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Médecine, 2 Rue du Dr. Raymond Marcland, 87025 Limoges Cedex, France and the §Laboratoire d’Histologie et de Cytogénétique,
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The oligosaccharyltransferase complex catalyzes the transfer
of oligosaccharide from a dolichol pyrophosphate donor en bloc
onto a free asparagine residue of a newly synthesized nascent
chain during the translocation in the endoplasmic reticulum
lumen. The role of the less known oligosaccharyltransferase
(OST) subunits, DC2 andKCP2, recently identified still remains
to be determined. Here, we have studiedDC2 andKCP2, andwe
have established that DC2 and KCP2 are substrate-specific,
affecting amyloid precursor protein (APP), indicating that they
are not core components required forN-glycosylation and OST
activity per se. We show for the first time that DC2 and KCP2
depletion affects APP processing, leading to an accumulation of
C-terminal fragments, both C99 and C83, and a reduction in
full-length mature APP. This reduction in mature APP levels
was not due to a block in secretion because the levels of sAPP�
secreted into the media were unaffected. We discover that DC2
and KCP2 depletion affects only the �-secretase complex,
resulting in a reduction of the PS1 active fragment blocking A�
production. Conversely, we show that the overexpression of
DC2 andKCP2 causes an increase in the active�-secretase com-
plex, particularly the N-terminal fragment of PS1 that is gener-
ated by endoproteolysis, leading to a stimulation of A� produc-
tion upon overexpression ofDC2 andKCP2.Our findings reveal
that components of theOSTcomplex for the first time can inter-
act with the �-secretase and affect the APP processing pathway.

Alzheimer disease (AD)2 is the primary cause of adult onset
dementia, with a dramatic increase in the incidence of AD
apparent in our aging population. AD is pathologically charac-
terized by the accumulation of tangles and senile plaques.
Senile plaques are composed of the amyloid-� (A�) peptides,
A�40 and A�42 (1). The early onset familial form of AD is
linked to three genes, amyloid precursor protein (APP) and

presenilin (PS1 and PS2) (2, 3), strongly suggesting that the
production of A� is a key factor in the pathogenesis of AD. A�
is generated by proteolysis of APP, driven by the secretases
found in the cell. Prior to proteolysis, APP undergoes a number
of post-translational modifications, including N-glycosylation
in the endoplasmic reticulum (ER) and O-glycosylation in the
Golgi apparatus. In order to generate A�40 and A�42, APP is
first cleaved by �-secretase and then by �-secretase. For the
cleavage of APP, �-secretase competes with �-secretase, which
produces non-amyloidogenic peptides (4). �-Secretase is an
aspartyl protease complex composed of four core components,
including presenilins (PS1/PS2), presenilin enhancer 2 (PEN2),
nicastrin, and anterior pharynx-defective 1 (APH1) (2). Prese-
nilin is the catalytic core of the �-secretase complex consisting
of nine transmembrane domains (5) and is cleaved by an
unknown protease called “presenilinase” or self-cleavage stim-
ulated by PEN2 binding of the cytosolic loop between trans-
membrane domains 6 and 7, releasing N- and C-terminal PS1
fragments, that contributes to �-secretase activity (6, 7). There-
fore, the identification of novel cellular factors that suppress the
generation of A� could provide important drug targets for the
treatment of AD.
N-Glycosylation is the most common type of protein modi-

fication that occurs at the ER in eukaryotic cells. This process is
facilitated by the oligosaccharyltransferase (OST), an enzyme
complex that catalyzes the attachment of a high mannose oli-
gosaccharide en bloc onto suitable asparagine residues of newly
synthesized polypeptide chains during their translocation into
the ER lumen (8). What is intriguing is that most eukaryotes
possess rather elaborate OST complexes that contain several
additional subunits of poorly defined function. For the mam-
malian OST complex, we have proposed that the role of one
such subunit, ribophorin I, is to selectively facilitate the N-gly-
cosylation of certain precursors and more recently that ribo-
phorin I acts as a substrate-specific enhancer (9–11). Hence,
there still remains the opportunity to investigate the role of less
well defined subunits of the OST.
The role of the less known OST subunits, DC2 and KCP2

(keratinocyte-associated protein 2), recently identified still
remains to be determined (12). Here we show for the first time
that DC2 and KCP2 are not core components globally required
forN-glycosylation andOST activity. However, DC2 andKCP2
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could be substrate-specific because we discover that APP
N-glycosylation is disrupted in their absence. We show that
both DC2 and KCP2 depletion leads to a reduction of the endo-
proteolytic cleavage of PS1 involved in the �-secretase cleavage
pathway of APP. Conversely, induction of DC2 and KCP2
expression results in a dosage increase of PS1 N-terminal frag-
ments. Consequently, there is a stimulation of A� production,
which could be due to an elevated level of �-secretase activity.
Hence, these results demonstrate for the first time that altera-
tion of the OST subunits, DC2 and KCP2, specifically alters the
�-cleavage of APP and suggest that these subunits act specifi-
cally as modulators of �-secretase activity.

EXPERIMENTAL PROCEDURES

Reagents and Antibodies—Cell culture reagents were from
Invitrogen or LONZA, T7 RNA polymerase and rabbit reticu-
locyte lysate were from Promega, SP6 RNA polymerase was
fromNewEnglandBiolabs, andEasyTag L-[35S]methioninewas
from PerkinElmer Life Sciences. All other chemicals were from
Sigma or BDH/Merck. All sera are rabbit polyclonal unless oth-
erwise stated. Antisera specific for the C terminus of nicastrin
(Sigma) or BACE1 (Merck), mouse monoclonal p58 (Sigma),
mouse monoclonal Hsc70 (Novus), mouse monoclonal �-actin
(Sigma), and PEN-2 (Abcam) were purchased. Antisera recog-
nizing ribophorin I, ribophorin II, STT3A DadI, and OST48
were described previously (10). Antisera specific for DC2,
KCP2, Sec61�, TRAM, and APP made to order by Eurogentec
were gifts from Professor Stephen High (University of Man-
chester), and Notch 1 (H-131) and Notch 1 intracellular
domain fragment (C-20), available from Santa Cruz Biotech-
nology, Inc. (Santa Cruz, CA), were gifts from Dr. Fabrice Lal-
loué (Université de Limoges). cDNA constructs for Notch 1
were a kind gift from Dr. Martin Baron (University of Man-
chester), and PS1 from Prof. Konrad Beyreuther (ZMBH, Uni-
versity of Heidelberg).
Molecular Cloning and DNAManipulation—The expressed

sequence tag clones of human DC2 (IMAGE: 10008408;
NM_021227) and human KCP2 (IMAGE: 100011011;
NM_173832) were obtained from Geneservice and sequenced
to confirm the correct full-length coding sequence. Both DC2
and KCP2 cDNAwere cloned into the vector, pDNA5FRT/V5/
TA, with a C-terminal V5 tag (Invitrogen) for transient expres-
sion studies and subcloned into BamHI/NotI sites of the
tetracycline-responsive expression vector pDNA5/FRT/TO
(Invitrogen). Site-directed mutagenesis was used to add a stop
codon to generate untagged versions of DC2 and KCP2. Sub-
cloned and mutagenized constructs were confirmed by DNA
sequencing.
Cell Culture and Transfection—HeLa cells were grown in

Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum, 2 mM glutamine, and 1% non-
essential amino acids and grown at 37 °C with 5% CO2.
SH-SY5Y cells were frown in RPMI 640medium supplemented
with 10% fetal calf serum and 5 mM glutamine. Invitrogen
Tet-On HEK293 cells were grown in DMEM containing 100
�g/ml zeocin (Invitrogen). For both transient and stable trans-
fection, cells were transfected by using Lipofectamine 2000
(Invitrogen) and analyzed after 18–24 h in the case of the tran-

sients. Stable HEK293T-REx cell lines expressing DC2, KCP2,
and ribophorin I under the control of a tetracycline-inducible
promoter were selected after 48 h post-transfection in the pres-
ence of 100�g/ml hygromycin. Clonal lineswere selected based
on level of inducible expression as judged byWestern blotting.
Expression was induced by 1 �g/ml tetracycline.
SDS-PAGE and Western Blotting—Cells were grown and

transfected or induced in 6-well dishes and harvested after
18–24 h unless stated otherwise. Cells were rinsed twice with
PBS and lysed in Laemmli sample buffer (60 mM Tris, pH 6.8,
4% SDS, 5% (w/v) glycerol). The cell lysates were then sonicated
on ice and centrifuged to remove insolublematerial. The result-
ing supernatants were collected, and the protein concentration
was determined using a Bio-Rad protein assay kit according to
the manufacturer’s protocol. Approximately, 50 mM DTT and
0.05% bromphenol blue were added to the samples. Samples
were incubated at 95 °C for 5min or 70 °C for 10min, and 25�g
of total protein was loaded onto 8, 10, 12, or 15% polyacryl-
amide gels containing 0.1% SDS. Gels were then transferred to
0.45 �M polyvinylidene difluoride membrane (Millipore) and
immunoblotted using an enhanced chemiluminescence system
(13). For quantification of Western blots, data are expressed
graphically and represent the relative band intensity for each
component detected following correction of any background.
Signals were quantified using Gbox software (Syngene), and
several different exposure times were used to ensure that each
image analyzed gave a linear response.
Statistical Analysis—Statistical analysis (two-sample t test)

was carried out using SPSS 10.1 software. For all other experi-
mental procedures, see the supplemental material.

RESULTS

Expression and Localization of DC2 and KCP2 in Mamma-
lian Tissues—DC2 and KCP2 were previously identified as two
subunits of the OST in proliferating animal cells (12), but
whether DC2 and KCP2 are expressed in differentiated tissues
of multicellular organisms and, if so, where is not known. To
address these questions, we analyzed protein extracts from 11
different adult mouse tissues by immunoblotting with antibod-
ies to several core subunits of the human OST (Fig. 1A). To
determine the tissue distribution of DC2 and KCP2 relative to
the other OST subunits, antibodies were raised to the C termi-
nus of DC2 and KCP2.We observed the presence of DC2 in the
mouse brain, liver, and small and large intestines with enrich-
ment in the testes (Fig. 1A, DC2 panel). Similarly, DAD1 was
enriched in the testes (Fig. 1A, compareDC2 andDAD1 panel).
Conversely, KCP2 was ubiquitously expressed throughout all
tissues with enrichment in the heart (Fig. 1A,KCP2 panel). The
other OST subunits appeared to be ubiquitously expressed and
were found in most tissues (Fig. 1A, compare panels OST48–
STT3A). Interestingly, we detected faster migrating bands of
OST48, ribophorin I and II, and Hsc70, which are indicative of
other isoforms present in different tissues (14). Next, we were
interested in studying the cellular localization of DC2 and
KCP2 either by overexpressing in cells or staining for endoge-
nous levels of the protein. The subcellular distribution of DC2
and KCP2 in HeLa cells was examined by indirect immunoflu-
orescence microscopy (Fig. 1B). The expression of DC2 and
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KCP2 showed a reticular pattern typical of the ER (Fig. 1B).
Similar results were obtained either by the overexpression of
ribophorin I by observing the endogenous levels (Fig. 1B) or
costaining with the ER markers Sec61� or ribophorin I, which
colocalized with DC2 and KCP2 (data not shown). Hence, we
reconfirm that DC2 and KCP2 are localized to the ER compart-
ment of the cell. Most noticeably, it is clear that KCP2 can be
found ubiquitously expressed throughout all tissues, whereas
DC2 is confined to certain tissues analyzed so far.
DC2 and KCP2 Are Dispensable for N-Glycosylation Activity

of the OST Complex—We had previously studied the role of
ribophorin I and the catalytic subunits, STT3A and STT3B,
using RNA interference (RNAi) to tease out their function and
mechanism of action in N-glycosylation (10). First of all, HeLa
cells were treated with RNA duplexes specific for DC2, KCP2,
and STT3A/B mRNAs, and cells were then analyzed for levels
of these subunits. Three days after siRNA treatment, Western
blotting revealed that cellular levels of DC2, KCP2, and
STT3A/B were specifically reduced to 20% or less of those seen
in control cells (Fig. 2A, compare lanes 1–3with lane 6 for each
of the products indicated). In contrast, the levels of other pro-

