 1987 to 2752 in ; ; ; 15
; ; ' carboxy-terminal fragment of 1 min idiisk . In
the genomic map (Casanova et al., 1995) into a pNB40 derlvatlvCa boxy-te al fragment of 159 amino acids{*%9

(Brown and Kafatos, 1988). To generate truncated forms of Trk thgdglil.on’ tlhe Conse_rtve_d arr]glnlnedltmme(?lzitely up_sntlrteﬁ;m of this
would be appropriately secreted we decided to use well-defindgUt@live cleavage site Is changed (o a glutamine | SS-

sequences that have already been proved to functionally work &4-function mutation (Casanova et al., 1995). The observation
signal peptides, even in the context of heterologous proteins (see, féfat @ mutation in a putative cleavage site eliminates the

MATERIALS AND METHODS

example, Smith and DeLotto, 1994). biological function of the Trk protein suggests that cleavage is
150 an essential step for Trk activity.
trk> Further analysis of thdrk sequence has unveiled an

We first generated a pea-R3 plasmid by cloning the cDNéesfer  additional putative cleavage site at position 119, which would
(e (Chasan and Anderson, 1989) in front of the cODNA. By  gijye rise to a carboxy-terminal fragment of 108 amino acids
reverse PCR with primers GCCCGCCGATGATTTCGC and 4,108 Several reasons suggested that this additional site

TCGTCGTACGAGCTGCCC we generated a plasmid coding for thecouId also be important for Trk activity. First, Trk shares some

easignal peptide up to the glycine residue at position 20 fused to thseequence similarity with the prothoracicotropic hormone

(PTTH) of Bombyx mor{data not shown), which is presumed

trkc-108 to be cleaved at different sites to yield a final carboxy-terminal
By reverse PCR from pea-R3 with primers GCCCGCCGATGA-fragment of 109 amino acids (Kawakami et al., 1990). Second,
TTTCGC and GTGGGACATCCGAGAATC we generated a plasmidSpz is cleaved at a similar position between Arg220 and Val221

serine residue dfk at position 68.
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to yield an active fragment of 106 amino acids (Morisato et algbtained with these modified trascripts compared to the full-
1994, Delotto and Delotto, 1998). The cleavage site of Sptength transcript probably reflects the low stability of the
VSSRVGGS, bears some similarity to the putative cleavageéruncated mRNAs and/or proteins. Conversely, we could not
site of Trk, FHORVGHP (Fig. 1A). And third, most of the detect any Trk activity associated with the F#0fragment.
active forms of the growth factors with a cystine knot motifThus, we conclude that a truncated Trk protein that contains
possess only a small fragment amino terminal to the firsit least its 108 carboxy-terminal amino acids retains Trk
cysteine of the knot (for a review, see McDonald andactivity.
Hendrickson, 1993). In this regard, the Trk carboxy-terminal )
fragment generated by cleavage at position 1k§-{%) fits ~ The C-terminal fragment of Trk bypasses the
this 'rule' better than the fragment generated by cleavage ®duirement for the other genes acting in Tor
position 67 {rkC-159). receptor activation

The analysis of thérk sequence, the presence of putativeThe ability of Tri-108to induce terminal structures suggested
cleavage sites and the mutation on a cleavage site that abolistiest a carboxy-terminal fragment of the Trk protein could
trk function prompted us to study the biological activity offunction as an active signal for the Tor receptor once cleaved

deleted forms of th&k gene. from its amino-terminus. This raised the possibility that

the other genes required for normal activation of the Tor
The C-terminal fragment of the Trk protein retains receptor would be involved in the local processing of the Trk
Trk activity protein at the embryonic poles. Consistent with this

