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17�-Hydroxysteroid dehydrogenase 10 (HSD10) is an
enzyme implicated in the mitochondrial dysfunction as-
sociated with Alzheimer’s disease (AD) (1) (reviewed in
ref 10). HSD10 is referred to in the literature by a num-
ber of names, including amyloid-binding alcohol dehy-
drogenase (ABAD) (1−3), endoplasmic reticulum associ-
ated amyloid-binding protein (ERAB) (4−7), human
brain short chain L-3-hydroxyacyl-CoA dehydrogenase
(SCHAD) (8, 9), and human type II hydroxyacyl-CoA de-
hydrogenase (HADH II) (1, 6). HSD10 shares a number of
features with a broad range of short-chain dehydroge-
nase reductase enzymes, including its conserved cata-
lytic triad of Ser155, Tyr168, and Lys172, and acts on a vari-
ety of substrates; its known roles include the third step
of the �-oxidation of fatty acids (2, 11), isoleucine ca-
tabolism (12), and steroid metabolism (5, 13) (see ref
10 for discussion of the catalytic function of HSD10). It
is therefore thought that this enzyme is important in pro-
ducing energy in glucose-deficient environments and
maintaining metabolic homeostasis. In the presence of
the peptide �-amyloid (A�), which is elevated in the
brains of those affected by AD, an HSD10-A� complex
is formed. This complex leads to increased intracellular
production of reactive oxygen species, decreased mito-
chondrial function, and ultimately cell death (1, 3, 7,
14). It is known that A� inhibits the activity of purified
ABAD protein (6, 7); in vitro, it has been shown that A�

distorts HSD10’s active site and cofactor binding site, re-
sulting in disruption of the enzyme’s normal function
(3, 4, 15). It has also been demonstrated that interven-
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ABSTRACT The association of 17�-hydroxysteroid dehydrogenase 10 (HSD10)
with �-amyloid in the brain is known to contribute to the progression of Alzhei-
mer’s disease. Further, it has been shown that the interaction between the puri-
fied HSD10 and �-amyloid inhibits its enzymatic activity. However, to date no sys-
tem has been developed to enable the study of HSD10 activity in intact living
cells. To address this significant shortcoming, we have developed a novel fluoro-
genic probe, (�)-cyclohexenyl amino naphthalene alcohol [(�)-CHANA], to observe
and measure the activity of HSD10 in living cells. The oxidation of (�)-CHANA by
HSD10 results in the production and accumulation of a fluorescent product, which
can be measured using real-time fluorescence microscopy. This compound per-
mits the measurement of mitochondrial HSD10 activity and its inhibition by both
a small molecule HSD10 inhibitor and by �-amyloid, in living cells. Herein, we de-
fine the parameters under which this probe can be used. This compound is likely to
prove useful in future investigations aimed at developing therapeutic compounds
targeting the HSD10-�-amyloid association.
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tion of this interaction can have therapeutic benefits in
a mouse model of AD (3, 16, 17).

To study this enzyme in intact living cells, a fluoro-
genic probe, CHANA (cyclohexenyl amino naphthalene
alcohol), had been developed previously (18). CHANA
was designed as a reporter substrate for HSD10 to pro-
vide fluorescence output for the enzymatic oxidation
carried out by this enzyme. In a hydrophobic environ-
ment (chloroform solution or cell membranes), CHANA
exhibits very low fluorescence, whereas the correspond-
ing ketone product, CHANK (cyclohexenyl amino naph-
thalene ketone), is highly fluorescent (green-yellow fluo-
rescence, Figure 1). This property allows the enzyme
activity in living cells to be monitored in real time using
fluorescence microscopy, by measuring the intensity of
accumulated CHANK. However, this original substrate
was produced in a racemic form and showed significant
background oxidation in null-transfected HEK293T cells
(18). We speculated that one enantiomer of CHANA
would likely be a more selective substrate for HSD10
than the other, leading to a reduction in background oxi-
dation and fluorescence. Herein, we report the single en-
antiomer (�)-CHANA, an improved fluorogenic probe
for detecting HSD10 activity, and investigate the poten-

tial applications and limitations of its
use in measuring HSD10 activity in liv-
ing systems.

