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ABSTRACT. y-Secretase cleaves the transmembrane domafiashyloid precursor protein at multiple
sites. These are referred tojas -, ande-cleavages. We showed previously that DAPT, a potent dipeptide
y-secretase inhibitor, caused differential accumulations of longer amgipiateins (A8s) (A343 and
AS46) in CHO cells that are induced to express fheé-terminal fragment (CTF). To learn more about
the cleavage mechanism bysecretase, CHO cell lines coexpressp@gTF and wild-type or mutant
presenilin (PS) 1/2 were generated and treated with DAPT. In all cell lines treated with DAPT, as the
levels of A340 decreased, M6 accumulated to varying extents. In wild-type PS1 or M146L mutant PS1
cells, substantial amounts offA3 and AG46 accumulated. In contrast, this was not the case with wild-
type PS2 cells. In M233T mutant PS1 cells, significant amounts @6Aand A348 accumulated
differentially, whereas in N141l mutant PS2 cells, large amounts gf5Aaccumulated concomitantly
with a large decrease in/2 levels. Most interestingly, in G384A mutant PS1 cells, there were no
significant accumulations of longer3s except for 446. A340 was very susceptible to DAPT, but other
Aps were variably resistant. Complicated suppression and accumulation patterns by DAPT may be explained
by stepwise processing @fiCTF from a- or e-cleavage site to @-cleavage site and its preferential
suppression of-cleavage ovet- or e-cleavage.

Senile plaques, one of the neuropathological hallmarks of produce 4842 develop amyloid deposition in the brain
Alzheimer's disease (AD)are composed of a smalt40- parenchyma, whereas those producir@f#f do not 4). This
residue protein called amyloig-protein (A5). AS is is probably because M2 has a much higher aggregation
produced fromB-amyloid precursor protein (APP), through potential than £40. Thus far, three causative genes for
sequential cleavages by two membrane proteases referredamilial AD (FAD), APP, presenilin (PS) 1landPS2 have
to asf- and y-secretasesl]. f-Secretase of-site APP- been identified. In accordance with the above, the FAD
cleaving enzyme (BACE)?) is a membrane-bound aspartyl mutations lead to an increased production g2, indicating
protease and cleaves APP in its luminal portion, generatinga pivotal role of A342 for the development of ADL].

a 99-residue fragment call¢tiC-terminal fragment (CTF). The mechanism of intramembrane cleavages at jB€0A
BCTF in turn is cleaved by-secretase in the middle of its  and A342 sites byy-secretase has remained completely an
transmembrane domain. Thus, generate & finally enigma. Accumulating evidence suggests ihaecretase is

secreted into the extracellular space. While the most pre- aiso an aspartyl protease with its catalytic site(s) sitting within
dominant product is £40, a two-residue longer species, the membrane5). The substitution of one or two highly
Ap42, was found to predominate in senile plaques and is conserved Asp residues in the transmembrane domains 6 and
believed to be the species initially deposited in the bréjn (7 of PS1 and PS2 led to a profound loss of fhsecretase

It was recently demonstrated that the mice that exclusively activity (6, 7). Thus, PS1/2 appear to compose the catalytic
core ofy-secretase. Whereas signal peptide peptidase, another
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and e-cleavages is still not well-understood, our previous
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Treatment withy-Secretase Inhibitorg:-Secretase inhibi-

study showed some correlations between the major coun-tors used here werélSbenzyl-R-[1Scarbamoyl-2-phe-

terparts, 440 versus AICD56-99, and between the minor
counterparts, 842 versus AICD4999 (17). We further
showed that truncatedCTFs that terminate in the-sites
(AB49 and A348) can be processed tofA0/42 in a
y-secretase-dependent mannt3, (see also refl9). Those
e-cleavage sites affect the production of40/42: AB49
predominantly produces /M0, while A348 preferentially
produces #42. This indicates that there is some link
betweeny- ande-cleavages. Recently;cleavage, that occurs
betweeny- and e-cleavage sites and generatef48, has
been identified Z0). We independently identified several
longer A3s within cells and in the brain, including/343,
Ap45, A346, and A848 (21). Moreover, the treatment with
DAPT, a potent dipeptidg-secretase inhibitor, was found
to induce the accumulation of43 and subsequently/46,
following a large decrease in the3A0 levels, in the Chinese
hamster ovary (CHO) cell2Q). Thus, it is likely that3CTF

nylethylcarbamoyl-$3-methylbutylcarbamoyl]-2-hydroxy-
5-phenylpentyl carbamic acidert-butyl ester (L685,458)
(24), N-[N-(3,5-difluorophenacetyl)-alanyl]-S-phenylgly-
cine tert-butyl ester (DAPT) 25), N-[N-(3,5-difluorophen-
acetyl)]+-alanyl]-3--amino-1-methyl-5-phenyl-1,3-dihydro-
benzog](1,4)diazepin-2-one (compound E4), 1-(S)-endo-
N-(1,3,3-trimethylbicyclo[2.2.1]hept-2-yl)4-fluorophenyl sulfon-
amide (sulfonamide)X7), and WPE-I11-31C 28). All of the
inhibitors were purchased from Calbiochem.