teins were similar, as evidenced by other subunits of the OST
complex and the amount of �-actin (Fig. 2A, lanes 1–6, �-actin
panel). Cells treated with a non-functional siRNA showed no
such reduction in protein levels (Fig. 2A, lane 4, seeDC2,KCP2,
STT3A, and STT3B panels), showing that the losses observed
were not due to pleotropic effects resulting from transfection.
Having established that we could knock down DC2 and KCP2
using siRNA treatment, next we addressed the question of
whether DC2 and KCP2 were required for efficient N-glycosy-
lation of glycoproteins. We had previously established an assay
to analyze the effect ofOST subunit knockdown upon themod-
ification of a glycoprotein (9, 10, 13). Briefly, this assay utilizes
cells RNAi-treated in combination with an in vitro readout of
N-glycosylation efficiency using semipermeabilized cells (9).
Using this assay, we analyzed the soluble glycoprotein �-factor,
the precursor for �-mating factor from Saccharomyces cerevi-
siae, with a cleavable, N-terminal signal sequence and three
N-glycosylation sites. We synthesized �-factor using rabbit
reticulocyte lysate supplemented with semipermeabilized
HeLa cells that had been treated with DC2, KCP2, or STT3A/B
siRNA duplexes (Fig. 2B). First, when we analyzed cells pre-
treated with the antibiotic tunicamycin that inhibits synthesis
of the lipid-linked oligosaccharide precursor or STT3A/B
siRNA duplexes, we observed a dramatic reduction inN-glyco-
sylation to less than 30% (Fig. 2, B (compare lanes 3, 5, and 6)
andC). However, whenwe analyzed bothDC2 andKCP2deple-
tion upon N-glycosylation of �-factor, it was immediately
apparent that there was no significant effect (Fig. 2, B (compare
lanes 1, 2, and 6) and C). This in vitro N-glycosylation assay
relies upon the protein sequence and its transport across the ER
membrane, and the effect of knockdown can be affected by the
substrate presented to the catalytic core (10). To address the
function of DC2 and KCP2 in the OST complex, we decided to
use a previously established fluorescent peptide assay (17) as an
alternative way to measure the OST activity of semipermeabi-
lized cells. This assay is similar to the tripeptide assay, which
uses an iodinated peptide acceptor (N�-Ac-Asn-Tyr-Thr-NH2)
and was important in the identification of the functional OST
complex (18–20). This assay differs from the first assay using
semipermeabilized cells and in vitro translation in that the tri-
peptides are passively transported into the ER and represent a
minimal substrate for the OST that is unaffected by either fold-
ing status or substrate being presented to the catalytic core. The
fluorescent peptide assay uses an N-terminally fluorescence-
labeled (5-carboxyfluorescein) hexapeptide sequence that con-
tains the tripeptide motif required for N-glycosylation (5-car-
boxyfluorescein-Gly-Asn-Ser-Thr-Val-Thr-NH2, where the
tripeptide motif is underlined). First, we used RT-PCR and
showed that mRNA levels of DC2 and KCP2 were specifically
reduced to 20% or less of that in control cells after 72 h (Fig. 2,D
and E, compare lanes 1 and 2 with lane 5 for both DC2 and
KCP2, respectively). Conversely, the levels of GAPDH were
mainly unaffected (Fig. 2, D and E, lanes 1–5, GAPDH panels),
and a non-functional siRNA also had no effect (Fig. 2, D and E,
lane 3, see DC2 and KCP2 panels), confirming that the losses
were not due to pleiotropic effects. When we performed the
N-glycosylation assay using the fluorescent peptide as a sub-
strate, we observed a dramatic reduction in N-glycosylation in

FIGURE 1. Expression and localization of DC2 and KCP2 in mammalian
tissues. A 24-week-old male mouse was sacrificed, and organs were removed
and lysed in lysis buffer as described in the supplemental material.
A, equal amounts of protein from 10,000 � g supernatant fractions from dif-
ferent mouse tissue extracts were separated by SDS-PAGE and analyzed by
immunoblotting by using antibodies against DC2, KCP2, OST48, ribophorin I
(RibI), ribophorin II (RibII), DAD1, STT3A, and Hsc70. Differential mobilities of
OST48, ribophorin I, ribophorin II, STT3A, and Hsc70 may represent tissue-
specific isoforms. B, HeLa cells were transiently transfected with DC2 (left),
KCP2 (middle), or ribophorin I (right) and stained for DC2, KCP2, and ribo-
phorin I, followed by an FITC-conjugated secondary antibody. Bar, 20 �m.
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the HeLa cells pretreated with tunicamycin (Fig. 2, F (lanes 4
and 5) and G). Likewise, depletion of DC2 and KCP2 led to no
significant effect uponN-glycosylation (Fig. 2, F (lanes 1, 2, and
5) and G).
DC2andKCP2Affect APPProcessing—To investigate further

the global effect of DC2 and KCP2 knockdown, we analyzed by
Western blot the endogenously expressed proteins found in
HeLa cells and transiently expressed the full-length version of
APP (APP695). The first three proteins that we analyzed are
examples of glycoproteins: the subunit of the OST, ribophorin
I, a subunit associated with the Sec61 complex; the translocat-
ing chain-associatingmembrane (TRAM) protein; and the sub-
unit implicated in the ER-associated degradation pathway,
OS-9. Treatment with tunicamycin clearly shows that these
proteins areN-glycosylated, as indicated by the fastermigrating
band (Fig. 3A, RibI, TRAM, and OS-9 panels, lanes 4 and 5).
Next, we analyzed the DC2- and KCP2-depleted samples and
observed no effect upon N-glycosylation of all three glycopro-

teins (Fig. 3A, RibI, TRAM, and OS-9 panels, lanes 1, 2, and 5).
In the same experiment, we also blotted for the other compo-
nents of the OST, DAD1 and OST48, which are not glycopro-
teins. We observe no effect of DC2 and KCP2 depletion upon
DAD1 and OST48 protein levels (data not shown). Western
analysis using an antibody specific for the C terminus of APP
recognizes a number of specific APP products that were
observed (see Fig. 3A, lane 5, �APP panel). In particular, the
products that were observed included two major bands corre-
sponding, respectively, to (i) a lower molecular weight form
corresponding to immature APP (�90 kDa) that was generated
after coreN-glycosylation at the ER, carries only high mannose
form N-glycans, and was sensitive to both endoglycosidase H
and peptide:N-glycosidase F treatments (Fig. 3,A (lane 5,�APP
panel) and C (Mock panel)) and (ii) a higher molecular weight
form corresponding to mature APP (�100 kDa), which was
O-glycosylated, carries complexN-linked sugars that were both
added to APP during transit in the Golgi complex, and was

