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ABSTRACT: Presenilin 1 (PS1) comprises a catalytic subunit of y-
secretase, which is an intramembrane-cleaving protease responsible for
generation of amyloid-f peptides as well as Notch cleavage, the latter being
implicated in cancer. We have shown that transmembrane domains (TMDs)
1, 6, 7, and 9 of PS1 form the “catalytic pore” structure within the
membrane for intramembrane proteolysis. Here we report a novel
monoclonal antibody 9D11, which directly recognizes the TMD1-proximal
residues in the hydrophilic loop region. Intriguingly, 9D11 inhibited the y-
secretase activity irrespective of the binding of known y-secretase inhibitors
and abolished Notch signaling-dependent cancer cell viability. Our data
suggest that the juxtamembrane region of TMDI of PS1 is a novel
molecular target for the mechanism-based inhibition of y-secretase and the
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development of the anticancer drug.

Intramembrane proteolysis is an atypical hydrolysis of
peptide bonds within the lipid bilayer. Several lines of
evidence suggest that this atypical cleavage is involved in
numerous biological processes encompassing all branches of
life. So far, four families of intramembrane-cleaving proteases
have been discovered: rhomboid, site-2 protease (S2P), signal
peptide peptidase, and y-secretase." y-Secretase is a key enzyme
in the production of amyloid-# peptide (Af), a major
component of senile plaques in the brains of patients with
Alzheimer's disease.”> Moreover, y-secretase mediates proteol-
ysis-dependent signaling of several type I membrane proteins,
including the Notch receptor, which is involved in the
development of cancer.”* Thus, rational design of y-secretase
inhibitors (GSIs) based on the molecular mechanism of y-
secretase would pave the way for the development of novel
drugs.” However, structural analysis of y-secretase has not been
fully achieved; this atypical protease is comprised of at least
four transmembrane proteins: nicastrin (Nct), anterior pharynx
defective-1 (Aph-1), presenilin enhancer-2 (Pen-2), and PSI,
the latter representing the catalytic subunit.>® In contrast,
structural analyses of rhomboid and S2P family intramembrane
proteases have revealed that membrane-embedded active sites
of these proteases are indeed hydrated within the intra-
membrane cavity or channel-like structure.” These data suggest
that hydrolysis of transmembrane helices occurs within the
membrane. However, the molecular and structural bases of the
recognition and incorporation of the hydrophobic substrates
remain unknown.

We have been applying the substituted cysteine accessibility
method (SCAM) to gain insight into the structure of PS1 in a
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membrane-embedded state. The SCAM has been reiteratively
used to obtain structural information about various multipass
membrane proteins in a functional state, by covalently
modifying the introduced cysteine (Cys) residues using
sulthydryl reagents.® '® Using the SCAM, we and others have
revealed that PS1 harbors a hydrophilic “catalytic pore” formed
by TMDL, -6, -7, and -9."" " This suggests that the hydrophilic
milieu around the active site located within the lipid bilayer is a
common structure across intramembrane-cleaving proteases. In
addition, upon incubation of GSI, we identified the movement
of TMD1 of PS1 [i.e, from glycine 78 (G78) to isoleucine 100
(1100)] downward to the cytosolic side, which was evidenced
by specific changes in the hydrophilicity of the microenviron-
ment of amino acid residues located at the borders of TMD1
(ie., G78 and 1100) in the SCAM."® Here we developed rat
monoclonal antibody (mAb) 9D11 against the juxtamembrane
region of TMDI. Intriguingly, 9D11 treatment reduced the y-
secretase activity as well as the extent of growth of the cancer
cell line. However, a photoaffinity labeling experiment revealed
that the binding mode of 9D11 is totally distinct from that of
the small compound-based known GSIs. Our data indicate that
the juxtamembrane region of TMD1 might be a novel target
domain for the development of therapeutics against cancer

caused by an abnormal upregulation of y-secretase activity.”*
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B EXPERIMENTAL PROCEDURES

