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*Unité de Biologie Moléculaire de l’Expression Génique, Unité de Recherche Associée 1773 Centre National de la Recherche Scientifique, Institut Pasteur, 25
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ABSTRACT The Notch receptor, which is involved in
numerous cell fate decisions in invertebrates and vertebrates,
is synthesized as a 300-kDa precursor molecule (p300). We
show here that proteolytic processing of p300 is an essential
step in the formation of the biologically active receptor
because only the cleaved fragments are present at the cell
surface. Our results confirm and extend recent reports indi-
cating that the Notch receptor exists at the plasma membrane
as a heterodimeric molecule, but disagree as to the nature of
the protease that is responsible for the cleavage that takes
place in the extracellular region. We report here that consti-
tutive processing of murine Notch1 involves a furin-like
convertase. We show that the calcium ionophore A23187 and
the a1-antitrypsin variant, a 1-PDX, a known inhibitor of
furin-like convertases, inhibit p300 processing. When ex-
pressed in the furin-deficient Lovo cell line, p300 is not
processed. In vitro digestion of a recombinant Notch-derived
substrate with purified furin allowed mapping of the process-
ing site to the carboxyl side of the sequence RQRR (amino
acids 1651–1654). Mutation of these four amino acids (and of
two secondary dibasic furin sites located nearby) completely
abolished processing of the Notch1 receptor.

The Notch gene family encodes transmembrane receptors of
300 kDa that are involved in cell fate choices in vertebrates and
invertebrates (1, 2). The extracellular domain contains 10–36
copies of an epidermal growth factor (EGF)-like sequence
motif and 3 copies of a Lin-12yNotchyGlp (LNG) sequence
motif. The intracellular domains contain six to seven Ankyrin
repeats and a PEST-containing region. Activation of Notch
receptors upon ligand binding results in inhibition of differ-
entiation and can also transduce inductive signals (1, 2).
Ligands (Delta and Serrate), modulators of ligand activity
(Fringe family), intracellular components [Deltex, Su(H)], and
target genes have been identified in Drosophila and in verte-
brates (2) but the biochemical events associated with Notch
signaling so far have remained elusive. One model hypothe-
sizes that ligand binding induces processing of Notch, followed
by nuclear translocation of an intracytoplasmic fragment of the
receptor, that associates with the Su(H)yRBP DNA-binding
molecule to activate target genes (3–5). To investigate the
biochemical and physiological relevance of this model we first
studied the structure and subcellular localization of the mam-
malian Notch1 receptor in the absence of ligand. Western blot
analyses of mammalian and Drosophila tissues have shown
that, in addition to the 300-kDa form, a protein of approxi-
mately 120 kDa lacking most of the extracellular part is
revealed (6, 7).

Indeed, Blaumueller et al. (7) recently have shown that the
human Notch2 receptor is cleaved in the trans-Golgi network
and suggest that the truncated protein of 110–120 kDa, which
includes the intracellular domain, is associated with the extra-
cellular domain to form a heterodimeric molecule able to bind
the ligand Delta. Through use of a coimmunoprecipitation
assay we formally demonstrate that, after cleavage, the extra-
cellular part of the murine Notch1 receptor is associated with
the intracellular part bound to the cell membrane. Pan and
Rubin (8) proposed that the disintegrin metalloprotease en-
coded by the gene Kuzbanian (KUZ), which is required during
lateral inhibition mediated by Notch in Drosophila neurogen-
esis (9), is involved in constitutive Notch receptor cleavage.
They showed that expression of a dominant negative form of
KUZ lacking the prodomain and the protease domain inhib-
ited constitutive Notch processing and led to an increased
number of neurogenic cells in Drosophila and Xenopus laevis,
confirming that KUZ is necessary for the lateral inhibitory
signal. Using different inhibitors of protease activity, and a cell
line devoid of furin activity, we show that the constitutive
processing of the murine Notch1 receptor is a result of a
furin-like protease. This enzyme belongs to a family of sub-
tilisin-like, calcium-dependent convertases that process pro-
proteins in the constitutive secretory pathway (10). Finally by
analysis of Notch1 mutants and in vitro digestion experiments
we identified the cleavage site and confirmed that the Notch1
receptor is indeed constitutively cleaved by furin.