FIGURE 2. DC2 and KCP2 are dispensable for N-glycosylation activity of the OST complex. A, HeLa cells treated with siRNA duplexes for DC2 (siDC2), KCP2
(siKCP2), STT3A and STT3B (siSTT3A/B), or a siRisc-free control (siRF) or mock-transfected (Mock). HeLa cells were also incubated overnight with 20 �g/ml
tunicamycin (Tunic). Western blots were performed after treatments with antibodies against DC2, KCP2, STT3A, STT3B, and �-actin. B, S. cerevisiae �-factor was
synthesized as a radiolabeled polypeptide using a rabbit reticulocyte lysate system supplemented with semipermeabilized HeLa cells prepared 72 h after
transfection with siRNAs specific for the mRNAs encoding DC2 (lane 1), KCP2 (lane 2), or STT3A/B (lane 3), or a non-functional control siRNA (siRF) (lane 4) or
following mock transfection (lane 6). As a positive control for loss of N-glycosylation, HeLa cells were incubated with 20 �g/ml tunicamycin overnight prior to
isolation on day 2 (lane 5). The resulting glycosylated (�CHO) and non-glycosylated (�CHO) polypeptides are shown. C, the relative proportion of glycosylated
polypeptide was calculated for each sample and expressed as a percentage of the total protein recovered. The values expressed in the graph are the mean �
S.E. (error bars) of three independent experiments. Levels of N-glycosylation that differ from the mock-treated control with a significance of p � 0.001 (***) are
indicated by asterisks. D and E, HeLa cells treated with siRNA duplexes for DC2 (siDC2) and KCP2 (siKCP2) or a siRisc-free control (siRF) or mock-transfected
(Mock). HeLa cells were also incubated overnight with 20 �g/ml tunicamycin (Tunic). RT-PCR was performed on RNA isolated after the above treatments with
primers specific for DC2 and GAPDH (D) or KCP2 and GAPDH (E). F, 5-carboxyfluorescein-GNSTVT peptide was added to the reaction mix containing free
lipid-linked oligosaccharide donor, LLO buffer supplemented with semipermeabilized HeLa cells prepared 72 h after transfection with siRNAs specific for the
mRNAs encoding DC2 (lane 1) or for KCP2 (lane 2) or a non-functional control siRNA (siRF) (lane 3) or following mock transfection (lane 5). As a positive control
for loss of N-glycosylation, HeLa cells were incubated with 20 �g/ml tunicamycin overnight prior to isolation on day 3 (lane 4). The reaction was separated
through a 15–25% gradient gel and analyzed using LAS3000 using a blue LED. The non-modified peptide (Peptide) and resulting glycosylated peptide products
(Peptide �CHO) are shown. G, the resulting peptide products and the proportion of N-glycosylated products obtained after various treatments are indicated as
described above.
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sensitive solely to peptide:N-glycosidase F treatment (Fig. 3, A
(lane 5, �APP panel) and C (Mock panel)). In addition to these
products, we also detected the C-terminal fragments (CTFs)
C99 and C83migrating below�15 kDa that are generated after
either �- or �-secretase cleavage of APP, respectively (Fig. 3A,
lane 5, �APP-CTF panel). HeLa cells treated with tunicamycin
affected themigration of bothmature and immatureAPPprod-
ucts due to the block ofN-glycosylation, but the ratio of mature
and immature APP levels was not significantly affected (Fig. 3,
A (compare lanes 4 and 5, �APP panel) andD). Likewise, when
HeLa cells were treated with DC2 and KCP2 RNA duplexes

showed that N-glycosylation of both APP products (immature
and mature) was blocked and insensitive to both endoglycosi-
dase H and peptide:N-glycosidase F treatment (Fig. 3, A (com-
pare lanes 1, 2, 4, and 5, �APP panel) and C (siDC2 and siKCP2
panels)). In addition, DC2 and KCP2 depletion resulted in a
significant accumulation of both C99 and C83 products similar
to that observed when the �-secretase is chemically inhibited
with L-685,458 (see Fig. 3, A (compare lanes 1 and 2 with lane
5),B (�APP-CTF panels), andE). At the same time,matureAPP
levels were reduced considerably by 69.4% (p � 0.001) for DC2
and 65.5% (p � 0.001) for KCP2 (see Fig. 3, A (compare lanes 1

FIGURE 3. DC2 and KCP2 depletion affects APP processing. A, media and lysates of HeLa cells treated with siRNA duplexes for DC2 (siDC2) and KCP2 (siKCP2)
or a siRisc-free control (siRF) or mock-transfected (Mock). HeLa cells were also incubated overnight with 20 �g/ml tunicamycin (Tunic). For APP analysis, HeLa
cells were transfected with APP695, and after 5 h, the medium was replaced with fresh OptiMEM, and cells were incubated for 18 h. The following day, the
medium was collected and concentrated by TCA precipitation with a carrier protein, and cell lysates were prepared. Western analysis was performed for
ribophorin I (RibI), TRAM, and OS-9 (two isoforms present, OS-9.1 and OS9.2). In most cases, the presence and number (x) of N-linked glycans present on a
particular protein is indicated by the suffix xNgly. Shown is Western analysis with APP recognizing the C terminus of APP and various isoforms of APP including
immature (�110 kDa; imm) and mature (�125 kDa; mat). Two CTFs, C99 and C83, resulted from proteolytic cleavage of APP. The analysis of actin levels
confirmed that similar levels of protein were present in each lane. In addition, HeLa cells treated with or without the �-secretase inhibitor, L-685,458, are shown
(B). C, lysates treated with siRNA duplexes for DC2 and KCP2 or mock-transfected and transfected with APP695 were treated with or without endoglycosidase
H (EndoH) and peptide:N-glycosidase F (PNGaseF). For APP, three populations of glycoproteins reflecting products with high mannose type N-linked glycan
(1NglyAPP(H)), O-linked glycans (OglyAPP), and both O-linked and complex N-glycans (1NOglyAPP(C)) were detected. D–F, graphs showing the density analysis
of APP (D), C83 and C99 (E), and sAPP� (F). Data in D and E were normalized by dividing the density of the APP, C83, and C99 bands by the density of the �-actin
band. D and F, data were represented as percentage change compared with the mock controls. E, data were represented as -fold increase over the mock
control. **, p � 0.01; ***, p � 0.001. Error bars, S.E.
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and 2 with lane 5, �APP panel) and D). This reduction in
mature APP levels was not due to a block in secretion because
the levels of sAPP� secreted into the media were unaffected
(Fig. 3, A (compare lanes 1–5, sAPP� panel) and F). These
results also show that �-secretase cleavage undergone by
ADAM10was unaffected byDC2 andKCP2 knockdown. Inter-
estingly, therewas no significant effect upon the ratio ofmature
and immatureAPP products whenHeLa cells were treatedwith
tunicamycin, indicating that N-glycosylation per se was not
responsible for the reduction in mature APP that we observe
withDC2 andKCP2 depletion (Fig. 3,A (compare lanes 4 and 5,
�APP panel), C, and D). The non-targeting siRNA, Risc-free
(siRF) served as an internal control for these experiments; there
was no effect upon the cellular levels of APP products with this
treatment (Fig. 3, A (compare lanes 3 and 5, �APP panel), C,
and D). There are a number of other substrates that undergo
�-secretase cleavage. Notch protein is cleaved by a number of
proteases at different locations in the cell referred to as S1, S2,
and S3 cleavages (reviewed in Ref. 21). S1 cleavage in the extra-
cellular domain of Notch occurs constitutively in the trans-
Golgi network and is mediated by a furin-like convertase; reas-
sembly of the fragments creates a heterodimeric Notch
receptor at the cell surface. This event has been most closely
characterized with respect to mammalian Notch, but there is
evidence that fly Notch is similarly processed. S2 cleavage by a
disintegrin/metalloprotease (tumor necrosis factor-� convert-
ing enzyme (TACE) in vertebrates) occurs in response to ligand
binding and releases the majority of the extracellular domain.
The resultingmembrane-anchored fragment, referred to as the
Notch extracellular truncation, is subject to intramembranous
S3 cleavage by �-secretase, which finally releases the Notch
intracellular domain fragment. First, in order to study the effect
of DC2 and KCP2 upon �-secretase (S3) cleavage of Notch, we
depleted both DC2 and KCP2 levels by siRNA treatment for 2
days and then transiently transfected humanNotch 1 intoHeLa
cells. On day 3, to analyze �-secretase cleavage of Notch 1, we
stimulated �-secretase cleavage by the addition of 5 mM EDTA
for 15min at 37 °C (22) and isolated cell extracts.Weperformed
Western analysis with antibodies against DC2 and KCP2 to
verify the efficiency of knockdown, more than 80% depletion
(see supplemental Fig. S1A). We detected Notch 1 expression
using an antibody recognizing the full-length protein
(NotchFL) (supplemental Fig. S1A). We observed that the
Notch intracellular domain fragment generated after �-secre-
tase cleavage can be blocked by the addition of the �-secretase
inhibitor (L-685,458) but was unaffected by both DC2 and
KCP2 depletion (supplemental Fig. S1, A and B). These results
confirm that DC2 and KCP2may alter how the �-secretase sees
its substrates and could change the location of cleavage in the
cell, and this could be unique to APP. Our results show that
DC2 and KCP2 depletion specifically affect APP glycosylation
and processing. In addition, the above findings suggest that
depleting DC2 and KCP2 could affect components involved in
the APP processing pathway.
DC2 and KCP2 Knockdown Affects the �-Secretase Complex—