RESULTS AND DISCUSSION
Kinetic Resolution of Racemic

(�)-CHANA. To improve CHANA’s ki-
netic parameters and selectivity of
metabolism in living cells, we pro-
ceeded to prepare both enantiomers
of this probe. Although many asym-
metric synthetic methods failed, we
were able to obtain the separate en-
antiomers from the racemic CHANA
via kinetic resolution, using Noyori’s
ruthenium-catalyzed transfer hydroge-
nation/oxidation protocol (Figure 2)
(19). This method relies on differen-
tial rates of oxidation of the individual
enantiomers by a chiral catalyst,
which converts one alcohol enanti-
omer to the corresponding ketone
faster than the other and in favorable
cases results in preparation of one en-

antiomer at a high optical purity. Using the (S,S)-N-p-
tosyl-1,2-diphenyl-ethylenediamine ligand, the (�)-
CHANA enantiomer is oxidized faster, leaving (�)-
CHANA in high enantiomeric excess (�96% ee) and
21% yield. It is noteworthy that the recovered CHANK
can readily be reduced back to racemic CHANA under
Luche conditions (20), and the kinetic resolution pro-
cess can be repeated. The opposite enantiomer (�)-
CHANA was also prepared in high enantiomeric excess
(�98% ee) by the same kinetic procedure using the en-
antiomeric (R,R)-N-p-tosyl-1, 2-diphenyl-
ethylenediamine ligand. The absolute configuration of
(�)-CHANA is predicted to be (R) according to literature
precedent detailing preparation of similar alcohols (19).

Enzyme Kinetics. Kinetic parameters for racemic and
(�)- and (�)-CHANA were obtained with recombinant
purified human HSD10 protein (Table 1). It can be seen
that HSD10 has �10-fold greater activity on (�)-CHANA
than on the (�)-enantiomer, along with a much greater
catalytic turnover (kcat) and catalytic efficiency (kcat/Km).
These data indicate that (�)-CHANA is a better substrate
for HSD10-catalyzed oxidation.

Cellular Activity and Distribution. Previous work has
shown that the racemic mixture of CHANA is a substrate

Figure 1. Examining the enantiomers of CHANA, an optical reporter substrate for HSD10. Using NAD�

as a cofactor, HSD10 has been previously shown to catalyze the oxidation of rac-CHANA (1) to the ke-
tone, CHANK (4). Kinetic resolution shows HSD10 to be highly selective toward (�)-CHANA (2).
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for HSD10 when the enzyme is overexpressed in living
HEK293T cells (18). With the individual enantiomers
(�)-CHANA and (�)-CHANA in hand, we demonstrate
that (�)-CHANA is selectively dehydrogenated by
HSD10 in living HEK293T cells (Figure 3). (�)-CHANA
was shown to be metabolized at similar rates in null-
transfected and HSD10-transfected cells, indicating that
the presence of additional HSD10 does not lead to in-
creased metabolism of this substrate (Figure 3, panels a
and b). Meanwhile, (�)-CHANA was found to exhibit
minimal activity in null-transfected cells and much
greater levels of metabolism in cells overexpressing
HSD10 (Figure 3, panels c and d). Additionally, no oxida-
tion of CHANA was observed in the absence of cells
(data not shown). These results, obtained using stan-
dard fluorescent microscopy, therefore indicate that
HSD10 is highly selective for the (�)-enantiomer.

Studying this system using the more sensitive tech-
nique of confocal fluorescence microscopy allowed
more detailed observations of the intracellular behavior
of the probe to be made. Whereas the null-transfected
cells in Figure 3 showed no fluorescence upon treatment
with (�)-CHANA, HEK293 cells studied using confocal
microscopy exhibited some fluorescence, albeit far less
than cells transfected with mitochondrial-targeted
HSD10 (MTS-HSD10) (Figure 4, panels a and b). The dif-
ference in fluorescence levels correlates to the relative
expression levels of HSD10 in null- and MTS-HSD10-
transfected cell, as determined by Western blotting
(Figure 4, panel c). The use of confocal microscopy there-
fore potentially allows the activity of endogenous HSD10
to be measured.

During examination of endogenous activity in un-
transfected HEK293 and SK-N-SH cell lines and primary

Figure 2. Synthesis of (�)-CHANA and (�)-CHANA enantiomers via kinetic resolution of racemic mixture
using ruthenium-catalyzed transfer hydrogenation.