Cells were incubated with eaghsecretase inhibitor at
indicated concentrations f@ h and then cultured in the
presence of lug/mL tetracycline and eacly-secretase
inhibitor for 4 h.

Preparation of Cell Lysates and Immunoprecipitation of
Aj3. After harvested cells were thoroughly washed with
phosphate-buffered saline, they were suspended in 2% SDS
and 50 mM Tris-HCl at pH 7.6 with brief sonication. Equal

undergoegy-secretase-mediated cleavages at multiple sites protein amounts of the cell lysates were subjected to Western
within its transmemebrane domain. These cleavage sites ardlotting using Tris/Tricine conventional gels to assess the

aligned on theo-helical surface of the transmembrane
domain, and we speculated tHETF is processed at every
third residue by y-secretase 21). To further test this

levels of total AS.
Harvested cells were homogenized with four volumes of
Tris-buffered saline (50 mM Tris-HCI at pH 7.6, 150 mM

hypothesis, we investigate here whether DAPT induces NaCl, and 1 mM EGTA) containing 1% Triton X-100 and

similar effects on the intracellular levels of longef#\in
wild-type (wt) or mutant (mt) PS1- and PS2-transfected cells.

EXPERIMENTAL PROCEDURES

Cell Culture. CHO cells expressinggCTF (C99 cells)
inducibly in the presence ofdg/mL tetracycline (Invitrogen,
Carlsbad, CA) 21) were maintained in a F-12 nutrient
mixture (Invitrogen) containing 10% fetal bovine serum
(Invitrogen), penicillin/streptomycin, 25@g/mL Zeocin
(Invitrogen), and 1@g/mL Blasticidine S (Invitrogen). Other

various protease inhibitors (0.1 mM diisopropyl fluorophos-
phate, 0.1 mM phenylmethylsulfonyl fluoride ¢&/mL N*-
p-tosyl+-lysine chloromethyl ketone, Ag/mL antipain, 1
ug/mL pepstatin, kg/mL leupeptin, Jug/mL bestain, Jug/

mL amerstain, 5 mM 1,10-phenanthroline monohydrate, and
1 mM thiorphan). The homogenates were spun at 54000
for 20 min. Each supernatant was appropriately diluted to
the same protein concentrations, and an equal volume of the
lysate was subjected to immunoprecipitation. The cell lysates
were first incubated with C4-bound protein A-Sepharose at

stably transfected cell lines generated for the present study4 °C for 2 h toremoveSCTF, and the resultant supernatants
were cultured in the above medium supplemented with 200 were immunoprecipitated further with BAN50 af@ for 6

ug/mL G418 (Calbiochem, San Diego, CA).

Generation of Cell LinesA mammalian expression vector
pcDNAS3.1 (Invitrogen) containing human wtPS1, G384A
or M233T mtPS1, wtPS2, or N141l mtPS2 cDNA was
transfected to C99 cells using Lipofectamine 2000 (Invitro-

h. The immune complexes were collected with protein
G-Sepharose and eluted with the SDS sample buffer. The
immunoprecipitated proteins were separated on Tris/Tricine/8
M urea gels, followed by Western blotting.

Tris/Tricine/8 M Urea Gels and Western Blottingo

gen) according to the instructions of the manufacturer, and assess the levels of totalpjAa conventional 16.5% acryla-
the stable cell lines (C99/wt or mtPS1/2 cells) were selected mide Tris/Tricine gel was run and the blot was probed with

with 500 ug/mL G418. The plasmid containing M146L

6E10 or 82E1. Various longerAspecies were separated

mtPS1 was generated by the polymerase chain reaction usingn a Tris/Tricine/8 M urea gel with minor modification2lj.

the plasmid containing wtPS1 and oligonucleotide primers,
5-GTC ATT GTT GTC CTC ACT ATC CTC CTG-3and
5'-CAG GAG GAT AGT GAG GAC AAC AAT GAC-3.
M146L mtPS1 cDNA was subcloned into pIRESneo3, a
mammalian expression vector (BD Biosciences, Palo Alto,

A 11% T/3% C separation gel at pH 8.45 containing 8 M
urea and 2.8% glycerol (gel system I) was used to separate
AB37-45. A 12% T/3% C separation gel at pH 8.90
containirg 8 M urea and 2.0% glycerol (gel system II) was
used to separate/6—49. Each separation gel (length of

