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Background: We set out to determine whether Jag1 and Jag2 are natural substrates of BACE1.
Results: BACE1 cleaves Jag1 efficiently but cleaves Jag2 weakly, whereas ADAM10 cleaves both Jag1 and Jag2.
Conclusion: Altered BACE1 activity can regulate Jag1 signaling activity by controlling the level of its membrane-anchored form.
Significance: BACE1 appears to regulate specific Notch signaling activity by differential cleavage of Jag1 and Jag2.

BACE1 is a type I transmembrane aspartyl protease that
cleaves amyloid precursor protein at the �-secretase site to ini-
tiate the release of �-amyloid peptide. As a secretase, BACE1
also cleaves additional membrane-bound molecules by exerting
various cellular functions. In this study, we showed that BACE1
can effectively shed the membrane-anchored signaling mole-
cule Jagged 1 (Jag1). We also mapped the cleavage sites of Jag1 by
ADAM10 and ADAM17. Although Jag1 shares a high degree of
homology with Jag2 in the ectodomain region, BACE1 fails to
cleave Jag2 effectively, indicating a selective cleavage of Jag1.
Abolished cleavage of Jag1 in BACE1-null mice leads to
enhanced astrogenesis and, concomitantly, reduced neurogen-
esis. This characterization provides biochemical evidence that
the Jag1-Notch pathway is under the control of BACE1 activity.

The activity of �-Site amyloid precursor protein (APP)2

cleaving enzyme 1 (BACE1) is elevated in the brains of
Alzheimer disease patients (1– 6). This increased BACE1 activ-
ity enhances the production of �-amyloid (A�) peptides, which
are 40- to 42-amino acid peptides released from APP that are
prone to form aggregates upon aberrant accumulation (7). A�
is the major component of amyloid plaques and is widely con-
sidered to be a primary contributor to Alzheimer disease patho-
genesis. Alzheimer disease mouse models deficient in BACE1
produce negligible levels of A� and exhibit no amyloid plaques
(8 –10), indicating that the effective inhibition of BACE1 can
reduce A� generation. For this reason, BACE1 is being actively
pursued as a therapeutic target for Alzheimer disease therapy.

BACE1 is a type I transmembrane aspartyl protease (1–5)
and sheds membrane-bound cellular substrates (11). Recent
studies have demonstrated that BACE1 can cleave type I and III
neuregulin 1 (Nrg1) as well as its family member neuregulin 3
and that abrogated cleavage of Nrg1 is linked to hypomyelina-

tion and schizophrenia-like behaviors in BACE1-null mice (12–
15). Various studies have also shown that BACE1 cleaves other
type I transmembrane proteins, such as the � subunit of volt-
age-gated sodium channel proteins (16), the neural cell adhe-
sion molecule close homolog of L1 (CHL1) (17–19), and vascu-
lar endothelial growth factor receptor 1 (VEGFR1) (17). Using
proteomic approaches, additional membrane-bound proteins
have been suggested to be substrates of BACE1 (18, 19).

By examining brains of BACE1-null mice during early devel-
opment, we demonstrated that BACE1 controls the balance of
hippocampal astrogenesis and neurogenesis (20). During early
development, the differentiation of radial glial stem cells in the
BACE1-null mouse subgranular zone favors astrogenesis,
whereas neurogenesis is reduced. The underlying molecular
mechanism associated with this finding is enhanced Notch sig-
naling activity because the level of Notch intracellular domain
is elevated. Notch is a single-pass transmembrane protein that
is normally located on the cell surface. The interaction between
Notch on one cell and its membrane-bound ligand, belonging
to the DSL (Delta/Serrate/Lag-2) family, on neighboring cells
induces the release of the signaling molecule Notch intracellu-
lar domain (21). In BACE1-null hippocampi, elevated Notch
correlates with higher levels of full-length protein of the Notch
ligand Jagged 1 (Jag1). This suggests that Jag1 is a potential
substrate of BACE1.