TABLE 1. Kinetic parameters of CHANA probes with HSD10

Substrate Km (�M) SA (�mol min�1 g�1) kcat (min�1) kcat/Km (�M�1 min�1)

rac-CHANA 12 � 2 6.0 � 0.5 200 � 20 18 � 3
(�)-CHANA 8 � 2 0.69 � 0.1 22 � 3 2.5 � 0.7
(�)-CHANA 5 � 1 6.6 � 0.9 170 � 20 48 � 5
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mouse cortical neurons, it became apparent that CHANK
staining was not uniform throughout the cell and that
distinct areas of staining were visible, corresponding to
intracellular structures (see Supplementary Figure S1).
Although HSD10 has been located to several cellular en-
vironments, including mitochondria, ER, and the cell
membrane (1, 5, 6, 21), it is mitochondrial HSD10 in
particular that has been implicated in the progression
of Alzheimer’s disease (1) (reviewed in ref 10). It was
noted with interest that costaining with MitoTracker
Deep Red, a mitochondrial dye, revealed co-localization
of a proportion of the CHANK fluorescence with the mi-
tochondrial marker, indicating its accumulation within
the mitochondria (Figure 5, panel a). As had been ex-
pected due to the photochemical properties and hydro-
phobic nature of the probe, the mitochondrial accumu-
lation is mostly on the outermost surface of the
organelle, corresponding to the mitochondrial mem-

brane region, as highlighted by the graphical represen-
tation of the cross section of a single mitochondrion
(Figure 5, panels b and c).

In addition to mitochondrial staining, non-
mitochondrial CHANK accumulation is also apparent.
This may result from non-mitochondrial HSD10 activity
(see above) or from the redistribution of CHANK into
other lipophilic structures within the cell. HSD10 knock-
down experiments did not lead to a decrease in fluores-
cence observed, although complete knock-down was
not achieved and the activity resulting from up-
regulation of compensatory pathways involving alterna-
tive dehydrogenases cannot be ruled out (see Support-
ing Information).

Our results show that (�)-CHANA can act as a sub-
strate for HSD10 and that the imaging of HSD10 activ-
ity in intact cells can be conducted when HSD10 is
overexpressed.

Figure 3. Metabolism of (�)- and (�)-CHANA in HSD10-transfected HEK293T cells. a) Conversion of (�)-CHANA in HSD10
and null transfected cells imaged by fluorescence microscopy and (b) quantified by ImageJ. c) Conversion of (�)-CHANA in
HSD10 and null transfected cells imaged by fluorescence microscopy and (d) quantified by ImageJ.
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Further evidence for the selectivity of HSD10 for (�)-
CHANA is shown by the effect of the known HSD10 in-
hibitor, AG18051 (Figure 6, panel a), on the metabolism
of (�)-CHANA. AG18051 is an irreversible inhibitor for
HSD10; it occupies the substrate binding pocket and co-
valently binds to NAD� (4). By applying AG18051 to
our assays, we measured the inhibition of HSD10 utiliz-
ing (�)-CHANA, in both null and HSD10-transfected
cells (Figure 6, panel b). Monitoring the metabolism of
(�)-CHANA in cells, we determined that AG18051 has
an IC50 value of 140 � 10 nM, which is similar to the in
vitro reported value of 92 nM (4) (Figure 6, panel c).
These data not only demonstrate the selective nature
of HSD10 action on (�)-CHANA but also suggest that
(�)-CHANA is a useful fluorogenic probe for the identifi-
cation of new HSD10 inhibitors.

Inhibition of HSD10 by �-Amyloid. HSD10 has a
known nanomolar binding site for �-amyloid (A�), as
demonstrated by techniques including surface plasmon

resonance (3, 15), im-
munoprecipitation (1,
3, 5), and crystallogra-
phy (3). The binding of
A� has been shown to
inhibit the enzyme by
altering the shape of
the cofactor binding
site (3, 6, 15). To date,
there has been no mea-
surement of intracellu-
lar HSD10 activity in liv-
ing cells in the
presence of A�. There-
fore, HEK293 cells were
transfected with the
plasmid encoding MTS-
HSD10, and after 24 h,
the cells were treated
with 22 �M A�42 for a
further 24 h before in-
cubating with (�)-
CHANA for 15�60 min.
The fluorescence ob-
served in A�-treated
cells was significantly
(�20%) lower than that
of untreated controls (p
� 0.004 after 60 min;

Figure 7), indicating that some inhibition of (�)-CHANA
metabolism and hence inhibition of HSD10 activity
within the cell was occurring. It appears that there is a
window of opportunity for use of A� in such an assay:
use of higher A� concentration (50 �M) results in cell
death, whereas with lower concentrations (	10 �M) no
inhibition was seen (data not shown).