CA). The obtained plasmid was transfected to C99 cells using 16 cm) was overlayed with a 10% T/3% C spacer gel (0.5

Lipofectamine 2000, and the stable cell lines (C99/M146L
mtPS1 cells) were selected with 506/mL G418.
AntibodiesMonoclonal antibodies againsjpAused in this
study were 6E10 (raised against-17) (Signet Labora-
tories, Dedham, MA), BAN5O (raised againgtx-16) (22),
and 82E1 (an N-end-specific antibody against Asp-1 of
human AG) (IBL, Fujioka, Japan)Z1). A polyclonal antibody
used for the detection giCTF and AICD was C4 (raised

cm; pH 8.45) and a 4% T/3% C stacking gel (0.5 cm; pH
8.45) that did not contain urea. The cathode buffer [0.1 M
Tris, 0.1 M Tricine, 0.1% (w/v) SDS] was the same for both
systems. The anode buffer was 0.2 M Tris/HCI at pH 8.90
and 25°C for gel system | and was 0.2 M Tris/HCI at pH
9.00 and 25°C for gel system Il. After transfer, the blots
were probed with 82E1 to detect onlyg4 that begin at
Asp-1 and developed using an ECL system. Intensities of

against the 30-residue cytoplasmic domain of APP). PS1/2the bands were quantified using a LAS-1000plus luminescent

antibodies used were as described elsewh2sg (

image analyzer (Fuji Film, Tokyo, Japan).
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Ficure 1: Effects of variousy-secretase inhibitors on the levels of longgfsA C99 cells were treated with either compound E (A),
sulfonamide (B), or WPE-III-31C (C) at the indicated concentrations for 2 h,4€i0F was induced fo4 h with tetracycline in the
presence of each inhibitor. Equal amounts of protein from the cell lysates were subjected to conventional Tris/Tricine gel electrophoresis,
followed by Western blotting with 6E10 to assess the total intracellufa(tép panels). Synthetic 240 (20 or 25 pg) was loaded in the
leftmost lane. Triton X-100-soluble fractions from the treated cells were immunoprecipitated with BAN50, and coljfestedrA separated

by gel system | (second panels) or gel system Il (third panels), followed by Western blotting with 82E1. SynfiseB0A50 pg for each

species) were loaded in the left two or three lanes of each panel, as marked. The representative Western blots are shown here. The bands
indicated by an asterisk are presumably C-terminally trungd@tFs, which exhibit varying mobilities relative to those of synthetfisA

under different gel conditions. The levels of intracellulg8 were quantified using LAS-1000plus luminescent image analyzer (bottom
panels in A and B), with the levels of eactBApecies in the nontreated cells being assumed 1. The plots represent the means of the values
from three (A) or four (B) independent experiments. Compound E induced an accumulatigh46f(A), and sulfonamide induced
accumulations of 843 and A346 (B), whereas WPE-III-31C suppressed the levels 6§ Aniformly (C).

Other MethodsProtein concentrations were determined induce similar differential accumulations of intracellular
using the bicinchoninic acid protein assay reagent (Pierce,longer Ajs.
Rockford, IL). All longer A3 proteins, from A81—44 to Compound E and sulfonamide, two other nontransition-
AB1-49, were synthesized using an automated peptide state inhibitors, produced similar but not identical effects in
synthesizer (ABI 433A, Applied Biosystems, Foster City, C99 cells (Figure 1). In contrast to DAPT, compound E
CA). Crude A8 proteins were partially purified by size- reduced the levels of 243 as well as 840 and AB42
exclusion chromatography on Superdex 75 10/300 GL (10 (Figure 1A). These gradual decreases were accompanied by
x 300 mm) and Superdex peptide 10/300 GL (10300 a gradual increase and subsequent decrease in the levels of
mm) (Amersham Biosciences Corp., Piscataway, NJ) col- A346. The treatment with sulfonamide gave a similar decay
umns and were eluted with 20% 2-propanol/80% formic acid profile for A40 and AG42 (Figure 1B). After these

(v/v) at a flow rate of 0.4 mL/minZ1). decreases, the levels ofjA3 and A346 increased and
subsequently decreased in a similar manner, although the
RESULTS former reached a maximum at the lower sulfonamide

concentration. The levels of total intracellulaf Alecreased,
Accumulations of Longer #s with Nontransition-State  and the mobility of 48 on conventional Tris/Tricine gels
y-Secretase Inhibitors other than DAPQur previous study  pecame slower, as the concentrations of compound E and
showed that treatment with DAPT caused intracellular sulfonamide increased (parts A and B of Figure 1). This

accumulations of longer #s in C99 cells that can be induced  mobility shift should reflect the accumulation of longef#\

to expres@CTF, an immediate substrate fpisectetaseXl). (see below). In a sharp contrast, WPE-11I-31C, a transition-
Concomitant with a large decrease in the levels g#8, state analogue-secretase inhibitor, suppressed uniformly
there was an accumulation of$A3, followed by AG46. the levels of all of the & species (Figure 1C), a characteristic