The site of cleavage is of clinical relevance because A� peptides
(A� 39–43) derived from �-secretase and �-secretase cleavage
of APP are major components of the amyloid plaques that are a

characteristic brain lesion of individuals with Alzheimer dis-
ease. The pepsin-like aspartyl protease �-secretase (BACE1)
cleaves the ectodomain of APP, releasing the soluble protein
sAPP� (23–25). Alternative cleavage by a metalloprotease
called �-secretase (ADAM10) leads to proteolysis within the
A� region and produces a slightly longer soluble protein sAPP�
(26, 27). After ectodomain cleavage, �-secretase cuts the
remaining membrane-bound stub to release the APP intracel-
lular domain as well as either A� (via the �-secretase pathway)
or the N-terminally truncated peptide p3 (via the �-secretase
pathway) (28). The failure to remove A� peptides from the
body, in particular A�42 peptides, may result in the formation
of amyloid plaques, a neuropathological hallmark of Alzheimer
disease. To establish which pathway of APP processing is
affected by DC2 and KCP2 depletion, we analyzed cell lysates
isolated after DC2 and KCP2 knockdown for cellular levels of
various components of the �- and �-secretases. We observed
more than 80% depletion of the cellular protein levels of both
DC2 andKCP2 after 3 days of knockdown (Fig. 4A, seeDC2 and
KCP2 panels). Similarly, we observed a reduction in mature
APP products for both siRNAs against DC2 and KCP2. Next,
we blotted for components of the �-secretase (PS1, nicastrin,
and PEN-2), the complex responsible for the final stage of APP
processing generating A� peptides. When we analyzed the
effect of DC2 and KCP2 depletion upon these components, we
observed that the amount of N-terminal fragments of PS1 was
reduced for DC2 and KCP2 knockdowns by more than 42%
(p � 0.001) and 44.6% (p � 0.01), respectively (Fig. 4, B and C).
PS1 can undergo endoproteolysis by an unidentified aspartyl
protease called the “presenilinase” or self-cleavage assisted by
PEN2, resulting in cleavage of PS1 within a cytosolic loop
between transmembrane domains 6 and 7, releasing N- and
C-terminal fragments found in the active �-secretase complex
along with nicastrin, PEN-2, and APH-1 (7, 29). In contrast, we
observe no significant effect upon endoproteolysis of PS1 when
N-glycosylation was blocked, indicating that N-glycosylation
was not responsible for the reduction in endoproteolysis of PS1
(Fig. 4, B andC). Similarly, we observe no effect or only a minor
effect upon the �-secretase subunit, PEN2, or the �-secretase
component, BACE1, upon inhibition ofN-glycosylation (Fig. 4,
B and C). Nevertheless, both nicastrin and BACE1 protein lev-
els were significantly affected by tunicamycin treatment by 44.5
and 41% (p � 0.01), respectively (Fig. 4, B and C).

A number of reports have suggested a role for caspase acti-
vation and apoptosis in Alzheimer disease (30, 31). In the same
experiments, we also addressed the question of whether DC2
and KCP2 depletion resulting in a perturbation of PS1 endo-
proteolysis could be due to an alteration in the cellular apopto-
tic response. When HeLa cells were treated with the proapo-
ptotic drug staurosporine for 8 h, we observed a product of
caspase 3 cleavage (Fig. 4B, Caspase panel, �ST). We observed
no caspase 3 cleavage products for both DC2 and KCP2 knock-
down, indicating that the effect upon PS1 endoproteolysis that
we observed was not due to caspase activation resulting in
apoptosis.
Overexpression of DC2 and KCP2 Increases Active

