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ABSTRACT. The final proteolytic step to generate the amylgigrotein (A3) of Alzheimer’s disease (AD)

from B-amyloid precursor protein (APP) is achieved by presenilin (PS)-depenpdsstretase cleavage.
AD-causing mutations in PS1 and PS2 result in a selective and significant increase in production of the
more amyloidogenic 842 peptide. PS1 and PS2 undergo endoproteolysis by an unknown enzyme termed
presenilinase to generate the functional complex of N- and C-terminal fragments (NTF/CTF). To investigate
the endoproteolytic activity that generates active PS, we used a mammalian cell-free system that allows
de novo human PS NTF and CTF generation. PS NTF and CTF generation in vitro was observed in
endoplasmic reticulum (ER)-enriched fractions of membrane vesicles and to a lesser extent in Golgi/
trans-Golgi-network (TGN)-enriched fractions. AD-causing mutations in PS1 and PS2 did not alter de
novo generation of PS fragments. Removal of peripheral membrane-associated and cytosolic proteins did
not prevent de novo generation of fragments, indicating that presenilinase activity corresponds to an integral
membrane protein. Among several general inhibitors of different protease classes that blocked the
presenilinase activity, pepstatin A was the most potent inhibitor. Screening available transition state analogue
y-secretase inhibitors led to the identification of two compounds that were able to prevent the de novo
generation of PS fragments, with an expected inhibition®fAneration. Our studies provide a biochemical
approach to characterize and identify this elusive presenilinase.

Alzheimer's disease (AD)is a progressive neurodegen- (ER) and Golgi 6—9), in endosomeslQ), and at the cell
erative disease characterized by accumulation in the brainsurface {1, 12). Compelling evidence for a requirement of
of extracellular amyloid fibrils composed of the amyloid PS fory-secretase cleavage of APP fof eneration came
p-protein (A5) and intracellular neurofibrillary tangles made from in vivo studies showing decreaseg Aroduction in
of aggregated hyperphosphorylated tau prot&)n Genetic neurons derived from PS knockout embryas8, (14) and in
and neuropathological studies suggest that processing ofadult brains of conditional PS1 knockout midé) and from
amyloid precursor protein (APP) to yieldf plays an  cell culture studies showing that mutations in either of two
important role in the initiating events leading to AD)( aspartates in TM domains 6 and 7 of PS1 abglisiecretase
Mutations in two other genes, presenilin 1 (PS1) and cleavage of APP1§6). Similarly, the analogous aspartate
presenilin 2 (PS2), account for about 50% of early onset residues in PS2 are also required for APP processing by
familial Alzheimer's disease cases and lead to increased, . _secretasel(7, 18). Furthermore, transition-state analogue
production and deposition of /42 (2—5). The molecular  affinity reagents fory-secretase preventfgeneration and
mechanism whereby mutations in PS1 or PS2 lead to apjng directly to PS1 and PS29—21). We have shown that
selective increase in production offA2 is unknown atthis ~ pg1 and PS?2 directly bind to C99/C83, thesecretase
time. _ substrates, at the sites of3Ageneration, i.e., Golgi/trans-

PS1 and PS2 are homologous eight transmembrane (TM)go|gi network (TGN)-type vesicle€®). We also found that
domain spanning proteins that can be found in many ¢ milial AD mutations in PS or APP decrease the effect of
locations within a cell including the endoplasmic reticulum y-secretase inhibitors, providing evidence for a direct
involvement of PS1 in the-secretase cleavage complés)
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presenilins, nicknamed “presenilinase”, is unknown. Never- described previouslygj. The fractionation employs discon-
theless, we have previously shown that mutation of aspartatetinuous lodixanol gradients, which are used because they
residues at TM6 or TM7 blocked endoproteolysik6)( effectively separate ER- from Golgi/TGN-rich vesicles in a
suggesting that endoproteolysis of presenilins could occurway that preserves vesicle structure and function, allowing
via autoproteolysis. de novo AS generation upon incubation at 3T (35).

