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Abstract

y-Secretase is a multiprotein complex that catalyzes intramembrane proteolysis associated with
Alzheimer’s disease and cancer. Here, we have developed potent sulfonamide clickable
photoaffinity probes that target )-secretase /n vitroand in cells by incorporating various
photoreactive groups and walking the clickable alkyne handle to different positions around the
molecule. We found that benzophenone is preferred over diazirine as a photoreactive group within
the sulfonamide scaffold for labeling y-secretase. Intriguingly, the placement of the alkyne at
different positions has little effect on probe potency but has a significant impact on the efficiency
of labeling of y-secretase. Moreover, the optimized clickable photoprobe, 163-BP3, was utilized
as a cellular probe to effectively assess the target engagement of inhibitors with j~secretase in
primary neuronal cells. In addition, biotinylated 163-BP3 probes were developed and used to
capture the native y-secretase complex in the 3-[(3-cholamidopropyl)dimethylammonio]-2-
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hydroxy-1-propanesulfonate (CHAPSO) solubilized state. Taken together, these next generation
clickable and biotinylated sulfonamide probes offer new tools to study j-secretase in biochemical
and cellular systems. Finally, the data provide insights into structural features of the sulfonamide
inhibitor binding site in relation to the active site and into the design of clickable photoaffinity

probes.
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Photoaffinity labeling (PAL) has been a valuable approach to determine the biological
targets of numerous small molecules from natural products to screening hits.1:2 Moreover, a
PAL based photophore walking approach, through incorporating a photoreactive moiety at
various positions of the probe, has been developed to examine the conformational changes
within the active site of endogenous j-secretase induced by mutations and small molecule
binding.3-8 However, design of photoprobes has been a challenging task due to the difficulty
of maintaining the potency and specificity of parent compounds while imparting the probes
with photo-cross-linking and target visualization/retrieval capabilities. Furthermore, small
molecule—protein interactions often depend on the integrity of the native cellular
environment, making it advantageous to develop probes that can covalently capture their
targets in live cells.? The advent of cell-permeable clickable PAL probes has provided a
major advance toward these goals.19-16 Photo-activatable groups including benzophenone,
aryl azide, and diazirine are often used for cross-linking.1” Despite well studied
photochemistry and chemical reactivities of these species, selection of photoreactive groups
is not straightforward. In some cases, a diazirine- or aryl azide-based photoreactive probe is
advantageous, while in other cases a benzophenone-based probe is preferred.1:2:18-25
Benzophenone-based probes are commonly utilized for identification and characterization of
y-secretase,*~626-31 3 macromolecular complex linked with Alzheimer’s disease (AD).32:33
Fuwa et al.3* compared different photoreactive groups and showed that only benzophenone
containing j-secretase inhibitor probes cross-linked to presenilin (PS), the catalytic subunit
of y-secretase,3° or SPP, but not phenyl-diazirine probes, despite similar inhibitory
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potencies. However, diazirine y-secretase modulator probes have successfully cross-linked
to PS,31 suggesting diazirine is a viable option for targeting y-secretase.

We have developed 163-BPyne based on BMS-708163 (BMS-163) (Figure 1a) and
identified that it targets PS-1.# 163-BPyne maintained the sub-nanomolar potency of
BMS-163, and the photoreactive group could be introduced in the final step of the synthesis
(see compound synthesis in Supporting Information). As a result, we felt that this
represented an ideal scaffold to explore the molecular determinants for effective photoprobe
design. The present study directly compares the efficiency of PAL of a series of BMS-163-
based clickable photoaffinity probes that incorporate various photoreactive groups with
placement of the clickable alkyne handle at different positions within the photoprobe
scaffold. We have found that benzophenone is preferred over diazirine and that electron
withdrawing groups such as nitro affect the specificity and photoreactivity of these probes.
Importantly, the placement of the alkyne had a big impact on the efficiency of the tandem
PAL~-click chemistry conjugation of reporter groups and the ability to detect probe-labeled
proteins. Ultimately, this work resulted in the y-secretase inhibitor activity-based probe 163-
BP3 that successfully labeled endogenous y-secretase in live neurons. Furthermore, a
biotinylated probe was developed that pulled-down the y-secretase complex from
solubilized membranes.