We have constructed a series of deletions oftth@ene to  hypothesis, injections ofrk¢-108 RNA were also able to
generate Trk proteins that would lack different amino-terminainduce terminal structures in embryos mutanttéhrfs(1)N
fragments while retaining a signal peptide to direct thesandfs(1)ph(Fig. 2). These experiments indicate thatCr+R8
deleted proteins to the perivitelline space. To generatBypasses the requirement for these three genes and places
truncated forms of Trk that would be appropriately secreted weownstream ofsl, fs(1)Nandfs(1)phin the genetic pathway
decided to use sequences that had already been characteriged controls Tor activation. As expected if ¥#8 were
as well-defined signal peptides. To assess the activity of theaetivating the Tor receptor, no rescuing activity was observed
truncated forms, we injected the different transcripts at thapon injection in embryos laid biyr mutant females (Fig.
posterior pole of embryos laid Ik mutant females. First, as 2).
a control, we have verified thak full-length transcripts were ~ As mentioned above and likiek©108 trkC-159 can also
able to rescue the phenotype of embryos fioknmutant induce terminal structures when injected itk mutant
females (35% of rescued embryos;72); we did not detect
any rescue when these transcripts were injected in embry
from tsl mutant females (data not shown). ¢ cce « cec

In particular, we have generated two deleted forms the . E——
mimic the result of cleavage events at the putative sites i Trk T —

MHDRV GHP
positions 67 and 119. These two forms,CF#R%and Trk-108

retain the 159 and the 108 carboxy-terminal residue 5

respectively. We have also generated a third deleted form th 'C e o e

retains only the last 100 amino acids, F#KO (Fig. 1B). e

Although injection of these truncated transcripts was not ver Spz VSRV GGS
effective, we have found that T&k>%and Trk-108 retained
trk activity as they were able to partially rescuettkenutant
phenotype as indicated by the appearance of filzkdrper
structures that are never presentrknmutant embryos (Fig.

2 and Table 1). The low percentage of rescued embryc

Easter

B
Table 1. Induction of terminal structures bytrk©-108and TECTS o E————
trkC-159 RNA injection _A S
RNA injected Maternal genotype Embryos scored Fz(%) c ccce c ccc
trkC-108 trkV67-1 149 2 TrkS™ v_%
tsl604 83 9.6
fS(1)NRLL 309 3.2
fs(1)pHooL 82 2 C ccc ¢ cce
torXR1 267 0 Trk™ . |
SP T 134 226
C-159 V67-1
i trt|;|604 ﬁg }1:13 Fig. 1.Generation of deletions in tiik coding region.
fs(1)NBLL 221 77 (A) Schematic representation of the Spz cleavage and the Trk
fs(1)pH0L 380 1.3 putative cleavage site at position 119. (B) Schematic representation
of the different truncated forms of Trk, &5, TrkC-198and
RNA transcripts were injected at the posterior pole of the embryos. TrkC-100 The light grey box represents the N-terminal signal

Embryos were scored for the differentiation of filzkdrper structures (Fz) sequence, fromain the case of Tik1%%nd TrkE-108and fromwgin
which are not present in the absence of Tor signalling. TrkC-100 Each C denotes a cysteine residue.
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Fig. 2.trkC-108retains Trk activity and
bypasses the requirement for the other
genes acting in Tor receptor activation.
(A) Wild-type embryo. (B) Embryo
from atrkV67-1female. Observe that the
structures posterior to the seventh
abdominal segment are absent. (C-

F) Embryos frontrkV67-1(C), tsl604

(D), fs(1)NE11 (D) andtorXR1

(F) females injected at the posterior
pole withtrkC-108 RNA. Note the
presence of filzkdrpers (arrows) in
injected embryos frortrk, tsl and
fs(1)Nmutant females, but not in
injected embryos frortor mutant
females.