In this study, we aimed to determine whether Jag1 is an
authentic substrate of BACE1 and whether other members of
the DSL family can also be shed naturally by BACE1. By map-
ping the BACE1 cleavage sites and conducting site-directed
mutagenesis assays, we confirmed that Jag1 is a natural sub-
strate of BACE1. Interestingly, Jag2, a close homolog of Jag1,
appeared to be a better substrate for �-secretase, but it was less
effectively cleaved by BACE1. Because Notch signaling is
important for various cellular functions ranging from cell fate
specification to angiogenesis, differential processing of Jag1 and
Jag2 by BACE1 may regulate specific Notch signaling activity by
controlling the levels of full-length Jag1 and Jag2.

EXPERIMENTAL PROCEDURES

Cell Lines, Animal Models, and Reagents—HEK293 cells
were used to establish a stable cell line expressing HA-tagged
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BACE1 (named HM cells) and were maintained by continuing
selection with the antibiotic G418, as described previously (22).
Maintenance and genotyping of BACE1-null mice have been
described previously by Cai et al. (8). All experimental proto-
cols were approved by the Animal Care and Use Committee at
the Cleveland Clinic in compliance with the guidelines estab-
lished by the Public Health Service Guide for the Care and Use
of Laboratory Animals.

Generation of Expression Constructs—Rat Jag1 is highly con-
served with human (96% homology) and mouse Jag1 (99%
homology) at the amino acid level. The rat Jag1 cDNA expres-
sion construct (a gift from Drs. Raphael Kopan and Mary Bland-
ford, Washington University, St. Louis) was used to make Jag1
mutants by site-directed mutagenesis according to the manual
provided with the QuikChangeTM site-directed mutagenesis kit
(Stratagene). Plasmid pRK5F-ADAM17 (A Disintegrin And
Metalloproteinase) deposited by Dr. Rik Derynck, was pur-
chased from Addgene.

Western Blot Analysis—Protein extraction from mouse brain
homogenates or cells was performed according to procedures
described previously (20). Equal amounts of protein were
resolved on a NuPAGE BisTris gel (Invitrogen) and transferred
onto nitrocellulose membranes (Invitrogen). Western blot
analyses were reacted with primary antibodies (Jagged1 (1:200)
and Jagged 2 (1:500), Santa Cruz Biotechnology; HA antibody,
1:1000, Roche; anti-actin in 1:10,000 and anti-FLAG in 1:1000,
Sigma) and HRP-conjugated secondary antibodies using stan-
dard protocols.

Proteolytic Cleavage of Notch Ligands—For in vitro cleavage
of Notch ligands such as Jag1 and Jag2, recombinant proteins or
synthetic peptides were used routinely to incubate with purified
recombinant BACE1, ADAM17, or ADAM10 in a protease
assay, as described previously (23). For mapping Jag1 cleavages,

the recombinant rat Jagged 1 Fc chimera, covering the entire
extracellular domain of Jag1, was purchased from R&D Sys-
tems, Inc. 1 �g of the Jag1-Fc recombinant protein was first
tested by incubation with 1 �g of purified recombinant BACE1,
ADAM17, or ADAM10 for �16 h. Peptides covering the poten-
tial BACE1 cleavage site in Jag1 and Jag2 were synthesized, and
HPLC-purified peptides were subsequently used for mapping
assays similar to the above description. The reaction mixtures
were separated on SDS-PAGE, followed by standard protein
staining for initial inspection. The processing products were
further analyzed by HPLC or MALDI-TOF assays (24). For cul-
tured cells, the rat Jag1 expression construct (a gift from the
laboratory of Dr. Raphael Kopan) was transfected in HM cells
or together with either empty vector or the BACE1-HA or
ADAM17-FLAG expression construct in HEK293 cells for 48 h.
Protein lysates were prepared for Western blot analysis accord-
ing to standard procedures.