Thus, we first sought to see if othg@rsecretase inhibitors  that was also shared by L685,4581).
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Ficure 2: Dose-dependent effects of DAPT on the levels of long8s A& C99/wtPS1 cells (A) and C99/M146L mtPS1 cells (B). The

cells were cultured with indicated DAPT concentrations Zch and then with Jug/mL tetracycline and DAPT fo4 h toinduceSCTF.

Equal amounts of protein from the cell lysates were subjected to conventional Tris/Tricine gel electrophoresis, followed by Western blotting
with 82E1 to assess the total levels of intracellul#@ (fop panels). Synthetic 240 and A346 (8 pg for each) were loaded in the leftmost

and rightmost lanes, respectively. The total intracellulds Avere resolved into two components, sloy and fast A8 (arrowheads). s

in the cell lysates were immunoprecipitated with BAN50, separated on gel system | (second panels) or gel system |l (third panels), and
subjected to Western blotting with 82E1. It should be noted thaspecies have probably varying retaining efficiencies on the blots, and

the amount of a certain Aspecies cannot be compared with that of anoth@rspecies with a different mobility. Syntheticsa (30-50

pg for each species) were loaded into one or two leftmost lanes, as marked. The representative Western blots are shown here. The bands
indicated by an asterisk are presumably C-terminally trunga@EFs. The levels of intracellular/Awere quantified using LAS-1000plus
luminescent image analyzer (bottom panels), with the levels of eBdpAcies in the nontreated cells being assumed 1. The plots represent
the means of the values from threef#0, A543, and 4346 in A and B and 4442 in B) or two (A542 in A) independent experiments. In

both cell lines, 443 and A346 accumulated concomitantly with a gradual decreasef#0Aevels.

DAPT-Induced Accumulations offA3 and 4846 in C99/ while those of A8 with slow mobility (slow AS) increased
wtPS1 Cells and C99/M146L mtPS1 Cellbo further up to 0.25uM and then decreased (Figure 2). As expected,
investigate the relationship between DAPT treatment and the levels of 4642 were substantially higher in C99/M146L
accumulations of longer #s, we examined whether DAPT  cells than in C99/wtPS1 cells. In both cell lines, the levels
led to intracellular accumulations of longep# in PS1/2- of Ap40 and AB42 decreased as DAPT concentrations
transfected cells in a manner similar to parental C99 cells increased. After these decreases, those g43Aand A346
and which kind of longer As accumulates in mtPS1/2 cells gradually increased, peaked at 0,24, and then declined.
that produce higher proportions of3A2. It should be noted that 249, a counterpart of AICD50

For this purpose, we generated six stable cell lines by 99, was consistently undetectable, which confirmed the
transfecting wt or various mtPS1/2 cDNA to C99 cells and Previous observatior2(l). Accumulation of 4846 continued
the established cell lines (C99/wt or mtPS1/2 cells) were more than that of £43 up to higher DAPT concentrations,
treated with DAPT. In these stable cell lines, the endogenousand the former levels decreased only gradually. Thus, it is
hamster PS1 fragments were almost completely displacedlikely that fast A3 separated on Tris/Tricine gels consists
with newly introduced human wt or mtPS1/2 (see Figure mainly of A340 and 4842, while slow A3 consists of /846.

S1 in the Supporting Information) ang@CTF induced by In fact, these two closely separated bands exactly cor-
tetracycline was found at almost the same level across theresponded with those of synthetiggA0/42 and 4846 when

cell lines (data not shown). The proportions of intracellular coelectrophoresed (upper panel of Figure 2). Thus, these two
ApB42 were increased significantly in C99/M146L mtPS1 PS1 cell lines exhibited differential accumulations of longer
cells or remarkably in C99/M233T and C99/G384A mtPS1 Apfs in response to DAPT, although sequential accumulations
cells and C99/N1411 mtPS2 cells, as compared with those of AB43 and A846 were somewhat indistinct. In a sharp
in C99/wtPS1/2 cells (data not shown), an observation that contrast, L685,458 uniformly suppressed the levels of all of
is consistent with the previous study in the CHO cells that the ASs (data not shown).

stably coexpress full-length APP and wt or mtPS123)( Secreted & species in the medium of C99/wtPS1 cells