The levels of PS1 and PS2 NTF and CTF are known to  De Nao PS NTF/CTF and A Generation For determi-
be highly regulated, because simple overexpression es-hation of de novo PS fragment generation in vitro, total
sentially has no effect on the total level of fragmerid, ( membrane vesicles, ER-rich vesicle fractions, or Golgi/TGN-
28). Furthermore, overexpression of human PS1 or PS2 in rich vesicle fractions were divided into two aliquots: one
mouse cell lines or transgenic mice results in replacementaliquot was incubated atC for determination of basal PS
of mouse PS fragments with human PS fragments to fragment levels. The other aliquot was incubated atG7
approximately the same leve2§). PS NTF and CTF are  for 2 h for determination of de novo fragment generation.
known to associate in very stable high molecular weight PS fragment levels in both aliquots were probed by Western
(HMW) complexes (up to~250 kDa) @9, 30). Although blot. Densitometry using the AlphaEase PC software package
nicastrin has been identified as an important component inwas used to quantify protein levels from at least three
the complex 81, 32), the full identity of the complex is  independent blots, and the level of newly generated PS
unknown. Coimmunoprecipitation experiments have dem- fragment was calculated by subtracting the fragment level
onstrated that the main PS1 components in the HMW observed at 4C from that obtained at 37C. For determi-
complex are NTF/CTF, but not FL PS29, 30, 33). The nation of de novo & generation in vitro, gradient fractions
first proline of the PALP motif (amino acid 433 or 414 based Were divided into two aliquots: one aliquot was used for
on human PS1 or PS2 numbering) in PS CTF is necessarydetermination of basal Alevels by adding an equal volume
for complex formation 34). These reports suggest that the ©of stop solution [2% NP40, 2 mM EDTA, 2 protease
stabilized fragments are the principal functional form of inhibitor cocktail, al 1 M guanidine HCI] and storing at
presenilins and that levels of the fragments are saturable.—80 °C. The other aliquot was incubated at 32 for 2 h
Characterizing and identifying the presenilinase activity followed by addition of an equal volume of stop solution.
responsible for cleaving PS holoprotein, therefore, is critical AB levels in both aliquots were then measured by ELISA.
to understanding the regulation of PS function. The newly generated/Alevels were calculated by subtract-

Here, we have used a cell-free system to investigate deiNd the A5 level observed at-80 °C from that obtained at
novo PS1 and PS2 NTF and CTF generation in vitro. By 37 C. The mean levels of newly generated PS fragment or
subcellular fractionation of membrane vesicles, we find that A/ in the absence of inhibitor ¢, DMSO, and methanol)
presenilinase is most likely an integral membrane protein Was used as the denominator (100%), and the relative
that functions to a large extent in ER-enriched vesicles and Pércentage was obtained by comparing PS fragmenifor A
to a lesser extent in Golgi/TGN-enriched vesicles, where !evels in the presence of inhibitor against this denominator
much less FL PS is available. We further demonstrate that!n €ach experiment. Negative values reflect reduced levels

two designed-secretase inhibitors could block this activity, 2after incubation. R
opening up a venue for characterization and identification _Pharmacological Treatment&or pharmacological inhibi-

of this long sought protease. tion of presenilinase oy-secretase, gradient fractions were
incubated with each protease inhibitonesecretase inhibitor
MATERIALS AND METHODS at the specified concentration or with DMSO, methanol, or

H.O vehicle alone, fo2 h at 37°C. Fractions were then

Cell Lines and Tissue Cultur€Chinese hamster ovary |ysed and subjected to Western analysis or ELISA. For the
(CHO) cell lines overexpressing wild-type (WT) human APP time-course experiment, gradient fractions were incubated
together with either WT human PS1 (designated PS1wt-1 with eachy-secretase inhibitor or vehicle alone for variable
and PS1wt-2 cells)), WT human PS2 (designated PS2wt-1  times at 37°C. Fractions were lysed after each time point
and PS2wt-2 cells)s), M146L PS1 §), N1411 PS29), or and subjected to Western analysis.
M239V PS2 ) were maintained in 208g/mL G418 (Life Immunoprecipitation and Western Blottingells were
Technologies) plus 2 &g/mL puromycin (for PS1 expressing lysed in a buffer containing 50 mM Tris, pH 7.6, 150 mM
lines) or 250 ug/mL of Zeocin (Invitrogen) (for PS2  NaCl, 2 mM EDTA, 1% NP-40, 0.5% BSA, 0.5% Triton
expressing lines). X-100, and the protease inhibitor cocktail (Sigma). Cell