The 163-based Benzophenone Probes Covalently Label PS1-NTF, whereas the Diazirine-
Containing Probe Does Not

Initially we prepared phenyl diazirine 163-DZ to compare its photolabeling efficiency with
that of 163-BP1 (Figure 1a, synthesis of all probes can be found in the Supporting
Information). Photoactivation of diazirine generates a highly reactive carbene species that
either cross-links to target proteins or gets quenched by solvent. 163-DZ remains a potent -
secretase inhibitor with 1Csq for the production of AB40, AB42, and NICD1 of 0.56, 0.46,
and 1.51 nM, respectively (Figure 1b). Despite its comparable inhibitory potency to 163-
BP1, 163-DZ exhibits no labeling of PS1-NTF (Figure 1c, lane 2 vs 12) after clicking with
biotin azide and enrichment. We also attempted UV irradiation for 30 min at 365 nm
followed by irradiation for 15 min at 300 nm according to an alternative protocol for
diazirine cross-linking3! but were not successful in labeling PS1-NTF (data not shown).
Furthermore, in-gel fluorescence showed that 163-BP1 specifically labels a band at ~30 kDa
corresponding to the molecular weight of PS1-NTF that is blocked by excess BMS-163
(Figure 1d, lane 1 and 2). No specifically labeled bands were detected with 163-DZ (Figure
1d, lane 11 and 12). Coomassie blue staining demonstrated that equivalent amounts of
membrane proteins were loaded on the gel (Figure 1d). One possible explanation for the
difference in labeling profiles observed for the two probes is that the reactive carbene could
be solvent exposed and get quenched before it is able to label the target protein (vide infra).
However, a final proof of this notion requires a high resolution structure of the )-secretase—
163-DZ complex.

Next, we investigated how substituents on the benzophenone affect labeling efficiency and
specificity (Figure 1a,b). Probes with substituents ortf10 to the benzophenone carbonyl were
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not prepared because of the increased probability that the photoreactive species could
undergo an intramolecular reaction or the ortho substituent could destabilize the planar
benzophenone conformation and thus reduce protein-target cross-linking.36 Therefore, we
focused on the para position and synthesized several probes with para-substituted
benzophenones (Figure 1a,b): 163-BP1-OMe contains an electron donating methoxy group,
163-BP1-F contains a fluoride, which has inductive electron withdrawing properties, 163-
BP1-NO, contains a nitro group, which has strong inductive and mesomeric electron
withdrawing properties, and 163-BP1-DZ is a hybrid containing a benzophenone with an
electron withdrawing p-substituted diazirine. We had hoped that the hybrid photoreactive
moiety would have enhanced protein cross-linking due to the dual photoactivatable groups.
These substitutions did not significantly affect potencies against y-secretase (Figure 1b),
except for 163-BP1-DZ, which still had single digit nanomolar 1Cggs for the production of
ApA0, ApA2, and NICD1 (2.53, 2.29, and 6.61 nM, respectively).