embryos. We therefore addressed the question of whether thife C-terminal fragment of Trk can induce

larger fragment would behave similarly to the full-length Trkphenotypes associated with general activation of

protein and still require the activity of the genes upstream ahe Tor receptor

trk in the genetic pathway. Thus, we assayedt{e!>*RNA  The above experiments indicate that a general level 6fPfk

in embryos mutant fdsl, fs(1)Nandfs(1)phand we found that  can generate restricted expression of the target genes of the Tor
it can also induce terminal structures in these mutanignalling at both poles of the embryo. Similar results are
backgrounds (Table 1). We therefore conclude that activitypserved when Tor signalling is activated at low levels all over
of Trk¢159 does not depend on any of these genes. Sinagie embryo, either by general expressiotsb(Furriols et al.,
Trk®1%8holds the same activity as Tk it is possible that  1998) or by a constitutive ligand-independent mutation in the
Trk®159 could represent an intermediate in the generation ofor receptor (Steingrimsson et al., 1991). Only when higher

an active form of Trk (see Discussion). levels of Tor signalling are achieved it is possible to detect its

. . deleterious effect in the central regions of the embryo.
The C-terminal fragment of Trk can induce  #// and Consistently, we have observed that some embryos derived
hkb expression from females bearing three copies of the UAG-108 and a

The activity of the deleted forms of thé gene upon MRNA  maternal GAL4 insertion (see Materials and Methods) have
injection was assessed by the appearance of filzkdrpers in theletions of the middle body segments (Fig. 4). This is the
cuticle of the developed embryos. In this assay, few embrygshenotype associated with the expansion of the terminal
could be scored as positive. As mentioned above, thgortions of the embryo at the expense of the central region
efficiency of the injections was very poor probably due to thgKlinger et al., 1988), a phenotype that is more sensitive to
low stability of the truncated mRNAs and/or proteins. Thusweak general activation of the Tor receptor than in situ analysis
it was crucial to analyse whether the C-terminal fragment ofor tll and hkb expression (see for example, Cleghon et al.,
Trk could trigger all the downstream responses of the To1996 and Furriols et al., 1998). This result suggests that the
signalling pathway. The zygotic gendailless (tll) and  C108 carboxy-terminal fragment of Trk is sufficient to induce
huckebeir(hkb) appear to be the only targets of Tor activationterminal fates all over the embryo.

at the posterior pole of the embryo (Weigel et al., 1990). More

precisely, only high levels of Tor signalling appear to be

able to activaténkb expression (Furriols et al., 1996). Thus, DISCUSSION

to further characterise the activity of the C-terminal fragment ) )

of the Trk protein we have examined whether it could® C-terminal fragment of Trk can act as a signal for

inducetll and hkb expression in mutant embryos fesl. To  the Tor receptor

overcome the difficulties of the RNA injection assay, we havel'he molecular characterisation of tlik gene suggested that
generated transgenic lines expressing T under the it could encode the ligand for the Tor receptor. In particular,
control of the UAS promoter (Brand and Perrimon, 1993). Wehis possibility was sustained by the finding that the Trk protein
used these lines to obtain ubiquitous expression df- & might be secreted and cleaved to yield a carboxy-terminal
at early embryonic stages by means of a maternal GAL4 lingolypeptide. This carboxy-terminal fragment displays an
(see Materials and Methods). These conditions werarrangement of cysteines reminiscent of that of the cystine knot
sufficient to provide full terminal activity as they could motif present in several growth factors. Specifically, the
induce bothtll andhkb expression in embryos mutant fst ~ similarities between Trk and Spz, which is thought to be the
(Fig. 3). ligand for the Toll receptor in the establishment of the
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Fig. 3. TrkC108can inducell andhkbexpression.
(A-B) In wild-type embryostll (A) andhkb

(B) expression is restricted to the poles. (C-D) In
embryos fronts®04femalestll (C) andhkb

(D) expression is missing at the posterior pole;
expression remains in the anterior domain due to the®
activity of the anterior system. (E-F) Uniform
expression ofrkc-198bhy anosGAL4-VP16 driver
restores the ability of the terminal system to direct

the expression dfl (E) andhkb(F) at the poles of
embryos frontsl®04females.