RESULTS

Jag1 Is Shed by ADAM10, ADAM17, and BACE1—Previous
studies suggest that Jag1 is effectively cleaved by ADAM17 (25,
26). In this study, the human breast cancer MCF7 cell line,
which endogenously expresses detectable levels of Jag1, was
transfected with either HA-tagged BACE1 or FLAG-tagged
ADAM17 to determine potentially altered cleavage of Jag1. An
antibody specific to the C terminus of Jag1 detected endoge-
nous levels of Jag1 full-length protein as well as two differen-
tially migrating C-terminal fragments (ctf) that were barely sep-
arable on the gel (Fig. 1A). We found that increased expression
of either BACE1 or ADAM17 reduced the level of full-length

FIGURE 1. Cleavage of Jag1 by �- or �-secretase. A, cultured human breast
cancer MCF7 cells were transfected with BACE1-HA or ADAM17-FLAG plas-
mid DNA for 48 h. Protein lysates were analyzed by Western blotting with an
antibody specific to the C terminus of Jag1. Two C-terminal fragments
cleaved by BACE1 (Jag1-ctf�) or by ADAM17 (Jag1-ctf�) were visible under
this specific condition. B, MCF7 cells were treated with the indicated siRNA
duplexes for 48 h to knock down ADAM10 or ADAM17, and protein lysates
were prepared for Western blot analysis with an antibody specific to the Jag1
C terminus. Enhanced full-length Jag1 was more evident in cells with
ADAM10 knocked down, suggesting cleavage of Jag1 by ADAM10. Con,
control.

FIGURE 2. Cleavage of a Jag1 synthetic peptide by �- or �-secretase. A
40-amino acid peptide corresponding to a partial sequence (residues 1026 –
1065) of Jag1 was synthesized. This purified peptide was incubated with
recombinant BACE1, ADAM10, or ADAM17 in an in vitro assay. The reaction
mixture was separated by SDS-PAGE and visualized by Coomassie Blue stain-
ing. The parent peptide Jag11026 –1065 was processed by BACE1, ADAM10, or
ADAM17.
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Jag1 but increased the level of Jag1-ctfs (Fig. 1A). Increased
expression of BACE1 preferentially elevated the slower migrat-
ing band, which was designated Jag1-ctf�. We designated the
faster migrating band Jag1-ctf�.

We have shown previously that full-length Jag1 is increased
in BACE1-null mice (20). In this study, we examined whether
full-length Jag1 is altered when ADAM17 or ADAM10 is down-
regulated. MCF7 cells were used for specific RNA interference
experiments. We found that treatment with either ADAM10 or
ADAM17 siRNA duplexes altered the cleavage of Jag1 (Fig. 1B).
Knocking down ADAM10 appeared to be more potent in ele-
vating full-length Jag1 and reducing Jag1-ctf than knocking
down ADAM17 (Fig. 1B). Thus, it appears that ADAM10 is
more effective at cleaving Jag1 in MCF7 cells than ADAM17.

Mapping the Cleavage of Jag1 by BACE1—To validate the
cleavage of Jag1 by BACE1 and by �-secretase (ADAM10 and
ADAM17), we synthesized several short peptides, including the
one spanning residues 1026 –1065 (Jag11026 –1065). These pep-
tides potentially contained the putative cleavage sites on the
basis of our initial sequence analysis. We incubated each pep-
tide with recombinant BACE1, ADAM10, or ADAM17 in our
in vitro enzymatic assays, as described previously (14, 24). Our

results showed that BACE1, ADAM10, and ADAM17 cleave
Jag11026 –1065 similarly (Fig. 2), suggesting that the cleavage sites
are likely in close proximity.

Further separation of BACE1-cleaved Jag11026 –1065 by HPLC
revealed four separated peaks (Fig. 3A, inset), suggesting the
presence of two potential BACE1 cleavage sites in this peptide.
A mapping analysis of cleaved peptides in the enzymatic reac-
tion as well as each peak by MALDI-TOF mass spectrometry
confirmed that BACE1 cleaved Jag11026 –1065 at two sites (Fig.
3A). One cleavage site was located between residues Lys1034 and
Ile1035 and the other was located between Ala1050 and Ala1051.