When we examined the efficiency of photo-cross-linking, we found that 163-BP1, 163-BP1-
OMe, and 163-BP1-F displayed similar labeling as judged by anti-PS1-NTF Western blot
and TAMRA in-gel fluorescence (Figure 1c,d), suggesting that these substitutions have little
effect on the photoreactivity of the benzophenone. However, 163-BP1-NO,, despite the
potent ICsq value of 1 nM, does not label PS1 (Figure 1c, lanes 7 and 8) and shows strong
nonspecific labeling by in-gel fluorescence (Figure 1d, left panel, lanes 7 and 8). This probe
labeled many off-target proteins that were not competed by BMS-163, including a very
strong band at 45 kDa (Figure 1d). It has been reported that benzophenones preferentially
react with methionine residues within a 13 A radius,3738 and researchers have taken
advantage of this characteristic to perform “methionine proximity assays”3’ to determine the
location of photoinsertion of a benzophenone.3%40 Moreover, p-nitro-benzoyl-phenylalanine
has been shown to preferentially label the »-CH, or e-CH3 on the thioether side chain of
methionine residues during protein cross-linking, with very little cross-linking to other
amino acid side chains.3” Therefore, it is plausible that 163-BP1-NO, would only be a
functional photoprobe if a methionine residue was near the binding site of the sulfonamide
compounds. There are 13 methionine residues in PS1 (Supplementary Figure 1). It is
difficult to predict the PS1 binding site without knowing the attachment site of these probes.
It appears that the BP1-NO5 probe is capable of crosslinking to proteins but does not cross-
link at the BMS-163 binding site. It is likely that the BMS-163 binding site does not contain
a methionine; therefore BP1-NO, does not label PS1-NTF; however, other possibilities
should also be considered. For example, it is also possible that the addition of the p-nitro
group results in too much nonspecific reactivity, which ultimately makes it difficult to see
specifically labeled bands from in-gel fluorescence or to pull-down specifically biotinylated
proteins.

Position of the Alkyne Tag Has a Strong Impact on Probe Functionality: Click Walking

In addition to optimizing our photo-cross-linking moiety, we also wanted to understand how
placement of the alkyne would affect the activity and functionality of the BMS-163 probes.
Therefore, we performed click walking by designing two additional probes that have
different alkyne placements (Figure 2a, see compound synthesis in Supporting Information).
Surprisingly, although the placement of the alkyne within the molecule had virtually no
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effect on the inhibitory activity of the molecule (Figures 2b and 1b), the overall labeling
efficiency is significantly impacted (Figure 2c,d). Labeling of PS1-NTF is barely detected
with 163-BP2, whereas 163-BP3 provides drastically enhanced tandem PAL—click chemistry
relative to 163-BP1 (Figure 2¢). No specific bands, as judged by the ability of excess
BMS-163 to block labeling, were detected for 163-BP2 by in-gel fluorescence (Figure 2d).
A specific band at ~30 kDa was detected for 163-BP1 and 163-BP3 (Figure 2d). However,
the intensity of the 163-BP3 labeled band is much stronger than that of 163-BP1, which is
consistent with Western blot data for PS1-NTF (Figure 2c). There are several possible
explanations for this: (1) each probe binds slightly differently within the pocket, creating a
different geometric alignment of the benzophenone with nearby amino acids, thus changing
the labeling efficiency of the benzophenone; (2) the steric environment of the alkyne in each
probe-labeled adduct may be different, which could influence the efficiency of the click
chemistry conjugation reaction; (3) the propargyl substituent on 163-BP3 could enhance
reactivity of the benzophenone, but this seems unlikely considering the very modest
difference between 163-BP1 and 163-BP1-OMe (Figure 1).

Development of Biotinylated BMS-163-based Probes That Capture the y-Secretase
Complex under Native Conditions

To explore the accessibility of the alkyne group for the /n situ click reaction when the probe
is bound to y-secretase, we directly conjugated biotin onto 163-BP1 and 163-BP3 using
CUuAAC (copper catalyzed azide—alkyne cycloaddition) chemistry. The resulting compounds
are 163-BP1-biotin and 163-BP3-biotin (Figure 3a). The compound 163-BP1-biotin had no
y-secretase inhibition for ApB40 production at concentrations up to 10 4#M, nor was the probe
able to label and pull-down PS1-NTF compared with 163-BP1 (Figure 3b). This illustrates
the advantage of using a small alkyne tag in combination with click chemistry as opposed to
direct conjugation of the biotin moiety. On the other hand, 163-BP3-biotin was a potent -
secretase inhibitor with an 1Csq of 5 nM for AB40 production. Notably, 163-BP3-biotin
exhibited even more efficient labeling of PS1-NTF than 163-BP3 (Figure 3c), which
presumably reflects the efficiency of the click reaction needed to attach biotin azide in the
case of 163-BP3. The fact that 163-BP1-biotin loses all activity and 163-BP3-biotin
maintains good inhibitory and labeling activity suggests that the alkyne in 163-BP1lisin a
strictly limited space within the binding pocket, while the alkyne in 163-BP3 is in a solvent
exposed area. If the location of the alkyne in 163-BP1 is pointed toward the inside of the
binding pocket, it may be less accessible for click chemistry with biotin azide. Similarly,
adding a bulky biotin linker at this location would likely abrogate activity. The notion that
the benzophenone is solvent exposed is consistent with the lack of labeling observed with
163-DZ as previously mentioned. However, the final proof requires a high resolution
costructure of these probes with y-secretase.