Conclusions. We report syntheses for both enanti-
omers of the fluorogenic probe CHANA. It is demon-
strated that (�)-CHANA is a selective substrate for 17�-
hydroxysteroid dehydrogenase 10 (HSD10), which is an
enzyme that enhances the cell toxicity of �-amyloid pep-
tide in Alzheimer’s disease. We have identified the pa-
rameters under which this novel substrate can be uti-
lized; namely, (�)-CHANA can be used in both in vitro
enzyme assays or for fluorescence microscopy studies
in living cells transfected with HSD10. In addition, using
this novel chemical probe, we have shown, for the first
time in living cells, that HSD10 activity is reduced by the

Figure 4. Confocal microscopy studies of (�)-CHANA metabolism in living HEK293T cells. a)
HEK293T cells incubated with 2 �M (�)-CHANA: untransfected cells (top) and MTS-HSD10
(mitochondrial-targeted HSD10)-transfected cells (bottom). b) Quantification was performed
using ImageJ. Errors are given as SEM. c) Western blot showing null- (Lane 1) or MTS-HSD10-
transfected (Lane 2) HEK293 cells. Blotting with anti-HSD10 revealed HSD10 (27 kDa) and
MTS-HSD10 (30 kDa). Anti-�-actin (upper band, 42 kDa) was used as a loading control.
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addition of �-amyloid (A�). This result is significant as
the binding of A� to HSD10 has been shown to be a po-
tential site for therapeutic intervention in Alzheimer’s

disease (3, 16, 17). Therefore under these conditions
(�)-CHANA is potentially useful for the analysis of new
therapeutic compounds to treat Alzheimer’s disease.

METHODS
Synthesis of (�)-CHANA and (�)-CHANA Probes. Nuclear mag-

netic resonance spectra were recorded on Bruker 300 or 400
Fourier transform NMR spectrometers. Chemical shifts are re-
ported as 
 values in ppm referenced to CDCl3 (1H NMR � 7.26
and 13C NMR � 77.0). Multiplicity is indicated as follows: s (sin-
glet); d (doublet); t (triplet); q (quartet); dd (doublet of dou-
blets); m (multiplet); bs (broad singlet). Infrared spectra (IR)
were obtained as thin films, on a Perkin-Elmer Paragon 1000
FTIR spectrometer and are reported in wavenumbers (cm�1).
High-resolution mass spectra (HRMS) were acquired from Co-
lumbia University Mass Spectral Core facility on a JMS HX110
spectrometer. Optical rotations were measured on a JASCO DIP-
1000 spectrometer.

(�)-CHANA: (�)-3-(6-Dimethylamino-2-naphthyl)-2-cyclo-
hexenol. An 8 mL glass vial was charged with di-�-chlorobis[(p-
cymene)chlororuthenium(II)], (30.6 mg, 0.050 mmol) and (S,S)-

N-p-tosyl-1,2-diphenylethylenediamine (36.6 mg, 0.10 mmol).
After purging with argon three times, isopropanol (1.0 mL) was
added. The mixture was heated at 80 °C for 0.5 h and then
cooled to RT under careful argon protection. NaOH (0.4 mmol,
1.0 mL of a 0.4 M NaOH solution in isopropanol) was introduced,
and the mixture was stirred for 5 min at RT. The resulting mix-
ture was then transferred to a Schlenck tube, which was previ-
ously charged with the racemic CHANA (267.2 mg, 1.0 mmol) in
dry acetone (10 mL) under argon. The mixture was then stirred
at RT (typically 5�8 h). An aliquot was removed from the reac-
tion, and a pure sample for HPLC analysis was obtained using
preparative TLC. When the reaction reached �95% ee, the vola-
tiles were removed quickly, and further purification was per-
formed by column chromatography (ethyl acetate/dichlorometh-
ane, from 1:12 to 1:8) to give alcohol probe (�)-CHANA (55
mg; 21%) as a yellow powder, together with the recovered ke-
tone CHANK (174 mg; 65% yield). 1H NMR (400 MHz, CDCl3): 