For ADAM17 cleavage, one site was detected because two
peaks were found in the HPLC separation profile (Fig. 3B). Fur-
ther MALDI-TOF mass spectrometry analysis showed that the
cleavage site is located between residues Glu1054-Val1055. Inter-
estingly, ADAM10 cleaves Jag11026 –1065 at two neighboring
sites: Glu1054-Val1055 and Val1055-Arg1056 (Fig. 3C). The first
site is identical to the ADAM17 cleavage site, which is 13 resi-
dues away from the transmembrane domain and only four res-
idues downstream of the Ala1050 and Ala1051 site (Fig. 3D).
These data show that the BACE1 and ADAM cleavage sites are
in close proximity. These mapping results are consistent with

FIGURE 3. Mapping of Jag1 cleavage sites. A, the peptide Jag11026 –1065 was cleaved by BACE1 in a reaction mixture, which was subjected to HPLC separation.
Either the entire mixture or each individual peak fraction was analyzed by MALDI-TOF mass spectrometry. The molecular weight of each peptide, purified by
HPLC as shown in the inset, matches the corresponding mass peak. Two cleavage sites (Lys1034-Ile1035 and Ala1050-Ala1051) were identified. B, the same peptide
cleaved by ADAM17 produced two peaks on HPLC separation, and the reaction mixture was analyzed similarly by MALDI-TOF mass spectrometry. One cleavage
site (Glu1054-Val1055) was identified. C, the peptide Jag11026 –1065 was incubated with ADAM10, and the reaction mixture was separated by HPLC. Multiple peaks
were observed by HPLC separation, and the major peaks, designated 1– 4, contained peptides with molecular weights that matched MALDI-TOF profiles. D,
sequence illustration of the individual cleavages of Jag1 by each protease. The entire sequence covers Jag1 from residues 1001–1100, and the transmembrane
domain is shown in underlined red letters. The peptide Jag11026 –1065, used for proteolytic cleavage, is shown in green letters.
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the observation that BACE1- and ADAM17-cleaved fragments
are not readily resolved on an SDS gel, as shown in Fig. 1A.

Mutagenesis of the BACE1 Cleavage Site in Jag1—It should be
noted that BACE1 cleaves APP at two sites (� and �� sites),
which are separated by 10 amino acids and are recognized as
APP-C99 and C89 fragments on Western blot analyses (23,
27–30). Our in vitro mapping assays suggest the presence of
two presumable BACE1 cleavage sites in Jag1, separated by 16
amino acids. To definitively establish whether BACE1 cleaves
Jag1 at these two sites, we conducted site-directed mutagenesis
by individually changing the residues Lys1034-Ile1035 to Lys1034-
Lys1035 (designated Jag1-Lys1034) and Ala1050-Ala1051 to
Lys1050-Lys1051 (designated Jag1-Lys1050) as well as creating a
double mutant at both sites (designated as Jag1dKK) in the WT
Jag1 expression construct. Mutating the BACE1 site to Lys-Lys
has been shown to reduce the cleavage by BACE1 in the APP
case (30).

We have shown that inhibition of Jag1-expressing cells with
GM6001, a pan-inhibitor of ADAM, increased the intensity of
Jag1-CTF� because of additional BACE1 cleavage of Jag1 after
�-secretase activity was inhibited (Fig. 1). Comparing the Jag1-
CTF� from protein lysates expressing mutant constructs, we
noticed differential patterns (Fig. 4). As expected, GM6001
treatment of WT Jag1 expression cells could weakly elevate the
Jag1-ctf� level (Fig. 4). GM6001 treatment of cells expressing
the Jag1 Jag1-Lys1034 construct also showed a small increase in

the Jag1-ctf� level, suggesting no major impact on BACE1 pro-
cessing in this mutant Jag1. However, GM6001 treatment of
cells expressing Jag1-Lys1050 (mutated at the Ala1050-Ala1051

site) showed barely any increase in the Jag1-ctf� level, indicat-
ing that Jag1-Lys1050 was not processed effectively by BACE1. If
the Lys1034-Ile1035 site is a weak BACE1 cleavage site, impaired
cleavage at the Ala1050-Ala1051 site in Jag1-KK1 should favor
BACE1 cleavage at the Lys1034-Ile1035 site, and a slower migrat-
ing band would appear. In fact, we did not observe an additional
BACE1-cleaved Jag1-CTF� in Jag1-Lys1050 expression (Fig. 4),
suggesting that cleavage at the Lys1034-Ile1035 site is not readily
accessible by BACE1 in cells.