Next, we examined whether biotinylated BMS-163-based probes can be used to isolate the
y-secretase complex. We have previously demonstrated that a longer linker between biotin
and the active-site-directed L685,458-based inhibitors is needed for interaction of the probe
with both y-secretase and streptavidin.41 We thus synthesized 163-BP3-L-biotin (linker ~41
A) that contains a longer linker than 163-BP3-biotin (linker ~21 A) (Figure 3a). HeLa cell
membrane was solubilized with 1% 3-[(3-cholamidopropyl)-dimethylammonio]-2-
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hydroxy-1-propanesulfonate (CHAPSO); the ensuing fraction was diluted to 0.25%
CHAPSO and captured with 163-BP3-biotin or 163-BP3-L-biotin under native conditions.
The isolated y-secretase complex was analyzed by Western blot (Figure 3d). Both probes are
capable of capturing the complex that contains essential subunits nicastrin (NCT), PS1-NTF,
PS1-CTF, Aph-1, and Pen2,42 which is in contrast to L685,458-based probes that need a
linker length of at least 34 A.#1 These findings suggest that the BMS-163 binding site is
closer to the surface of the y-secretase complex than the L685,458 binding pocket, which
further supports the hypothesis that the location of the photoreactive group of these
BMS-163-based probes is near the interface of PS and the aqueous environment.

163-BP3 Functions As a Cellular Probe for Determining the Engagement of y-Secretase in
Primary Neuronal Culture

Understanding target engagement and selectivity is an important facet of drug discovery.43
ICsq values are often measured in vitro using purified protein or cellular lysates, which may
not recapitulate the real effect in vivo. The design of clickable photoaffinity probes can
provide membrane penetrant probes capable of determining the target occupancy in live
cells, which presents a more physiologically relevant environment to address a compound’s
ICsq. The cellular potency of 163-BP3 was determined in a whole-cell assay using Chinese
hamster ovary cells overexpressing wtAPP (CHO-APP) and the I1Cs for inhibition of Ap42
production was 2.7 nM (n=5). Therefore, the probe demonstrated excellent cellular potency
and permeability and could be employed to determine target occupancy in live cells. We
used 163-BP3 to assess the occupancy of BMS-163 on j-secretase in primary cortical
neurons. Cultured primary cortical neurons were treated with BMS-163 at the indicated
concentration, followed by incubation with 163-BP3. Neurons were photolabeled and lysed,
followed by click chemistry with biotin azide and enrichment of labeled proteins on
streptavidin. Occupancy of y-secretase was analyzed with immunoblot using PS1-NTF
antibody (Figure 4a). We observed a dose-dependent decrease in 163-BP3 photolabeling of
PS1-NTF with increasing concentrations of BMS-163 (ECsg = 16 nM) (Figure 4b). This
finding strongly indicates that 163-BP3 is a valuable probe to assess the binding of
BMS-163 and related y-secretase inhibitors to neuronal y-secretase.

