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ABSTRACT: y-Secretase catalyzes the proteolytic processing of a number of integral membrane proteins,
including amyloid precursor protein (APP) and Notch. The ngthsecretase is a heterogeneous population

of large membrane protein complexes containing presenilin 1 (PS1) or presenilin 2 (PS2), aph-1a or aph-
1b, nicastrin, and pen-2. Here we report the reconstitutionjpsacretase complex in Sf9 cells by co-
infection with baculoviruses carrying the PS1, nicastrin, pen-2, and aph-1a genes. The reconstituted enzyme
processes C99 and the Notch-like substrate N160 and displays the characteristic featusesrefase

in terms of sensitivity to &-secretase inhibitor, upregulation ofA2 production by a familial Alzheimer’s
disease (FAD) mutation in the APP gene, and downregulation of Notch processing by PS1 FAD mutations.
However, the ratio of £42:A340 production by the reconstitutedsecretase is significantly higher than

that of the native enzyme from 293 cells. Unlike in mammalian cells where PS1 FAD mutations cause an
increase in 442 production, PS1 FAD missense mutations in the reconstitution system alter the cleavage
sites in the C99 substrate without changing th@42:A340 ratio. In addition, PSAE9 is a loss-of-
function mutation in both C99 and N160 processing. Reconstitutipaseicretase provides a homogeneous
system for studying the individugtsecretase complexes and their roles fhpkoduction, Notch processing

and AD pathogenesis. These studies may provide important insight into the development of a new generation
of selectivey-secretase inhibitors with an improved side effect profile.

y-Secretase catalyzes the intramembrane cleavage of there essential foly-secretase activity9-11), the specific
amyloid precursor protein (APPYo generate two major  function of each protein in the complex is less clear. The
species off-amyloid peptides (B) (reviewed in refl). AB40 multi-transmembrane domain proteins PS1 and PS2 are the
comprises 96-95% of all A3 produced byy-secretase, while  first components identified in this complex and are also
Ap42, although comprising only-510% of A3 production, considered to be likely candidates for the catalytic subunit
is the major constituent of amyloid plaques and is thought of y-secretasel@). More than 80 clinical mutations are found
to play a more critical role in the pathogenesis of Alzheimer’s in the PS1 gene and six in the PS2 gene, all of which
disease (AD). In addition to APR-secretase also cleaves selectively promote cellular #42 production {). Most of
numerous other membrane proteins such as Notch, ErbB4the y-secretase inhibitors studied to date are nonselective
CD44, and the Notch ligands Deltal and Jagged2s), all for PS1 and PS2-secretasesl@—15). Studies on the PS1
of which exhibit little sequence homology around the and PS2 deficient cells demonstrate that PS1 plays a major
cleavage site. The mechanism by whiclsecretase specif-  role in cellular A3 production 0). PS2 deletion, while having
ically cleaves multiple substrates with distinct structures is little impact on A8 production (6), can accelerate the
not clear.y-Secretase is an attractive target for AD therapy, pathological changes caused by PS1 deficiericy 18).
but the presence of Notch and other substrates can potentiallyThese data suggest thasecretase inhibitors with selectivity
be the major cause of undesirable biological effe6)s ( of PS1 over PS2 may significantly improve the side effect
y-Secretase is believed to be a large complex that containsprofile of the current generation of compounds. Developing
at least four membrane proteins: PS1 or PS2, nicastrinay-secretase inhibitor with selectivity for a specific subtype
(NCT), pen-2, and aph-1a or aph-1b (reviewed infjeBoth of y-secretase complex, however, has been limited by the
PS1 and PS2 exist as heterodimers of N-terminal and heterogeneous nature of the natjwsecretase.
C-terminal fragments (NTF and CTF, respectively). (