Production and Purification of Anti-Hydrophilic Loop
1 of PS1 mAbs. All experimental procedures were performed
in accordance with the guidelines for animal experiments of
The University of Tokyo. Glutathione S-transferase (GST)
fusion protein containing residues K101—-M139 of PS1 [GST
hydrophilic loop 1 (HL1)] was purified using glutathione
Sepharose 4B (GE Healthcare). Eight-week-old WKY/Izm rats
were purchased from Japan SLC and immunized with 100 pg of
purified GST-HLI in Freund’s complete adjuvant (Sigma), via
footpad injection.'® One month after the first boost, immunized
rats were tail bled and serum titers were checked using an
enzyme-linked immunosorbent assay (ELISA) (see below) and
reboosted. B cells obtained from the iliac and inguinal lymph
nodes were fused with a PAI myeloma cell that was a kind gift
of H. Arai (The University of Tokyo). The hybridoma cells
were cultured in HAT selection medium [GIT medium (Wako
Pure Chemical Industries) containing 5% FBS (Hyclone), 5%
NCTC109 (Invitrogen), 1% nonessential amino acids (In-
vitrogen), 1% penicillin-streptomycin-glutamine (Invitrogen),
purified interleukin-6, 100 uM hypoxanthine, 0.4 M amino-
pterin, and 16 yM thymidine]. The hybridoma supernatants
were screened for antibodies using an ELISA with a KLH-
conjugated synthetic peptide encoding K101-T124 of PSI
(BEX, Co. Ltd.). For the purification of mAbs, hybridoma cells
were cultured in GIT medium containing 5% NCTC109, 1%
nonessential amino acids, and 1% penicillin-streptomycin-
glutamine. mAbs in cultured media were purified using the
MAbTrap Kit (GE Healthcare) according to the manufacturer's
instructions. Rat IgG used as the control IgG was purchased
from Sigma-Aldrich Japan. Purified mAb was stored at —80 °C
before use.

ELISA System for mAb Screening and Epitope
Mapping. KLH-conjugated peptides and sequential peptides
for epitope mapping were purchased from BEX and Sigma-
Aldrich Japan, respectively. Peptides (10 ug/mL) or GST
fusion proteins (1 pg/mL) in PBS were added to a 96-well
plate and incubated overnight at 4 °C. The coated plates were
blocked with PBS containing 3% bovine serum albumin and
0.1% sodium azide. The hybridoma cell culture supernatant or
purified mAb in PBS was added and the mixture incubated
overnight at 4 °C. After the wells had been washed four times
with PBS, anti-rat IgG coupled to horseradish peroxidase (GE
Healthcare) was added at a dilution of 1:2000 and incubated at
room temperature for 2 h. The wells were washed six times
with PBS and detected with a TMB microwell peroxidase
substrate system (Kirkegaard & Perry Laboratories Inc.), and
the optical density at 450 nm was measured.

Plasmid Construction, Cell Culture, Transfection, and
Retroviral Infection. For the generation of GST-HL1, cDNAs
encoding HL1 of PS1 were inserted into pGEX-6P-1 (GE
Healthcare). cDNAs encoding PS1 and Cys-less PS1 were
inserted into pMXs-puro as previously described."”"” Mutant
forms of PS1 were generated using a long polymerase chain
reaction-based protocol. Construction of SC100 fused with the
gal4 sequence (SC100-gal4) in pcDNA3.1/Hyg(+), EGFP in
pcDNA3, UAS-luc in pGL3(r2.2), SPC99gvp-6myc in pMXs-
puro, NAE-6myc in pLPCX, UAS-firefly luciferase in pMXs-
EGEFPII, and TP1-renilla luciferase in pMXs-II was conducted
as previously described.'””"® Maintenance of Psenl™~/
Psen2™/~ double-knockout embryonic fibroblast (DKO), Plat-
E, HEK293, HeLa, and AS549 cells, retroviral infection, and
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generation of stable infectant pools were conducted as
described previously.' "' >!>1719722