7.73�7.65 (m, 2H), 7.60 (d, J � 8.4 Hz, 1H), 7.51 (dd, J1 � 8.8

Figure 5. Co-localization of MitoTracker Deep Red (red) and (�)-CHANA metabolism product, CHANK (green), in SK-N-SH cells. a)
Cells were stained with MitoTracker Deep Red and then (�)-CHANA before imaging: MitoTracker (red, left), (�)-CHANA (green, cen-
ter), and merged image (right). b) Close-up of MitoTracker and CHANK fluorescence staining, showing co-localization (yellow/orange)
in the mitochondrial membrane. c) Fluorescence intensity of MitoTracker and CHANK along the transect line shown in panel b.
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Hz, J2 � 2.0 Hz, 1H), 7.15 (dd, J1 � 8.8 Hz, J2 � 2.4 Hz, 1H),
6.89 (d, J � 2.0 Hz, 1H), 6.24 (pseudo t, J � 2.0 Hz, 1H), 4.44
(m, 1H), 3.05 (s, 6H), 2.65�2.42 (m, 2H), 2.05�1.88 (m, 2H),
1.85�1.65 (m, 2H), 1.60�1.45 (m, 1H). 13C NMR (75 MHz,
CDCl3): 
 148.69, 140.02, 134.56, 134.40, 129.02, 126.54,
126.11, 125.37, 124.00, 123.73, 116.53, 106.22, 66.52, 40.84,
31.84, 27.42, 19.48. IR (NaCl): 3330.8, 2926.8, 2858.6, 1626.6,
1598.4, 1502.0, 1445.6, 1333.4, 1284.0, 1183.8, 1051.3,
968.1, 839.5, 804.2. HRMS (FAB�) calcd for C18H21NO [M � H]
267.1623, found 267.1628. HPLC condition for determination of
ee: Chiralcel OD, 0.8 mL min�1, nhexane/iPrOH � 95: 5, tR1 �
38.7 min, tR2 � 48.3 min, 96.0% ee. [�]22

D � �23.8 (c 0.20,
CH2Cl2).

(�)-CHANA: (�)-3-(6-Dimethylamino-2-naphthyl)-2-cyclo-
hexenol. This enantiomer was obtained using the above proce-
dure with exception of using (R,R)-N-p-tosyl-1,2-diphenyl-
ethylenediamine, affording the desired product as a yellow pow-
der (12% yield, 98.0% ee) together with ketone (71% yield). 1H
NMR (400 MHz, CDCl3): 
 7.73�7.65 (m, 2H), 7.60 (d, J � 8.4
Hz, 1H), 7.51 (dd, J1 � 8.8 Hz, J2 � 2.0 Hz, 1H), 7.15 (dd, J1 �
9.2 Hz, J2 � 2.4 Hz, 1H), 6.89 (d, J � 2.0 Hz, 1H), 6.24 (pseudo
t, J � 2.0 Hz, 1H), 4.43 (m, 1H), 3.05 (s, 6H), 2.65�2.42 (m, 2H),
2.05�1.88 (m, 2H), 1.85�1.65 (m, 2H), 1.53�1.48 (m, 1H).
13C NMR (75 MHz, CDCl3): 
 148.71, 140.05, 134.59, 134.42,
129.03, 126.57, 126.13, 125.39, 124.02, 123.75, 116.54,
106.24, 66.53, 40.84, 31.86, 27.44, 19.49. IR (NaCl): 3416.9,
2930.1, 2851.2, 1625.1, 1597.5, 1502.3, 1450.0, 1323.0,
1286.6, 1184.2, 1038.4, 980.1, 830.6, 806.5. HRMS (FAB�)
calcd for C18H21NO [M � H] 267.1623, found 267.1636. HPLC
condition for determination of ee: Chiralcel OD, 0.8 min�1, nhex-

ane/iPrOH � 95: 5, tR1 � 38.7 min, tR2 � 48.3 min, 98.0% ee.
[�]22

D � �22.8 (c 0.20, CH2Cl2).
The reduction of CHANK to (�)-CHANA was achieved as de-

scribed previously (18).
Enzyme Kinetics. To a black 96-well plate were added 0.1 M

potassium phosphate buffer (pH 9) (188 �L), NAD� (8 �L of
12.5 mM stock, 500 �M final concentration), and 2 �L of CHANA
in DMSO to achieve an assay concentration of 3Km to Km/3 and
2 �L of diluted HSD10 (0.08�1.5 �g), depending on the kinet-