�-Secretase—In order to understand the effect of DC2 and
KCP2 knockdown upon APP processing, we investigated the
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consequence of overexpression using the Flp-In T-REx system
(Invitrogen) to generate stable mammalian cell lines exhibiting
tetracycline-inducible expression of DC2, KCP2, and ribo-
phorin I as a control from a specific genomic location. We
cloned the cDNAs of DC2, KCP2, and ribophorin I into
pcDNA5/FRT/TO mammalian inducible expression vector
and stably expressed these genes in an HEK293T-REx-induci-
ble cell line. When we treated the stable cell lines with 1 �g/ml
tetracycline, we observed an induction of DC2, KCP2, and ribo-
phorin I expression, 1.61-, 1.75-, and 1.6-fold (p� 0.001) after a
6-h treatment, respectively (Fig. 5, A and B). The peak of
expression for DC2, KCP2, and ribophorin I, 1.95-, 1.92-, and
1.86-fold (p � 0.001), respectively, was attained after 24 h of
treatment and leveled out by 48 h (Fig. 5, A and B). Next, we
performed the same time course of induction over 48 h and
isolated samples at specific time points postinduction (i.e. 0, 6,
24, and 48 h) and performed Western blots to determine the
effects of DC2 and KCP2 overexpression upon the �- and
�-secretases. We found that the overexpression of DC2 and
KCP2 leads to a significant increase in PS1-NT protein levels
that peaks at 2.33-fold for DC2 and 2.1-fold for KCP2 after 24 h
of treatment, confirming our previous observations (Fig. 6,A–C
and D–E, respectively). In contrast, there was no significant
effect of DC2 and KCP2 overexpression upon the other sub-
units of the �- and �-secretases, PEN2, nicastrin, and BACE1
protein levels (Fig. 6, A, B, D, and E). Likewise, we observe no
effect of ribophorin I overexpression upon PS1-NT protein lev-
els (Fig. 6,C and F). However, we did observe a small significant
increase, 1.2-fold (p � 0.05), peaking at 24 h for nicastrin pro-
tein levels with ribophorin I overexpression (Fig. 6, C and F).
These results suggest that DC2 and KCP2 have a more specific
and distinct role in APP maturation because overexpression of
other ER chaperones (BIP, calnexin ERdj3, and ERdj4) inhibits
thematuration of APP (32, 33). The overexpression of DC2 and

KCP2 results in the reverse effect upon PS1 endoproteolysis.
Generally, there is a correlation between increasing protein
expression of DC2 and KCP2 and an increase in PS1 endopro-
teolysis. It is presumed that this leads to more active complex
being available to cleaveAPP. In additionwhen another subunit
of the OST complex, ribophorin I, is overexpressed, we
observed no effect upon PS1 endoproteolysis. In addition, our
results confirm that the overexpression of both DC2 and KCP2
enhances endoproteolysis of PS1, and this effect was unique to
these OST subunits.
DC2 and KCP2 Alter A� Production—We sought to investi-

gate whether this effect upon PS1 endoproteolysis has any fur-
ther involvement in the amyloidogenic processing pathway, in
particular in the production of A�. Using a well characterized
�-secretase cleavage assay, we examined whether DC2 and
KCP2 could influence the cleavage of the full-length version of
APP (APP695) construct by �-secretase. This assay makes use
of the APP695 plasmid, with an intact �-secretase cleavage site
that is expressed in HEK293T-REx, DC2T-REx, and KCP2T-
REx stable cell lines. Next, we performed an induction time
course as before over 24 h except we isolated both cell lysates
(for 0, 6, and 24 h) andmedium samples (for 6 and 24 h). After-
ward, we analyzed by Western blot the medium samples using
an A�-specific antibody, W02, that recognizes all A� products
and cell lysates for APP expression levels.We observed a signif-
icant dramatic increase in the amount of A� products secreted
into the media after 24-h induction of DC2 (2.43-fold (p �
0.001)) and KCP2 (2.26-fold (p � 0.001)) compared with
HEK293T-REx (Fig. 7, A (A� panel) and B). We can confirm
that the A� products secreted into the media are �-secretase
products because we can block �-secretase cleavage by use of
the inhibitor L-685,458 (Fig. 7A,A� panel, compare lanes 1–6).
We observed no significant effect of DC2 and KCP2 induction
upon sAPP� products secreted into the media detected with

FIGURE 4. DC2 and KCP2 knockdown affects PS1. A, lysates of HeLa cells treated with siRNA duplexes for DC2 (siDC2#1 and siDC2#2) and KCP2 (siKCP2#1 and
siKCP2#2) or a siRisc-free control (siRF) or mock-transfected (Mock). HeLa cells were also incubated overnight with 20 �g/ml tunicamycin (Tunic) or for 6 h with
1 �M staurosporine. Shown is Western analysis with rabbit polyclonal antibodies raised against DC2 and KCP2 (�DC2 and �KCP2) and �-actin. B, HeLa lysates
prepared as above were used for Western analysis using rabbit polyclonal antibodies against PS1 detecting full-length (PS1-FL) and PS1 N-terminal fragment
(PS1-NT) nicastrin and PEN-2 components of the �-secretase complex and the �-secretase, BACE1. In addition, caspase 3 cleavage was analyzed with the
staurosporine (�ST) control, which induces caspase 3 cleavage, leading to apoptosis. The analysis of �-actin levels confirmed that similar levels of protein were
present in each lane. C, the percentage of secretase protein levels for PS1-NT, nicastrin, PEN2, and BACE1 remaining calculated as a ratio of band intensity
compared with the mock minus background intensity as an average from three independent experiments with error bars representing S.E. Levels of protein
that differ from the mock-treated control with a significance of p � 0.01 (**) and p � 0.001 (***) are indicated by asterisks.
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theW02 antibody that recognizes APP products cleaved by the
�-secretase as judged by no perturbation of products (Figs. 7,A
(sAPP� panel) andB). In addition, we performed a similar set of
experiments to analyze the effect of knocking down DC2 and
KCP2 upon A� generation. We performed the knockdown of
DC2 and KCP2 on day 0, followed by the expression of APP695
on day 1, replaced the medium on day 2, and harvested the cell
lysates and medium on day 3 for analysis. Strikingly, we found
that both DC2 and KCP2 knockdown results in a significant
dramatic decrease inA� protein levels to 35.6, 32, 30.1, and 28%
(p � 0.001) for siDC2#1, siDC2#2, siKCP2#1, and siKCP2#2,
respectively (Fig. 7, C and D). We observe no significant effect
when we knockdown DC2 and KCP2 upon sAPP� production
(Fig. 7, C andD). We can conclude from these results that DC2
andKCP2 can act and enhance specifically �-secretase cleavage
of APP.
DC2 and KCP2 Interact with the �-Secretase Complex—To

assess the possibility that DC2 and KCP2 could associate with
the �-secretase complex, we carried out co-immunoprecipita-
tion analysis of extracts of SH-SY5Y cells in the presence of