Antibodies, Immunochemical Analyses, and y-Secre-
tase Assays. Polyclonal antibodies GINrS, G1L3, and PNT3
against the N-terminus of PS1, the cytoplasmic loop region of
PS1, and the N-terminal region of Pen-2, respectively, have
been previously described.'®**** C502 is a rabbit polyclonal
antibody against recombinant protein encoding the C-terminal
domain of APP (residues 646—695) with a C-terminal FLAG-
myc-6xHis tandem tag. Anti-Nct monoclonal antibody AS5226A,
which recognizes an active form of Nct, was described
previously.”> The anti-PSINT antibody was kindly provided
by G. Thinakaran (The University of Chicago, Chicago, IL).**
Other antibodies were purchased from Cell Signaling
Technology [anti-cleaved Notchl (V1744)], Covance [anti-
Aph-1al. (02C2)], Immuno-Biological Laboratories [anti-
human APP (C)], or Sigma [anti-Nct (N1660) and anti-a-
tubulin (DMIA)]. Membrane fractionation, immunoblot
analysis, immunoprecipitation of 3-[(3-cholamidopropyl)-
dimethylammonio]-2-hydroxy-1-propanesulfonate (CHAP-
SO)-solubilized lysates, immunocytochemistry, the in vitro y-
secretase assay, the cell-free y-secretase assay, and quantitation
of Af by two-site ELISAs were performed as previously
described.”*™** HEK293/8C100-gal4 cells and #5/DKO
reporter cells for AS and luciferase assays, respectively, were
plated on 96-well plates 24 h before the addition of the
designated concentration of antibodies or DAPT (50 yM). The
treated cell lysates were subjected to the luciferase measure-
ment as previously described.'® In the cell viability assay using
AS49, cells were plated in 96-well plates (5000 cells per well,
100 uL) 24 h before the addition of DAPT or mAb. After
incubation for 96 h, 10 uL of Alamar Blue (Seretec, Oxford,
UXK.) was added to each well and incubated for 3 h at 37 °C.
Cell viability was calculated from the fluorescence value for
Alamar Blue.”

Compounds, Substituted Cysteine Accessibility Meth-
od (SCAM), and Photoaffinity Labeling. N-biotinaminoeth-
yl methanethiosulfonate (MTSEA-biotin) (Toronto Research
Chemicals, Toronto, ON) was dissolved in DMSO at 200 mM
and stored at —80 °C until use. 31C and 31C-Bpa were kindly
provided by N. Umezawa and T. Higuchi (Nagoya City
University, Aichi, Japan).'® Peptide 11 (pep11) and pepl1-Bt
were purchased from Ito Life Science and BEX, respectively. N-
[N-(3,5-Difluorophenacetyl)-L-alanyl]-(S)-phenylglycine tert-
butyl ester (DAPT) and DAP-BpB were gifts from T.
Fukuyama (The University of Tokyo).*® In SCAM analysis,
microsome pellets were resuspended in PBS and incubated
with 9D11 or rat IgG (1 pg/mL) for 30 min at room
temperature before being labeled with MTSEA-biotin. Further
details about SCAM analysis have been previously described.'!
Photoaftinity labeling experiments were performed using
microsome fractions from DKO cells expressing wild-type
(wt) PSI as previously described.'”'®**

B RESULTS

9D11 Recognized the Juxtamembranous Residues of
HL1 Proximal to TMD1 of PS1. We developed rat mAbs'®
targeting the juxtamembrane region at the extracellular side of
TMD1 using GST fused to residues K101-M139 of PS1
corresponding to HL1. We isolated mAb clone 9D11 of the
IgG2b isotype that specifically reacted with synthetic peptides
that included K101 or S102; the latter results suggest that the
epitope of 9D11 sits at the most N-terminal residues of PS1
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Figure 1. Reactivity of 9D11 against the y-secretase complex. (A) The reactivity of 9D11 with the coated 12-mer synthetic sequential peptides
encompassing residues K101—T124 of PS1 with an 1l-amino acid overlap (black letters) was measured via sandwich ELISA analysis. The
absorbance at 450 nm is represented as the length of the parallel line. The amino acids included specifically in the peptides with which 9D11 reacted
are denoted with asterisks. (B) Immunoblot analysis of the lysates from DKO cells expressing mock or wt PS1 using PSINT and 9D11: FL, full
length; NTF, N-terminal fragment. (C) Immunoprecipitation analysis of the wt PS1-containing y-secretase complex in CHAPSO lysate of DKO cells
expressing wt PS1. Used antibodies are indicated above the lanes. Immunoblot analyses were performed with antibodies indicated at the left: CTF,
C-terminal fragment. (D) Schematic illustration of TMD1 of PS1. TMD1 is comprised of residues G78—1100 (indicated in the white circles). K101
and $102 are shown in the black circles. (E) Immunoblot analysis of Ala mt PS1 expressed in DKO cells. (F) Luciferase reporter analysis using DKO
cells expressing APP and Notch luciferase reporters transiently transfected with wt or Ala mt PS1. Firefly and renilla luciferase activities reflecting the
amount of generated AICD (black bars) and NICD (white bars) were measured (n = 3; mean = SEM; *p < 0.0S; **p < 0.01). (G) Reactivity of
9D11 against Ala mt PS1 in immunoprecipitation using CHAPSO-solubilized DKO cells expressing PS1 mutants. Immunoblot analyses were
performed with anti-PSINT.