Membrane Vesicle Preparation, Sodium Carbonate Wash, lysates were precleared with protein A-agarose for 4 h, and
and Subcellular FractionationMembrane vesicles were supernatants were immunoprecipitated with 4627 and X81
prepared from PS expressing CHO celisl(x 10° cells) as for PS1 or 2C20 for PS2 plus protein A-agarose. Immuno-
previously described] and used for subcellular fractionation precipitates were washed and detected as described previ-
or de novo PS NTF/CTF and/Ageneration (see below). ously 36). 3x sample buffer (10% SDS, 10%mercapto-
When needed, vesicles were washed in 0.1 M sodium ethanol, 50% glycerol) was added to all immunoprecipitates
carbonate (pH 11.3) on ice and centrifuged at 10@000 and samples derived from de novo PS fragment generation,
1 h. More than 50% of the vesicles were recovered after followed by SDS-PAGE using 26-well 420% Tris-HCI
centrifugation. Vesicle precipitate was resuspended in incu- gels (Bio-Rad). Appropriate primary and secondary antibod-
bation buffer (10 mM KOAc, 1.5 mM MgG) and incubated  ies and an enhanced chemiluminescence system (Amersham)
at either 4°C for basal PS levels or 37TC for de novo PS  were used to detect the Western blots.
NTF/CTF generation (see below). The membrane vesicles Antibodies.Polyclonal antibodies X81, Ab14 (gift of S.
were used for preparation of subcellular fractions, as Gandy), and 4627 were raised against residue®1] 3—15,
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and 457467 of PS1, respectively2d, 37). Monoclonal
antibody 13A11 was raised against residues2320 of PS1
[gift of P. Seubert and D. Schen&%)]. Polyclonal antibodies
2972 (gift of C. Haass) and PS2L (gift of T. lwatsubo, T.
Saido, K. Maruyama, and T. Tomita) were raised against
residues 75 and 316-339 of PS2, respectively38).
Polyclonal antibody 2C20 recognizes the last 20 residues of
the PS2 C-terminuslg).

ELISA.AS sandwich ELISAs were performed as described
(39). The capture antibody was 2G3 (tgsAesidues 33
40), and the reporter antibody was biotinylated 266 (fb A
residues 1328) for ABx—40 Species. These antibodies were
kindly provided by P. Seubert and D. Schenk.

RESULTS

De Nao Generation of PS NTF and CTF in a Cell-Free
Assay.To begin to characterize presenilinase activity, we

first needed a biochemical assay to examine the conversion

of substrate to product. We found that we could generate
PS NTF and CTF in a cell-free assay using microsomes
prepared from CHO cells stably overexpressing either WT
PS1 (PS1wt-1 and PS1wt-2) or WT PS2 (PS2wt-1 and
PS2wt-2). Total membrane microsomes and also membran

tionation on discontinuous lodixanol sucrose gradients were
used to examine PS NTF/CTF generatiB) therefore, any
cytosolic proteins were removed. Dense fractions were rich
in ER-type microsomes, while the less dense portions of the
gradient contained Golgi/TGN-type microsomes, just as
previously describedd]. We combined the fractions previ-
ously found to be ER-rich into one pool and those previously
found to be Golgi/TGN-rich into another pool. To detect
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Ficure 1: De novo generation of PS NTF and CTF in total cell-
free microsomes, ER-enriched microsomes, and Golgi/TGN-
enriched microsomes. (A and B) ER-enriched membrane vesicles

. ) . 8solated from CHO cells stably expressing WT APP and WT PS1
microsomes separated by a previously characterized frac-