When BACE1 activity was inhibited by compound BACE1
IV, we found that Jag1-CTF� migrated relatively faster, consis-
tent with the expectation of a slightly smaller size of Jag1-ctf�.
Treatment of cells with the �-secretase inhibitor N-[N-(3,5-
difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester
enhanced the accumulation of Jag1-CTF fragments (two bands
were visible with light exposure), confirming that Jag1 is a sub-
strate of �-secretase (31, 32).

It is clear that Lys-Lys mutations in Jag1 were not sufficient to
completely suppress BACE1 cleavage and that additional
mutagenesis will be required to identify a null mutation. Nev-
ertheless, our results from these in vitro mapping and mutagen-
esis experiments confirmed that Jag1 is a natural substrate of
BACE1, which mainly cleaves Jag1 at the Ala1050-Ala1051 site.

BACE1 Ineffectively Cleaves Jag2—In mammalian genomes,
Jag1 is one of five membrane-anchored ligands belonging to the
DSL family that can interact with Notch on the cell surface to
initiate Notch signaling (21). To determine whether BACE1
cleaves other Jag1 family members, we first compared their
sequences in the ectodomain region. Surprisingly, there was
divergence �40 residues upstream of the transmembrane
domain from each DSL member (Fig. 5A). The only exception is
that residues surrounding the BACE1-cleavable Ala1050-
Ala1051 site in Jag1 and Jag2 showed relatively high homology
(Fig. 5A). Residues in Jag1 and Jag2 in this region showed no
homology with that of Delta-like ligand (DLL) members.

To determine whether Jag2 is a suitable substrate of BACE1,
we synthesized a Jag2 peptide covering residues 1054 –1072
(Jag21054 –1072). We found that BACE1 failed to cleave this pep-
tide under the same assay conditions for the Jag1 peptide (data
not shown). However, the peptide Jag21054 –1072 could be pro-
cessed weakly when higher concentrations of purified recom-
binant BACE1 (4 �g instead of 1 �g) were used for the in vitro
enzymatic reaction. As shown in Fig. 5B, the cleavage site was
located between Lys1062 and Ala1063, comparable with the site
in Jag1 (Fig. 5A).

For Jag2 cleavage by �-secretase, we noted that ADAM10
effectively cleaved the Jag21054 –1072 peptide at the predicted
site (Fig. 5D). Contrary to our expectation, this same peptide
was barely cleaved by ADAM17 under conditions similar to
Jag1 cleavage site mapping (data not shown). We inferred that
the slight difference of sequences surrounding the EV sites
(AVAEVRV to AVTEVKV) might be sufficient to suppress
cleavage of Jag2 by ADAM17.

To further verify these cleavage levels, we examined process-
ing of Jag2 in transfected HEK-293 cells. We noted that C-ter-