Figure 6. Inhibition of HSD10 by AG18051 in SK-N-SH cells. a) Structure of AG1851. b) Inhibition of the
metabolism of (�)-CHANA by AG18051 (1 �M) in HSD10-transfected and null-transfected cells. Bar
represents average MFI at 24 h. c) IC50 curve of AG18051, as measured by monitoring the oxidation of
(�)-CHANA (15 �M) in HSD10 transfected SK-N-SH cells, IC50 � 140 � 10 nM. d) Images of the metabo-
lism of (�)-CHANA in HSD10 transfected cells incubated with AG18051 (5, 1, 0.5, 0 �M), an HSD10 in-
hibitor.

Figure 7. Inhibition of (�)-CHANA activity in
amyloid-treated HEK293 cells. Cells were trans-
fected with MTS-HSD10 for 24 h and then treated
with 0 or 22 �M A�42 for 24 h before incubat-
ing with 2 �M (�)-CHANA and being imaged us-
ing confocal microscopy.
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ics of the substrate. Fluorescence arising from the formation of
product was monitored over the course of 30 min with excitation
of 385 nm and emission of 510 nm.

Cell Culture. HEK 293T cells were grown in Dulbecco’s modi-
fied Eagle medium (DMEM, Sigma) with 4 mM L-glutamine (In-
vitrogen) and 10% heat-inactivated fetal bovine serum (FBS) (At-
lanta Biologicals).

HEK293T cells were grown in minimum essential medium
(MEM, Sigma) supplemented with 10% (v/v) FBS, nonessential
amino acids (Sigma), L-glutamine (2 mM), penicillin (100 units
mL�1), and streptomycin (0.1 mg mL�1)

SK-N-SH cells were grown in DMEM supplemented with 10%
(v/v) FBS, L-glutamine (2 mM), penicillin (100 units mL�1), and
streptomycin (0.1 mg mL�1). Alternatively, SK-N-SH cells were
grown in DMEM with 4 mM L-glutamine and 10% (v/v) heat-
inactivated FBS.

Mouse embryonic day 14 (E14) cortical neurons were cul-
tured in MEM supplemented with 10% (v/v) FBS and 10% (v/v)
horse serum. After 24 h the medium was replaced with MEM
supplemented with serum-replacement-2 (Sigma) and 80 �M
5-fluorodeoxyuridine to inhibit proliferation of non-neuronal
cells.

Western Blotting. Cells were washed in phosphate buffered
saline (PBS, 2 � 3 min), harvested in lysis solution (50 �L for
35 mm dish, 100 �L for 60 mm dish) containing protease inhibi-
tor cocktail (1�, Sigma), 8 M urea, 4.7% w/v CHAPS, 1% w/v
DTT, and 1.5 �M PMSF and sonicated (60 Hz, 3 � 3 s). After sit-
ting on ice (15 min), samples were centrifuged (13,000 � g, 5
min) to remove debris, and the supernatant was added to an
equal volume of 2� protein sample buffer (2% (w/v) SDS, 20%
(v/v) glycerol, 20 mM Tris, 20 mM EDTA, 0.239 M
�-mercaptoethanol, 1 �g mL�1 bromophenol blue) and boiled
for 10 min.

Samples were run on 10- or 15-well NuPAGE 4�12% Bis-
Tris gels (Invitrogen) or 15 well Precise 8�16% Bis-Tris gels
(Pierce, ThermoScientific) in MES buffer (45 min, 200 V). See-
Blue Plus2 prestained standard (Invitrogen) was used as a mo-
lecular weight marker. Proteins were then transferred onto a ni-
trocellulose membrane (Whatman) at 30 V for 1 h using NuPAGE
transfer buffer (Invitrogen). Protein transfer was confirmed by
staining with Ponceau S solution (0.1% w/v Ponceau S, 5% ace-
tic acid). Ponceau stain was removed by washing with tris-
buffered saline (TBS).