HL1 (Figure 1A). 9D11 did not react with holoprotein or not altered. 9D 11 failed to react with the double-mutant Ala mt
fragment forms of PS1 upon immunoblot analysis of lysates PS1 (K101A/S102A), while the single-mutant Ala mt PS1
from DKO cells stably expressing wild-type (wt) PSI, (K101A and S102A) proteins were immunoprecipitated with
indicating that 9D11 is unable to react with the denatured 9D11 (Figure 1G). These results indicate that residues K101
PS1 polypeptide (Figure 1B). In contrast, 9D11 immunopre- and S102 of PS1 comprise the epitope of 9D11.
cipitated PS1 fragments from CHAPSO-solubilized DKO cells 9D11 Inhibited the y-Secretase Activity in Cultured
stably expressing wt PS1 lysates, in which the enzymatic activity Cells. y-Secretase cleaves membrane-tethered substrates to
as well as the integrity of the y-secretase complex is retained. secrete short peptides to the extracellular side (i.e, Af) and
Furthermore, other components of the y-secretase complex release intracellular domains to the cytosol [ie., intracellular
(ie, Nct, Aph-1, and Pen-2) were successfully detected in the domain of APP and Notch (AICD and NICD, respectively)].
9D11-precipitated fractions (Figure 1C). These data suggest To examine whether 9D11 alters the y-secretase activity, we
that 9D11 recognizes PS1 within the y-secretase complex. first tested the AICD and NICD generation from DKO cells
9D11 recognizes the juxtamembranous residues of HLI expressing direct y-substrates. We found that the production of
proximal to TMD1, which is comprised of residues G78—1100 both proteolytic fragments was inhibited in a concentration-

of PS1 with the type II orientation (Figure 1D)."> To test dependent manner (Figure 2A,B). Interestingly, the inhibitory
whether residues (K101 and S102) were critical for the effect of 9D11 was totally abolished in DKO cells expressing

immunoreactivity against 9D11, we performed co-immunopre- K101A/S102A mt PS1 (Figure 2C,D), indicating that K101
cipitation experiments with lysates of DKO cells stably and S102 of PS1 are critical residues for recognition by 9D11 in
expressing mutant PS1 carrying one or two alanine living cells. Notably, the effect of 9D11 on Af secretion was
substitutions (Ala mt PS1) at K101 and S102. These mutants significantly weaker than that on ICD generation (Figure 2E),
were expressed and endoproteolyzed like wt PS1 (Figure 1E). supporting the previous notion that major subcellular compart-
In addition, Ala mt PS1 exhibited p-secretase activity in ments for Af and ICD generation are distinct.”> These results
luciferase reporter-expressing DKO cell lines'® (Figure 1F). prompted us to test whether the neutralizing activity of 9D11 is
Notably, the production of the APP intracellular domain applicable for cancer therapeutics. We analyzed the cytotoxic
(AICD) in cells expressing PS1 carrying the K101A mutation effect of 9D11 against AS549 cells derived from non-small cell
or the K101A/S102A double mutation was specifically reduced, lung cancer, which are known to be sensitive to GSIs.*>*°
whereas that of the Notch intracellular domain (NICD) was DAPT, a representative small compound GSI, inhibited the
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Figure 2. Effects of 9D11 on the y-secretase activity of living cells. (A and B) Effects of 9D11 on the production ratio of AICD and NICD in a cell-
based y-secretase assay. DKO cells expressing APP and Notch luciferase reporters were transiently transfected with wt PS1. AICD (A) and NICD
(B) levels are indicated by black and white bars, respectively (n = 3; mean + SEM; *p < 0.05; **p < 0.01 against control rat IgG at each
concentration). Values for DAPT (10 M) or IgG are shown as controls. (C and D) Effects of 9D11 on K101A/S102A PS1-containing y-secretase
activity in a cell-based y-secretase assay using reporter cells transfected with K101A/S102A PS1 (n = 3; mean + SEM). Values for DAPT (10 M) or
IgG are shown as controls. (E) Effects of 9D11 on the production ratio of Af in a cell-based y-secretase assay. Secreted Af in cultured media was
analyzed by sandwich ELISAs (n = 3; mean + SEM; *p < 0.05 against control rat IgG at each concentration).