Careful inspection revealed that intracellulgf A& C99/ were similarly examined. Substantial amounts ¢#4A and
wtPS1 or C99/M146L cells consisted of two closely spaced AB42 and a very small amount of343 but not even a trace
bands on conventional Tris/Tricine gels. The levels ¢f A amount of A346 were detectable in the medium in the
with fast mobility (fast A3) decreased up to 0.QBM DAPT, absence of DAPT (data not shown). The amounts of secreted
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Ficure 3: Dose-dependent effects of DAPT on the levels of longés ik C99/M233T mtPS1 cells (A) and C99/G384A mtPS1 cells (B).
Equal amounts of protein from the cell lysates were subjected to conventional Tris/Tricine gel electrophoresis, followed by Western blotting
with 82E1 to assess the levels of total intracellul#@ (fop panels). Synthetic 240 and A346 (8 pg for each) were loaded in the leftmost

and rightmost lanes, respectively. TotgB Avas resolved into two components in C99/M233T mtPS1 cells (A) but not in C99/G384A
mtPS1 cells (B). BAN50 immunoprecipitates were separated by gel system | (second panels) or gel system Il (third panels), followed by
Western blotting with 82E1. Synthetigia (30-50 pg for each species) were loaded in one or two leftmost lanes, as marked. The representative
Western blots are shown here. The bands indicated by an asterisk are presumably C-terminally {f@Wesed he levels of intracellular

Ap were quantified using LAS-1000plus luminescent image analyzer (bottom panels), with the levels ofgeiacthé nontreated cells

being assumed 1. The plots represent the means of the values from tjid® @42, A543, and A348 in A) or two (A546 in A and all

species in B) independent experiment$4a and A348 accumulated
accumulate in C99/G384A cells, except fof46 that showed a low

Ap43 did not increase, and46 was not detected in the
medium even by the treatment with DAPT. This was the
case with other cell lines studied here.

Significant Accumulations of /6 and 4648 in C99/
M233T mtPS1 Cellsersus Slight Accumulation &(546 in
C99/G384A mtPS1 Cell§Ve then investigated the effects
of DAPT on the mtPS1 cell lines, C99/M233T and C99/
G384A, both of which produced much larger proportions of
Ap42 than did C99/wtPS1 cells. With increasing DAPT
concentrations, the levels of totalgAgradually decreased
in both cell lines (parts A and B of Figure 3). At more than
5 uM, total Af was almost undetectable. In C99/M233T
cells, A3 was resolved into two components on Tris/Tricine
gels, a similar alteration as found in C99/M146L cells (Figure
3A). In contrast, the total Afrom C99/G384A mtPS1 cells
no longer split on the gel (Figure 3B).

In C99/M233T cells, Tris/Tricine/8 M urea gel electro-
phoresis showed that/0 declined gradually and became
indiscernible at M DAPT (Figure 3A). The levels of 842
were sustained up to AM and declined subsequently at
concentrations greater tharu®1. Thus, the levels of g42
were less susceptible to DAPT than those ¢gi48. The
accumulation of £43 was barely apparent, and its levels
decreased in parallel with#2. On the other hand, the levels
of AB46 increased at 0.06M, reached a maximum at 0.25
uM, and declined at concentrations greater than (.®b
ApB48 was obviously detectable even before the DAPT

differentially in C99/M233T cells (A), whereas longgs Aid not
extent of accumulation (B).

In C99/G384A cells, the levels of M0 and AG42
decreased gradually (Figure 3B), with the latter decreasing
more gradually. £40 was hardly detectable apM DAPT,
while Ag42 was detectable even au®l. A343 and A348
were barely discernible and seemed to decline gradually.
There was minimal accumulation of346 (second panel of
Figure 3B). This is consistent with the findings of Tris/
Tricine gels that there is no apparent generation of sigv A
(top panel of Figure 3B). The treatment with L685,458
suppressed the levels of all of theggApecies in a similar
dose-dependent manner (data not shown).

A Minimal Accumulation of £46 in C99/wtPS2 Cells and
a Marked Accumulation of 5 in C99/N1411 CellsWe
next investigated whether the accumulation of longgs A
was similarly induced by DAPT in C99 cells harboring PS2
instead of PS1. Total A in C99/wtPS2 cells decreased
steeply with increasing concentrations of DAPT and became
indiscernible at 0.2xM (Figure 4A), which contrasts with
C99/wtPS1 cells in which the total®was discernible even
at 10uM (Figure 2A). Tris/Tricine/8 M urea gels showed
that the levels of £40 and A342 decreased rather abruptly,
and both were barely discernible at 0/24. Whereas 4843
did not accumulate, the very low levels of3A6 increased
gradually to a maximum at 0.25L uM and then declined.
It should be noted that the extent ofA6 accumulation was
much smaller than those in C99/wtPS1 cells. Interestingly,

treatment, and its level increased to a very small peak attwo faint bands comigrating with synthetigsA8 and A349

0.25uM and then declined.

were reproducibly detected (Figure 4A). The intensities of



DAPT-Induced Accumulations of Longer/s Biochemistry, Vol. 45, No. 12, 2008957

A DAPT [uM] B DAPT [uM]
5 10 AMG AB42 0 001005025 1 2 5 10 Ap45S

001005025 1

Std AR

NeaiTTTI]
S

H - -
42

= i

4

|
. I LT T .