MATERIALS AND METHODS

Cells, Transfections, and Extract Preparations. HeLa,
LoVo, and 293T cells were grown in DMEM supplemented
with 10% fetal calf serum. Jurkat cells were grown in RPMI
1640 medium supplemented with 10% fetal calf serum. HeLa
cells were stably transfected with the murine Notch1 cDNA
cloned into the pcDNA3 vector (Invitrogen) after G418 se-
lection (0.8 mgyml). A clone was selected for further studies,
and named HeLa(N1). Jurkat cells were stably transfected
with the a1-PDX cDNA cloned into pcDNA3. One of the
transformants was selected for further studies and named
C12D. Transient and stable transfections were performed by
calcium phosphate coprecipitation for 293T and HeLa cells,
using lipofectamine (GIBCOyBRL) for LoVo cells and by
electroporation [260V, 1500 mF, using a Cellject electropora-
tor (Eurogentec, Brussels)] for Jurkat cells. For extract prep-
aration, cells were washed with cold PBS and lysed in TNT lysis
buffer [50 mM TriszHCl, pH 8y200 mM NaCly0.5% Nonidet-
40y1 mM Pefabloc SC (Boehringer Mannheim)]. After 20 min
on ice, cell lysates were centrifuged at 14,000 rpm for 20 min,
and the supernatants were used for immunoprecipitation or
Western blot analysis.The publication costs of this article were defrayed in part by page charge
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Antibodies. IC antiserum. A DNA fragment encoding amino
acids 1759–2306 of the intracellular domain of murine Notch1
was cloned by PCR into the vector pGEX-KT. The GST-
Notch1 fusion protein was purified on a glutathione agarose
column and injected into rabbits. The crude serum was puri-
fied on an Affigel column coupled to the fusion protein.

EC antiserum. A peptide encoding amino acids 1621–1637
was coupled to KLH and injected into rabbits.

Immunoprecipitation of Metabolically Labeled Extracts.
Two days after transfection, HeLa and LoVo cells grown in
60-mm dishes ('4 3 106 cells) were incubated in methionine-
free DMEM for 2 hr. They were then labeled for 15 min with
200 mCiyml of [35S]methionine and chased in complete me-
dium supplemented with 2.5 mM methionine for different
times (see Fig. 3). About 6 3 106 Jurkat T cells were treated
as described for HeLa and LoVo cells. Cells were washed and
extracts were prepared as described above. The supernatant
was precleared with protein A-Sepharose (Sigma) and incu-
bated with the purified IC antibody and protein A-Sepharose
in RIPA buffer. The immunoprecipitates were washed and
boiled in reducing gel sample buffer for subsequent analysis on
SDS gels. When a second immunoprecipitation was per-
formed, the immunocomplex was dissociated by boiling for 5
min in 50 mM TriszHCl, pH 8y2% SDS diluted 20-fold in TNT
buffer and incubated in the presence of the second antiserum
and protein A-Sepharose.

Cell Surface Labeling. Jurkat cells (30 3 106) were labeled
as described above with [35S]methionine (50 mCiyml) for 2 hr
and subsequently washed three times with PBS buffer. Sulfo-
NHS-LS biotin (Pierce) was added to the cells at 1 mgyml for
1 hr at 4°C. After incubation with PBS containing 0.15%
glycine, the cells were washed and lysed in TNT buffer. The
extracts were directly immunoprecipitated with IC antiserum
and protein A-Sepharose in RIPA buffer or incubated with
streptavidine-agarose beads in RIPA buffer for 2 hr at 4°C.
The beads then were washed, and bound proteins were eluted
with 50 mM TriszHCl, pH 8y2% SDS for 5 min at 100°C,
diluted 20-fold with TNT buffer, and immunoprecipitated in
the presence of antiserum IC.