(PS1wt-1, A) or WT PS2 (PS2wt-1, B) were incubated at’G7
for 2 h to measure de novo generation of PS fragment. Controls
were incubated at AC for measurement of basal PS fragment levels.
Vesicles were lysed and probed by Western blotting (WB) for FL
PS and PS NTF with PS1 antibody Ab14 (A) or PS2 antibody 2972
(B). (C) Duplicate ER- (lanes 5 and 6) and Golgi/TGN-enriched
(lanes 7 and 8) microsomes were incubated &t@¥or 2 h, lysed,
and then probed by WB for FL PS1 and PS1 CTF with PS1
antibody 13A11l. (D) ER-enriched microsomes isolated from
Siwt-1 cells were incubated at 3 for 2 h in thepresence of
0.2 mM JLK2, JLKS, or vehicle. Controls were incubated &C4

basal PS fragment levels in these cells, we measured theq, getection of basal PS levels (lanes 1 and 2). The microsomes

amount of PS fragments in microsomes incubated &t 4
as further endoproteolysis of full-length (FL) PS was not
possible at this temperature. Basal levels of PS1 NVEg(
kDa) and PS2 NTF+{36 kDa) could be detected in ER pools
of microsomes (left lanes in Figure 1A,B); upon incubation
at 37°C for 2 h, more PS fragments were generated from
FL PS1 or PS2 (Figure 1A,B, right lanes). Consistent with

were lysed and probed by WB for FL PS1 and PS1 CTF with
antibody 13A11. Lane 7 contains PS1iwt-1 cell lysate. (E) Total
membrane vesicles isolated from PS1wt-1 cells were washed with
sodium carbonatet), pelleted, resuspended in incubation buffer,
and incubated at 37C for 2 h. Vesicles were lysed and probed by
WB with PS1 antibody 13A11. Consistent with a previous report
(36), FL PS2 is detected as the doublet above 50 kDa by antibody
2972 (B), and FL PS1 is detected as the doublet below 50 kDa by

PS1 NTF generation, we also observed de novo PS1 CTFantibody 13A11 (C and D).

generation in ER-enriched and Golgi/TGN-enriched mi-
crosomes (Figure 1C, lanes-B); however, the greatest

an integral membrane protein. Although we started with the

generation was observed in ER-enriched microsomes, pre-S8me amount of vesicles, the PS fragment levels were lower
sumably due to the abundance of FL PS substrate (Figureln the washed versus unwashed lanes at both 4 arf€37

1C, lanes 56). We also used two previously reported
nonpeptidic compounds, JLK2 and JLK8Q], to test our

de novo PS fragment generation system. Consistent with
previous findings that these compounds do not affect PS1
endoproteolysis in live cells4(Q), we failed to detect any
effect of these compounds at 0.2 mM on PS1 fragment
generation in vitro (Figure 1D, lanes-5).

Presenilinase Appears to be an Integral Membrane

One would expect to have reduced levels of fragments after
the washes, as some material was lost during the washing
process.

FAD Mutations in PS Do Not Affect de do PS NTF/
CTF Generation.To determine whether the mechanism
whereby FAD mutations in PS1 or PS2 cause an increase in
Ap42 generation is increased generation of PS NTF and CTF,
we compared de novo PS fragment generation in CHO cell

Protein. To begin to determine the biochemical properties lines stably expressing WT PS1 (PS1wt-1 and PS1wt-2) or
of the presenilinase activity that generated PS NTF and CTFPS2 (PS2wt-1 and PS2wt-2) versus those expressing M146L
from FL PS in our system, we prepared membrane vesicles,FAD mutant PS1, or N141l or M239V FAD mutant PS2.
washed the vesicles with sodium carbonate to remove ER-enriched microsomes were prepared from these cell lines,
nonintegral membrane proteins, and incubated the washedand microsomes from each line were incubated &tG7or
vesicles at 37°C for 2 h. We continued to observe PS 2 h, lysed, and subjected to Western analysis (Figure 2).
fragment generation in membrane vesicles after the sodiumThere was no consistent alteration in PS1 (Figure 2A) or
carbonate wash (Figure 1E), suggesting that presenilinase i$2S2 (Figure 2B) fragment generation in FAD mutant PS
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100, and 10uM) had no effect on fragment generation
(Figure 3 and Table 1). The complete protease inhibitor
cocktail containing a mixture of inhibitors for serine, cysteine,
and aspartic proteases and aminopeptidases (Pefabloc, pep-
statin A, E-64, bestatin, leupeptin, and aprotinin) inhibited
fragment generation as expected, while the addition of the
solvents DMSO, methanol, or,® had no effect. Levels of
PS1 CTF detected by Western blot in multiple experi-