FIGURE 4. Cleavage of Jag1 mutants by BACE1. Jag1 mutants (Jag1-Lys1050;
Ala1050-Ala1051 3 Lys1050-Lys1051; Jag1-Lys1034; Lys1034-Ile1035 3 Lys1034-
Lys1035) were generated by site-directed mutagenesis and were expressed in
HM cells, which were established by overexpressing BACE1 in HEK293 cells. A
BACE1 inhibitor (BACE IV), �-secretase inhibitor (GM6001), and N-[N-(3,5-dif-
luorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (DAPT, a �-secretase
inhibitor) were used to inhibit the corresponding proteases. Dashed red lines
distinguish Jag1-ctf� from Jag1-ctf�. Two barely separable Jag1-ctf� bands
were observed when cells were treated with BACE1 inhibitor, which is con-
sistent with the two identified ADAM10 cleavage sites in Jag1.
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FIGURE 5. Jag2 is efficiently cleaved by ADAM10. A, alignment of ectodomain sequences from human Jag1, Jag2, and Delta-like proteins (DLL1–3). The
identical residues between Jag1 and Jag2 are underlined. Potential BACE1 cleavage residues are shown by blue letters. B, the aligned Jag1 and Jag2 sequences
show that both BACE1 cleavage sites in Jag1 were not identical with those in Jag2, whereas the EV site was identical between Jag1 and Jag2. C, a synthetic
peptide Jag21054 –1072 was incubated with recombinant BACE1 Jag21054 –1072. BACE1 cleaves this peptide between Lys and Ala, as shown by HPLC separation
and MALDI-TOF mass spectrometry. MW, molecular weight. D, cleavage of this same peptide by ADAM10 was summarized on the basis of separation by HPLC.
Each peak was analyzed by MALDI-TOF mass spectrometry, and the molecular weight of the cleaved product is illustrated.

FIGURE 6. Processing of Jag2 in cultured cells. A, HEK293 cells were transfected with a C-terminal FLAG-tagged Jag2 expression construct, and stably
expressing cells with high levels of Jag2 were transfected with BACE1-HA. BACE1 inhibitor IV (a BACE1 inhibitor), GM6001 (a pan-ADAM inhibitor), and
N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester (a �-secretase inhibitor) were used for inhibiting the corresponding enzyme in cultured
cells. Either anti-FLAG or anti-Jag2 was used for detecting Jag2 and its processing products. B, the same Jag2-expressing cell line was transfected with either
BACE1 or ADAM10 for 48 h, and protein lysates were examined using an anti-Jag2 antibody.
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minal Jag2 fragments were undetectable in transiently trans-
fected HEK293 cells, although full-length Jag2 was highly
expressed. To circumvent this, we established stable cell lines
that expressed Jag2 in high abundance, as suggested in a prior
publication (31). Overexpressed BACE1 clearly increased the
C-terminal fragment (Jag2-ctf), which migrated near 25 kD. Its
intensity was reduced when a BACE1 inhibitor was applied (Fig.
6A). We also overexpressed ADAM10 in the same Jag2-ex-
pressing cell line and showed enhanced Jag2-ctf (Fig. 6B). Sim-
ilar to the cleavage of Jag1, BACE1-cleaved Jag2-ctf and
ADAM10-cleaved Jag2-ctf were not separable on the gel
because of their sites being in close proximity (Fig. 6). Longer
exposure of the gel showed a weak band that migrated at 27 kD,
which was accumulated significantly by the �-secretase inhibi-
tor N-[N-(3,5-difluorophenacetyl)-L-alanyl]-S-phenylglycine
t-butyl ester. A prior study suggests that Jag2-ctf is a substrate
that is processed by �-secretase (31), and our result is consistent
with this observation. Constant cleavage of Jag2-ctf by �-secre-
tase also explains why Jag2 is not readily detectable by routine
Western blotting.

We also examined the levels of Jag2 in BACE1-null mouse
brains. Consistent with the above biochemical characteriza-
tion, the levels of full-length Jag2 in BACE1-null mouse cortices
or hippocampi were not altered visibly compared with wild-
type littermates (Fig. 7). This is in contrast to the noticeable
increase in Jag1 levels in BACE1-null brains. Together, these

data show that Jag1 is readily cleaved by BACE1 compared with
Jag2 and that BACE1 may differentially regulate the Jag1-Notch
and Jag2-Notch pathways because of this differential process-
ing activity.