Western Blotting. Cell extracts were subjected to SDSy
PAGE and transferred (3 hr) onto Immobilon membranes
(Millipore), which were incubated with the primary antibody
(IC diluted 3,000-fold or EC 1,000-fold), followed by peroxi-
dase-conjugated anti-rabbit Igs, and revealed by using the
enhanced chemiluminescence system (Pierce).

Mutagenesis. The target for mutagenesis was a 1,585-bp
StuI-BglII mouse Notch1 fragment subcloned into pRcyCMV
(Invitrogen). Site-directed mutagenesis was carried out by
using the QuikChange Site-Directed Mutagenesis Kit (Strat-
agene). Each mutant was sequenced to confirm the mutation,
and mutated fragments were recloned in the Notch1 cDNA
into pcDNA3. The oligonucleotide used to mutate RQRR to
AAAA was GGTACCAGTGGTGGGGCGGCCGCTGTA-
GAGCTGGACCCCATG; for mutating the 2 dibasic sites, the
oligonucleotide was CACGAGGAAGAGCTGGCTGC-
CCACCCAATCGCTGGCTCTACAGTGGGTTGGGCC.
For this mutagenesis the target was a StuI-BglII mNotch1
fragment mutated first at the RQRR site.

In Vitro Digestion of Recombinant Notch1 Fusion Proteins
by Furin and Microsequencing. The mNotch1 fragments
spanning amino acid 1564 to amino acid 1723, wild type or
mutated on the RQRR site, were cloned by PCR into pGEX-
KT. The 39 oligonucleotide encoded 6 additional histidines.
The fusion proteins were purified on glutathionine-agarose
columns and dialyzed against 50 mM TriszHCl, pH 7.4y1 mM
CaCl2y0.5% Triton X-100. The digestion was performed in the
same buffer in the presence of 100 units purified recombinant
BCRD-furin. After overnight digestion at room temperature,
the products were electrophoresed on a 15% SDSyTricine gel,
followed by silver staining. The C-terminal digestion product

of the wild-type molecule was purified on nickel-agarose beads
according to standard procedures. The purified protein (5
pmol) was blotted onto a poly(vinylidene difluoride) mem-
brane. Sequencing was performed on an Applied Biosystems
473A sequencer.

RESULTS

Structure of the Notch1 Receptor at the Cell Surface. The
cDNA of the Notch1 receptor encodes a 300-kDa protein, but
previous immunoblot analyses have revealed in many cells and
tissues the presence of both the 300-kDa (hereafter referred to
as p300) and a 120-kDa (p120) proteins, the former corre-
sponding to the full-length molecule, and the latter including
the intracellular region of the molecule, the transmembrane
domain, and a small part of the extracellular region. Aster et
al. (6) have shown that in Jurkat cells, a cell line derived from
a T lymphoblastic tumor that expresses Notch1, the p120
protein, is generated by proteolytic cleavage of the p300
precursor. To examine whether p300 andyor p120 are ex-
pressed at the cell surface, Jurkat cells were labeled with
[35S]methionine, mock-treated, or treated with biotin succin-
imidyl-ester, lysed and immunoprecipitated with an antiserum
raised against the intracellular region of Notch1 (antiserum
IC) either directly (Fig. 1A, lanes 1 and 3) or after adsorption
on streptavidin-agarose (lanes 2 and 4). The only protein
binding to streptavidin-agarose beads and immunoprecipi-
tated by an antibody raised against the intracellular region of
Notch1 is p120 (lane 4). This result suggests that the p120
cleavage product, but not the full-length precursor, can be
transported to the cell surface. Identical results have been
obtained for the Notch2 receptor (7). Because EGF repeats
10–11 are required for binding of the ligand to the receptor
(11), to constitute a functional entity the p120 must be
associated with the N-terminal remaining part of the receptor.
A 200-kDa protein that apparently corresponds to the remain-
ing extracellular domain of Notch has been detected (7, 12),
but no direct evidence of association between the two pro-
cessing products of p300, p120, and p200 has been provided so
far. To detect such an association, we performed immunopre-
cipitation with the IC antiserum and analyzed the immuno-
precipitate by Western blotting using an antibody raised
against a peptide located in the extracellular domain of the
receptor (amino acids 1621–1637: serum EC). Fig. 1B shows
the results of immunoprecipitation of an extract derived from
HeLa cells stably transfected with murine Notch1 cDNA
[referred to as HeLa(N1)]. When serum IC is used for
immunoprecipitation (lanes 1 and 5), a 200-kDa protein is
detected with serum EC (lane 1, square dot). This band is
absent when immunoprecipitation is performed with an irrel-
evant antiserum (lane 2), when extracts from nontransfected
HeLa cells are used (lanes 3 and 4), or when the Western blot
is probed with IC antiserum (lane 5). From these experiments
we conclude that, as for the Notch2 receptor (7), no full-length
Notch1 (p300) is expressed at the cell surface. Only associated
processing products, which form a heterodimeric molecule
able to bind the ligand, are expressed at the cell surface.