survival of A3549 cells as previously reported.”” Furthermore,
9D11 significantly reduced the viability of A549 cells, which was
not affected by rat IgG (Figure 3). These data support our
notion that 9D11 inhibits the y-secretase on the surface of
living cells and inhibits the intramembrane cleaving activity by
targeting residues K101 and S102 of PSI.

Next we examined the molecular effect of 9D11. We did not
observe any significant change in the localization of
endogenous Nct in HeLa cells treated with 9D11, which was
probed by monoclonal antibody AS226A that recognizes an
active y-secretase complex’” (Figure 4A). Moreover, 9D11
treatment did not alter the levels of the N-terminal fragment
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Figure 3. Effect of 9D11 on the viability of AS49 cells. AS49 cells were
treated with 9D11, rat IgG, or DAPT (50 uM), and the cell viability
was measured by the Alamar Blue assay (n = 3; mean + SEM; *p <
0.05; **p < 0.01 against control rat IgG at each concentration or
DMSO for DAPT).

that represents an active form of PS1 (Figure 4B),° suggesting
that 9D11 did not affect the localization or the amount of the
active y-secretase by direct targeting of the enzyme. To gain
further insight into the mechanism of the inhibitory effect of
9D11, we performed cross-competition experiments of the
photoaffinity labeling of PS1 by small compound GSI-based
probes.'® We utilized three photoaffinity probes that target
different molecular sites within PS1: 31C-Bpa for the catalytic
site,” pep11-Bt for the initial substrate-binding site,”® and
DAP-BpB for the transit path that connects the substrate-
binding and catalytic sites of the y-secretase.” Preincubation of
9D11 showed no change in the binding of the photoprobe to
PS1 (Figure 4C), suggesting that inhibition of the y-secretase
activity by 9D11 was achieved without affecting the structural
integrity of the enzymatically functional sites within PSI. In
addition, 9D11 failed to inhibit the intrinsic y-secretase activity
under a CHAPSO-solubilized condition (Figure 4D—F), while
the level of AICD production was significantly decreased by
9D11 under detergent-free conditions (Figure 4G,H). These
results raise the possibility that the membrane-embedded
structure of PS1 is required for the inhibitory activity of 9D11.

To test whether the binding of 9D11 affects the structure of
PS1, we applied SCAM analysis, in which the water accessibility
of each amino acid residue was evaluated by the efficiency of
labeling of MTSEA-biotin with each substituted cysteine
residue.''>'> Using this method, we have previously shown
that small compound GSIs (i.e., L-685,458, pep1S, and DAPT)
caused the stabilization of the position of TMDI that was
evidenced by the coordinated reciprocal changes in the
reactivity of G78C and 1100C to MTSEA-biotin. Intriguingly,
the labeling efficiency of G78C was increased, whereas that of
I100C was decreased, by the preincubation with 9D11, in a
manner similar to that observed with GSIs (Figure SA)."®
These data indicate that the binding of mAb 9D11 to the
juxtamembranous residues at the TMD1—HL1 border caused a
structural change similar to that induced by known GSIs
(Figure SB). Moreover, 9D11 did not have any effects on the
labeling efficiencies of E71C at the N-terminal extracellular
domain of TMD1 and L383C in the catalytic pore. Notably, the
hydrophilicity of L383C was decreased by 1-685,458 and
DAPT,"! suggesting the local effect of 9D11 on the TMDI1
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positioning in the membrane. Taken together, our data suggest
that 9D11 functions as an allosteric mAb that inhibits the y-
secretase activity in situ via stabilization of PS1 structure as an
inhibitory conformation within the membrane.