B. PS2 ments were quantified (see Materials and Methods), and
WT-1 WT-2 N1411 M235V WT-1 means were normalized against samples in the absence of
-. inhibitors (Table 1). Effects of the protease inhibitor on PS
- ——— los2 fragment generation in Golgi/TGN microsomes were similar
4 to the results using ER-enriched microsomes (data not
-——— -~ ’ shown).
22-0 - - ——<CTF To determine the effect of the protease inhibitors gh A
12345 678 9 generation, parallel Golgi/TGN-enriched microsomes were
WB: PS2L incubated with protease inhibitorsrfd h at 37°C, then lysed,
FiIGURE 2: De novo fragment generation is not altered in PS carrying and subjected to measurement ¢f lavels by ELISA (Figure

FAD mutations. (A) ER-enriched microsomes were isolated from i ; imhihi ;
CHO cells stably expressing WT APP and either WT PS1 (PS1wt-1 4). Pepstatin A at 1 or M did not inhibit /A3 generation,

and PS1wt-2) or M146L FAD mutant PS1 and incubated &tG7 consistent with the previous report on inhibition of de novo

for 2 h (+). Controls were incubated at°€ for measurement of A generation by pepstatin A with an dgat 35uM (23).
basal PS levels—). Microsomes were lysed and probed by WB While the metallo-protease inhibitors EDTA and 1,10-

for PS1 with antibody 13A11. Lane 7 shows PS1 immunoprecipi- phenathroline could inhibit PS fragment generation, they

tates from PSiwt-1 cell lysates using antibodies X81 and 4627. ik ; ;
(B) ER-enriched microsomes were prepared from CHO cells stably could not completely inhibit de novofgeneration (Figure

expressing WT APP and either WT PS2 (PS2wt-1 and PS2wt-2) 4), @s they each showed-al50 and~56% generation of
or N1411 or M239V FAD mutant PS2 and incubated at°&7for Ap, respectively, relative to samples incubated without
2 h. Fractions were lysed and probed by WB for PS2 with antibody inhibitors (Table 1). Likewise, Pefabloc, a serine protease
PS_2L. Lane 9_shows immunoprecipitation of PS2wt-1 cell lysates inhibitor, could inhibit PS fragment generation, but these
ﬁg;ﬂ%ﬁ;ﬁ_?&gﬂi{ 52dcgr?étznr?otrrn]s?pg::?f?g%aantdf kDa denotes IgGmicrosome_s still showed 56110% generation of Arelative

to the vehicle (HO). Leupeptin, PMSF, and the complete
expressing cells. Thus, we failed to detect an alteration in protease inhibitor cocktail still allowed somgsAyeneration
endoproteolysis of PS carrying FAD mutations. (Figure 4 and Table 1).