Inhibition of Notch Processing. To characterize the subcel-
lular compartment where Notch processing takes place, HeLa
cells stably transfected with mouse Notch1 were treated with
brefeldin A (BFA), a drug known to block the export from the
endoplasmic reticulum (ER) to the Golgi complex (13), and
with the calcium ionophore A23187, an inhibitor of calcium-
dependent proteases of the secretory pathway (14). After
treatment with BFA the processing of Notch1 was reduced
(Fig. 2A, lane 4) when compared with the control cells (lane
5), as observed previously for Notch2 (7). In addition, when
cells were treated with the calcium ionophore A23187 an
important accumulation of p300 with no further processing
into p120 could be observed (lane 2). The same experiments
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were carried out in the presence of cycloheximide (CHX) (Fig.
2A, lanes 1, 3, and 5). The results suggested that p300 is quite
unstable whereas p120 is very stable. Therefore, we did not see
any decrease in the amount of p120 when p300 processing was
inhibited (lanes 2 and 4). It has been shown previously that a
Notch1-derived construct starting at amino acid 1447 (plasmid
LNG) was constitutively processed on the carboxyl side of the
sequence RQRR (amino acids 1651–1654) after transfection
into mouse fibroblasts (3). Interestingly, similar sequences can
be found at similar positions in other species as well as in other
Notch paralogs (not shown). This sequence is highly reminis-
cent of the consensus processing site [RX(KyR)R] of furin, a
ubiquitously expressed membrane-associated, calcium-
dependent endoprotease that processes proproteins in the
constitutive secretory pathway (10). This is consistent with the
effect of BFA and A23187 (Fig. 2A). To test the possible
involvement of furin or a related family member, we examined

the effect of the expression of a1-antitrypsin Portland (known
as a1-PDX), a mutant of a natural elastase inhibitor that is a
potent inhibitor of this family of convertases (15). a1-PDX has
been shown to inhibit all known convertases in vitro (16) but
only the intracellular convertases enriched within the consti-
tutive secretory pathway in vivo (17). We generated Jurkat cells
stably transfected with a1-PDX (the expression of a1-PDX
was verified by immunofluorescence and Western blot analy-
sis; not shown). Immunoblot analysis of one of these stable
clones, C12D, indicated that Notch processing was strongly
inhibited when compared with control cells (Fig. 2B).