. . _ Reconstitution of &-secretase complex has recently been
Although genetic studies have shown that all four proteins ¥ P y

achieved by co-expressing the four components in yeast, an

organism lacking endogenoyssecretase activityl@). This
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1 Abbreviations: A6, f-amyloid peptide; AD, Alzheimer’s disease; ; ; ;
APP, amyloid precursor protein; AICD, APP intracellular domain; FAD, amenable to biochemical studies. We report here the

familial Alzheimer's disease; NCT, nicastrin; NICD, Notch intracellular  F€CONStitution ofy-secretase activity in Sf9 insect cells by
domain; PS, presenilin. co-infecting cells with baculoviruses expressing PS1, NCT,
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aph-1a, and pen-2. A detailed biochemical analysis of this domain (NAE) was cloned from human fetal cDNA (Clon-
reconstituted activity revealed the characteristicg-skcre- tech). This fragment was further truncated by deleting amino
tase as well as the features that are distinct from those ofacids 17722153, which preserved thesecretase cleavage
the native enzyme. The reconstitution in Sf9 cells provides site and resulted in a Notch-like substrate designated N160.
an important tool for exploring the assembly of thsecre- N160 with C-terminal myc and six-His tags was expressed
tase complex and a homogeneous system for studying thein Sf9 cells and purified by NiNTA chromatography as
biochemical properties of each individyakecretase activity.  described for C99 purificatior2@). To assess N160 process-
ing by y-secretase, ZM N160 was combined with 515

EXPERIMENTAL PROCEDURES ug of the solubilized membrane protein in the same reaction

Expression Constructsluman PS1 and NCT cDNAs were  buffer that was used far-secretase activity (see above). The
obtained from P. St. George-Hyslop (University of Toronto, reaction was carried out at 3T for 4 h. The C-terminal
Toronto, ON). Human pen-2L() and aph-1aZ0) cDNAs fragment generated by-secretase cleavage, NICD160, was
were cloned from a human brain cDNA library (Clontech). detected by Western blotting using a cleavage site specific
A myc tag and six-His tag were introduced at the C-termini antibody (Cell Signaling).
of NCT and aph-1 and at the N-terminus of pen-2. Bacu-  ImmunoprecipitationTo study proteins associated with
loviruses carrying PS1, NCT, pen-2, and aph-1a cDNAs were PS1, 50uL of CHAPSO-solubilized membranes from Sf9
generated using the BAC-to-BAC system (Invitrogen) ac- cells (3 mg of protein/mL) was incubated overnight with 1
cording to the manufacturer’s instructions. uL of anti-PS1 NTF antibody (Cell Signaling) at 4C.

Cell Culture. Human embryonic kidney 293 cells were Protein A/G beads (Calbiochem) were added, and the mixture
purchased from American Type Culture Collection and were was rocked at 2C for an additional 2 h. The beads were
grown in Dulbecco’s modified Eagle’s medium (DMEM) then spun down and washed three times in a buffer containing
supplemented with 10% fetal bovine serum, 100 units/mL 20 mM Tris-HCI (pH 7.4), 150 mM NaCl, 2 mM EDTA, 2
penicillin, and 10Q:g/mL streptomycin. Sf9 insect cells were mM EGTA, and 0.5% CHAPSO. After removal of the
purchased from Invitrogen and were grown in Sf900 Il washing buffer, proteins were eluted from the beads and
serum-free medium (Invitrogen) supplemented with 3% fetal separated ma 4 to 12%NuPAGE gel (Invitrogen).
bovine serum. To express a designated protein, Sf9 cells (1 General MethodsAnti-PS1 NTF antibody and anti-myc
x 10° cells/mL) were infected with the appropriate bacu- antibody were purchased from Cell Signaling. Protein
lovirus and harvested 3 days after infection. For mock concentrations were determined using the Protein Assay Dye

infection, a baculovirus carrying human/thydroxysteroid  (Bjo-Rad) according to the manufacturer’s instructions.
dehydrogenase was used.