DISCUSSION

Jag1, a membrane-anchored signaling molecule, exerts its
signaling activity by binding to its cognate Notch receptor (21).
Mice deficient in Jag1 are embryonically lethal because of the
failure of remodeling the embryonic vasculature (33). Muta-
tions of Jag1 in humans are linked to the autosomal dominant
disorder Alagille syndrome (34 –36), which is characterized by
intrahepatic cholestasis and abnormalities of the heart, eyes,
and vertebrae as well as by a characteristic facial appearance.
Because of the indispensable role of Jag1 during development, it
is extremely important to understand how the activity of Jag1 is
regulated specifically and why the loss of Jag1 is not compen-
sated for by its DSL family members.

It has been demonstrated that paracrine interactions
between membrane-anchored Notch ligands, such as Jag1, and
Notch initiates subsequent cleavage of Notch by ADAM17, also
known as TACE (TNF-� converting enzyme), and �-secretase
(37, 38). Presumably, the level of membrane-anchored Jag1 dic-
tates its signaling activity. In this study, we provide biochemical
evidence that BACE1 sheds Jag1 at the ectodomain and regu-
lates the available levels of membrane-anchored, full-length

FIGURE 7. Processing of Jag1 and Jag2 in brain lysates. A, brain lysates from BACE1-null mice were used to examine the levels of Jag1 and Jag2. Jag1 levels
were higher in BACE1-null mice compared with wild-type littermates, consistent with prior reports. On the other hand, levels of Jag2 were not significantly
altered in BACE1-null brains. B and C, the relative levels of full-length Jag1 or Jag2 over the loading �-actin control.
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Jag1. According to a model of the Jag-Notch pathway, Jag1 sig-
naling activity is likely up-regulated in BACE1-null mice
because of abolished cleavage (20).

Two BACE1-cleavable sites were found when a long peptide
was used in our in vitro enzymatic mapping. The additional
cleavage of Lys1034-Ile1035 was likely due to an in vitro enzy-
matic star activity. Such a star activity could be ruled out by
examination of processing patterns in cultured cells. For exam-
ple, BACE2 has been shown to cleave Swedish mutant APP
peptide in an in vitro assay, but analyses of the C-terminal frag-
ment ruled out this cleavage (39 – 41). By analyzing mutant
Jag1, we showed that BACE1 would essentially cleave Jag1 on
the Ala1050-Ala1051 site. A previous report suggested that Jag1 is
only cleaved by ADAM17 but not by ADAM10 (26). Our in
vitro enzymatic mapping study shows that ADAM10 can cleave
Jag1 at two neighboring sites, whereas ADAM17 cleaves Jag1 at
only one site (Fig. 3D). Hence, all three proteases may coordi-
nately process Jag1 to finely regulate the Jag1-Notch signaling
activity.

Jag2 appears to be less efficiently processed by both BACE1
and �-secretase because the expected 27-Kd C-terminal frag-
ment was not readily expressed under normal transiently trans-
fected conditions (this study and Ref. 32), contrary to conven-
tional transfection studies. This is likely due to the change of
residues surrounding the cleavage sites. Prior assays showed
that small changes of P and P� residues in the BACE1 cleavage
site can alter catalytic efficiency (23, 42, 43). Further systematic
enzyme kinetic assays may verify this conjecture.

We demonstrated recently that BACE1 regulates astrogen-
esis and neurogenesis via control of the Jag1-Notch pathway
(20). In mouse brains, during early development, Jag2 is
expressed by postmitotic differentiating neurons and activates
the Jag2-Notch pathway (44). We showed that the level of full-
length Jag2 in brain lysates from BACE1-null mice was not
altered significantly. This is consistent with our postulation
that Jag2 is less effectively processed by endogenous levels of
BACE1. Despite this inefficient cleavage, we argue that cleavage
of Jag2 by BACE1 may contribute to certain biological effects
under specific conditions that include lowered ADAM10
activity.

Because the ectodomain sequences of Delta-like proteins
(DLL1, DLL2, and DLL3) are completely divergent from the
similar region of Jag1/Jag2, it is difficult to predict whether
BACE1 cleaves these DLL proteins, and future mapping studies
will be required for a definitive answer. Nevertheless, our
results suggest that BACE1 can selectively regulate Jag-Notch
pathways by cleaving certain members of Notch ligands.
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