B
— y —*Apd0
5 f \I 15 — -ua.h\,___ﬂh- i:%
= it \1-/._ 2 ’ 2 B AR4E
2 3 T ~o— AP4B
e — i
—o— 0.5 ——_
1 .y U%—_BZ _%H%:h’____
0 2 5 10

0 001 005 025 1 2 5 10 0 001 005 025 1
uM uM

Ficure 4: Dose-dependent effects of DAPT on the levels of longés A C99/wtPS2 cells (A) and C99/N1411 mtPS2 cells (B). Equal
amounts of protein from the cell lysates were subjected to conventional Tris/Tricine gel electrophoresis, followed by Western blotting with
82EL1 to assess the levels of total intracelluld@ (fop panels). The leftmost and rightmost lanes in A and B are synth@d® And A346,

and A342 and AG45 (8 pg for each), respectively. The levels of totdl decreased steeply in C99/wtPS2 cells (A). In C99/N141l cells,

the total AS levels decreased, accompanying a slight mobility shift on Tris/Tricine SDS gels (B). BAN50 immunoprecipitates were separated
by gel system | (second panels) or gel system Il (third panels), followed by Western blotting with 82E1. In C99/wtPS2 cellgdénly A
accumulated to low levels. An arrowhead represents what is presumed to Ifestiorder than £37 (A). The representative Western blots

are shown here. The bands indicated by an asterisk are presumably C-terminally tryti€aFed The levels of intracellular Awere
quantified using LAS-1000plus luminescent image analyzer (bottom panels), with the levels of gagedes in the nontreated cells

being assumed 1. The plots represent the means of the values from tfidis 842, and A346 in A and A340, AB42, A345, A348, and

Ap49 in B) or two (A348 and A349 in A and A346 in B) independent experiments. In C99/N141| cell84B accumulated remarkably,
following a steep decrease in the levels g#4® (second panel in B).

the latter slightly increased with increasing DAPT concentra- even in the presence ofulM DAPT, despite its intracellular
tions, and the presumedbA9 did not significantly decline.  accumulation (data not shown).

In C99/N1411I cells that produced remarkably high_ !evels DISCUSSION
of ApB42, total A decreased gradually and the mobility of
total A shifted slightly upward on Tris/Tricine gels as DAPT ~In the present study, we investigated alterations in the
concentrations increased (Figure 4B). On Tris/Tricine/8 M levels of intracellular longer A species caused by DAPT,
urea gels, the levels of /40 and A342 decreased in a dose- USing various CHO cell lines coexpressjiigTF and human
dependent manner but the levels g842 decreased more wt or th_Sl/Z (see Table 1 for the_summary). Slmllar longer
gradually than those of A0. A striking characteristic of A8 Species were detectable within these cells as in CHO
C99/N1411 cells was the accumulation 0f45. The levels C?HS that COEXpress APP and wt or mtPSTE)( Ove_rall,
of Ap45 increased gradually to a maximum at2xM and differential accumulations of longer/ as observed in the

. parental C99 cells21), were found in all of the C99/wt or
then decreased only slightly at abovel?l. Because £45 mtPS1/2 cells examined. These longgisAinclude AB43,

was discernible even at 2(M (data not shown), it seemed AB45, AB46, ABA8
. ; ) , and presumably /9. Two more
that DAPT failed to suppress completely the cleavage at the g ngition-state analogue inhibitors, compound E and

Ap45 site (at the carboxyl terminus of lleu-45). The levels sulfonamide, were tested and found to cause similar ac-
of AB46 increased slightly and gradqally declined at apqve cumulations of longer & (parts A and B of Figure 1; see