Membrane Preparation#\ quick, crude membrane prepa- RESULTS
ration procedure was used to study multiple reconstitution
conditions in Sf9 cells. Cells from a 100 mL culture were ~ Reconstitution of the»-Secretase Complex in Sf9 Cells.
harvested and washed once in cold phosphate-buffered salineAlthough insect cells contain a PS ge@é)( the endogenous
The cell pellets were resuspended in a buffer containing 20 PS protein in Sf9 cells did not cross-react with an anti-human
mM Tris-HCI (pH 7), 50 mM KCI, 50 mM sucrose, 2 mM  PS1 antibody (Figure 1A). Nevertheless, solubilized Sf9 cell
EDTA, 2 mM EGTA, and Complete protease inhibitor tablets membranes do have endogengtsecretase activity, but this
(Roche Biochemicals), and homogenized with a 20 s pulse activity was abolished upon infection with baculovirus
using a PowerGen 125 homogenizer at full power. The (Figure 1B). This loss of activity is likely due to the
homogenate was centrifuged at 1560@r 30 min. The disruption of Sf9 cell protein synthesis by virus infection,
membrane pellets were solubilized in a buffer containing thus affecting the protein turnover in the endogenous
Tris-HCI (pH 7.0), 150 mM NaCl, 2 mM EDTA, 2 mM  Y-secretase complex. Baculovirus-mediated protein expres-
EGTA, and 1% CHAPSO, and insoluble components were Sion in Sf9 cells thus provides an opportunity to study the
removed by centrifugation at 1000§€or 45 min. reconstitution ofy-secretase and the role of each component
PS1 M146V knock-in mice have been described previously in catalytic activity without the interference of background
(21). Membranes were prepared from individual cortices and activity.
solubilized in 1% CHAPSO. Membrane preparation from  When PS1, NCT, aph-1, and pen-2 were expressed in Sf9
293 cells was as described previoushp) cells by co-infection of the four baculoviruses, a significant
Measurement of-Secretase Actity. To measure/-secre- amount of full-length PS1 was processed to NTF (Figure
tase activity, a 5Q:L reaction mixture was assembled by 1A). The processing of PS1 was dramatically inhibited when
combining the C99 substrat®?) and 16-20 ug of the any one of the components was missing, suggesting that
solubilized membrane protein in a buffer containing 50 MM NCT, aph-1, and pen-2 are all required for the efficient
acetate (pH 6.0), 100 mM NaCl, 2 mM EDTA, and 0.2% proteolytic maturation of PS1. Mutations of two conserved
CHAPSO. The reaction was carried out at 7 for 2 h. aspartyl residues in the PS1 gene that are known to be critical
Ap40 and AB42 were assessed using a sandwich immunoas-for y-secretase activity, D257A and D385A, abolished PS1
say as described previousl®3), while the C-terminal processing (Figure 1A). Accompanying the processing of
cleavage product (AICD) was detected by Western blotting PS1, robusy-secretase activity was observed in solubilized
using antibody 369. The-secretase inhibitor used in some membranes from Sf9 cells co-infected with baculoviruses
experiments, L-684,4584), was purchased from Calbio- expressing PS1, pen-2, aph-1, and NCT. This activity was
chem. 3—5-fold higher than the endogenous activity in uninfected
Measurement of Notch Processing Aityi. Human Notchl Sf9 cells (cf. panels B and C of Figure 1) and was
(GenBank entry AF308602) with a truncated extracellular undetectable when any one of the proteins was missing
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Ficure 1: Reconstitution ofy-secretase activity in Sf9 cells.

Solubilized membrane fractions were prepared from Sf9 cells
infected with specified baculoviruses. (A) Western blots of solu-
bilized membranes from Sf9 cells probed with the anti-PS1 NTF
antibody for PS1 expression or the anti-myc antibody for NCT,
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FicGure 2: AICD and NICD160 production by reconstituted
y-secretase. N160 or C99 substrate was incubated with solubilized
membranes (515 ug/reaction) from 293 cells or from Sf9 cells
expressing all four components of tlyesecretase complex. The
reaction mixtures were separatetia4 to 129%NuPAGE gel with
MES buffer (Invitrogen). (A) Generation of AICD from the C99
substrate. The APP intracellular domain (AICD), released after
cleavage of C99 at alf-secretase sites including 40, 42, and
was detected by antibody 369. (B) Generation of NICD160 from
N160 substrate. NICD160 was detected by a cleavage site specific
antibody. (C) Effect of the/-secretase inhibitor L-685,458 on the
reconstituted and native enzymeSecretase activity was measured
using 2uM C99 substrate in the presence of different concentrations
of L-685,458.