Furin-Dependent Processing of the Notch1 Receptor. To
directly test the implication of furin itself in this process, we
analyzed the biosynthesis and processing of Notch1 in LoVo
cells, a cell line established from a human colon carcinoma that
expresses no functional furin as a result of a mutation in the
coding region (18). Fig. 3 shows the results of pulse–chase
experiments carried out in LoVo or HeLa cells transiently
transfected with Notch1: after 90 min of chase, p120 accumu-
lated in HeLa cells (lanes 1–4), whereas it could not be
detected in LoVo cells (lanes 5–8: the decrease of p300 in
LoVo cells is a result of the intrinsic short half-life of this
molecule; see Fig. 2). However, cotransfection of the furin
cDNA into LoVo cells resulted in the reappearance of p120
(lanes 9–12), with a kinetics similar to that observed in HeLa

FIG. 1. (A) The p120 processing product of Notch1, but not the
full-length p300 precursor, is present at the cell surface. Jurkat T cells
were labeled for 2 hr with [35S]methionine and incubated with
sulfo-NHS-LS biotin (1) or mock-treated (2). After lysis, extracts
were immunoprecipitated with an antiserum raised against the intra-
cellular region of Notch1 (antiserum IC) either directly (T) or after
adsorption on streptavidin-agarose (B), and run on a 6.5% SDS-
polyacrylamide gel. Positions of full-length Notch (p300) and p120
processing products are indicated. (B) Notch1 p120 is associated with
the p200 N-terminal region of the molecule. Extracts from untrans-
fected HeLa cells (lanes 3 and 4) or from HeLa cells stably transfected
with murine Notch1 cDNA (lanes 1, 2, 5, and 6) were immunopre-
cipitated with the antiserum IC described above (lanes 1, 3, and 5) or
with an irrelevant serum (lanes 2, 4, and 6) in TNT buffer. The
precipitates were resolved on a 6.5% SDS-polyacrylamide gel, trans-
ferred onto Immobilon membranes, and probed with an antiserum
raised against amino acids 1621–1637, located in the extracellular
region (EC: lanes 1–4), or with serum IC (lanes 5 and 6). Molecular
mass markers (kDa) are indicated on the left and the positions of p300,
p200 (also marked by a square dot on the left), and p120 are shown on
the right. ns, nonspecific band.

FIG. 2. Inhibition of Notch1 receptor processing in the presence of
BFA or A23187 in HeLa(N1) (A) and in the presence of a1-PDX in
Jurkat cells (B). Identical amounts (100 mg) of the following extracts
were run on a 6.5% SDS-polyacrylamide gel and incubated after
transfer with antiserum IC. (A) Extracts from HeLa(N1) cells treated
(3 hr) with BFA (50 mgyml) (lanes 3 and 4) or with A23187 (2 mM)
(lanes 1 and 2) in the presence (lanes 1, 3, and 5) or absence (lanes 2,
4, and 6) of 50 mgyml cycloheximide. (B) Extracts from Jurkat cells
(lane 2) or Jurkat cells stably transfected with the a1-PDX cDNA
(clone C12D, lane 1). Positions of full-length Notch (p300) and p120
processing product are indicated.
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cells. These results support the hypothesis that Notch is
constitutively processed by furin.

In Vitro Cleavage of Notch1 Receptor by Purified Furin. To
precisely localize the site of cleavage of Notch1 by furin, we
generated a recombinant Notch fragment encoding amino
acids 1564–1723 (from the end of the third LNG repeat to the
last amino acid N-terminal to the transmembrane region),
fused to GST at its N terminus and to 6 histidines at its C
terminus (Fig. 4A). This fragment includes, in particular, the
putative furin site mentioned above. After purification on
glutathione-agarose, the fusion protein was used as a substrate
for in vitro reactions with purified recombinant furin. As shown
in Fig. 4B in vitro cleavage of the fusion protein (45 kDa, lane
3, upper round dot) induced the appearance of 37- and 8-kDa

fragments (lane 2; the glutathione S-transferase protein alone
was not a substrate for furin, not shown). We purified the
8-kDa (His)6-tagged fragment on a nickel-agarose column
(lane 1, arrow) and determined its amino-terminal sequence.
The resulting sequence, ELDPM, indicates that furin indeed
cleaves Notch1 between R1654 and E1655 at the physiologi-
cally relevant RQRR processing site for furin-like proteases.