1 uM. Moreover, the two bands having the same mobility ref 20). Thus, intracellular accumulations of longef Are

as those of 48 and A349 were again detectable, as in C99/ an important characteristic of nontransition-state analogue
wtPS2. Both /8 species decreased gradually as DAPT jnhibitors. In a striking contrast, WPE-II1-31C (Figure 1C)
concentrations increased. The treatment of these cell linesand L685,458%1) suppressed uniformly the levels of all of
with L685,458 uniformly suppressed the production of all the longer A8s. The distinct effects of these two classes of
of the A3 species (data not shown). It should be noted that inhibitors may reflect their distinct binding sites on the
Ap45 was not detectable in the medium of C99/N141l cells y-secretase comple9, 30).
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Table 1: Summary of DAPT Effects on the Intracellulgf Aevels n C_QQ/WtPS:L cells a_nd (_)nly,@46 and not 43 eXh'b'tef_i
in Various Transfectants a minimal accumulation in response to DAPT, concomitant
D spocies | AP0 | AB4Z | AB3 | APAS | ABG | A4S | AP with a large decrease in theBAO levels (Figure 4A). In
addition, PS2»-secretase appears to be more susceptible to
Cell Tine DAPT than PSH*secretase: 40 was definitely detectable
C99/wt PS1 at 0.25¢M DAPT in C99/wtPS1 cells, whereas it was almost
B el ol undetectable at the same concentration in C99/wtPS2 cells
COMmIPST(MI4EL) | Ny | Ny | A A (Figures 2A and 4A). The different sensitivity of PS1- and
T TV PSZy-ggcretaseg to inhibitors was previously reporg].(
R Y E A A Thus, it is most likely that PS1- and P$2secretases have
C99/m(PS1 (G384A) distinct properties for cleaving the transmembrane domain
N[ % k) of ACTF.
OS2 N | % A » | X Among the longer As, A346 was the only species that
accumulated commonly across all cell lines. Alterations in
R A A RIR the levels of 4843 varied greatly and were not consistent
v i . . . Py . among the cell lines. No accumulation off43 was noted
—pindicates no changes in the levels; W, decrease in the levels; /', increase in the .
levels; and X 4, monophasic accumulation. Blank, undetectable. in C99/wtPS2 cells that produce a large amount g#A.

Overall, a decrease in the levels of40 was followed by

at least some increase in the level g846. This reciprocal
change between A0 and A346 levels was also observed
following the treatment with compound E and sulfonamide
(parts A and B of Figure 1). These suggest a close
relationship between 240 and A646 production. Consistent
with this, blocking the cleavage at the midportiomefand
e-sites (-cleavage site) using a Trp stretch remarkably
suppressed the generation 0f340/42 (B2). Thus, the

Here, the identification of the longer/Aspecies relied
exclusively upon the SDS/urea gel systems, as previously
describedZ1). Only nontruncated A species were collected
by immunoprecipitation with BAN50, and subsequently, the
species beginning at Asp-1 were identified by Western
blotting with 82E1, N-end-specific Aantibody, using a Tris/
Tricine/8 M urea gel. The B1-X species were identified

by their mobility, on the basis of the observation that they . .
invariably comigrate with the corresponding authentjgsA cleavag_e at the 46 §|te (Va[-46) may be essentla! fopAD
generation, suggesting the involvement of stepwise process-

even under different gel conditions. The mass spectrometric:
observation validated the SDS/urea gel-based determinatior"9:
of AB43 and 4846 (21) and A3452 However, (time-of-flight) As previously proposed, the cleavage sites associated with
mass spectrometry failed to identify A8 and AB49, Ap40 production fit well with ana-helical model of the
presumably because of their high degree of hydrophobicity. transmembrane domain SCTF (21). Val-46, Thr-43, and
Even with the immunoprecipitate from the lysates of CHO Val-40 are aligned on one surface BCTF. Differential
cells coexpressing APP and M233T mtPS1, which should accumulations of 843 and A846 following treatment with
have relatively high levels of A48, an unambiguous mass DAPT are best explained by the assumption thA48\ is
signal for A348 was undetectabl@{; see also Figure 3A).  successively cleaved at every third residue by the same
Reliability of the gel-based identification would be further catalytic site and that cleavage at thg4® site (Val-40) is
strengthened by a particular relationship between the longestmost susceptible to DAPT, followed by cleavages at the
Apfs and AICDs. CHO cell-derivegr-secretase produced Ap43 (Thr-43) and A46 sites (Val-46). However, this
AICD50—99 and AICD49-99 at a proportion of-7:3, while assumption cannot explain the alterations observed in
M233T mtPS1y-secretase released a much larger proportion compound E-treated C99 cells and DAPT-treated C99/wtPS2
of AICD49—-99 (17). In the former case, the two longest cells: A543 did not accumulate in these cell lines, whereas
Aps corresponding to authentic /A8 and A349 were Ap46 did accumulate. Another explanation would be that
detected, while in the latter case, only ong éorresponding the AB40, AB43, and AB46 sites are cleaved almost
to AB48 was detected in the CHAPSO-solubilized system simultaneously by two to four catalytic sites of thesecre-
by using the SDS/urea gel systent This strongly suggests  tase complex that have differential sensitivities to inhibitors
that the SDS/urea gel-based identification of long8sAip (see ref33).
to AB49 is accurate. In the cell-free and CHAPSO-solubilized systems, only
In C99/wtPS1 and C99/M146L mtPS1 cells, differential 4,0 AICDs, 49-99 and 56-99, but no longer AICD, were
accumulations of £43 and A346 were found as observed  confirmed by mass spectrometry7).# In addition, A348
in the parental C99 cells (Figure 2). These cell lines produced 4,¢ AB49, potential counterparts of the two AICDs, can be
a relatively large proportion of 40, and thus, this raises processed to A40/42 (L8). Thus, it is most reasonable to
_the possi_bility tha_lt marked accumulation ofA3 and A546 postulate that the-cleaved, longest As (A348 and A349)
is associated with a large decrease in th@4@ levels. e the immediate substrates for produceft@/42. They