The reconstituteg-secretase complex displayed activity
comparable to that of the native enzyme in human embryonic
kidney 293 cell membranes in terms of its ability to cleave
the C99 substrate to generate the AICD products (Figure 2A).
In addition, the reconstituteg-secretase was also capable
of processing a truncated Notch substrate (N160) to generate
NICD160 as detected by a Notch cleavage site specific

pen-2, and aph-1 expression. Several bands with molecular weightsantibody (Figure 2B). Both AICD production and NICD160

similar to or lower than that of PS1 NTF reacted with the anti-PS1
NTF antibody, but were likely nonspecific degradation products.

Two bands were associated with aph-1 expression, and the top ban

was likely a dimmer as judged by molecular weight. {Byecretase

activity in membranes prepared from wild-type and baculovirus-
infected Sf9 cells. The baculovirus used in the mock infection
carries the human Bthydroxysteroid dehydrogenase gene. Several

other baculoviruses expressing various unrelated cDNAs were also

tested, and similar abolition of-secretase activity was obtained
(L. Song and L. Zhang, unpublished data). {C¥ecretase activity

production were abolished by a well-characterizeskecre-

dase inhibitor, L-685,45824), and by the D385A mutation

(Figure 2A,B). Furthermore, L-685,458 inhibits the recon-
stituted enzyme activity with an g of 7 nM, which was
similar to the action of this compound on the native enzyme
[ICs0 = 3 nM (Figure 2C)].

Like the enzyme in 293 cell membranes (Figure 3A), the
reconstituted-secretase from Sf9 cells generated bofid

in Sf9 cell membranes expressing various combinations of the and A342 (Figure 3B). TheK, values of the reconstituted

components of the-secretase complex.

(Figure 1C), consistent with the notion that all four compo-

enzyme for 4840 and A342 activity were 1.2+ 0.6 and 1.6
4+ 0.7 uM, respectively, which were similar to thg, values
of the nativey-secretase activity (0.5 0.2 and 1.2+ 0.7

nents are essential fprsecretase function. PS1-D257A and  uM for A340 and A342 activity, respectively). The 242:

PS1-D385A failed to reconstitutesecretase activity when

Ap40 ratio of activity in solubilized 293 cell membranes was

co-expressed with the other three proteins (Figure 1C), con-similar to the endogenoyssecretase activity in solubilized

firming that they are indeed loss-of-function mutatioh®)(

Sf9 cell membranes (Figure 3C), and was consistent with
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Ficure 3: AB40 and AB42 production by the reconstitutedsecretase activityy-Secretase activity in membranes from Sf9 cells co-
expressing PS1, NCT, pen-2, and aph-1 was determined as described in Experimental Procedufd€ hpA542 y-secretase activity
from 293 cells. (B) 4840 and AB42 activity from reconstitutegt-secretase. (C) Comparison of thg42:A540 ratio of nativey-secretase
from 293 cells, endogenoyssecretase activity in Sf9 cells and the reconstitytesbcretase activity in Sf9 cells.442 production and
AB40 production were assessed using C99 substrate concentrations gL (D) Effect of the APP V715M mutation on the#2:A340

ratio. The A342:AB340 ratios were measured using-3 uM wild-type and V/M mutant substrates. The error bars represent the standard
errors from three independent experiments. Data were analyzed withtése using GraphPad Prism 3.0. Three asterisks indRate
0.001.