B DISCUSSION

To date, the correlation of structural dynamics with the
enzymatic activity of PS/y-secretase has never been achieved. In
contrast, the structural dynamics of the rhomboid protease has
been analyzed, and the motion of L1 loop and TMDS, the latter
being closely located to the catalytic site, has been implicated in
the gating of lateral substrate entry.***" These reports suggest
that the dynamic motion of the TMD and connecting loop
would be critical for the proteolysis by intramembrane-cleaving
proteases. Here we identified a mAb 9DI11 targeting
juxtamembrane residues at the TMD1—HL1 border of PSI as
an inhibitory antibody against y-secretase. Using SCAM
analysis, we have found that 9D11 caused the structural change
of TMD]1 in a manner similar to that of GSI treatment, while
the binding sites of these compounds are distinct'> (see Figure
4C). These data strongly support our notion that the TMD1—
HL1 border is involved in the intramembrane-cleaving
mechanism.

Biochemical studies revealed that all GSIs investigated so far
target PS.”> However, no inhibitory antibody against PS was
reported, while some anti-Nct antibodies have been identified
as neutralizing mAbs.”>**** 9D11 is the first mAb targeting
PS1 that regulates the y-secretase activity. We found that K101
and S102 comprise the epitope of 9D11. These residues were
conserved only in vertebrates, not in other species. Also, alanine
substitutions of these residues did not deactivate the y-secretase
activity, suggesting that these residues are not essential for y-
secretase function. In contrast, our SCAM analysis revealed that
9D11 affected the water accessibility of the juxtamembrane
residues of TMDI. Importantly, we have previously reported
that the hydrophilicity of the TMD1 border was altered by
GSIs." Notably, the position of the TMD in the membrane is
critical for the gating of several membrane-embedded channel/
pore structures.™*~*" Moreover, recently, X-ray crystallographic
analyses of the A,, adenosine receptor as well as the (2
adrenergic receptor bound with antibody fragments were
reported.*®*® These antibody fragments stabilized the receptor
structure in inactive and active states irrespective of ligand
binding. Intriguingly, these antibodies targeted the TMD—HL
border from the cytosolic side of the receptors, thereby
allosterically affecting the structure of the ligand binding sites at
the luminal side. Thus, it is plausible that the position of TMD1
in the membrane is affected by 9D11 in a manner similar to
that of GSIs, leading to the loss of the y-secretase activity by
stabilization of the PS1 conformation as an inhibitory state
(Figure SB). However, we are unable to exclude the possibility
that the steric hindrance effect of 9D11 is also involved in the
inhibitory mechanism. Nevertheless, this report supports the
view that the activity of transmembrane proteins would be
regulated by allosteric modulation of the conformation of
TMDs.

Here we show that 9D11 inhibits the y-secretase activity in
cultured cells, as well as the viability of cancer cells. These data
suggest that the juxtamembrane region of TMDI is a novel
therapeutic target for the development of the treatments against
some types of cancer, in which Notch signaling is required for
proliferation. However, the use of 9D11 for therapeutics against
Alzheimer's disease may not be directly feasible, as penetration
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Figure 4. Mode of action of the inhibitory effect of 9D11. (A) Immunocytochemical analysis of HeLa cells treated with 9D11 or rat IgG (1 uM) for
24 h. Endogenous Nct was visualized by AS5226A. (B) Effect of 9D11 on the level of expression of PS1 in DKO cells expressing wt PS1. (C)
Competition assay against photoaffinity labeling (PAL) with 31C-Bpa, pep11-Bt, and DAP-BpB in the presence of rat IgG or 9D11. 31C, pepl1, and
DAPT were used as parent compounds for labeling with 31C-Bpa, pep11-Bt, and DAP-BpB, respectively. The biotinylated PS1 NTF was detected by
immunoblotting analysis using anti-PSINT. (D—F) Effect of 9D11 in the in vitro y-secretase assay. Membranes of DKO cells expressing wt PS1 were
solubilized with CHAPSO and co-incubated with recombinant substrate C100-FmH (D and E) or N102-FmH (F)*” in the presence of 9D11. De
novo Af} generation was analyzed by a sandwich ELISA (n = 3; mean + SEM) (D). AICD (E) and NICD (F) production were detected by using
antibodies indicated below the panels. (G and H) Effect of 9D11 in the cell-free y-secretase assay. Membranes from HeLa cells were incubated with
rat IgG, L-685,458 (10 M), or 9D11 under detergent-free conditions. De novo AICD generation and retained CTF were detected by anti-APP(C).
The quantitation of de novo AICD levels is shown (H) (n = 3; mean = SEM; **p < 0.01 against control rat IgG).