DISCUSSION AND CONCLUSION

We have examined the structure—activity relationship (SAR) of BMS-163-derived clickable
photoaffinity probes and developed a series of potent probes with different photoreactive
groups and alkyne positions. By directly comparing the tandem photoaffinity labeling—click
chemistry conjugation efficiency, we gained valuable insights into the design of clickable
photoaffinity probes. We found that in our system a benzophenone is preferred over a
phenyl-diazirine for photocross-linking studies. The fact that multiple groups are tolerated at
the para position of the benzophenone, including the large linker plus biotin, suggests that
the photoreactive moieties are near the solvent-exposed membrane surface of the PS binding
site. This would explain why the benzophenone is preferred in our case. It is likely that
carbene reactive species get irreversibly quenched whereas the benzophenone ketyl radical
reactive species can be regenerated under continued UV irradiation until a productive cross-
link is formed. In the absence of binding site information, it is prudent to not limit
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photoprobe design to one type of photoreactive group but rather include at least one carbene-
based and one benzophenone-based photoprobe to maximize chances of success.18

Fluoro or methoxy substitutions at the para position of the distal benzophenone phenyl ring
were well tolerated for photolabeling of PS1-NTF. In contrast, we could not detect any
labeling of PS1-NTF by the p-nitro-benzophenone photoprobe, despite the fact that
nonspecific photolabeling was observed as detected by in-gel fluorescence. Nitro-
benzophenone has been suggested to selectively cross-link with methionines that are within
a distance of approximately 13 A, and this has been used as a methionine proximity assay.3’
The lack of PS1-NTF labeling by 163-BP1-NO, suggests that there may not be a
methionine residue in the binding site that is in proximity to the benzophenone photoreactive

group.

Importantly, we found that different positioning of the alkyne tag within the molecule had
little effect on activity but had very significant effect on probe functionality. Therefore, when
designing clickable PAL probes, multiple areas of incorporation of the alkyne tag should be
considered. In our studies, the propargyl ether substituted benzophenone provided the best
tandem photoaffinity labeling—click chemistry conjugation efficiency, and 163-BP3 was used
to label y-secretase and assess target engagement in neurons. Propargyl ether benzophenone
represents a minimalist alkyne-containing benzophenone photo-cross-linker for the design of
clickable photoaffinity probes. This benzophenone can be prepared with multiple functional
groups at the para position of the other phenyl ring (CH,Br, CHO, CH,0OH, CO3H,
CH,NH5), which constitute versatile intermediates for synthesis of clickable photoaffinity
probes.!

Taking advantage of the hypothesized solvent-exposed nature of the alkyne moiety of 163-
BP3, we designed potent probes incorporating biotin, which were used to pull-down the -
secretase complex. Moreover, these findings offer insights into the binding sites of two
classes of inhibitors, BMS-163 and L685,458, within the y-secretase complex. Despite
availability of high resolution cryo-EM structures of the y-secretase complex,*44° the
binding sites of these inhibitors remain unknown. We have demonstrated that two classes of
inhibitors bind to distinct sites of y-secretase.*33 The present study suggests that the binding
site of BMS-163 within j-secretase is shallower than the active site, to which L685,458
binds. Mapping the BMS-163-based photoprobe binding and attachment site on y-secretase
represents an important step toward elucidating the molecular mechanism of this class of
compounds and would offer structural insights into y-secretase including the interplay with
the active site.

METHODS

In Vitro y-Secretase Activity Assay

Cell-free y-secretase activity assays were performed similarly to those previously
described.48.7 Biotinylated recombinant APP substrate, Sb4 (1 M), or Notch1 substrate,
N1-Sh1 (0.4 M), were incubated with 40 pg/mL HeLa membranes in 0.25% CHAPSO for
2.5 h in the presence or absence of y-secretase inhibitor compounds. The amount of
cleavage product generated was then determined using a detection mixture with cleavage
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specific antibodies for Ap42 (10-G3), Ap40 (G2-10), or Notchl intracelluar domain
(SM320) in combination with AlphaLISA protein A (for Ag42 and NICD) or AlphaLISA
anti-mouse (for AB40) acceptor beads and streptavidin coated donor beads (PerkinElmer).
Equal 20 zL volumes of reaction mixtures and detection mixtures were combined in a 384
well plate and incubated at room temperature overnight, and the AlphaLISA signal was read
using the EnVision multilabel plate reader.