the A342:A340 ratio detected in conditioned media from in Sf9 cells. The three FAD missense mutations, Y115H,
various cell lines and brain lysate®y( 27). The reconstituted  M146L, and L392V, were processed properly, whereas the
y-secretase activity, however, displayed a significantly higher D385A and AE9 mutations remained unprocessed in the
ApBA2:AB40 ratio (Figure 3C). To further explore f42 reconstituted complex (Figure 4B). These results are con-
activity by the reconstituted enzyme, we utilized a C99 sistent with reported observations of the native enzyme in
substrate carrying the APP V715M mutation in the APP770 mammalian cells.
gene. This mutation is located two amino acids after the In the reconstitutegt-secretase complex, totglsecretase
Ap42 cleavage site and is linked to enhanced cellu|g42\ activity as measured by AICD production was comparable
production and early onset AD28). The APP V715M for the PS1 Y115H, M146L, and L392V mutations (Figure
mutation in C99 did not change the substrate interaction with 5A). In contrast, NICD160 production andsAproduction
y-secretase, as th, values for A340 and AG42 were were impaired by these mutations, with Y115H having the
similar to that of the wild-type substrate (L. Zhang, unpub- greatest impact and M146L the least (Figures 5B and 6A).
lished data), but the Ad42:A340 activity ratio was signifi- The PS1AE9 mutant was inactive in both AICD and
cantly higher than that of the wild-type substrate (Figure 3D). NICD160 production (Figure 5A,B). The M146L and L392V
The impact of the APP VV715M mutation orA2 production mutations reduced th&/m.x of AB production without
was similar for the native enzyme from 293 cells and the significantly changing theK, for either A340 or AB342
reconstituted enzyme from Sf9 cells, suggesting that the activity (Figure 6B,C). The level of A production was too
preference of the active sites fofA2 cleavage are similarly  low for Y115H for reliable quantification (data not shown).
affected by the V715M mutation. Overall, these findings are No significant effect on the A42:A340 ratio was observed
consistent with the reported reconstitution pfsecretase  with the M146L and L392V mutations (Figure 6D). Interest-
activity in yeast {9) and demonstrate that the reconstituted ingly, y-secretase activity in soluble membranes from brains
y-secretase displays several characteristics of the nativeof PS1M146V knock-in mice 1) displayed a modest
enzyme, but also displays at least one distinct property, reduction in A340 activity, an increase in/242 activity, and
namely, the enhanced/2 production. consequently a significant increase in th84®:A540 ratio
Effect of PS1 FAD Mutations on Reconstitufe8ecretase  (Figure 7A-C). These results thus demonstrate that the FAD
Activity. We utilized the reconstituted system to examine the mutations behave differently in the reconstitujedecretase
effect of PS1 FAD mutations ory-secretase complex complex compared to the native enzyme in mouse brain
assembly, PS1 endoproteolysis, and the enzymatic activity.membranes in terms of /A2 production.
NCT, pen-2, and aph-1 co-immunoprecipitated with all PS1
mutants, including Y115H, M146L, L392VAE9, and DISCUSSION
D385A (Figure 4A), suggesting that these mutations did not  Our study demonstrates the reconstitutionyefecretase
have an impact on the formation of thesecretase complex  activity by the simultaneous infection of Sf9 insect cells with
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processing. Membranes were prepared as described in the legen&'GURE 6: Effect of PS1 FAD mutations on the reconstitutgé4a
of Figure 4.y-Secretase activity was measured using the solubilized @nd A342 y-secretase activity. Membranes were prepared from Sf9
membranes as described in Experimental Procedures and in thec€lls expressing various PS1 mutants, NCT, pen-2, and aph-1. (A)
legend of Figure 2. (A) C99 processing to AICD as detected by AA40 and A342 y-secretase activity measured aull C99. (B)
Western blotting with antibody 369. (B) N160 processing to AB40 y-secretase activity at various C99 concentrations in the
NICD160 detected by Western blotting with an anti-Notch cleavage Solubilized membranes from wild-type PS1-, PS1-M146L-, and
site specific antibody. PS1-L392V-infected Sf9 cells. (C) 2 y-secretase activity in
membranes from wild-type PS1-, PS1-M146L-, and PS1-L392V-