of the blood—brain barrier by mAb is quite poor, and Notch substrate-selective activity in cells expressing PS1/F86C,
signaling was also abolished by this mAb. Moreover, the
inhibitory activity against eneration was lower than that for
AICD /I\rI};CD gz};ergation ?lgggure 2). This result would support selectivity.'> Thus, molecular engineering of 9D11 or selective
the previous notion that major subcellular compartments for targeting of TMD1 may lead to the generation of substrate-
Ap and ICD generation are distinct.>* Importantly, AICD can specific modulatory mAbs. Moreover, the effect of 9D11 on the
be released from both C83 and C99 of APP, which are
generated by a-secretase at the cell surface and f-secretase at i ] .
the endosomal compartment, respectively. Thus, it would be Notch proteins, respectively, by y-secretase-mediated cleavage,
plausible that 9DI11 preferentially targets the y-secretase would provide mechanistic insight into the substrate recog-
complex at the cell surface, although we failed to probe
9D11-bound PS1 by conventional immunocytochemistry (data
not shown). Alternatively, 9D11 is ineffective with or
dissociates from PS1 at the endosomal compartment, where of PS1 plays an important role(s) in the catalytic activity in the
BACEI generates C99. Nevertheless, modification of 9D11 as a substrate cleaving process. Further integrated analysis (i.e., X-
probe for active PS1 would reveal a novel molecular aspect of y-
secretase-mediated cleavage. In addition, we found that PS1/
K101A specifically inhibited APP cleavage, while NICD facilitate our understanding of the motion—activity relation-
production was retained. We have reported a similar ships of PSI.

suggesting that TMD1 is a critical domain for substrate

generation of p3 and Nf, which are derived from C83 and

nition by the y-secretase. In conclusion, identification of 9D11

as an inhibitory mAb strengthened our hypothesis that TMD1

ray crystallography and molecular dynamics simulation) will
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Figure 5. Effect of 9D11 on the vertical motion of TMD1 of PSI. (A)
SCAM analysis of Cys-less PS1 carrying the E71C, G78C, 1100C, or
L383C mutation. Labeling by MTSEA-biotin was conducted after
preincubation with 9D11 or rat IgG (70 nM). Labeled proteins were
precipitated with streptavidin sepharose and detected by the anti-
PSINT antibody and GI1L3 for PS1 NTF and CTF, respectively. Note
that the hydrophilicities of G78 and 1100 are simultaneously affected
by 9D11 treatments. (B) Effect of 9D11 on PS1 structure. 9D11
targeting K101 and S102 (in green circles) decreased the y-secretase
activity by stabilizing TMD1 at the downward location in the
membrane in a manner similar to that of GSIs. G78 and 1100 used for
SCAM analysis are indicated in white circles.
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B ABBREVIATIONS

Ap, amyloid-f peptide; AICD, APP intracellular domain; Aph-
1, anterior pharynx defective-1; DKO, Psenl™~/Psen2™/~
double-knockout embryonic fibroblast; ELISA, enzyme-linked
immunosorbent assay; GSI, y-secretase inhibitor; HL, hydro-
philic loop; Nct, nicastrin; NICD, Notch intracellular domain;
mADb, monoclonal antibody; mt, mutant; MTSEA-biotin, N-
biotinaminoethyl methanethiosulfonate; Pen-2, presenilin
enhancer-2; PS, presenilin; S2P, site-2 protease; SCAM,
substituted cysteine accessibility method; SEM, standard error
of the mean; TMD, transmembrane domain; wt, wild-type.
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