How_ever, it was not the case with C99/WtPS_2 c_e!ls. In this 4.0 stepwisely processed along thaelical surface oBCTF
cell line, the levels of 443 and A§46 were significantly ¢ every third or sixth residue from the (or &-) cleavage
lower under nontreated conditions when compared with those ;¢ to they-cleavage site. These cleavage sites may differ

from each other in their susceptibility to inhibitors. Transi-

2Y. Tanimura, G. Dolios, Y. Ihara, R. Wang, and M. Morishima-
Kawashima, unpublished observations.
3N. Kakuda and S. Yagishita, unpublished observations. 4N. Kakuda, S. Funamoto, and Y. Ihara, unpublished data.
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tion-state analogue inhibitors may preferentially suppress theSUPPORTING INFORMATION AVAILABLE

e- and/or ¢-cleavage, while nontransition-state analogue
inhibitors may suppress most preferentigthcleavage and
to relatively less extents- ande-cleavages. Moreover, the
most susceptible cleavage sites would differ even among

Western blots showing the expression levels of PS1 or
PS2 in each C99/PS cell lines. This material is available free
of charge via the Internet at http://pubs.acs.org.

individual nontransition-state inhibitors. For example, DAPT REFERENCES

most preferentially suppresses th@4® site, followed by
the A343 and A346 sites, while compound E may suppress

the A340 and A343 sites at a similar efficiency, followed 2.

by the A346 site. Compared with the/0 and A343 sites,

the A346 site is most resistant to nontransition-state analogue
inhibitors. This may explain why A49 is usually undetect-

able even under inhibitor-treated conditions and why a large

or small accumulation of A46 is the only characteristic for 3
all nontransition-state analogue inhibitors.

If the samex-helical model is applied to A42 production,
Thr-48, lle-45, and Ala-42, which align on one surface of
BCTF, would undergo stepwise cleavages producifigd &
Ap45, and finally AG42. In the present study, three kinds of
mutant PS cell lines (C99/M233T and C99/G384A mtPS1
cells and C99/N1411 mtPS2 cells) were examined to test the
above hypothesis. In C99/G384A cells, no accumulation of

longer Ajs was detected. except for minimal accumulation 6.

of AB46, which may be linked to the production of3A0
(Figure 3B). In C99/M233T cells, DAPT caused a minimal

accumulation of £48, whereas the levels of /42 were 7.

maintained even at higher DAPT concentrations and de-
creased only gradually (Figure 3A). On the other hand, in
C99/N141l cells, there was a marked accumulation 643\
concomitantly with a large decrease ip42 levels (Figure

4B). A very small accumulation of A48 was also observed. 8
Thus, in the latter two lines, there were some relationships
among A642, A345, and 4348 production, but an association
between the cleavages at thegg42 and A345 sites was
obvious only in N141I mtPS2 cells. No obvious relationship
between the levels of pd42, A345, and A48 in mtPS1-
transfected cells may be in part related to the failure of DAPT
inhibition in the production of £40/42 from A348 but not
from AB49 (18). High resistance of the M2 levels to DAPT

in C99/M233T and C99/G384A cells may be explained by
this observation. Overall, there is no definite evidence for
stepwise processing for /2 production in mtPS1 cells.
These may suggest thajpA2-producing machinery is not
under strict regulation as found inBA0-producing machin-
ery and would be susceptible to a greater extent to many
kinds of perturbation34, 35).

In summary, the complicated patterns of accumulation of
longer A3s can be explained on the basis of @helical
model for unidirectional stepwise processing gncleavage-
predominant suppression by DAPT. The production g8
by PSly-secretase is best explained in this way, but the
production of A342 is not necessarily consistent with the
model.
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