. . infected Sf9 cells. (D) £42:A540 ratio determined in membranes
four baculoviruses carrying the PS1, NCT, pen-2, and aph-1om wild-type PS1-, PS1-M146L-, and PS1-L392V-infected Sf9

genes. Many of the characteristics of the reconstituted cells. The data are the mean of three independent experiments that
y-secretase activity from Sf9 cells are similar to those measured the p42:A540 ratio at -4 uM C99 substrate.
described for the native enzyme. The reconstitytescre-

tase is capable of generatingg40 and A342 with appropri- This finding suggests that these mutations lead to a shift of
ate kinetics (Figure 3A,B), and generates AICD (Figure 2A) cleavage site specificity, rather than a loss of catalytic
and the Notch cleavage product NICD160 (Figure 2B). This function of they-secretase complex, which is consistent with
activity can also be blocked by a prototypesecretase the observation in mammalian cells that the enhanced
inhibitor (Figure 2C) and produce morggA2 when the APP  cleavage at the 42 site mediated by PS1 FAD mutations
V715M mutation is introduced into the C99 substrate (Figure is at the expense of the cleavage at ¢rste (29, 30). The
3D). In the reconstituteg-secretase complex, the PS1 FAD decrease in the level of NICD160 production is also
missense mutations slow 40, A342, and NICD160 consistent with the reduced efficiency of PS1 FAD mutations
production to various degrees (Figures 5B and 6A) without in rescuing sel-12 deficiency iBaenorhabditis elegan81).
significantly changing the AICD production (Figure 5A). Overall, the reconstituted enzyme reflects many of the
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00 i cells where overexpression of the_ PSEQ muta_ttio_n_ leads
o i to an elevated level of A42 production without significantly
== S—— affecting A340 (26). The phenotype of the PSYE9 mutant
in reconstituted-secretase is also distinct from that seen in
C. eleganswhere it is similar to the other PS FAD mutations
in acting as a partial loss-of-function mutation in terms of
rescuing sel-12 deficiencyd)).

Many factors may be responsible for the differences
= i e between the reconstitutedsecretase and the native enzyme.
NCT is a glycoprotein 10), and glycosylation in Sf9 cells
differs from that in mammalian cells32). While NCT is
assembled into the active-secretase complex in the
reconstitution system, the distinct glycosylation pattern of
NCT in Sf9 cells may cause subtle change in its interaction
with other components which may change the cleavage site
specificity. The presence of N- and C-terminal epitope tags
in the pen-2, aph-1, and NCT constructs could be another
source of conformational change in the complex, although

WT Ki+ KIK expression of these tagged constructs in mammalian cells
c. has not been shown to alte3A2 production 10, 33—35;
0.100 J. Lee and L. Zhang, unpublished data). In addition, despite
the fact that none of the endogenous PS, NCT, pen-2, and
aph-1 genes can be incorporated into the reconstituted
functional y-secretase complex (Figure 1) and that endog-
. enous A42 y-secretase activity in Sf9 cells is similar to
that in 293 cells (Figure 3C), we still cannot completely
exclude the possibility that some endogenous proteins in Sf9
cells are involved in the reconstitution process.
o R R More importantly, the nativa-_secretase activity reflects
FIGURE 7: y-Secretase activity from PS1-M146V knock-in mice _that ofa he_terogeneous populatlom/etfsgcretase complexes
brains. Membranes were prepared from individual brains of wild- I mammalian cells. The presence of different PS genes (PS1
type (WT), PS1-M146V knock-in heterozygote @), and ho- and PS2), aph-1 isoforms (aph-la and aph-1b), and perhaps

mozygote (K/K) mice. 40 and A342 y-secretase activities shown  other unidentified factors can all contribute to the hetero-