Photoaffinity Labeling with Clickable Probes, Followed by Streptavidin Pull-down

Clickable photoprobes were incubated with 800 1g of HeLa cell membranes at 37 °C for 1 h
in the presence or absence of indicated )~secretase inhibitors in 1 mL of PBS and then UV
irradiated at 350 nm for 30 min to cross-link the photoreactive probe to nearby proteins.#16
The samples were then ultracentrifuged at 90 000g, and the pellets were resuspended with
200 i of PBS buffer by homogenization with the TissueLyser at 25 rps for 2 min (Qiagen).
Labeled proteins were conjugated with biotin by using Cu-catalyzed azide—alkyne
cycloaddition (CUAAC) with 1 mM CuS04, 1 mM tris(2-carboxyethyl)phosphine (TCEP),
0.1 mM tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine (TBTA), and 100 &M biotin azide
in PBS with 5% #butanol and 2% DMSO and shaking for 1 h at 25 °C. The samples were
then ultracentrifuged at 90 000g to remove click chemistry reagents, and the pellets were
again resuspended by homogenization and solubilized in 500 /i of RIPA buffer (50 mM
Tris, pH 8, 150 mM NacCl, 0.1% SDS, 1% NP40, 0.5% deoxycholate), followed by
centrifugation at 15 000g to remove particulate matter. The supernatant was added to 20 gL
of streptavidin ultralink resin slurry and incubated rotating overnight at 4 °C. The
streptavidin resin was washed 2 times by centrifugation at 100g with 500 zL of RIPA buffer
and then washed another 2 times with Tris-buffered saline with 0.1% Tween-20. Biotinylated
proteins were eluted by heating with 30 £ of 2 mM biotin + SDS Laemmli sample buffer
for 10 min at 70 °C. Then 25 L of the eluent was loaded on to an SDS-PAGE gel for
protein band separation and then transferred to PVDF membrane and blotted for target
proteins with indicated primary antibodies.

Photoaffinity Labeling with Clickable Probes, Followed by Fluorescence Gel Scanning

Clickable photoprobes were incubated with 300 1g of HeLa cell membranes for 1 h at 37 °C
in the presence of parent compound or vehicle control (DMSO) in 1 mL volume of PBS
followed by UV irradiation at 350 nm for 45 min to cross-link the probe to nearby
proteins.*16 The samples were then ultracentrifuged at 90 000g, and the pellets were
resuspended with 200 4L of PBS. Proteins were labeled with tetramethyl rhodamine
(TAMRA) using CUAAC with 1 mM CuSO4, 1 mM TCEP, 0.1 mM TBTA, 45 M
TAMRA-azide in PBS with 5% #butanol and 2% DMSO and shaking for 1 h at 25 °C in the
dark. Labeled proteins were then precipitated with 1 mL of cold acetone at —20 °C for 30
min. Precipitated proteins were centrifuged at 15 000g for 10 min, and the pellet was washed
once with 500 yL of cold acetone. After the second centrifugation, the protein pellet was air-
dried for 10 min. The protein pellets were then resuspended in 50 gL of PBS buffer using the
TissueLyser (Qiagen), followed by solubilization with dye-free Laemmli SDS sample buffer.
Samples were centrifugued at 15 000g for 5 min to remove debris, and the resulting
supernatants were measured for protein quantification using the Lowry assay. Sample (20
1g) was then loaded on to a 12% SDS-PAGE gel for protein band separation; the gel was
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washed and scanned for fluorescent bands using the Typhoon Trio Imager. The same gel was
then stained with Coomassie blue to compare the total amount of protein loaded for each
sample.

Capture of the y~Secretase Complex

Solubilization and capture of the y-secretase complex was performed as described.46-48
Briefly, solubilized j-secretase was incubated with 163-BP-biotin (20 nM) or 163-BP-L-
biotin (20 nM) in the presence or absence of excess BMS-163 at 0.25% CHAPSO and then
isolated with streptavidin beads. )-Secretase bound beads were washed with 0.25%
CHAPSO three times and eluted with SDS-sample buffer. The ensuing fraction was
analyzed by SDS-PAGE and Western blot against y-secretase components.