Drosophila dorsoventral axis, raised the possibility that Spzdeletions generated at each site that retain 159 and 108 amino
and Trk could function in an analogous fashion (Casanova etids respectively are both able to activate Tor signalling in the
al., 1995). However, this notion was not in agreement witembryos upon RNA injection. Although we have already
previous studies that indicated that the properties of Tsl protementioned that these two mutant forms may not represent the
were consistent with its role as the Tor ligand (Martin et al.actual in vivo active protein, we favour the hypothesis that the
1994). Therefore, the nature of the Tor ligand, and hence trsmaller fragment could be similar to the in vivo active Trk
mechanism of Tor activation, has remained unresolved. ThHeagment whereas the larger one could correspond to an
results reported here clearly substantiate that a C-terminadtermediate form. In that case, the in vivo processing of the
fragment of the Trk protein can act as a signal for the Tofrk protein could involve more that one cleavage event. Several
receptor. Although the injection of the truncated versions obbservations support this model. Firstly, FA#€8is sufficient
thetrk RNA is rather inefficient in terms of the percentage ofto activate Tor signalling as indicated by the expression of both
rescued embryos, our results indicate that a C-termindll and hkb, suggesting that the additional amino acids in
fragment of Trk is sufficient to trigger all the known responsedrkC-158 are dispensable for Tor activation. In addition,
of the Tor signalling pathway. In particular, the C-terminalTrkC-108fits very well with the other known active cystine-knot
fragment of Trk is able to induce these responses in the abserfaetors, both in its overall size and in the small amino acid
of the function of the other genes required for Tor receptochain just before the first cysteine of the knot (see McDonald
activation, includingtsl. Besides, general expression of a C-and Hendrickson, 1993). Finally, as discussed above, the
terminal fragment of Trk is sufficient to produce similar putative cleavage site at the basis of T8 appears to be
phenotypes to those associated with the ubiquitous activatidanctionally important as a specific mutation at this site renders
of the Tor receptor. These results single out the product of thee protein inactive (Casanova et al., 1995). Thus, both
trk gene as the only one sufficient and absolutely required farleavage events could be taking place in the in vivo processing
the activation of the Tor receptor, even though other genef Trk. A similar situation has been described for another
functions could collaborate in the process. putative cystine-knot protein, the PTTH hormoneBoimbyx

The C-terminal domain of Trk is sufficient to activate the
Tor receptor but its activity appears to be inhibited by the
presence of the amino-terminal domain of the protein
Although the deletion mutations that we have generated mg
not represent the actual in vivo protein, we favour the
hypothesis that the truncated proteins could mimic the in viv
active protein and relieve the C-terminal region from such a
inhibition. In particular, the observation that a mutation in ¢
putative cleavage site eliminates the biological function of th
Trk protein (Casanova et al., 1995) suggests that cleavage
physiologically relevant for Trk activity and weakens the
possibility that the designed truncated forms would artificially
alter the normal process of Trk protein activation.

Fig. 4.trkC108¢can induce deletions of the middle segments of the
embryo. Cuticle phenotype of an embryo expressing a large amount
. . of trk¢-108(derived from a female bearing 3 copies of the UAS-

A two step processing of the Trk protein® trkC-108and anosGAL4-VP16 insertion). Observe the deletion of
The analysis ofrk has unveiled the existence of two putativethe middle embryonic segments, a phenotype typically associated
cleavage sites. Indeed, we have found that two differerwith ectopic activation of the Tor receptor.
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activated by a ubiquitous ligand that is asymmetrically cleaved
into an active form. However, while a well characterised
cascade of serine proteases has been identified in the
dorsoventral system (Chasan and Anderson, 1989; DeLotto and
Spierer, 1986; Hong and Hashimoto, 1995, Konrad et al., 1998),
there are no known genes coding for proteases in the terminal
system. Since the terminal gerfe§l)phandfs(1)N have not
yet been molecularly characterised it is possible that one of
them could code for a protease. In this context it is interesting
to note thanhudel(ndl), one of the genes coding for a protease
— in the dorsoventral system, is also needed for vitelline
membrane integrity (Hong and Hashimoto, 1995), a function
that is also shared by bd#{1)phandfs(1)N(Degelmann et al.,
1990). still, it is also possible that additional genes required for
Tor receptor activation remain to be identified.