Blocking Presenilinase Aclity by Protease InhibitorsTo Inhibition of Presenilinase by-Secretase InhibitorsA
determine which type of protease may be responsible for series of transition-state analogue inhibitorsyedecretase
the cleavage of FL PS, we used a variety of protease have been designed to inhibi{sAgeneration 19—21, 42—
inhibitors to attempt to inhibit de novo generation of PS 44), and some have been shown to bind to PS dire@dy-(
fragments in ER- and Golgi/TGN-enriched microsomes from 21). We screened availabjesecretase inhibitors of this type
PS1wt-1 cells. Since the conditions for de novo generation to examine whether any compound could inhibit PS fragment
of PS NTF and CTF are also appropriate for the de novo generation. ER- and Golgi/TGN-enriched microsomes were
generation of &, we measured Ageneration in Golgi/TGN-  incubated with differenty-secretase inhibitors or vehicle
enriched microsomes. Our previous studies showed thatcontrol far 2 h at 37°C followed by detection of PS fragment
almost no A6 generation was detected in ER-enriched and AS generation (Figures 5A,B and 4). Among all of these
microsomesZ?2). We used the ER-enriched microsomes for transition-state analogue inhibitors that could inhibit de novo
inhibitor treatment because these microsomes contain theAj generation, CM35 (compound 2 in 42), was found to
most FL PS substrate and, therefore, generate the most NTHnhibit generation of PS1 fragments (Figure 5A, lane9Y.
and CTF. ER-enriched microsomes were incubated for 2 h A similar difluoro ketone transition-state analogue inhibitor,
at 37°C in the presence of varying concentrations of aspartyl MW167, was also shown to inhibit generation of PS1
(pepstatin A), metallo- (1,10-phenathroline, EDTA, or phos- fragments (Figure 5B, lanes—%). Both compounds were
phoramidon), serine (Pefabloc or PMSF), or serine/cysteineable to inhibit PS fragment generation at 0.1 mM. The other
(leupeptin) protease inhibitors. The inhibitors were used at y-secretase inhibitors tested, 31C and 3@3),(and 1-Bt
or above their reported effective concentrations (Table 1) (19), although inhibiting de novo A generation (Figure 4)
(41). Microsomes were lysed, and Western analysis was failed to block the fragment generation (Figure 5A, lanes 6,
performed on the microsomes (Figure 3). The appropriate 10, and 11). To determine the time-course of PS fragment
vehicles (DMSO, methanol, or8, lanes -4 and 24) were  generation, we incubated ER-enriched microsomes with
used as controls, as well as a complete protease inhibitoreither an active (CM35) or inactive (36C) presenilinase
cocktail (lanes 11 and 12), in which no PS fragment inhibitor or vehicle control for various lengths of time at 37
generation would be expected. Pepstatin A at 2 apd/1 °C followed by detection of PS fragment generation. Basal
(lanes 5 and 6), 1,10-phenathroline at 4 and 2 mM (lanes 7 levels of PS1 fragments were detected in microsomes before
and 8), EDTA at 10 and 5 mM (lanes 9 and 10), and Pefabloc incubation (Figure 6, lanes 1, 9, and 17). In the absence of
at 16 and 8 mM (lanes 13 and 14) consistently inhibited the active presenilinase inhibitor, additional PS fragments were
generation of PS fragments, while phosphoramidon (40, 10, generated within 15 min of incubation at 3C, and levels
and 1uM), PMSF (2, 1, and 0.5 mM), and leupeptin (400, of fragments were saturated within the first hour of incuba-
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Table 1: Vehicles and Inhibitors Used in This Study and Their Effects on de Novo PS Fragmeng @enAaration

reported normalized PS normalized
class of effective [C] [C] tested fragment generation Ap generation
name inhibitor (mM) (mM) mean+ SEM% meant+ SEM%
H.0 88+5 100+ 12
DMSO 99+ 11 99+ 10
methanol 113+ 17 101+ 16
pepstatin A aspartyl 0.001 0.002 2310 111+ 18
0.001 21+ 12 86+ 14
1,10-phenathroline metallo 110 4 8+ 15 59+ 16
2 23+ 10 53+ 21
EDTA metallo 10 10 8+ 23 1524+ 19
5 20+ 15 151+ 12
protease inhibitor cocktail (Sigma) all classes x 1 2x -1+17 414+ 11
1x 7+9 52414
Pefabloc serine 044.0 16 -3+8 56+ 28
8 —447 72426
4 16+5 60+ 4
0.4 25+5 110+ 9
phosphoramidon metallo 0.060.01 0.04 125t 3 120+ 12
0.01 110+ 33 121+ 16
0.001 132+ 38 103+ 10
leupeptin serine/cysteine 0.60.1 0.4 152+ 24 8+ 13
0.1 123+ 19 24+ 19
0.01 136+ 19 69+ 14
PMSF serine 01£1.0 2 118+ 56 32+ 17
1 1314+ 35 78+ 14
0.5 1214+ 22 68+ 21
31C y-secretase 0.2 1099 12410
CM35 y-secretase 0.4 2% 2 29+ 11
0.2 484+ 10 18+ 8
0.1 59+ 23 —20+ 14
36C y-secretase 0.2 9@ 12 -17+7
1-Bt y-secretase 0.2 9% 5 5+7
MW167 y-secretase 0.2 12 3 0t4
0.1 23+ 4 -11+1
4°c 37°C degradation of PS1 CTF (but not NTF) through the phos-
« £ . : phorylation at serine 397 of PS48), indicating that GSK-