Cﬁﬁ%ffa?&ﬁ%ss”:ﬁgaiﬁ’ff dca?% ;nnﬁmahggsg‘?;‘;tgirﬂ ;"(}%?Ni‘)?e” geneity of the native enzyme. It is thus likely that the
Brains of different genotypes had comparable levels of PS1 reconstituteg-secretase complex described here reflects only

expression as detected by Western blot analysis (data not shown)ON€ aspect of the nz_;ltive activity. The reconstitution in Sf9
(A) AB40 y-secretase activity, (B) A42 y-secretase activity, and  cells provides a unique homogeneous system for further

(C) comparison of £42:A840 ratios in wild-type, heterozygote,  characterizing individuay-secretase complexes and distin-
and homozygote mice. The data shown are the metive standard guishing their roles in & production, Notch processing, and

errors calculated from three animals, each measured at threeAD th nesis. A hom n tem is al ritical for
different substrate concentrations. Data were analyzed with the pathogenesis. A homogeneous system IS also critical 1o

test using GraphPad Prism 3.0. Three asterisks indizat®.001. developing subtype selectivesecretase inhibitors with an
improved side effect profile if the compound targets only
fundamental properties of the natiyesecretase, and thus one or two specificy-secretase complexes involved in the
provides an important tool for studying the mechanism of disease process.
its catalytic function. It is noteworthy that despite the overexpression of the four
Our study also reveals that the characteristicseécretase ~ components, the specific activity of the reconstituteskcre-
are not fully recapitulated in the reconstitution system. The tase remains comparable to that of the native enzyme in 293
disparities are reflected largely in the regulation g84R cells (Figure 3A,3B), and a significant amount of PS1 still
production. In the reconstituted enzyme, th&&:AB40 ratio remains unprocessed (Figure 1A). These data suggest that
is significantly higher than that of the native enzyme in 293 the limiting step for PS1 processing and assembly of the
cells (Figure 3). In addition, even though the three PS1 FAD y-secretase complex has not been resolved in the reconstitu-
missense mutations in the reconstitujeglecretase complex  tion system. It is not clear whether the four components are
alter the production of 40 and A642 by a mechanism  sufficient for this process or whether additional unidentified
similar to that in the native enzyme, they do not cause an cellular proteins are required.

(pg/reaction)
w ~
s =
1 '}
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increase in the A42:A340 ratio of the reconstitutegtsecre- While we have successfully reconstituted many of the
tase activity (Figure 6D) as they do in mammalian ce2l®) fundamental properties gfsecretase, this study shows that
and in mouse brains (Figure 7). Moreover, the P9 the intricacies of the-secretase complex have not yet been

mutation is a complete loss-of-function mutation with respect completely elucidated. Future studies on the mechanism that
to AB40, A342, AICD, and NICD160 production in the limits the processing of PS1 may lead to a more efficient
reconstituteg-secretase (Figures 5 and 6). This is in contrast reconstitution system and facilitate the ultimate purification
with the properties of the other PS1 missense mutations inof the y-secretase complex. Further unraveling of the
the reconstitution system and the observation in mammalianmechanism that regulates the specific cleavage activity of
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y-secretase will also be critical in understanding the broad
spectrum ofy-secretase substrates and the pathogenic mech-
anism of PS FAD mutations. It may also provide important 4,

Zhang et al.

and pen-2 are required for Notch pathway signalingecretase
cleavage offAPP, and presenilin protein accumulati@ey. Cell
3, 85-97.

12. Wolfe, M. S, Xia, W., Ostaszewski, B. L., Diehl, T. S., Kimberly,

insight into the development of noveglsecretase inhibitors
that target more specifically APP processing and/gA2
production.

While this paper was being prepared, reconstitution of
y-secretase activity was reported in budded baculovirus
particles released from Sf9 cells co-infected with PS1, NCT,
aph-1, and pen-236). The reconstituteg-secretase activities

are comparable in both studies, although the reconstituted 14.

activity described here is from regular cellular membrane
preparations, which do not have detectable endogenous
y-secretase-like activity as in the baculovirus particles.
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