Membranes were blocked in 5% w/v low-fat milk in Tris-
buffered saline containing 0.1% Tween 20 (TBS-T, 1 h). The
membrane was then incubated with anti-HSD10 (rabbit poly-
clonal, 1:6000 dilution, Sigma) in 3% milk in TBS containing
0.1% Tween20 (TBS-T, 4 °C, 16 h). The membrane was washed
with TBT-T (3 � 5 min) before incubating with anti-rabbit HRP
(goat, 1:20,000 dilution, Abcam) in 3% milk in TBS-T (5 mL, 30
min). The membrane was then washed with TBS-T (1 � 15 min,
2 � 5 min) and TBS (1 � 5 min) before incubating with Super-
Signal West Pico enhanced chemiluminescence reagent (ECL;
4 mL, 5 min; Sigma) and detected using a chemiluminescence
detector.

�-Actin was detected after stripping the membrane (10% ace-
tic acid, 4 � 10 min) and blocking in 5% milk (1 h). The mem-
brane was then incubated with anti-�-actin (mouse, 1:20,000
dilution, Sigma) in 3% milk in TBS-T (1 h). The membrane was
washed with TBT-T (3 � 5 min) before incubating with anti-
mouse HRP (goat, 1:20,000 dilution, Abcam) in TBS-T or 3%
milk in TBS-T (5 mL, 30 min). The membrane was then washed
with TBS-T (1 � 15 min, 2 � 5 min) and TBS (1 � 5 min) before
incubating with SuperSignal West Pico enhanced chemilumines-
cence reagent (ECL; 4 mL, 5 min; Sigma) and detected using a
chemiluminescence detector.

HSD10:actin ratios were calculated using Image J software
(National Institutes of Health).

Fluorescence Imaging. For metabolism experiments, HEK293T
cells were plated in a six-well dish at a density of 8.0 � 105 cells
per well and were grown at 37 °C in 5% CO2. After 24 h, cells
were transfected, using Lipofectamine (Invitrogen) at a ratio of
5 �L of Lipofectamine to 1 �g DNA (pcDNA3, pcDNA3-HSD10).
Approximately 24 h later, metabolism studies were initiated by
changing media to DMEM minus phenol red (Invitrogen) supple-
mented with 4 mM L-glutamine, 1% charcoal/dextran-treated
FBS (Atlanta Biologicals), and (�)-CHANA (15 �M) or (�)-CHANA
(15 �M), all probes were prepared and stored as 5 mM stock so-
lution in DMSO at 0 °C, stock solution was replaced weekly.
Fluorescent images were taken at respective time points, 3 dif-
ferent images per well. Microscope filters were set at 585 nm:
493 ms; Brightfield: 37 ms. For each experiment, all images
were adjusted using the same contrast ratios. Errors reported
as standard error of the mean (SEM).

SK-N-SH cells were plated in a six-well dish at a density of
4.0 � 105 cells per well and were grown at 37 °C in 5% CO2. Af-
ter 24 h, cells were transfected with 1 �g of pcDNA3-HSD10, us-
ing Lipofectamine at a ratio of 5 �L of Lipofectamine to 1 �g
DNA. The media was changed 6 h after transfection. Approxi-
mately 48 h later, the experiment was initiated by changing me-
dia to DMEM minus phenol red supplemented with 4 mM
L-glutamine, 1% charcoal/dextran-treated FBS, and Probe (�)-
CHANA (15 �M, prepared and stored as 5 mM stock solution in
DMSO at 0 °C, stock solution was replaced weekly). Fluorescent
images were taken at respective time points, with 3 different im-
ages per well. Microscope filters were set at 585 nm: 463 ms;
and Brightfield: 37 ms. All images were adjusted using the same
contrast ratios and mean fluorescent intensity (MFI) was calcu-
lated using Image J software.