0 o :,55 £ 2538 2 3% g 36 does not regulate the endoproteolysis of PS. Recently,
0202 % 25 £ 2238 88 % & £ E Beher et al. reported thatjasecretase inhibitor can reduce
$585 & ca Was8s &8 3 F Eg levels of PS NTF/CTF upon treating cells for 7 dayg)(

S8 i 2wdZe.238358..92 P mm In this study, we found that our de novo PS NTF/CTF
generation could be immediately blocked by severaécre-
Ll T P p——E L L ol b tase inhibitors. We searched for biochemical properties of
36= the presenilinase and any alteration of NTF/CTF generation
i tmtiaerim s <cTF from FAD-linked mutant FL PS.
1 2 34567 8B 9101112 131415161718 19 20 21 22 23 24 25 One potential mechanism for the Specific increase[MA

FicUrRe 3: De novo PS fragment generation in ER-enriched Production by mutant PS is the enhanced generation of PS
microsomes can be inhibited by protease inhibitors. ER-enriched NTF and CTF, as suggested by one study showing that FAD-
microsomes isolated from PS1wt-1 cells were incubated &C37  associated mutations in PS1 (A246E, M14@E9) result
forh_2 Ih in gleprelsence of thebindic(j:gcttajfprotease inhibitorsf gr thleir in the hyperaccumulation of both NTF and CT48), For
vehicles. Controls were incubate or measurement of basal : .

PS levels (lanes 1 and 2). The fractions were then lysed and probeothe FAD mutations '_n PS1 (M146L) and PSZ_ (N141|’_
by WB for FL PS1 and PS1 CTF with antibody 13A11. Lane 25 M239V) that we examined, however, we saw no increase in
contains PS1wt-1 cell lysate. CTF generation versus WT PS expressing cells. This result

tion at 37°C (Figure 6, lanes 28 and 18-24). On the is in accordance with the assumption that any alteration of

contrary, CM35 immediately blocked presenilinase activity PSdfra?ment ?enelzratigg should affect all species ff A
and prevented any new fragment from being generatedpro uction, not only f42.

(Figure 6, lanes 1016). Presenilinase does not appear to be a cytoplasmic protease
since de novo generation of PS NTF and CTF occurred in
DISCUSSION total membrane vesicles, and ER- and Golgi-enriched mi-

In vivo manipulation of the levels of the functional PS crosomes after incubation at 3. Although PS fragments
NTF/CTF relies on the identification of the key enzyme that were generated in Golgi-rich microsomes, the amount of
cleaves FL PS, presenilinase. Ubiquilin, a PS interacting generation was much less than that observed in ER-rich
protein that accumulates FL PS (but not fragments) through microsomes, presumably due to the presence of less FL PS
enhanced PS synthesis apparently is not linked to presenili-substrate. Since FL PS is abundant in the ER, it is not
nase activity 45). GSK-33 has been shown to regulate the surprising to find most presenilinase activity in this sub-
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Ficure 4: Effect of protease anglsecretase inhibitors on de novo
Ap generation. Golgi/TGN-enriched microsomes isolated from
PS1wt-1 cells were incubated at 3 for 2 h in thepresence of
protease inhibitorg;-secretase inhibitors, or vehicles. Controls were
incubated at 4°C for measurement of basalfAlevels. These
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Ficure 5: De novo PS fragment generation can be inhibited by
y-secretase inhibitors. (A and B) ER-enriched microsomes isolated
from PS1wt-1 cells were incubated at 37 for 2 h in thepresence

of y-secretase inhibitors or vehicles at the indicated concentrations.
Controls were incubated at 4 for detection of basal PS levels
(lanes 1 and 2). The microsomes were lysed and probed by WB
for FL PS1 and PS1 CTF with antibody 13A11. Lane 12 (A) and
lane 7 (B) contain PS1wt-1 cell lysate.
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Ficure 6: Time-course of PS fragment generation. ER-enriched
microsomes isolated from PS1wt-1 cells were incubated &C37
for the indicated times in the presenceye$ecretase inhibitors or
vehicle. The microsomes were lysed and probed by WB for FL
PS1 and PS1 CTF with antibody 13A11. Lane 25 contains PS1iwt-1

microsomes were lysed and subjected to a sensitive and specificcell lysate.