transiently transfected DC2 and KCP2 with a V5 tag. Extracts
were immunoprecipitated with antibodies to PS1, PEN2, nica-
strin, APP, and DC2 or KCP2, as well as with a non-related
serum against the signal peptidase complex subunit 25
(SPC25). These immunoprecipitates were analyzed byWestern
blot withV5 antibody (Fig. 8). BothDC2 andKCP2 appear to be
able to be co-precipitated with some of the components of the
�-secretase complex, PS1 and nicastrin. Likewise, we detected
for immunoprecipitates of PS1 and nicastrin but not PEN2
when we immunoprecipitated with V5 and blotted for PS1,
PEN2, and nicastrin (data not shown). Because we could detect
for interactions of DC2 and KCP2 with some of the compo-
nents of the �-secretase complex, we were interested in asking
the question of whether depletion of DC2 and KCP2 could dis-
rupt the cellular localization of the �-secretase complex. In
order to study the effect of knockdown on the cellular localiza-
tion of the �-secretase, we first knocked down DC2 and KCP2
in SH-SY5Y cells on day 0 followed by the expression of wild-
type PS1 on day 2 and immunofluorescence on day 3. We per-
formed a triple immunofluorescence staining with antibodies
against PS1 (localized to the ER and Golgi complex), Sec61�
(localized to the ER and the ER-Golgi intermediate compart-
ment) and p58 (localized to the Golgi complex) (34–36). We
observed that PS1 in SH-SY5Y cells was mainly localized to the
ER with a reticular and perinuclear pattern and Golgi complex
similar to previously reported localization studies (supplemen-
tal Fig. S2, seeMock panel) (37, 38). Brefeldin A treatment pre-
vents anterograde traffic from the ER to the Golgi, resulting in
retrograde transport of proteins back from the Golgi to the ER
(39). Brefeldin A treatment blocked PS1 transport to the Golgi
and caused retrograde transport of p58 because both appeared
as a reticular pattern, indicating a block in transport and reten-
tion at the ER (supplemental Fig. S2, BFA panel). However,
SH-SY5Y cells transiently transfectedwith siRNAs againstDC2
or KCP2 and stained for PS1 display similar staining compared
with the mock (supplemental Fig. S2, siDC2 and siKCP2 pan-
els). These findings suggest that DC2 and KCP2 are unable to
affect the cellular localization of the �-secretase complex,
whereasDC2 andKCP2may interact with �-secretase subcom-
plexes containing PS1 and nicastrin that could be formed in the
immature �-secretase complex before PEN2 is able to associate
with the complex in the final stages of assembly.

DISCUSSION

Sequential cleavage of APP is a prerequisite to A� generation
because cleavage by�-secretase directly contributes to A� gen-
eration, whereas cleavage by �-secretase prevents A� forma-
tion. The mechanisms that regulate APP cleavage are not well
defined but include trafficking factors and cell signaling path-
ways. Moreover, recent studies increasingly indicate that intra-
cellular APP trafficking as a mechanism to regulate APP pro-
teolytic cleavage by the secretases and, in turn, the amount of
APP processing (40, 41). This study identifies DC2 andKCP2 as
novel proteins modulating the APP pathway through APP
cleavage by the �-secretase and A� generation.

Our hypothesis is that the majority of eukaryotic OST sub-
units are not required for the core catalytic activity of the com-
plex but perform other distinct roles in N-glycosylation and

FIGURE 5. Inducible expression of DC2, KCP2, and ribophorin I. A, stable
HEK293T-REx cell lines DC2 (DC2T-REx), KCP2 (KCP2T-REx), and ribophorin I
(RibIT-REx) were incubated with 1 �g/ml tetracycline over a 48-h time course.
Lysates were isolated at 0, 6, 24, and 48 h postinduction and analyzed by
Western blot for DC2, KCP2, ribophorin I, and �-actin. B, the protein levels of
DC2, KCP2, and ribophorin I were quantified and normalized against the load-
ing control, �-actin, and indicated as a -fold increase over time (the value at
the start (0 h) is 1). Levels of protein that increased at specific time points over
a 48-h period that were significantly higher p � 0.001 (***)) are indicated.
Error bars, S.E.
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quality control at the ER membrane. Our working model pre-
dicts that DC2 and KCP2 play a role in the APP processing
pathway either by (i) interacting with the unidentified aspartyl
protease called the “presenilinase” at the ER or by altering the
self-cleavage PS1 or (ii) by affecting the assembly of the�-secre-
tase complex. Our data indicate first that DC2 and KCP2 plays
a minor role in N-glycosylation, affecting APP but not all gly-
coproteins, including those associated with the APP processing
pathway, such as nicastrin and BACE1. The reduction in APP
N-glycosylation seems unlikely to directly affect APP cleavage
because a block of N-glycosylation by tunicamycin treatment
did not perturb APPmaturation. Indeed, it has been previously
shown that APP cleavage is unaffected in cells expressing aAPP
mutant lacking N-glycosylation sites (42). Second, DC2 and
KCP2 depletion leads to an accumulation of C-terminal frag-
ments of APP, C99 andC83, as a result of less active �-secretase
complex being available. Finally, we show that A� production is
altered in a DC2 and KCP2 knock-out model while the overex-
pression of DC2 and KCP2 enhances �-secretase activity asso-
ciated with PS1.
Little was known until now about the elusive subunits of the

mammalian OST, DC2 and KCP2. The C terminus of DC2 is
weakly homologous, sharing less than 10 and 18% homology

with the yeast subunits, Ost3p and Ost6p, respectively. It is
believed that Ost3/6p are present in two subcomplexes that
associate either with Sbh1p or Sbh2p, respectively, forming two
structurally different translocons (43, 44). Recently, Ost3/6p
have been shown to contain thioredoxin-like folds, which
would enable the oxidation folding of glycoproteins (45). It
remains to be elucidated if this folding event occurs immedi-
ately after translocation of a nascent chain into the ER or before
presentation of a substrate to the OST catalytic core. We can
rule out DC2 having this role in the OST because first DC2 is a
weak homologue and lacks a CXXC active site motif that is
essential for oxidoreduction activity. Second, other subunits of
the human OST, IAP and N33, share more homology to Ost3/
6p, which could perform oxidative folding in theOST. Remark-
ably, KCP2 has no homologue in yeast that has been identified.
Amajor consensus indicates that presenilins alongwith nica-

strin, PEN2, andAph1 form the catalytic core of the �-secretase
complex. These four proteins are necessary and sufficient for
�-secretase activity in vitro. Nicastrin and Aph1 are thought to
form a stable subcomplex prior to presenilin and/or PEN2
recruitment. A PEN2-PS1 subcomplex has been reported, and
it appears that the docking site for PEN2 in the active complex
is within TMD4 of PS1 (46–49). Theminimal content requires