Mutagenesis of the Furin Cleavage Site. To test the in vivo
effect of mutating the furin cleavage site, we introduced the
RQRR3AAAA mutation into the full-length Notch1 cDNA,
which then was stably transfected into HeLa cells or transiently
into 293T cells. Western blot analysis of transfected 293T cells
showed that when compared with the wild-type form, process-
ing of the mutated Notch1 was almost completely abolished
(Fig. 5, compare lane 3 with lane 2). Besides, immunofluo-
rescence analysis of HeLa cells stably transfected with such a
mutated Notch1 cDNA demonstrated its accumulation in the
ER and Golgi compartments whereas little or no plasma
membrane expression could be observed (not shown). How-
ever, some p120 could still be detected, and this amount
increased when a cDNA encoding furin was cotransfected (Fig.
5, lanes 3 and 7). To test the possibility that the observed
cleavage might be because of processing by furin at potential
secondary sites (KR: 1632–1633) andyor (RK: 1627–1628), we
synthesized a recombinant substrate similar to the one de-
scribed above but carrying the RQRR3 AAAA mutation in
the principal site. As shown in Fig. 4B (lanes 4 and 5), digestion
of this substrate by furin generated a 10-kDa peptide, which is
probably the product of cleavage at one of the two dibasic sites.
Therefore, the band observed in Fig. 5 (lanes 3 and 7) is likely
to be a result of processing at one of these two secondary sites
(the migration difference because of the generation of a
molecule larger than p120 by about 20 aa would not be
detectable). To test this hypothesis, we mutated the three sites
and introduced the resulting Notch1 cDNA into 293T cells:
under these conditions no p120 could be detected, either in the
absence (lanes 4 and 5) or in the presence (lanes 8 and 9) of
cotransfected furin cDNA, confirming the involvement of
furin in the constitutive processing of Notch.

DISCUSSION

The proteolytic activity responsible for p300 processing plays
a critical role in Notch signaling as it determines the functional
structure of the receptor. Our data demonstrate that Notch1
is present at the cell surface as a heterodimeric molecule

FIG. 3. Notch1 processing does not take place in LoVo cells. HeLa
cells (lanes 1–4) or LoVo cells, either transfected with Notch1 cDNA
(lanes 5–8) or cotransfected with Notch1 and furin cDNAs (lanes
9–12) were labeled for 15 min with [35S]methionine and then chased
for the indicated times. Extracts were prepared and immunoprecipi-
tated with antiserum IC and analyzed on 6.5% SDS-polyacrylamide
gels. Molecular mass markers (kDa) are indicated on the left of lane
5, and the positions of p300 and p120 are shown.

FIG. 4. Mutational analysis of Notch digestion by furin in vitro. (A)
Schematic map of the recombinant substrate: murine Notch1 amino
acids coordinates are indicated below the map. The main processing
site (RQRR) and the two potential secondary sites are shown above
the map, and the positions where processing by furin takes place are
shown below. (B) The wild-type (WT, lanes 2 and 3) or the mutated
(RQRR3 AAAA; Mut, lanes 4 and 5) recombinant substrates were
either mock-digested (lanes 3 and 4) or digested with purified recom-
binant BCRD-furin (lanes 2 and 5), and the products were analyzed on
15% Tricine gels followed by silver staining. The full-length substrate
and N-terminal digestion products are indicated by dots on the left,
and the C-terminal digestion products are indicated by arrows. The
digestion product, purified on nickel-agarose, used for N-terminal
sequencing is shown in lane 1. Molecular mass markers (kDa) are
indicated on the right.