Confocal Microscopy Studies. Cells were cultured on glass-
bottomed 35 mm dishes (World Precision Instruments). Prior to
imaging, medium was changed to phenol red-free medium
[DMEM plus 4.5 g L�1 glucose, minus phenol red (Gibco),
supplemented with 1% v/v charcoal-stripped fetal calf serum,
penicillin (100 units mL�1), streptomycin (0.1 mg mL�1) and glu-
tamine (2 mM)] and incubated with 2 �M (�)-CHANA (from
1 mM stock in DMSO) with images taken at set time points over
1 h. Fluorescence imaging was carried out using a heated stage
(37 °C) on a Leica DM IRE2 inverted microscope with 405 nm di-
ode laser and 40� oil objective at 200 Hz, averaged over 8 im-
ages. Samples were excited at 405 nm, and the emission was
collected at 500�520 nm (HEK293) or 470�540 nm (SK-N-SH).
Three images per dish were recorded, and three dishes were
measured in separate experiments. Mean fluorescence intensi-
ties were calculated using ImageJ, with errors reported as SEM.
Statistical analysis was performed using the Student’s t test.

MitoTracker Staining. Cells were cultured in 35 mm glass-
bottomed tissue culture dishes. Mitochondrial staining was per-
formed using MitoTracker Deep Red (25�100 nM in DMEM,
from 1 mM stock in DMSO, Invitrogen) at 37 °C for 20�40 min.
Medium was changed to 2 �M (�)-CHANA for 1 h before imag-
ing using a 63 � oil objective. MitoTracker staining was ob-
served by excitation at 633 nm and emission 640�700 nm, (�)-
CHANA excitation 405 nm and emission 470�540 nm.

HSD10 Overexpression for Confocal Microscopy Studies.
Mitochondrial-targeted human HSD10 (MTS-HSD10) was cloned
(forward primer GCCAAGCTTAGCATGTCCGTCCTGACGCCG; re-
verse primer CCGCTCGAGTCAAGGCTGCATACGAATGGC) and li-
gated into pcDNA3 using Hind III and Xho I restriction sites. The
mitochondrial targeting sequence originated from pDsRed2-mito
(Clontech). The resulting plasmid was transformed into E. coli
DH5� cells and plasmid DNA extracted using a DNA mini-prep
kit according to the manufacturer’s instructions (Qiagen).
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HEK293 cells were grown in 35 mm glass-bottomed dishes
for 24 h before transfection with a plasmid encoding
mitochondrial-targeted HSD10 (MTS-HSD10) (1 �g) using Gene-
Jammer reagent (Stratagene). GeneJammer (3 �L) and Optimem
medium (100 �L) were mixed and incubated for 5 min before ad-
dition of DNA (1 �g) and incubation for a further 20 min. The
transfection mixture was added to the culture dishes and incu-
bated for 24�48 h at 37 °C, 5% CO2.

AG18051 Inhibition. SK-N-SH cells were prepared as indi-
cated. Approximately 48 h after transfection, the media was re-
moved and 1 mL of DMEM minus phenol red supplemented with
4 mM L-glutamine, 1% charcoal/dextran-treated FBS, contain-
ing AG18051 (2�5 �L of 10 �M�1 mM stock solution to
achieve inhibitor concentration of 0.0�5.0 �M in the media,
all stocks were prepared in DMSO) was added to each well. Af-
ter 1 h, an additional 1 mL of media containing (�)-CHANA
(30 �M; final probe concentration 15 �M) and AG18051
(2�5 �L of 10 �M�1 mM stock solution to achieve inhibitor
concentration of 0.0�5.0 �M in the media) was added to each
well. Images were taken after 6 h, using microscope filters as in-
dicated for regular fluorescent experiments. All experiments
were run in duplicate with three images taken per well.

Amyloid Inhibition Studies. A�42 (Innovagen) was monomer-
ised by treatment with 1,1,1,3,3,3-hexafluoroisopropanol (HFIP)
(22) (1 mg A�42 was dissolved in 1 mL of HFIP and incubated
for 1 h at room temp before evaporating HFIP overnight). A�42
(0.1 mg) was dissolved in DMSO (10 �L) and sonicated in an ul-
trasonic bath (10 min) before dilution with culture medium to
the appropriate concentration. Cells were treated with 0 or
22 �M A�42 for 24 h before imaging with (�)-CHANA as de-
scribed above. At this concentration of A�42 there was no cell
loss. Statistical analysis was performed using the Student’s t
test.

Supporting Information Available: This material is available
free of charge via the Internet at http://pubs.acs.org.
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