FIGURE 6. DC2 and KCP2 affect the �-secretase. A–C, lysates isolated for DC2T-Rex, KCP2T-Rex, and RibIT-REx at 0, 6, 24, and 48 h postinduction were analyzed
by Western blot for PS1-FL, PS1-NT, PEN-2, nicastrin, BACE1, and �-actin. D–F, the -fold increase of PS1-NT, nicastrin, PEN2, and BACE1 calculated as a ratio of
band intensity compared with the mock minus background intensity as an average from three independent experiments with error bars representing S.E.
Levels of protein that differ from the mock-treated control with a significance of p � 0.05 (*), p � 0.01 (**), and p � 0.001 (***) are indicated by asterisks.
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only PS1 and PEN2 that is sufficient to stimulate and activate
PS1 (7). Interestingly, a study identified Rer1p, a protein that
retrieves proteins from the ER and cis-Golgi, as a novel limiting
factor that negatively regulates the assembly of the complex by

binding to nicastrin and competing with Aph1 (50). A number
of studies increasingly imply that the assembly of the �-secre-
tase complex is a result of recycling of its components from the
ER to the Golgi (51). However, the endoproteolysis of PS1most
likely occurs in a more acidic compartment, such as the cis-
Golgi complex that extends the half-life of PS1 because the
FL-PS1 is turned over in less than 1 h (52–55). These studies
highlight the importance of quality control mechanisms that
exist at the ER and Golgi in the regulation of the �-secretase
complex. DC2 andKCP2may regulate the final stages of assem-
bly by enabling the recruitment of PEN2 to the subcomplex
facilitating transit beyond the ER and early biosynthetic
compartment.
The regulation and maturation of the activity of the �-secre-

tase complex could possibly be maintained by the G-protein
scaffold protein, tetraspanin (15). Interestingly, this same study
pulled out interactions of PS1 with components of the OST, in
particular OST48 and ribophorin II. In our earlier studies, we
became interested in the role of ribophorin I in the OST after
we had characterized and identified cross-links of amyloid pre-
cursor protein (�APP), a fragment of APP that is generated by
�-secretase cleavage to ribophorin I (11). This association of
ribophorin I with APP was independent of glycosylation status
and could be observed both in vitro and in vivo (11). In addition,
STT3B, a component of the OST complex, has been linked to
macroautophagy of theATPase subunit, VOa1, and remarkably
requires PS1 interaction for efficient autophagy. Surprisingly,

FIGURE 8. DC2 and KCP2 interact with the �-secretase complex. SH-SY5Y
cells were transfected with V5-tagged DC2 and KCP2 in a mammalian expres-
sion vector as shown (DC2V5 and KCP2V5 panels). Cells were harvested 18 h
after transfection and lysed in immunoprecipitation buffer containing 1%
CHAPSO, and associated cellular components were then recovered by immu-
noisolation using antibodies specific for PS1, PEN-2, nicastrin (Nic), APP,
SPC25, DC2, or KCP2. The resulting material was analyzed by Western blotting
with monoclonal antibody specific for the V5 epitope tag. A fraction of the
total cellular extract from the transfected cells (about one-tenth that was
used for immunoprecipitation) was included as a control (1/10th vol). IP,
immunoprecipitation; WB, Western blot.

FIGURE 7. DC2 and KCP2 stimulate A� production. A, HEK293T-REx cell lines DC2 (DC2T-REx), KCP2 (KCP2T-REx), or mock (HEK293T-REx) were transfected with
full-length APP695 (APP) prior to overexpression of DC2 and KCP2 by the induction with tetracycline. �-Secretase cleavage was inhibited by the addition of 1
�M L-685,458. The medium and cell lysate samples were collected at 24 h postinduction. The medium samples were TCA-precipitated with a carrier protein and
analyzed by Western blot using antibodies specific against soluble �APP and A� peptides. Cell lysates were analyzed using the C-terminal antibody against APP
for APP and APP-CTF. B, the amount of A� peptide and sAPP� present in the medium samples represented as -fold increase at 24 h was calculated. The data
shown represent an average from three independent experiments with the S.E. (error bars). Levels of A� peptide and sAPP� that differ from the control
(HEK293T-REx) with a significance of p � 0.001 (***) are indicated by asterisks. C, both the medium and cell lysate samples of HeLa cells treated with siRNA
duplexes for DC2 (siDC2#1 and siDC2#2) and KCP2 (siKCP2#1 and siKCP2#2) or a siRisc-free control (siRF) or mock-transfected (Mock) followed by transfection
with full-length APP695 (APP) and Western analysis. D, the percentage of A� peptide and sAPP� present in the medium samples at 24 h was calculated. The data
shown represent an average from three independent experiments with the S.E. Levels of A� peptide and sAPP� that differ from the control (Mock) with a
significance of p � 0.001 (***) are indicated by asterisks.

DC2 and KCP2 Regulate the �-Secretase

SEPTEMBER 9, 2011 • VOLUME 286 • NUMBER 36 JOURNAL OF BIOLOGICAL CHEMISTRY 31089



PS1 knock-out impairs N-glycosylation and targeting of VOa1
to autophagosomes, leading to an accumulation of autophagic
vacuoles observed in several neurodegenerative diseases. This
provides us with supporting evidence linking the role of the
OST complex to Alzheimer disease (16). Our results indicate
for the first time that the OST complex, in particular the sub-
units DC2 and KCP2, can interact with the �-secretase compo-
nents and regulate �-secretase-directed processing of APP as a
consequence of modulation of the PS1 endoproteolytic cleav-
age. We therefore can hypothesize that the role of DC2 and
KCP2 inPS1 endoproteolysis could occur by twoways: (i) by the
recruitment of PS1/nicastrin via DC2 and/or KCP2 at the ER,
allowing the binding of PEN2 to the complex facilitating the
intracleavage of PS1, or (ii) by DC2 and/or KCP2 acting as an
accessory to the assembly of the �-secretase complex. It would
be interesting to generate a KO animal model to determine if
DC2 and KCP2 are important both for development and for
reducing A� load in the brain.

In conclusion, our studies define an essential role for DC2
and KCP2 in the maturation and processing of APP. We have
demonstrated that DC2 and KCP2 are localized to the ER com-
partment and are dispensable for N-glycosylation and OST
function.We have clearly shown that DC2 and KCP2modulate
�-secretase cleavage of APP through their ability to control PS1
endoproteolysis. Our future studies will seek to build upon this
newknowledge, facilitating the identification of the elusive pro-
tease, the “presenilinase,” and to determine the molecular basis
of DC2 and KCP2 function at the ER.
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