FIG. 5. Processing of mutated Notch molecules transfected into
293T cells. Extracts from 293T cells either untransfected (lane 1) or
transfected with full-length Notch1 cDNA (wt, lanes 2 and 6), mutated
Notch1 cDNA (m1, mutation RQRR 3 AAAA; lanes 3 and 7), and
Notch1 cDNA carrying the three mutations described in the text (m3
and m93: lanes 4 and 5 and 8 and 9) in the absence (lanes 2–5) or
presence (lanes 6–9) of cotransfected furin cDNA were analyzed by
immunoblotting by using the IC antiserum. Positions of full-length
Notch (p300) and p120 processing products are indicated. m3 and m93
correspond to two independent experiments by using the Notch1 triple
mutant.
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(p120yp200), whereas the precursor protein (p300) does not
reach the cell surface and probably is cleaved into p120 and
p200 in the trans-Golgi Network (TGN). We further demon-
strate that a furin-like convertase is responsible for this
constitutive processing, which takes place C-terminal to the
RQRR sequence (amino acids 1651–1654). Mutation of the
furin cleavage sites produces full-length, 300-kDa molecules
that are not processed and do not reach the cell surface.
Proteolytic maturation also is absent in LoVo cells that are
devoid of furin activity. Furin is known to cycle between the
TGN and the plasma membrane, consistent with the localiza-
tion of the processing step presented above. Furin belongs to
the subtilisinykexin family of proprotein convertases. Addi-
tional members of this family include PC1, PC2, PACE4,
PC5y6, and PC7 (10, 19). Although these proteins exhibit
varying tissue-specific distributions and have similar cleavage
recognition sequences, only furin exhibits a ubiquitous tissue
expression. Because the Jurkat cells where we observe pro-
cessing only express furin, PC5y6, and PC7 (16), and because
LoVo cells, where Notch1 processing does not take place,
express PACE4 and PC7, but not PC5y6 (10, 19), Notch might
alternatively be processed by PC5y6. But because furin is the
only ubiquitously expressed member of this family, and until a
more detailed tissue analysis is performed, we propose that
furin is the major candidate enzyme responsible for the
constitutive processing of Notch.

Recently it has been suggested that the disintegrin metal-
loprotease KUZ encoded by the gene Kuzbanian is required
for the constitutive cleavage of Notch (8). In particular, the
authors show that overexpression of a dominant negative
mutant of Drosophila KUZ (KUZ-DN) lacking the pro- and
metalloprotease domains results in no detectable p120 both in
transfected S2 cells and in Drosophila imaginal discs. The
authors also show that no processing of Notch can be observed
in kuz null Drosophila embryos. In our experiments, the
expression of KUZ-DN did not affect mouse Notch1 process-
ing, irrespective of the amount of this dominant negative
molecule we introduced into cells (data not shown). In any
case, further work will be necessary to clarify these apparent
discrepancies and determine whether they are because of
differences in the experimental systems used, for example,
between Drosophila and mammals.

Because KUZ is required for the lateral inhibition process
during Drosophila neurogenesis (9) and its target seems to be
the extracellular region of Notch (20, 21), we think that KUZ
is not involved in the constitutive maturation of the receptor
but in a subsequent processing step that would follow inter-
action with the ligand. This might explain the recently pub-
lished observation that a new band migrating slightly faster
than p120 is induced by contact between cells expressing
Notch1 and cells expressing Jagged2 (22). That membrane
metalloproteases of the ADAM family are postulated to act at
the cell surface (23) is in favor of this hypothesis. Indeed results
from our lab (S.J., O.L., E. Hirsinger, O. Pourquié, B. Vaznum-
Finney, F.L., C.B., N.G.S., and A.I., unpublished data) have
shown that KUZ-DN is able to inhibit transactivation of a
target gene of the Notch pathway induced by ligand binding to
the receptor. In conclusion, mammalian Notch molecules are
constitutively processed by a furin-like convertase as part of
their normal maturation process, and this processing is re-

quired for cell surface expression of a heterodimeric functional
receptor.
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