Neuronal Cell Labeling

Cortical neurons were cultured and treated as described previously.18 Briefly, 13 DIV
cortical neurons were pretreated with competitor (BMS-163) or DMSO control at the
indicated concentrations for 30 min at 37 °C/5% CO,. Neurons were then treated with 20
nM 163-BP3 for 1 h at 37 °C/5% CO,. Cells were exposed to UV light for 15 min at 4 °C,
washed 3 times with ice-cold PBS, and lysed by sonication in PBS plus Halt protease
inhibitor cocktail (ThermoFisher). Membrane fractions were collected by ultracentrifugation
at 100 000g and processed as described previously.1® Densitometry analysis was performed
using Odyssey application software, v. 2.1.12 (LiCor). Values were normalized to 163-BP3
labeled control without BMS-163, plotted using GraphPad Prism 5 and the curve was fit

using the equation y'=100/(1-+10((leg! Cso—X)HillSlope)) (GraphPad Software Inc., San
Diego, CA) to determine the ECgg. Values were determined from three independent
experiments and are reported as mean + standard error of mean (SEM).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Comparison of photoreactive groups and para substituted benzophenones for labeling PS1-
NTF. (a) Chemical structures of probes. (b) 1Csq values of these probes against y-secretase
for ABuo, ABs2, and NICD1 production. (c) Comparison of PS1-NTF labeling efficiency.
Probes (20 nM) were incubated with HeLa membranes with and without 2 ¢M competitor
BMS-163, UV-irradiated to cross-link, and tagged with biotin azide via click chemistry,
followed by pull-down with streptavidin and Western blot for PS1-NTF. (d) Probes (20 nM)
were incubated with HeL.a membranes with and without 2 ¢/M competitor BMS-163, UV-
irradiated to cross-link, and tagged with TAMRAZ-azide (see Supplementary Figure 2 for
the structure of TAMRA-azide) via click chemistry, followed by in-gel fluorescence (left).
Coomassie blue staining (right) shows equal amounts of total protein loaded on the gel. The
arrow points to PS1-NTF at approximately 30 kDa.
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Figure 2.
Location of the alkyne within the BMS probes has a strong impact on functionality. (a)

Chemical structures of the probes with varied alkyne placement. (b) Inhibitory potencies of
163-BP2 and 163-BP3. (c) Indicated probes (20 nM) were incubated with HeLa membranes
in the presence or absence of 1 xM competitor BMS-163 and UV-irradiated, followed by
click chemistry with biotin azide, pull-down with streptavidin resin, and Western blot
analysis for PS1-NTF. (d) Indicated probes (20 nM) were incubated with HeLa membranes
in the presence or absence of 1 xM competitor BMS-163 and UV-irradiated, followed by
click chemistry with TAMRA-azide and in-gel fluorescence (left). Coomassie blue staining
shows equal amounts of total protein loaded on the gel (right).
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Figure 3.
Biotinylated photoaffinity probes. (a) Chemical structure of the biotinylated probes. (b, )

Biotinylated probes and clickable probes (20 nM) were incubated with HeLa membranes in
the presence or absence of 1 /M competitor BMS-163 and UV-irradiated, followed by click
chemistry with biotin azide for clickable probes only, pull-down with streptavidin resin, and
Western blot analysis for PS1-NTF. (d) The solubilized y-secretase was captured under
native conditions (0.25% CHAPSO) by 163-BP3-biotin and 163-BP3-L-biotin. The bound
complex was eluted and analyzed by Western blot analysis.
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Labeling of PS1-NTF in live cortical neurons. (a) Western blot of PS1-NTF showing dose
dependent competition of 163-BP3 labeling with BMS-163. (b) Inhibitory curve for

competition with BMS-163.
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