ELISA for Afx-40. Levels of newly generated/Ain the absence

of inhibitors are normalized to be 100%, and the relative percentage|oop region and cleave PS. Our results exclude a cytosolic

of Ap levels in the presence of inhibitors are obtained in each
experiment. Negative values denote a reduction pievels after
incubation at 37°C. Pep A, pepstatin A; 1,10-phen, 1,10-

protease(s), because membrane vesicles could still generate
PS fragments after removal of cytosol. Peripheral membrane

phenathroline; PI, complete protease inhibitor cocktail; PA, phos- associated proteases were excluded because washing the

phoramidon.

vesicles with sodium carbonate did not abrogate de novo
generation of PS fragment. These results suggest that

cellular compartment. NTF/CTF, once generated by presen-presenilinase is an integral membrane protein.

ilinase cleavage, presumably traffics to Golgi/TGMNLY

Another approach to characterize the presenilinase is to

Therefore, our data suggest that the majority of presenilinasepyofile different classes of protease inhibitors. Using varying
activity resides in the ER. Presenilinase activity may be classes of protease inhibitors to inhibit de novo PS NTF and
present in other compartments, but there is almost no FL cTE generation did not conclusively demonstrate to which

PS substrate available to measure the activity.

protease class presenilinase belongs. Previous studies indicate

We further examined the membrane association of presen-that endoproteolysis of PS is evolutionarily conserved, as a
ilinase. Endoproteolytic cleavage sites of PS1 are primarily mutation of the aspartate residue in zebrafish PS blocks its

at residue 29237, 49) and also at residue 298%), which
are located in the loop region facing the cytoplasm. It is

endoproteolysis50). Human PS1 has also been shown to
undergo endoproteolysis in transfected Sf9 insect c&lls (

conceivable that a cytosolic protease or a cytosol-facing however, the homologue of PS @aenorhabditis elegans
peripheral membrane-associated protease could access th8EL-12, undergoes endoproteolysi<dnelegansut not in
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human cells%2). This result suggests that presenilinase may may sterically prevent access of the inhibitor. Since a close
be species-specific, or that it requires other species-specificanalogue of CM35 directly binds P&9), it will now be in-
factors to cleave PS. Some factors, along with the presenili- teresting to determine whether CM35 and MW167 have high-
nase, might be different classes of proteases, and mayer efficacy for binding to FL PS than to PS NTF and CTF.
function upstream of presenilinase activity. Nevertheless, Since the most effective inhibitor of presenilinase activity
among the protease inhibitors that blocked presenilinasewas pepstatin A, and MW167 and CM35 are aspartyl
activity, the aspartyl protease inhibitor pepstatin A was the protease transition-state analogue inhibitors, our studies
most potent compound to inhibit presenilinase. suggest that presenilinase might be an aspartyl protease. The

Pepstatin A was reported to block solubilizedecretase  in vitro assay to monitor presenilinase activity will allow us
activity (53). When C100Flag was used asyssecretase  and others to systematically characterize presenilinase and
substrate in an in vitro assay, thesyGor pepstatin A to screen compounds to inhibit this activity. Identification of
inhibit A540 and AG42 generation was 4.0 and 5/, MW167 and CM35 to inhibit both presenilinase gndecre-
respectively $3). In a separate study employing a cell-free tase provides a new tool to explore the close relationship
assay on membrane vesicles derived from C99-transfectedbetween these two key proteases implicated in the patho-
cells, the Gy of pepstatin A for inhibition of both A40 genesis of AD.
and A342 was estimated at4 uM (54). Because both
C100Flag and C99 are immediate substratey{secretase, ACKNOWLEDGMENT S
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