A critical step in both systems is the mechanism that triggers

Fig. 5. A model for the mechanism of Tor receptor activation. The the production of the active form of the ligand. In the
Tor receptor is distributed along all the surface ofdesophila dorsoventral system this mechanism is initiated by the

embryo but it is only activated at the poles (shaded regions). Trk is restricted expression @iipe in the ventral follicle cellspipe .
secreted into the perivitelline fluid layer as an inactive ligand and is codes for heparan sulfate 2-O-sulfotransferase that modifies

proteolytically cleaved by a processing complex restricted to the ~ the glycosaminoglycan (GAG) side chain of proteoglycans
poles. Thus, the active ligand is generated at the poles and trapped(&en et al., 1998). Modification of Ndl, or of a yet unknown
the receptor. In this modesl, fs(1)Nandfs(1)phgene products substrate, by pipe would in turn allow the nucleation of a
could participate in the formation of the processing complex. protein complex that would begin the proteolytic cascade
leading to the production of active Spz. Much less is known
about this mechanism in the terminal system, which is also
mori (Kawakami et al., 1990), which bears some sequencdaitiated by the restricted expression of a particular gene in a
similarity to Trk (data not shown). Likewise, the Trk active subset of follicle cells. In this castsl expression in some
form could arise from the cleavage at position 119 that woulébllicle cells at each end of the maturing oocyte defines the
require a previous cleavage at position 67. It has to be notéestricted domain of Tor activation (Savant-Bhonsale and
that in this model the cleavage at position 67 could be the targitontell, 1993; Martin et al., 1994). However, it is not clear
of the locally restricted processing at the embryonic poles sind®w tsl activity is translated into the production of an active
TrkC-158can already bypass the requirement for the other genésrm of the Tor ligand. The only specific characteristic of the
needed for local activation of the Tor receptor. Conversely[sl protein is the presence of leucine-rich repeats which could
cleavage at position 119 would not need to be locallynediate protein-protein or protein-lipid interactions (Savant-

o

o trk protein
O trk c-terminus
Y tor receptor

processng complex
®

controlled. Bhonsale and Montell, 1993). Thus, it is possible that the Tsl
_ o product could constitute the link binding a processing complex
The spatial control of Tor receptor activation to the membrane, but other alternative mechanisms are also

The Tor receptor is distributed all along the embryonic surfacpossible. The understanding of the mechanism that translates
but it is only activated at the poles by a still unknownthe original asymmetry in the follicle cells to the restricted
mechanism. Two models have been proposed for the localgroduction of active Trk will require the characterisation of the
restricted activation of the Tor receptor. In one model, the Tsidditional genes needed for Trk processing and thus for Tor
protein that is secreted from a subset of follicular cells at bothctivation.

poles of the oocyte would act as a ligand for the Tor receptor . ) o o .
(Martin et al., 1994). In such a scenario, the spatial restriction We thank M. Furriols for ,hIS contribution m__the initiation of this

in the activation of the Tor receptor would lie in the Iocal‘l’_";:'r‘]'qa\r’]\ae ;hal\q';hé\;va%onéa'&z rﬁi‘;ﬁe:ﬁ dH|5 ‘]S"’I‘acr';'s’ge‘:' fo'-reg%xl%in';'
productlop of its Ilgan'd'. In.an altgrnatlve model, Trk W.OUId bef ies and’materials, anél G. Jiménez and M. Furriols for critical
secreted into the perivitelline fluid layer and then activated i\ ants on the manuscript. We also thank Nicolas Martin for his
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